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INTRODUCTION. 

So intimately is g·eolog')T concerned with water and its 
work that the investigation of the deep waters of the state 
lies clearly within the field of the State Geological Survey. 
Geolog·ical structure is larg·ely the product of aqueous agen
cies. Geological dynamics <leal with the work of rain and 
ice, of wave and river, with sedimentation and solution. 
Economic g·eolog·y finds in water the most precious of all min
eral resources. For water is as much a mineral as is petro
leum, and, like petroleum, its distribution beneath the surface 
depends upon stratigraphy and structure. From other min
erals it is separated by its abundance and its relations to life; 
and these are so essential that it becomes of g·reater value 
than all the possible wealth of mines and quarries. 

r.rhe province of Artesia, however, has not as yet come under 
the direct and complete control of any sing·le science. Like 
some region in a new found continent, it has passed from one 
domain to another. Different sciences, in number as many as 
the g·reat colonizing· powers of Europe, have sustained their • 
independent rig·hts of discovery in different parts of the field. 
If the landfall, so to say, belong·s to eng·ineering·, physics and 
g·eology ver;y early made valuable contributions to our knowl
edge of the terra incog·nita. Later explorations have been 
conducted by chemistry, medicine and hygiene; and perhaps 
all claims ultimately may be vested in the new and composite 
science of hydrolog·y. Claimed by all these sciences the field 
has been thoroug·hly exploited by none. If geolog·y has suf
fered it to lie in part neg·lected, it is only because so many 
other fields of research, wholly and unquestionably her own, 
demanded immediate attention. Nevertheless much has been 
done. In Europe many eminent geologists have given seri
ous attention to hydro-geologic problems. In America the 
geolog·ical surveys of several states have considered the gen -
eral relations of the problems involved in artesian waters and 
have set forth the local conditions obtaining in their respec
tive areas. Geolog·ical sections of deep wells, indeed, are 
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always noted in such reports, but in se,Teral instances in·ves
g·ation has been carried o,Ter into })urelj· h:rclrolog·ic subjects. 
11ineral waters ha,Te been anal3rze<l a11cl tl1eir thera1)et1tic <1ual
ities considerecl. Rainfall has l)een calct1late<l, streams 
g·auged, and water l)Ower measured. Incleecl all the variot1s 
problems of water su1)plJ', including rainfall, storm-,vater, 
evaporation, percolation, g·rouncl storage, ancl tl1e l)Ollution of 
wells ancl r i,Ters, ha·ve received the attentio11 of state geolog·
ical surveys. 

The field of the United States Geolog·ical S11r,re:r has been 
made still more comprel1ensi·ve. '.rhe monog·raph on the 
Re<1uisite and Qualif~ring Conditions of ..:\.rtesian Wells b)T Prof. 
T. C. Chamberlin* remains the best treatise extant on this 
subject. In later reports of the Sur ,re3T statistics of depth 
and fiows of artesian wells in man,T states ancl territories are 

~ 

published i11 detail, the relation of artesian wells to irr ig·ation 
is fullJT disct1ssed, ancl the entire subject of water suppl:r, 
including· })Otable and mineral "Taters and irrig·ation, e,Ten in 
its mechanical anc1 eng·ineering· })hases, is ft1llJ' canv·assed. 

The economic im1)ortance of the subject a lso justifies its 
presentation b)T the Survey. The cities anc1 to,vns of Iowa 
are now })assi11g· throug·h the stag·e in their history· in which 
the question of water s111)1)lJ' is of speeial interest. At the 
t ime of the earlier g·eolog·ical sun·e3·s of the state little or 
notl1ing· ha<l been clo11e i11 comm11nal st11)ply. Not a sing·le 
system of water works was in 01)eratio11, or e·tlen beg·un, in 
1870, the elate of })ublication of the report of the State St1rV6)" 
under the directorship of Dr. C. A. White. In that report 
less than three l)ag·es are assigned to artesian waters, and 
t hree artesian wells only are mentioned. Before the end of 
1880, sixteen s:ystems of water ,vorks were in operation in 
Iowa. B:y· the en<l of 1885 the n11mber had increased to fortJT. 
Soon after the end of another semi-dec:a<le the n11mber had 
again more than doubled, some eig·ht-fi\re towns being· listed 
in the Manua,l of American Water Works for 1890 and 1891. 

*Fifth Ann. Rep U. S. Geol. Surv., pp. 125-173. 1885. 
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Eight of these towns used their works for fire protection only. 
The remaining· seventy-seven towns represented a population 
of 438,982. Their works embodied 510 miles of mains, and the 
estimated cost of the works was over $7,000,000. * 

At this stag·e in the municipal history of Iowa when a larg·er 
number of water works are being· ?uilt than ever before, and 
a larger number of towns are considering the question of 
their installation, when many cities also have under advise
ment a chang·e in supply or additional sources of supply, cer
tainly there is need of specific and authoritative information 
as to the aqueous treasures of the rocks. Can potable arte
sian water be found at an accessible depth; will it be copious 
or scanty in quantity; in quality will it be adapted to all 
urban uses; at what depth can it be found, throug·h what 
formations will the drill proceed, and at what cost can the 
supply be obtained; how will such supply compare with other 
possible sources of supply in expense, in purity, and in utility, 
- all these are questions which each community in the state 
has a rig·ht to ask of the State Survey. It has a rig·ht to an 
answer as definite as can be made by the most skillful deduc
tion from the entire obtainable body of facts bearing upon 
the subject. 

That these questions are sometimes unasked~ that towns 
proceed sometimes in these matters entirely without expert 
advice, is due to several causes. In no science, political, 
economical or physical, is the disinterested judgment of the 
specialist sought with the eag·erness which he himself might 
expect. Hundreds of thousands of dollars have been wasted 
in the United States in the fruitless search for coal, oil and 
gas, and the precious metals, as well as for artesian waters
a search fruitless, that is, except to the science to the neglect 
of which these ill-advised undertaking·s were due. The chief 
reason, however, that the services of the Survey have not 
been used as widely as was possible is that its functions and 
resources are not g·enerally known on account of the recency 

*Manual of American Water Works, tor 1800-1891, p. 6. New York, 1892. 
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of its establishment. With the conti11uanc:e of the Survev as 
• 

a permanent institution of the sta,te it <:a,11 reael1 its higl1est 
efficienc:r. Tl1e !)resent policy· of the state is a11 eminentl3r 
wise one, and is es1)eciall:r hel1)ful to scientific: investig·ation 
in the field of deep wells and water Slll)Pl}·· The discontinu
ance of a state g·eolog·ical sur·vey· wl1ose work is unfinished i11 
any· field entails a direct economic loss. 1Iaterial resot1rces 
remain undiscovered or without due a{ly·ertisement. 1Ione~r 
is squanderecl in useless ex1)loitations. The 3·outh of the state 
remain j11 ig·norance of the g·eological structure of their own 
domain, and thus fail to l)Ossess a scjentific heritag·e whicl1 
should be theirs tog·ether witl1 their economic heritag·e of the 
lands of the commonwealth. The material, howey·e1>, with 
which investig·ation cleals is still a·vailable for the most 1Jart. 
When after a lapse of :rears work ma}· be resl1med, mines. 
c1uarries, natural sections, the topographic featt1res of the 
country, await in patience the return of the g·eolog·ist a11<.l '""ill 
yield their l1i<lden secrets as before. But in the artesian fielcl 
the sus1Jension of work inv·ol,res a loss less remediable, a loss 
of the facts themselves in whicl1 the entire body· of knowledg·e 
of the subject consists. The strata penetratecl, the depth of 
water horizons, almost all the facts of t1se in artesian in,·esti
gations must be g·athered while the boring· of a11y· well is in 
progress, or not at all. 

The preparation of this report in two seasons has limited 
the data on which it is based to the records of wells drillecl 
during· 18H5 and 18H6 and of wells previousl)r drilled where the 
facts were at the time carefull}· noted ancl preser,red by intel
ligent citizens. Unfortt1natelJ' these wells constitt1te less 
than one-half of the deer) boring·s in the state. In the case 
of many of the dee1) wells of Iowa 11othing· will ever be known 
of the thickness and character of the ·various g·eolog·ical for
mations penetratecl b3r the drill, nor of the number, the clepth, 
or the nature of the water-bearing strata, nor of the quantity· 
and quality of the water from each of these strata, nor of tl1e 
quality and quantity and pressure of the flow at the completion 
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of the well compared with the same at later tjmes. In 
man3T wells so1ne of these facts are know11, bt1t others of equal 
importance esca1)ed observation or recorcl and cannot be 
rediscovered. These limits in fundamental facts obviousl:r 
impose strict limits on the deduetio11s and eonclt1sio11s of the 
re1Jort. Acldition to these data and their verification or eor
rection are im1)ossible by any· further research. In this 
respect this work differs frou1 other geolog·ical studies in 
which the field lies 01Jen at all times, and 1)atie11t n.ncl con
tint1ed iny·estig·ation ma3T at an)7 time wi11 the secrets eoncealed 
from the casual observer. But if 110 11ew facts in tl1e way of 

• 

0orroboration or amendment can be looked for from the past, 
the future offers such in abundance. New borings will doubt
less be made within the limits of tl1e state each year. During 
the continuation of the Sur,Te:r the su1)ervision of these will 
be as careful as is l)Ossible, and the new faets gained will no 
doubt illuminate l)Ortions of the fielcl now in darkness or in 
shadow. 

Another limit to the in,Testigation is im1)osecl by· the nature 
of the st1bject. Little in this re1)ort can be the result of l)er-

• sonal observation except the lithological determinations of 
the well drillings; even here the thickness and location of the 
strata which the drilling·s represent rest on other authorit)" 
than that of the author. The re1)ort deals tl1us with thousands 
of statements and observations of very many individuals, and 
mistakes in judgment may easil)" occur in acuepting· or reject
ing· any of these data at second hand, which cannot be verified 
by personal examination. 

A word may be added as to the scope of the work. It has 
seemed good to the Director of the Survey- and his judgment 
has been cheerfully followed by the writer- that the interests 
of the citizen should be set above the interests of the spe
cialist. While, therefore, something may be found in the 
discussion of the Iowa artesian basin which will prove new 
and interesting to the geologist, much is added in restatement 
of facts already familiar to special stuclents, but which may· 

I 
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be less a matter of common knowledge. Yet it is hoped that 
nothing has found place which is without at least an educa
tional value, nothing that fails in some manner to elucidate 
or complete the main theme, nothing· that is not of practical 
application. 

It affords a dist in et l)leasure to here return hearty thanks to 
the ver:r pl.any who have ai<led in the prosecution of the work. 
In all parts of tl1e state l)ublic s1)iritecl eitizens ha·ve secured 
the facts here put on permanent record. "\Vithout their earn
est co-operation, without their cliligence and large outlay of 
time and effort in gathering· clata the scientific ,ralue of which 
few appreciate, this report not merely· wot1ld ha,-e been incom
plete; it would hav~e been made c1t1ite impracticable. 

Our indebtedness to some is so larg·e that we eannot refrain 
from personal mention. The chemists of several railwa}rs, in 
especial of the Chicago, Milwaukee & St. Paul, the Chicag·o 
& Northwestern, and the Chicago, Bt1rling·ton ~'v, QuinC)\ 
placed at our disposal all their man:y ancl ,raluable analyses 
of Iowa waters. The generosity· of Prof .. J. B. Weems, Ph. 
D., of the Iowa Ag·ricultural Colleg·e, su1)plie<l the most com
plete series of anal:yses of Iowa artesian waters y·et collated • 
and l)ublished. The leading well clrilling· firms have sup1Jlied 
many facts of g·reat value in tl1e i11vestig·atio11. To ot1r col
leagues of the st1rvey, to 11essrs. Bain ancl Be:yer, and to the 
Director, Dr. S~muel Calvin, we acknowledg·e with heart:r 
pleasure an unfailing· helpfulness which has far outrt1n the 
metes of official duties. 

THE DEFINITION AND THEORY OF ARTESIAN WELLS. 

DEFINITION. 

In its etymology the term artesian carries no definition. It 
is derived from A1·te8iu1n, the Latin equi,ralent of Artois, the 
name of the ancient province of France which, with Picardy 
on the west and French Flanders on the east, held the north
ern salient of the national territory·. In this province, now 
included in the department of Pas de Calais, it was discovered 
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very earl3r in the histor3T of the civilization of western Europe 
that artificial springs could be obtained by boring deeply into 
the earth. Within the walls of an old Carthusian convent at 
Lillers, there has steadily flowed since the year 1126 the most 
ancient, perhaps, of these wells of Artois. Not that it is in 
fact the first of all flowing wells. Traces of such wells are 
found in the territories of almost all of the great monarchies 
of the ancient world, in Egypt, i11 China, in Persia, in Asia 
Minor and in Ital:y. These, however, do not seem to be in 
direct historic continuit:y with the artesian wells of modern 
times, and ma:y, therefore, be omitted from consideration. 

The flowing wells of Modena in northern Italy are, per
haps, of nearly equal antiquit:r with those of A-rtois. In such 
re1)ute were they held that two well borers' aug·ers were made 
the coat of arms of the town. In 16Vl Bernadini Ramazzini, 
a professor of medicine at Modena, published a little work 
upon these wells, which is said to contain the first certain 
statements in literature on the employment of the miner's 
drill in sinking wells. * In this he discusses not onl3r the 
methods employed in well drilling·, but also the origin of 
spouting· waters, their nature, and their excellent quality. 
Nearly a century later the wells of 11:odena were ag·ain 
described and were brought to l)ublic notice in France, by J. 
D. Cassini, who was called from Ital3r to France by Louis XIV 
and made a member of the French Academy of Science . 
Indeed Modena, the old Roman town of Mutina, might well 
have disputed the claims of Artois to give name to flowing· 
wells, and it may be little more than an accident that we do 
not call such wells to-day mutinian rather than artesian. 

The discovery of artesian waters at these early dates is to be 
attributed to happy chances. The modern history of flowing 
wells could not commence until g·eology was ready to point 
out the necessary dispositions of the strata, until the dynami
cal theory was understood, and the art of the drill was mas
tered. Unquestionably the renaissance in the art of flowing· 

*De fontium mutiniensium admiranda Scaturlgine tractatus pbysico-hydrostaticus, Bar
na.din! Ramazzlni Mutlnre. 1691. 
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wells was well begun with the present century. During its 
first three or four decades a larg·e number of memoirs, descri1)
tions and manuals upon this subject were l)ublishecl by· various 
authors, of whom we may name Lamarck;x• Garnier, t Herieart 
de Thury,+ Baillet,§ Here, II Bruckmann, •: and Arago.** 
Improved machinery for drilling was invented, and mueh 
attention was devoted to the subject. Nothing will better 
illustrate the popular interest than the fact that for a num
ber of years the Royal and Central Society of Agriculture of 
France each year distributed medals and prizes-the highest 
was 3,000 francs- to workers in the field, to authors, invent
ors, well drillers, and to those who introduced these wells 
where not before known. The center of this new interest was 
in France. In other countries, as in England for example, 
many flowing wells were drilled during this period, but the 
chief honors belong· without question to French savants and 
mechanicians. It is not strang·e or unreasonable, therefore, 
that a province in France g·ave its name to this class of wells 
as its final deslg·nation, a name that was thus applied in scien
tific literature at least as early as 1805. tt 

The term artesian wells, or wells of Artois, at first could 
include in its meaning· little or nothing· more than the super
ficial phenomena of the flow of water. But as the physical 
and geological conditions of these wells were investig·ated 
the emphasis of the definition naturally shifted from the mere 
fact of the artificial fountain to the structural and d:ynamical 
relations which conditioned it. The older use of the term is 
still retained, however, by some eminent authorities, and is 
restricted by· them to fountain wells.++ Commonl:y, however, 

" B ydrog6ulogie. Paris. 1802. 
t Manuel du tonteni~r-sondeur. 1822. 
:I: Oonsldcrations sur les puits tores. Paris. 1829. 
§ Rapports sur divers sondages et pults art~siens. 1822. 
II Memoirs sur l es puits arteslens. St. Quentin. 1828 . 
.,. Ueber A rtesische Brunne. Beilb. 1833. 
'I<* Bureau des Longitudes. Annual re. P aris. 1885. 
tt Lionnllis. Historic de la ville de Nancy, Description de la tontaine arteslenne de J a.rvill e. 

Nancy. 180S. 
:1::1:0hamberlln: Requisite and Quallfylng Oondlt,100s ot Artesian Wells F lttb Ann. Rept. 

U.S. Geol. Surv., p. 132. 1885. 
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both in Europe and America, the mere fact of overflow is 
considered unessential. An artesian well may, therefore, be 
briefly defined as a vertical well in which water rises near to 
or above the surface by natural h:rdrostatic pressure conse
quent upon certain structural conditions. Usually these 
wells are of small diameter varying from two to twelve 
inches, an}" bores above the latter din1ension being excep
tional. While artesian wells include most of the deep bor
ings of the world, depth is not included in the definition, 
many shallow wells being· as purel:y artesian in structure and 
character as are wells whose waters rise from strata lying· 
thousands of feet beneath the surface. 

It is unfortunate that men of science are not agreed in the 
use of the term artesian, and that the introduction of an 
acceptable and unequivocal nomenclature seems now qujte 
impracticable. Bo1·ed wells, deep wells, artesian wells, arte
sian fountains, and even ''bubbling·'' wells, all these phrases 
have been applied to the same phenomena. As wide a range 
of epi t bets is found in French sci en tjfic literature :--pui ts fores, 
puits artesiens, fountaines artesiennes, fountaines artificiel
les, fountaines jaillissantes des l)uits fores. In its early use 
the term '~bored wells," puits fores, was practically equival
ent to artesian wells, since these alone were bored or drilled, 
while common wells were dug·; but the term can not now be 
so restricted, since many wells are drilled at the present time 
whose waters are not artesian. 

Using the term artesian according· to our definition for both 
classes of wells, for those whose waters overflow and for 
those whose waters under similar conditions fall short of 
reaching the surface, we fail to disting·uish these two classes 
except by further qualification in some such way· as by using· 
the term artesian fountains o:i; flowing artesians for the one, 
and sub-artesians, neg·ative or non-flowing· artesians for the 
other. But if we speak of flowjng· wells only as artesian, we 
are still left without a suitable term for the second class. To 
designate them deep bores. deep boring·s, or cleep wells, as is 
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frequently done is to use terms that are vague and inexa(•t, 
that apply to other thing·s also, and that omit the es8ential 
characteristics of these wells, the fact that the water ascen(ls 
within the tube to near the surface under hydrostatie p1·es
sure. 

But the separation of these two classes is so slig·ht and 
unessential, that it is far more important that we ha,re a 
common name for both than a separate name for each. To 
restrict artesian to flowing wells has its practical incon\.,.en
ience. In the same town, for example, are two deep wells, 
one situated on g·round slightly lower than the other. The 
waters of the first overflow, and the well is, therefore. an 
artesian. The waters of the other, derived from the same 
source, of the same quality, rising through the same strata, 
under the same pressure, to the same height, fail by a few feet 
of the surface, and the well can not, therefore, be termed an 
artesian. An artesian well ma3.,. at any time cease to be 
such by an accident to its tubing·, and be reinstated in the 
category by the necessary repairs. On account of an 
overdraft on the local supply the artesian wells of a 
district become something else, deep wells or deep borings, 
by the sinking of their waters a few feet. It is quite 
conceivable that under some such fluctuations in level 
as have been reported in other countries the same well 
frequently might oscillate between an artesian condition and 
the reverse. This restriction of the word artesian would 
make it merely the synonym of "flowing," and its demission 
from the languag·e o.f science would then be a distinct gain in 
clearness, purity and precision. 

In this report artesian wells will embrace both classes, both 
flowing artesians and sub-artesians. In our tables the rela
tive heights of the bead of water and the curb of the well 
show to which class each well belongs. 

IDSTORICAL RESU:WIE. 

The theory of artesian wells is known to every school boy, 
not the omniscient familiar spirit of Macauley, but the common 

, 
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school bo:y of the Iowa grammar schools. It l1as reac~hed 
the stage of uni\~ersal acc:c1)tanec a111011g men of science, a,ncl 
11otl1i11g· ne"· ca11 l)e addo,J either in fn<'t, or illt1~t,1·ntion. I--'it
tle inlleed bas l)el~11 atllle(l to t,h<· theo1·,· sine:e tl1e early Years 

.. "' , 1 

of the c:e11ttll'J'. antl prfil)a 1)1 )r the f res best, } n·es ·nta t,ic >n of the 
Slll)je<.;t no,v poss1l)1c ,,·01ild he h_v litl'l'al <1uotatio11 fron1 t.h • 

masters \vl10 first e11unciatecl it. 
In tl1e earl,· tlcc:atles of thC> <;t;11tu1·y t,he thcn1·,· ,,·as fullv 

' ._ .. .. 
statetl an<.1 al>lY <lefended, lJut l1a1l not , ,et advaneccl l)eYond 

• • • 

the stage of diset1ssion. 1{i,·a1 h_yp,,t;Ju-.ses ,v.; rc .,·et in t,he 
field to he ans,vered. 'l'h11s 1\ra,!.,fe> f1~l t it i neu1n lH-:;nt upon 
l1im elabnratel,· to ref11te t,he oltlc-'1' notions. still extant, in his 

• 

time, \Yhil:11 tlenied tlH·· c·nn11)eten(•)r of at1111,sph•.: ric· \Y;JtPrs to 
su1)1)l}· orlli11ar}· s1>ring·s. 1·ivt..:1·s and artesian rt•se1·Ynil'~. < >n 
tl1e ntl1er side n1ay l>e 1nc.11tinnt..: d one .\%ais. * ,vl111 ln·avelv . . . 
stood for tl1e t1niversal 1>1·in<:ip], .. of f•Xpa11~io11 as th,; t·at1s1 of 
a,rtesia11 tlo\Y 1 \Vhic·h fJo\v, ht-; ~aid . .sf•'.'ln11•d <·11nt.ra1·_y to all 
<;on1mo11 t.1,vs. '1'}1c i11te1·io1· of t.he ~art.h, said J\7.ais. is a 
centre of expansion in a stnte .,f ,.,,11tinunus pressurc
res:.;ort-a,g·ainst its cn,·~lnpcs. anll this 1)1·11<lU(;f'S iL t,1•anspira

tio11 of cal1 ,ric. ele('t ricity, a nil a t,n1ospbc•ric ~rascs, and a 
transuclation c)r s,veating· of natnl'al \fat, 1·::-;. < >11 a(;c·cntnt 11f 
this pressure f ro1n t,he pri nei pit_; o I' i nt,erin1· expansion, a l'te
sian ,vaters Spl'ing· t'roru tlu~ earth under the drill ~ lil{f' l>lc,od 
fro1n tbt> l>ocly at the stroke of tl1e 1an<·Pt . 

• 

•1\n .. \mcri<.:a,n c·ont1·iln1tor t() this <·ontroY(.! l'S)T* postubJte<l a 

similal' ee11 trift1g·a l fnree, d1·i ,·ing· ti I the surfa<·e \\'a te1·s f run1 t11c 
earth's interior. wb it}1e1· th<·\T }1a<l descended into vast c;a \'erns . . 
from the sea1 an echo this of tl11: h:yd1·ologi<' thenr~' of the g·rcat 
Descartes 1:,ro1)ounclc<l e~1rl3· in t11e seventceutb eenttll')'· < >u1· 

..i\merican author, \vhoi::;e ac·eount of i\merica11 artesian ,,.,ells 
was currentl:r 11elcl to l1a,·e consider,1r)le n10rit, showed that 
under this tl1eor:y- artesia11 ,vater can he ohtaine<l an)~\vhe1·e if 
one only goes dee1) enot1gh-a c:omfortalJle opinio11 not yet 

•Azals: ?t1emolre sur Jes palt.1:1 o.rt~'jiens. 1825. 
•Dickson: An Ess,iy on the Art of Boring the r,;,lrt h for tho obt,1.inmont, ot a Spont,unPous 

Flow of Water, etc. Now Brunswick. 182tl. 
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quite extinct. These fancies were seriously debatecl within 
the lifetime of men now living·. And yet as earl:r as the six
teenth century, Bernard Palissy· had overthrown the ancient 
theories of springs made sacred by the names of Aristotle 
and Seneca, and had shown that they· are fed, not b:y ascend
ing vapors from beneath, but by the waters of rain a11d 
melted snow descending· from the earth's surface.* 

In 1671 Cassini sugg·ested that the waters of the artesian 
w~lls of Modena and Bolog·na mig·ht come tbroug·h subter
ranean channels from the top of the A1)en11ine mountains, 
which are only ten miles distant from this territor:r, In 
1729 Bellidor in his Science of Engineering· left little of the 
modern view to be more explicitly stated. ''It would be 
desirable," says he, ''to make such wells in all sorts of 
places, which appears impossible, since conclitions of the 
terrane are requisite that are not everywhere found. l1..,or, 
as these wells are caused by waters, which, proceeding· from 
neig·hboring mot1ntains, make a subterranean channel to a 
certain point where they are retained b).,. beds of cla:r or rock 
which prevent their escape, it is necessary that these beds 
should be pierced with drills, and that the ,vater which is 
beneath should be ca1Jable of ascending in a vertical tt1be to 
the Sl1rface of the earth. "t 

THE REQUISITE CONDITIONS. 

The theory of artesian wells includes certain requisite con
ditions which may be considered under: 

A. Conditions of Supply. 
B. Conditions of Transmission. 

The former comprise the outcrop of a stratum of such texture 
that it can absorb water freel:r, and sufficient rainfall and 
facilities for percolation to insure its supply. The reg·ion of 
the outcrop is termed the g·athering· g·round, the area of intake 

*Discours admirable de la nature des eaux et fountalnes tant naturelles qu' art16ctelles, 
etc. Paris. 1586. 

+Considerations sur la Tbcorle des Puit, For6s. Herlcart. de Thury. Paris. 1829, pages 
23, 24. ' 
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or supply, or an equivalent term, anc.1 the water-bearing· layer 
in this region is called the reservoir. 

The conditions of transmissio11 embrace a lateral and aver
tical element. The lateral element consists of conditions of 
attitude, continuity, and texture in the water-bearing· layer 
which permit the transmission of water from the reservoir to 

FIG. 29. Synclinal artesian basin. Illustrating also the prevention by up,vard flexure or 
terminal escape. a Outcrop of aquifer, the area of supply. b Lower confining stratum. 
c Upper confining stratum. w Artesian wells. 

the region of the wells. The vertical com1)onent includes the 
conditions which insure the r is~ of the water by hydrostatic 
presstire from the water-bearing bed to or toward the surface, 
to-wit: 

Fi1·8t.-The g·reater altitude of the g·ather.ing· g·round, and 
the dip of the water-bearing· stratum from it to the reg·ion of 
the wells. 

Second. - The confinement of the water of the water-bearing· 
layer within it. Escape above and below is best prevented 
when the water-bearing· layer lies between impervious layers, 
such as layers of clay or shale. Terminal escape beyond the 

FIG. 30. Prevention of terminal escape by thinning out ot aquifor a. 7J A successful and c 
an unsuccessful artesian well. 

location of the wells is precluded when the water-bearing 
stratum runs out, is flexed upward, or becomes impervious from 
change of texture. 
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A simple illustration of the conditions of structure may be 
made b:y setting one basin within another of slightly g·reater 
width and depth, the space between them being· filled with 
coarse sand. The sand re1)resents the permeable water-bear:
ing· layer, the aquifer, to revive a term of Arago's, and its 

"' ·- ~ -

. . 

- --=------- -
,ba;_ ~-.;;..; - . . ii-~~ ~y.:::;=-: = . 
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Fro. 31 Progressive change in texture of aquifer, a, from an open water-bearing sand
stone at outcrop and at b a successful artesian well, to a dry sandy shale at c, an unsuccessful boring. 

outcrop between the basin rims the area of sup1)ly. The two 
basins represent the two impermeable layers which confine 
the water within the aquife1:. If now water is pol1red upon 
the rim of sand, it flows on ward and downward until the sa11<l 
is completely saturated. Let now a hole be made in the 
bottom of the upper basin, and water will be forced upward 
throug·h it precisely as water rises in an artesian well, i. e .• by 
the pressure of the water held at a hig·her level. 

An illustration of the dynamical element is readil:r made b3r 
taking a tube bent in the shape of the letter U. Water poured 
into one arm rises in the other, finds its level, and stands at 
equilibrium at the same heig·ht in both. If now O11e arm is 
cut off near its base, the weight of the water in the other 
produces an overflow, which may easily be con,~erted into a 
jet whose height is proportional to the height of the water in 
the other arm. This sets forth the fundamental conception 
of the artesian well; the long· arm represents the water-bear
ing· layer; the short, the well; ancl the jet, the artesia11 
fountain. Simple as the conception is, it may be found some
what difficult to realize, when one stands by the sicle of some 
beautiful artesian fountain in Iowa and watches the (;Onstant 
spring of its sparkling jet hig·h in air. There is apt to 
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recur then something of the ancient sense of mystery and 
,vonder which led men of olden times to think of the fountain 
as a dwelling I)lace of divinity. Yet the simplicity of the 
means by which the display is effected really heig·htens its 
beauty and charm. The rise of the water from a thousand 
feet beneath the ground, its upward play for a score of feet 
in air, is only its return toward the level of its source a 
hundred miles and more away in the hills of Wisconsin and 
Minnesota. 

A useful variation of the illustration just described is 
obtained by using·, instead of a bent tube as apparatus, a 
straig·ht tube closed at one end ancl filled with water. If this 
tube is tilted at an ang·le and a hole is bored near the lower 
end, the water will jet to a heig·ht depending· upon the differ
ence in height of the orifice and the water level, as is seen by 
the varying heig·ht of the jet as the water sinks in the tube, 
or as the tube is tilted at different ang·les. By filling the tube 
with sand and repeating the experiment, the diminished 
height of the jet shows the effect of the increased friction. 
Another hole bored beyond and below the first draws down 
the original jet and illustrates the effect of terminal escape. 

An a1)paratus ready to hand is su1)plied by the water works 
of a town using the gravity system. Here water flows down 
from reservoir or standpipe throug·h the mains and rises in 
the delivery pipes under a IJressure proportional to the rela
tive height of the reservoir. It is 1)erhaps unnecessary to add 
that the ca1)acity of the stand pipe has no influence upon the 
pressure of the water and the heig·ht to which it will rise. A 
standpipe one foot in diameter is as effective in this respect 
as one of sixty feet, the one exerting the same pressure-fric
tion aside-as the other, under the well known law that 
hydrostatic pressures depend on depths and densities but are 
independent of quantities of liquids or shape of containing· 
vessels. The reservoir of the water works is an unfortunate 
addition to the illustration, since it has no especial counter
part in the artesian system, the water-bearing stratum being 
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itself botl1 reservoir an(l conduit. The 1)um1)s which sur)pl)T 
the reser\Toir may· serve to illustrate the energ}T of the :::iun, 
which is contint1all3T lifting water from the ::;eas and carr3·ing· 
it far awa:r to the gathering· g·rounds of artesian ,vaters. 

A rival theor3· to the hy·drostatic theory· which has just 
been illustrated at st1cl1 length was that of "rock 1)resst1re, ,. 
which asst1med that the water of artesian wells is sc1ueezed 
out of the aquifer b.r the enormous pressure of the superin
c11mbent rocks. This was answered l)y Arago early in the 
century, but ling·ering in the po}Jt1lar mind, and again put for
ward of late 3·ears as an ex1)lanation of the flows of petrole11m 
and natural g·as, it has once more been laid by Lesle;v-:-:• an(1 b)T 
Orton. t 

Recently it has been re·vi,Ted, as at least a subordinate a11<.1 
occasional factor in artesian flows b)· Prof. Robt. Ha:y·.~ 
Assuming· a specific g·ra,rit3T of three times that of water for 
the strata of a reg·ion to the depth of 600 feet, he states that 
at that clepth the press11re of the superincumbent rocks 
amounts to :fift3r-two atmospheres, and that if a water-bearing· 
stratum at that cle1)th be l)ierced b3r the drill "we :::ihoulcl 
then ba·ve the rock pressure of :fift:y-two atmospheres sc1t1eez
ing the water out of the rock por~s, ancl granting· sufficient 
lJlasticity in the rock an<.l a st1fficient quantit:r of water, it 
must rise in the tt1be \Vhicl1 has only· the 1)ress11re of one 
atmosphere upon it. ..:\. larg·e bore to the ,vell and a small 
supply of water wot1ld be ag·ai11st its reaching the surface. 
On the other hand, a becl-rock with mobile molec11les at or 
near saturation under this enormot1s 1)ressure must ca11se i11 a 
narrow tube a flowing well. " 

No objection need be offered to the supposition that cir
cumstances might oecur i11 which for a short t ime roek 
1Jressure mig·ht produce a flow of ,vater under certain ass11med 
co11ditions. But such occurences must be local and temporar}·, 

•Annual Rept. Penna.. Geol. Surv. 1885. 
tGeol. Surv. Oblo, Econ, , ~ol 6. 

:l:Final Geol. Rept. ot Artesian and Underflow Invest .. Sen. Ex. Doc No. 41, 52d Ooogres~. 1st Sess., p. as, Washington. 1893. 
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as is the flow from wells sometimes produced by earthq11ake 
shocks. 

Flow from rock pressure demands as its first condition that 
the rock of the water-bearing stratum has lost its cohesion. 
It must be plastic and mobile, crushed and comminuted; oth
erwise it exerts no more 11ressure on the water in its inter
stices than do the iron walls of a water main on the water 
flowing· within them. The walls of a hig·h building· exert 
great pressure on their foundations, but it would hardly be 
s11g·g·ested that this '' rock l)ressure," exerted upon the water 
pipes l)assing· throug·h or beneath these foundations, is the 
cause of the rise of water from them to the upper stories of 
the building·. And not only must the rock of the water-bear
ing· stratum be crushed and incoherent in order to transmit 
rock pressure to the water which it contains; that water 
must also have entered the stratum before the pressure was 
exerted upon the rock, or before the rock was in a condition 
of mobility so that it could tra11smit the pressure to the water. 
For a pressure sufficient to squeeze water out of a stratum is 
sufficient to l)revent the entrance of water into that stratum. 
A flow from roclc pressure is limited, therefore, to the 
amount of water which the water-bearing· stratum will hold 
without replenishing. 

With the theory of rock pressure as a general cause of 
artesian flow Arag·o's summary dealing is still sufficient.* He 
showecl that tl1ere are three cases of rock pressure which may 
be considered. The rocks above and including the upper imper
meable stratum either co11tinue to yield until they come in 
contact with the lower impermeable stratum, or they stop in 
a 1>osition of equilibrium before that contact, or they experi
ence an oscillatory movement. In the latter case the flow 
will be intermittent, and in the first two cases it will sto1) 
entirely, and thus i11 any case the theory is incompetent to 
account for the steacly flow of artesian wells. 

*Surles Puits Fores, Annuaire par de Bureau des Longitudes, pp. 228-229. Paris. 1835. 
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In no instance in Iowa is it Slll)l>Osetl that al'tesja,n flows arc 
caused in an:r 1)art by roe k 1>ressul'e. 

Only one artesian well in the state, a well i11 glacial <lrift in 
Wheatland townshi1), Carroll county, (lemands an:r other cause 
than hydrostatic 1)ressu1·e. Its 1)a1·oxysmal flow was cat1sed 
by gas. 

ILLUSTRATIONS OF ARTESIAN AREAS. 

Districts in which all the conclitions of artesian wells that 
have been name<l are alike ft1lly met ma:r :ret <li:ffer from one 
another in geolog·ical structure a11d i11 origin. rl'he ·varieties 
of artesian areas may be b1·iefl)r touched u1)on, before 1-ve l)l'0-
ceecl to the Iowa field. 

Many artesian areas form true basins. The:r are co11sti
tutecl of nest.eel alternating· l)ermeable and im1)ervious la~-
ers, which sag· in tl1e center from uplifted rims u1)on the 
marg·in of the area. To this class belong· several desiceate(l 
basins of ancient lakes. Sands lai(l down on the concave floor 

FIG. 32. Artesi an basin ot lacustrine t orr.natlo11. a-Ii, Line ol level or outcrops ot aqulter. 
w Artes ian well. 

of the lake were covere<l with an im1>ervious la:rer of fine 
silts as the lake gl'aduall:r djed away, or by· l)laya wash after 
its removal. These sancls are now easily reached by' driven 
wells, and freely yielcl the waters which they· receive on their 
ex1)osetl marg·ins. Or tl1e st1·ata in whicl1 tl1e lal<e basin was 
orig·inally excavatecl ma:y be l)ermeable i11 textt1re, ancl, being· 
overlain b3r water-tjg·ht ]act1stri11e claJ·s, may yielcl a.rtesia11 
waters at com1)aratively little de1)tl1. Exam1>les of lacustrine 
a1·tesian basins are those of the Salt Lalce va,lley· of Utah, and 
the San Luis valley of Colorado, the latte1· of whieh sup])lies 
some 3, 700 artesian wells. 

1 
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In other instances the central depressio11 is 
clue to an ancient ri·ver valley towar~l whose 
median line sands of various cleri,,ations ancl 
covering·, often Pleistoce11e in age, slo11e from 
the margins. The artesian basin of the Red 
River valley seems to be of this class. 

The basin form may also be dis1)la:yed in 
transverse sections of estuaries erodecl and 
filled in past g·eological e1)ochs. One of the 
best known of these is the famous London 
basin. Here interbedded sands ancl clays 
were laid down in a shallow de1)ression cut in 
the chalk, the estuar:r of a Tertiary riv·er, 
and afte'r,vards sealed by several l1u11dred 
feet of ri ,,er silt callecl the Lonclon cla:r• In 
this cla:y the present valley of the Thames is 
eroded. As London occl1pies the central 
portion of the basin, borings there made 
through the London cla:y tap water in the 
sands beneath and in the chalk, under suffi
cient h:ydrostatic 1)ressure to procluce artesian 
flows, and during the early 1)art of the century 
these constitutecl to a larg·e extent the '"'rate1· 
supply of the cit:y. 

To this class belong· also synclinail basins 
formed by folding of strata orig·inall:y horizon
tal. Such basins are illustrated in figl1re 30, 
p. 129. 

The basin or synclinal structure, however, 
is not an essential artesian condition. More 
often the attitude of the retaining· and water
bearing· beds is monoclinal. They slo1)e in 
one direction from the hig·her g·round of the 
receiving area toward plain or sea, often with 
a gradient so slight as to be almost imper
ceptible. The largest artesian fields of the 
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worlcl belong· to this class; the Al1stralia11 field, the Atlantic 
and Gl1lf :fiel<ls of the United St£1tes, tbe Texas fielcl, the 
Dakota :fielcl, an(l the field of the T; l)l)er 11ississi1)pi ·valle:r, i11 
,vl1ich the Io\va fielcl is included. This is due to .the fact that 
their ter1·anes are g·eolog·ical formations, sea laid. of vast 
extent ancl often of great thick11ess. They l)reserve to some 
deg·ree the slant of the ocea11 floor as it s lo1)8d downward from 
the marg·iu of an old continent, thoug·h this dip. is often 
accentuated ancl altered by· the epeirog·enic movements that 

----

Fro . 34. Monoclinal artesian area of southwestern New Jersey."" a Raritan clays; b Olay 
Marls; c Greensand Marl beds; d Upper Marl bed; e Atlantic ocean. 

liftecl them above the sea, and less frequentl}' by· orog·enic, 
or mountain making·, movements also. See fig·ure 33, ancl also 
fig·ure 3.5, on 1). 137. 

The Iowa Field and its Artesian Conditions. 

The artesian fiel<l of Iowa is but a part of an extensive 
basin, which may· be termed the artesian area of the upper 
l\1ississi1)1)i ,ralle,y. It includes a portion of Missouri, a larg·e 
part of Illinois. and sol1thern Wisconsin and southern 11inne
sota. In the two states last mentioned lies the area of intake 
for the entire field, ancl from this hig·her g·athering· g·rot1nd 
there slopes southward a complex of strata \V hich furnishes 
the various other requisite conditions for artesian wells. 

Attention must be g·iven for a little space to this assemblag·e 
of g·eolog·ical formations. For the conditions of the accumula
tion and transmission of water beneath the surface are almost 
wholly g·eolog·ical. A eomplete g·eological section across an}T 

* From Ann. Rept. New Jersey Geol. Survey. 188! 
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state or reg·ion in a ht1mid climate su1)plies of itself c1ata from 
which may be calculated for anJT point along· the line of the 
traverse, the depth at which artesian water can be found, or 
whether it can be found at all, the heig·ht to \.vhich it will 
rise, and its probable quantity and qualit:y. For suc·h a sec
tion shows what strata are by their texture, co11ti11uity and 
outcrop made the aqueducts of subterranean waters. Their 
thickness, uniformity of thickness, and the dimensions of 
their outcrops, together with the natt1re of the overlying and 
underlying· beds, affo~d measures of the ,. quantity of water 
available, and their dip and the profile of the section afford 
data by which the heig·hts to which wat.er will rise in wells 
can be estimated. The litholog·ical nature of the beds indi-

Des 'Moines l,fa rshalliown Cedar Rapids Mississippi R. Wisconsin R. Baraboo 

FIG, 35. Geological section from Baraboo, Wisconsin, to Des Moines, Iowa, showing the 
general stratigraphy of the l owa artesian area and of the Wisconsin gathering ground. The 
chief aquifers are he Saint Peter, the Jordan and the Basal sandstone. The line of juncture 
of the Basal sandstone and the Algonk!an ls hypothetical. a Des Moines; b Mississippian; 
c Kinderhook; d Devonian; e Sllurian; f Hudson River; a Galena-Trenton; i Oneota; j St. 
Oroix, including the Jordan, St. Lawrence and Basal sandstone. 

cates the kind and degree of the mineralization of the water. 
Some understanding of the g·eneral g·eolog·y of Iowa is there
fore pre-reqt1isite to the consideration of the local artesian 
problem. 

Geological Structure. 

The rocks of the great sedimentary series in Iowa include 
nearly all of the formations of the Paleozoic system and con-

. tain representatives of the Mesozoic also. Above the foun
dation crystallines . and quartzites of the Algonkian, they 
consist of sandstones, shales, and limestones, many times 
repeated and in varying· order. These great sheets of rock 
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lie with a gentle southward inclination. In the northern lJOr
tion of Iowa the:y' also sag from the ea,stern and western 
boundaries of the state toward a median line, forming a 
shallow troug·h whose axis extends north and south in about 
the long·itude of the Upper Des Moines river. In southern 
Iowa the western limb of this s3rncline is depressed, and over 
the southwestern counties the strata lie more nearly level. 
In southeastern Iowa the lower terranes of the Paleozoic rise 
in a dome now covered ancl concealed b;y the later formations 
of the same series. 

The attitude of the strata as we have just described it may 
be roug·hly illtlstratecl, if the reader will lay a sheet of 1Japer 
on the table before him, ancl then lift it for an i11ch or so b:r 
the u1J1)er rig·ht hand and up1)er left hanJ corners-the former 
a little hig·her than the latter- at the same time slightly 
raising· the lower right hand corner, as with a pencil laid 
underneath it. 

While this illtlstration represents tl1e lie of the sedimentary 
series as a whole, it fails to bring· to mind the disposition of 
the outcrops of the different formations of which the series 
is composed. ()n consulting· the ma1), l)late "'\7 , it will be 
seen that east of the Des Moines river th~se outcrops lie in 
approximately lJarallel and concentric belts, surrounding· the 
elevation of the northeastern corner of the state, and stretch
ing· from the Minnesota line across the state to the l\t!issis
sip1)i river in northwest southeast direction, at right angles 
to the <lip of the strata. West of the Des l\tioines river the 
disposition of th~ surface strata is under the control of two 
g·reat unconformities - excluding that of the drift- the 
unconformity of the coal measures, and that of the Creta
ceous, with the t1nclerl}ring· terranes. The Cretaceot1s, in 
especial, is conceived to cover the u1)turned and beveled 
edg·es of the older formations, which otherwise woulcl ap1Jear 
surrol111ding· the elevation of the northw~stern corner of the 
state in concentric belts narrower but similar to those which 
girdle the northeastern elevation. 
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then tenanted the earth. The Algonkian ol1t<~ro1)s in the 
northwester11 corner of Io,va, where it is kno,vn as the Sioux 
quartzite, a familiar building stone in the larger towns of the 
state. It sinks rapidly to the south and east, an(l is djseov
ered near the region of its outcro1) onl:r l)}" the (lee1> ,vells at 
Sioux City, Hull and Le Mars. A similar Ol1te1·01) oc~l1rs to 
the northeast beyond the limits of the state at Baral)oo, 
Wisconsin. From this latter outcrop the ... \.lg·onl{ian sinks 
more gently to the southwest and is reached b)· the (lrill at 

Lansing. 
In east central Iowa there seems to occl1r anotl1el' e]eya-

tion of the Alg·onkian floor. This is comparati,Tel.r a sligl1t 
one, and is disclosed by the artesian well at Oe<lar Ra1>icls. 
At no other station in Iowa has the drill gone deer) e11oug·l1 to 
pierce the entire thickness of the Paleozoic roC!ks. 

SAINT CR orx. 

BASAL SANDSTONE. 

The Algonkian floor is probably one of g·reat <li,.,.ersit:y 
of relief. U1)on its bl1ried hills and valleJ'S rests l1nc·n11-fo1·n1-
ably a tnassive sandstone. In places this contains la:rers of a 
conglomerate of water-worn J)ebbles, but more freque11tl:r it 
passes in l)art into arenaceous shales and marls. 'l

1
l1e Basal 

sanclstone is laid down with an enormol1s thickness uefitti ng· 
the foundation terrane of the Paleozoic series. In the no1·th
eastern corner of the state it is 800 feet thick. ...\s fal' so1Ltl1 
as Aledo, Ill. , it still maintains a thickness of at least 11earl3· 
1,000 feet. At Dubuque 1t is over 1,] 00 feet thiclr, the l)ottom 
of it not being· reached. Toward the west the Basal sa,1H.l

stone diminishes in thickness, ancl it seems to atte111u1t.e 
rapidly as it rises on the western side of the ce11tral I o,v-a 
syncline. The divisions of the Basal sandstone n,dopte<l l>:r 
the Minnesota Geological Survey ha,re not been clea1·ly ma<le 
out in Iowa, and it does not seem well io clesig·nate it 1))' any· 
of the local terms that have bee11 llSe(l for this l)l1r11ose i11 otl1cr 
states. It is the ectuiva]ent of tl1e "Potsdam," as tl1is term 
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is em1)loyed by H all and Sardeson, but its identity with the 
t:y-pical '' Pots(lam '' of New York remains to be proven. As 
l1sed by Hall i n the first g·eolog·ical survey of I owa and by 
the Wisconsin g·eolog·ists, the Potsdam includes not only the 
Basal sandstone, but the J ordan and Saint Lawrence also. 
As t1sed by the state g·eolog·ists of Minnesota, the Potsdam is 
r estricted to the quartzites which in Iowa have been alloted 
to the ... i\.lg·onkian. A ,roiding, then, the use of a term so ambig 
uous, which has at least three distinctly different meaning·s in 
the g·eological literature of the u1)per Missi.ssippi valley, we 
designate l)rovisionally as the Basal sandstone the strata 
included between the summit of the Algonkian and the base 
of the Saint Lawrence, which is the first formation of dolo
mites and shales below the Jordan. It thus embraces the 
eqt1ivalents of the Dresbach sanclrock with the unnamed shale 
beneath it, and of the Hinckley sanclrock with the unnamed 
red shales and red sandrock beneath it. 

With our present knowledge, the Basal sandstone may be 
ranked as the lowest member of the Saint Croix. I n the ear
lier stag·es of the investigation it was designated simply as a 
sandstone lying below the formation then termed the L ower 
Saint Croix.* In this preliminary paper a dual division of the 
Saint Croix in Iowa was proposed, the up1Jer member being· 
termed the Upper Saint Croix, consisting· of sandstones; and 
the lower member the L ower Saint Croix, composed of dolo
mites and shales. Ranking· now the Basal sandstone with the 
Saint Croix, these terms lose their appropriateness; and the 
prog·ress of the investigation so fully confirms the earlier 
differentiation that we need hesitate no longer to ap1Jly to the 
strata of the Saint Croix lying· above the Basal sandstone, the 
terms already in use in Minnesota, viz., the J ordan sandstone 
and the Saint L awrence dolomites and shales. 

SAINT LAWRENCE AND JORDAN. 

T he Saint Lawrence dolomites and shales rest directly upon 
the Basal sandstone. In eastern Iowa they constitute a well 

*Thickness of Paleozoic strata of Northeastern Iowa, Iowa Geol. Surv., vol. I II, pp. 185-186. 
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clefinecl terrane of moderate thickness, but to tl1e \VPst the,T 
• 

are not well defi11ecl with the scant:Y cla,ta at harH l. ~Phe.,,. a1·e 

USllall:r glauconiferous a11cl arenac·eOllS. rr11e Jordan sa11d

stone succeeds t11e Saint La,vrence. It is a saeehn roida l 
sanclstone of lig·ht color. Its usual tl1iekness is from one 
hundrecl to two ht1ndrecl feet. Tl1e coml>i11c<l tl1ic·k11ess o.f the 
two u1)per cli,Tisions of tlle Saint ( ~roix i~ si11g·ularl~l' unifor111 
and a\'·erag·es abot1t tl1ree l1t111drecl feet. l3otl1 the Jordan 
and Saint Lawrence outc·rop in the extreme northea::,tern pa l't 
of the sta,te, where they· ,vere first recog·n~zec1 i11 the fit~lcl in 
Iowa b,T Calvin* as distinct formations . 

• 

UPPER ONEO'f1\, NE\\,. ltICH~I<.>ND, ANT) LOWEJt C>NE<)'l'.\, 
• 

U1)on the .Jordan sanclstone r ests a 111assivC' dolomite, <le~ig·
nated l>:Y IIall and l))T Wl1ite in the earlier g·eolog·it·al sur·ve}rs 
of the state as the L ower 11ag·nesian. R)T tl1e 1>resent Surve~r 

this is called the ()neota, a, term 1)ro1)ose<1 h.r ~lc<Jee. 111 the 
a1.1thor's l)re,Tious in·-vestigation of the clee1> \vells of easter11 
Iowa, this dolomite was fot111cl to be cli\·1<lecl l1}· a mctli,11 
sanclstone, the ec1uivalent of tl1e Xe\v Hichmo11d l)f tl1e 
Wisconsi11 ancl 1Iinnesota g·eolog·ists. ...\re11aeeot1s ~tra,ta 
corres1)011ding· to the Ne,v Ricl11uon<.1 ,Yere ah•,o f~>u11<.1 in tl1e 
fielcl b:r c~alvi11 in the outc-ro1)s of the Oneota i11 ... \llarnakee 
county·. ...\s tl1e N evv 1iic l11noncl occ,1~ionall~T fails to appear 
i11 deep well seetions it is fot111<l co11,renie11t to 1·etai11 the 
Oneota as a term inelu(li11g· the entire l)otl)· of <lolo111ite 
l)et,veen the .Torcla11 ancl the 8ai11t J>eter. 11c(}ee, 110,YeYet\ 

limitecl the orig·inal clefi11ition to tl1e lower diYi~ion here 
callecl the Lo,ver Oneota, ter1ned by· tl1e 1linnesota ~urVL'Y 

~ . 
the '' Mc1ii11 body of limestone." The U 1>1>cr ()11eot::1 ut' tl1is 
1)a1>er, the ec1uivalent of tl1e Shako1)ee of 1Ii1111esota, 1Ic(;ee 
included, tog·ether with tl1e Nev" Iiichmo11cl, in t.l1e Haint 
Peter. But the evidence here 1)rese11ted prov·es tl1e t;1)1)e1· 
Oneota so thick a11d so 1)ersiste11t that no reaso11 remai11s fo1· 

• Geology of Allamtikee county, Iowa Geol. Surv., vol. IV. 1894. 
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including it in a formation so distinctively a sandstone as is 
the Saint Peter. Its alliance is clearly with the Oneota. -x-

The evidence from deep wells proves also what before was 
a matter of conjucture only, that the Oneota l)asses south and 
west of the narrow area of its outcrop in Allamakee and Clay
ton counties and underlies nearly the whole of the state. 
Throug·hout this g·reat extent it preserves unchang·ed the 
characteristics of its outcrop, its complete and perfect dolo
mitization and its g·reater or less admixture with arenaceous 
material. The thickness has not been found less than that 
of its outcro}), which has been estimated at 300 feet. Over 
northeastern Iowa it ranges from 300 to 400 feet. At Boone 
it may reach 500 feet, at Ames about 600 feet and in south
eastern Io\va it seems to be still thicker. The U1)per Oneota 
alone is usually about 100 feet thick. 

Thus below the Saint Peter the drill enters three g·reat 
masses of dolomite, the 1T pper Oneota, the Lower Oneota and 
the Saint Lawrence. These three formations with the inter
vening sandstones have been classed together by Hall and 
Sardeson as the Mag·nesian series. This term is particularly 
welcome to students of artesian records, since the upper and 
lower limits of the series are so well marked that drillers 
ust1ally recog·nize them even when they· may fail to put on 
record the different members of it. The entire thickness of 
the series ranges from between 500 and 600 feet in northeast
ern Iowa to 700 feet in central Iowa, and to 800 feet and over 
in the southeastern portion of the state. The ag·g·reg·ate of 
the maxima of the five different formations which constitute 
the series, as g·iven bJ' Hall and Sardeson, •x- amounts to· 673 
feet in Minnesota. 

The following table exhibits some of the various designa
tions which have been used in the classification of the 

* This classification of the Oneota is clearly stated in t,he author's previous paper on the 
deep wells or l owa; Iowa Geol Surv., vol. !If. pp.180-184, and it is difficult to conceive bow we 
could have been mtsunder1-tood and mhq uotea by Sardeson as iocludioct the Upper Oneota 
and the New Richmond with t,hc Saint Peter. as sliatert in bis paper on the t:laint Peter sand
stone. (Bull. :Minn. Aca.d. or Nat. Sci., vol. IV, No. 1, Pt. 1, pp. 65-80.) 

* The ~lagnesian series of the northwestern states. Bui. G. S. A., vol. V I , p. 170. 
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Cambrian of the U1)per 11ississi1)i:>i valley·. The Saint I>eter 
is added for the sake of clearness. 

- -

10\VA. MINKESOTA. ~II:-,; N ESOT .\. 
10\VA. '" 1sco:-.s1 x. 

ll1 1GEE. N. H. WINCHELL. 
HAIL .\NO 
SARDESON. 

Ordovician. Lower Silurian. Cambrian. Lo-u•er Sil11ria11, /,cn;.•er SUurian . 

Saint Peter. I • Saint Peter. Saint Peter. Saint Pcll'r. 

Upper Oneota. Saint Peter. Cambrian. Ca111bnu11 . 

New Richmond. 
I• 

Shakopee. Shakopee. \\'ill ow R h-cr. 

Lower Oneota. Oneota. New Richmond. New Richmond Kew Richmond. 

?.lain Body of L ime- Oneota. Main Rody of Lime-

stone. stone. 
Cambria,t. Cambrian. 

~Jordan. Jordan. "Madison. 

W r o,d=. 
}Potsdam 

St.Lawrence St. Lawrence. ~lcndola. 
Q St. Lawrence. St.Croix-

~- Basal Sandstone. 
Shales. '\ Potsdam - Cale. Sand-

I ._Dresbach. stone. 

Shales. r•tsdam \ Sandstone. 

Hinckley. 

SAINT PETER. 

This bed of white incoherent san(l is also a rema.rkal)ly· 1)er
sistent formation. In no well in the state clee1) enol1gl1 to 
reach its assumed horizon does it fail to a1)pear, if the recor<l 
and other data are com1)lete. The normal thickness see1ns to 
be abo11t 100 feet. It never much exceeds this limit; and it 
occasionally IJinches to thirty or even to fifteen or twent)· 
feet, either from inequalities in the surface of the l J Pl)er 
Oneota, or from erosion suffered before the Trenton ,vas laid 
down upon it. 

At a few points the Saint Peter includes intercalar_y lJecl:::; of 
shale, as at Boone and Sabula, and of limestone as at Dt1l)t1qt1e 

and I)Ossibly at Post·ville. 11ore frequently 1)assag·e beds of 
shale occur in the U1)1)er Oneota to the Saint Peter. These 
are specially heavy at .t\.namosa. Oommonl:r the Saint Peter 
is overlain by Trenton shales which sometimP-s are arena~eous, 
as at Washington. 
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I 11 tl1e 111i<1st of the os<:illa tions of ll1e ()r(10Yic·ia11 sea, bot

tom a11<l tbe sl1ifti11g· of its sl1ore line, ,vhiC'l1 1)er111ittec.1 110,v 
the la)·i11g c.lo,Yn of tl1e limestones n,11cl sl1ales of tl1e lrl)l)er 
Oneota anc.1 n<)\V tl1e sl1n1es an<.1 li1nesto11es of t,l1e 'rrenio11, 

there oc:cl1rre<l tbe con<litio11s wl1ich now c·a.11 scareel\" be • 

imagi11e<l 011 ,,.·hich <.le1)e11clell tl1e <le1)ositio11 of tl1e Haint 
Peter sa11<.lsto11e. 'l'he suc<.·essio11 from the Hai11t }'eter 
l1p,,c1l'c1 ma3· be ex1)lai11ed 1\r a de1)ressio11 of a l)ase-lev·elecl 
()neota land allo,,ing· the ::,ea to tra11i:-.gress il1e ,vl1ole ,vicltb of 
Iowa a11(1 far into "\\.,.isc·onsi11 a11<1 ~li1u1e::,ota. .L\s tl1e lan<.1 g·rad
uall)" st11)si<lec.1 tl1e long· li11e of its :-,ea bea<·l1es a<lva11c:e(l little 
b)" little to,,ard the nortl1 a11<l east. le,1y·i11g· s11reac.l 011t l)e l1i11tl it 

a l)1·oad sheet of l)eae 11 sa11<ls, jt1sl as tl1e IJrairie fire lea ,·es i11 
its track a co11ti1111ous area of l)ur11etl an<l l)laicl{e11e<l ,veg·etation. 
I11 eoast marshes tl1e~e san<ls ,,·ot1lc.l, l)}' org·,1nic a,ci<.ls "·hie h 
,vot1lcl <lissol,·e their ferrug·innt1s i:,tai11s, be bleaebecl w bite as 
we see tl1em to-da:r• v\·it11 c:011tin11ecl st1l)sitle11ce tl1e:r ,vol1lcl 

l)e co,,,erec.1 ,vitl1 finer secliments, ,vitl1 cla:y:-:, and 1narls \\·asl1ed 
from the shore, an<l at last witl1 tl1c limestones of tl1e <leeper 
rrre11ton sea. I11 some :::it1cl1 \\.,.a:y, 1)erba1)s, ,vas thi::; 011e of the 

cha1111els for the ft1tt11·e ~1rtesian waters of the state 1uacle 
reacl:r- Bt1t a <liffieult:r lies in tl1e natt1re of tl1e g·rains of this 
,vhite ~ancl. Tl1e:r :-.1re rounc.lecl a11<l \"1'0r11 a11<l 1>olishe<l a.s ::1re 
no beach sancls on anJ' sea <.'.Oast to-cla:y. Possibl)· their forms 
may l1a·ve bee11 g·i ,·e11 tl1em b:y tl1e ,vi11d, and tlie)T were 1011g 
blo,vn a1Jout in some ancie11t <lese1·t before tl1e:r were sea laic.1. 
I-Io\vever this ma}· be, these rou11clccl, i11c·ohere11t g·rai11s make 
an excelle11t watel'-\Ya}', an<l tl1ey are so distin<:t from an:r 
sanclstone abo,·e tl1em tl1at t]1e ex1)erience(l driller ma)' al \Va}·s 

l)e expec-ted to reeog·uize the Sai11t l>etcr wl1en he eomes to it. 

1\.s used in this re1)ort, the Galena-Tre11to11 includes both the 
lower 11on-mag·nesian limesto11e and sl1ales to whieh tl1e term 
rrrenton is 11opt1larly· restrjcted n,nc.l als<> tl1e 11pper c.lolomite 
beds v\7hich are known as the Galena, the lead-bearing· rock of 
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Dubuque county and adjacent areas in Wisconsin a11<l Illinois. 
The difference between the Galena and the Lower Trenton is 
considered merely lithological an<l not formational. That the 
two constitute but one formation whose strata have been dif
ferently affected in different places by the process of dolo
mi tization is well nigh proven by the results of investigation 
of cleep wells of the state. To demonstrate their formational 
identit:y it will be necessary to trace throt1g·h both the same 
life zones and this may be left in confidence to future work in 
the fiel<l. It was indeed from paleontolog·ical evidence gath
ered in Minnesota that the sug·gestion was first ma<le b:y N. 
H. Winchell* that the '' Galena limestone is only a phase of 
the Trenton, intensified in the t:ypical reg·ion, but facling· out 
in all directions. It is a convenient designation in Io,va a11d 
some parts of Wisconsin and Illinois, bt1t in l\1innesota its 
convenience hardly warrants its continued t1se. '' 

The same conclusion was reached by Calvint from bis 
examination of the samples of the Postville well. an<1 it is 
fully· corroboratecl b).,. a larg·e amount of still stronger e·vi
dence from other boring·s. In the western part of the state 
the limestones of the g·roup appear wholly magnesian. In 
eastern Iowa tl1e t1pper portion only is dolomitic\, :ret occa
sionally even here the entire bod:y of strata has been dol
omitized, as at Sabt1la. Occasionall3r the ".,.hole formation 
escaped dolomitization, as at Man<.;hester anc1 Postville. 

The lower becls of the Trenton are often shaly. Bitt1mi
nous shales, occurring· at Washington, Cedar Ra1)ids, and ... .\.ua
mosa, still encourag·e the hope that l)ossibl}"' in Iowa tl1e drill 
ma:y sometime strike beneath the saddle 0f an anticline some 
store of g·as or oil, such as in other states are deri,Te<l from 
similar beds at the same horizon. 

The thickness of the Galena-Trenton us11ally lies bet,Yee11 
300 and 400 feet. At Calmar we have provisionall3· assigned 
538 feet to it, and at Des l\1oines nearl3r as mucl1. ln extreme 

*The Age of the Galena Limestone . Am. Geo!. , vol XV. p . 33 1805. 
tAm. Geol., vol. XVII, pp. 195-203. 1896. 
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southeastern Iowa it attenuates over the dome of the Lower 
Ordovician strata and is onl:y· 140 feet thick. 

l'vIAQUOKETA SHALE. 

This is a heavy bed of bluish or greenish shale, usually 
somewhat calcareo-mag·nesian, outcropping· in a narrow belt 
in northeastern Iowa from Clinton to the Minnesota line. Its 
greatest esttmated thickness of outcrop has been 100 feet. -x· 

But in this investig·ation it has been found to underlie the 
larger portion of state, and to reach an unsuspected maxi
mum. thickness of about 275 feet in east central Iowa in the 
valley of the Cedar. It is often parted b3r a bed of dolomitic 
limestone, and it is not impossible that, were fossils obtaina
ble, the lower shale would be found to belong· to the Galena, 
vvhich in part passes into shale in Minnesota. 

SILURIAN. 

The Maquoketa is the highest member of the Ordovician, 
or Lower Silurian. Tbe Upper Silurian, or the Silurian as it 
is better termed, comprises in eastern Iowa several divisions 
which are all included, so far as our present knowledge g·oes, 
in the Niagara. These divisions do not concern us in this 
investigation, since they can not be discriminated in the 
powdered rock of well drillings. Passing· westward and 
southward from the outcrop, the dolomites of the Silurian are 
affected with lithological chang·es which indicate the presence 
of other formations than the Niagara. At Marshalltown the 
Silurian contains gypsum, and at Des Moines, Pella, Oska
loosa and Glenwood, gypsum and gypseous marls are so 
pronounced a feature that the Onondag·a salt group may be 
held to be present with a fair degree of probability. Ag·ain, 
to the south the Silurian becomes arenaceous, as was first 
noted by Calvin in the dee1) well at Washington. These Sil
urian sandstones extend widely over southeastern Iowa, and 
would naturally fall in with the Oriskany. The g·l'eatest cer
tain measurements of the Silurian are obtained at Davenport, 

*Keyes, Iowa Geol. Sul'v., vol. I, Plate ii • 
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344 feet, and at Cedar Rapids, 415 feet. 1\t Des 11oines we 
have assigned it a thickness of 507 feet. If our interpreta-

. tion of the data is correct, it persists as far to the southwest 
as Glenwood, retaining there a thickness of 400 feet. The 
Niag·ara feathers out in the extreme northern part of the 
state. In northwest Iowa it is probably wanting, and o,-er 
the dome in southeastern Iowa it attenuates to 120 feet at 
Keokuk. 

DEVONIAN. 

The following classification of the Devonian represents the 
results of recent investig·ations i11 the field. 

SYSTE?¥I. SERIES. STAGE. SUB-STAGE. 

Upper Devonian. State Quarry. 

Lime Creek. Owen. 
Hackberry. 

Devonian. Cedar Valley Mason City. 
~liddle Devonian Solon. 

Upper Davenpo1·t. 

W a psi pinicon. Lower Davenport. 
Independence. 
Otis. 

These divisions have not been clearl3~ made 011t in the 
recorcls of the deep wells. The limestones are indisti11guish
able one from another in the rock-meal and powder of t.he 
drilling·s. The Independence shale is probably· not 1)ersistent 
over wide areas, and the Lime Creek shale ca11not be se1Jaratecl 
in well sections from the similar shale, called the Kinderhook, 
which directl:r overlies it. In the northern part of the state, 
where the Devonian is dolomitized, it becomes diffict1lt or 
impossible to draw the line of demarkation between it and tl1e 
underlying· dolomites of the Silurian. For these reaso11s tl1e 
thickness of the Devonian cannot be stated "rith co11:fidence. 
It probably somewhat exceeds 300 feet imn1ediately· west of 
its outcrop in central Iowa. 
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KINDERHOOK SHALES. 

This heavy bed of shale outcrops at many points from Bur
lington northwestward along the western portion of the 
Devonian outcrop and the eastern limit of the Mississippian. 
Heretofore it has bee11 classed with the latter formation, but 
the evidence at hand now seems to indicate an alliance rather 
with the Devonian, Since the question is still unsettled, the 
Kinderhook shale is as far as possible separated from both 
formations in our sections. In consulting these sections it 
must be remembered that it may include any upper shales of 
the Devonian ancl may indeed belong wholly to that ag·e. 

At Marshalltown the Kinderhook shale is 175 feet thick. 
In southeastern Iowa it reaches a maximum thickness of 
from about 200 to 250 feet. Any limestones of the Kinder
hook must here be classed with the undifferentiated Missis-
. . s1pp1an. 

MISSISSIPPIAN. 

As this term is often here used, it does not include the Kin
derhook shale, but consists of the various stages of the Lower 
Carboniferous, which lie above that formation. These stages 
have been skillfully made out in southeastern Iowa by Bain, 
Keyes, and Gordon. At a distance from the outcrop they 
usually can.not be distinguished. Specially characteristic of the 
Mississip1)ian are the cherty beds which it carries .. These are 
particularly noticeable at Glen wood and Atlantic, and their 
sig·nificance in indicating· the horizon of the floor of the Upper 
Carboniferous in that reg·ion is discussed under the geolog·y 
of southwestern Iowa in another part of this report. 

At Atlantic and at Boone the Mississippian, exclusive of the 
Kinderhook shale, seems to be about 400 feet thick. At 
Oskaloosa it may be 455 feet thick, but our data there are not 
reliable. The Mississippian may be assumed to underlie the 
entire Carboniferous area of the state, and it probably extends 
widely into northwest Iowa beneath a cover of Cretaceous 
sediments and drift. 

15 G. Rep 
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UPPEit CAI{J10N U◄'EI{<>t-s. 

There are but one or t\VO \Vells in the state \\"ith eom1>lete 
records so situated that the)T coulcl be ex1)ected to sl1o"T the 
division of the U Pl)er Carboniferous into its two stages, the 
Missouri, or Ur)per Coal 11easures, and the Des 1Ioi11es, or 
Lower (;oal 11easures. At Glenwoo<l this division is elearl:y 
drawn, the 11issouri being· 670 feet thick and the Des 11oines 
390 feet thjck. The total, 1,060 feet, is the maximum obser·ved 
thickness of the Coal Measures in Iowa. Possibl)T the:y ma}- · 
be somewhat thicker to the east and south, but the enormous 
estimates of nearly double this thickness that have been 
freely.,. made are without founclation in fact. Singularl:y 
enoug·h the first estimate of the thick11ess of the Iowa Coal 
Measures, made by IIall nearly· fort:y y·ears ago, coincides 
with that given b:r this in·~testigation. At Centerville the 
Des 1Ioines is probably about 600 feet thick, so that the sum 
of the maxima of the Des Moines and Missouri is nearl:r 1,300 

feet. 
From southwestern Iowa the Coal :tvieasures attenuate to 

the north and east. At Des 1Ioines the).,. are still 11early -100 
feet thick, and the:r spread uncomforrnabl).,. in outliers over all 
the outcror)s of lower formations as far as the Ordovician. 
The few artesian well l)ol'ing·s O\Ter the coal area have <liscov
ered no seams of coal st1itable for l)rofitable working, ancl so 
far they confirm the conclusion of the essentiall)r local char
acter of the coal seams of the Iowa field. 

THE CRE'I'A<'EOUS. 

By the end of tl1e Carboniferous the entire surface of Iowa 
hacl emerg·ed from the sea, and it remainecl a la11<l s11rface 
until, at the e11cl of tl1e Lower C1retaceous, the western l)Ortion 
at least of the state subsidecl sufficie11tly to allo,v a11 i11vasio11 
from the west of the Cretaceous sea which tl1en covered tl1e 
Great Plains. The first sediments laid down consisted of a 
body of strata known as the Dakota. 'l'his is com1>ose<.l 
largely of sandstone, and to the north west co11stitutes the 

I 
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artesian reservoir and aquifer of the Dakota artesian area. 
From this area Iowa is unfortunately separated by the out
cro1)s of earlier formations and the valleys of intervening· 
rivers. The Dakota, however, constitutes a well defined 
water horizon in northwestern Iowa, extending· nearly or 
(1uite to the valley of the Des Moines river. So gentle is the 
inclination of the Dakota that its waters have low head, and 
they are usually unfit for public SUl)l)ly from the large amount 
of mineral salts which they have taken up from the marls with 
\\rhich the water-bearing· sandstones are interbedded. Above 
the Dakota lie various members of the Cretaceous, which 
sometimes have been pierced b)r the drill, but of which noth
ing· new has been thus learned. The Cretaceous frequently 
contains beds of lignite, and these and the buried veg·etal 
accumulations of the drift sometimes evolve large quantities 
of gas- cbiefl:y carbon dioxide, or choke damp- which, when 
set free by the drill, produces the curious phenomena of the 
"blowing wells" of northwestern Iowa. 

AREA OF SUPPLY. 

The chjef artesian suppl)r of Iowa is derived from the out
crops of Ordovician and Cambrian sandstones in Minnesota and 
Wi.sconsin. The size of this area, which forms the main gath
ering· ground of Iowa artesjan waters, may be roughly esti
mated at about 14,500 square miles. Its irregular form and 
topog·raphic relations are exhibited on the accompanying map, 
Plate VII. 

The outcrop of the Saint Peter occupies a U-shaped ar~a 
extending from St. Paul, Minn., to the mouth of the Turkey 
river, in Iowa, thence across southern Wisconsin along· the 
valleys of the Wisconsin and Rock rivers, and thence north
east parallel with the shore of Lake Michig·an, to at least the 
southern boundary of the U1)per Peninsula. Overmuch of this 
reg·ion the Saint Peter forms a narrow sinuous band, follow
ing· the streamways and branching and rebranching with their 
tributaries, until in any river basin the form of the area resem-
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bles the outline of a compound pi11natified leaf. Occasionall:y 
it widens and overspreads broad areas, especially where the 
cover of the Trenton limestone has been removed by erosion. 
In profile it varies from long and g·entle slopes and undulat
ing· surfaces, the result of degraclation, to vertical precipices 
caused by corrosion and sapping. The total area in Wisconsin 
and Minnesota, as estimated from the maps of the geological 
surveys of the two states, is about 2,000 sc1uare miles. This 
estimate may· well be excessive, as the width of the band rep
resenting the outcrop of the sandstone is probably exagger
ated in many places for the sake of distinctness. On the 
other hand, the artesian g·athering· ground really includes 
large unestimated areas in both states, where the Saint Peter 
is concealed b:y drift, where the Trenton limestone above it is 
l)ervious and forms the col1ntr)? rock, and where the lie of 
land directs to the outcrops of the Saint Peter the drainag·e of 
su1)erior terranes. 

The Cambrian sandstones, termed the Potsdam or Saint 
Croix, divided in this report i11to the Jordan and the Basal 
sandstone, outcrop with their includecl dolomites ju a cres
centic area whose eastern horn touches Mackinac, and whose 
western horn extends nearly to Duluth. Lying within and to 
the north of the Saint Peter area of outcrop, it is separated 
from it by· a belt of the Oneota, or Lower Magnesian lime
stone. It resembles the Saint Peter in the form of its outcrop 
along· thetribt1taries of the Minnesota and the lower Wisconsin 
rivers, but in central Wisconsin it occt1pies a broacl and con
tinuous field of several thousand sqt1are miles. The total 
area in Wisconsin is estimatecl by Irving· at abot1t 12,000 
sql1are miles. In 1\finnesota probably abo11t 500 sc.111are miles 
are occupied by Cambrian sandstones. 

CONDITIONS O~, SUPPLY. 

It is a matter of common knowledge that in its source arte
sian water is the same as the water of stream and rain and 
cloud. The mystery which once enveloped the spring· has 

• 
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been dispelled for centuries. No longer is it believed to be 
the home of naiad, or to have been struck into existence by 
the hoof of Pegasus. The view of Aristotle, that springs 
flow from hidden caverns on whose cool sides air has chang·ed 
into water by condensation, the vjew of Des Cartes, who 
assumed similar condensing· chambers as parts of vast sub
terranean distilleries in which water, drawn through :fissures 
from the ocean, is vaporized by the interior heat of the earth 
-all such ingenious hypotheses of philosophy have yielded to 
the simple conceptions of experimental science. Yet these 
early views are not yet quite extinct. They linger in the 
minds of some citizens of even more than average intellig·ence, 
as the writer has discovered with a pleasure akin to that with 
which be might come upon a living trilobite or a colony of 
the life forms of a previous g·eological epoch. 

Over nearly the entire surface of the earth, water passes 
unobserved into the atmosphere. It is imbibed as vapor from 
sea, lake, and river; from forest, meadow and sown land; 
from snow and ice field; from all h11mid surfaces everywhere. 
While it remains in the air as invisible vapor, or as fog, cloud, 
rain or snow, it is known as meteoric wate1·. Reaching the 
surface of the earth as rain it is termed sto'r1n watel', and it is 
designated stream 1.oate1· as it returns through its natural sub
aerial channels to the sea. 

Part of storm water sinks directly into the earth, the rela
tive amount depending· upon several factors. The plowed 
field, for example, absorbs more than the sod, sand more than 
clay, creviced limestone more than compact granite, level 
lands more than steep hillsides, and dry earth more than earth 
saturated by long rains. While it ling·ers near the surface, 
brought by capillary attraction within reach of roots, exud
ing in swales and feeding shallow w_ells, it is known as qround 
ioater. Under the action of gravity g·round water passes con
tinually downward. The level of its upper surface can be 
maintained only by fresh supplies of storm water. Much of 
ground water is evaporated, much escapes by springs. Some, 

• 
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• 

however, passes below a lower limit hardly to be defined with 
any precision, and is known by the name of ph reatic ,oater. 

Fed from the couche, or layer of ground water, phreatic 
water slowly moves downward throug·h all permeable la:y-ers 
of the earth's crust. Where such are trenched by dee1) ·val
leys it emerges in springs, and where confined by i.mperme
able strata and under sufficient head from the pressure of its 
own weight, it may rise to the surface in fis::;ure springs an<l 
artesian wells even from depths far greater than the level of 

METEORIC 
WATER 

• 

STORM 
WATER"-

STREAM 
WAT£ 

V OLCANIC 
WA TER 

the sea. Phreatic water 
u n d e r such conditions is 
termed al'tesia,1i wate,·. In the 
absence of these avenues of 
escape, much of the water 
whose descent we are tracing· 
ma}r find its way to such pro
found depths that it is vapor
ized by molten rocks and oc
cluded in them as steam, there 
to work various chemical and 
lithological changes which do 
not here concern us. As it 
may again find issue to the 
lig·ht of day through the ducts 
of volcanoes, such water is 
known as volcanic 1oater. 

Fxo. 36 The ctrcula.tion ot water. 

These stag·es in the circula
tion of water ma}T be g·ra1>hic
ally illustrated in the follow

ing diagram. The outer cycle represents the longer path 
descending deep into the· earth's interior, the inner cycles, 
the shorter paths returning to the air by the stream and the 
sea. 

Since artesian water is a certain stage in the cycle of the 
descent and return of meteoric water, the first condition of 
artesian su1)ply is an adequate rainfall over the gathering 

.. 
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ground. When the remaining conditions a,re present, this pre
requisite is seldom lacking-. For the g·athering ground is 
situated on the elevated rim of the assemblage of tilted 
pervious and impervious strata, and this elevation will usually 
be slrfficient to insure the abundant l)recipitation of moisture, 
even where the lower regions of the wells may be arid or 
semi-arid. Illustrations of this rule - to mention but two
may· be found in the Dakota basin and the Australian basin, 
whose areas of supply are uplifted respectively llpon the ' 
flanks of the Black Hills and the ranges fronting· the eastern 
coast of Australia. 

The entire Iowa field, tog·ether with the area of intake, lies 
in a reg·ion of abundant rains. The mean annual rainfall of 
the area of suppl}r cannot be less than 32 or 33 inches, as is 
shown by the accompanying table selected from tables calcu
latecl by Greenleaf* in 1881 from tables published by the 
Smithsonian Institution. 

TABLE I. 

RAINFALL IN THE RIV.ER VALL'EYS IN THE AREA OF SUPPLY OF THE IOWA 

ARTESIAN FIELD. 

I I <1>.~ i::I Q) i::I (Jl 

i::I s:l ea M O Q) b.o 0.. ..... P,.·'""...CI 
1,.... .,... 

..Cl ai 
_ ..... Q) • Q) ~ C) .....cec:>. 

RIVERS. 
oo>-< cn b.o,.... ~ s:l 

O.,c Q) s:l 
~ Q) ..... as v ca ea .......... C) ... 0 

i] ea~;.~ M 0.. O en o.:;; 
Q) ::s ..... i::I ·..3•..-1oea 

~.oooS r:> s:l C) ..... ear-d~~ 
H <t1 i:i:◄ 

Chippewa _______ ______________ 165 9,573 34 37 % Black ______ __ ______________ __ _ 
166 2,272 34 35 % 

w· . 757 12,280 35 36 % 1scons1n ____________________ 

Saint 
Croix _____________ ______ 

168 7,576 30 37% 
Root ____ - _ - - ___ - - - - - - - - _ - - - - - 95 1,609 30 26% 
Trempaleau _______ ____ ________ 73 723 33 26% 
Buffalo _______ _________ ____ - _ - 50 468 33 26% 
Zumbro ____________________ __ 80 1,346 29 26 % 
-

According· to De Rancet one inch of rainfall per year equals 
14,555,280 imperial gallons to the square mile, a daily average 
of 40,000 gallons to the square mile. The total annual rain
fall of the collecting· area of the Iowa artesian field may 

*Report on Water Power of the Mlsslsslppi River, etc. , page 20, volume XVII, Tenth Oen
sus. u. s. 

tWater Supply of England and Wales, page 20. London. 1882. 
• 
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therefore he estima,tecl at al)Ollt 47:'5,000,00<) g·allons to Lhe 

sq11are mile, a. <lail)r average of 1,280,000 g·allons or a total 
annual prP<·iJ)itc1tion for tl1e entire e.;o]leet,ing· area of fi,887.-., 
500,000,000 ga.llons. 

:B,rom tl1is e11orn1ous amount of stoi-111 water eertnin de<Juc
tions 1nay· l)e made in or<lc1· to rcaeh an estimate of \'v}1at 

remains for a1·tesin,11 st11>pl_y. .<\ larg·e part of storn1 \,·atei
fin<ls its ,,·ay into ~trean1s, either di1·cctl)·, 01· aftf•r a mtn·e n1· 
less J)rolong·ed sto1·age in t-l1e ground: 1>art i:-; eYa pora ted from 
tl1e surfa,ce: 1)art is <·ons11n1ecl l>y g·1·0,vinµ: ,·egetation. 

1\1nong tl1e n1osl H,<·<·urate tleterminatio11s of tht..' 1·atio 

of stream 1low to L'ainfall are tl10!'.:)e ,,,hieh 1neasn1·e t,h,., 

a111ot1nt re<·ciYcd l>J' 1·0st•rvnirs ,~·hose <.:atehu1ent hasi11 {'c>Vf>l'S 

a <·onsideralJlc area. At 1Ianel1cste1-. J.:nglancl, out of a rain
fall c>f -!51 ine11es no ]ps~ til1a11 :-~K incl1es. or b;t ti llPl' c:ent. 
reaehed tl1e reservoirs. lea vi11g- hut 7¥ inehes for losses. In 

<-

this instance the SJ)rinµ:~ are all ,vithin the eateh1nent arf•a . 
• 1n<l the bca,,,}. rai11fall. lJ.Y l1eig·l1te11i11g tl1e J)la11e of saturation 
of groun.cl wa,ter. inerf'asPs tl1c an1ol1nt whiel1 run::-; off dire<.·tly 
into the strPa1ns. 'I'l1e slopt-•s of tl1e lHtsi11 are !--teeJJ and its 
fielcls uneulti-va,te<l, b11t on the otl1er l1a,ncl most of t.he district 

is 11nderlain h.r porous sandstones, ranking· l1ig·l1 i11 ca-pa<·it:y 
for ahsor1>tio11. 

In the t Tnited Rtat<:>s the l'eeords of tl1e rainfall a11cl run off 
on tl1e ('roton ,ve-1,tersl1ed, N. ,~., are amo11}r the most 1·elia.llle. 

Out of an a,,·erag·e l'ainfa.ll for fot1rtee11 .vears (from lSGK tn 1881 
inel,1si ve) of 45. 29 in<: lies, 22. ~5 i11ehes, or -t~l.12 pe1· el'n t, fou11<l 
Wc1)' to Croton <lain.* '11 be l1iµ:}1 per eent is <lue to the hill.v 
<·01111tr:r of tl1e> '-"VcttPrshecl, tl1e larg·p rain fall. the gneissit: 
c•ot1ntr:r ro<'k:s, as \.\·ell as to othe1· less in1portant fac·tors. 

F,ro1u 1ut1eh less reliable data the ratio of <lisebari.re to rain• 
f,111 in th(' eus<:> of the ri,rers in t 11e eo1leeting· a rca of tl1e Io,va 
artesia11 fie lcl is estiu1atec.l l)j• l}ree111:iel<l at f1·on1 ~H per c.·Pni. 
i11 tl1e case of the smaller riYers, as the ½u1nl1ro, to aG per <·cnt, 

---
. Oom plll'cl Crow Oommlsstoner's Report, Dt,ptirt,nent, Public \Vorks. Now Ynrk {1\ty, !'eh., 

1882; quoted In 0Pologlcal Rurvey of New Jl'rsey, ,·ol. Ill. 18114. 

• 
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and 37 per cent in the case of the larg·er, the Wisconsin, the 
Chippewa, and the Saint Croix. 

The proportion of rainfall evaporated in any district 
depends on many circumstances; upon elevation, temperature, 
rainfall, humidity, and the velocity of the winds; upon the 
physical condition of the soil and the character of the vege
tation, and upon the proportion of land ~nd water areas, the 
relief, and the g·eolog·ical structure. Many experiments are 
on record of the ratio of evaporation to rainfall; but as these 

• 
were made t1nder special and local conditions, they cannot be 
ap1)lie(l to the determination of a ratio for so large and com
l)lex an area as the reg·ion of supply of the Iowa field. For 
the same reason none of the experiments which have been 
made as to the amount of water consumed by growing· crops 
and by forests need here be quoted. In the face of these 
experiments; some of which indicate that various crops ccn
sume each more water than falls upon them as rain, it is 
reassuring to remember that, although the fields of southern 
Wisconsin and Minnesota are each summer green with grow
ing crops, althoug·h evaporation is there unstayed, yet the 
springs and streams of the region are not dried. away, and the 
phreatic and artesian supplies have not failed. 

No attempt, therefore, will be made to estimate the propor
tion of the rainfall of the area which goes to meet the different 
demands. Let it suffice to remember the fact that it must be 
divided among· these clai1nants. Indeed, it is likely that the 
demands of the artesian reservoir are of the nature of preferred 
claims. Under an abundant rainfall the artesian reservoir is 
kept full. Thus supported, ground water reaches a high 
level and moisture readily rises to the surface, there to evap
orate and to transpire in g·rowing veg·etation. As the soil is 
soon saturated a large part of the rainfall runs off to the 
streams. On the other hand, under a diminished rainfall t:!:ie 
artesian reservoir may still remain full and adequate to all 
drafts made upon it, but the rainfall may be insufficient to 
supply also the demands of growing crops and the usual 
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<lisc-l1arg·e of streams. With a furtl1er diminution of tl1e rain
fall the water of the artesian reser\·oir may· sink awa~y. The 
le, ... el of g·rot1ntl water mlu,t tl1cn l)e clravv11 tlo,vn, soils a11tl 
subsoils can fl1rnish little water for evaporation and tl1e llSes 
of veg·etation, antl a large 1>a1·t of storm water \Yill l)e absorbed 
l)} .. the tl1irst;y earth l)efore it ca11 fincl wa} ... to the streams. 
Before the dis1)osition of the rainfall ca11 l)e resumed in its 
11orm,1l pro1)ortions, tl1e artesian reservoir mt1st be refilled. 
An} .. inaclec1t1ac} .. of the rainfall to meet artesia11 tlema11ds will 
t11erefore l)e reg·istere(l, first, in a ge11eral lowering· of tl1e 
gro1111cl water i11 tl1e reeeivinµ: area-a11d the <lin1inished flow of 
its s1)ri11g·s ,1ncl streams, a11tl, sec•on<ll~ ... , i11 the general lower
ing: of the l1eacl of wa,ter in the artesia11 reservoir, ma.king· 
itself felt in a general loss of presst1re a,nd (limi11ution of flo,v 
of tl1e wells of the fie ltl. 

ApplJ·ing tl1ese tests we ha,·e ever.\· rea~on to l)elie1te that 
the first co11ditio11 of artesian ,vells is ft1ll'r 1.net in the Iowa 

• 

field; the rainfall o·ver the c•ollec:ting· area is 1nore tl1an strffi-
eient to meet all clerua11<.ls made u1)on it by· tl1e Io"Ta "·ells. 

F1or tl1e total 011t1)t1t for all the wells in Iowa can l1ardly· 
exc·eed, at the most. 3H,OOO,OOO U. S. g·allons })er <.lay·, an 
amou11t about 011e-l1alf of the ort1inar:r discharg·e of tl1e 
Tt1rl{ey or the 11a,quoketc1 rivers. 'l.1his wot1ld be st11)plie<l b} ... 

the tota,l rai11fall of less tl1a11 t"'e11t3·-five s<.1t1are n1iles of tl1e 
colleeting· area, or by less tha11 1-l> of 1 l)er eent of tl1e total 
storm ,vater of the a,rea. of SUJ)l)ly·. 

Les::-; tl1a11 ~ })er eent of the rainfa,11 of the area-and el'r
tainly this amot111t could t)e sparecl after meeti11g· all other 
dcmancls- wot1lcl feed 1,000 artesian ,vells, eael1 tliseharg·ing· 
:-300 gallons per mint1te, a.n(l each ea1)able of sup1)l)·i11g· a to,vn 
of betwee11 6,000 a11cl 7,000 inhabitants witl1 se,·ent3'-fi"·e g·al
lo11s for eael1 inhabita11t (laily·. 

RES l•jl~VOIR. 

We have seen that the gathering· grot1nd of artesian w,1tcrs 
c·onsists of the area of ot1tcrop of the ,vater-bearing· stratum. 
The water which this stratum here receives and wl1ieh it 

• 
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holds above the highest level of flow from the wells consti
tutes the artesian reservoir. Let this simple conception 
supplant all popular misconceptions. Not uncommonly the 
reservoir of an artesian well is looked for in some lake. The 
famous flowing· well at Belle Plaine, which so long resisted 
control, was thoug·ht to draw its enormous volume of water 
from some of the larger lakes of Iowa, Storm Lake particu
larly being so honored. 

Companies selling· Iowa artesian water have advertised the 
merit of their wares by attempted demonstration of its source 
in Lake Superior, and this in the face of the fact that the 
water of the wells rose above the lake's level. But the life 
historJ' of a lake, the conditions of its existence, show that it 
can not be the reservoir of artesian water. If the depression 

Fro. 37. Lake fed by sublacustrlne springs, illustrating normal movements of ground 
waters to lakes and rivers. A Glacial till; B and c, stratified clays and sands; s, sublacus
trine spring. 

which the lake occupies is due to secular rock decay, residuary 
clays, the product of such decay, may cover the bottom with 
an impervious mantle. Thoug·h the depression may be due 
to other causes, it becomes an area of sedimentation on 
account of its relatively low relief. The floor is built up of 
layers which include, if they do not consist of, water tight 
elays. Nor clo lake beaches of sand, or sandy bottoms, afford 
subterranean outlet. Even if clayey layers do not occur 
immediately beneath, yet the pressure of g·round water from 
the higher levels of the surrounding· land will usually prevent 
leakag·e. Such sandy layers thus become the conduits of 
sublacustrine spring·s and replenish instead of depleting the 
waters of the lake. 

For reasons much the same it is not to be supposed that 
rivers contribute to artesian supply, except under special 

• 

• 

• 



.. 

• 

160 ARTESIAN WELLS OF row A. 

cjrcumstances. Where the river ag·grades, the bed ma)T be l>uilt 
up of imper,·iot1s silts. Where these se{liments are 1>ervious, 
ancl where the ri,~er corrodes its c·ha11nel, it usuall1r flows over 

• 
a floor of grou11d \Yater. l<,ilter f{alleries huilt along the l>ank, 
beneaith tl1e bed, or on islands in t]1e midst of the strea1n, are 
feel not b)· leakag·e fron1 tl1e l'iver. ln1t l>3· g·rouncl water cliffer
i11g· from that of tl1e stream in hardness ancl in tem1>erat11re. 
In aricl elimates, l10\ve,·e1·, the le,·el of saturation may· lie 

below the ri,·er l>ed, and tl1e riv·er tbt1s unsup1>orted bJ· the 
u1)wa,rd 1)resst1re of g·roun<l water, sinks i11to tl1e sand, an(l 
there results ,vl1a,t. is kno,vn as •~the u11der flo"'· '' 

A11other erronf>o11s eon<.:eption of tl1e al'tesiau 1·eservoi1· is 
that of a, sul)tC>r1·ant'a11 lake or O<·ean. 'l'he reservoir of th,· 
artesin,n l>asi11 of tlJc Dal{otas l1as thus heen s1>oken of in 
c:1 eommittee of ( 1ong·ress as · 'a,11 tn1<lerlying· sea of water 
reaC'hi11g· f1·om tl1e Britisl1 1>o~sessions to Texas." It nee(l 
11ot he said tl1a t s11<.:}1 lakes an<l seas l:ying· i11 \Tast caver11s dee11 
within tl1e earth rLre 1>r0du('ts of the i1n,1gination 011l>r· Tl1c 
<lrill ne,rer 1>ie1·<:es their roofs of rock: a11d 1)lt111g·es throug·h 
their waters to tl1e bottom. Eve11 if the:y existecl, wa,ter fr1 nu 
tl1em C'011lcl not rise to the s11rf<1ee exce1>t un<ler forces, suel1 
as tl1at of gases tinder pressure, ,vl1ieh are knO\Yn to bP 
al)se11t i11 artesian fot1ntains. 

I11 what v;ray, tl1e11, is tl1e 1·eser,·oir of artesian water sto1·ed ? 
8 im1)ly· in tl1e interstie1-~s and creviees of the rock of the ,, ... ater
l)eari11g· stratum. .\11 roel{s are 1nore or less 1)oro11s, an<.1 ,vill 
therefore absorl) water in g·rcatcr or less ci11antit)·· rehc."' wi1ter 
wl1iC'l1 a ro<·l{ ,vill tb11s al>sorh, the \Vater 11el'essary· to eon1-
1>letel3r saturate it, is C'allecl the ,cater (~f· 8aturatio11. This 
,1mo11nt \Taries g·reatl3r i11 <li.fferent rot'ks, sometl1ing· of tl1e 
rang·e l>ei11g· in<licated i11 tl1e fol lowing table. 

f 
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TABLE II. 

TABLE SHOWING AMOUNT OF WA'l'ER OF SATURATION ABSORBED BY VARIOUS 

ROCKS. 

KIND OF ROCK. LOCALITY. 

-------------1----- ------1---·--·--
Sand and gravel ___________________ ·--------------· 
Sandstone. Lower Tertiary __ - __ -- _ --- - ------- - - - -
Sandstone. Devonian, fin~ grey - - - _ - - - - - _ - -- - -- - - -Sandstone _________________________ Jordan, Minn. _ 
Sandstone ____________________ - _ - _ - Berea, 0 . -- - - - -
Dry Clay-----------------------------------------· \ Shale. Hudson River ____ ___ ______ ______ _________ _ 
Da.rk Coal shale. ________________ - ___ - _ - - - _ - - - -- - - - . 
Oolitic limestone._________________ Bath, Eng. ___ _ 
Upper Chalk·--------------------- Issy, France __ _ 
Limestone. Tertiary_______________ Caen, France._ 
Limestone. Niagara_______________ Lemont, 111 __ _ 
Limestone. Galena . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Rockford, Ill. __ 
Granite, fine g·rained ______________ 

1 

Brittany-.--- --
Basalt _____________________ _______ Haute-Loire __ 

33-40 
29 
20.62 
12.05 
6.6 

12 
7.94 
2.85 

31.20 
24.10 
29 54 
1.12 
4.2 
0. 12 
0.33 

tR. J. Hinton. 
*Delesse. 
ttT. S. Hunt. 
tG. P. Merrill. 
tD. W Mead. 
tR J. Hinton. 
*T S. Hunt. 
*Delesse. 
*Prestwich. 
*Delesse 
ttT. S. Hunt. 
tG. P. Merrill. 
tD W. Mead. 
*Delesse. 
*Delesse. 

If a block of stone of somewhat loose texture be immersed 
in water until fully saturated, and then be lifted out, a certain 
portion of the water of saturation will drain away under the 
action of gravity. This part may be termed the water of per
colation. Another part will be held within the pores of the 
stone and can be disengaged only by evaporation and heat. 
This part is called 1.oater of iJJzbibition,, or quarry water. 
Rocks differ widely in the proportion of these two waters 
which they absorb. In some, as in flints, the water of satura
tion is wholly quarry water. Dry clay absorbs freely but 
transmits none. Sandstones like the Saint Peter absorb and 
transmit in large quantities. Chalk ranks with sandstone in 
its capacity to absorb, but it transmits but little and that 
slowly. The value of any rock as a water-bearing layer 
depends evidently upon its capacity for percolation rather 
than upon its capacity for imbibition. The best reservoir 

tMead: Hydrogeology ot Upper M1ssisstppl valley. Journal A. E. S. vol. XIII. July. 189!. 
*Prestwich: Geology, vol. 1. Oxtord. 1886. Ohap. X. 
ttOhemtcal and Geological Essays. Salem, 1878. p, 166. 

• 

• 



• 

lfi2 

rocks, therefore. are the loose. l)ttre <1uartzose sa11<lstones. 
A slight a<lmixtt1re of ela;y or lime. \vhile it ma)' l)ut 8lightl:r 
lessen the \Yc1ter of ~att1ration, \v-ill llistinctl)· impair tl1e 
power of the rock. to transmit, as the follo\Ying table of experi
ments b:v 1>rest"\vich-l( c·learl:r shows. 

'l'A.BI.,E: III. 
WATER OF 

SATURATION PER PERCOLATION 

CUBIC FOOT 

GALLON. 

Thanet i:;ands, fine and slightly argillaceous_ 2.80 
Wooh,·ich sands, tine grained, quartzose__ 2.60 
Upper Grecosand, slightly argillaceous, 

quartzoHe __________________ ____ ________ 3.00 

Lo,ver Greensund, very coarse _____________ 2.18 

PER HOUR

CUBIC INOHES 

1.5 
5.1 

:3.H 
8.4 

The ca1)acit;y of porous rocks as resery·oirs of water is 
inereasell b,· tl1e fact that the:r <lo not lie i11 an undivided 

• • 

massif. Planes of stratification, nearly· horizontal i11 the 
U1)per 11ississi1)})i ·valle~?, l)art tl1em at frequent inter,rals. 
Intersecting joints divide the 8trata into cubic or rl1ombic 
l)loc·ks, ,vhieh again are ofte11 broke11 Ul), e81)eciallJ" near the 
surface, l)J' fisstires ancl uracks inntimeral)le. Water reatlil:r 
percolates throtig·h the:::;e, ancl belo,Y tl1e 1)la11e of satt1ration 
of g·round water eollects i11 tlien1 in larg·e <1t1a11tities. The 
ca1)acit)· of these 11att1l'al "·n.terwa:rs hardly· admits of esti
mate, yet withot1t taking· their fissures into consideratio11, tl1e 
cap,1cit.Y of l)Orous roelrs is eYide11tly enormot1s. l◄"'or exa1nple. 
the reser·voir sandstones ttnclerl)·iug· our artesian g·atl1ering 
g·rot1nd eertainl:y ua11 abso1·l) water on tl1e ay·erag·e to at least 
5 per cent of tl1eir ,Tolt1me. .l\. sam1)le of these sandsto11es 
from Jordan, 1Iin11esota, was fot1nd to l1a,·e an a,bsnrption 
ca1)acit)· of oy·er 1~ })er eent of itH Yolume, a,11d this sam1)le 
was take11 from bt1ildi11g· sto11e la)Ters, and therefore ,vas of 
ex<:e1)tional closeness of texture. l\Jan}· 1~1:·ers of thest~ sa11<l
stones can absorb at least 20 ])er ce11t of tl1eir ,·olt1me. 'l'he 
estimate 1nacle of 5 per cent stirel}~ does not err 011 the side of 

excess. 
• Treatise on the \Va.ter-boarlng Strtito. of London, p 11,. 
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The thickness of the reservoir sandstones varies widely in 
different l)ortions of the area of supply, but an approximation 
to their average thickness in Wisconsin and Minnesota can 
be obtained from the computations of the g·eologists of these 
states. 

TABLE IV. I 

THICKNESS OF THE RESERVOIR SANDSTONES IN MINNESOTA. 

FORMATION . MAXIMUM.* MINIMUM.* AVERAGE. 

Saint Peter _______________________________ 164 75 119 
New Richmond. ____ __ - -- ___ . . - . ---------- 20 0 10 
Jordan-------------------------·---------- 200 75 137 
Potsdam ---· ------· --- -------------------- 1300 0 650 

Totals ___ ____________________________ 168-1 150 917 

The averag·e thickness of 917 feet found to obtain in Minne
sota is nearly equalled in Wisconsin. The Saint Peter 
averages about eig·hty feet in thickness in that state. t 

In eastern Wisconsin the thickness of the Cambrian sand
stones is estimated at 630 feet,+ and, in central Wisconsin 
their combined thickness is considerably greater. § 

The estimate is therefore a moderate one, if we set the 
average thickness of the water-bearing sandstones which con
tain the fountain head of our artesian wells at 500 feet over 
the area of supply. As this equals 14,500 square miles, and 
as we have estimated the porosity of the sandstone at 5 per 
cent, the reservoir sandstones thus contain an amount of 
water equivalent to a lake of the area of Lake Ontario and 
fifty feet deep. To fill this reservoir, if one-tenth of the rain
fall of the reg·ion were devoted to this purpose, would require 
nearly 100 years. To exhaust it by the discharge of the 
artesian wells of Iowa, estimating· their output at 36,000,000 
gallons daily, would demand over 5,000 years. In these esti
mates we have not included the Oneota or Lower Magnesian 

*Hall and Sa.rdeson. P aleozoic formations of Southern Mln nesota.. Bul. G. S. A. vol. III, 
p. 308. 

t Geology of Wiscoas ln, vol. II, pp. 146-557. 
:t: Ibid, p. 259. 
§ Ibid, p. 527. 

' 
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limestones, whic·h <lra\v a larg·e amount of water from the 
area of su1)1)l)' a11cl deliver it to the Iowa wells in the north
easte1·n part of the state. 

Limiting· ol1r t'alel1lations to the outcro1) of the reser\·oir 
sandstones, we have omitted also the scores of tl1ousands of 
sc1uare miles in the U1)per 11ississi})l)i ·valle3·, in ""hich these 
strata are l)t1ried more or less dee1)ly· beneatl1 the st1rface, 
their 1)erviot1s layers eYer}·\vl1ere bei11g· \vater-log·g·ed. The 
entire storage of a.rtesia11 water i11 this fielcl tl1us l)e<:omes so 
enormol1s that it passes l)eyon<l an)· rea<l}' eom1)utation. It 
represe11ts the aceumulation of eenturies. The water tha.t 
rises iu ot11· \Vells ma,y l1a,·e fa.lle11 upo11 the g·rot1ncl as rain 
before the diseo,,.ery· of ,..\merica. In some of the clee1)er 
strata wl1ere the un<.lerg·1·011ncl water is static, it ma,}· ha,·e 
l)een im1)risoned in the earth cluring tl1e ,vhole of human his
tory a11<.l e,ren sinee remote g·eologi(•al ages. 

The exte11t of the area of Stll)l)ly· de1)en<ls UJ)On the clip of 
the reserv·oir ro(:ks. 'l1hesteeper the inclinatio11 tl1e narro,ver 
must be the 011tero1), as is gra11l1iC'all,v illt1stratecl in the dia
gram l)elow, in wl1ic·l1 ,._\, B ancl ( 1 re1)resent the relati,Te 
witl1 of the outcro1)s of three strata eqt1al in thic~kness. but 
differentl:y inclined, .t\ at ;3 , Tl at 10 , ancl C at 20 from the 
horiiontal I)lane. 

I t must he reekone<l as ~1 l)ieec of g·ood fortt1ne that the 
soutl1ward slope of tl1e Htrata of tl1c TT1)1)er 11ississi1)pi , raJle:v 

,-o-1<---n---1.1-- -- - - ---A-------

--- .......... -::.----- --
.........:;.~ 

'-.... .............. '- ...... -.."-.._ 
...... ...... ~-
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is so g·entle. '110 t11i8 faC't i~ dt1e the g·rea,i \vidtl1 of tl1e (•o1-
lecting area, whicl1, witl1 other eiretnnstanecs, [orhi<ls any 
anxiety as to the exl1austior1 of the a1·tesian reser\roiJ-. I-lad 
the receiving strata been tilt~d at a113r c-onsideral)le a11g·lp, 
their width of outcrop wot1ltl 11ecessaril)T ba,,e bee11 1neasured 
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in rods rather than in miles, and their intake would have been 
corresponding·ly less. The width of the g·athering· ground of 
the Dakota basin, for example, where the strata have been 
uplifted upon the flanks of the Black Hills, has been estimated 
at less than a mile in width, and its intake ean be but a frac
tion of that of the reservoir of the Iowa field. 

• Conditions of Transmission . 

THE PERMEABLE STR.A.TUM. 

We have seen that the reservoir of an artesian basin con
sists of the water held in the interstices and crevices of per
vious strata over the region of thejr outcrop. As these 
strata are carried by their dip beneath impervious layers, 
water percolates throug·h them downward under the action 
of g·ravity as far as tbeJ' continue porous. For the transmis
sion of water the same conditions of texture, and only the 
same, are required, as are necessary for its reception. The 
idea of vast tubular channels, or caverns, in which artesiaL 
water· flows like a river, must be laid aside. If artesian water 
were transmitted through conduits of this nature, its head 

· would be far greater than it is found to be, and pressures 
would correspond directly to flows. In all cases, however, 
allowance must be made for a friction far greater than that 
of the interior of a J)ipe, a friction commensurate with that 
obtaining· in the case of water percolating throug·h the inter
stices of rocks, or through many minute fissures. 

The flow, however, is doubtless much more rapid through 
porous sandstones than appears in laboratory experiments at 
ordinary pressures. Rocks which transmit but feebly at the 
surface yield water in far g·reater ratios under the strong· 
pressures of artesian head. Since one l)ound of pressure to the 
square inch is required to support each 2.31 feet of water, in a 
.flowing artesian 1,155 feet deep in which the water rises to 
the surface from the bottom of the well, the water must exert 
at the base of the boring· a pressure of 500 pounds to the 
square inch. The effect of such pressures, which are not 

16 O. Rep 
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uncommon in the Iowa field, must be to aug·ment greatly the 
horizontal transmission of water. The effect of e,·en a 
moderate increase of 1Jressure is seen in mechanical filters, 
and the rapid rise in percolation accompanying the use of 
such pressures is set forth in certain experiments made by 
Isaac Roberts•·. The stone throug·h whose pores water was 
forced, is stated to have been ten and one-half inches thick 
and '' of average coarseness.'' 

PRESSURES. PERCOLATlON. 

10 pounds to square inch _______________ 4-½ Imperial gallons. 
20 pounds to square inch _______________ 7-½ Imperial gallons. 
46 pounds to square inch ________ ______ _ ]9 Imperial gallons. 

Wherever the "aquifer," or water-bearing stratum, is cut 
and cross-cut by crevices, a more rapid collection is secured 
from the blocks into which the rock is divided, and a swifter 
transmission of water onward. But in deep seated aquifers 
we cannot expAct to find the many cracks, crevices and 
fissures which obtain in the stirface rocks. The latter are 
affected by frost, unequal expansion and contraction under 

• 
heat and cold, the various influences of weathering, and 
the surface shocks of earthquakes,--ag·encies abse11t or com
paratively inoperative in the deeper strata. Both surface 
rocks and those lying· at some depth may be cracked and fis
sured by other dynamical agencies, st1ch as crustal movements 
and contraction owing· to lithification and cooling·, but in tl1e 
deeper rocks any fissures, when formed, will ust1ally soon be 
closed by the creep of the rocks under the immense 11ressure 
of the superinct1mbent strata. Percolating waters also tend 
to heal such fisstires with deposits from solution, as all mineral 
veins and veins of infiltration testify. For these theoretical 
reasons, amply confirmed by the experience of drillers, one 
must conceive of the transmissio11 of the artesian waters of 
Iowa chiefly throtigh the pores and interstitial spaces of sac
charoidal sandstones. 

*De Rance, Water Supplv or England and Wales, p. Ill 
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But crevice-flow undoubtedly occurs also. Thi8 is more 
often tl1e case in limestones like the Oneota, in which perco
lating waters but slightl:y mineralized have dissolved the 
rock little by little and tht1s macle or enlarg·ed their water
ways. Inquiries of drillers in charge of wells, several of 
whom had had long· and wide experience in their art, have 
brought to hand onl:r two or three instances in whi_ch open 
crevices were discovered of sufficient size to be noted by the 
sudden sinking of the drill. At Sig·ourney the drill suddenly· 
drop1)ed two feet in the Saint Peter sandstone. •x- At Des 
Moines the drill dro1)ped ten inches between 2,325 feet and 
2,3a0 feet from the surface, in the Lower Oneota, followed 
by a lowering· of water in the tube. These are the only 
instances that can be adduced from the state. We have been 
tolcl by· drillers that water-bearing crevices fifteen or sixteen 
inches deep occur at Chicago at a depth of from 1,000 to 1,300 
feet from the surface, apparently in either the Saint Peter or 
tl1e Onf'')ta,and that at 1,200 feet from the surface in limestone, 
at .. \.rmour's g·lue works, a water-bearing· crevice was encoun
tered four feet i11 thickness. 

In the literature of artesian wells several examples are 
cited of subterranean crevices through which waters flow 
rather tha11 trickle. In boring· the celebrated artesian at 
Grenelle near Paris, the drill suddenly dropped fourteen feet 
at a depth of 1,797 feet and this was followed by an outg·ush of 
water. Geikie aclduces the occasional rise of twigs and leaves 
in the shafts of artesian wells. Where this has occurred in 
shallow artesia11s in recent deposits, it may be akin to the 
throwing· out of long· b11ried twig·s and limbs by drift wells in 
Io,va. Instc1n0es are on record of the appearance i11 the out
flow of artesian waters of living· creatures, which certainly 
coulcl not have })ercolated through the interstices of sand
stone. Tl1e rise of crustaceans has recently been noted from 
an artesian i11 Texas, and the Dakota g·eologists have been 
confronted with affidaY0its that there have been collected from 

• Bain: Sigourney Deep Well. Proc. Iowa Acad. Sci. , vol. r, pt IY .. p 38. 
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the discharge pipes of wells at Aberdeen, small live fish, 
which must have risen from nearly a thousand feet below the 
surface, where they endured without any special injury or 
apparent discomfort a pressure of 530 pounds to the square 
inch.* Fortunate!)' no such accounts are brought forward 
from the deep wells in Iowa. t 

Mr. R. E. Call in his paper on Iowa Artesian Wells makes 
the follo,ving statement with regard to fissure flow in Iowa: 
'' There clearly is not, at least so far as the older rocks of the 
state are concerned, '1ny well defined h)'drographic basin. 
Tl1e flow of ,vaters in the Iowa rocks must therefore occur 
through cracks and fissures which result from movements 
properly classed as orog·raphic. '' Mr. Call co11nects the form
ations of these supposed fissures direct!)' with the great Rocky 
mountain ,1plift, and says that '' it is. believed that Iowa is so 
far withiu the limits of this disturbance of the earth's crust 
that natural cracks and fissures have been formed '1nd some
times no doubt of very g·reat extent. It will be difficult other
wise to account for the immense undergroutid flows of water 
,vhich have been tapped by the deeper artesian wells in the 
eastern part of the state, particular!)' those at Keokulr, Fort 
Madison, Davenport, Clinton and iVIcGregor." He goes on to 
state that by solution '' extensive underg·round channels prob
ably have been in the course of time produced and through 
these channels larg·e volumes of ,vater are flowing·. Occasion
ally some town or city is fortunate in striking· these subter
ranean streams and thereby secures an abundant flow of 
water." The above view differs as widely from the conclu
sions of this paper as does the catastrophic from the uniform
itaria11 school of g·eolog)'· In the first place it may be said 
that the hydrog·raphic basin of the older rocks of Iowa is as 
well defined as any in tl1e world. We use the term "basin," 
of course, in its common unrestricted sense to include mono
clinal as well as synclinal areas. That such crevices as may 

* Flua.l report E. S. Nettlet;on, 0, E ., !:le('. Ex. Doc., No. U, MM Congress, 1st Sess. Pt IL pp . 
S5-87. \Vn sblngton. 1893. 

1' Montbly Rev, l ow a. We1\ ther and Orop Service, vol. III, p. 6. Des l\[olnes. IS02. 
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exist are caused by orog·raphic, or mountain making, move
ments connected with the Rocky mountain uplift is an hypoth
esis which does not require serious consideration until some 
evidence is adduced in its favor. Certainly no faults or dislo
cations of tbestrata have been left in evidence of such crust&il 
movements and require them for their explanation. So slight 
are the deformations that have been discovered in Iowa that 
we must conclude that the deeper strata have been well able 
to bear the strain to which they may have bee11 subjected 
from ele··vatory movements so far away. 

Nor is the flow of the artesians in the cities on the banks of 
the Mi!:::isissippi so exceptional that a system of fissures caused 
by orogenic movements must be postulated to account for it. 
'l,he orig·inal discharg·e of artesians at Sterling· and Rockford, 
Ill., and at Ottumwa,Iowa, equalled the magnificent flow of the 
well at Sabula. The wells of the interior of tbe state are many 
of them non-flowing·, and the only known limit to the capacity 
of a number of them is the capacity of the pumps and pipes. 
It goes without saying· that, other things being· equal, the 
lower the mouth of the well the great~r will be its discharg·e. 
The wells along the Mississip1)i, the base level of the state, 
ma:r be expected to :yield more than wells in the interior 
whose longer tubes tap the same water-bearing strata. The 
former are also, as a rule, nearer to the area of supply, and 
their pressures are therefore less diminished by friction. At 
the same time some evidence has been discovered in their 
investigation, though not so direct and trustworthy as coulcl 
be desired, that at one or two points along· the Mississippi, 
arte$ia'.n water not only is found in sandstones, but also in 
crevices of limestone beds, into which it has risen from the 
sandstones beneath. 

If it were true that the artesian flow of Iowa is throug·h 
fissures and extensive underg·round channels, an expert would 
never advise the sinking of single bore. It would indeed be 
only "occasionally that some town or city" would be ''for- · 
tunate in striking· these subterranean streams and thereb}r 
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secure an abundant flow of water," and enterprises with such 
larg·e risks of failure could not be encourag·ec1. For, to adopt 
an illustration of Chamberlin's* if we conceive of a113· given 
stratum to be crossed by two sets of vertical fissures, or 
channels, each six i11ches wide and onl3• twent3• feet clistant 
from the next of the same set, the space of such a stratum 
covered by the fissures is but one-twentieth of the whole 
area. and the chances of success of any bore of ordinary 
dimension ta1}ping· a fissure is btit one in twent3•. With 
oblique fissures, and in case a formation inclucles different 
strata affected by different fissures, the chances of success 
are increased. But the fact that the drill in Iowa ne,,er fails 
to strike artesian water, when the other conditions are 
present, corroborates the otl1er evidence offered that the 
main supply of the state does not flow in the fisstires of lime
stone roeks, but percolates throug·h the interstices of sheets 
of sandstone. 

The chief aquifers of the Iowa field are, then, the sacchar-
oidal sandstones of the Ordovician and Cambrian. In 
descending order these are: 

-!. The Saiot Peter. 
3. The Ne,v l={ichmond. 
2. The Jordan. 
1. The Basal Sandstone. 

To this list may be addec1 the Upper and Lower Oneota 
limestones, althoug·h the)' probably derive their ,vater locall:i
for the most part from inferior sandstones. 

Above the Saint Peter, from the 'l'renton to the drift inclu
sive, there is not a single formation, except the Maquoketa 

• and Kinderhook shales, which does not, under local conditions, 
yield artesian ,vater. The sandstones of the Silurian )'ield 
copiously in southeastern Iowa, a11d may be said to constitute 
a distinct artesian field of their o,vn. A number of small flow
ing· wells are supplied from sandstones of tl1e Carboniferous. 

*Requisite and Qualifying Conditions o! Artesian \Veils. FifLb Ann. Rept. U. S. Geo!. 
Surv., p. 130. 
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The number of artesians supplied from btlried sands of the 
drift is hig·h in the hundreds. 

The artesian wealth of Iowa is larg·ely owing· to the attitude 
of the aquifers. The inclination of the water-bearing· strata 
is everywhere so g·entle, as far as now is known, that if they 
constituted the surface the unaided eye could not detect their 
departure from a horizontal plane. It is owing· to this fact 
that the Cambrian aquifers remain within drilling· distance 
over about four-fifths of the state. The slig·ht inclination of 
the aquifers, with their comparative nearness to the surface 
over a large area, is helpful in another way. It prevents that 
compacting· under pressure, and especially that clogging by 
deposition of minerals from solution by static waters, which 
are apt to take place in the deeper strata. The Ordovician 
and Cambrian aquifers are thus injuriously affected where 
they are found deepest in the state, as is shown in the descrip
tion of the strata of the Greenwood park well at Des Moines. 
Nor is their continuity interrupted by any known fault or slip 
of the strata, which would bar the progress of their waters. 
The only serious obstacle in the way of artesian water from 
the reservoir to the wells is the trench of the Mississippi, 
which north of the motlth of Turkey river severs the contin
uity of the Saint Peter, and north of M·cGreg·or the contint1ity 
of the upper strata of the Saint Croix. Thus the track of the 
waters above the Jordan sandstone leads from Wisconsin 
throug·h Illinois rather than directly into Iowa, but so broad 
is it that the supply is not noticeably impaired. 

CONTAINING BEDS. 

In order that the water transmitted from the reservoir may 
rise in the wells, it must be confined within the aquifer. This 
is effected by layers of impervious rock both above and below 
- or by their equivalents. The best confining strata are 
heavy clays, since they are practically water-tig·ht; but shales 
and shaly limestones and fine-g·rained argillaceous sandstones 
and all crystalline rocks are also effective . 

.. 
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The entire Ordovicio-Cambrian artesian ~ystem is included 
between the quartzites and g·neisses of the Algonkian, which 
make an excellent bottom, and the heavy shales of the 
Maquoketa, which effectually prevent upward leakag·e. 
Within this complex of strata all the pervious layers are 
water-logged, except over· a small area where they are 
trenched by rivers. All the deeper waters are under such 
presst1re that they constantl3r seek escape upward. The 
water of any stratum thus prevents the downward leakage of 
the water in the stratum above it, and so far takes the place 
of a lower containing bed. The impervious layers confine the 
waters beneath rather than those which are above them. 

The Trenton shales confine the water of the Saint Peter, 
and where they are insufficient artesian water may be 
expected in the creviceR of the Galena-Trenton. The shales of 
the Upper Oneota confine the water of the New Richmond, and 
separate from the Saint Peter the waters of the Jordan where 
it has escaped into the Oneota. The Saint Lawrence seals 
the Basal sandstone, and this immense assemblage of strata 
contains different layers, sometimes of great thickness and of 
so fine a texture that the drill finds them dry, which sheathe 
the porous water-bearing sandstones with which they are 
interbedded. In the Silurian artesian field of southeastern 
Iowa the Maquoketa acts as the up1)er containing· bed. 

Strange as it may appear, a couche of water ma;y take the 
place in part of the upper containing· stratum. This was first 
pointed out by Chamberlin, ~- who showed the artesian func
tions of the common ground water in the region, called by 
him the cover area, which intervenes between the intake 
area and the region of the wells. '' If the st1bterranean 
water in this reg·ion," says Chamberlin, ''stands as high as 
the fountain head (except at the well, where of course it must 
be lower) there will be no leakag·e, not even if the strata be 
somewhat permeable, for the water in the confining beds 
presses down as much as the fountain head causes that of the 

*Fifth Ann. Rep., l J. B. Geol. Surv., pp. 180-141. 
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porous bed to l)ress up, since both have the same height. 
-x- * * -x- If the water between the well and the 
fountain head is actually higher than the latter, it will 
tend to l)enetrate the water-bearing· stratum so far as the 
overlying beds permit, and will, to that extent, increase 
the supply of water seeking· p-assage through the porous 
beds, and will by reaction tend to elevate the fountain 
head, if the situation permit.'' 

The control exercised by the heig·ht of the cover area and 
its ground water is illustrated in the map of isopiestic lines 
on l)late VIII. The lines of equal artesian pressure show a 
surprising difference between the artesian head in the eastern, 
and in the central and northern portion of the state. The 
hydraulic g·radient rises from Clinton to Boone, 310 feet in 
190 miles. This hig·her head of the northwestern half of the 
state is due in part to the fact, made evident by the trend of 
the isopiestic lines, that the supply in this reg·ion is derived 
from the nearer and higher Minnesota reservoir, rather than 
from that in Wisconsin. This cause acting alone would pro
duce an hydraulic g·radient with sot1thward inclination. The 
higher ground of western Iowa, on the other hand, would by 
the control of its g·round water produce a gradient inclined 
toward the east. The two causes are composed with the 
result of a sot1theast g·radient and isopiestic lines with north
east-southwest trend. 

It must be remembered that on the map referred to the 
artesian l)ressures platted are not all from the same aquifers. 
In some instances waters derived from the higher strata of 
the well section have access to the tube, These waters may 
head considerably hig·her than those of the Cambro-Ordo
vician aquifers and will stand upon them and thoug·h limited 
in quantity may suffice for ordinary consumption. 

FOUNTAIN HEAD. 

In order that water may rise in artesians under hydrostatic 
pressure the elevation of the reservoir must exceed that of 
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the region of the wells, and in sufficient measure to counter
balance the friction encountered en route. The hig·her the 
reservoir the stronger is the hydrostatic pressure and the 
heavier the flow. The g·entle inclination of the terranes of 
the Upper Mississippi valley involves, along· with its many 
advantages, the accompanying disadvantag·es of a compara
tively low reservoir and moderate hydrostatic pressure. Such 
fountains as are found in the Dakota basin, whose energy 
flings their waters hundreds of feet in air and can be utilized 
in larg·e manufacturing· enterprises, need not be expected in 
Iowa. The Dakota reservoir lies 3,300 feet above the sea 
level, while that of Iowa does not exceed 1,200 feet at the 
most, the maximum height of the summit of the Cambrian 
sandstones where they meet the cr:ystalline rocks in central 
Wisconsin, and of the Saint Peter in the two southern tiers 
of counties in eastern Minnesota. In southern Wisconsin the 
Saint Peter rarely rises above the 1,000 feet contour, and the 
artesian head must be considerably lower than this for the 
en tire reg·ion. 

In artesian basins situated near the sea and those whose 
aquifers are cut across and drained by rivers, terminal escape 
must always be taken into account. In Iowa neither of these 
features require consideration. The distance of the Upper 
Mississippi field from the sea is well known. Onl) ... in three 
northeastern counties are the chief aquifers of the state cut 
b:y rivers. Even here frictjon is so effective in preventing the 
draining out of the strata that wells have been sunk with a, 

degree of success, as at Postville. At this station Saint Peter 
water rises 135 feet in the shaft, although the formation out
crops six miles away in the valle:y of the Yellow river. This 
reg·ion , however, properly belong·s to the intake area. 

RECORDS OF THE WELLS. 

The dee1) wells of Iowa are conveniently grou1)ed tog·ether 
in seven divisions, five of which comprise wells ranged on or 
adjacent to east-west cross-sections taken along leading lines 
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of railwa:r, the remaining two embracing the wells of south
western Iowa and the extreme southeastern portion of the 
state. 

There will be found preceding· the description of the wells 
of each di·vision a summary of the g·eolog·ical and artesian con
ditions of the reg·ion. These are also graphicall:r presented 
in a series of plates, which exhibit our present knowledge of 
the deeper strata, and which, it is hoped, will be found espe
cially helpful, since the aquifers of each reg·ion are plainly 
indicated, and the clepth at which they may be reached by the 
drill at an:y· point on the traverse can be easily calculated by 
using the vertical scale on which the sections are drawn. 

It g·oes without saying that in these sections much is hypo
thetical, much is only probable, and the accuracy of the engi
neer should not be looked for since it will not be found. For 
no geological formation is everywhere of the same thickness. 
The assig·ned thickness is an approximation only, except in the 
immediate vicinity of outcrops or of well sections based on 
reliable data. When these wells are far apart, the bounda
ries of the formations are drawn about parallel and straig·ht 
from one well section to the other, leaving· the intelligence of 
the reader to supply the qualification necessary that in the 
intervening· region an;y stratum may thin or thicken, or 
deformations, folds, and troug·hs may occur which find no 
superficial ex1)ression, and are therefore unsuspected, but 
which place the aquifers nearer or farther away from the sur
face than here represented. The uncertainty attaching· to 
drillers' records and the difficulties always present in their 
interpretation have been djscussed in a previous paper.* 
Fortunately we have in hand several well sections of which 
<.!Omplete sets of lithological samples of the strata l)enetrated 
were saved, and these, thoug·h comparatively few in number, 
render fairly intellig·ible many other records less authentic. 

The g·eolog·ical sections are offered, then, not as demonstra
tions, but as approximations, correlating· and interpreting· the 

*Thickness ot the Paleozoic Strata of Northeastern Iowa. Iowa Geol. SurY., vol. III, pp. 
167-174. 
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data at hand according to Ollr best judgment. They are sub
mitted in confidence that they will prove of practical use to 
the citizens of Iowa towns in showing the conditions present 
of success or failure in artesian mining. 

The g·roups in which the deep wells of the state are place<] 
are the following·: 

I. 'l'HE M'GREGOR-FAIRVIE\.Y SECTION. 

l. McGregor. 6. Mason City, II. Hull 
2. Monona. 7. Britt. 12. Lansing. 
3 Postville. 8. Algona. 13. Cresco, 
4. Calmar. 9. Emmetsburg. 14. B arpers Ferry. 
5. N e\V Hampton. 10. Sanborn. 15 Waukon. 

II THE DUBUQUE~SIOUX CI'l'Y SEC'l'ION. 

16. Dubuque. 19. Webster City. 22. West Bend. 
17. Manchester. 20. Holstein. 2.1. Chei·okee . 
18. Ackley . 21. Sioux City. 94 - . LeMar s. 

III. THE CLINTON-DUN.LAP SECTION. , 
25 Clinton. 30. BJone. 34 Sabula. 
26. Cedar Rapids. 31. Ogden. 35. '.ripton. 
27. Marshall. 30 "· Jefferson. 36. Anamosa 
28. Nevada. 33 . Dunlap. 37. Monticello. 
29. Ames. 38 Vinton. 

IV. THE DA VE NPORT-DES MOINES SEC'l'ION. 

39. Davenpo1·t. 43. Amana. 46. Colfax. 
40. Wilton. 44 Grinnell. 47. Des Moines 
41. West Liber ty. 45. Ne\vton. 48. Redfield 
42. Homestead 49. Saylorville. 

V. '!'HE \VASHING'l'ON-DES MOINES SECTION. 

50. Washington. 50 " · Oskaloosa 
51. Sigourney. 53. Pella. 

VI. THE WELLS OF SOUTHEASTERN IO\.YA. 

54. Ottum\va . 66 . Mount Pleasant. 59. Keokuk. 
55 Farmington and 57 Fort Madison. 60. Centerville. 

Keosauqua. 58. !vfount Clara. 

VII. THE WELLS OF SOUTHWES1'ERN I OWA. 

61. Atlantic. 63. Clarinda 64. Council Bluffs. 

62. Osceola. 65. Glen\vood. 

' . • 
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I. THE :tvI'GREGOR- FAIRVIEW SECTION. 

This section shows a very g·entle syncline, whose axis lies 
a little to the east of the Des Moines river. From this axis 
the formations rise to the east with a, gradient of. about five 
feet to the mile, until one after another they emerg·e as the 
country rock. The lower terranes of this assemblage find their 
outcrop beyond the limits of the state, in southern Wisconsin, 
where they are outspread about ancient islands of Alg·onkian 
quartzite. To the west they rise with a g·rade less g·entle. A 
little to the north of the western end of the profile, they are 
known to rest on the descending· surface of an oldland of 
Algonkian rock, which, in southwestern Minnesota, south
eastern South Dakota, and the extreme northwestern part of 
Iowa rose above the Paleozoic sea during· the whole of its long· 
history. These Algonkian areas in Wisconsin and Iowa 
formed two forelands, or outliers, of an ancient northern con
tine11t, and g·uarded on either side a wide embayment of the 
Paleozoic ocean. The section, therefore, crosses just in front 
of this re-entrant. The terranes it portrays were laid down 
as sediments upon the Alg·onkian floor of the sea. Like all 
such sedimentary deposits which retain their orig·inal attitude, 
they rise more steeply as they approach the ancient shores. 
Their slant is represented as greater on the west in the sec
tion than on the east because the western oldland is nearer 
than is the eastern. 

During· the long· succession of the Paleozoic ages the conti
nent to the north and northeast g·radually rose. The Paleo
zoic ocean retreated southward and southwestward on the 
east. At the end of the Cambrian, the shore still lay outside 
of Iowa. At the end of the Silurian, it ran from northwest to 
southeast from where Cresco now is to Davenport. At the 
end of the Devonian, another belt had been added to the coast, 
and the shore stretched a score of miles west of the present 
Cedar l'iver. 

There is little reason to doubt that the Isle of Sioux, the 
olclland of northwest Iowa, rose during Paleozoic times with 
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the main land to the north and east, and early in that era was 
joined to it as a peninsula. This is proven, if on the western 
side of the embayment as well as on the eastern, the forma
tions are found to outcrop in successi,•e belts of which that 
nearest shore is the oldest. As far as evidence is at hand, 
such seems to be the case. The section of the Minnesota 
river from New Ulm eastward to Mankato shows that the 
ancient g·neisses and quartzites of the Isle of Sioux pass 
beneath the sandstones of the Saint Croix. 'I'he Saint Law
rence is succeeded hy the Jordan and further to the east out
crops the Oneota. In north,vestern Iowa the disposition of the 
Paleozoic strata is concealed b3, a thick mantle of later sedi
mentary and glacial deposits. The evidence from artesian 
wells is scanty. No drilling·s of the Paleozoic series have 
been saved from any of the wells west of Emmetsburg· except 
at Sioux City. Yet such facts as are at hancl favor the 
hypothesis that over the entire embayment from Baraboo, 
Wis., on the east to near Dult1th on the north, and to Rock 
Rapjds at the west, the outcropping strata of the Paleozoic 
preceding· the Carboniferous lie in concentric belts, of which 
the young·est is central and the oldest peripheral. This is the 
assumption upon which the section is drawn. At the time of 
the Coal Measures there occurred a subsidence and a conse
quent transgression of the sea from tl1e south ancl west, so 
that Coal Measure sandstones and shales were widely laid 
down in eastern Iowa over Mississippian, Devonian and Up1,er 
Silurian alike, so far north as Delaware cou11ty. We may, 
therefore, assume that the Coal lYieasures overla1, the inferior 
terranes in northwestern 'Iowa also, thoug·h there is no evi
dence that they reach as far north as the line of the McGregor
Fairview section. 

Another and greater subsidence occurred toward the close of 
the Mesozoic, the Middle Age of geological histor3,. The Creta
ceous Mediterranean sea which covered the great plains of 
the west, invaded northern Iowa as far east, at least, as the 
Das Moines valle)', and laid down its marls, shales and 



\ 

' 

• 

VOLCANIC INTRUSIONS. 179 

sandstones unconformably upon the older formations, from 
Fairview nearly to Algona. 

THE ALGONKIAN. 

Fourteen mi.les to the north of the section the outcro1) of 
the Sioux quartzite runs parallel with it as far east as Hull. 
The depth beneath the surface to which the quartzite has dipped 
in this direction is unknown. At Sioux City the Algon
kian occurs at 136 feet below sea level. If the gradient 
is regular from Granite to Sioux City the Algonkian should be 
reached at Fairview at a little less than 1,000 feet A. T. In 
the section it is drawn at something· over 800 A. T. on 
account of its altitude at Hull, and because of the syncline 
which Bain has discovered along· the Sioux river.* In the 
section and in this discussion it has been assumed-some choice 
being necessary- that the age of the Sioux quartzites is 
Algonkian. Stratig·raphi.cally they could easily be referred, 
as N. H. Winchell has done, to the basal sandstone of the 
Saint Croix, termed by him the Potsdam. At Hull an attempt 
is made to represent graphically the lava flows described by 
Beyer.* The location of the duct connecting their intercalary 
beds is quite unknown, and the only facts relating to their 
extent are that they do not reach to Sanborn, twenty-four 
miles to the east, nor to L e Mars, twenty-seven miles to the 
south. The sandstones at IIull in which the quartz porphyry 
is imbedcled are assumed to be of the same age as the Sioux 
qt1artzite. Certainly they cannot be Carboniferous, and no 
body of sandstone is known to which the3r can belong of later 
age than the Ordovician. B etween the Alg·onkian and the 
Cambrian, the case is somewhat evenly balanced with the fall 
of the scale tending toward the Algonkian. No volcanic 
intrusions have been found in the Paleozoic strata elsewhere 
in the state or adjacent regions; while the Sioux quartzite is 
cut with dykes of ancient lava, and flows of the same volcanic 
rock as at Hull occur in the Keweenawan beds of the 

"'Iowa Geol. Surv., vol. II[, p . 103 
*Iowa Geol. Surv., vol. J, p. 1113 

' I ' 
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Algonkian of Michigan. The sandstones have no physical or 
lithological characteristics which determine their age. At 800 
an,d 825 feet they consist of moderately coarse grains, imper
fectly rounded, mostly of clear quartz, but with many of 
pinlc, red, yellow, and g·reenish color. At 1,228 feet the sand
stone is white, of clear quartz, with many grains well
rounded. In their quartzose character these sandstones thus 
differ from the Keweenawan sandstone of the Lake Superior 
region; but the litholog·ical nature of the grains of any sand
stone is under g·eographic control rather than that of geolog
ical time. Grains of colored quartz are not found in equal 

.numbers in any Paleozoic sandstone in the state with which 
the author is acql1ainted. Glauconite, often seen in the 
Saint Croix, is absent. 

SAIN'r CROIX. 

Basr1,l Sct1,clsto1ie.- This terrane is n early 800 feet thiek at 
Lansing·, where its full depth is measured. At McGregor it is 
in all probability of still greater thickness, althoug·h its base 
was not reached, the drill stopping 744 feet below its summit. 
In each localit)' it includes a superior sandstone, the Dres
bach sandstone. Medial shales, the Saint Croix shales of C. 
W. Hall, are well marked at McGregor, but not so distinctly 
at Lansing·. The inferior sandstones include no red strata at 
Lansing·, where they are nearly 400 feet thick, although at 
McGregor forty-five feet of reel sandstone lie within fifteen 
feet of the bottom of the boring. 

The basal sandstone is reached at Mason City at 295 A. T. 
At Sanborn the 445 feet of shales and sandstones lying· below 
623 feet A. T. probably include much of this terrane, but 
with the data in hand no boundaries can be drawn for the 
formations below the Saint Peter. 

Saiiit Lctture,we Dolomite a,,cl 81,ales.-This g·roup of dolo
mites underlain b)' shales is clistinctly marked in the section. 
At McGregor it is represented by two feet of arenaceous 
limestone left uneroded at the bottom of the preglacial channel 
of the Mississippi, and 113 feet of green shale. At Calmar 

• 

I 
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the upper dolomitic bed only was penetrated. At Mason 
City both dolomites and shale are clearly demonstrated, the 
first 116 feet thick, and the other :fifty-eig·ht feet. Beyond 
Mason City nothing· is known of their thickness. As they are 
found outcropping in southwestern Minnesota within a few 
miles of the Sioux quartzite, it is assumed that they extend 
to near the western limit of the section. Very possibly much 
of the shales and sandstones below 623 feet A. T. at Sanborn 
may· belong to this g·roup and the Jordan sandstone. 

Jorclan /,an,d8tone.-The course of this formation is readily 
traced from McGregor to Mason City. In this distance it has 
sunk 780 feet and has thinned to 70 feet. Beyond Mason City 
its presence and altitude aire hypothetical. 

ONEOTA DOLO:.IYIITE. 

This great body of dolomitic limestone retains its thick
ness of about 300 feet, with its lithological characteristics 
unchang·ed, as far west as Mason City. Rere and at Calmar 
the driller has recorded the presence of a medial layer of 
mixed lime and sandstone, the equivalent of the New Rich
mond, which divides the formation into an upper and lower 
member, of which the latter is the thicker. At Emmetsburg 
the upper only is penetrated. 

SAINT PETER SANDSTONB. 

There can be but little doubt that the section correctly re1)
resents the actual position of this formation in northern Iowa. 
The l)hysical characteristics of the sandstone, the order of 
its succession, its association with the dolomite of the Oneota 
beneath and the shales of the Trenton above, and the agree
ment of this evidence with that obtained from the strati
graphy of the reg·ion, assure that in each well section the 
sandstone so desig·nated is really the Saint Peter. It is 
heaviest at Emmetsburg·, where its thickness of J 10 feet may 
be compared with its thickness of 180 feet at Freeborn, 
Minn.,* some seventy miles to the northeast along· the strike 
of the strata. 

*'Viocbell: Bul. No. 5, Geol. Surv .. Minnesota, p. 18. 
17 G. Rep 

I 



• 

' 

1H2 

'flll•: c; ,..\L[•~~.\-'rJtr~NTl>N 1,1~1 ESTO.NE . 
• 

Tl1e facts l)rot1g·l1t. to light in this in,restig·atio11 sho,v t,Yo 
n1ost inte1·est,i.11g (•ha11ges ,,·l1iel1 affeet tl1is furmatio11 as .it 
})asses ,vestward frnn1 its ot1tcro1)s in t11e (•ounties boruering· 
ll})Oil tl1e 1Iississi1)1)i ri,,.er. To the east the formation is eom
pose<l c11ietl)· of t11inl)- l)ed<led. non-mag·nesian, or slight]~- mag
nesia11 limesto110s. .\t T>ost,·ille no (lolou1ite a1>pears exee1>t in 
a somewhat doul)tful sample fron1 in1n1ecliatel)· be11eatl1 i11eo
l1ere11t I'leistocene deposits, althot1gh tl1e se~ti.011 inc.;ltHles 
(1ale11a-Trent<n1 limesto11e a11cl shales at. least :~.>0 feet thick. 
~\t Calmal' ,vhel'e tl1e < ;ale11a-'I're11ton is 5:!B feet thiel{: the 
clolo1nitie 1>ortion is 11ot oYer sevent~·-fi ve feet 01· 100 feet i11 
tl1iek11ess, if the 1)ase of tl1e < ;a,Jena lin1estone is I)lac:.ed at 
eitl1er of tl1e ll})l)er sl1ales of t,l1e s ec:tinn on 1>ag·e 177. "l\) the 
south. at J\Ianchester, as \Yl' shall see, the entire l)ulk of the 
formatio11 esca1)e(l (lolomitizat.ion. l{ut on the ,,,,est a11 the 
sam1)lcs of tl1e li1nesto11t>s of this terrane 011 tl1e li11e of tl1e 
l,l1ieag·o, 1Iil,,·at1l{c-><:.' l.~ Rai11t J>at1l rail"·a}· a_re 1.lol<n11itie. 
4\lnng· \Yitl1 tl1e int'.reasing· <lolon1itizatinn of tl1e g·reut l>ulk: of 
tl1e formaiion. its basal 1)ortio11 1)p(.'.0111e::-; u1ore and 1n<)l'e arg·il
la,eeous, t1ntil it iH as (listi<·tivel}· !'Sl1ale as i~ tl1e ~fac111olieta. 
tl1e tl1ickness of ,vl1ose otlt<.!l'Ol)S it eq11als. In the <leep \Yell 
at f➔'reel)orn. i iin11., \Yhere the sho1·e line is approael1ed 
t<r\.vartl tl1e 11ortl1,var<l, the basal sl1ale of tl1e ,.I1re11tnn. 1n·o\·ed 
to be sucl1 l):Y its fossils, m0ast1res 11i11ety feet i11 t.hil'k.ness. 

• • 

,.\et'.ortli11g· to ~I<.·( ;ee tl1e ~Ia(1t101<eta a11<l ~ iaga ra h{)t-11 
oc•c:11r t1pon the l \11 n1ar 1llateat1. 11eeen t work: of (_ \ 11 ,·i11, ho,,·
ever, l1as 1na.cle it prol>al>le tl1,1it 11e itl1er £orn1ation eros~es tl1e 
,.J'urke)· river fron1 the west a.lo11g· the li11e of nur ~el'tion. 
'rl1f> Niag·ara is llest dra\vn c·o1n1)aratively· tl1i11, as it 1nust bl\ 

near its 11ortl1cr11 attc1111atecl edg·e . l \11,,.in ha~ !::,llo\\'ll i11 
v.rorl{ still un1>11hlisl1e<.1 tl1at in tl1is reg·io11, tl1e nuit·ror>s of 
clolo111ite l1it l1C'rto l'al1etl Niag·arn,, a,1·e reall~r of I)eyonia11 ag·e. 
"l,l1e ~I aqt1ol<eta is 1norc }lt:)rsiste11t tl1a11 tl1e N' iag·a 1·a :::-i11e(' it 

• 
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crosses the 11innesota line with a thickness of about seventy 
feet, while the Niag·ara is not known to occur in the state.* 
How far beyond Mason City the Maquoketa continues to the 
west is quite unknown. Very possibly the fifteen feet of 
shale at Emmetsburg at 422 feet from the surface may be of 
this formation; but as no records or samples from the Alg·ona 
ancl Britt wells have been l)reserved, it is impossible to trace 
it be)ro11d Lime Creek. 

DE·,.roNIAN AND MISSISSIPPIAN. 

It should be understood that beyond their wide outcrops 
the stratig·raphy· assigned to these formations is almost wholly 
hypothetical. Litholog·ically the dolomite at Emmetsburg 
l)~ing immediately beneath the red marl assigned by N. H. 
\\

1 incl1ell to the Jura Trias may belong·, as well, to the Silur
ian or Devonian, as to the Mississippian. The shale at 422 
feet, however, recurs at West Bend, twelve miles east and 
ten miles south of Emmetsburg·, in the same succession at a 
slightl:y higher level. As it is thus directed toward the Lime 
Creek shales of the Devonian, rather than toward the 1'.Iaquo
keta, tl1e Paleozoic rocks above it are assig·ned to the Mis
sissippian. 

UI{ET A CEO US. 

The basal sands of the Cretaceous are seen to be wide 
spread upon an ancient l)eneplain which bevels the successive 
Paleozoic terranes at an altitude of from 900 to 1,000 feet 
above sea level. These Dakota sands stretch as far east, at 
least, as Lotts Creek. The superior members of the series, 
the Benton and Niobrara, are known to occur on the Sioux 
river. Their g·reat force at Sanborn is on the authority· of 
the drillel''s recorcl only. If this is correctly interpreted, the 
l'retaceous has here a thickness of 515 feet, the g·reatest 
measured in Iowa. 

*Ha.11 and Sardeson. Paleozoic Formations of Southeastern Minnesota, Bu 1. Geol. Soc., Am. , 
vol. III. p. 868. 
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The ~lrte:sian .,•111>ply of the ,J."l[r(Jreqor-Ji'air1·ie1n /{er·tio11. 

To the east of the central trough the mai11 artesia11 st11)
l)l:y lies in the Sai11t Croix sandstones. The objecti,·e point in 
(lrilling should be the .Jordan, whose de1)th at an:r locality· ca11 
be estimated b:r reference to Plate No. IX. If sufficie11t water 
is not obtained b:y the time that the .T ordan is 1)e11etrate<l, 
<.lrilli11g shoul(l continue into the basal sandstone. The New 
Richmoncl sandstone is l)robabl} .. too discontinuous an<l thin 
to carr)· ,vater. Tl1e crevices of the Oneota ma~,. ~,.iel<.1 
abunda11tly, as in ,vells f<1rther to tl1e south, t)ut to tl1is we 
ha,,.e no testimony·. rl'he Sai11t Peter carries a sup1)l)· usu
all:y inadequate for c:ivic 1)ur1)oses, ancl in .t\ll,1mal<ee and 
northern \\Tinneshiek cot1nties it is so <lissec:ted by erosio11 tl1at 
it can furnisl1 com1)a,ratiy·elJ' little water, ~1nd that a,t a low 
head, Sup1)lies s1nall, but of g·reat value to ,,illag·es of few 
inhabita11ts and to farmers, ma:y be found "\Viihi11 the Devo
nian a11d Niagara i11 the basin for1ned l):Y tl1e im11e1·,·io11s sl1ales 
of the 11ac1uoketa, and also witl1in tl1e Trento11, in tl1e l1asin 
forn1ed b:y its basal shales; l)ut here, as in all limestones, there 
is an 1111c:ertaint),. of striking· the vein \vhich does 11ot ol)tai11 
in the case of porous san<.lstones. It will be rememberecl that 
tl1e formations rise to the nortl1, so tha,t towns nortl1 of the 
sectio11 can obtai11 artesia11 ,vatel' at less depth a11d with 
hig·l1er l1eacl than their long·itude on the section would indi
cate. It will be sufficie11tl~· exact for estimates, if cl, di11 to 
tl1e soutl1 of from se,,.en to ten feet to the mile is allowed . 
• .\bout seven a11d <1 l1alf feet is the c1i1) of the for1nations i11 
the accom1)at1}·ing· sec.·tion from Freeborn, ~Iinn., to near 
11ason l'ity. li'or the western side of tl1e tro11gh there is 
mt1ch difficulty· in making reliable prognostices. "\\"' e can11ot 
esca1Je the limitations imposed by the lac·k of st1cl1 i11forn1a
tion as ,vould be in hancl if sam1)le (1rillings an<l exact 
records of the deep wells of the 11orth\vest had been 1>reser·ved. 
Fe,v exact l:>tatistics have been obtai11e<l as to eve11 tl1e yielcl 
of the cleep ,vells of tl1is region. Tl1e ~yielcls at Emmetsburg 
ancl at 1Iason ( 1it;y are di:::,ti11ctlJ· t1nfa vorable a11<l diseourag·ing·. 
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Very possibly the porous saccharoidal sandstones of the 
Saint Croix are larg·ely replaced to the west by sandstones of 
finer grain, by freestones and by shales. This would seem 
to be indicated by the record of the Sanborn well. The Saint 
Peter fortunately seems to thicken to the north and west, and 
it may be the main source of an acceptable supply. The 
Dakota sandstone, and Tertiary sandstones, where they may 
exist beneath the drift, should. furnish larg·e supplies, though 
of poor quality and low head. 

Owner. 
When drilled. 
Depth. 

Wells of the j}Jc Gregor-Fairvieio Sectiou,. 

I. M'GREGOR. t 
WELL NO. 1. WELL NO 2. WELL NO. 3. 

Town. Town. J. Goedert. 
1876-1877. 1890. 1889. 
1,006 feet. 520 feet. 294 feet. 

Diameter. 6 in. reduced 3 in. 6 in reduced to 3 in. 6 inches. 
Elevation of curb.* 632 feet A. T. 618 feet A T. 622 feet A. T. 
Head of water. 694 feet A. T. 638 feet A. T. 644 feet A. T. 
Flow per minute. 20 barrels. 
Temperature. 54° Fahr. 52° Fahr. 52° Fahr. 

From this locality, including Prairie du Chien, on the Wis
consin side of the Mississippi river, there are reported some 
twelve artesian wells; and it is gratifying to learn that notwith
standing· the great volume of water daily poured from the basin, 
well No. 1, one of the pioneer wells of the state, has suffered 
no perceptible change in its flow. In this well four-inch 
copper casing· is used to the depth of forty feet, the original 
six-inch iron casing· having· been destroyed within two years 
by the corrosion of the saline water. No packing was used 
and it is thought that there is some leakage at the base of the 
casing. Well No. 2 was also recased, reducing the diameter 
from six inches to three inches, as the original casing· was 
l)Oorly done and the water leaked out through the joints. The 
second casing extends to 215 feet, and is packed at the base 
with a rubber gasket. In each of the wells the first flow was 

tReported By Mr. 0. W. Walker and Ron. Horace Beach. 
*With the elevation of the Ohicago, Milwaukee & Bt. Paul rail way station at 612 feet A. T. 

according to Gannet as datum. 
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struck at 315 feet A. T., and from this to the base all sand
stone beds were water-bearing. At a little o·ver 520 feet 
from the surface brine was found in four feet of white sand
stone. The two town wells supply fire protection, several 
l)ublic drinking· places and the two finest fountains in the 
state. Three-eig·hths of a mile of pipe are laid throug·l1 the 
business portion of the town, with five h)Tdrants and a nt1mber 
of public taps. The water of the deeper well corrodes iron 
so rapidly· as to be entirel:r unfit for steam purposes. 
Although somewhat saline it is palatable to most lJersons. 
The water of well No. 2 has no corrosive effect on boilers, but 
forms a slight scale. 

Several chemical analyses ha·ve bee11 made of the waters 
of the McGreg·or artesians. The followi11g b1., .J ose1)h Henry· 
of the Smithsonian Institution, is given as l)ublishe<l in the 
North Iowa Times, March 15, 1887. 

'\ The -x· -:,• -x• -:-:- analJ.,sis of the water of the 1IcGreg·or 
artesia11 well No. 1, is founcl to be a saline water, hol(ling in 
solution in ro11nd fi.g·ures 136 grains of solid matter to the 

g·allon as follov;rs: 
Silica. Potassium. Sulphuric acid. 

Iron. Sodium. Pbo3phoric acid 

Alumina. Li.thium. Boracic acid. 

Lime . Chlorine . Carbonic acid. 

1Iagnesia. '' 

Scarcely more satisfactory is the anal:rsis of the same well 
made b)r Hi.11richs, .January, 1879. 

Specific gravity at. 19½" 0--------- · ________________ 10014 
Total mineral matter, grains per g allon.___ _ _ _ _ _ _ _ _ 15i. gr. 
Carbonate of lime, grains per gallon _________ ____ _ 22.--l gr. 
Sodium carbonate and magnesium sulphate ________ 13!.6 gr. 

"The water also contains a very· small amount of litl1it1m 
chloride, the lithium lines being ·visible but faint whe11 the 
residue of the water is examined by· rneans of the s1)ectro-

scope. '' 

• r 
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0.ii.cial Analyses . 

• 

NUMBER 1. NUMBER 2. 

Silica (Si 0 2 ) ______ - -- ----- -- ----·- -· --

Alumina (Al 2 0 3 )- - -·- t 
Ferric oxide (Fe2 0 3 ) • I ·----· ·--- · --· 
Lime {Ca 0). ---- -·-·--·-· ·-··· ·--··--· 
l\Iagnesia (NJg 0) ·· -- -·····---····-- - · 
Potash (K2 0) -·····-······· -·· -·-···· 
Soda (N a 2 0). - - . - - .. - .•. .. - - - - .. - .. - - . 
Chlorine (Cl). ·--· -·-· -·-- - ···---··-·· 
Sulphur trioxide (S03). ----·······-

Carbon dioxide (C 0 2) -· ---··---- ·---· 

Water in combination (H 2 0) ····-···-· 
Free (C 0 2 ) ····--- .••• •·····-·····- -· 

UNITED AS FOLLOWS. 

r:n • 
i:l 00 • 

.,.... • s::l 
Cl3 h 0 
$-..I-' ...... 

0 

.323 5 571 

.348 6.000 

13.200 227.571 
2. 443 42. 286 

n5.083 
56. 136 
22 504 
10.664 

1.069 
[9 305J 

949. 714 
967.857 
388.000 
183 857 

18.428 
[160.428] 

·-· -- ·--- --------- -

1, 

$-.. I 
C) ..... 

°'~ 
rn • 
i:100 

..... • i:l 
t;l ........ 0 
$-..I-',.... 

0 

0.398 

0.124 

4.524 
2.834 

Trace 
3.695 
2.088 
2 618 

10. 705 
1.732 

[4 350] 

5.245 
4.5-19 
9 868 

i:... 
C) i:l 
0..0 . .... 
rn::::: 
+> ..... 

~s 
~ 

6.857 

2.143 

78.000 
48 857 
Trace 
63.714 
36.000 
45 143 

184.572 
29 857 

(75.000] 

90.429 
78.429 

170.143 

Calcium carbonate (Ca C03 ) •••••••••• 

Calcium bicarbonate (Ca Hi (003 ) 2 ).. 

Magnesium bicarbonate(Mg Hi (C03 ) 2 ) 

Calcium sulphate (Ca S04 ) ·---·-·-··· 

l\Iagnesium sulph ate (Mg S01 ) ·--·-·-

Sodium sulphate (Nai so .. )-·--------· 
Sodium chloride (Na Cl) -·-• ·········· 
Alumina (Al2 0 3 ) and Ferric oxide ... 

17.930 

17.002 
7.325 

13 539 
92 634 

.348 

309.143 

293.143 
126.286 
233 428 

------ ---- ·---------

Silica (Si 0 2 ) ···-····----· -·· -- --·· · 

Oxygen replaced by chlorine (0) .. .•. 
Solids ·-·-----·-······-·· ···· 

.323 
12.677 

161 778 

1597.143 
6 000 
5 571 

218 570 
2789.284 

.332 
4 276 
3.455 
0.124 
0 398 

472 
28 72 

Analyst: Prof. J. B. Weems, Ames, Iowa. Date: .June 16, 1896. 

RECORD OF STRA'l'A. 

5.714 
73. 714 
59 5'il 

2. 143 
6.8-57 
8.143 

495 143 

The following· record of a well at Prairie du Chien* will 
illustrate the g·eolog·ical seetion at McGregor. 

THICKNESS. 

16. Sand and gravel ..... ·--·---------· ········ 147 
15. Clay, fine, light blue········-··-·· · ·-· · - ·· 1-

6 

14. 

13. 

Limestone, hard arenaceous ........ _._ .. _. 

Grit, blue.·-----·-·-··-------··· ··---·-··-

2 

6 

DEPTH. 

147 

149 

155 

12. Shale, bluish green, arenaceous --·- -···-· 107 262 
11. Sandstone, white, friable, alteenating with 

hard streaks ... ·--··-· · ·· -·- · · ·· - ····-· · 118 380 
10. Grit, blue .... ... . · --·-····-·····-·-···-··· 35 415 
9. Slate rock ... _. __ ·-·--···----···-····· ... 65 -!80 
8. Sandstone, reddish and yello1,v ochery. .... 6 486 

i. Shaly rock ...... ·--·--···················· 2-! 510 

* Geology of Wisconsin, vol. IV, p. 61. 
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TBIOKNBSS. DE1'TB. 

6. Sandstone, white, cal'rying brine ___ _____ 4 514 
5. Slaty rock __________ ------------·---------- 75 589 
4. Sandstone _____________________ ----------- 310 899 

3. Sandstone, red----------------- ·--------- 45 944 
2. Conglomerate, white wa.terworn quartz 

pebbles_________________________________ 5 949 
1. Sandstone, coarse _________________________ 10 959 

The curb is near the summit of the Saint Croix. No. 16, the 
alluvial :filling of the preglacial valley of the Mississippi, 
supplies the place of the upper sandstone of the Saint Croix, 
the Jordan. No. 14 is the remnant left after erosion of the 
Saint Lawrence dolomite. Nos. 12 and 13 are the Saint Law
rence shales. Preceding numbers represent the basal sand
stone of the Saint Croix. Another well at Prairie du Chien 
was sunk to a depth of 1,040 feet without reaching the Algon
kian. * 

II. MONONA . 

Owner, Chicago, Mih"laukee and Saint Paul Railway Co. 
Elevation of curb ______ .. __ . ______ .. ________ l ,209 feet A. 'I'. 

Depth _______ ------- --- ---- ------·······--- 420 feet. 
Head of,vater -------- ------------ --------- - 959 feet A. T. 

ANALYSIS. 
ORA.INS IN U.S. 

WINE GALLON. 

Calcium carbonate------------------------------------ 7 14 
Jv!agnesium carbonate ____ ------ ______________________ 8.95 
Calcium sulphate _______________________ · ••··---- ---- 10.41 
Alkaline sulphates _____ __ . - -- -- ____ ------ - - -- - -- - - -- _ - 0.63 
Alkaline chlorides ________ -- _. ____ _____ -- _. ___ -- _ - ---- J .87 
Silica, alumina and oxide of iron ________ ____________ 0.10 

TotaL ____________ ---· ____ .--- ---· ______________ 29.10 

Analyst and authority, H. E. Smith, Chemist of C. 11. & St. P. Ry. Co., Aug
ust 31, 1894. 

III. POST,' ILLE. 

This well was drilled by Dickson Bros. from March l l, 
1895, to J ul3· 26th of the same year, for the incorporated town 
of Postville. 

,. Private letter from Hon . Horace Beach. 

r • 
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STRATIGRAPHICAL RECORD. 

Depth .... ________ . ___ __ . __________ •... ___ ... _ .. _ _ 515 feet. 

Elevation of curb.·-···--·------·-----·- -- ....... 1,191 A. T . 

Head of water -····--·······- -·- ·- -·-··-·----·--- 891 A. T . 
Diameter·-· · -···-·--·-· --·---···- - ··-····-···-- 8¼ in 
Supply of water per minute.··---·-·-··-···- .... . 32 gal. 

Temperature.-- -----·--··-- · ··--·····---··----·-· 48° Fahr. 

189 

The casing was sunk to 102 feet. Water was found at 130 
feet and stood at this level until the drill reached the depth 
of 435 feet, the top of the sandstone of No. 8 of the following· 
section. Immediately on striking the vein at this point the 
water in the well dropped to 300 feet from the surface. If 
the supply should be found insufficient, the well can be sunk 
some 400 feet further, thus penetrating the upper sandstones 
of the Saint Croix with their abundant yield under super ior 
head, and tapping· also the veins of the Oneota. If this is 
done, it will be necessary to case the well from 425 to 460 
feet to prevent lateral leakag·e throug·h the channel .which 
now supplies the well. 

RECORD OF STRATA. 

THIOKNESS. DEPTH, 

22. Humus .. ... . ····-·-··-···-···-·-·-··-····-- 2 2 
21. Loess, yellow . ........•...........•......... 16 18 
20. Loess, ashen _____ ... _. _ . . ___ __ .. _____ •. _ _ _ _ 6 24 

19. Clay, yellow, sandy and pebbly, non•calcar· 
eous ____ .. __ . __ ___ _ . ____ •... _. _ .. _____ . _ _ 4 28 

18. Sand, yellow, sharp and rather coarse .. _... 4 32 
17. Clay, dark drab, sandy and pebbly, calcar-

eous ... • • ·-·----· --·--···--· ----- ·- · --··- 40 72 
16. Limestone, some buff and magnesian, some 

lighter colored and of rapid effervesence; 
cherty .• .• .. •......... ··-·-· ··-···- · -·· _ 13 85 

15. Shale, green, calcareous, soft .... ·• •·---··· 12 97 
14. Limestone, blue, earthy, magnesian; eleven 

samples .............•. ·-····-···-···· .... 106 203 
13. Shale, soft, grey, calcareous .. __ ._._ •.. __ .__ 9 212 
12. Limestone, light yellow and white, hat·d by 

driller's record, earthy-crystalline, non· 
magnesian as judged by rapidity of effer-
vescence. _______ _ __ . ___ . _____ . _______ . __ • 138 350 

11. Limestone as above, a little softer; .five sam• 

ples .... ---·-·-------····-·----····-··-·-· 35 385 

I 

, 

I 
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TBTCK~ESS. 

10. Limestone, gt'ccnish grey, argilla.ccoui:;. . . IO 
9. L,imcstooc, light yellow grey, crystalline-

eart,by; fout· samples .... ____ ___ __ _ ___ -1-11 

8. Sandstone, "·ith usual aspect oJ Saint Peter: 
gl'ains rounded and smoothed, of li1npid 
quartz, mo:.tl,Y unbroken; with much lilne-
stonc, yellow and grey, ra.pidly effct·veE-

ing, in angular sand. No trace of imhcd-

DEPTH. 

3!15 

ded graini:; noti<'ecl in limestone fragments 11 ~ -!'18 
7. Sandstone as alio\'c, ,vith lcsH of li1nestone.. 2 -1-50 
6. J,hnct:1tonc, blue grey, argilla<'eouio. in part 

11uie1·0-cl'ystalline, in tlaky ehips. largely 
compacted of <'om1ninutec1 fossil:--: two 
sa m pl <>s ___ •.•. ___ . _ _ _ _ _ _ _ . ___ .• _ _ _ _ _ •.. 8 

fl. I.,imestonc and shu.113, grey. earthy. in chips ,i 

4. TA1neston,~. lig-ht blue grey, motth•d, in flaky 
('hips, compac>t c1·ystalline-ea1·thy . ___ _ 

:1. J.,in1est,OnP, ~·cllo,, g1·cy, mottlecl, 111n.<·1·0-

<'rystalliuP.-cu.rthy, fossilift•rous, 1n chips: 

-!iO 

four sa111ples _____ ___ _________ __ li -187 

2. Limestone. light g1·cy, c·orn pact, tine g-ntin<•d; 
fou1· snn1ples _ _____ __ _ ___ l:i 002 

1. Sandstolll!, 1·alcife1·on;.; , soluble ingredients 
c·on1-1ist of about one-half by ""eight of tht• 
d1·illings, som0 grainA of sand i1nhcdded 
111 the rninutc angular chips of limestone. 
Othe1· larget· fl'ag1nent.s sho\\' limegtone 
nuttl'ix to Ll' lari.re: li111e~ton0 yello\\' grey 
and of rapid etl'ci·vest'cnc:c. Loose in the 
<lrilliog·s and al~o seen c•1ubc'ddcd a,·e 
many black Op'.tque gTatns. fc1-ruginou13 
no<l ules of calcar0ous clay; and g1·ain-likc 
nodulcsofpyrite;th1·cesamples __ 13 ;iJ5 

.b1 rum the starti11g· of tl1e <1ril1 sr11n1)les \Vere c•a1·cf t1ll~r sa,~ed 
ae(•o1·<.li11g· to the <.Ll1Lhor's clire~tious at sucl1 sl1ort inte1·ya]s 
that the g·eolog·ica.l scetio11 \Yhi(.'h tl1ey· afforcl is as reliable as 
tl1at of an outc1·01>. 1:\ll the 11t1mbers of the seetion below No. 
lH, exce1)ting· the sa11dstones a,t -1:JH~ feet and 50•J feet, are in 
texttire ancl cl1e1nic:al <.·01111)ositio11 as t3·1)icall.r 'l,re11to11 lime
stone and shale as c:a11 be fou11 <.1 in a11)'" qt1arr)'" of tl1at stag·e. 
Both of the sa11clstones just desig·11ated a.re reg·arded b.r Cal,·i11 
as 8ai11t Peter, and l1e l1a~ stig·g·estec1 tl1a t the fift)'"-two feet. 
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intervening· between them represent au ancient cavern in the 
Saint Peter, now filled with shale and limestone broken <.lown 
,1ncl washed in from the overl:y-ing Trenton.* 

rv. CALl\IAR. 

Tl1is well, ow11ecl b}r the Chicago, Milwat1kee & Saint Paul 
Railway Co., was clrilled b:y W. E . Swan, from February 2, 
1880, to J ul:r 28th of the same year. No casing· was })Ut in as 
the well was dug· to rock. 

Elevation of curb ----·-··----- ··- ------- - -- 1,26 l feet A. T . 
Depth .... ·· ·····--·---·····-········· ...... 1,223 feet 
Diameter of bore ····-·····-···-·-·····-···- 8 inches 
lleight of ,vater - · ·······--······· ·· ---·--·- 1,161 feet A. T. 

'rl1e follo,ving· recor<.1 is the driller's log· in feet. 
TBIOKNESS. 

15. Dug -··-····---···-·-·········-·--·-···-· 70 
14. Limestone .............................. 76 

13. Shale ............ -··- -···-·-···-·-· ··-·· 10 
12. Limestone . _ ................ . _ ... _..... . 35 

11. Shale, gray .. _ .. : ... ·-·---········· · · - --- 25 
10. Limestone .... ··-·-··----·· ··· .. ........ 305 

9. Shale. g-reen ·-·······-····-············· 47 
8 Limestone ............................ _. . 30 

7. Shale. ·· ··· ··········-·-·········-······ 10 
6. Sand rock···············-·-······ ··-···· 67 
5. Lime rock ............... _ ... ........ _ .. _ 98 

4. Sand and limestone mixed ·-· - ····-·--·· -17 
3. Limestone ...... •··-···-··· -- .......... 180 

2. Sand rock ·····-···········-··· ······-·· 120 
1. Limestone . . ·-···-············-·······-·· 103 

DEPTH. 

70 
146 
136 
191 
216 

52t 
568 
598 
608 
675 
773 

820 
1,000 
1,120 
1,223 

These strata are assig·ned to the following· formations. 
TllIOKNEBB, .A, T. 

15. Pleistocene ........... ·-·····-··········- 70 1,191 
7-14. Galena·Trenton . ····--···· · ············· 538 653 

6. Saint Peter············-········ ....... 67 586 
5. U pper Oneota········-···· ............. 98 488 
4. New Richmond .... _ ......... _ .... __ ..... 4 7 441 

3. Lower Oneota-····-··· · · ··--············ 180 261 
2. Saint Croix, .Jordan. ···-················ 120 14l 
1. Saint Croix, Saint La,vrence ·······-···· 103 38 

*American Geologist, vol. XVII, pp. 195·203. 18911 . 

• 
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ANALYSIS. 
ORA.INS PERU. 8. 

WfNE GALLON. 

Calcium carbonate---------------------------- -------- 9.05 
Magnesium carbona.te. _____ . _____________ ---.-. _ __ __ _ _ _ 4.90 

Calcium sulphate---------- -- ---------------------- -- - 2.98 
Alkaline chlorides_____________ ______ ___ ______________ 0.18 

Silica, alumina, and oxide of iL•on ·-------------------- (\13 

Total------------------------------------------- J7.t4 
Analyst and authority, H. E. S1nith, chemist C., M & St. P. Ry. 

September 24, 1888. 

V. NEW HA,\1PTON. 

Date, 

Although the town well of New Hampton can hardly be 
classed as an artesian, a brief description is here g·iven as it 
illustrates the conditions of the water supply of the reg·ion. 

Depth. ___ . _________________________ ._____ ______ 235 feet 
Elevation of curb ________ r ______________________ 1,154 A, T. 
Diameter _____________ _ ------------· __________ _ 
Head, from surface ____________________ ·- ---- __ . 
Temperature . __ . . _____ . ______________ . _. _. - ~- __ 

Casing, depth to \Vhich sunk·-----·------------

DRILLERS' RECORD, 

10 inches • 65 feet 
47° Fabr. 

125 feet 

TBJOKNESS. DJDPTH. 

4. Clay ................ ·····---···-·--····-· 25 25 
3. Sand ..... . ... ..• .. _... .• . . . . . . . . . . . . . .. . . 8 33 
2. Clay and shale _________ ___ __ ____ ______ ____ 104 137 
1. Lime 1·ock ___ __________ ____ _______ ________ 98 235 , 

'I'his well was drilled by Mr. 8. Swanson, in September, 1895. 
For four years l)revious the town had used surface water 

. from an open well twelve feet in diameter. As the supply _ 
(from the sand of No. 3) was insufficient, and as there was 
some suspicion that it had become contaminated, the present 
well was sunk, obtaining pure water in abt1ndance in crevices 
in the bard and solid rocl< of No. 1. 

Mr. 'I'. F. Babcock, to whom we are indebted for all these 
facts except the log furnished by the drillers, writes that the 
casing was driven through sand and hardpan, and into the 
solid rock. '' Soft lime rock was strt1ck at 105 feet . At 115 
feet clay and rock was fouud intermixed for a few feet; from 
there down the rock was hard with occasional crevices.'' 

• 
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THE WELLS AT MASON CITY. 193 

The hardpan, or till, is the clay of No. 2 of the drillers' 
record, and its thickness is unknown. The reservoir is Devo
nian, and the area of supply, its outcrops west of the Little 
Turkey and to the north. 

Elevation of curb. 
Head of water. 
Diameter. 
Depth. 
Temperature. 

VI. NIASON CITY.* 

C., M. & S'l'. P. 

1,128 t A. T. 
1,126 tA. T. 
8 and 6 inches. 
1,-:17:3. 

TOWN WELL NO. 1. 
1,077 A. T. 
1,078 A. T. 
8 inches. 
1,350. 
49° Fahr. 

TOWN WELLS 

NOS. 2, 3 AND 4. 
1,077 A. T. 
1,078 A. T . 
4 inches. 
65l. 
49° Fahr. 

Of the :five artesian wells at Mason City, the first was 
drilled for the Chicago, Milwaukee & St. Paul Railway Co., 
about 1879, by Swan Brothers. The well is not used. 
The capacity was not sufficient to keep a small steam pump 
running·, and the water was found less suitable for locomo
tives than that supplied by the town. The well is now used 
as a cesspool, and the water is supposed to stand now from 
thirty to seventy-five feet from the curb. 

The water works built by the town pumped their supply at 
first directly from spring·s and the adjacent creeks. Consid
erable mone3r-says one of our correspondents-was spent in 
experimenting with surface water supplies and the process of 
filtration of water from Lime creek. These experiments of 
filtration were doubtless of the crudest, and, as the results 
were unsatisfactory, it was determined to seek an artesian 
supply. In 1892, therefore, drilling· was beg·un for the town 
by Henry F. Miller, of Chicago. At 651 feet-or at 540 feet, 
according· to other re1)orts-water was struck which rose to 
the surface. As the suppl:r was far from sufficient, drilling· 
was continued to 1,350 feet, where a crevice was reached and 
the flow lost, the water sinking 550 feet. 'l'he well was 
plugg·ed at 651 feet, and three other wells were drilled to this 
depth. As these wells were begun in rock, no casing was 

*Dr1111ngs from the railway ,vell were contributed by Division Supt. O. A. Oosgreaves and 
Dr. Shorland Harris, who also furnished tho driller's record. We are also indebted to 01v11 
Engineers Messrs. 0. T. Dike and urln Stanly, 

t Approximately. 



' 

194 ARTESIAN WELLS OF IO"\VA. 

used. They occup:r corners of a parallelog·ram sixty· feet long 
and forty feet wide, and this s1)ace, excavatecl to the de1)th of 
sixteen fee t, forms the reservoir into whicl1 the ,\Tells clis
charge. T he combined natural flow of the four \\Tells is sixt:r 
gallons a minute. As this was insufficient, the town at first 
pumped a l)Ortion of the time from the adjacent creek, thus 
minirling· ravv and perhaps contaminated water with the pure 
artesian supply·. I n Aug·ust, 1894, the Phole air lift ,vas 
introducecl. P i1)es were sunk 200 feet in each well, and the 
discharg·e of the wells was inereasecl to 1.50 gallons a minute. 
I t is reportecl that the water can be lowerecl onl}? fift3? feet by 
c:ontinuous l)llilll)ing·, an<l at })resent the air lift is used abol1t 
two and one-half hol1rs Ollt of the twenty·-four. The supply 
comes from a })Orous rock a sho1·t distance abov·e the basal 
shales of the 'l,renton. The ,Tein is sai(l to be fort3r inches 
tl1ick. 

ANAL YSIS . 
ORA.INS l N U. S. 

WHO·~ 0AJ; L0N. 
Calcium carbonate ____ _______ _________ __ _____ . ____ __ __ 10.9!1 

Magnesium carbonate . • ______ ____ __________ _________ __ -! . .JS 
Alkaline carbona tes _________ _______________________ ___ 1.21 
Alkaline s ul p hates ._ __ __ _________ ___ ___ __ __ ______ ____ .3.J 
Alka line chlorides . _ .. __ .• ___ . ___ .• _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . 4-! 

Silica alumina and ox ide of iron --- - - -----·--------- -- .19 

Total __ --- - ----- - ----- · ----- ___ __ __ __ ___ ___ 17.65 
.Anal yst and authority, H . E. Smith, Date, .A.pril 6, 189 1 

• 

This analysis !)laces the water in the hig·hest rank of potable 
water in the state. Its mineral ingredients are not large, 
ancl they· are above suspicion of any injurious effects. 

RECORD OF S'l'HA 'l' A. 

The auth9r's description of the drilling·s from the cleepest 
well has been already 1Jublishec1. * The following· Stlmmary 
of the formations is as stated in the manuscri1)t of that pa1)er, 
with elevations above tide addecl. 

• Iowa Geol. Su: v, vol. IIT, pp. 188 189. 
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BRITT WELL. 

TBIOKNXSS. 

12. Humus and drift--- --- ---- --·-- 28 
11. Devonian and Silurian _ - · --·- _ 276 
10. Maquoketa.- --- ·-- -- - ·--- -·---· 57 

9. Galena•Trenton _________ ._. -··· 4.05 

8. Saint Peter--- -- -··------------ 105 
7. Upper Oneota·-----·-·--·---·-- 113 

DEPTll. 

28 
304 
361 
766 
871 
084 

EL'BlVA-

TION A, T, 

1,100 
824 
767 
362 
257 
144 

6. New Richmond·- - ------·---··- 50 1,034 94 
5. Lower Oneota ---··---·---·-··- 145 1,179 - 5t 
4. Saint Croix (Jordan)_.____ ______ 70 1,249 -121 
3. 8aint Croix(SaintLawrence) ___ 174 1,423 -205 

2. Saint Croix (Basal sandstone)-- 45 l ,--1:68 -340 
1. Algonkian('?}penetrated_. _____ 5 1,473 -245 

195 

The driller's record of No. 1 of "granite," as reported from 
Mason Cit:y, and ''quartzite" as stated by the driller to Prof. 
C. W. Hall, of Minneapolis, is not substantiated by either of 
the drillings representing· this horizon. These contain none 
of the constituents of g·ranite except quartz, and this is in the 
form of rolled grains. No. 1, so far as shown by the drillings, 
is a glauconiferous sandstone and belongs with No. 2 to the 
basal sandstone of the Saint Croix. 

"VII . BRITT. 

Owner.-·-·-··---------·--·-- .. -·-- -·- C. M. & St. P. Ry. Co. 
Depth ___ .. _. ___ ...... ___ .. ___ . .. _.... • . .. . _ . . • ___ ... _.. 684 feet. 

Diameter_ ... _ .. ___ --- .. -- .. - --·-- .... -----·-- .. - .. -- ........ i inches. 
Elevation of curb ... - · •·-·--- .. --·---- .. --- _______ .. . . 1,236 A. T. 

Head of water ·--··- .. ------------·----·- .. --··• .. .. ... 1.220 A . T. 
Depth to rock ... _ ........ _. __ .............. _ .. ___ . _ .......... . . _. 125 feet 

ANALYSIS.t 
GRAINS 

!NU. S. GALLONS. 

NO. 1. NO. 2. 
Calcium carbonate .. __ .... _ ...... _. _____ ... ·-· ..... __ 12. 5~ 15.30 
Magnesium carbonate ................. _. ___ .... _ .. _ ..... 7.98 8.15 

Calciun1 sulphate .. -- .. ·---- ··--- .. -· .. ··-- ...... -- 4.16 .76 
Silica, alumina and oxide of iron·-··-·---·-·- - .15 .23 
Alkaline chlorides ... .. _._ ..... - ... ·-·- .. - · ..... _ .. _.. .22 . 17 

Alkaline sulphates ..... - · · -· ····· ..... .... . -- .. -·.. 3.23 

Total ....... . ..... _._ .... _ . .... .... . --·---· .. - .... 25.09 27.81 

*InforD'latlon supplied by Messrs. J. A. Carton and J. A. Treganza. 
t Da.tes, No. 1, October 6, 1888, No. 2, May 19, 1894. Analyst and authority , H. E . Smith. 

Depth of well when No. 1 was made, 533 feet ; when No. 2,684 feet. 
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VIII . ALGONA . * 
O,vner ________ --- - __ ________ _ • ___ . . __ . __ _______ . ____ To"·n(?) 

Depth ___ _ .. -- . - - - ------- _ -- - - . • --- - • • •. ______ •••.. 1,050 feet. 
Elevation of curb. _- - -- - - --- __ _ . _ .. ___ ....... ____ _ li202t feet. 
Head of ,vater _ ... __ - - _ --- .. ___ . _. __ .. ___ . _____ ___ 1,133t feet. 

DRILLERS' LOG. 

' THICKNESS, DEPTH. 

5. 235 235 
4. Sand rock _______ ______ ______ _____ __ _ 75 310 
3. Lime rock _________ ________________ _ 125 435 
2. Sand rock _______ _____ ___ _____ _____ _ 300 735 
1. Shale and streaks of sand rock ___ __ _ 315 1,050 

This record may be interpreted as follows, but with hardly 
more than a shade of probability in several of the determina
tions. 

5. 
4. 

2. 

Drift 

M
. . . . 1 1ss1ss1pp1an _____ ____________ _______ . _____ _______ _ 

Dolomites of Niagara-'I'renton (often called ' 1sand 
rock'') _______ _________________ __ ___ _____________ _ 

1. Basal shale of 'l'renton. Shales, dolomites and sand-

Fl!lET. 

235 
75 

300 

stones of inferior terranes ______ __ ____ _____ __ __ ___ 315 

IX. Eii~IETSBURG, t 
o,vner - ---- ------ - -- - ------------- -- C., NL & St. P. Ry. Co. 
Depth ______________________ . _____ . ____ __ _________ __ . 874 feet 

·Elevation of curb _____________ ___________________ l ,230 A. 'l'. 
Head of ,vater ______ _____ _____ ____________________ l,191 A. T. 

ANALYSIS . 
• GRAINS PERU. S. 

WlNE OALLON. 

Ca.lei um carbonate _____ . _ -- _______________ . __ _ 

Magnesium carbonate _______ ·-- --- ----- - ----------
Alkaline sulphates ___ ______ ___ __________ ________ _ _ 

Alkaline chlorides .. . ___ __ _____ __ ________ _ . . ______ _ 

Silica, alumina and oxide of iron _______ __________ _ 

13.96 
6.46 
2.52 

0.48 

0.54 

Total. _. __ ______ . _____ . __ ____ . ____ . _____________ . __ .23.96 

Date Ma.y 16, 1894. Analyst and authority, H . E. Smith. 

*Altllough a full report wus seIJt iIJ of trbe system of water works by the superiIJteIJdent, 
repeated appllcatlons to cit!zens aDd officials tor intormatlon as to tl1e well remain unan
swered. Possibly nothing whatever ts known of the well further than t,he meagre details 
kindly,supplied by the driller, l\lr. S. Swanson. 

t Approximately. 
:I: A complete set of some eighteen samples ot the drillings of the Chicago, Milwaukee & St. 

Paul rallway was saved by Oapt. E. B. Soper-the only complete set known or any well In 
nortbeast'ern Iowa, except, that at Sioux Olty. This set was submitted to the author, and bis 
d e terminations were published 1n a p r eceding report of the Survey. (lowa Geo\. Surv., vol. 
111, pp. 186, 187) 
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THE LOG OF THE DRILLER. 197 

This \v-ate r is clerived from the Saint Peter sandstone, No. 2 
of the section g·iv·en below, and its source lies to the north 
and 1)robablJ" to t l1e west. The Dal{ota sandstone, N o. 10, 
also contains a copious Sl1p1)]3r of water , but it is cased off 
from this well, as it is so heavil3T mineralizecl as t o be unfit 
for boiler use. The town well, 246 feet dee1), utilizes this 
sol1rce, whose ca11acity th ro ug·h a six-inc~ bore is 120 g·allons 
per minute. 

RECORD OJf STRA'r A. 

00 , J 00 A .I . V 0 
] . . .... . 

.cl ~ E-! 
0 ->"' :,. . ..... p. C) ...... .cl Cl) ...... "i 

I 8 A µ:1 ., 
11. 
10. 
9. 
8. 
7. 
6. 
.). 

4. 
3. 
9 ..... 
1. 

H umus and till ____ __ _____ ________ ____ _____ _ _ 
Sandstone. incoherent, Dakota __ _____ _____ _ _ 
Shale. red . Cretaceous. ______ ____ ___ _______ _ 
Dolomite __________ ____ ___ ___________ ______ _ _ 
Shale, blue, nlississippian __ ___ ____ __ ___ __ _ _ 
Sandstone, identical "'ith 10 ________ _____ ___ _ 
Shale. hlue, calcareous ____ __ __ ______ ___ ____ _ 
Limestone. magnesiau and dolomite __ __ ___ _ 
8hale, blue, highly calcareous in part. Tren 
Sandstone. Baint Peter ____ _________ __ ____ _ 
Dolomite. ter med '·granite ·• in log. Oneota 

223 '>95 1,005 -- ---- -- --- - ,.,_, __ _____ ____ ... 
109 234 896 

•)') 336 874 ------ -----· _..., 

-- --------- - 32 388 842 
--- ~-------- 4 392 838 
-- -- ---- ---· 30 J•)•) 808 ...,..., ____ __ _____ .. 

15 437 993 
-------- ---- 224 661 r, 569 
ton 95 ' ,.. -5 47-! --- --·-- Ii) 

------ ------ 110 866 364 
6 8"' '> 358 ---- --- ----- I ..., 

The log· of the driller , 1Ir. W. E . Swan,:with~1..Dr.~N. [ H. 
Wi11chell's inte r1)retation is as follows :1'" 

J,'ERT. 
15. Yellow· clay (loess loam) ____ ____ ____ _____ __ ______ __ _ 16 
1-1. Blue clay (boulder clay and C'retaceous) ____ _____ ___ _ 20-! 

13. Dark sand~------- --- - - -- - -- ----- ----- -- ----- _____ r- 30 
- (Dakota of the Cretaceous.) -

12. C¾ray sand~- - - - --- - --------------------------- - -- -- 79 
11. Red marl (.Jurasso-Triassic) _____ ____ ______ _________ 22 

10. Broken limestone ------ -- ----- --------- - - --- --- -- -- 10 
U. Sandylilne rock ________ ________ _______ ___ ____ ___ ___ 22 

8. Black shale . ______ ______________ • ________ _______ • _ _ 4 
i . Lime roe k ____ __________ • __ • __ . ___ ___ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ 30 

6. (+ray shale----- ----- - ------ ---- - ------- --- ------- - - 15 
5. l\Iagncsian limestone _______ ______ ______ ________ ___ _ 224 

4. Gray shale----- --- -- --- --- - --- -- --------- -- -- --- - -- 65 
3. Blue shale _______ --- - -------- - - --- ______________ __ 30 
2. v\,.hitc sandstone -(Saint:croix) ______ _____ _________ __ 107 
1. Clranite (l>otsdam quartzite) ____ _______ _____ ________ 6 

T otal---- ----- -- ------ --- ------ ------ ------ ---- 869 
* Winchell. Bulletins l\Unn. Acad. Nat. Sc. vol. 1, pp 387, 888. 

18 G. Rep 
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X , SANBOitN. 

O"·ner ··--·--·-················ .•••• C., 11. & St. P. Ry. Co. 
Depth ..•••..... ..•.....•.........•.............. . 1,256 feet 
Elevation of curb ..••... . .. •. ...•••..•.. . ...•. .•• 1.552 l\ .. 1.,. 
Head of water ..•••.............••..•.........•.. 1.202 A. T. 
Capacity in gallons per minute ..••.•. ..... . .. .. ........ 100 

'This well was drilled by S. Swanson in less than five months, 
from December 1, 1895 to ... -\pril 23, 1896. The bore is 8 
inches to a depth of 436 feet, 6 inches to 721 feet, and 4½ 
inches the remainder of the distance to the bottom. Water 
was found at -194 feet, 503 feet and 857 feet. T he well is cased 
to 815 feet, thus presumably shutting off all except the lowest 

. 
vein. 

ANALYSIS. 
ORA.INS PER U. S, 

WINlll GALLON, 

1-lagnesium carbonate .....•. ......•............. ...... 18.53 

l\lagnesium sulphate ......... ···-··-·-·········-····· 6.70 

Calcium sulphate ··············--····· ·---· ···--···· · · 70.08 
Alkaline sulphate ......•..........•..•.... _ ...... •••. . 29.82 
Alkaline chloride .. .. •. . . . . . . .. .. .. . . . . . ... .. . . .• .••.. 2.50 

Oxides ·· · ···-··--· ······-······-· ·--·· ·········· ······Trace 

Total ................ ..•...... . ..... . •• .......... 127.63 

Date, September 17, 1896. 

This water which contained 95.31 g·rains per gallon of incrust• 
ing solids, or 13. 62 pounds per 1,000 gallons, is well pronounced 
by the analyst, Mr. H. E. Smith, as unfit for boiler use. It is 
the strongest selenitic water anal:y-zed in the state and could 
not be recommended for town supply. 

RECORD OF STRATA. 

The following is the log of the driller, with such determina• 
tions of the formations as seem most probable: 

TBIOK· 
NEES, 

9. Clay, yello\.v, Pleistocene... ..... 75 
8. Clay, blue, Pleistocene ... . ...... 125 
7. Shale, blue, Cr etaceous ......•... 160 
6. Lime rock in streaks; shale, blue 

and gr een, Cretaceous ......... 200 

5. Sandstone, soft, white (some shale), 
Dakota ....................... 155 

DEPTH. 

75 
200 
360 

560 

715 

ELEV. 

A, T , 

1,477 
1.352 
1,192 

992 

837 

• 
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THE HULL WELL. 

THICK- ELEV, 
Nll:SS, DEPTH. A. T. 

4. Shale, gray and streaks of rock, 
'rren ton - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 50 

3. Sandstone, white, Saint Peter____ 45 
2. Shale. blue and green, mixed ,vith 

'i65 

810 

... s-1 I 

sandstone __________ I Oneota, 200 1,010 G-!2 
1. Shale. green and white. f St. Croix 240 1,250 302 

199 

Unfortunately no samples were saved. Mr. Swanson, who 
has had much experience in drilling· wells in Minnesota, 
where the Archean rocks are more frequently reached by the 
drill, writes that '' the bottom of the well must be near the 
Archean formation, according· to the similar formations found 
in wells where g·ranite or the Archean formations are found." 
In position No. 5 corresponds to the Dakota sandstone, as 
will be seen by inspecting the g·eneral section of Plate IX. 
The Dakota sandstone is indeed ''soft, " but it is hardly to be 
expected that it would be described as ''white." This descrip
tion accords with the Saint Peter, as does the thickness with 
measurements of that formation in wells in southern Minne
sota. Like the Saint Peter also No. 5 is covered with heavy 
shales. 

XI. HULL. 
O,vner _____ . ________ . ___________ . ___ ________ . _ To,vn of Hull. 

Depth . __________ .. __ --- --- ____ ---------- __ _,. _______ l ,263 feet. 
Diameter . ______ .. __________ ._ - _____ ________ . 10 and 6 inches. 
Elevation of eurb ____ ___________ _______ ____ _ l ,433 feet i A. T. 
Head of water ____ ________ __ ___ ____________ _ l,203 feet i A. T. 

This well was beg·un December 10, 1889, and was completed 
by Rodgers & Ordway, Aug·ust 17, 1892. Casing reaches the 
depth of about 800 feet. Water was found between 700 and 
800 feet. No anal;ysis has been made. It is described by cor
respondents as very hard and heavily loaded with sulphate of 
lime. The supply is stated to be unlimited. 

Nothing is known of the strata of the first 755 feet of the 
boring. Below that depth the drill passed through at least 
six beds of ancient lava intercalated between saccbaroidal 
sandstones. t This assemblag·e of strata, unique in the 

*Reported by Dr. N. G. 0. Coad and Mr. W. M. Boomer. 
t Beyer: Iowa Geol. Surv, vol. I, pp. 165-J6g. 
; Approximately. 
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records of the geological histor:y of Iowa, probably belongs to 

the .,:_\lgonkian. 
The description is insertecl here of the wells situatecl north 

of the McGregor-Fairview section. 

:XII. LANSING. ,❖ 

O,vn er ___ _ • _________________ ___ .Lao sing .1\rtesian ,, ... ell C'o. 
N umber of wells _____ ____________ :2. 
Dep th _________________ __________ 676 feet and 7-!8 feet. 
Diameter ____ _________ . __________ 6 inches. 

E leYation of cu1·b .A. T ___ ________ 677 feet. 
H ead of ·water "'\ . 'r _ ... ________ . i lH _feet and ,09 feet. 

Discharge in gallons per minute. _ ,00. 
Tempera ture ____________________ 50° . 

This well ,vas borecl in 1877 b:r Swan Brothers. Casing· is 
sunk to a c1e1)th of about 165 feet. Unfortunately, no anal~y
sis of tl1e water has been made, ancl we know nothing· of its 
qualities except that, though an excellent drinking· water, it 
is hard and corrodes iron. It is a g·ratifying fact that, in con
trast with man, ... artesians, the flow of these wells is said to 

' 
l1a,.7e increased. Lansing· offers a pleasing instance of a town 
eql1ipped with a water service at a ·very moderate cost. The 
sur)pl).,. of pure water is far in excess of the demand. The 
pressure at the wells is such that neither engines anc1 pumps, 
nor standpi1)e or reservoir, have been consic1ered necessar~r• 
The company report a comfortable revenue, and tl1at their 
annual operating· expenses are 8165. 35. The ,vater rate to 
dwellings is Sl0 1)er annum. The city· pa) ... S $310 per anntim 
for ten hydrants. It need not be said that no meters are 

l1sed. 
RECORD OF STRATA. 

The follo,ving· descri1)tio11 is of drilling·s taken from a tt1be. t 
As tl1e record hacl been lost, notl1ing· remained bt1t to 

asst1me that tl1e leng·th of the tube and the thickness of the 
respective drilling·s were 1)roportioned to tl1e <.le1Jth of the 
vvell ancl the thickness of the several strata. 

•Reported by :Messrs. B. F. Thomas nud E. Boeckb. 
1·Donatecl by Hon. Horace Beacbe, Ex-U . S. Commissioner of Artesian Wells, Prairie du 

Ohlen , Wis. 



STRATIGRAPHICAL RECORD . 

.. 
ESTIMATKD 

THICKNESS. 

10. ('lay, yello~". no sample________ ____ _______ 37'? 

9. Shale, chocolate colored. slightly calcar
eous, with some coarse Pleistocene sand 
. t . d 3~ 
1n ermixe --- ---- ---------------·------ v 

8. Shale, greenish-yello,v, calca1·eous, aren· 
aceous, ,vith minute angular grains of 
limpid quartz. ____ • ___ .. __ ____ . _ _ _ _ _ _ _ _ _ :t5 

7. Sandstone, w·hite, yellow and buff, grains 
· . d 1 . . 1•)5 varying ,v1 e y 1n size .. _____ . _ .... ____ . ... 

6. Shale, light purplish and drab. arenaceous 15 
5. Sandstone, fine yellow___ ________ ______ ___ 5 
-l. Sha.le, arenaceous; or sandstone, argilla-

ceous, blue-drab, slightly calcareous____ iO 
3. Shale, red, arenaceous, ,vith a thin stratum 

of intercalated drab shale a::; No. 3. _ _ _ _ _ -1.5 
2. Sandstone, light yellow, moderately fine 

grains and sub-angular and rounded. __ . 381 
*1. "Hard crystalline rock " at . ___ . ________ _ 

• 

l!lSTill.lA '!'ED 

DlllPrH. 

107 

282 
247 
252 

36i 

7-18 
i'-18 

201 

• 

This entire section above No. 1, and exce1)ting·, of course, 
No. 10, consists of the basal sandstone of the Saint Croix. 
The same formation as measured by Calvin reaches in the 
adjacent bluffs to a height of ninety-six feet above the river. 
Thus compassed, the entire thickness of the formation at this 
place is seen to be 796 feet. The conjoined geological sec
tions of river gorg·e and well are as follows: 

Oneota limestone __ ___________ . ____ . ________ . _____ ... _. _ 120 

Saint Croix. Jordan sandstone. ____________ .. __ ._______ 160 

St. Lawrence dolomite and shales________ 44 
Basal sandstone ______ . _____ ._________ ____ 796 

Algonkian at __________ _______ _____ ___ _________________ 1,120 

XIII. CRESCO. 

The well at this place, owned by the Chicago, Milwaukee 
& St. Paul Railroad Co., is 1,158 feet deep. It was drilled 
about the year 1875, and has not been used for an unknown 
length of time. 

XIV. HARPERS FERRY. 

Nothing is known of this well beyond the few facts 
recorded by White. t 

*Calvin: Iowa Geol. Surv., vol. IV, p. 56. 
tGeology of Iowa. vol. II. p. 832-356. 
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XV. WAUl{ON. 

O"'ner ___ _ . ______ .. ____ ...... Incorporttted town of \Vaukon. 

Depth--------------------·-- 5ii½ feet. 
Bore __ _____________ _________ 8 inches. 

Hettd (depth fro1n curb) ....... 280 feet . 
Capacity in ga.llono por minute .120. 
Drillers- -------------- · ______ Pal1ncr & Sandbo. 

The Sa,int Peter sandstone was struck at a depth of 195 feet, 
or 132 feet below tl1e g·rade of the railwa:r at station. .-\t 29."5 
feet the drill is said to have entered the Oneota. 

ll. DUBUQUE-SIOUX ('l'l'Y SECTION. 

The stratig·ra1,hy of this section st1·ongl3· resembles that of 
the section from McGregor to Fairvie,v (plate IX), which lies 
from thirt3•-five to fifty miles to the north. The s:ynclinal 
strttcture persists and the axis of the trough seems still to lie 
a little east of the Des Moines river. On the eastern side of 
the sy11cline. the " 'est,vard component of the dip amounts to 
bet,veen 5 and 6 feet to the mile, as measttred along· tl1e st1m
mit of the Maquoketa shale from Manchester to Webster City, 
and alo11g the sum1nit of the Saint Peter from Dubuque to 
.1\cl,ley. The clip on the western side of the trough is not 
l<nown ,vith any cleg·ree of accuracy. The southward com
ponent of tl1e dip of the Paleozoic series much exceeds the 
westwarcl and probably also the eastward. The axis of the 
trougl1 dips more rapiclly than the sicles. From Calmar 
to Mancl1ester, fort3•-eight miles south and t,venty 1niles east, 
the Saint Peter declines 500 feet, a southward dip of about 
12½ feet to the mile. From Mason City to Ackle3• tl1e Maquo
keta cleclines 560 feet, at the rate of 14 feet to the mile. ,\t 
Emmetsburg· the Saint Peter lies -!60 feet higher than at Hol
stein, sixty-one miles to the south,vest. r\ di]J of 5 feet to the 
mile from Holstein east,vard bring·s the Saint Peter, at a 
point directl}' south of Emmetsburg·, 680 feet lower than at 
that town, a clip of 16 1-5 feet to the mile. The east,varcl cliJJ 
from Holstein is probably considerabl3• more than 5 feet to 

*lntormatlon supplied by Messrs 0. L. Bearce and J. G. Ratcliffe . 
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the mile, and the southward dip from Emmetsburg· is assumed 
to be more nearl:r 20 feet to the mile. 

The southward slope of the Algonkian floor is still more 
steep. The quartzite at Rock Rapids rises as a mountain 
1,300 feet in heig·ht abo·ve the Algonkian at Le Mars, forty
four miles south. The following diag·ram fig·11res the Algon
kian floor on this section. 

L:ying· several hundred feet lower than on the McGregor
Fairy·iewsection, the formations below the Niag·ara fail of out
crop except in the immediate valley of the Mississippi, and 
the superficial area of the Niagara and the higher t erranes is 
greatl)T widened. The Coal 11easures now appear at Ackle}', 

R.ock ,Rap,dt Hull 

fH OO 

el JOO '-
v-,-11111 ........ , 1200 I 

......... ,-1100 

I t-- 100" '-. 

......... 100 

t-- 1 10 "- I ...__ 

' ,,. 700 
QHrlt J't'r_,,,.,r,"' 

600 - "-, 600 ...__ 
400 "-

,aoo ' , 100 
.......... 

HOO 
...... 

(: A .._t. ,,C&. ,..,-;:-;-. --
too - - - ----- _J ,oo ,., .. ,.,, - I 

Fro. 39. Profile of the Algonkia.n fioor from Rock Rapids to Sioux Oity. 
Scale- Smiles t :> 1ib e inch. 

Webster City, and Fort Dodge. Their westward extension 
beneath the Cretaceous in Woodbury county is hypothetical. 
The heavy shales at Holstein whose base is at 7.57 A. T., are 
best referred to this terrane. The assumption involved that 
the base of the Coal Measures has thus declined 200 feet west
ward from Fort Dodge is not unreasonable, since it corre
sponds in direction, if not in degree, with the dip of the strata 
in the sections farther to the south. 

These shales do not appear at Cherokee, eighteen miles due 
north of Holstein. At 915 A. T. the drift there gives place 
to heavy limestones, which seem to correspond to the lime
stone which immediately underlies the shale at Holstein 

• 
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With a southward dip of about nine deg·rees these shales would 
therefore pass out before reaching Cherokee. At Dunlap, 
forty-four miles southwest of Holstein, the base of the Coal 
Measures is placed at 569 A. T., showing a dip in this direc
tion of a little over 4 feet to the mile. It is not impossible 
that some portion, at least, of these shales at Holstein may 
be Cretaceous, since their base occttpies about the same le,,el 
assigned to the base of the Cretaceous at Sioux Cit}' · This 
arrang·ement, however, would give a bulk to the eastward 
extension of the Cretaceous that is unsup1,orted by evidence, 
and would destroy the parallel of the first sandstone at Hol
stein with the Dakota at Emmetsburg and Sioux Cit}·· 

It ca11not be considered certain that the tipper shales at 
Ackle3,, with their interbedded limestones ancl sandstones, 
are not in part, at least, Kinderhook; but the fact that no 
such body of shale appears at Webster City at the depth at 
which the Ackley shale, if Kinderhook, would be carried by 
the western dip, tog·ether with the character of the shales, 
makes it hig·hly probable that they belong to a northern 
extension of the Carboniferous outlier at Eldora. The mag
nesian limestone at 803 A. T. is underlain bj' a thin, hig·hly 
calcareous and fossiliferous blt1e shale which occupies the 
place of the Lirrie Creek, or the Kinderkook. This is correl
ated with the shale at 678 A. T. at Webster City, an<l with 
much g·reater possibilit}' of error with that at 707 A. T. at 
Holstein. The arrang·ement involves a thickness of between 
300 and 400 feet for the Mississippian in the region of the Des 
Moines river ancl an u11conformity of that g·roup with the 
underlying· Paleozoics of much greater extent in northwestern 
Iowa than obtains in other parts of the state. 

The eastern frontier of the Devonian is crossed by tl1e sec- · 
tion a little to the east of Independence, where the basal 
shale of the De,,onian was discovered by Calvin. The Inde
pendence shale is now known to extend at least forty miles to 
the southeast of the place that gave it name. Recent unpub
lished discoveries of the Independence fauna in the Kenwood 

• 
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shale of Linn count3r prove the previously assumed identity 
of the two shales. It pro-bably extends to no g·reat distance 
to the west, as at Ackley it was not recognized. Be3rond 
Ackley it is impossible to draw, with a st1re hand, either the 
u1)per or the lower limits of the Devonian. 

The Silurian thins gradually from its outcrop westward, and, 
losing its dolomitic nature, fails of discrimination west of 
Ackley by any evidence supplied by the powdered rock of the 
drilling·s. Where it passes beneath the Devonian, its thick
ness can fall but little short of 300 feet . 

The Maquoketa thickens rapidly from its outcrop at 
Dubuque. At Manchester it is 205 feet thick, eighty-five feet 
in excess of any estimated thickness of outcrop in the state. 
The formation is divided by a thin bed of dolomitic limestone 
at Manchester, Ackley, Anamosa and Vinton into two divis
ions, of which the upper is the heavier. 

The shale in the Webster City section at 930 A. T . may 
safely by taken as the Maquoketa. One sample of argillaceous 
limestone is said to represent 120 feet of rock above it. Apart 
from the uncertainty attaching to sections constructed out of 
samples over 100 feet apart, it is possible that the Silurian is 
here becoming argillaceous. At Webster City is the last 
recognized appearance of the Maquoketa. 

No district is known to the writer where the litholog·ical 
change in the Galena-Trenton is so rapid and complete as 
occurs in the forty miles from Dubuque to Manchester. In 
this distance the whole Galena dolomite, buff, heavily bedded 
and crystalline, as it fronts the Mississippi river in a wall 250 
feet high, has passed into thinly bedded and earthy blue and 
gray limestones of the ordinary Trenton type. At Ackley the 
samples of the Galena-Trenton show no dolomite; but the 
Galena reappears at Vinton and Anamosa. 

At Holstein and Sioux City the strata referred to this per
sistent terrane are exclusively dolomites so far as the samples 
indicate. The basal shale of the Trenton is thin at Man
chester; at Ackley, it is hard, bright g·reen, and slaty, and 
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about thirty-five feet thick; it reappears in thin stratum above 
the Saint Peter at I-Iolstein. 

The Saint 'Peter is recognized in all the deep borings of the 
section which reach to its assumed depth, except in the well 
at Sioux City. Its g·reatest depth is probably about 400 feet 
below sea level in Hamilton and Webster counties. 

The division of the Oneota is not clearly made out at 
Dubuque. At Manchester two arenaceous beds occupy the 
horizon of the New Richmond. At Ackley this sandstone is 
seventy feet thick, white, saccharoidal and closel3• resemb
ling the Saint Peter. 

The Jordan sandstone thickens at Ackley, nearly to its 
extreme for the state. The upper portion is calciferous, but 
toward the base it becomes a soft sandstone of rolled grains. 

The Saint Lawrence lies below the bottom of all the wells 
between Manchester and Sioux City. At the latter extreme 
it is probably represented, but its exact limits can not be 
fixed. 

The basal sandstone at Dubuque descends below the limits 
of the section. At the profound depth of 1,248 feet below sea 
level the drill h.as not reached the crystalline rocks. Where 
maximum depth of this sandstone would be found is scarcely 
even to be conjectured, so great are the irregularities of the 
Alg·onkian floor on which it rests. On the western extreme 
of the syncline it rises on the slope of the g·neissoid rocks, 
and at the Missouri river this sandstone and the terranes 
above it as hig·h as the Saint Peter are probably all comprised 
within less than 500 feet. 

LI,·tesia,i s,,pply. 

In only one well from Dubuque to Sioux City have we any 
definite information as to the water horizons of the section. 
Nevertheless the experience of drillers in other parts of the 
state may be utilized here, and borings for artesian water 
confidently recommended in the two tiers of counties from 
Clayton and Dubuque on the east to Wrig·ht and Hamilton on 
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the west. I11 tl1e two latter counties and i11 Fra11klin and 
Hardin, g·reat care must be taken to shtlt out t11)per sulphur
ous ancl ferrug·i11ot1s waters from the Carboniferot1s. Beyond 
the Des nioines river no evidence at hand war1·ants the 
expectation tl1at a g·enerot1s :rielcl will be found at a,Il}T <.le1)th. 
The I-Iolstein well will serve as an exam1)le of wl1at may· be 
expected i11 the western I)art of this reg·ion. Yet town::; for 
which .'50 to 100 g·allons per minute is aclec1uate may find 
artesian water, heacling even at 200 or 37.'5 feet below the sur
face, the best available sup1)ly·. The indications are adverse 
in Pl:ymouth and W oodbtlry cot1nties, and dotlbtful in 
Cherokee. 

The caution mt1st be repeated that es1)ecially east of the 
Des ~Ioines river, the su1)ply must be lookecl for below the 
Saint Peter. The synclinal structure, and es1)eciall)T the 
heav_y sot1thward dip of the strata, l)ermit artesian water in 
the limestones aboy·e that sandstone o,Ter a larg·e part of the 
area crossed l))r this section. At Webster City· two such \reins 
were found, one in the Trenton, and one :12:"5 feet above the 
11aquoketa. Such supplies should alwa}TS be utilized, if 
sufficient and acceptable; but as the:y are at best uncertain 
no well should be beg·un unless with the expectation of g·oing· 
as deep as the Jordan sandstone. It may be advisable to go 
still deeper and tap the stores of the Basal sandstone, but before 
the drill enters the Saint Lawrence the adequacy of the upper 
veins should be tested. 

On the western side of the trough, a moderate yield may 
sometimes be found in the Saint Peter. In no case should 
mone:y be wasted by continuing the search whenever c1t1art
zitic or gneissoid rocks are reached. Yet ex1)erience shows 
that samples of the drilling·s should always be submitted to a 
geolog·ist, in order to make certain that the drill is really 
working in crystalline rocks . 

I 
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1. Linwood cemetery. 
2. Linwood cemetery . 
3. Watflr Works Oo . .. 
4. Butchers' Assocla'n 
5, Mal ting Oo ... ....... 
6. E. Hemm!, dairy ... 
7. Bank& l ns.BldgCo 
8. J. Ousblnf, factory 
9. Packing~ Prov. Oo 

10. Lorime r house ... . . 
11. Schmidt brewerc . . . 
12. Steam Heating o .. 
18. ,Julie n house.. . 

1 . .T. P . Miller & Oo. 
2. J. Bick sler. 

' 

ARTESIAN WELLS OF row A. 

XVI. DUBUQUE.-::-

• Q 0 

" " -• ~ " • .t -• 08 a a -" .~ -" • • 0"' -" • 0"' " Q• -" - <.::; "' '3) ,;:::: "' a) Q o-< - Q 

T - • p = d i:; ,p POP p • 
Q 

Q • ,oo 000 -" ~~ ·'"' p • - Q -=o a,,;::: A 

"' ."! • • "'·- . ·-" ~" e-< -" .: bDS f toEl • 0 -" "' " 0 " " 0 O< - -
1,1154 a 706 , ,2 707? 1891 ,o iO 
1,765 . . . . . . 7'16+ 75il> .. .... . . ' .. . . . . . . 
1,310 10 607 653 ...... 1888 2,500/ ...... 
1,000 ' 607 740 648 188 7 580 . . .. . 

999 ' 6U . . . . . ..... . 1895 . ..... . ..... 
973 . . . . . . 627 . ..... ...... 180.S? . . ... .. 
973 4½ "' 648 648 1894 120 120 ,,, 

' 612 673 64 l 1888 ..... . 
8,5 6 607 662 688 18~9 3<6 . . . . . . 

l,O:'i7 5 652 7011 652' ,oo 0 
886 6 636 ...... 645 1891 . ..... .. .... 
802 • 617 71)! 617:t: 1894 260 0 
896 • 615 724 712 480 .. ., 

.;; 
Q 
0 
N 

" 0 
-" 

" " ~E-< • 0 -- p . -• •-< -• -0 ~ " - -
1,026 -297 to-0!3 1 
. .. . . . ..... . ..... . .. . . ,oo 107 to-703 1 .... . ................. 1 . .. .. . ................. 2 . ..... . . . . . . . . . . . . . ... . . l 
150 73 and below. 1 . . .... 42 and below. 1 
200 . ................ . 1 

. . . . . . .... . ........ . . 
80 130 and below. 2 

...... 2d4, 1,378--168 1 
222 ...... .......... ·- 1 

Dubuque probably ranks first amoug· the towns of the state 
in the output of artesian ,vaters, and is outclassed only by 
Davenport in the number of its flowing- wells. 

The first artesian water, so far as reported, springs from 
the New Richmond horizon of the Oneota at 264 A. T. The 
second supply mentioned is in the Jordan sandstone from 137 
to 107 A. T. Water is reported also from the upper part of 
the Basal sandstone from 262 to 3~6 feet below tide, and from 
544 to 944 feet below tide. Below the latter depth the Basal 
sandstone was found to be dr)' -

The orig·inal head of the wells 1,000 feet deep or less seems 
to have reached _from 700 to 740 A. T . In the deeper wells in 
Linwood cemetery the water rose a few feet higher, perhaps 
to 753 A. T. In several wells there has been a notable loss 
of pressure. How far this is due to exhaustion of the local 
basin is hard to sa3,. In several instances the loss is largely 
attributable to other causes. After 1887 no well less than 
1,000 feet deep headed higher, so far as we know, than 673 
feet A. T. The head of the well drilled in 1894 at the Bank 
and Insurance building· was on ly at 648 A. T ., about the height 

•For tbe tac ts relating to t he wells at Dubuqu e, we are under obllgl\.tlonsto Mr. H. S. Heth
erington, who donated a tube of s am ple& from the Steam Bea.ting comp any 's well; to Dr. W. 
Watson, Mr. Jas. Bee. ch, and to several owners ot tbe wells. Jnr. \V. TI Knowl ton , cl Ly engi
neer, kindly supplies the elevations ot the curbs, except that o! No. 2, Linwood cemetery, 
which Is estimated by one ot our correspondents. 

; Approximately. 

I 

• 

• 

• 



of tl1e l)resent l1eads of tbe other ,vells of tl1e ela,ss excer)t 
that of the J t1lie11 ho11se. If the ,vater of the latter \Ye 11 still 
rises to the re1)orted l1eig·l1t, 712 .t\. T., it woulcl sbo\v that no 
serious O\~erclraft 011 tl1e basin has ,?et bee11 felt. lT11fort11-

~ 

natel:r no re1)ort of 1)resst1res 011 tl1e 11ew ,vells of tl1e 1''1,tlting· 
Co. a11ll 1Ir. Ilemmi •s ca11 be ol)tai11ed fron1 tl1eir owners. 
,\Tl1ile it is ·ver)? l)robable tl1at the less clee1) wells l1ay·e bee11 
m11lti1>lie<l be.\·011d tl1e c:a1)acit:r of the lol'al s111)pl~\ \Ye £11<.l 
little reason to belie·ve that tl1e lower reser,roirs fro111 31-1 to 
H-14 feet belo\\' ticle have bee11 oyerdrawn. 

The follo,ving· anal)·ses sl1ow the exee1)tio11all)- hig·l1 (1t1alit:y 
of tl1e artesia11 waters of Dul)t1<.1ue. 

ORAI NS PER U. S. OALI,ON. 

No. 1. No. 2. No. 4. I No. 5. 

('nlciu1u c•a1·honat<> - -----------· - 7.Jn l i.2Wi9 9.40,,9 7.5881 --8.0Ho 
:\lagnesium carbonate_ .... ·--- -· 3.i94 4.4186 4.:3,75 6. :3o2:3 7.179 
Caleiun1 ~ulphatc ___ __ ·- - ---- --- ________ 2. 1830 1.2841 ________________ . 
..\lagnesium sulphate --------- -· ·-- -- --· ·----·---- ---------· 0.2918 __ _____ _ 
Soc1iun1 sulphate ______ _____ _____ ____ ..• __ ____ ____ ·----· ____ 1 0.9607 ··--·---
Potassium sulphate ______________________________ -----·---· ---------- l.582 
Soc1iu1n chloride ___ __ ______ ____ 2.568 2.0488 l. 6U27 0.3.}02 0.20-! 
~lagnesiumchloridc __________ _ , 1.926 ---------- ----··--- · --·------ .. ----
.. \lumina and Itcrric oxide.·- ---- __________________ ·----· ·--· ... ----- 0.035 
· ·r s 2 :::,11ca __________ ·- -------------· ·------- ·--------· _________ _ _____ ___ _ O. 1· 

'fotal . _ _____ _ ___ 20.-129 I 19."621 20.-12!'.l,3 ,- 15M2 17~68 
Xo. 1. 11a1ting ('o.'s well, fro1n 200 to :300 feet. Analysti:;, \\Tahl and Henius . 

.l\nthority, Schmidt Brothers. 
'No. 2. ~lalting Co. , at POO feet. .A.nalvsts, \\rahl antl [-Icnius. . . 

,\uthority, 

Schmidt Brothers. 
No.:~. ::\lalting Co .. a,t 990 feet. .1\nalysts, \\""ahl and lienius. ..\uthority, 

Schmidt Brothers. 
No. -!. < 'usbing-'s well. .1\nalysts, , ·Yahl and Heniu:-:. Authority, .T a,1nes Cush-

ing and Son. · 
X J. :, . Steam Heating<. 'o. _\nalyst and authority. C. Jt . < 'handler. 

• Dt:BL'QCE B:\.~K AND INSL'RA~CE IfGILDIN<~ C'O. 

ORA INS PER 
U . S GALLON 

Alu1nina ( ,:\.12 0 3 ) and Ferric ()xitlc ll!'c2 <) ,1) 

l,iine (t 'a O) ______ _____ ______________ --· 

,\Iagne:-;ia (~1g ()) . __ .. _ . _ _ _ .... _. __ .. __ . 

. Z98 
• (j,1 (i 

4.1 1 ~ 
2. '3 id 

PARTS PER 
MH,LlllN . 

5.113 
l I. 14:l 

71.000 

41.000 

• 

I 

I 
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ARTESIAN WELLS OF !OW A . 

GRAI NS PER 
U. s. o.-,,LLON. 

Potash (1{ 2 0) ----------------- ---- --- --- -----
Soda (Na 2 0) ---- - - - - - ----- -- ---- -------- 1.665 
Chlorine (Cl)_ . ___ ____ __ _________ _______ __ Trace 

Sulphur trioxide {S 0 3 ) __ ·----- ---- ------ .996 
Carbon dioxide (C 0

2
) _ ____________ ______ 11.658 

Water in co1nbination (H
2 

0) ____ ________ 2. 129 

UNITED AS FOLLO\VS. 

Calciu1n bicarbonate (Ca H 2 ) (C03 ) 2 ) · - -- 9.587 
C'alcium carbonate (C'a ()0

3
) __________ - - __ l .134-

~Iagnesium bicarbonate (1'.Ig E 1 (C0 3 ) 
2
)__ 8.625 

Sodiu1n carbonate (Na
2 

CQ
3

) ___ _____ _ ____ 1.533 

Sodium sulphate (Na2 SO .. ) -- - -- - - - ----- 1.765 
Alumin,1 (Al 2 0 3 ) and Oxide of iron _____ .646 

Silica (Si 0 2 ) · ------------- - ------------- .293 
Solids------- --- -- - ------- - - -- ----------- 23.888 

Analyst. Dr. J. B. Weems. Date, r.Iay 30, 1896. 

PARTS PER 
MTLLlON. 

21.7 14 
l'race 
17. 143 

201.000 
36.7 14 

165.287 
t4.7l t 

1-18.714 
,6.428 

30.128 
I I. 143 
f .141 

41 J.8,)7 

Several eng·ineers report t hat the water corrodes iron pipes 
a nd makes some scale. The dee1>er waters of the Linwood 
cemetery wells ar e said to be poor as drinking· water . Sani
tary analyses of a r tesian waters have seldom been asked for, 
and t he following of t he well of t he Bank & I nsurance B uild
ing Co. , by E . W. Rockwood, is of interest as showing the 
hig·h organic purity of water s of t his class. 

. 
P ARTS PER 

MIL LION . 

•rotal sol ids 
Loss on ignition (no charring or odor) ___________ ___ _ 
Free ammonia ____ ____ ________ __________ . ___ ___ __ ___ _ 
Albu1ninoid ammonia __ . __ -- -- __ __ ____ -- _. ____ ______ . 
Chlorine ______ __ .. __ _____ . _ . . _ .. _. _______ _ .. ____ - -- -

Nitrates ___ . ________ _____ --- . ____ -- - . - -- - - - -- - - _. - - -
~"t . 
J.•l rites- --- -------- - - ---- ------ - - --- - ---- ----- ---- - -
Sediment ____ .. _____ ________ _______ __ ___ ___ _____ ___ _ _ 

Color none, odor none, taste good. 

277.000 
62.000 

.016 

.006 

Equally significant is a bacterial analysis made by Dr. G. 
Minges, of Dub uque, of t he water of t he artesia n well of the 
water company, in which he found but twenty bacteria to the 
c ubic cent imeter . 

The ar tesia n wells contribute but a portion of t he water fur
nished by the water company. A large a mount of excellent 

• 

• 

• • 
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water is furnished by an abandoned tunnel in the bluff, two and 
one-half miles from the city, one mile in leng·th and about 100 
feet below the surface, which was once used to drain mines. 
A third supply is obtained at Eag·le Point, 500 feet from the 
bank of the Mississippi, from 300 drive wells from thirty to 
sixty feet deep. The impression prevails that this supply is 
derived from the river by filtration throug·h its banks of 
sand. This is not the case. The water is common surface or 
ground water, and its contamination is shown by a bacterial 
analysis by Dr. Minges, who found as hig·h as 5,290 bacteria 
to the centimeter in water taken directly from this pumping· 
station. Under these conditions the advice g·iven of late 
years by some physicians of the town to consumers to boil all 
drinking water has not been untimely. 

Belonging· to the same local basin is the town well at East 
Dubuque, from which 750,000 gallons are pumped daily. The 
well is 983 feet deep, bore six inches, and registers a pressure 
of thirteen pounds. One hundred feet of red shale, the Saint 
Lawrence, were reported as lying near the bottom of the 
boring. 

A curious fluctuation has been noticed in the well of James 
Cushing & Son, the discharge sometimes being much more 
than at others. In the deeper well at Linwood cemetery the 
tubing is sometimes obstructed by a '' fibrous sediment," 
probably crenothrix. The removal of this by churning an 
iron rod in the tube has doubled the diminished flow. 

RECORD OF STRATA. 

Driller's log of Steam Heating· Co. 'swell: 
~ HICKNESS. 

15. (Alluvium) "depth to rock '' ___________ __ 165 

14. "Sandstone''-------- ----------- - -------- 6 
J 3. " Sand and shale "_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 5 

12. '' Lim t h't '' 128 es one, w 1 e ___________________ _ 

11. "Limestone, gray"___ _______ ___________ 42 
10. "Sand and lime'' (inspection of the tube 

• 
shows that this includes a cherty lime-
stone, perhaps arenaceous, a gray lime
stone and low·est a brown cherty, arena-

DEPTH. 

165 
17 l 
176 
30-! 
346 
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'.I DICK~ll:SS. DB:PTll. 
ceous limestone ____ ______ ______ ________ 135 48l 

9. .. Sandstone,·· brow·n___________ __ ______ __ 20 001 

8. "1iarl." yellow________ _______ __ ______ __ 3 ;;04 .. 
I • 

6. 
,), 

4. 

3. 

J. 

'· Sand and lime '' __ ____ ___ ___ __________ _ 

"Sandstone·,------------------- ------ - -
L

. ., 
.. 1me .... ---------- ---- ---- ---- ------
.. :\Iar 1. red ·' ________ . ________ .. ___ . ____ _ 

10 

62 

18 
87 

· · Shale, sandy,·· green_. __ . ______ . _. _ .. _ 64 
" ::\Iar 1. red .. ________ . ___ . __ _________ . . . 10 

· · Sandstone,·· cream yello"· ____________ . 48 

314 
,j"j6 

;,fJ.-! 

u8 l 
"j .tj 

DESCRIPTION OF DRJLLINGS OF SCHl'vIID'l''S BRE\YERY \YELL. 

DEPTB OI 
$AMP.LIil, 

Sand and gravel _________ _____ ___ __ __ ______ ______ ___ ~J 

Sand, yello,v __ __ __ ______ __ ____ _ _ _ _ __ __ __ __ __ __ __ _ _ :30 

::,a,nd, reddish---- - - -- ---- ----- - -- - - - -- ----- - ---- -· ,jli 

Dolomite, buff. aspc0t of Galena. samples at 60 and 
65 feet • ___ .. ____ __ __ . __ _____ . ____ ___ . _____ . 60 ancl G,, 

ZI. Limestone. dark bluish gray and buff ------ --------- tlO 
20. Limestone, 1nagnesia11, or dolomite, dark drab, mot

tled ,vith lighter color, in small angular fragmentH. 
residue after solution large, argillaceous. siliceous 
and pyritiferous. three samples __ ____________ 100 to 114: 

19. ::,andstone. white. 1noderately coarse, grains rounded 
smooth, and comparati,·cly uniform in size _____ ___ 126 

18. Dolomite. light yello,~ gray, nearly ,vhite. "' ith 1nuch 
sand in drilling::; ______ ______ _____ __ __ ______ ______ 140 

17. Sandstone, as ,No. 19 ___ ________________ __ ___ ___ _____ 156 

16. Dolomite, drillings :chiefly chert .. _. _________ . ___ .__ 18D 

1;3. Dolomite, gray. highly cherty at 2.30 from. ___ .210 to ~50 
14. ::,andstone. ,vhite, 1nany grains faceted, some dolon1ite 

h . . d ·11· ')~I c 1 ps 1n r1 1ngi:; ___ ______ ____ _______ . _ . _ _ _ _ _ _ _ _ _ _ -·>~ 

13. Dolomite, light lbufl'1 in fine sand, ,,..ith chert and 
quartz sand. _________________________ ____ ____ _____ 2.j8 

lZ. Sandstone, "'hitc. "·itb calcareous cement __ ____ __ ___ 26'i 
11. Unknow·n, no samples or record __________ _____ ____ _ _ 

10. Dolomite. huff. t'herty .. ·----------------------- ---- 426 
9. Dolomite, brown. c-hippings splintery, mostly of tlint 

with some of clrusy quartz ____________ _____ _____ __ 430 

8. Sandstone. rream yellO\\' , moderately fine, calcifc1-
ou.s a~ shov,n b.v dolomitic and chertv material in 

' ' 
drillings: three samples _____ ____ ____ ____ ____ 465to 474 

7. Dolo:nite . huff in fine san<l. ,,·ith some quartz sand .. 4'i8 
6. Sandstone. light reddish yello,,.., fine. calciferous . • - - ,j:3.j 

.:.>. Dolomite . in fine huff ::;and nncl gray chips .. __ .. j~l to ,,8-:l-t 



FLUVI.A.L FLOO!{. 

DEPTH OJ,' 
SAMPLE. 

4. Shale, highly arenaceous, glauconiferous, in chips 
,vhich pulYerize into reddish yello,v po,vder (at 632 
feet ) and r eddish bro,vn (at 636 feet), quartzose 
matter microscopic and angular ____ - - _____ • _____ 632- 636 

3. Dolomite, highly arenaceous, glauconifcrous, in fine 
bro,vn angular sand at 724 and in coarser sancl at 

7~6- ---·-··· ··--··-··-·-·-·· · ·· ···- --····-----·7t-l-726 
2. Sandstone, yellow, grains moderately tine, the larger 

rounded and s1noothed __ ... -·-· ····-------------·- 730 
l. :::,andstone1 pure, "'bite, grains rounded, moderately 

fine · ···--·-·---·-·· ------·-- --· -·--- -· -·· ··--- --· 841 

DRILL ER. S LOG OF .JULIEN HOUSE WELL. 

TRlOKNESS. 

10. Depth to rock_ ··---··· ------·--· • · ---- 210 
~- ~andstone-- ··---··--···-·-·-·······. · - 160 

8. nlarl •.••. . . ---·---·-·· --·-·· -····-· ·- · 66 
7. ~and, marl and lime mixed_····-·-· ··· 50 
6. Sandstone . _ ...... _ . __ _ ..•.. _ •• __ •• __ • _ 60 

5. Limestone ___ ·-···-··· · · ···-·-······ --- 105 
4. ~larl, red-···----·····-- ··· ------ ····- · 40 

3. Shale, sandY-·· ·---··-·······-····· ··-- 46 

DEPTH. 

2l0 
370 
436 
846 
546 
651 
691 
737 

2. 1Iarl, red . .• ·-- · · -·· ··-··-·-·---------- 7 744 
l. Sandstone --··- --- ·····• ---- ·····----·- 141 885 

SUMMARY. 

213 

T he wells of the lower town pierce the alluvial de1)osits 
which fill a preg·lacial or interglacial channel of the Missis· 
sip1)i river. The elevation of the fluvial floor of rock at the 
Steam Heating· Co. 'swell is 452 feet A. T., and at the Julien 
l1ouse, 405 feet A. T. if the record can be trusted. Schmiclt's 
brewery stancls near the cliffs of the present g·orge and here 
rock lies at 570 feet A. T. 

'l'he record of the Julien house well falls in with the other 
records only in part, but the samples of the Schmidt well ar~ 
in elose ag·reement with the record of the Steam H eating· Co. 
Combining these data we have the following· section. 

TBIOKNESS. 

Galena _ . _ •.•• ____ •. _ ••• _________ .• _. - -- . -

Trenton __ -- ···-·-·--- ---- --·---·-· -·-- ·-- 46 
Saint Peter- --·-- -----------·· --·------- - - 58 

19 G. Rep. 

BASE A. T, 

550 
504 
446 

• 

• 
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' 

THl('K:-.EflS. 

Oneota _________ ---·_______________ ________ HlO 

.Jordan 
,,-
1.,) 

UAS"E A •r. 

lHti 
-11 

8aint Lawrence----------------------- -·- li!) -1:31'< 
Basal sitndstone_ ------------· ____________ 1.110 -1,:!48 

.X\TII. 11ANCHE8'I'ER. ·X· 

()\\"llt>r_ ·----------------- -----------· -----------· _____ 1'owu 
Depth __ . - - _ -- ... - · - . ___ - ________ ------ ________ l.8,o f1•t·t 
I~levation of \\'1..;•ll 1nouth. 1\. T. ____ _ ___ ______ _ !J:!l"i ft:ct 

.Ilcacl of ()rdoYiC'ian and t'an1hrian ,vaters, .. A .. T, ____ ,in f,!et 
Ileacl of Niagara water .. .\. ·r. ______________________ 912 feet 

('apac·ity in gallons per 1ninute ------ - -----------· ______ :!(IO 
Date of heginning- ____________________ __ _________ .June 1. l~B., 
J)atc of completion _____________ _____________ DPce111her. ]R!)fi 

Drilleri; _. ______ .. ___ . . . . __________ . _____ .. J. l?. )liller .,'-:, ( 'o. 

1)rev'ious to the completion of this artesian, the water SUl)l)ly 
of 11anchester had been an excellent spring·, sitttated near the 
l)usiness 1)ortio11 of the town on the banks of tl1e 1:Ia,qt1oketa 
ri,,.er. .L\ reser·voir exca,rated in solicl Niagara rock recei \"es 
tl1e water of the s1)ri11g·, and to develo1) the flow to tl1e utmost 
several ,vells of moderate cle1)th ha,·e been drilled ,vitbin it . 
.l\s the water ,vas ins1rfficient to su1)1)l}' the increasing· l)opula
tion of the town, it ,vas wisely· clecicled to s ink an artesian 
'.vell, and a site was selectecl adjoi11ing· the reser·voir a11c1 
some t went:y-four feet hig·11er t ha11 t he ,Yater i11 it. 

'\V'hile the clrilli11g· was i11 progress to at least a de1)tl1 of 
1,400 feet, ,v,1ter stoocl in tl1e shaft at about four teen feet from 
the surface, ancl there wer e i11clications that this heig·l1t was 
clue to the influx of water fr om the spring·. \Vhen \vater-bear
ing· str at,1 were reac11ecl at l,200 feet an <.l below, a11d the well 
"'Tas casecl to 2HO feet, the water <lro1)1)e<l to J 50 feet from the 
s11r face. On remoYing· the 11pper casi11g· to a cle1)tl1 of 2(50 feet, 
tl1e water ag·ain rose to within fou1·teen feet of the c-11rb, a11d 
011 the :fi11al l)t1ro1)i11g· test of the well , tl1e spring· a<.1jaeent 
nearly ceased flo,ving·. The well, therefore. recei,·es a, stll)Pl:r 
of ,vater from tl1e Nia'(H,ra limesto11e fron1 tl1e same sot1r <:e 
as that of the s11ri11g·. Tl1e 8ai11t T>eter is cased out, if we are 

•\Ye arfl under spC'C'la.1 obll11:at\ons 10 the painstaking c-n.rl\ ot J\Ir. 111. J. Yoran, who securlld 
1he unusua.llv cun.1plcte flflt of s1.mol<"'i clt'~cTlbed, 11nd to Judge A S Blair. and Mr.() U. 
'l'vrrey tor tnformut,ion w\t,h rep;11 rd to l he wel I. 

• 
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IOWA GEOLOGICAL SURVEY. 

STAGE 

NIAGARA
CLINTON 

HUDSON 

RIVER 

TRENTON 

St PETE..K 

ONEOTA 

SAINT 

CROIX 

SUB-STAGE A.T 

I • I 926 ... ..----,- 1--'-

Delaware 

Maquoketa 

Galena
Trenton 

I ' 
I I 

'I ,-L 
I - 7-

I I 

I I 

' ' 
I I 

I I 

I ' 

' ' ' ' 

' 

I I 

Upper Oneota , • 1 

I I 
~ ew . h d .... ·.:··· ; ... 

1{1c mon . • • .. , 
I I 

I I 
I I 

I I 

I I 

I ' 

Lower Oneota,' 1 •• 

Jordan 

Saint 

Lawrence 

Basal 
Sandstone 

' I 
I I 

' ' 
I I I 

I I 

I t 

I I I 

' ' 

701 

556 
542 
496 

142 
109 

5 

280 

870 

446 

PLATE XII, 

ROCIC 

DOLOMITE, BUFF. 

DOLOMITE:, GRAY, CHERTY. 

SHALE 

DOLOMITE 

SHALE 

LIMESTONE, GRAY 

LIMESTONE, MAGNESIAN 

LIMESTONE, GRAY 

SHALE. S FEET. FOSSILIFEROUS. 

LIMES TON£, GRAY 

SANDSTONE, WHIT£ 

DOLOMITE 

DOLOMITE, SANDY 

SEA LEVEL 

DOLOMJT£ 

SANDSTONE, WHITE 

DOLOMITtr, AND SANDSTONE 

SHALE, ARENACEOUS 

SANDSTONE 

MANCHESTER 'l'./ELL SECTION . 

• 
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rio·htl-r i11formecl, ancl it is not k11own whether or not it is 
C, • 

,vater-bearing. The main flovv seems to come from the Jordan 
sa11clstone, from 1,200 to 1,296 feet. Below 1,500 feet no water 
,Yas f 011nd. 

Tl1e lower flow alone ,vas tested v;rith a 1)um1) throv;·ing sev-
ent:r-five g·allons lJer min11tefor twenty hours witho11t lowering 
tl1e ,vater. On the final test of all waters with a pump throw
ing from 160 to 200 g·allons lJer mint1te from a seven-inch pi1Je 
200 feet <leep, the water soon sunk to thirty-three feet from 
tl1e s11rfaee, and tl1ere remained cluriug· the entire test of 
tv{ent:r consecutiv·e hours. It is ex1Jected to increase the 
ea1JaC'it:r of the lJlant b:r using· a heavy eight-inch casing 200 
feet in leng·th as the 1Jump 1Ji1)e. The cliameters of the bore 
are as follows. 

1 O inches to 260 feet. 
-; inches to 890 feet, seven-inch ca~ing. 
6 inches to 1,300 feet, no casing. (Oneota and Jordan. ) 
6 inches to 1,650 feet. five-inch casing. 
5 inches to 1,870 feet. Not cased. 

The official analJ·ses show that 1v1anchester 1Jossesses an 
excellent water, of the calcic magnesian-alkaline class. The 
entire absence of iro11 is noteworthy. 

Number 1 is of a sam1)le taken before the t1p1Jer waters were 
cased out, and when there were 980 feet of casing· in the well. 

Number 2 is of a sam1)le taken when the well was cased to 
a depth of 260 feet and there were about 1,300 feet of casing· 
in the well. 

~IINERAL ANALYSIS NO. 1. 

GRAINS PBR 
U. 8. GALLON. 

Silica (Si 0
2

) _________ __ _______________ 1.902 
Alumina (Al

2 
0

3
) ____________________ _ .244 

Lime (CaQ)______________ ____________ _ 4.848 
1'1agnesia (:~lg O )- ______ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ 1.595 
Soda (Na

2 
0 ) .___________ _________ _____ .487 

Chlorine (Cl) -------------------------- .522 
Sulphur trioxide (S03 ) - ---------· ---· 6.479 
Carbon dioxide (C 0 2 )_ ______________ 5.040 
Water in combination (H 2 O )__________ .830 

PARTS PER 
MILLION . 

32.8 
4.2 

83.6 
27.5 

8.4 
9. 

111. 7 
86.9 
14.3 

Total-----------·-·_____________ 22.047 378.4 

I 
• I 

1 

1 
1 
I 

1 

I 
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UNITED AS l!'OLLo,vs. 
ORAIN8 PER 

U. l". GAT.LOl'i. 

Calcium hica1·honatc (<'a H 2 (( '()3 ) 2 )____ 7.401 
Silica (8i 0

2
)__________________________ l.902 

Alumina (Al
2
O

3
)________________ _____ .244 

Bodium sulphate (Na
2
80-1) ______ __ ____ .064 

r-:>otassium chloride (K Cl) _____________ __ ____ _ 

8odium chloride (~a<'! )_______________ .858 
1'Iagnesium sulphate__________________ 4.762 
Calcium sulphate ____________________ _ 5.562 

Free Carbon dioxide________ __________ l.0t6 
Oxygen replacing Chlorine. ___ _ . ________ .128 

Total _____ . _______ . __ . _________ . 22. 04 7 

.A.nalyst and authority. Prof. .J. B. -nreems. Ph. D. 

MINERAL ANALYSIS NO. 2. 

Silica (Si 0
2

) ___ ___________ ------------

Alumina (1\12 0:i) --------------------
Ferric oxide (Fe 2 0 3 ) --- - ---------- - --

Lime ( Ca O) _ . __ . _____ . _ . _ . ___________ _ 

1Iagnesia (11g 0) --- ------·- -- ------- 

Potash (K2 0) --------------- · -------- -

Soda (Na2 0) ------------------ - ------
Chlorine (Cl). _______________ _____ . ___ _ 

Sulphur trioxide (S 0 3 ) ·--------------

Carbon dioxide (C 0
2

) _______________ _ 

vVater in co1nbination (H
2 

0) _____ : __ _ 

'Total __________________________ _ 

.847 

.580 

-!.466 
J. 131 

6.009 
4.640 
7.807 
5.863 
. 751 

32.097 

UNITED AS FOLLOWS. 

Calciu1n bicarbonate (('a H 2 (C03 ) 2 ) ___ _ 

Calcium sulphate ________ ------- - -----
J\Iagnesium sulphate _________________ _ 

Sodium sulphate (Na2 S01 ) _ · ---------

Sodium chloride (Na Cl) ___ ___________ _ 

Silica (Si 0 2 ) -· ---- -----------------

Alumina {i\1 2 0 3 ) ---------------------

Free C'ar hon dioxide . ________________ _ 
Oxygen r eplaced hy C'hlorine _________ _ 

6. 751 
5. l79 
3.376 
-!.454 
7.656 

.8-1i 
. 580 

2.204 
1.05 

---Total _______________________ . __ _ 32.097 

PARTS PER 
llfU,LION. 

127.6 
3Z.8 
4.2 
l.1 

.. -----
14.8 
82. l 
95.9 
17. 7 
') 2 ·~. 

378.4 

14.6 
1 o. 

-- ----
77. 
19.5 

.. _____ 

103.6 
80. 

134.6 
10].1 
13 . 

553.4 

116.4 
89.3 
58.2 
76.8 

132. 
14.6 
10 . 
38. 
18.1 

5;'>3.4 

Analyst and authority, Prof .. J. B. v\reem:. Ph. D., Ames, Io,va. 
Depth of ,vell J ,870 f cet. • 

, 

-

, 
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RECORD OJ.' STRATA. 

The g·eolog·ical sectio11 obt::1ine{l from the deep well at 
1Ianchester is 011e of the reliable sections of the state. From 
the beginning· of the boring·, sam1)les were sa·ved according· 
to s1)ecific i11structio11s, and at such short intervals that no 
cl1ang·e in the strata could esca l)e notice. The thickness 
assig·ned to each stratum is certain within narrow limits of 

error. 

' 

TBICKNE!IS. DEPTH. 

J;,. Dolo1uite, buff. ~ix samples_·--- ________ J,1.0 1-:1:0 

44. Dolo1nite. blue-gray. highly cherty. six 
sa1nples . ___ . __ .. ____ ... _ _ _ _ _ _ ... _ _ _ _ fi0 200 

-!H. Dolomite. blue-gray, chcrty, pyritifer-
ous, slightly argillaceous. ·---- -

42. Shale, blue and gray-green and drab, 
eighteen samples .. ----------- .. ____ 1-1,, 

41. r.lagnesian limestone or dolomite, dark 
drab subcrystalline, some"'hat argilla-
ceous. in flakei:., t"'O samples _ _ _ 14 

40. Shale, blue and gray-green. seven sam-
ples ______________________________ 46 

:39. Limestone, magnesian, dark drab, argil-
laceous ________ ___ ____ __ ______________ 10 

:38. Limestone, light gray, earthy lustre, 
briskly effervescent in cold dilute HCl. 
sixteen samples ________________ __ ____ 106 

;r;. Dolomite. light yellow-gray, subcrystal
line, stained ·with ferric oxide in mi
nute, rounded spots, vrith much of the 
superior limestone in small fragments I 0 

3o. Limestone. light and darker blue-gray, 
usually rather soft, earthy lustL'C, in 
flakes and chips. t,venty 1Sample:, I 4~ 

3G. Shale. bright green. fossiliferous, Orthis 
pervcta., Conrad, Strophomena trenton-
ensis, ll'. andS., and bryozoa ________ _ 

34. Ijimestone. light bl ne-gray, fossiliferous (i 

:33. Limestone, light blue-gray, earthy-crys
talline, eleven samples _ . _ _ _ . _ _ _ _ _ Ci6 

32. Shale, green, some,vhat calcareous. ___ _ 
31. Sandstone, usual facies of Saint l:>eter, 

with small chips of lim<>stone, in ,vhich 

-I 

no im beddecl grains are noticed. . _ _ _ _ ;3 
30. Sandstone, af3 above, but free from 

admixture, four samples _____ _________ ao 

370 

384 

430 

+!O 

5,3ti 

698 

703 
711 

jjj 

784 

787 

8li 

1 

• 

l 
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TBIOKNESS. 

29. Dolomite, buff and gray, in angular sand; 
most of drillings of quartz sand, prob
ably from above, three samples___ ____ 18 

28. Dolomite, light gray __________ ________ 42 

27. Dolomite, slightly arenaceous ___ - _ _ _ _ 5 
26. Dolomite, highly arenaceous. grains 

rounded and some enlarged by crys-

DEPTH. 

83,5 

877 
882 

talline facets, two samples ___ . _ _ _ _ _ _ _ 11 893 
Dolomite, gray, arenaceous, with some 

light drab shale . ________ - _ -- -- - _ - _ - - - 6 899 
2-!. Dolomite, arenaceous, with some highly 

arenaceous shale, two samples _______ 19 918 
23. Sandstone, calciferous _________ . __ . _ _ _ _ 3 921 

22. Dolomite, gray, arenaceous, ,vith argil-
laceous po,vder _____________________ __ 10 931 

21. Dolomite, gray. eight samples __________ 3-:l 985 

20. Dolomite, light gray, arenaceous, three 
samples _ _ _ _ _ _________________ . _ _ _ _ _ 2-:l 1. 009 

19. 

18. 
17. 

16. 

15. 

14. 
13. 

12. 

Dolomite, gray, arenaceous from 1,100 
to 1,103, twenty-seven samples _ __ _ _ _ _ 1 i0 

Dolomite, arenaceous, gray_ _ ___ _ -- - - - -
Dolomite, highly arenaceous, or sand-

stone calciferous, four samples ______ _ 
Sandstone, white, grains rounded and 

ground, " 'ith considerable diversity in 

,) 

size, se,·en samples _ _________ __ _____ ;"50 

Shale. highly arenaceous and calcareous 4 
Sandstone, as No. 3, :five samples------- 36 
Dolomite, gray, with some sand, prob-

ably from above _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 20 

Sandstone. ·calciferous, or highly aren-

aceous dolomite ·-------------------- 15 
l 1. Dolomite, light yellow-gray . ___ . ____ . _. 5 
10. Dolomite. gray, in fine sand mixed ·with 

considerable quartz sand. tvro samples 10 
9. Dolomite. light gray, 1n clean chips, 

·with a little sand from above.________ 10 
8. Dolomite, as No. 10, two samples_______ 16 
7. Shale. highly arenaceous and calcareous, 

in fine green-gray po,vder, six samples. 
All these samples consist of a pulveru
lent po·wder, seen under the microscope 
to be composed of minute angular par
ticles of quartz, dolomite and chert, 
with much argillaceous material: all 
might be termed ,vith about equal pro
priety argillo-calcareous sandstone . __ 153 

1, 1i9 

1,184 

1.206 

1.256 
1,260 
l.296 

1,316 

1.331 

1.336 

1,346 

1,356 
l 3'"'9 . ' -

1,525 

I 

, 

, 

I 



IOWA GEOLOGICAL SURVEY. 
PL,-TE XIII, 

STAGE SUB-STAGE A. T . R OCK 

PLEISTO· 
":L..!..o ...!.O~ lllU o - o-..a; 
~~~ 

CENE 
o O o ·'L.- CLAY', DRIFT OR ALLU\tl/JM 

0-0-0 
ro:~ o ..a..e , = 1010 

er;:, = c::, SHALES, BLUE, FINE , 

= '-'-' ...._ 
MOINES - DES 

W I TH A L I TTL E LIM ESTONE 

=: = = AN D SA N DSTONE 

= -:,: 
c...:> 803 

l.T M ll~ I ! ~ M M I,( 
L I M ES TON£ AND FOSSI LIFEROUS SHALE 

775 
:z: 
<( 

I 

• 
z: 
0 L / ME S"l'ONES 

> 
Lw 
c:::::i 

~ 475 I 
z:: 
<::( 

I I 

- I I L IMESTONE, BROW N MAGNESIAN. 

a:::: NIAGARA-
I I 

::::) 
I I 380 

_J CLINTON 
I I DOLOMITES, I N P A R T CHER T Y 

I l - I I 
c.r:J 

I 'g 296 •-H UDSON Maquok et a b---:, SHALES, WITH INT£RBEDD£0 

RIVER .a DOLOMITE AT 235 A ND 214 
-

135 

SEA LEVEL 

Galen a 
. z TRENTON Trenton L IME STONE: 

<( -
Ll , -

I 
> 215 
C) ii =• $HA L £ --===.. 

250 
. 

0 ·-~ .-:\~. 

0::: 
Saint P et er . ·:: . ~ --. SANDS T ONE. 1 SACCH AROIDAL 

~).;,: .. >;t: ~ . 
~-\ -:, .. , ~ 335 

0 U pp~r 
I I 

I I 

Oneota 
I l DOLOMI TE 

f I 
I I 455 

New 
. . . ". . - . . .... ... .. . . . .. .. . . . . . .. 

Richmond :::; :::---:::;·:·~-;::, SANDSTONE, WHI T£ . SACCHAROIDAL, 

ONEOTA ; ~ ·:~-:~ ~ :: ::-: ~-:.~ ;1 -526 I I 

Lower . . -. . , • 

Oneota 
I J I 

I l I DOLOMITE 
I I 

l I I I 
I I I 

' ' • 
• 710 

z: 
,.·::: -.... :t.~:.:; 

<( SAINT :·.:·-_:._ ~-~X: ::.:-.~-:~! - ............ 
0:::: 

:· ~·-: :· ~·-. l: ~ :.·_. : 

ct:) Jor dan 
.. .......... SANDSTONE: 

CROIX 
'. . . . . . . ... 

:E: 
:1 ~: .~: :'_f. -.~ .. .-: ..... . ..... 

<( . ~r·::?:~\:.~-~ 
c..:> . ; . . ·. · ... ·, ·. ·. · . 920 ; .. . . . ·. : .. 

ACKLEY WELL SECTION. 



ACI~LE\' \\~ELL. 

'fRTCKNtSS. 

6. Sandstone, fine-grained. in greenish-y<'l-

lo" po,Yder, argilhu•cous ------ - -----· 13 
;,. Sandstone,,, hite. grains fine and rounded 23 
.J.. Sancl::;tone. ,vith greenish argillaceout:1 

material 1nixed ,vith <lrillings . _ _ _ _ _ _ _ 13 

3. Sandstone. fine lig-ht bufl', fro1n ferrug-in-
ous stn.in _. ____ _ . _ •• ________ .. ____ ... _ li 

~- Bandstone. fine ________________________ _ 19 

1. Sandstone, coa,rser. uniforu1 of grain, of 
limpid quartz. grains rounded. smooth 

DEPl'R. 

J .:i38 
1.,>60 

1.;ii3 

219 

• surfaced--- - ----- ---- --- - - - -- - ------- ]3 ].6 11 
1, G90 

' 

O. Sandstone. ,vbitc ____ ____ _________ ______ i!J 

0(). Sandstone. yellow. glauconiferous, said 
to be argillaeeous ____ .... ___ .. __ . . __ . 

000. Shale, light blue. arenaceous, calcare-
ous, some"· hat glauconifcrotu;_ . ____ . _. J 55 

43-!5. 
40-!2. 
32-39. 
30-31. 
•)7_<>9 - -· . 
•)2_•)6 ... - . 
17-21. 
14-16. 

i - 13. 
000- 6. 

SUl\lMARY. 

l'ORMATION. 
Niagara ___ __ _________ __ _ 2~5 
)Iaquoketa __ ____ _____ ___ 205 

<.¾alena-'rrenton .. __ .. ___ 354 
Saint Peter.__ ___ ___ __ __ 33 
L pper Oneota_ . ___ ___ . _ _ 65 
New Richmond_________ 49 

L O t 9~5 o,vcr neo a ___ ___ _____ ..,, 

.Jordan________ ___ _______ 90 
Saint Lawrence .. ____ ._. 229 
Basal sandstone, pene-

trated __ _____ ________ __ 345 

ACKLEY. -x-

DEPTH. 

225 
-!30 
78-! 
8l i 
88~ 
431 

J ,206 
1,296 
1,525 

1,870 

RECORD OF STRATA-SUMMARY. 

TBI0KNBSS. DEP TH. 
Pleistocene _______ _____ ___ _________ 100 100 

Des l\,loines .. ---- - - - - -- ---- - - --- - - - "O,.. 
- I 307 

Lime Creek ___ _________________ ___ 28 335 
Devonian unclassified ___ __ _________ 300 635 
Niagara __________ ___ ___ ___________ 180 815 
l\faq uoketa _ .. _____ . __ __ . _____ . ____ 160 975 
Galena-Trenton _____ _______ ___ ___ _ 385 1,360 

1, 71.> 

1,870 

A. T. 

iOl 
496 
142 
109 

-H 
,) 

280 
-370 
-599 

944 

A T. 

1 ,010 
803 
775 
475 
295 
135 

-250 

• 

*This wel1 was repor ted to the author several yea.rs ago by Mr. J. A. Carton, new of Britt, 
Iowa.. Repeated requests tor additional information since made to ofllcials and cltlzens of 
the town ha.Ye received no A.ttentlon. Mr. oarton contributed also a fine set ot over eighty 
samples of drilltngs, supplying one ot the most satlsta.ctory of t h e well sections ln the state. 
A detailed descl'iptlon or t hese by the author ts published In vol. III, pp. 189-192 of the reports 
of the presen t Survey. 

• 
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TITTOKNESS. DEPTH A. 'l'. 

Saint Peter_____________________ ___ 85 .445 -335 
Upper Oneota. _____ ____ ______ ____ 120 l .46 ,5 -!55 
Ne,v Richmond _______ ___________ _ 70 l , 63-5 -525 
Lower Oneota. __________ ·---- -- - - - 185 1 )820 - 710 
Jorda.n ·----- ------ _______ ________ 2 10 2.030 -920 

XIX. \li.TEBS'r:E:R CITY. -:f 

Depth ______________________________ __ ... 1,2.)0feet. 
Diameter ___ __ ________ ____ _____ ____ .. . . . . 8 inches- 6 inches . 
Elevation of curb A. ·.r. __ ___ __ ____ __ _____ _ l,048 feet!. 
R ettd of ,vttter A. T. _____ _ _____________ .... 1,06--1- feet! . 

Date of beginning _________ __________ ______ l•,ebrun,ry :l, 1888. 
Date of co1npletion ______ __ __ ________ __ .... June 28, 1888. 

The first flow fL'om this well was obtained at the depth of 
675 feet, and its head was six feet above the curb. The source 
of the present flow, heading sixteen feet above the curb, is at 
about 1,200 feet. The discharge was originally about se,,enty 
gallons a minute. It has since diminished, owing presumably 
to neglect, but is still strong. The water has both the odor 
and taste of sulphur, and so rapidly corrodes iron that the 
best g·alvanized pipe withstands its constant flow but about 
two :years. For these reasons it is only used in a public 
watering trough. The well is cased to or near the bottom. 

ANALYSIS . 

GRAINS 1' .ltH 

U- S. GALLON. 

Silica (S i 0 2 ) ---- ---- · ----------------

A lumina {Al 2 0 3 ) ·--- - - ---------------

Ferric oxide (Fe2 0 3 } --- -- --- - - - -------

Lime (Ca OJ_·-----·----------· ________ _ 
Magnesia (~Ig 0 )- ------------- - - - - ----
P otash (K 2 0 ) -------------- - --- - - - - - - - -
Soda (Na

2 
O) _______ ___________________ _ 

Chlorine (Cl). ___ . _______________ . ____ _ . 

Sulphur trioxide (S 0 3 ) -- --------------

Carbon dioxide (C 0
2
). _ ______________ _ 

Water in combination (H 2 0 ) __________ _ 

1.889 
Trace 
'l'race 
14.285 
2.593 

8. 791 
.596 

24.890 
12.354 
2.<94 

PA!tTS PER 
MIL l, IQN. 

32.571 
Trace 
Trace 

246.286 
44.714 

151.571 

10.286 
429.143 
213.000 
43.000 

* Reported by Mr, L.A. Mac Murray, wbo sent the samples of the drlll!ngs here described . 
;: Approximately. 

• 

• 
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::3TR1\TIC¾R.t\PHICAL R ECORD. 

UNI'l'ED AS FOLLOWS. 

GRAINS PER 

U, S, GALLON, 

Calcium hicarhonate (Ca H 2 C0 3 ) 2)_____ 22.529 
Calcium carbonate (Ca C'03 )_ ___________ .266 

Ferrous bicarbonate (Fe H 2 ('0 3 ) 2 )_ ____ Trace 
Calcium sulphate (C'a so.)__ __ _________ 15.494 

~lagnesium sulphate (l\lg SO. )_ ________ 7.747 

Sodium sulphate (Na2 804 ) ------ - ----- 18,89 1 
Sodium chloride (Na Cl) _____ _ -- -· -··-·· .991 

Alumina (Al2 0 3 ) .·--····---····- ···· · - Trace 
Silica (Si 0 2) · ·---- ···-·-···--··· · ----· 1 889 
Oxygen replaced by chlor ine •... ·-----· .084 

---
Solids. __ • ___ .. __ • ______ • ______ ... __ 67 .89::S 

Analyst, Prof. .J. B. ,·veems. Date. July 9. 1896. 

RECORD OF STRATA. 

T9ICKNXSS. 

20. " l?rom surface to rock. 180 feet, soil, 
clay, sand, thin layers of rock, etc.'' .. 180 

19. Sandstone, gray, of quartz of var ious 
colors, yellow, pink and black, grains 
imper fectly rounded; mingled ,vith 
the sand is a large quantity of light 
yellow limestone· ------ ··-··- -·--- ··· :20 

18. Limestone, light gray. soft. earthy. in 
flaky chips, fossiliferous ...... .. -••·· · 150 

17. Shale, blue. - ----- ···--··· ··-··-······ -- 10 
16. Limestone, dark drab. mottled ,vith 

,vhite ca1cite, crystalline ............. 100 
15. Limestone. magnesian. hard bro,vn, crys· 

talline . •. ____ . _ _ • ___ . __ ..... __ .• . . . . 40 

14. Shale, calcareous, dark gray, siliceous 
,vith microscopic particles of quartz.. 20 

13. Dolomite. or magnesian limestone. dark 
bro,vn, compact crystalline.. .... . .... 30 

12. Limestone, dark blue·gray, crystalline, 
effervescence slow· .. ··--_.-··-........ 43 

11. Limestone, light yello,v·gray, soft. crys· 
talline, effcrYescence slow ..... __ ..... 55 

10. Dolomite, or magnesian limestone, as 

PARTS PER 

MILLION. 

388.428 

4.571 

Trare 
67.113 

133 573 

325.7 14 

17 .143 

Trace 
32.57 l 

] .428 

1,170.571 

DEPTH. 

180 

200 

350 

360 

-!60 

500 

550 

59,-; 

650 

No. 13. _ .... .. __ ...•.... _ ...• ____ _ . . . . :JO 680 

9. Limestone, Jight gray, saccharoidal ·--· 93 775 
8. Limestone. close-grained, no samples __ . 45 820 
7. L imestone, brown. cr ystalline . _ .. . • _... 60 880 
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THI CKNESS DEPTH. 

6. Lhnestonc, or shale, highly argillaceous, 

blue-gray--·· · ··· · ······----··- ...• • ~ 120 J,000 
.-,. Shale, dra.h, calcareous-·-- · --··-··-·· · - 7,3 l,Oi5 
-!. Litnebtone, magnesian, brown, crybtal· 

line-······· · ···-··---................ 15 1,0!J0 
3. Limestone, in pure. ,vhite crystalline 

band·············-······-······· .... 40 1,130 
.. Limestone('!), pure w·hite, ,. no sample 120 1,2.:,0 •) -· 

1. Liinestonc, light buff, in fine sand at ... J ,150 

Sl.'"l\11\,IARY. 

This section is a difficult one to inter1)ret with the data at 
hand, and the following· assig·nments are made more for gen· 
eral stratigraphical reasons than because of any· direct evi
dence carried by the clrillings themselves. 

THI CKNESS. DEl'TB A. T. 

I 9- 10. .A.lluYium, Drift and Coal i\Ieasures. _ 200 
1 .. 1~ v· ·- . . IRO · - ,, .1.lSSl8Slpp1an ·······-·-····-· •••• • • D 

i - l G. 
. (" ')) t). \J. 

1- -+. 

Devonian and Niagara . . . ••• •.. • •. . • • .320 
llaquokcta .........•............•. • . 19J 

G-alena-Trenton penetrated .... -· · · ·· li5 

XX. HOLSTEIN.-::-

Q,,,·n er _ . • . __ . __ ... __ ............ . . ___ . _. __ To,Yn. 

l~le-vation of curb . ...-\. T ...••• .. .• • •........ 1,-!57 feet. 
Depth (August. 1896) ........ ••............ 1,853 feet. 
Hen.d of ,vater (.\.ugust, 1806) • •••• ••••• •••• 1. 132 feet A. 1,. 

8-!8 
668 
168 

202 

Driller ....... -.- · -·····--··---·-·····-···· J· P. 1Iiller & C'o. 

This well is still unfinished at the date of writing, Aug·ust 
1, 1896. Eight•inch casing extends to a depth of 387 feet, 
five·inch to 722 feet, and fotir·inch to 1,465 feet. Water was 
found between 400 and 500 feet from the surface. No further 
record seems to have been ke1)t of where vvater was strtick, 
and the accounts given var}r, One informant states that the 
water, which since ~00 feet hacl stood at 3H.3 feet from the 

*When tbls well ,vas bf gun, the officials of the town and the foreman of ti.le well we1·e 
notlttea of the Yery great importance or keeping a full and accurate record, and of taking 
samples of tbe drilllogs at u:itervals of not over ten feet and at every change in the rocks. 
From Its vos,tton, a .u;ood 1?cological section at Holstein would go far toward soh'ing t be prob
lems of tbt, deeper geological formations io northwestern Iow1.1,. These ini,truclions were a.t 
flr:,t 1olloweCJ. but. a.fter 1:,ome moothe. corresuondence Indicated tbat due attention was not 
bein11: given to the matter, and a pu·sona.J visit was made to the town. The well had then 
reached its present depth, where it has stopped for several months, owing to a fastened drill. 
lt was then illscovered that, wben the Wf 11 bad reac-bed a depth or 900 feet, the forl'm11n, who 
had ca1·efully saved the orHlings, bad heen transferred to another well. As tbe supply 
received no instructions from the town officials, he threw out the samples already taken and 
saved no more. 



STJ{ATIGRAI~HIC .. A.L R.b~CORD. 

~urfaee, rose to :32.'5 feet when the Saint Peter wa,s struck. 
~.\.t 1.500 feet the well was testecl, and 1111cler a clischarg·e of 
se,·e11t)· fi,re g·allons a min11te for t,venty-six ho11rs the water 
did not lo\ver. Drilling ,--vas continued, not so mt1ch beeause 
tl1e supply· was inadeq11ate, as on acco11nt of the long· raise to 
tl1e s11rface. No flow has been reached so far which clears 
tl1e hole of clrilling·s. 

H.EL'ORD OF STHA'l'A. 

Tn rOKNESS. DEPTH. 

13. '· < 'lay . ' . . . . . - - __ - __ - - - - _. - - . - - ____ - 390 390 
14. · ·CJuicln;and,'' coarse ___________________ 50 440 

1~. ·•:-,hale"------------------------------- 2t50 700 
12. "Lilnestone" -------------------------- 50 750 
11. · · ::-.hale ! • _______ • ____ - ___ . ____ • ______ • • 50 800 

10. •·Lilnestone·· -------------------------- 80 
9. Unk'no"'n, litncstone (:') ___ _ ________ 20 

8. Dolomite. gray, ,vith much ,\'hite chert. 
and some rounded, moderately coarse 

grains of quartz --------------------- 100 
7. LT nkno,vn. limestone ('?) . _______ . _ _ _ 100 

6. Limes too e. magnesian, or <.lolomi te. hro,vn, 
,vith about t,vo feet of l'ed shale at 1.300 
feet which is non-<'alcarcous. highly 
arenaceous, w·ith coa,rsc, iinperfcctly 
rounded grains of limpid qua,rtz _____ :300 

5. 1Inkno,vn. limestone(':')________ _ _____ 15 

4. Shale. hard, cla1·k green-gray: slaty, non-

calcareous _____ ----- ------------------ 10 
:l. lTnknO\\'n. limestone('?)··-·---··--··--- 20 
2. Sandstone. deRcribed by driller as white. 

clean. Yery soft, eav1ug sand un<l 

880 
900 

1.000 
l. lOO 

1,400 
] ,415 

1,425 
l ,-145 

ter1ned by him Saint P eter _ _ _ 55 1 ,500 
l. Limestone(':'), at·enaccous. Described by 

driller as a "sandy rock ,vhich wears the 
d1·ill. ·· /-;and grains arc brought up in 
the slush bucket, while the rest of the 
drilling-~ h; Yery light ancl floats up in 
the "'ater. Drills about one foot pet· 
hour, does not ca,·c; to present depth 
of ,ve 11 ________ . ____ . _____ . _. __ .. _ _ _ _ _ 83 J , 58:3 

SUM~I ARY. 

It 1:;hould be rememl)ered that this section is constructccl 
out of only· a c1l'iller'8 1·ec·ord to 880 feet, c1ncl four sam1)les ~1nd 

il 
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a foreman's notes and recollections below that point. The 
numbers marked "unknown'' are assumed to be limestone on 
the authority of the foreman, whose notes show that the:y- are 
neither caving· shale nor sandstone. 

NO, FORM.A TION, TlJIOKNJl!SS, A T. 

15. Pleistocene (and Cretaceous clays) ___ 390 1,067 
14. Dakota-···· · ··----- _______ _________ _ 50 1,017 

13. Des 11oines ----- ------------- - --- - --- 260 757 
12. J:v1ississi ppian . _ . • ___ . ____ . . ___ . _ _ _ _ _ _ 50 707 

11. Kinderhook(?)-- - -- ------------------ 50 657 
3-10. Devonian, Silurian and Galena-Trenton 645 12 

2. SaintPeter _____ _______ __ ______ _______ 55 - 43 
1. Oneota penetrated____________________ e3 - 126 

XXI. SIOUX CITY.* 

O,\•ner __ _____ _____________ ___________ Sioux City Water Uo 
Depth _________________________ ____ __ 2,011 feet. 

Elevation of curb _____ _________ ___ ___ l ,125 feet. 
Head of ,vater __ . _________ ___ . ____ ____ ] , 125 A. T. t 
Temperature . ___ ______ __ .... ________ 70° Fahr. 

This well was drilled by Marrs & Miller of Chicago, from 
October 19, 1881, to October 16, 1882. To the depth of 1,270 
feet the bore is 6 inches, and a 6-inch casing extends to 
444 feet; 230 feet of 4-inch casing is also used in the well, 
but its place is not stated. Water was found in Pleistocene 
gravels at 65 feet. At 120 feet the yield was 250 g·allons 
per minute. At 570 feet another vein was struck whose 
head was 12 feet below the curb or 1,113 A. T. At 1,250 
feet, according to Todd, water rose strongly to the surface 
with a discharge of three g·allons to the minute. This was 
from sandstone immediately overlJ'ing· the Alg·onkian. At 
1,480 feet, in crystalline rock, a water vein was found, but 
none other during· the continuation of the boring·. When the 
well was finished the discharg·e was six g·allons a minute, but, 
owing lJrobably to clog·g·ing of the bore, the water has since 
fallen below the surface. 

"'In securing tbe tacts as to the well at Sioux Olty. we at·e especially Indebted to the cor
dial help of l\1r. D. A. Magee, Judge G. W. Wakefield, Sherill' W. O. Davenport a nd Messrs. E. 
A. D. Parker and J. H. Charles. 

; Approximately. 

.. 

:, 
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Tl1e ,vell is tl1e })roperty of a l)rivate com1)any and the 

water is sol<.l mostly· in Sioux Cit:r, where the market rate is 
.3 cents per g·allon <lelivered. The com1)an)r are now erecting· 
a bt1ilcling· for the mant1facture of ice, a11<l the ,vater of the 
well ,vill s0011 be 1ttilized for this l)lll'l)Ose also. 

ANALYSIS NO. 1. 

( 'alcium carbonate _________________________________ _ 
)la~nesium carbonate ____ ______ ___ _________________ _ 

:B,er1·ous carhou,ite .. _. __ ____ .. __ .. __ . _ .. ___ __ • _____ _ 

~\.lu1uinu1n sulphate ____________________________ -- -· _ 
~Iagnesium sulphate ________________ . __ ____________ _ 
Nickel :,,.ulphatc ____________________________________ _ 

C'aleium sulphate -- - ----- - -- - - --------- ------ - - ----
Sod.ium :,,.ulphate ____________________________ _______ _ 
Potassium sulphate ____________________ __ __________ _ 

Persul phate of iron ______ _____________ . ____ . _______ _ 
Silica "solnble" ___________________________________ _ 

Sodium phosphate. ____ __________ . ____ . ___ ._. __ . _. __ . 

Organic matter __________ ··-·----- - _______________ _ 

ORA.INS Pl!JR 

GALI.ON. 

6.654 
5.527 
3. 797 

22.173 
10.037 

1.141 
6.839 
3. 751 
2.115 

13.402 
1.898 
1.667 

.864 

'l'otal per gallon __ . ___ _____________ . __ .. _. ___ . _ 79. 865 

~.\nalyst, .Juan H. ,v-right, :tvL D .. St. Louis. Date, i.\,Iay 31, 1893. ..Authority, 
circular::. of company. 

The above analysis presents some anomalous features which 
even the great de1Jth of the well in cr)~stalline rocks does not 
seem to aecount for. The following· official anal;ysis was 
made, which shows the medicinal nature of this strong min
eral water. 

AN AL YSIS NO. 2. 

ORATNS PER PARTS P~JR 

{', 8. GALLON. MILLION, 

~ilica ()::;i <)2 ) ---------------- - ------ - _ .953 
.:\lumina (Ali 0 3 ) ----------------·----- .638 
F erric oxide (l<,e 2 0 3 ) ---- -------- ------ ------

l,ime (<'a 0) ----------------------· ____ 18.36l 
n,lagnesia (_:yig ()) ---------· ________ ____ fi.993 

1-'otash 1K2 ()) -·- ------ ---- ------------ ------

8oda (Na2 ()) --- - ·-------------------- 17.367 
('hlorine (('\)___ ___ _____ ________________ ..J..8~0 

Sulphur trioxide (S O:i) --------·------ -11.528 
Carbon dioxide(<' <) i) ___________ __ ____ 8.501 

\Vater in combination (R 2 ()) 

20 U. Rep. 

16.428 
11.000 

316.571 
120.571 

29fl.428 
84 143 

716.000 
146.5i l 

, 

• 
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U~ [TED AS FOLLOWS: 

ORA.INS PER 

U. S. OA.LLO:S. 

Calcium <-'arbonate (C'a COa)----------- 19.:t!2 
Calciu1n sulphate /Ca SO 

1
) ____ _ _______ 1R.32g 

)lagnesium !:3Ulphate (~lg S0
1

) ________ 20.880 
Sodium sulphate (~-a

2 
SO,) ___ __ _______ 30.011 

Sodium c-hloride (Na Cl)___________ ____ 8.0:Ji 

Alumina I Al
2 

0 3 J and ]ferric oxille ___ _ 

S ·1· s· o , 11ca ,. t 
2 

__ __ ____ _________________ _ 

Oxygen replaced by chlorine _. _______ _ 

• (.i:J"i 

053 

1.052 

Solids----- ------------- - -------- 99 221 
Sample \V-as murky-filtcl'etl hefore analysis. 
Analyst, Prof .. T. B. "\\"'cems. D11te, July~, 1896. 

GEOLOGICAL SECTION. 

PARTS PER 

)IILLION. 

333.143 
31fj_OO0 

360.000 
51i.-!29 

138571 
11.000 
1 tt•t:~8 
18. l4 l 

1,710.712 

T he following· log is furnished b:r 11r. Da·vid .,.\. 1Iag·ee . 
34. Soil and clay __ __ __ _____________ ________ 60 

3:3. Gravel__________ ______________ __ _______ 25 
32. Shale • ___________ . ___ • ___________ . - . _ . . 54 

31. Sand, white______ __ __ __________________ 2 

30. Sandstone, brown------- - -------------- 3-1 
29 Sandstone, ,vhite _____________________ __ 100 

28. ---------------------------------------- 155 
27. Sandstone, gray. __ __ ___ ___ _____ ___ __ ___ 110 

26. Sand and limestone.-- - ---------------- 30 
26. Limestone gray __ . __ • ________ . _______ . 60 

24. Sand and limestone ____________________ 35 

23. Lhneston~, ,vhite --- ----- - - --- -- ------- 100 
22: Sandstone, lightcvlored _________ ______ 30 

2l. Limestone, gray___ __ ______ ________ ____ 20 
20. Shale rock ____ ___________________ ___ __ _ 98 

19. Limestone--- - -- - ---------------------- 10 
18. Shale rock ___________ ··---- ------------ 12 

17. Limestone----------------------------· 10 
16. Sha1c rock_ ____________________________ 5 

15. Limestone-- --------------- - ---------- - 5 

14. Shale, siindy -------· --------- - ------ - -- 35 

13. ---------------------------------------- 50 
12 Limestone----------------------------- iO 
11. 8hale rock ____ __ __________ __ ___ ___ _____ 60 

10. Shale and limestone.--- - -------------- - ao 
9. Limestone, gray _______________________ 60 

8. 1Vfarl, red with sand.-- - ------ - ----- - --- 5 
7. Sandstone, porous, ~aint Peter ________ - 15 

60 
85 

139 
141 
175 
"~5 _, 
430 
540 
570 
620 
655 
'755 

785 
805 
903 
913 
925 
935 
940 
945 
980 

1,030 
1.100 
l , 160 
l, 190 
J ,250 
l,~65 
1,270 

\ 

• 

• 
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EX..i\)ITN.A.TTONo OF THE BOltI);l'(;s. 

6. Sn.ntl and 111.1,el --------- ---------------- 25 
5. ::'IIarl, :-;andy _______ _______ ______________ 20 

4. Snn'1stonc: micaC'eou~, very hard, Cl'P-V• 

iC'e giving water. _____________________ 165 

3. Sandstone, hro,vn, niic' aC·l'Ous. ancl lime 
Yery hard ___ _ • _. _____ . _____ . ____ • _ _ _ _ 3RO 

:!. Lilnestone, light colored_______________ 5 
1. Sandstone and lime, Yery hard ________ 146 

J ,295 
1,315 

1,4:80 

l .8ti0 
1,~G,3 
2.011 

Soon '-1,fter the well \Yas l)ored, To<ld examinecl tl1e clri]ling·s, 
,,·hich ha<.1 been ca.ref11ll3· preser·ved b3· 1Ir. 11c1gee, ancl from 
tl1e111 a11d from 11otes ke1)t b)· the foreman he macle the sec
tion l)t1blishecl in the 1)roceedi11g·s of the Io"·a .L\cadem:r of 
Rciences, vol. I , 1)a1·t II, 1), 14. I11 this section the follo,~ing· 
corrections a11<1 interpretations are macle. 

Xo. 32. Shale. Benton. 54 feet, fro1n 90 to 144 feet . 
X o. 28 in part, Kos. 2!\ 30, 31. Sand and sandstone, Dakota, 191 feet. f1·01n l44 

to 335 feet. 
X o. 2H in part. '· C'halk roek ·• 100 feet. fron1 335 to 435 feet. 
No. 27. I Jimcstone, gray, 110 feet, 435 to 515 feet. 
:No 4. "Hartl micaceous limeRtone and comprec;sed sandstonc, ·1 100 feet, 1.320 

to 1,510 feet. 
Kos. 1, 2, and 3 in part . (;ranite or gneiss. hard, gray a fi Ye-foot, layer of 

w·hite limestone at 1,860 feet-550 feet, from 1 ,5:!5 to 2,075 feet. 

In a note dated 1-Iay 12, 1890, Professor Todd',_ places the 
base of the Paleozoic at l,;51:5 feet, + at the summit of the g ray· 
granite. 

A section of this well has also been l)ublishe(l by Bain, 
which is based upon the notes and dril]ings of Mr. 11ag·ee, 
and which cliffers in a few particulars from that of To<l<l. 

The "chalk ro<!k," from :1:3-1 to 434 feet, is termed white 
sandstone, and all below 1,.525 feet is desig·natecl as micaceous 
schist. Five hundred and forty feet is sng·gestecl as the lower 
limit of the Cretaceot1s. 

The '' hard brown rock,'' from 1,510 to 1,225 feet, is referrecl 
to the pre-Paleozoic, together with the basal schist. Of the 
strata between this horizon and the base of the Cretaceous, 
Bain says: " The well dig·ging·s at Sioux City and Le Mars 

,. American Ge..ilogist, vol. XV. p . 6!. Ml an ea.polls, 1895. 
+Iowa Geological Survey, vol. V. p 258, 

' 

I 
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show, between tl1is 11n<.lerl)Ting l)re-Paleozoie com1>lex an<l 
tl1e Cretaeeous beds. the }Jresence of a series of li1nestones 
which ha·ve 1Jee11 llSl1all:r referred to the Carl>oniferous. 
S11ch a series is u~t1all)· fol1nd i11 wells <lrillecl throughout the 
region. Whether these beds re1)resent the 1'1ississi1)1)ian or 
some later 1Jortio11 of the Carboniferol1~ cannot be definitcl}
stated. It is even 1Jrobable ibat thejr. in part. re1)rc:-sent still 

earlier beds of the Paleozoic." 
In order to obtain, if })Ossible, some clue to the ag·e of the 

strata left undetermined. the clrillings were examined witl1 

tl1e follo'\\·ing results. 
RECOHD OF S'l'RA'£ _\. 

16. San<lston(•, light yell<)\\'. of frag-ml'ntal qua1·tz grains 210 
15. l)olomite. light yc•llcnv-~ray, san1pll's c•ontain nJso 

much fi~sile. green shah•. in rounded lumps ancl 
some qunrt;r,sand, hoth proht1.bly fron1 aho,p ______ 530 

14. SandstonP, and lin1t>stonl', clrillings l'onsi::,t mostly of 
quartz :-.and, 1-train:-i of 1noderatl' size, in1p1•rfPctly 
rounded. 'fbere are also con:;i<lel'ahle limt•stonc, 

liirbt yc•llo\', gray, in sn1all frag1nent:c-, chiJ.S of 
bard c•rystalline gray dolomi4~: and shale as at 530- _ .-,-10 

J)olomite, gray. in ~and. drillings lal'gcly c•hert•----- 645 

I>olomite. li•rht hutT. in sand. drillin!!:,; chieflv 
13. 

r . • 

"hitt•: pyritifl•rous <'hl'rt ------·- - -- - ------- - ----- 780 
11. :::-and~ton1•. hlui:-h-g-ray. ar!!illa<'l'OU~. pyritiferom., 

slightly <'alcarcou~ . . !!rains mi<·r< seopicnll.v line. 

~uhangular --------- - -- - ------------ _____ 8-10 un<l H55 

10. Sanch,tonl'. "hitP ~ome i,?l'ains rounch•d noel polh,hecl, 

h 1 \ l 
!1'"10 

\It 1110::-t' >l'0{L'll ----------- - ---------· - -------· 
• 

U. Dolo1uite. hi!!hly nrenac-eOU!'i. imhc<ldecl gra1us 
rouncle<l. pyritifl'rous and glaueonife1ous, pyrite in 
n1inntc nodules ______________ ____ • _____ - _. - __ - _ - - 1,000 

8. San<l:-.ton 1 •
1 

1·a lci f Proui-, pyri tir ct·ous, gla ucoui ft•rous __ 1, 1110 

7. Sanclston1•, light i,rra~·, 1-trains n1inutc. not 1·11undcd __ 1,030 

6. ~and:-.tont. g-1·ay. 1•alc·if1:rous, " · ith 1nany rounded 
g:ra i u:-. ______ •• ______ • ________ - _ - - • - - ___ - - - - - - - - - - 1. 03.'.> 

5. Su uds tone, Ull'tliu 111 <lark hl u e -gTa~·, c•al1•ifprous. 
:,rrain~ u1in11te . g-lau1•onif1: rou~. _______________ ----1.070 

,!. Sand:-.tonl'. hig-h 1~· 1•alc•if1•rou:--. ~•·ay. grain~ are 
1ninut1• ang-ul:11· parti1·l1•s of <ptartz. highly glnuro-
nif,•r<nt:-. with ,·011:--icll'J'ahlt• ~-r1•en ~hnl<• ·-- · ______ l,160 

• 

• 
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LITHOLOGtC'A.L SI:\IIL1\ItITY. 

D11:l'TU. 

:3. Schi:--t or gneiss, soft, fine graint'd. spe<'kled with 
,vhite and dark green-gray: so frin.hle that a mit•ro
seetion could not be obtained. ''' hen pulYerized 
it is seen to he co1npo:-;ed of quartz and a lamellated 
dark g-reen minera,l \Yho:--e flakes are practically 
isotropic in parallel polarized light. found to b e 
chlorite by Dr. s.,v. Beyer. to ,vhom it " ·as r e fl•rrecl_ 1,260 

2. Schist or gneiss. contains qua1·tz, feldi-par ,vhite and 
pink: hlack fc-rro-1nagnPsian mica, and a translu
l"ent apple green 1nincral, probably chlo1·ite, 1 )l20 

and----------------------- -- ---- ---·------------ 1,350 
l. Schists or gneisses. gray I hro"'n and hhtck, 1nica,-

ceous usually w·ith hiotite. often hornblendic , 
thirty-two samples. .\t 1,860- l,865, i-rn,1nple.:; com-
posed chiefly of feldspar and quartz _____ ·- --1. 727- 2,000 

se~I1\'IARY. 

lT1)on the whole the most l)robable distril)ution of strata 
seems to the writer to be the following: 

'FORM.A.TIO~. THICK NlllSS. D11:PTH. A, T. 

Pleistocene ·----- --------------- 85 85 1,040 
( •r~taceouR . _____________________ 24~ 334 791 
.i\Iississippian --~---------------- 101 4:1,) 6HO 
Devonian and Silurian. ·--------- 370 805 :120 
()rdovician and Cambrian. __ _____ 455 l.260 -135 
Algonkian ---------------------- 751 ~.011 885 

The base of the Cambrian. at 135 feet below sea level, may 
be considered as certain. J\Iost, if not al], of the strata 
between tl1is level and ~20 feet .1.\. T. are eviclently· Saint 
Croix. The litholog·i<.:al similarity with strata of this terrane 
elsewhere, which amounts to iclentit3~ in several sam1)les, 
and the assemblage of the entire group of shales, c.alciferous 
sanclstones and arenaceous limestones, ag·ree with the l)osi
tion of the grou1) in referring· it to this, tl1e earliest, Paleozoic 
formation laid down upon the crystalline rocks. The cberty 
dolomites from 805 feet to .540 feet (:120 A. T. to 585 A. T. ), 
are unmistakabl3r Paleozoic, and the sug·gestion of Bain that 
they may be pre-Carboniferous is correct without ml1ch ques
tion. Probably they are largely Trenton, but it is entirely 
possible as will be seen by inspection of Plate XI that the 

.. 
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\Yater-lJeari11g· san(lsto11e a.t :'570 feet (.55:'5 .. A .. T., is tl1e. same as 
tl1e \Yater-l)earing· sa11dsto11c at llolstein at 12 .L\.. T. and i11 

tl1is c:a::;e the dolomite l)enea th 1·e1J1·esents the (J11eota. It is 
only· for stratig·ra1)l1ical reaso11s, a11<l these of not ver)T great 
\Yeig·ht1 that tl1e ,. ch,1lkro<:.l{" at ;J,;-~4 feet is l)laee<l \vith the 
1Iississi1)l)ia11. L)-i11g· l)elo\v the Dakota san<lstone, it cer
tai11J,~ (•an11ot. he C11·etaceOllS <·h1:1]k . 

• 

lr(//s si!11tt!r,l .-<()lf{h u.t· !ht; .J/r•(/rr·tjOl'-Fttir1·ie11· .\'f•('//()/( ({JIil 11orth 

({/. the /)11/JIIIJIIP- ,\'1011.1· ( 'it.11 ,~(Jr•I /(}/{. 

xx 11. \V ,-~s~r H 1..:N r>. 
<>wnc1· _____ __________________________ 1'own. 

DPpth _______________________________ :{31 feet. 

Dhunett•r __________ __ . ___________ .. __ .6 in<'he:-. and~~ inc he:-;. 
l~levu,tion of 1·t1d1 _____________________ 1, ur; fvet .t\ .. 'l'.* 

111:ad of ,vat1·l'------------------------Ll66 l1:et A. 'f * 
'l"l1is \\~ell was clrillc<.l in .\11ri] by· l\Jr. ( '. P. 'l"hon1as. of 

\\Test Bi=-nd, "'ho 1>rescr,·e<.1 tl1e si11111)les n11<l 1na<le record 
11n<ler instruc-t.ions frn1n the Surye,~. \\ .. ater \Yas fot1nd from 

• 

2r10 to :181 feet. T11P <.lise11arg·e is t\Ye11ty· gallons a 1nillute, at 
a temperat11re of -1:~I }-,ahr., and su1)plies tl1e \vatcr \York:s of 

tl1e , .. illag·e . 
AN AL YSIS. 

on \II\~ PER 

U, S. t:.\Lf.O!','. 

Sili<·a ISi CJ 1 l ------------------------
~\ln1uina (.\1

2 
<\J) ___________________ _ 

I1\;1•ri1· oxide /Fe.,().,) _______________ _ . . . 
Lilne (Cit<>) _________________________ _ 

nh11.r111·~ia 1~lg- <>) ___________ _________ _ 
l'utasb (l{., <)) ___________ ____________ _ 

Sotla (Xa
2 

<>) ________________________ _ 

Chlo 1·in (: (Cl) . ______ • __ ______ . ____ • _ •• 

Sulphur trioxi<l1• (SO") _______ ______ _ 
Carbon dioxicle (C O:z) ______________ _ 

\\'atPl' in comhination ([I2 0) ___ . ____ _ 

.348 
•)·>4 . ..,_ 

14.127 
., -9· ,,. I :) 

5.3CH 
.331 

8 •) "J,) . _, -' 

20.:590 
2.676 

UNI'fgD AS I•'OLLO\,\'S. 

Calciu,n bh·arbouat1' (Ca H 2 (COJ 2 J_.. lZ. i lO 
Cal<·iu1u enrhonutc { ·a COa) ____ ____ 17.04l 

]11ag-n0siu1n bi,•nrhonate (~fg 11;1C0 0 );) 10.175 

PARTS Pf:R 

:Mll,1,lON. 

6.0JO 
3.~.:,, 

92.429 

5. 714-
14-2.2~6 
355.000 

4G.14-3 

210.I-:1a 
302.428 

175 4-~H 
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ORAJNS PER PARTS PER 

U. S, OAL[,OJS, Ml!,J,ION, 

ilagnebinm :,;ulph,tte (:\lg SO,) - - ____ - 2. 190 3i .857 
Sodiun1 ::.ulphatc (Na

2 
SO

1
) __________ 11.882 20.i.e51 

Sodium chloride (l.1,iL Cl)______________ .54i 9.429 

.t\huuinn ( .. .:\.12 Oa) and oxide of iron _ _ _ .224 3.857 
Silica (Si 0

2
)__ __________ ____________ _ .348 G.000 

Oxygen replaced by chlorine_ ________ .083 1.428 

Solids _____________________ .____ 55. 706 960.428 

Analybt. I>rof. .1. B. '\\T ce1ns, A 1nes. Lowa. Date. 1viay 2,, l 89li. 

RECORD OF STRATA. 

T D.lOKNESS. DEPTH. 

18. " Soil : ' _______________ - _. _____ - - - - . . __ - 5 5 

I i. "Clay, ycllo,-." --------------------- - -- 16 21 
lf!. •·Clay, blue·•--- ---- ----------- --------- 4 62 
15. "SandandgraYel" _____________________ U 71 

14. '•Clay. blue; and hard pan, blue · 1 
_ _ _ _ _ _ 2;3 94 

13. "San<l yellow" _________________________ 112 206 

12. · · 1Iarl, reel" _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 20 ~26 

11. Chert, white. slightly pyritiferous, "·ith 
some fine green clay __________________ 43 

10. Sandstone, in fragments of limpid quartz, 
with considerable chert, and so1ne blue-

9. 
8. 

gray limestone ____ ________________ __ -

Dolomite, \\'hitc. s01ne,Yhat arenaceous._ . . 
Limestone, blue-gray _________ . ________ _ 

7. Dolomite, or magncsian limestone, blue 

23 
6 
4 

269 

292 
298 
302 

crystalline__ __ ___________ __ _________ 4 300 

6. Dolomite, crystalline, light bluP-gray, 
blue-g1·ay, and yellowish. three samples 25 331 

5. Dolomite, blue, and light gray, hard, <'Om-

pact, finely crystalline, argillaccou~. 
two samples__ ____ ___________________ 8 339 

4. Limestone. varying in color from light 
yellowish to dark-blue gray. often mot
tled, in thin flakes, soft, earthy luster_ 11 

3. Limestone, bro,~·n and buff, soft and 
argillaceous at 350 feet, crystalline and 
cherty below·, three samples _________ 12 

2. Llmestone, magnesictn, gray, hard, com
pact, w·ith some shale, three samples._ 19 

1. Shale, blue, at _________________________ _ 

350 

362 

381 
381 

• 

• 
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SU.M:t.fARY. 

NO, FORMATION, THICKNESS, A, T. 

14- 18. Recent and Pleistocene______ ____ ____ 95 I, 103 
13. Cretaceous, Dakota ______ ____________ 112 991 

12. Cretaceous---------------------·---- 20 971 
2-11. J,,1ississippian _______ ___ ______________ 155 816 

1. Kinderhook, or Lime creek, su1nmit at 816 

Possibly No. 14 should be added to the Cretaceot1s . Nos. 
12 to 18 are the driller's record without samples. 

XXIII. CHEROKEE . . 

Nothing· is known of this boring further than the notes pub
lished by Todd in the proceedings of the Iowa Academy of 
Sciences, for 1890 and 1891. It was drilled in the center of 
the town and failed to strike artesian water. 

RECORD OF STRATA 

TBIOKNESS, 

Pleistocene and unkno\vn__________ 300 
Limestone, light blue·--- __ _____ --- 400 
Shale, blue. or soapstone___________ 260 

XXIV. LE ~IARS. 

Depth ---------------------------- 1,560 

DEPrH. 

300 
700 
960 

Elevation of curb _________ ___ ______ I,275 A. T. 

RECORD OF STRA'.rA. 

THIOKNESS, 

12. ;,soil"------------- ·--------- 7 
11. "Clay, yello,y··.-------------- 13 
10. ' ·Clay. blue" _________________ 44 

9. " Sand and griLvel , hardened 
above ___________ ___ _______ 27 

8. '· Soapstone and slate 1 • ___ • _____ 89 

7. '' Sandstone. cl1.1ys, and some 
lignites, 1n a.lternating 
strata !° _______ ___ __________ _ 138 

6. '' Sandstone ,vith some shale''_ 147 
5. Sandstone, mica,ceous,o[ broken 

grains, non-calcareous, at _. _ 
4. Sandstone, as above, many 

grains pink, r eddish and yel-
lo,Y, at ____________________ _ 

3. Gneiss (?) constituents ortho
clase, quartz and muscoYite: 
color reddish in mass, at ____ _ 

DEPrH. 

7 

20 
64 

91 
180 

318 

465 

860 

960 

1,060 

A. T. 

915 
515 
255 

A. T. 

957 
810 

215 

• 

' 

• 
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IlEC'Ol{D OF TIIE LE ~IARS V{~LL. 

'l'fltCKNESS. 

2. G-neiss ('?) chietly feldspar and 
n1 ica, at . _________ . __ . ______ _ 

1. SchL-;t. micaccou:s, bro,vn in 

DKPT8. 

1,325 

n1ass, at .. ______ . ___ . ___ . _ _ _ _ J. 560 

Nos. 1 5 are determination::; of <lrillings hy the \\'l'iter: all other statements 1-1.l'e 

taken from Todd P roc. Ia. Ac.-acl. Sci , vol. I. pt. II. p. 14-. 

The following· is an untisually detailell reeor(l of the well at 
Le Nlars, T1). H2 N., R. XL \ r W., Hee. 15, furnisl1ed by· 1,1r. C1

• 

R. Woodard. 
'l'BlCKNESS 

5~). 

58. 
Drift_ 

Blui:sh-hlack clay, \\'ith bituminous mat-
ter and gypsu1n ________________ .. 

57. Bitu1ninous 1nattcr and gypsum. _______ _ 

56. Soapstone and clay, organic 1nutter1 col
ored by iron oxide and carbonate of 
lime and 1nagnesia _ . ____ . __ .. _____ _ 

55. Beel rock, very hard. ferruginous sand-
stone. slightly calcareous ... _______ __ _ 

5-1. l'al<'areous ~andstone. iron oxide, first 
seam of lignite, one inch; also sulphate 
of 1nagnesia . __________ .. __ . ______ . __ _ 

5:3. Arenacf'ous. chalkv, and calcareous stone . • 
,vith marly partin~rs containing nearly 
pure calcium carbonate _____ _____ ____ _ 

52. <'alcareous marl __ _____ _____ __ ______ ____ .• 

51. < 'alcarcous frag1nents. _________________ _ 

50. Slate. rotten, bituminous, calcareous ___ _ 
49 Slate. slightly calcareous ____ ___ _______ _ 

48. b hale. calcarcOUR _ . _______ .. __ . ____ . __ _ 

47. Slate. rotten, bituminoui:;, and shale ____ _ 
46. Soapstone and slate ___ ____ ______ ___ ____ _ 

45. Shale. calcareous ___________ .. __ 

44. Shale, calcareous and siliceous, mineral-

bearing ------------------------------
4:3. Shale ______ ---- -- ------------ -----------
42. Shale, Yery hiLrd _____ __________________ _ 

41. Limestone, in hands, hard, bituminous._ 
40. Slate. bituminous and shale, v.•ith s treaks 

of coal and li1ncstone _______ ___ _____ _ 

:39 Shale, hard slate and shale, ,vinu Yeins 
blowing sand out of top of ,vell at 175 

feet----------------------------------
38. Slate and shale, ,vith limestone bands 

and openings ________________________ _ 

2!5 
10 

HI 

7-½ 
l 
] 

6 
11 
l 

12 
6 

1 

5 
8 
l 

12 

13 

4 

50 
60 

83 

85½ 

H:1 
9! 
95 

101 
112 
113 
125 
131 
132 

137 
145 
146 

158 

162 

175 

179 

• 
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THICKNESS. 

37. 
36. 

Conglomerate, hard._____ __ ____ ____ ____ 2 

Sandstone, hard. ferruginous calcareous, 
with slate streaks_________________ ____ 6 

35. Sandstone, reddish-brov>'n, fe1·ruginous__ 8 

3L Rotten siliceous rocks, slate and black-
jack______ __ ________ _____ __ ____ ___ ____ 6 

33. Slate and fire clay, with streaks of hard 

coal- ---- - - - -- -------------- ------- --- 4 
32. Sandstone, micaceous, ,vith streaks of 

fine clay ____ ________ . ___ ___ ___ ___ ___ . _ 

31. Fire clay and slate. ___ ' __ . ____ ~ __ ____ .. __ 
30. Sandstone, hard, micaceous _. __ ________ _ 

29. Slate, bituminous ____ ---------- - - - -···· 
28. Upper coa1 basin. ____________________ _ 
27. Fire clay <:i feet, sandstone L foot. ___ . __ _ 
26. Sandstone, dark. organic ______________ _ 
25. Shale. bituminous _____________________ _ 
24 . C..' oal . ___ _____ . ____ .. _ .. _____ . __ .. __ . ___ _ 

23. Fire clay, fine coal .. _. _ . _____ .. __ .. _ - --
22. Soapstone and slate, limestone and coal 

streaks . _ . . . _ . _ . __ . - ___ _ 
21. Shale, arenaceous, coal in streaks __ . __ _ 
20. Black oxide of iron (magnetic) hard, solid 
19. Same with soapstone. _________________ _ 

18. Gypsum and soapstone .. __ .. ___ . ___ .. - _ -
J 7. Soapstone, hard ferruginous, ,vith gyp-

sum __ ! __________ _ _ __ ________ __ ___ _ __ _ 

16. Coal and slate------------ - --- ----------
15. Slate and fire clay, pyrite. ______ __ _____ _ 
14. Soapstone ____________ __ __ ___ ·_--- - ------
)3. Chert __________________ __ ____________ _ 

Ji Soapstone- - -- - ------ - ------------------
11. Slate, bituminous, ·with pyrite _________ _ 

10, blate, bituminous, siliceous, with pyrite. 
9. Slate, fine grained, with pyi-ite ________ _ 
8. :Sandstone, brown, ferruginous. with 

streaks of coal and slate ____________ _ 

7. Sandstone, brow·n, ferruginous ·with 
heavy spar . . ___ - ___ - - ___ - - . __ .. - - - - - - -

6. Shales, quartz crystals . ___ _____________ _ 

5. $bale, ferruginous, calcareous ____ ------
4. Quartz rock and spar . _______ . __ . - ____ _ 

3. Sandstone, ferruginous, with fl.uor spar _ 
2. Shales, siliceous, with streaks of carbon __ 
1. C'oal, solid "ein . ______________ .. ___ . ___ . 

6 
4 

5 
2 

2! 
1! 
5 
'J1'-..,., 
l¼ 
1 

5 
., 
i1 

6 
6 

6 

-½ 

6-½ 
6 
9 

8 

11 

6 
10 
14 

6 

6 

5 

DEPTH , 

181 

18i 
195 

201 

205 

211 
215 
220 
222 
224-½ 
226 
231 
23~¾ 
236 
237 

242 
242i 

248s 
2-~., i)~f 

258i 

ioa 1 
6 

26;-a 
2ti8 

283 

283½ 
300 
306 
315 
323 

334 

310 

350 
36! 
370 

3'i6 

381 

' 

, 

, 
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NO'l'IC8. 

Todcl, ,vho examinecl tl1e records a,ntl tl1·illjng·s, clou btft1ll:r 
referrecl the st1·ata from H-1 feet to g1 feet to tl1e Tertiary, from 
91 feet to 180 feet to the Niol)rara, f l'Om 180 feet to Bl8 feet 
to tl1e Benton, a11cl from tl1at limit to .J.(55 feet to the Dakota. 
Bain, "\\Tl10 also exa,mined the drilling·s a,nd ,vl10 obtain()d for 
t1s the W oo<.lwn,rd recorcl, a,11l1 ,vhose })l'actical acqt1::1intance 
,vit,11 botl1 the Cretaceot1s and Carboniferol1s rocks of tl1e state 
is larg·e a,ncl intimate, ,vot1lcl favor the reference of these 
strata to the Cretaceot1s, altl1011g·h l1e st1g·g·ests the l)Ossibilit:y 
of an ot1tlier of the c~arboniferot1s in the reg·io11. Placi11g· the 
base of tl1e Cretaceot1s at 810 ..:\ . T. ag·rees ver.y well with the 
assig·nment macle of it at 701 -t\.. T. at Sioux City· £1nd 837 ... \.. T. 
at ~anl)orn. Tl1e floor of cr}·stalline rocks ,vas 11nc111estion
alJl:r reaehecl at 1,060 feet, or 213 ... \. T. '11he sandstones at 860 
a11cl rino feet are, ,\'ith little clo11bt, Caml)rian. 

III. THg C'LINTON-l)UNI., .. c\P Sl<~CTfON. ,. 

Tl1e s:rnclinal structure so stro11g·l)· marl{ecl in the 11orthern 
sections is here well nig·h obliterate<l b~· the de1)ression of the 
strata of the ,vestern limb. The eastern mo11ocline extends 
to the Des 1'.Ioines river. From ()g·clen to ,Jefferson there is 
a rise of seve11 a11cl one-third feet to tl1e 1nile, as meast1red 
c1long· the s11mmit of the Saint Peter, ,vhich a,t Boone is - 705 
i\. T., at ()g·clen -722 A. T., and at Jefferson 5no .,;\.. 'l,. From 
,T efferson to Dunla1) tl1e dip seems much more g·entle. If the 
entire Dunlap section lies above the 8aint Peter, or if that 
sanclstone occurs at the base of the Dunla1J section, the alti
t11de of the Saint Peter cannot be hig·her than - 43.3 or -1:17 A. 
T. at that station. But it is l)Ossible that tl1e brig·ht g·reen 
shale at 194 A. T. at Dunla1) is tl1e basal shale of the Tre11ton 
and, the Saint Peter having· featberecl out, the underl.ying 
a1·enaceous clolomites belong· to the Oneota. In this case the 
di1> continues west of ,Jefferson at abot1t the same rate as for 
a, few miles to the east of that town. From tl1e latitucle of 
the Dubuq11e-Sioux (1ity sec:tion the southward clip of the 

, 
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strata is moderate. From Ackley to Marshalltown, thirt3•
five miles south and six miles east, the summit of the Maquo
keta declines 335 feet, about ten feet to the mile for the 
southward component. From Manchester t .o Tipton the 
Saint Peter dips south at the rate of about ni11e feet to the 
mile. 

The southwestern dip of the Saint Peter is b11t little 
g·reater. From Manchester to Grinnell it cleclines 814 £eet, 
or a little less than ten feet to the mile. From Ackley to 
Boone the Saint Peter dips southwest at abo11t eight and one
half feet to the mile, but from Dubuque to Cedar Rapids the 
same sandstone falls 7H6 feet in sixty-t,vo miles, or about 
twelve and one-half feet to the mile. 

The Ames anticli11e is a marked stratig·raphie feature, which 
at that station lifts the Saint Peter about 300 feet nearer the 
s11rface than would obtain were the usual monoclinal di1, of 
the strata uninterrupted. 

The relief of the section is comparatively moderate. Follow
ing· the line of a rail,vay, it avoicls all local elevations. 1:'et 
certain contrasts are strong·ly marked. Such is the hig·h 
relief of the Sil11rian outcrop from Stanwood to J\1011nt 11 er
non, d11e not only to its position on a divide, but also to the 
obduracy of the rock and to anticlinal strueture; the low 
relief of the area of the weak Devonian and Kinderhook rocks 
from Cedar Rapids to Le Grauel, and the accentuations of the 
relief of the western part of the section by tl1e heavy de1,osits 
of the Wisconsin drift sheet. 

Over much of the section the thickness of tl1e Pleistocene 
was drawn ,vithout accurate data. Much help was afforded 
by the officials of the Chicago & Northwestern Rail wa3• Co., 
whose ,veils, especially east of Boone, frequently show the 
depth to rock. A most interesting feature of the sub-to1,og
raphy is the dee1, preg·lacial river channel at Belle Plaine. 

Tlie ('oc,l 1l[ec,sul'e8. - No division is made between the differ
ent stages of the Coal J\1easures. They exte11d east as far as 
Marshalltown, and an outlier too small for delineation on the 
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seetio11 oe<:t1rs at Cedar l{a1Jids. ~\t Dt1nla1) more or less of 
the s1)ace assig·necl to tl1em ma:r belong· to tl1e Cretaceot1s. 

The -lli8sis.-:.iJJJJian. - At all l)Oi11ts ,vbere penetratecl tl1e 
u1)per beds of tl1e ~1ississi1Jpian are cl1ert:r, and in l)lace8 co11-
tai11 cl1alce<.lonic silica also. Tl1e '' blue g·ranite '' of the 
driller's record at Nev·ada is probably· a g·eode bed of this 
series, and it is an interesting coincidence that, at a scientifie 

, meeting· at an earl}T date in Iowa, clrilling·s from this same 
bed were exhibited by· a professor of g·eolog·y as sam1Jles of 
Archean g·ranite, which he thereb:y proved was reached in 
central Iowa at less than :soo feet! The l)lace of this chert 
indicates that the Kinderhook passes below its level rather 
than above it. Otherwise the first heavy· shales at Boone 
below the Coal 1Ieast1res might be taken as Kinclerhook, thus 
g·reatly increasing the thickness of the De,Tonian. Tl1e Kin
derhook shale is clearl:y- del1mited at 1-Iarshalltown, and the 
limestone above it belong·s also to the Kinderl1ook, as shown 
shown by its fossils in natt1ral outcrops. At Nevada no shales 
appear in the driller's log·, but a "l)lt1e limestone," from 482 
to 583 feet from the surf ace, may owe its color to argillaceous 
admixture. 

The .De11onian. - The basal members of the Devonian, tl1e 
Independence shale and the Otis limestone immediatel:y· 
be11eath it, dip beneath the surfaee at Cedar Rapids. The 
()tis is too thin for graphic representation on tl1e sc•ale of the 
sec-tion. The shale is not reported at 11arshalltown and 
Nevada. At \ Tinton a non-mag·nesian limestone of the ty·pe 
of the Otis occurs at a depth of 11.3 feet from the st1rface and 
l)elow a preg·lacial channel of the Cedar river. 'I:'l1e 8pirifer 
r)ennatus beds of the Cedar ·valle:y limestone ot1tero1) in quar
ries near the wells. The Indepenclence shales and ]?ayette 
breccia, which immedic1tely succee<l the Otis, probably extend 
as far west as Vinto11, and are fot111d in place on the Wa1)si
pinicon a little south of wl1ere it is crossed by the 11anehes
ter-Grin11ell sectio11. 

' 
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Th e ~"1'i!u1·ian.-The Silurian exhibits several features of 
special interest. On this section it attains its g·reatest known 
thickness in Iowa. At Cedar Rapids the Niagara an(l the 
Cog·g·an and Bertram becls ag·greg·ate 410 feet in thickness. 

The hig·h relief of tl1e Cedar-11aquoketa divide has alrea(l)T 
been mentioned. The anticline to which this is partl:r flue 
had previously bee11 inferred from the siratig·ra1)hy of the 
reg·ion, and it finds expression in the strike and out(•ro1) of 
the strata. 

Near Mount \r ernon, the up1)er] 00 feet of the Niagara con
sists of tl1e Le Claire in mounds, with strong qt1ac1ua·versal 
dips, the Anamosa beds occupying· <le1)ressions in the Le 
Claire. Interesti11g litholog·ical variations are exhibitecl in 
the section of the Silurian at Vinton. 

TBICKNEStl, 

6. Limestone, magnesian, buff, porous, crys-

talline-------------------------------- 15 
5. Limestone, magnesian, pinkish, cherty, 

DEPTH, 

150 

argillaceous __________________________ 18 168 

4. Limestone, uon-magnesian, white, cherty, 
arenaceous ______ .. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 82 250 

3. Dolomite, ,vhite and bluish-gray_________ 35 285 
2. Clay and sa,ndstone_ ________________ _____ 10 295 
L Dolomite gray _____ _____________________ 55 350 

Numbers 4 to 6 were listed as Dev·onian in the author's l)re
vious report, -x- but it seems far more probable, with a. more 

thorough study of the questio11s involved, that No. 4 is a bed 
of the Silurian that escaped clolomitization. Such beds ha·ve 
been found, undoubtedly Niag·ara in ag·e, within the area of 
outcrop of that formatiou in Iowa. 

At Marshalltown the Silurian st1ffers a still more interest
ing litholog·ical chang·e. Its place is held by cherts .. ancl 
g·ypseous dolomites and limestones, whose g·y1)sum sug·g·ests 
the Onondag·a rather than the Niagara. 

At Boone the upper limit of the Silurian is in doubt. Con
sidering its thickness at Des Moines, it may well extend 
upward to 930 feet from the surface, the point where b11ff 

*Iowa Geol. Surv., vol. [If, pp. 192-194. 
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mag·nesian limestones beg·in, g·ivi11g· it a1 tl1ickness of -10.::5 feet. 
The more eo11ser,~ativ·e ·vie,v aclo1)ted mal{es the he,1v)' shale 
at 1,080 feet the base of the Devo11ian, belo,v ,vhich lie l)row11, 
g·ra~y anc.1 blrff c.lolomi tes an<.l limestones, in l)laces c l1ert:r ancl 
even arena,ceol1s. ...\.t .Jefferson, two or three sam1)les of dol
omite were take11 from the })lace where the Silurian wol1lcl 
naturall)~ lie, ancl at Dl1nla1), at the same horizo11, ocuur lig·bt 
;yello,v, arg·illac:eot1s, ma1g·11esian limes ton es, resem1)ling· the 

Silt1rian at Pella. 
Th e _Jfaq11oketa.- This formation reaches l1ere its g·reatest 

kno,vn thiel{ness. ....\t 1Iontic-ello a11d Ti1)ton, its tl1ickness, 
meast1red to the lowest sample of shale, preser,recl b)~ the 
drillers, is res1)ectiv·ely· 195 antl 18.'5 feet; measuretl to the first 
samples of the 'l'renton, it is 28.5 and 295 feet. ...'-\t '\Tinton the 
recorc.led thickness is 2t5U feet, ancl at Cedar Ra1)ids sam1)les 
pro·ve it 27H feet thick. At Boo11e, it still measures 100 feet. 
Tl1e few sam1)les l)reserved at ,Jefferson include no shales that 
can be referred to the Maquoketa, and the shales at Dunla1) 
assig·ne<l to this terrane may reall)T be Trento11. The division 
of the Maquoketa by a medial be(l of clolomite, 11oted in the 
Dubuque-Sioux ( iit:y sectio11, reap1)ears i11 this as far west at 
least as Vinton ancl Cedar Ra1)icls. 

The Galena dolomite, absent at 11anch0ster ancl unre1)re
sentecl in the '\rinton sam1)les, reap1)ears at Cli11ton, 11onti
cello, .Anamosa, Ti1)ton and Cedar Rapids. At L\..mes the 
Galena-Trenton limestones are non-dolomitic, while at Boone, 
with the exce1)tion of one stratum, all the limestones of the 
Galena-Trenton are dolomites, and only clolomites occur in 
the sam1)les of the limestones from this horizon from the wells 
west of the Des 11oines river. The basal sl1ales of the Tren
ton are l)ersistent throug·hout the section. 

The Saint Peter maintains its ordinary physical character
istics and thickness as far west at least as J e:fferso11. 

T he division of the Oneota is not clear at Clinton, where we 
have no complete set of samples. The New Richmond is well 
defined in wells further west. At Boone the chang·e that 
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seems to «ffect the magnesian series to the west has taken 
place. The dolomite beneath the Saint Peter is less than 150 
feet thick. Below that limit extend, so far as samples show, 
some 350 feet of shales and marls, which are addecl to the 
Oneota mainly because to the south, at Des Moines, where 
the series of drilling·s is complete, dolomite recurs at about 
that depth. 

'I'he Algo11kian quartzite ,vas struck at but, one point in the 
section-at Ced>tr Rapids, 1,417 feet below sea level. This 
quartzite, it will be remembered, was reached at Lansing·, 
eighty miles to the northeast, at a depth of seventy-one 
feet below sea level. The descent of the quartzite in this 
distance corresponds to the dip of the Paleozoic rocks; but it 
should not be supposed that the Alg·onkian gradient is even. 
Its relief is doubtless uneven in the extreme. The Cedar 
Rapids quartzite represents a considerable local elevation of 
the pre-Paleozoic surface. It slopes to the southeast, since 
the drill did not pierce it at Tipton at l,886feet below tide, and 
probably to the west also, since it was not struck at Boone at 
1,860 feet belo,v tide. But between these two stations there 
is room for much diversity of this surface. In the author's 
former paper on the deep ,vells of northeastern Iowa it was 
sugg·estecl that the lower 451 feet of red sandstone at Tipton 
might represent the Alg·onkian quartzite at Cedar Rapids. 
Au interview bas s ince been bad with the foreman in cbarg·e 
of the 'l'ipton drilling·, who states that ,vhile these sandstones 
were l1ard, they were not unusually so. The:r are, therefore, 
here placed with the Paleozoic . 

• l1-tesian. ('anclilions Qf the ('li11ton-IJu11lctp ,section. 

In no parts of this section is the boring of artesian wells 
interdictecl b}' what is kno,vn of tl1e deeper strata. 

East of the Io,va river such wells arestro11g·ly recommended 
as a water supply for >tll except the largest towns. The drill 
will rarely need to g·o clee1,er tb>tn the Jordan sanclstone, in 
which, and in the overlying· Oneota., the best suppl}' ma}' be 

-
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ex1)ectetl. Fe,Y, if an:r towns in this eastern clistrict are sit
uated too high for practicable l)llml)ing·. Whether fot1ntain 
wells ma:y be expected and the height of the head ma:r be 
reallil} ... calculated from the data on Plate XI\r. 

X ear the Des 1Ioines, the 11ecessar:r deptl1 to reach artesian 
,va.ter is shown in the wells at Boone ancl Og·den. While 
artesian -wa,ter is here an expensive lux11ry, it ma:r be the 
chea1)est ancl most ay·ailable satisfactor}T water stip1Jl~r for 
towns remote from aYailable rivers ancl streams. 

West of tl1e Des 1'Ioines river the g·entle rise of the Cambrian 
an<l Ordovician strata is a favorable indication. If these for
mations continued to clescend in western Iowa, at the same 
rate as i11 the eastern part of the state, the3T would in a short 
clistanc-e beyond the Des ~,Ioines river be carried belov\.,. IJrac
tic:able ex1)loitation with the drill. ..c\.s it is, e·ven upon the 
hig·hest g·rouncl of the Des 11oines-Missot1ri <livicle, 2,500 or 

• 2,700 feet shoulcl reacl1 the main water-bearing strata which 
sur)pl:r the artesian wells of eastern Iowa. The distance nec
essar:r to pum1) tl1e water will constitute a difficulty that must 
l)e taken into accot1nt. Both at .r efferson and Dunla1) the 
ca1)acity· of the wells is e11courag·ing. West of the Iowa 1·iver 
the 11tmost lJains shot1ld be taken to exclt1de all waters above 
the 1Iaquoketa shale. 

xxr,:r. CLINTON.* 

- Ii rn 0 a) DISCHAROl!I IN OAJ, LONS 
..d 'd 0 ..... 

!~ 
'd PER DAY. ~ 

d 08 al ... .... a) ::, 0 

~ d • .c .., 0 
OWNER, o -il 

. 
"' a) ~ .... 

cO .,; .., d ... .... ... :;:. . =· 0 
.::. a) ai.C s:ia.> G)8 

p G) 

~ 5 . "' -~ - C. t> d 
bl) Cl! <I) bl) 8 0 

0, <d 
., ;:I ..... f< .... ~ '° ~ o 

d) ·- ~ (.) ~ ;::: ... C, .., ca-Z 
z. C ""' r:i:l 0 p,. 0 00 00 ~ A .... .... .... 

- --- -- -
Water \Vork i,; Oo 1 I 1,035 j5 588 632 623 500,000 700,000 1 61° 1eH6 I 1,4-00 ! 8 
\\'ater \Yorl{s Oo. 2 1,2i6 5 588 632 628 500,0GO 400.000 2,500,000 64° 1886 
Water Works <:o 3 l ,676 8- 6 588 632 62:3 900,000 900.000 J 64° 1890 
\Vater Works Oo. 4 1,497 10 581! . . . . . . . . . . . . . ' ...... 600,000 63° 1893 
Pap .. r Co . . ... ... .. 1.005 I . . . . . i)8>,t 630 596 . ..... . ..... . .... . .... . .... 69° 1883 
Lamb & Son ..... .. 1,230 . . . . . 5&1· 623 . ....... . . .......... . ......... 65° 188 
u.&N. W.Ry.Oo. J.159 I . . . . . 588+ 600 600 . . . . . . . . . ........... . ........ . .. 1896 

8 

Driller ot a.11 the above ,\'ells, J.P. Miller & Oo. 

• The , facts relating to 1 he wells at Ohnton were furnished by their respective proprietors. 
E special mention should be made of the kindne~s of Dr. P. J, F arnsworth, who collected data.of 
the Dewitt park well, and of tb..e helpful sugiestlons of Supt. S. ol. Highlands, of the Water Co. 

t Approximately. 
21 G. Rep 
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The artesian water supply of Clinton has been widel:r known 
as one of the finest in the United States. The :rield of the 
artesian wells is abundant, and the water has rankecl among 
the best of potable waters. Unfortunatel:y the su1)plJ", 
exceptionally· large as it is, is not commensurate with the 
increase in population, and sy·mptoms are not wanting· that it 
is already being overdrawn. All of the wells show loss of 
pressure, in some amounting to about fifteen pounds. With 
these indications that new wells would further diminish the 
yield of the present wells, and that they would fail to increase 
the discharge in proportion to the additional expense, the 
water company resolved to supplement the artesian suppl)~ 
with :filtered water from the Mississippi river. About 300,-
000 gallons a day are drawn from this source, passing through 
a mechanical filter recently erected by the National Filter 
Co. with a ca1)acity of 1,000,000 gallons a day. From five 
to twenty-five grains of alum are used to the thousand 
gallons, an amount quite too small to remov·e bacteria. 

WATER HORIZONS. 

· The Galena-Trenton furnishes the first flow-a moderate 
yielcl at depths of from 330 to 400 and 460 feet beneath the 
surface. The temperature, 60° to 6~° Fahr., is about that of 
the deeper flows. Sulphuretecl h)~drogen is ob·viously present 
in the water as it flows from the wells, but under aeration it 
vanishes in a few hours, leaving no trace. Heavier flows are 
encountered in the Saint Peter, the Oneota, the .Jordan and 
the Basal sandstone. In the dee1Jer ,vell of the ,vater com
pany Su1)erintendent Hig·l1lands reports these flows as 
follows: 

From 62.'5 to 725 feet, 150 g·allons l)er minute, 8-inch bore. 
From 1,025 to 1,150 feet, 400 gallons per minute, 8-inch lJore. 
From 1,400 to 1,675 feet, 700 g·allons per minute, 6-inch bore. 
In this well the pressure from eacl1 of these flows was 

tested, not during· the prog·ress of the boring·, bt1t afte1· the 
com1Jletion, b:r lJacl{ing· a tube at different depths. Strang·el:r 
enoug·h, it is ~aid to have been found to be the same at all 

• 
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{lepths. 111 tl1e Park well, Dr. Farnsworth re1)orts that from 
obser,~ation of the water in the ditch as the well was drillecl 
he jt1dg·ecl that the ft1ll flow ,vas reached at 1,100 feet. 

Well No. 0 of the water company is casecl to 135 feet from 
surfa(•e, and there packed with lead ring·. Well To. 4 was 
cased to 700 feet i11 order to cut off ca,~ing· sands in the 8aint 
Peter. In the well of the Chicag·o & .1 orth-Western Rail-

F10. 40. Reservoir at Olioton, Iowa. fed by artes ian wells. The smallest stream, the second 
on the left, is of filtered water from \he Mississippi river. 

wa)~ Co., an eight-inch casing extends 200 feet from the sur
face. At 765 feet caving· sands were encountered in the Saint 
Peter; forty-two feet of six-inch casing· was inserted, ending 
below at 7o7 feet, and the bore changed to five inches. In the 
well of Lamb & Son, casing reaches to 125 feet and is packed 
with rubber packing. In the Paper Com1)an:y·'s well the casing· 
extends to eig·hty-four feet and no packing· was used. This well 
showed consiclerable loss of head three and four J'ears after 
it was drilled. It had been closed nights ancl Suncla:rs, and it 
\"\_,.as thought that, on account of the co11sequent--::pressure on 
the sides of the boring, much of the water was forced into 
cracks and crevices of the rock and thus escaped. In 18t)3 jt 
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was attem1)ted to repair the well b:r reaming· it and inserting 
another casing·. At the l)ottom of the first casing the rock 
was fot1ncl to l)e so eroded b}T the water that the reamer here 
llroppell seven feet. ....\. five-inch tubing was then put in, reach
ing to 160 feet, an<.1 packed with rt1l)ber, but without increas
ing the flow. 

QC.\LITY OF THE \\'ATER. 

The Paper ~Iill l~o. re1)orts a g·ratifJ·ing c.lecrease in harcl
ness of the water . .... .\.s a boiler water the Clinton artesian water 
is st11)erior to that of the 1Iississi1)l)i river. Althoug·h it ra1)
iclly· destroy·s wrought iron pi1)es, it c.loes not corrode boilers. 
(

1arr)ring· its ow11 boiler c:ompounc.1 with it, it is said to form 
no scale, althot1gl1 containing· co11sic.lerable of the scale-form
ing· constituents. Tl1e follo\ving· analy·sis appears to be that 
of the combined waters of wells :No. 1 ancl Xo. ~ of the Water 
(

10 .. before tl1e former was bore<.1 to its present depth. The 
water, therefore, represents all yields as far as that from the 
.T orclan sandstone. 

AX.\LYSIS. 
GRAINS PER U.S. 

WISE GALLON. 

C'alC'ium biC'at·honate -------------- ------------ ·----- l 1.22fll 
,\Jagnesium bicarbonate __ __ ... _ .•....•••.. _ ...•. _._. 
Sod hun bi carbonate __ ._ .. ____ .... _._ . . _._ ... -.. - - _. _ 
fodiun1 ~ulphate ___________________________________ _ 

Sodiun1 chloride ____________ ------------· ·---------
A.ltunina and I•,erric oxide _____________ ___ _______ ___ _ 

'--' ·1· ol lCa ____ ------------------------------ -----------

, .4267 

6.2824 
li.U~6li 

6. f>H lli 
.0 1 ,4 

.6124 

'.I' o ta l ____ _______ __ . ____ - _ . ___ . _ . __ . - . - ____ . _ . . 38, -,55 2 

.\nalvst. J->rof. E. <.i. Smith, J3eloit. Du,tc, 2\larch 20. 188,. ~\uthority, puh-, 

lished rcpol't of \\TatL'l' Co. to n1ayor .. \.pril I, 1~93. 

Tl1e embarrassment of riches of more than one artesia,n 
recorll at any· 011e localit~r is illustratell i11 tl1e follo,ving· table. 
Ileeorcl No. 1 is that of Supt. S. 11. IIighlands, of tl1e first 
a.rtesian well of the city· Water Co.; No. 2 is that of l\ir. D. 
W. ~read,* of the same ,vell; No. 3 is by· Dr. ,J. I). Far11s
\vorth, of the Dewitt Park well: No. 4, of tl1e same well b~r 
Nupt. Hig·hlan<.ls; No. 5, the driller's recorcl of the well of the 
Chicago~'\: North-v\Testern Ra.il,vay· Co.; No. n, of the ,,Tell of 
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the Clinton· Pa1)er Co. T he wells are on about the same . 
le,Tel. Drift and st1perficial lleposits are slig·ht and are 
inelu(led in the Niag·ara. 

No. 1. No 2. No. 3. No. 4 No. 5. No. 6. 

- -- -
Niagara base ______________ 120 300 90 150 130 224 
Niagara thickness _____ . ___ . 120 300 90 150 C ]30 224 
~Jaquoketa base __ -------· 300 450 230-270 450 425 399 
~laquokcta thickness. ______ 180 150 140-180 300 295 175 
Galena-Trenton base. ... .... - 625+ b 680 700 700 
Galena-Trenton thickness __ 325 ~- -· ----- 450-410 250 275 
Saint r~eter hase _______ ___ _ 725 Omitted 720 760 760 ~ 

Q) 

Saint IJeter thickness ______ a 100* 40 60 60 Q) ---· _ .,.. ___ .... 
(>neota base ____ 1,025 1,000 Q) • I 0 1.140 It') 

·---------· .,. 
< )nt•ota thickness 300 i:I Q) rt:, 8 380 

0 

·-----· --- ---- --- -- oAi:l ~ ..... 
.T orchtn base l , 150 1,100 

.pOc,l.-1 
0 (I)~ rn .. .... ------------ Q) .p I 
..., 

.Jordan thickness ________ . __ 125 100 s'C .. c<l ,!>j 

Saint La "'renee base ___ ___ _ l.400 l .275 .... A~ t) 

- c<l Q) 0 
Cl!,._, Q) • ;.. 

Saint Lawrence thickness __ 250 175 rt:, rt:, Q .p Q) 
Q) A8 O <P Basa,l sandstone base ______ 1,700 l ,649 X _.,, Q) 8 .... <'loo a:..., -Basal sandstone thickness __ 300 374 ~ ~ 

* t)r less. a" Sha.le and sand.'' Trenton shales apparently b eing included. 
b The so-called .. Trenton· • and "Galena'' are each made 275 feet thick. The 
latter correRponds to the Oneota, and the .Jordan is called the Saint Peter. c" 100 
feet of shelly rock,,. · · 30 feet of hard rock.·' 

T he following samples of the drillers are in evidence: 

DEPrH. 

10-80 De,vitt Park ·well· - ____ ________ ______ Dolomite, buff. 
·'300 350" Dewitt Park ,vell __________ ____ _ Dolomite, gray, son10,vhat porous. 
400. C' . ,._v, N.-\\ .... Railway Co. well ___ _______ Dolomite, hard. gra,y. 

500. De"·itt Park vrell ______ ·- ------·-------Dolomite. buff. 
<'. & N .-W Raihvay Co. ,vell .. _____ ___ Limestone, fossiliferous, and red-

dish shale. 
ti80 720. Dewitt Park ,vell. _ _ _ _ _ _ _ _ ________ Sandstone, pure, ,vhite, soft, numer-

ous larger grains about 0.37 mm. 
in diameter. 

1\t about 769 ('. & N.-W. Railway Co. ,vell.Sandstone. white, saccharoiclal. 
rounded grains. 

790, 830 and 900. De,vitt Park well ___ _______ Dolomite . 
H60. Df',vitt Park well ____ __ ________________ Dolomite, white, ,vith conside1·able 

chert and grains of quartz sand. 
1,025. D1:nvitt Park ,vell __________________ __ Dolomite, gray, cherty. 
1,135. De,vitt Park ·well __ ____________ ____ _ Dolomite, arenaceous. 

As the Maquoket a shales outcrop abo11t two miles north of 
the wells at about the same level, it seems best to acce1)t 

*Notes on Hydrogeology of Illinois, table XL. 

' 

• 
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that record-~ o. ~-which l)laces them nearest the surface, 
at ninet3T feet. 

The base of the 1Iaquoketa is less certain. The samples 
show that it cannot lie lO\Yer than 400 feet from the surface, 
or e·ven than ::350 feet. The formation l)robably extends at 
least to 270 feet from the s11rface. 

The records are i:;o uniform in the upper limits of the Saint 
P eter where it is mentioned, that serious discrepancies 
between the records of clifferent wells in other formationi:; 
cannot be accounte(l for b:r the ass11m1)tion of a fault. Three 
recorcls unite in l)lacing the summit of the first sandstone 
be]ow the Saint Peter, the Jordan, at 1,000 or 1,12.5 feet. 
Tl1is may be i11clu<led between the (lolomite of the samples at 
1,025 and 1,135 feet from the surface. Certainly· it is fol
lowe(l b:r dolomite, the Saint Lawrence, which g·i\"'es wa~r to 
sanc1stone, the Basal sandstone, at 1,275 feet in one record 
and at 1,-100 feet in another. 

XX\T. C'EDAl{ RAPIDS. * 

- I 
0 

E-. 
........ - .:: :d ;., I ;., . !le Q.) <I, ce c., ~ - . - i:, ;::i.~ ;., 

o,'l"NER. 
..,;;;, c., ..... ~ ~ ~ DRILLERS. .d IV ..C: ..;, .... .,.. 'Jl C s C) 

:-3 ..... - ;::i.. 
~ . ;., - ~ i:: ..... aa i:::... c:l~ 

... ;:::: ~ o 0 S C) •,-I·~ :> ~ IV .... - <l) +> ...... 
::rl 0 0 r .... , ~ E-; - . 

-
\·\Tater ,,T orks Co ___ . 2,22.5 5 73;3 761 250 62° J. P. ~liller &:. Co. 
\\Tater ,Yorks Co ____ 1,450 5 733 76L 250 6i.O .T. p ~Iiller .,\': Co . 
\\Tater '\Vork:s Co . .... 1.450 5 733 761 250 62° .J. P. iiiller 4.~ C'o. 
Y. 11. C'. A .. _________ 1.450 5 73:i I 735! -- -----· .-\ .. K. \V"allen. 

Pre,,.io11s to the i11stallation of water works the town 
depended for fire l)rotection ancl water s11pJ)l}~ u1Jon storage 
cisterns ancl s11rface wells. In December, 1875, the J)lant of 
the water com1)an:r was so far <.'Omplete(l that pumping· was 
begun from a filter well on the bank of the Ce<lar river, adja
cent to the mill pond. This su1)ply was usecl for abo11t thir
teen :rears, when three artesian wells were l)ut down, from 
100 to 200 feet apart, forming· the a1)ices of a triang·le. ...\.t 85 
feet the first two wells piercecl a channel in rock from 

• Tb~ eurvey Is indebted to Mr. O. B. Soutter, president ot the Cedar Rapids Water Oo., 
and to the superintendent. l\Ir. 0. J. Fox, wbo contributed the facts at band and sets of drill
tngs from two of the wells. 

• 
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SYSTEM STAGE SUB-STAGE A .T. ROCK 

DEVONIAN WAPSIPINJGON Otis LIMESTONE 
704 ' ' GOGGAN .. •BERTRAM I ' LIMESTONE 

' 688 ' T 

Anamosa SOFT BUFF DOLOMITE'. 

I I 
I 

SILURIAN NIAGARA- Le Claire I I 
I l 

CLINTON I 
OOLOMITE:S SUBCRYSTALLINE, I 

I I OFTEN VESICULAR 
I I 

Delawar e I 

289 

HUDSON OF 
Maquoketa 

BLUISH SH.ALE WITH THREE BEDS 

INTERCALATED LIMESTONE 

RIVER -~._ 
=--- ---... SEA LEVEL ~~ ,~ 

I 
I I DOLOMITE. 

Galen a ' 
' • 

I I 

TRENTON Trenton ' ' 

a 
MAGNESIAN LIMESTONE 

ORDOVICIAN 
EARTHY, LIMESTONE AND SHALES. 

292 
, 

F.A I !'I ·1 .t' H: I 'Eli SANDSTONE. WHITE, ROLLE:D GRAINS. . •;.:.-.- .. :~ . .. 312 I I -I I I 

Upper Oneota I I 

• I I r 
I --, 437 

New Rich mon 
i ~ • • ~ . .-.- •• 

SANDSTONE: CALCIFEROUS. 
ONEOTA , ... , .. . 492 I I 

-.. 
II • - I I ' 

Lower Oneota 
j I DOLOMITE, I N PLAC ES ARENACEOUS 

I ' 
I I 

I I 667 ·~:.;~:• 
.. •··• 

I .. ·- ~ WHITE SANDSTONE --
Jordan .. 

' l...,'- ·•'.!.,;.. SANDSTONE, CAL.CIFEROUS IN PLACES. 
'--' -.. -.-.-·. ~ ..,, ,._,: ,.. 
~ '; 

S. t • 957 a10 
SAINT Lawrence 

SHALES 

CAMBRIAN CROIX .,_ · :. 1057 

... 
. . .. 

. ; 

Basal ' 
SANDSTONE, LIGHT REDDISH 

Sandstone : ,, 
' 

AND YELLOW 

, 
·• .. 

• ·. -

' 1417 
, "' ' 

ALGONKIAN Sioux?\... ~ i -~· 1492 QUARTZITE, REDDISH BROWN (, 
", 

CEDAR RAPIDS WELL SECTION . 

.. 
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which water rose to the surface a11cl overflowed. The Saint 
Peter sandstone furnished ,vater, and the flow reached its 
maximum from the Oneota and Jordan, from 1,300 to 1,425 
feet. At some lower de1)th the first boring· set free a highly 
mineralized salty water of which, unfortunately, no anal~vsis is 
on record. This water was found impracticable for boiler 
use and hig·hly corrosive. ~\..t the end of five years the 
wroug·ht iron casing was taken out in the condition illustrated 
in accompanying l)hotog·raph. In 1894 the well was reamecl 
to eig·ht inches to a depth of 1,450 feet and there plug·g·ed to 

I 

Fro. 41. Oorrodecl casing from Oedar Rapids well. 

shut off the lower water. No increase in flow was noticed. 
In the same year an artesian well was drilled for J\1r. C. B. 
Seutter at the Y. M. C. _A. building· a11d presented by him to 
that org·anization. The l)ressure was unex1)ectedlJ' lig·ht and 
a hydraulic ram was emplo:red to raise the water to the 
required height. The flow from this well did not fa·vor the 
extension of the artesian s.v stem. The y·ield of the other 
wells had not for year~ met the clemands of the growing· city, 
making it necessary to mingle with the artesian waters raw 
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• 
water from the river. A large pa.rt of the manufacturing· 
trade had been lost to the water compan)r on account of the 
hardness of the water. For these reasons an expensive 
mechanical filter plant was erectecl in 1895-1896, and the 
water of the river will hereafter be so treated as to instire, it 
is hoped, the patrons of the companJ· immunity from all dis
eases of whose germs drinking water is the vehicle. 

The first three wells were cased to eig·hty-five feet, using· 
lead packing· with rubber. The well at the Y. M. C. A. build
ing was first cased to 1,372 feet. As it was found to shut off 
a large part of the fl.ow, the casing· ~ras withdrawn and the 
well recased to eig·hty-five feet. 

The strata of the Cedar Rapids wells are described by the 
at1thor in papers previously published.* 

(Y. M. C. A. WELL) MINERAL ANALYSIS 

GRAINS PER 

U, e. GALLON. 
Silica (Si 0

2
). _________ __ _ _ _ _ _______ •• _ ____ .149 

Alumina (Al2 0 3 } and Ferric oxide (Fe2 0 3 ) 1.036 
Lime (Ca 0). __ ____ _____ _____ ____________ 5.684 

"Nlagnesia (11g 0) --- - - - - - --- - -------·-----
~oda (Na

2 
0) __ __ ______ _______________ ____ _ 

Chlorine (Cl) ----- ---------- -- -- ___ ____ __ _ 
Sulphur trioxide(S 0

3
) _____ _____________ _ 

Carbon dioxide (C 0
2

) __________ _ ________ _ 
• 

Water in combination(H2 0) -· -- - --------

Free (C 0 2 ) -- -- --------------------------

UNI1 ED A 5 FOLLOWS. 

3.000 

7 076 
.025 

10.026 
14.434 

2.966 

(3.082] 

Calcium bicarbonate ( aH
2 

(C0
3 ) 2 ) ____ _ _ _ l o.439 

J\tiagnesium bicarbonate (lYigH2 (003 ) 2 ) ___ 9. 18L 
niagnesium sulphate (lYig S(>

1
) ____________ 1.409 

::5odium sulphate (Na
2 

SO 
1

) __ ___ ___ _______ 16.141 

Sodium chloride (Na 01)___________________ .0!l 
Alumina (Al2 0

3
) and Ferric oxide __ _ ____ 1.010 

Silica (Si 0
2

) _ ___ _ _ ____ _ __ _ _ ____ ______ ____ .149 

Solids . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 44. 396 

PARTS PER 

MILLION. 

2.571 

17.857 

98.000 

51. 7J4 
122.000 

.428 

172.857 

248.857 

51. 143 
[53.143] 

283.429 

158.i84 

24.286 
278.286 

.714 

17.857 
2.571 

765.427 

Analyst, Prof .. J B. vVeems, Ames, Iow·a. Date. April 1, 1896. 

* Iowa Geol. Surv., vol. I I I, pp. 195-197. Proc. r owa A cad. Sci., ,,oJ. I I, p. 195. 

, 
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XXVIII. NlARSHALL. * 

A deep boring· at this point, drilled by a local company for 
g·as and coal, is here included on account of the interesting· 
succession of strata. The depth of the boring· is 1,020 feet, 
the elevation of the ground at surface is about 885 feet A. T. 

TBlCKNlllSS. DF.PTH. 

13. Limestone, light gray, in fine sand, with 
many angular fragments of limpid quartz, 
at 68feet............................... 70 

12. Limestone, light yello,v. compact. earthy 
lustre, t,hree samples. _ .••. _ ...••. __ ._.. 45 115 

11. Limestone, brown, crystalline, cherty, at 
115 feet ...•.........•.•••.••.......•... 30 145 

10. Shale, soft, light green, calcareous ..••••. 175 320 
9. Lilnestone (?), no samples ................ 145 465 
8. Limestone. hard, bro"vn gray and brown, 

crystalline, rapid effervescence, samples 

at 465 and 560 feet .. ·--··----·--·-·-·-- 155 620 
7. Dolomite. yellow. gypseous and cherty _ _ _ _ 55 675 
6. Limestone, magnesian, bro,vn, samples at 

675. 690 and 700 feet, chel'ty at 675 feet._ 95 770 
5. Dolomite, cherty. gypseous, drillings con-

sist mostly of ,vhite and translucent chert 30 800 
4, Chert, white and translucent. sample at 

800 feet·- ·---···--··---·-·---··-··----- 75 (?) 875 
3. Limestone, rapid effervescence, drillings 

consist almost wholly of chert, with some 
gypsum, samples at 875 and 900 feet.... 25 

♦ 

900 
15 9 15 

2. Dolomite, white, in po,vder, with some 

chert and gypsum --········- --·····--· 10 
1. Shale, blue and green·gray, non·calcareous 

NOS. 

11 13. 
10. 

8- 9. 
2- 7. 

in sample at 925 feet, to bottom of boring 95 

SUMMARY. 

FORMATION. THICKNESS. 

Mississippian .. --···-···-·---··-··-·--· 145 
~Iissisippian· Kinderhook shale .. _._. ___ 175 
Devonian ..•.•.•... _. _. __ .. _. __ .•.•. _.. 300 
~·1 · . 305 "' 1 ur1an .. •.. _ .....•••. . ___ .•. _ • . _ .. _ . _ 

]. l\Iaquoketa, penetrated -- ······--······ 95 

*Samples o! the drllllogs wore contributed by Dl'. W. S. l\'lcBride. 

925 

1,020 

A.T. 

740 

565 
265 
- 40 

- 135 

, 

• 
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XXVIII. NEVADA.* 
Owner_ _ _______________ ________ ______ . . _ _ _ _ _ _ _ _ _ _ Nevada. 

Depth ______________ ____ ____ ·- - --· - - - --- ---------- 980 feet. 
Diameter _____________________ ____ ________________ 11 in., 8 in .. 6 in. 

Elevation of curb A. T, ___ __ __ ______ ______ ________ 1,005 feet. 
Head of ,vater A. T. __ ______ ___ . _____ __ . _ _ _ _ _ _ _ _ _ _ 902 feet. 

Capacity in gallons per minute __________________ 200 feet. 

This well was drilled from March 15, 1895, to October 14th 
of the same year. Casing· was used to 810 feet. Water is 
derived from 940 feet, apparently from a vein in the Niag·ara 
limestone, but l)Ossibly water from the JY.J:ississippian is not 
wholly shut out. 

ANALYSIS . 
ORAINFI IN 

U. ~. GALLON. 
Calciumcarbonate __________________________________ 24.500 

Magnesium carbonate___________________________ ____ 25.978 
nilagnesiumsulphate _____________________ __ _________ 137.346 
Sodium sulphate ____________________________________ 17.840 
Potassium sulphate ______ . ____ .______________________ 5.568 

Sodium chloride_____________________________________ 5.609 
Silica _______ . _. ______ . _______ . __ . ___ . ___________ . _ _ _ 1.113 

Iron carbonate ____________ ___ -------·--- · _____ _____ .473 

Alumina----- - -------·__________ ________ ____________ .862 

Total __________________________________________ 219 289 

.Analyst. Mr. George H Briggs, Nevada, Iowa. Authority, reportofmayor. 

In the amount of incrusting solids which this water car
ries, it ranks among· the worst in the state. Our correspond
ents report that it thickly lines boilers with scale, makjng· 
daily· blowings out necessary; but with such precautions it 
seems that it can be used as a steam water. 

Its medicinal effect is specially marked, and a nt1mber of 
cures have already been brought about by its use in a variety 
of diseases. Physicians state that it is prescribed to relieve 
l)lethora, o·vercome constipation, and to act as a rlepletary and 
sedative remed:y in various febrile and inflammatory affections. 
It is used, the3T state, with benefit in clyspepsia, kidney 
diseases, rheumatism, gout, blood poisoning·, scrofula and 
other diseases. It acts as a laxative-and strong·13~ upon some, 

* Reported by Mr. William Gates and by Messrs. Palmer & Sandbo, drillers or the well. 
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-and as a continuous diuretic. One phy·sician writes that 
on accot1nt of this effect it is not yet known whether it can 
be continued in g·eneral use for domestic supply. 

28 
27. 
26. 
25. 
24. 
23. 
2'> .... 
21. 
20. 
] 9. 
18. 
17. 

1(5. 

15. 
14. 
13. 
12. 
11. 
10. 

9. 
8. 
-I • 
6. 
5. 
4. 
3. 
2. 
1. 

DRILLER'S RECORD. 
STRATA. TRICK NESS. 

Clay, yellow ____ .. : _. ______________________ 30 

Clay. blue .-- ---·-----·----------·---- ------ 6 
Clay, yello,v _______________ . . _ -· - -·------- · 10 

Sand-·-·· - ·-···---··· - ---·-·-·--·--- ------ 55 
('lay, tile ...•.... •. _ ...•... __ .... _ ... _. _.. . . 20 

Shale·····-········-· · ·-·---·-············· 50 
C'lay, black .....•. . . ----····---···----·-···- 75 
Slate·----------·-····-·-···- ··- -· ·--------- 3 
Coal and slate . __ ... _. _. _. ___ . __ . _ .... __ __ . _ 3 

Clay. light gray.·---··-------··-----·-·-- -- 1;5 
Shell lime rock·----·-------·--------·------ 15 
Lime rock, white, mixed ,vith flint --·- _. _ ~ _ 50 

G·ranite, blue---···-----------·-·-· ·----··· · 50 , 
Limestone, blue---------------·-----·--·--- 93 
Shale, red._. ________________________ ....... 8 

Limestpne, blue .... ·--········-····---··-·· 80 
Soapstone·----·- - ---··--·--------------·--- 8 
I.1imes tol'l.c, white .. __ . _____ __ . __ . _. ____ . __ .. 90 

Limestone, blue.·-·---· ____ ---------·------ 40 
Clay, blue·-·---····-----·-·---·-··-·----·-- 3 
Limestone, blue_._ .... _._ ... ___ .___________ 55 

Limestone, ,vhitc .. __ • . _. ·-. _ ... _ •.•. _ ... -· _ 40 

Sand rock, dark.·---·-····--· ---··--- - ·---· 35 
Sand rock, ·white ___ · ····---· ·····-·-···---- 10 
Sand rock, red· ----- ····-··--······-·--··-- 12 
Sand rock, ,vhite ·······-·-- - -· ··--·---·--·. 8 

Sand rock, red··---·-·······--··---- ·· - ---- 4 
Limestone, ,vhite ........ -··· -··- __ ... . .•... 12 

SU~IMARY. 

DEPTH. 

30 
36 
46 

101 
121 
171 
246 
249 
252 
267 
'>8•) - ...; 

432 
482 
575 
583 
663 
671 
769 
80 l 
804 
859 
899 
934 
944 
956 
964 
968 
980 

This section is a difficult one with the data at hand. Its 
interpretation must be guided by the g·eneral stratig·raph}' of 
the reg·ion and can depend only in part on the descri1)tion of 
the strata just received. 

NO3, FORMATION. THICKNESS. A. T. 

25- 28. Pleistoccne ___ ····-·-···-·------·····-·· 101 904 
19- 24. Coal 1Ieasures.-··- - · · -----·--······· --· 166 738 
16- 18. ~Iississippian ... - ------- ·-···-·-·····--· 215 523 

15. Kinderhook·-··--··-·-·---····--·-·-·__ 93 430 
7- 14. Devonian .- - ··--· - ·-·· ··-·-----·--···-·- 324 lOCj 
1 6. Silurian, penetrated ...... ·-·······-···- 81 25 

• 
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252 ARTESIAN WELLS OF IOWA. 

XXIX. Al\lIES. 

At present writing· the deep well at the Iowa Agricultural 
College. is not completed, and the report of it is therefore 
deferred. 

XXX. BOONE. * 

Owner------------------------------------------- Town. 
Depth. _______ ------------------------------------ 3,010 feet. 
Diameter--- ------------------- ------------------ 8, 5i, 4½, 3-t, 3 in. 
Elevation A . T. ---------- ------- ----------------- 1,140 feet . 
Head of water A. T. ______________________________ 940 feet. 

Capacity in gallons per minute ____________________ 70 
'femperature _________________ . ___________________ 68° Fahr. 

This well is the deepest in Iowa, and indeed ranks among· 
the deep boring·s of the world. It is cased with 5f-inch tub
ing to 1,400 feet; with 4½, from 1,300 to 1,875 feet, and with 
one of still less diameter from about 1,975 to 2,073 feet. The 
capacity g·iven is really that of the pump, which has never 
been able to draw down the head. Water was found at forty
five feet. At 195 feet a vein was struck yielding 40,000 gal
lons per day and standing· at thirty-five feet from the surface. 
At 1,875 feet a small vein was found in the Saint Peter rising· 
to within sixty feet of the surface, or heading at 1,080 feet A. 
T. With the same head at Clinton, water from the Saint 
Peter would rise 500 feet above the river, with a pressure of 
about 210 pounds to the square inch! The main vein lies 2,700 
feet from the surface and 1,560 feet below sea level. The 
artesian pressure which lifts the water 2,500 feet equals, at the 
level of the vein, 1,082 pounds to the square inch, or over 
seventy atmospheres. 

This well was begun in 1889, and at 1,875 feet it was taken 
over by J.P. Miller & Co., who carried it successfully to com
pletion in 1890. 

As the supply is insufficient for the town, and the qualit)'' of 
the water of the shallow well used to supplement it, from 
which about 1,700 g·allons a day are now drawn, is not above 

•Weare under special obligations to Mr. E. E. Obandler, who, as the work of drllllog the 
second well went on, had samples saved for the Survey at frequent intervals, and also tJ Mr. 
J. Orary. 
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STRATIGRAPHICAL RECORD. 253 

a second clee11 well was begun in 1894 by· the same 

It is situated a fe\v ;yards from the first, and the purpose is 
to carr)r it to 2,700 feet. At present writing it lacks about 500 
feet of that term. This boring is fifteen inches in diameter 
to 200 feet, twelve inches to 300 feet, ten inches to 500 feet 
and six inches to 2,000 feet. 

REC0RD OF STRATA. SUMMARY.* 

JfORMATlON. STRATA. TBlC~NESS. 

Pleistocene .. ___ Drift clays, sand and gravels . _. _ 200 
Des :riroines (?} •. Clays. sandy_____________________ 70 
Des 111oines. __ .. Shales of various colors. ___ • • __ ._ 145 
niississippian. _. Cherts, with limestone and shale_ 30 

Limestone, gray, crystalline •••• _ 45 

Marlite, drab·-·---·--· · · · ·------ 37 
Limestone. brown and gray, in 

places highly cherty -·-· --·· -· 38 
fandstone, fine·-·--·-----······· 10 
Shale .. _ ••. •• •. --·---·-····----- 40 
Limestones, blue and gray, mostly 

argillaceous .• ·-·····--···-- --- 165 
Kinderhook .. _.Shale .••• •••••• ---· --·· · ··-··· -- 10 
Devonian ______ Limestone, gray-----·---·-· · ·· ·- 115 

Limestone, magnesian. __ •. _ ••• _. 98 
Limestone, argillaceous • _ .•• _... 22 

Shale ____ .-··-·-··· · ··-·-···-··· 15 
Limestone, magnesian .....•. _ .• _ 15 

Shale ... --··- · ··· - -····· ·------ 40 
Limestone and bituminous shale_ 10 

t ilurian . ___ . __ Limestone, dolomitic, cherty in 

• 

places . _ . _ . __ . _ .. _____ . __ . _. _ 90 
Shale. . . . . . _ •.. __ ..... _ ••. _. __ •• 20 
Limestone, dolomitic .•.••. _. __ . _ 20 
Limestone, argillaceous _ ... _ ... _ 22 
Clay, red, ,vith silica---· ·······- 16 
Limestone, with green shale __ ._. 17 

Limestone, dolomitic--··-·- · ···- 20 
1Iaquoketa ..... Shale _____ -·-··- -----···--- ·-·- 100 
Trenton .. _ . .... Dolomite and magnesian limestone 55 

Limestone, earthy __ ._ ••. -··..... 20 
Dolomites .. _ ... _ .. _____ • ___ ... _ _ 130 

THICKNESS. A. T, 

200 940 

215 

365 
10 

315 

870 
726 

335 
325 

10 

205 - 195 
100 - 295 

• The excellent detailed descrip"ton published by Beyer, Iowa Geol. Survey, vol. V, pp. 194• 
199 renaers unnecessary here anvthtng beyond a summary of th~ section. This ts based also 
upon personal examination of the ba.mples. 
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l'ORMATION. STRATA. TlllCk'.!SESS. THICKNF.88. A. T . 

Sita.le_ ... ·-·····---··----------· 20 
f)olonlite ------·-----··---··----- 70 

Shal1• ·--- .... ··--·-----···· ··--· Li 
Saint l'l't1•l' ____ Sunclstone -·-···----------------. 5 

Shah~ .•...••... ____ •• _ ____ ______ :-10 

Sandstone··-· ------··--·--·····- 20 
Oneota _______ .Shale .... ·-·--·-·----- -·---···-· 10 

Doloruit<· ··-----·---· ··-···-·- --- 6,, 
l'nknown ··----·-····-··-···----- 70 
Shale and n1arh, .. _. __ ·--··--·-·· 355 

Saini C1·oix .•.•• Sanch,tones. shale~ an<l 111arl:--•••• _ 610 

(\VELL NO. 1) ANALYSIS . 

310 -70.j 

-b35 
-905 

500 - 1,260 

610 - 1.SiO 

t:RAl:-.R P"ER PARTS PER 

U. 8. GALI.ON. MILLION. 

Silica (Si 0 2 \ ·---···--·-··------·· ······ - .688 11. 858 
., \ 1 u 1ni n a ( A I 1 () :i) •••••••.•. _ .• _ ••••• _ • . I 
l◄\·rric Oxide> \l•\.•i 0 3 ). _____ ·····--·-·- · i 
Linu.: (Ca<>)- --···------····------·--·- ·· 
2\lag-n1':--ia (2\1~ <>) .... ·--- ________ ....... . 

l'ota~ h (Ki l)) •• _ - ..•••••••••••• - •• - - - • - • 

S01 la (Na 
2 

c >) ••• _ •• _. __ • _ •• ___ • ____ • __ •• _ 

('hlorint; (Cll ---· --···- ···-··-·-· ·······-

.580 

12.1>03 

6 :!14 
.025 

:ll.i18 

Sulphur trioxide (S <>al ____ ....... . ...... i0.0413 
Carhun dioxic11• (C 0.,) .......... •••••• . JJ.i69 • 
\\"atr-r in 1·1Hnhlnntion (JI2 Ol .-.. ..•• .... 2.519 

UNITED AS FOLLO'\VS. 

('ul1•iun1 bi1•,u·bunnle (Cn IJ2 1C'03h) -··--· 
Cnl<'illill carbonate (Cu 003 ). ••••••••••••• 

Calcilun i-n1lphatc (Cu S0 1 ) •• ___ ·····-···-

]lfug-111•~iun1 i-,ulphah> (Alg- SO,).------·--
Sod i u 111 :-n Ip ha l 1 • (X a 2 SO 1 ) •••• _ ••• _ ••••• 

Sodiun1 l'hloride (~a Cl) .•.•....... __ . __ .. 

l 1ot.us:-.iu1u t•hloricl<' (K Cl) ... ·-····· ·-··-· 
Ah1minn (,\.li O~) nnd ltcrrh: oxid1•. ··---· 

Sili(.'1L (Bi o,) _____ ·------·- ·---··-·------
<>xy~,,n r1•pln1·ecl hy chlorinl' -·-- · ·-·--·-

18.H33 
"2-s w. I 

11. 708 
18. ~H3 
64 !ilil 

14.765 
.04] 

.580 

.688 
I. 9S!) 

---

10.000 

217.285 
10,.14:1 

.428 
5-16 lo{j8 

152.858 

~62 857 
194.285 
43.428 

326.-129 
:j!), 286 

9 01 ~-7 ... ., .) 

:J25 .. i71 

942 439 
2,~>-t.5il 

. 71-4 
10.llOO 
11.8.37 
34.:!86 

Solich, ____ ········---····-·--·---··- 124 ,>'.!Ci 2,147.000 
Ana,lyst, l1roL .J . B. \\r1'('lll~ . .-\n11•s, lo,,·a. I)atL', 1-Iur 26, 189li. 

Tl1e 1)b3~sieians of Boone g·enerallJ? reg·ard the i11troduction 
of arteHia,11 water a,I:) a, <1iHtinct sauitar3r im1)ro·vement. l)ne 
belie,·es it "the most l1ea,ltl1f11l water in tl1is part of the 
state;'' anotl1er, "011e of tl1e g;reatest blessing·s that has been 

• 
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visitecl u1)on the commtinit:y." After using· it for some time 
other water becomes less unpalatable. There is a division of 
01)inion as to its l)hysiological effects. It is both affirmed 
and denied that it is laxative and diuretic, and that it may 
produce disorders of the dig·estive tract. The affirmative, at 
least as to its laxative character, is supported by the analy
sis, which shows some seventy-three grains to the gallon of 
Glauber and Epsom salts. One physician states that the bil
ious diethesis is benefited by its use. The quantity available 
at present does not seem to be sufficient to keep the mains 
properly fl.tished, a condition which will be remedied when 
tl1e new well is completed. The water corrode~ iron and 
forms a heavy· scale. New water pipes for boilers are some
times eaten out in six months, and boiler flues are occasionally 
equally short-lived from this cause. When treated in a heater 
the water cleposits there about one inch per week, and in the 
same time forms about one-sixteenth of an inch scale in the 
boiler. 

XXXI. OGDEN. 

Repeated ap1)lications to the officials of the town for infor
mation as to the dee1) well now being drilled for the corpora
tion have received no attention. From the drillers, Mr .. J. 
P. Miller & Co., we learn that the well at present writing has 
nearly reached its expected limit of 2,700 feet. The Saint 
Peter sandstone was struck at about 1,820 feet, or 722 feet 
l)elow sea level, and yielded about eighteen gallons a minute. 

XXXII. .JEFFERSON*. 
Owner---------------------------------- __ __ ____ _ Town. 
Depth . __________ . - _ - _____ ..• ______ . _____ . _ ... __ . 2,026 feet. 
Diameter __________ . _____ . __ . _______ . _ _ _ _ _ _ _ _ _ _ _ _ 8 inches. 
Elevation of curb, 1\.. T. __________________________ l,llOfeet. 

Head of ,vater, A . T. --- - ------------------------ l ,070 feet. 
Ca.pacity in gallons per minute ___________________ 200. 

This well was drilled in 1886 by J. P . Miller & Co., and 
casings sunk to 1,400 feet. lt constjtutes the water supply 
of the water works and is used bJr about 150 families. 

• Information reaardiog this well was suppUed by Mr. M. E. Hall and Dr. F. l\f. Dean. 
The common council devoted all the drtlllogs which na.1 been p1e jerved to the uses of the 
Survey. 

22 G. Rep 
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ORAIN8 

PER GALI.ON. 
Culf'iun1 ,·urbonutt> ...•.....•.•...•..•.•...••.....•.. ,i.tifj27 

.\lag-11esiu1n <·al'l,onatc .........•...............•.... . 

Sodium chloride ..••.•.. ·······-·-··················· 
Sod ii nn s u 1 p hall• ...••••...•...••... _ •.••.. •..•. .••.. 

l•'t•t·l'i<' oxitlc ..•...•.....•..•..•......••.....•..... 

Silica············ ·· · ················-··--·····--· ··-

:3.20i5 
1 l.004ti 
,Jti.3220 

.4141 

.i931 

'l'ot a 1 ••..•.••..••••....... _............ . . . . . . . . 6i. 40-10 
.1\nalyst, t •rof. J-\ . • \. 81•nnPtt. .A tues, rowa. I >atl'. ,\lay Ii r ~. ,.\uthority, 

,·opy h;r ci t.v cll't·k. 

• 

• 

OJ.:PTB 
• • Ot' 8A&1Pl,E. 

18. Sa11<lst.on1•, da1·k huff, 111uderatcly tine. g1·ains in1p,'1·· 

fe,·tly 1·ou11d1•<l ..••••••••••••••••• ·••• ••• ..••.•••• 260 
Ii, Sha) '-'· dark. unctuou:--, non-calcarPous............. 270 
16. San1lston1', arg-illaccous, slightly calcnrl'ous, graius 

or pure 11t1.t1·tz. varyi11g- in siz" f1·01n tine to 

1·oarst: nnd liut littl" rounded h~• at,trilion ...•.. _ 340 
1:-i. Ch<'rt. gray, with lnr:.('t> to sn1all grains of li1npi<l 

c1unrtz, prohnhly fro1n above, and u little \\'hite 
liiue-.to111· . ..••••..•. _. ....... .. •...... ..••.•••.. 350 

14. Litue:-.tonc, white, non·magn1·8in11, clrillings hig-hl,r 

art>naceous with 111inutl' qunrtzo:--e pnrtiL·lcs and 

son1t.> rouucled grain~.·-·-···-·····- •....... ··-·. 355 
13. Lin1t'stone, dark and light druh, hard •• •• _....... . 625 • 
12 Shall', grc•eu·gray, pyritifl•rous, calcareous........ i00 
11 l ... ime::-;tOJH', light buff. t•rystaJline. pure......... .. 800 
10. Limestoot-. n1ngncsiun, in white powclc>r, pure ...• . 1,000 
9. Limestone. n1ag-n~ian, or dolomite. with :--OllH' :shale 

in brown pov:d<-r, residu1• 1·hl•rty ····-···-····· · l.100 
,'-C, J.,in1t•stonl'. n1ng-nesiun, brown in tin1• sand, l.'tl'cr· 

ves1·Pnce ratlH~r rapid .... ••. ·--········l,2O0 ancl 1.300 
i. Lin1estotH', n1a~n1•sinn.light blUC'·gray.lustre earthy 1,3:S0 
6. J)olo111it c•, light buff, in Ii H ! sa,nd, highly cherty. __ 1.450 
5. l>olon1itc or nH1g-nPsia11 li1nC'stooc', bro,Yn, ch1•rt.y, 

l'ffervosc·en<•e i--01ne,vhat ftt::,;ter than l{ilcinL' beds 

and <:alcna ....................... _ ............. 1,500 
4. Shale, grt>cn. slightly calcareous •••.•.••••. ...•... J ,670 
3. S a n(lt,tone. fine." hilr>, ch•an, rolled grains. 10 feet 

thic-k . ····-·-·····················-· J.700 
2. Dolo1nite1 in line snncl of deep brown 1•0101·, with 

Home' c•herL.- ••.••••••••••••• ··-· .••.••••.•••••• 1. 745 
l. Snnclston<', in yellow powder no<l i,nnd of ungular 

pn.1·ticles of 11uart7. with a few 1·ound grains ..... _ 

........•...... ••....••...• ··-·-····- ··1,800 nnd J,~l?0 



THE DUNLAP WELL. 

Sl:MMARY. 
NOS. FORMATION. 

16- 18. De~ ~Ioines (Coal 1\leasures). 
13 15 Mississippia,n. 

12. l{inderhook. 
5-11. DeYonian, Silurian and Ordovician. 

4. rrrenton. 
3. Saint Peter. 
2. Oneota. 
1. Saint Croix. 

XXXIII. DlTNLAP. * 
<.>wner ____ __________ __ ______ . ____ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ To,vn. 

Depth ______ ___ __ ----- - -- ----- ____ ------- -______ 1,535! feet. 

Diameter- --- --- ---------- --------- --- ---- ------ 6¼ inches. 
Elevation of curb, .A. T (raih,·ay station) ________ 1,101 feet 

He~.<l of water, .r\ T. -------------- -- ------------ 1,054 feet. 
C'asing. lower limit___ _____ __________________ ____ 400 feet. 

This well was drilled in 1887 by J. P. l\t!iller & Co. When 
finished, continuous pumping for sevent:y-two hours failed to 
lower the water more than six inches. The supply is sup
posed to be practically inexhaustible. Water works have 
recently been installed. The physiological action of the 
water has not been tested. 

ANALYSIS. 
GRAINS PER 

U.S. WINE GAL, 

Carbonate of lime---------- ---------- --------------- -- 15.05 
Carbonate of magnesia ___ __ _________ ________ _____ :____ .68 

Sulphate of magnesia- ---- ---------------------------- 20.64 
Sulphate of lime ________________ ____ . _ .. ____ . ____ - - - - - . 14. 02 
Alkaline chlorides. ______ . __ . __ • _______________ . -_ - _. _. 3.84 

Alkaline sulphates • _________ - ... ___ . __ . __ • .• __ __ • _ ... _ 33. 48 
Oxides of iron and alumina__ ______ ____________________ .06 
Silica. __ . ____ ____ _____ __________________ _________ .____ .52 

Total . ___ . _____ . __________ . _ .• ______ . _____ . _. _ _ _ _ 88. 29 

Analyst and authority, 1-Ir. G. 1I. Davidson, C. & N .-\,\T. raih,vay, April, 1895. 

RECORD OF STRATA. 
THIOKNESS. DEPTH. 

23. Unknown _____________ _____ ____ __________ 50 50 

22. Sand .. _ . _ _ _ _ _ _ . __ • _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 20 7 0 

21. (}ravel, pebbles of northern drift and sand 25 95 

* For ioformatton of this ,vell we are iodebteo to l\1£ssrs. B. F. Phllbrook and I. L. Pease. 
Samples of the drilllngs belongiog to trlessrs. L. G. Tyler and David Miers were loaned to the 
Survey. 
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20. C,rn, t l. pt 1,hlt-.. of north, rn d1•1ft .1t 360. 
19. llnl,, drHb, ,t 225 ••••••••••• ••. .••• i5 

JQ, Shnle, pink •••••..•••• .••. ·······--·-· 9:? 
1;. nnd to11t, groin , 1rying \\id1 Jy In bi, 

ot:.rrn. 

300 
392 

ond hnpt l'f, rtl) 1•otu1dc,d ···-·· ••• •••• 400 
lO. -.:,huh:, cl irk ,lrnh ·---···•················ .j0 400 
.15. ~hnl,•, bln,·k. DOn-<.· lc1rcou •••••••••••• 30 480 

14. Shu Ir, 1;luk t111d J>urpll h .••••• •••••• •••.• 5!! 532 
18. 1 .. hni.: .. t,ou .. , "hit .. , oft, t•llntk,. \\ ilh rra\ • 

• • 

grt(lill bnlr ·----·---·-···· ............... 0 600 
12. J.lm~,.tont. \\hit• , h lrd, of fl nt•._t grain... 60 650 
Jl. 1.htH• t-011,., h~ht )• llo,\•grnl, (•br>rty, 

unpl, nt050nnd i03 rtPt ••••••••.••• 127 iOi 
10. LlmP-.t< n, 1 gray. tUH·l) ('r) 1:<tnlhu1, fm ._ 

tur, ub~~n11t•holdnl ••••••••••••••••••••• 2'i 
9. l .. hut lAJfl••· rnagn, sla11, or dolnn1ltt.', uu-

JJII.' t rn, 75 11111 •JO fc l't, bt·O\\ u nud 

11110' -·-----------· ..... ---------·------ 160 
..,hnlt, ll~ht ~1-.•t•n•gr·t1). ,. 1lt•nN. ou"', am

pits 1t 9-;'u u1d ii ••••••• ······-·-····· 36 
7. l.h111 Luu,., u1.11,tnc ,.[ 111 1 lii:ht ) l'lla\\ •gt·n), 

uutl h tlt, g1•, l'n. 011 in 1•unr1 ( t• t1 
J,O\\•lcr____ ............ _________ _ 

0. Li,n lHHt. hli:-hJ~ nrgll11t:' ou , ) ,,llow, 

In nhtHJ .. l \\hlt,, fK1\\df'r, i.;1111pll• 1t 

1,01n, J ,or,r. 1,00J, 1,1 , un,t 1.i::41. \\ ith 

grll) •gt,, ll f•n lr, , 1•011... linl, nt I, 1,,0 

rt..•( i ----- -·--- ... ---- ·-· ·-···----
6. hnl<·, hrlght g1•1•t u, 11011-c· d1•11reou ••••• 
4. I iolomh• , hull, p~ 1·it Ut rr111 • lightly 111·t • 

llll~COll ••••••••••••••••••••••••••••• 

a Dtllo111ltt', lJuff. ,, Ith 111ut-l1 C'h1•rt «·un·.\ iu'-:' 

di!'."it•n1lnnl• d 1--,•y-til d or fJJ J'itt•, \\ I( h I 

r," gr uln ,,r lhnpi,l qunrt • 0111(> of 

\\ hi,•h nt·t• I"<•Undr•d, u111l u lltth• 1.:hnl('1 -

I , 

!?. l)ol .. 1111t~•, bl,;hl) n1·,•nu1)1.'0U • 01· l'Hlc·lf,•r· 

11t1s i,,111u1 l•11H, (J'l'tdu , lll'~ h1~ i11 tz,11 
run 11,r ,., 1 11-tir', linpPrfv\•t I,\ 1·otu1tf1•rl. • ••• 

IJt,l11111itt•,whltC1, 1n 1111,, JK•,,d,•r·, ,, itl1 tll'l'II• 

11P1•1,11 rr11111dt•tl grnius. qu11rtz~• u11d 
,•hp1•1 \ ,·,-~idt1t•: nt u11ll,fil11 u( \\o•ll Ill··-· 

~ 

81' t'MAIC\. 

25 

1 

... 

OiO 

J.006 

1,010 

1,400 

J ,517 

1,535 

( )11 1 :t1'('0llld, nt' l,l1t"i1· lit,linlllg'i1•ftl 1•har·a1·lt>l'ibl ic•~ t,h,:lSt} :-.1 r·a(,a 

111r1 v.\," 1·,,f,•1·1·1•d t,, tli,· l'iilln\Villg fPrtnatiPttS. 11nt i11dt'\:'d ,,·ifh 
• 



an)· eertaint)·, l1t1t with a possibility resting· on the ng·reement 
of all the i11dications a,t ban(l. 

:-OS. FORMATION, TBtCKNEl:'S, A. T. 

20-23. l">leistocene .......... .......... ...••.•.... 
14-lH. Cretaceous and Con,l ~lea:,;ures...... ...• . . 569 
10-13. l\Iii:;sissippian ... ••.•..• ........•••....• . 288 281 
-,. 9. DeYonian .... .••.... ....•. •.......•.•... 186 95 
ti- 7. Silurian •..•....••.•••.••..••..••••••••. 289 - 194 
1- ;'). Ordovician, penetrated ..•..•.......•... 241 - 435 

xxxr,r. SABlTLA. -Y.· 

Owner ..•...•••••....•.••..•..•.•....••••..... 'fo,vn. 
Depth ..•.. .•.• ••...... ••.•.•••........•••••.• \l73 feet . 

. Diameter ....••.••••.•. . •.. . •.•••. ....•. ...••• 6 to 8 inches. 
l~levation of cul'b ~\. 'f . .......•............... 382 fee t. 
Head of ,vater .A .. T ..•.••..••••••..•...•...••• 666 feet. 
l•'lo,v in gallons per minute ..•••.. .•. •. •... .... 720. 
Temperature •••••..•...••...•••••.... . .... . .. 59° lt' ahr. 

\Yater l)eg·an to flow from this well, from the Saint Peter, 
at about -100 feet. The flow was reinforced at .32:5 feet from 
the upper Oneota, and at 700 feet from the lower Oneota. 
From these sources the discharge was abot1t 3,30 gallons per 
minute. At 930 feet, in the Saint Croix, a still strong·er vein 
was struck, and at the completio11 of the well the discharge 
measured, as stated, 720 g·allons a minute- a magnificent 
fotintain, unequaled by an}r in the state. The artesian pres• 
sure of thirty.two l)ounds is sufficient for ,vater sup1)ly and fire 
protection in all parts of the ·villag·e. Eig·ht•inch casing 
reaches 163 feet to roGk, and six•inch g·alvanized tubing 
extends to 173 feet, where it is packed with rubber l)acker. 
The well was begun by .J. P. 11iller & Co. in November, 1894, 
and :finished by this firm in March, 1895. 

ANALYSIS. 
GRAINS PBR 
U. 8. GALLO.N, 

Silica. (Si 0 2 ) •••••••••••• _ ••• _...... ..... .174 
Alumina (Al2 0 3 ) and Ferric oxide (Fe2 0 3 ) .332 

Lime (Ca 0) ··-·······-·················· 4.350 
:tvlagnesia (1vlg 0 ) .........•.•......... · -. 3.107 
Potash (K2 0) . •••••••. . .• •.•• •••• ..•• •. ..••••• 

PARTS PER 
MtLLION, 

3.000 
5. 714 

75.000 
53.571 

-------
• All the information with regard to the well a.t Sabula was collected and placed at the 

disposal ot the Survey, t-:,gether wttb a series ot samples of the drllllngs b y Mr. W.R. Oake, 
then mayor of the town. 

\ 
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GRAINS PER 
U.S. GALLON, 

Soda (Na2 0) ---- - ----·-------------- - - -- 1.127 
Chlorine (Cl)---------- ------------- - - -- _ Trace. 
Sulphur trioxide (S 0

3
)__________ _ ___ _ _ __ .994 

Carbon dioxide (0 0
2

) ________ _ _ ___ ______ 10.158 

Water in combination (H
2 

0) ____ __ __ ____ 1.284 

UNITED AS FOLLOWS 

Calcium car-bonate (Ca C0
3

) _____________ 7. 764 
Magnesium carbonate (Mg 00

8
) _________ .522 

Magnesium bica,rbonate (Mg H 2 (C'0
3 

)
2

) __ 10.374 
Sodium carbonate (Na2 008 ) ----- ------ - .605 
Sodium sulphate (Na

2 
S0

4
) _______ _ ______ 1.756 

Potassium chloride (K Cl) _________ ______ ---- --
Alumina (Al

2 
0

3
) and Ferric oxide _______ .331 

Silica (Si 0 2 ) ------- - - --- ---------------- .l 74 

PAR'IS Pl!lR 
lllILLION, 

19.428 
Trace. 

17. 143 
175.143 

22.143 

133.857 
9.000 

178.857 
10.428 
30.286 

------
5. '714 
3.000 

---Solids _______ __________ _____ ___ ______ 21.526 371.142 

Analyst, Prof. ,J. B. \\Teems, 1\mes, Iowa Date. April 12, 1896. 

RECORD OF STRA.TA. 
TIUOKNESS, DBPTR. 

16. Sand, alluvial ---------------------------- 163 
15. Dolomite, hard, rough. crystalline. buff and 

gray, some vesicular. ten samples _______ 212 

14. Sandstone, argillo-calcareous; drillings con
sist of light green-gray powder. with 
fragments of dark gray sandstone, calcif
erous, grains not so well rounded and 
uniform in size as is common \Vith the 

Saint Peter -------- - - --- --- -- ----- - -- -- - 25 
13. Shale, green, fissile, arenaceous. slightly 

calcareous_ .• __ __ __________________ ··---- - 25 

12. Sandstone, grains moderately fine', rounded 
and ground; a large proportion of drill
ings consist of angular chips of gray dolo
mite; much green shale is also present. 
probably from the superiol' shale ______ -- 25 

11. Dolomite, medium dark gray. in angular 
fragments, clean except for a few pieces 
of green shale ______ _____________________ 15 

10. Sandstone, light to yello,v-gray, highly cal
ciferous, or dolomite highly arenaceous; 
clrillings consist of rounded grains of 
quartz and minute angular fragments of 
dolomite, in some of the larger of which 
quartz sand js seen imbedded ___________ 10 

163 

375 

400 

425 

450 

465 

475 

, 

, 

( 
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IOWA GEOLOGICAL SURVEY. 
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Pl, Pleistocene. 
Ng, Niagara. 
1\1q, 1Iaquoketa. 

GT, Galena-Trenton. 
St P. Saint Peter. 
On, Oneota. 

Jr, Jordan. 
St L , Saint Lawrence. 
BS, Basal Sandstone. 

• 

PLATE XVI, 
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GEOLOGICAL SECTION FROM MANCHESTER TO TIPTON, 
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THE TIPTON \VI<:!LL. 

!,, Dolomite. gray and light brown; drillings 
contain sand probably from aboYe, two 
s111nples ______________ __ ____ __ _____ _____ 35 510 

8. Dolo1nite, light brown. arenaceous -------- 15 325 
7. Dolo1nite, gray and buff, three samples ___ 50 57,, 
6. Sandstone. argillaceous and caJC'iferous _ _ 25 600 
5. Chert, in fine white powder, calciferous. 

two samples . --- -- --------------------- 50 650 
4. Dolon1ite. gray, eherty _______ ___________ __ 90 740 

3 Dolomite, ,vhite, highly arenaceou8 and 

cherty ---------------------------------- 10 750 
2. Dolomite, ,vhite, cherty, slightly arena-

ceous ____________ __________________ ______ ~ 775 

l. Sandstone. ,vhite, calciferous, cherty. 
grains of sand mostly fragmental but many 

rounded. three samples------·-··· ------- 35 810 

NO'.r.ES AND SU1!1'¥1ARY. 

261 

The ct1rb is not far below the horizon of the base of the 
Niag·ara, in whose massive dolomite the ri,rer g·org·e is here 
cut to a depth of nearl:y 200 feet. No. 16 of the abo·ve record, 
therefore, represents a preg·lacial channel of the 11ississippi, 
excavated in the 11aquoketa and in the up1)er strata of the 
Galena-T renton. Below 810 feet no samples were saved on 
account of the strong· flow. 

NOS. l<'ORMATlON THICKNESS. 

16. Alluvial filling of ancient river channel. 163 
15. Galena-Trenton ___________ _ · ---- - ----- 212 

12- 14. Saint Peter _____________ ___ _____ ____ ___ 75 

7- 11. Upper Oneota ----------- -- --- - -------- 125 
6. Ne,v Richmond _________________________ 25 

2- 5. Lower Oneota ·------------ -- - - _______ 175 
1. Saint C'roix, penetrated ____ _____________ 198 

XXXV. TIPTON.* 
Owner-------- - - - ----------- ------------------ -- Town 

DEPTH, 

419 
207 

132 
-I 

- 18 
- 193 
- 391 

Depth_ _ __ . __ _ . _____ . ____ . __ . ___ . _ .. __ . _____ .... 2,696-! feet. 
Elevation of curb 1\ . T. ___________________ ____ __ 810 feet. 
Head of water A T, _______ ______________________ 745 feet. 

Diameter, reported ------- -------- - - ---- - ------- 8 inches. 
Temperature __ ·----- ---- - - --- -- --------------- 57° Fahr. 

The sup1)ly is large. It is said that the water cannot be 
lowered by the largest pump that can be used. I t certainly 

* Reported by W. H. Treichler. We a.re indebted also to Rev. Dr. Charles Gould, Oapt. 
John Moffit and others. 
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is far in excess of the consumption, which in 18HO was 5,000 
gallons per day·. It is a matter of reg·1·et that the water of 
thi'3 interesting· well, one of the deepest in the United States, 
has never been anal;yze(l. 'l,he quality· for clrinking 1)ur1Joses 
is reported as g·ood. B3r the use of heaters scale in boilers is 
said to be l)l'e·vented. "The water appears to cl1ange: at 
times it is compa1·atively soft a11d ag·ain it becomes hard,'' a 
phenomenon probably dt1e to the exhat1st.ion by· 1)um1)ing of 
some vein of moderate :yield but under strong· pressure. 

RECORD OF STRATA. 

The followi11g summary is IJublished with some chang·es 
from the author's paper on the thickness of the Paleozoic 
formations of eastern Iowa, i11 ,vhich the clifferent specimens 
c>f the clrilling·s are ft1lly described. 

FORMATION. TlllOKNl;SS. 
t>leistocene __________ .. _. ___ . _. _ _ _ _ _ _ 125 

Silurian (Niagara)--·--------·-·------ 325 

Maquoketa .. ·-·----------·-----·-···-· 195 
U nkno"'n ____ . __ . _____ . _____ ___ . __ . _ _ 100 

f~alena -··------·-··-·-·-······-·--·-- 60 
Galena-'frenton --·-········-- ···-·--· 225 
Saint Peter __ ·---·-··-·--····--·--··- 55 
Oneota·····-------··-··-·- ··· --·-·-- 377 
Jordan ·--·-----·-····--··-·-· ··-- 154 
Saint La·wrence_··-·----····· · · ··---· 186 
Basal sandstone -·· ······--···-····-·· 8!1# 

XXX\TT. ANA~IOS1\. * 

DEPTH. 

125 
450 
645 
i45 
805 

1,030 
1,085 
1,462 
1,616 
1,802 
2,696t 

A. T. 

68,3 
360 
165 
(j. :> 

5 
- 220 
-275 
652 

-806 
- 992 

- 1,886t 

Owner ..•..... ·-·-·····----··-··--·-·-·- State l'enitentiary. 
Depth·--·····- ··--· ·---··· ······---·-- 2,007 feet. 
Elevation of curb A . T.t ·--- ---------· .. 816 feet. 
IIead of ,vater A. T,.·-···--·---·----· --· 760 feet. 
Capacity in gallons per minute --····--· 300. 

This well was drilled bJ' J. P. Miller & Co. in ninety-nine 
clays, beginning· .January 9, 1890, an average of over twenty 

• 1' lie facts concerning this won are furntsbccl by the nffll'tals of the pon1tent1ary and the 
foreman In charge of tbe drllliogs. Samples were contributed by Mr John Archibald of the 
institution. 

t Tho well curb ts tblrtecn teet lower than the grade at, the Ohlc1uroJ_Mllwaukee & St. Paul 
rail way statio n, according to levels made under the s upervision ot Mr 0. l\L Brown The 
elevation ot the s tation ls ~I ven by Gannet at 930 A T. That this ls Incorrect was first sus
pec ted In platting the gdologt<'al section from Manchester to Tipton, on account of the abnor• 
ma! dip of thi> s tra.tA,. Tbe Ohlcago, Milwaukee & St Paul Railway Co.'s profiles were then 
obtained. showing the true "'ll'vatlon of tbe station to he !l!?!J A.. T. 

• 

• ' 

' 
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feet per day·. The boring· is 10 inches in cliameter for UG feet, 8 
inches to 2HO feet~ t$ inches to H97 feet, an<l 5 inches to 2,007 
feet. Ten-ineh <..·,1sing· is dri,?en into rock at the bottom of 
the ten-inch bore, a11d the well is also cased between 820 feet 
and 907 feet. At the first sandstone at 800 feet, the water, 
which so far l1ad stood thirty· feet below the ctirb, sa11k to 
fifty·-six feet belo\v the same dattim. In the lower Oneota, 
betwee11 1,070 anc1 1,215 feet, strong· flo\vs washed all drilling·s 
away . 

.... ..\.s the dee1) })UID})S are 11ot ~yet in, no water can be obtained 
for anal:rsis. It is to the taste an excellent drinking· water, 
anc1 its introduction will certain!)? im1)rove the health ancl 
lower the cleath rate in the institt1tion. 

• 

RECORD OF STR A.TA. 
THICKNESS. 

-!l. •· Clay, yellow"--------- -------------- --- 30 
40. "Clay and sand''------------------------ -!G 
39. 
38. 

1 • (Juicksand " _________________ _________ _ 

Dolomite, light bluish-gray. crystalline. 
Yei;icular. five samples; at 145 feet, dark 

A. T. 

30 
76 
78 

bro,vn-gray and 1nore co1npact . __ . _ _ _ _ _ 137 215 
:3i. Dolomite, as aboYe, cherty ________ ____ ___ 20 ~35 

:36. Dolomite, light grey, crystalline. t,vo 
samples _____ _________ __________________ 30 265 

35. Dolomite, cream colored and buff, chcrty, 
four samples___________________________ 60 :325 

3-l. Dolomite, gray, in flaky chips. argilla-
1•c ous, lustre earthy, ,vith some chert, 
two samples___ __ ______________________ 30 

33. Dolomite. blue-gray, highly argilladeous. 5 
32. Shale. green-gray. slight,ly calcareous, 

four sa1nples. __________________________ 130 

31. Dolomite, brown, someivhat bitu1ninous, 

a55 
360 

490 

blackens in closE>d tube________________ 10 500 
30. Shale. in moulded masses, two samples. __ 35 535 
~9. Dolomite, buff and gray, hard, rough, 

crystalline, ten samples: at 675 feet. 
cberty _________________________________ 205 740 

28. Limestone. magnesian, blue-gray, granu-
lar, crystalline, two samples ·---- 30 770 

27. Shale, blue; and dark brown, bituminous. 30 800 

• 

\ 
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TBIOKXBSS. .A, T. 

26. Limestone, magnesian, or dolomite, buff-
gray, fine-grained, crystalline: samples • 
at 800 and 820 feet: in the latter sample 
are found fragments of magnesian lime-
stone w hi<' h may extend from that depth 

to 852 feet ·----- -- --- ------- ---- - 52 
25. "Shale." no fample_ --- ------ -- ------ -- - 8 
2-!. Sandstone. clean white quartz, sand 

rounded and ground. moderately fine___ 55 
23. Shale, green, non-calcareous, finely lam

inated, containing some rounded grains 
of quartz* ______ . _ • ___ . _ _ _ _ _ _ _ . _____ . _ -!O 

22. Dolomite, light yellO"\\'-gray ______ ·--· ____ 15 

21. Shale. in large fragments, non-calcareous, 
green. finely laminated________________ 20 

20. Dolomite. gray and \vhite, five samples ___ 260 
19. Sandstone. light blue-gray. calciferous___ 55 
18. Sandstone, clean white, grains rounded __ 20 

17. Sandstone, white, calciferous·- ---- -- ---- 20 
16. Dolomite. yellow-gray, rough _____ __ __ 35 

15. Dolomite. cream-yello\Y. with rounded 
grains of quartz in drillings, two sam-

ples··-------- --- - ------ - ------- ------ - 35 
14. Dolomite. from white to brown __ _ __ ____ 75 

13. ~andstone, red. argillaceous and calcare
ous, of microscopic grain, with green 

852 
860 

915 

955 
970 

990 
J .250 
1.305 
1.325 
1,345 

J .380 

1,415 
1.485 

grainslikeglauconite - ----------·-- - -- o 1.490 
12. Shale, light green-gray, but slightly cal-

hQ careous ·-- -- - - --- - - - - - ----- -- - --- -- v 

11. Dolomite, fragments mottled pink and 
gray ___________________________________ 40 

10. E"andstone, cream-yello\v, buff and white. 
fine-grained. four samples: softest sand-
stone in well by driller's log ____ ______ 180 

9. Shale, green, fissile ___ ____ __ __ __ ______ 10 

8. Sandstone, buff, very fine, glauconiferous, 
three samples __________ __ __ _________ 45 

7. Sandstone, brick red, very fine-grained, 
argillo-calcareous, glauconiferous _ __ __ 40 

6. Sandstone. as above, but very slightly cal-

ciferous. ----------------------------- 20 
5. Sandstone, gray and buff, fine, argillo-

calcareous at 1,890, three samples ___ __ 20 

1,540 

l. 760 
1,770 

1,815 

1.855 

l .875 

1,895 

• The exceptional thickness assigned to these shales is supported by the dl'lller's r ecord 
that the worst" cave-rock" ot the well was from 9tO to 990 feet. 

• • 

• 

\ 
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TBICKNE8S A T 

4. Sandstone. coarser. ,vith green shale 5 J ,900 
3. Sand:-..tone, gray, moderately fine g-l'ains, 

angular. hard_· ------- ____ ·-----_______ 50 
2. Sandstone. ,vhite, rounded unbroken 

grains, soft ____________________________ 45 l ,995 
1. SandstonE>, light pink, sample of rounded 

grain mostly unbroken, hard, tv.'O and 
one-half hours to drill fl ve feet, 1:Htmple 
not a, quartzite.________________________ 12 2,0()7 

SUM1-IARY. 

NOS. FORMATION. TlHCKN ~BS. A. T. 

39 41. Pl . 78 7:38 e1stocene ____________________ ______ _ 

:J:{- 38. Niagara. ___________________________ __ 282 456 

:30- 3!?. :l\Iaquoketa ·---------------- ----- ----- 175 281 
25-29. Trenton _______________ --------······ 325 --14 

24. Saint Peter-------------------------· 55 - 99 
2C- ~3 Oneota--- --------------· -····- ______ 335 43-1 
17- lB. .J ordau . _____ . _________ . _ ...••.• • _ _ _ _ 95 529 

11- lfi. Saint I.Jawrence ____________ ·--------- 235 76-t 

1- 13. Basal sandstone ___ _____ ______________ 427 1 ,lHl 

XXA"VII. l\IONTICELLO. * 
O\\·ner .. __ • _ .. _____ . ___ . _. __ •.•. _. ____ .. _ .. _. _. _. _. __ To,vn. 

Depth · ··•·-·····------------------- --------- -------- 1,198 
I~levation of curb A. T.________ ___ _____________ ______ 820 
Head of ,vater A 'f.________ ________ ________ ____ _____ 780 

265 

This well is one of the pioneer artesians of the state, ha,v
ing· been drilled in 187.5. About 200 gallons per minute could 
be pumpe(l at first. In 1893, on account of the insufficiency 
of the suppl)r from the well, a new well was clrilled 120 feet 
deep and connected with the l)Umps. Two ht1ndred and fifty 
g·allons per minute can be pumped from the dual st11)ply with
out lowering the water. The average amount pt1mped is 
about 175 g·allons per minute and thirty or forty hours pump
ing per week suffices for the needs of the town. The water 
of the artesian is one of the best in Iowa, as shown by the 
following analysis. 

* For information respecting tbtq well we are indebted to Rev. E.G. ,valte. ·r.iessrs. O R. 
Rtck.,r and Robert Earba1 t, .Jr, and especlully to the generosity ot Mr. Geor~e ,v. Lovell, who 
was largely concerned lo putting down tbo well a.nd who contributed a set of samples of the 
drll11ngs. 

• 
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ANALYSIS. 

() RAINS PER PARTS PER 

U. 8. GAT,LON. MII,T,ION. 

Silica(Si 0 2 ) ---------- -----------

Alumina (Al2 0 3 ) and Ferric oxide (1''e2 0 8 ) 

Lime (Ca 0 )--- -- ----- ---- -- -- -- -- ---- - --
Magnesia (Mg 0) - -- ------ - ------------- - · 
Soda (Na2 0) -------------- ------ ---------
Chlorine (Cl) ____ -- - - -- -------- · --------- -
Sulphur trioxide (S 0

8
) ___ _ ______________ _ 

Carbon dioxide (C 0 2 ) _ - _ _ • - _. __ ---- • • --- 

Water in combination (H 2 0) ·------------

UNITED AS FOLLOWS. 

Calcium carbonate (Ca Co3 ) - - - - • - --- ------

Calcium bicarbonate (C'a H 2 (C'o3 ) 2 ) -------
:tv.Iagnesium bicarbonate (Nig H 2 (Co3 ) 2). - -

Sodium carbonate (Na2 Co3 ) - ------------ -

Sodium sulphate (Na
2 

So ,) __________ __ ___ _ 
Sodium chloride(Na C'l) ____ _________ ______ 

Alumina (Al2 0 3 ) and li"'erric oxide ________ 

Silica (Si O 2 ) • - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Oxygen replaced by Chlorine ( 0 ) . ___ . _. __ • 

Solids--------------------------·--· 

1.334 
1.467 
7.946 
.439 

3.0:33 

.340 

.80! 
10.498 

.952 

10.059 
6. 71 t 
J.59 1 
3.596 
1.425 
.555 

1.467 
1.3:34 

.075 

26.813 

2:3 000 
25.28fi 

137.000 
7.:371 

52.286 
5.857 

13.857 

181.000 
16.429 

173.429 
1] 5.714 

27.428 
62.000 
24.572 

9.57 l 
25.286 
23.000 
l.286 

462.286 
A.nalyst, Prof. J . B. Weems. Date, .July 26, 1896. 

GEOLOGICAL SECTION.* 

THIOKNESS, A . T. 

FORMATION. FEET. FEET. 
Pleistocene ______ . __ _ . _______ _____ _____ _ . _ _ _ _ _ _ 85 735 

Niagara---------------------- -------------- - -· 180 555 

N.Iaquoketa --- -------------------------------- - 195 360 
Trenton ___ ____ . ___ _ . _________ . _____ . ____ ___ .. __ 315 4-3 
Saint Peter ____________ . ________ _________ .___ __ 25 20 
Oneota ___ __ __ _______ _____ ____________ __________ 340 -320 
Jordan _________________ ________________________ 58 -378 

XXXVIII . VINTON. t 
Description of the drillings of well No. 1 and record of well 

No. 2 will be found in the author's report (Iowa Geol. Surv. , 
vol. III, pp. 192-195). 

• Drlllings are described in full in author's report (Io"Na Ge:>l. Surv., vol. I II, pp. 202-203). 
tFor information respecting these two ,vells W<' are indebted to Mr. G. B. Hayes, Dr. A. R. 

Fellows and the late Rev. J. W. Olinton . 

• 

' 
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AN.AL\·~rs 01? rrHE NIONT ICELLO WATl.:I{ . 

, 
NO. 1. 

()wner ___ ___ _____ . ___ ____ __________ ____ Town. 

Depth---- --- ---------· ______ ___ __ _____ l ,287 feet. 
Diameter ________ ______ ____ _____ ______ _ 6 inches. 

Elevation of curb A. T. ______ ___ _______ 780 feet. 
Head of water A. T. _______ __________ ___ 808½ feet. 
Flow in gallons per minute __ __ _________ 62. 
Temperature ____ ______ _____ __ ___ __ ___ _ 56° Fahr. 
Date of completion ___________ _______ ___ l 889. 

Drillers, W. N. Casey & Son, A. K. Wallen. 

NO. 2. 
Town. 
1,425 feet. 
6 inches. 
780 feet. 
808½ feet. 
50. 
56° Fahr. 
1892. 

267 

These two wells form the supply of the water works of the 
t own and are t hus used by about one-third of its inhabit ants. 
T he3T have shown no change in their flow from t he first. · Cas
ing in each ext ends to 620 feet, packed in No. 2, with a lead 
sleeve at bottom. At J 25 feet a sulphurous water was struck , 
which rose to eig·ht feet from t he surface. T his is from the 
horizon of the Independence shale, which is h ig·hly pyritifer
ous. T he excellent supply· was found in t he Saint Peter and 
underl;ring· sandstones. 

ANALYSIS. 
OR.A.INS IN 

U. S GALLON 

Calcium carbonate------------------------- -----·____ 6.940 
1Iagnesian carbonate _____ _________ ____ ______________ _ 

C'alcium sulphate. _____ ____ .----~ ________ ___ ___ . _____ . 
Sodium sulphate ____ __ _____ ___ . _____________ ___ - --- . -

Sodiumchloride _____ _____ __________ ---------------·-
·• · 1 · ~11ca -------- - - - - - -- - - - ------ - ----- --· ---· ----------
Oxide of iron and alumina __________________ _____ ____ _ 

4.827 
5. 7 16 

8.605 
.128 
.349 

l.40t 

Total solids __________________ . __ . __ . _____ . __ . _. 27. 996 

GEOLOGICAL SECTION OF WEC..L NO. 1. 

TRIOKNl!lSS, .A T . 

PORllATCON. FEET, ~• t Er. 
Pleistocene and Recent ________ _____ _____ ___ . ___ . 115 665 
Devonian f\Vap'lipinicon). ____ ________ _____ ______ 20 645 
Niagara _. ___ ___ __ _________ _____ . ______________ . 2 I 5 4 :30 
~Iaquoketa. ____ _________ ___ _____ ___ ____________ 269 161 
Trenton _______ ___ ___________ ____ _______________ .401 -240 

Saint Peter ____________ __ ______ ··-- - ------------ 55 -295 
Upper Oneota. ________________________ ____ ______ 210 - 305 

New Richmond penetrated·- - ----- -- - - -- ---- ---- 2 - 507 



• 
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268 ARTESIAN WELLS OF lOW A. 

IV. THE DAVENPORT-DES 1\IOINES SECTION. 

In this section, as in the one from Clinton to Dunlap, there 
is exhibited a g·entle anticline at the east, the crest trending 
from northwest to southeast. To the south it connects with 
an anticline of Ordovician strata extending from east of Wash
ington to Keokuk. From Homestead to Des Moines, a dis
tance of ninety miles, the summit of the Maquoketa and that 
of the Saint Peter each seems to descend nearly 700 feet, a dip 
of about seven and one-half feet to the mile. This dip is 
increased by the fact that Des Moines lies thirteen miles 
south of the latitude of Homestead, and doubt is cast upon 
its exactness by the lack of accuracy of the Homestead 
record. From Grinnell to Des 11oines the dip of the summit 
of the Maquok~ta is over eleven feet to the mile. Measures 
of the southward dip from the Clinton-Dunlap section are 
obtained on the Maquoketa shale of nearly eleven and a half 
feet to the mile from Boone to Des Moines, and of six and 
one-third feet to the mile from Vinton to Homestead. The 
dips of the Saint Peter between these stations are about the 
same as those of the Maquoketa, except from Vinton to 
Homestead, where it is onl)r six feet to the mile. 

CARBONIFEROUS. 

The section graphically presents the attitude of the Coal 
Measures in Central Iowa. The Western coal field extends 
eastward nearly to Grinnell; the Central coal field extends 
from Illinois to Davenport, and the lie of the land shows how 
readily both may have met and joined in such outliers as 
those near IIomestead and Iowa City. 

No attempt is made to subdivide the 11ississi1)pian above 
the Kinderhook. At Des Moines, if the section is rig·htl:y 
interpreted, the heavy limestones of the series have disap
peared, leaving for the most part cherty shales. 

DEVONIAN. 

The Devonian is exposed nearly to its basal strata on the 
Mississippi river at Davenport, where calcareous shales 
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THE SILURIAN SYSTEM. 269 

characteristic of the Cedar Valley stag·e rest upon limestones 
of tl1e Wapsipinicon stag·e. Of these, the upper Davenport 
a,nd the lower Davenport extend downward to the level of low 
,vater. * Beneath this level one may expect the Independence 
shale and the ()tis limestone. Shales dot1btfully referred to 
tl1e Independence were clisclosed in one boring·. The Devon
ia,n l)robably extends about forty-five feet below low water in 
the 1Iississippi, a dimension about two-thirds of the thickness 
of the Independence and Otis in Linn county. The excep
tio11al width of the Devonian outcrop west of Daven1)ort is 
due larg·el~y to the low anticline already referred to. To the 
westward the De,vonian seems to pass rapidly into shales 
which cannot be separated from the Kinderhook except by 
arbitrary· di'\,.isions. ....\t Grinnell this great body of shale is 
about 500 feet thick, and the division made rests on slight 
g·rounds of stratigraphic probability onl3r. The probabilities 
in its fav·or will best be seen if the sections crossing Grinnell 
from Manchester and Marshalltown are compared with Plate 
X\TII. In the wlanchester-Grinnell section, especially, the 
control is apparent which is exercised by the accepted areal 
distribution of the Mississippian and Devonian. 

SILURIAN. 

The Silurian preserves the usual characteristics of the 
Niagara dolomite as far west at least as Homestead. At 
Grinnell less than :fifty feet assigned to the series is dolomite, 
but much of the remainder is cherty. At Des Moines there 
rest upon the Maquoketa fifty-five feet of buff cherty dolo
mite. To this succeed twenty-two feet of cherty and arena
ceous limestone, and to this some 430 feet of limestone, in 
part cherty and magnesian, but whose special characteristic 
is the presence at several horizons of more or less g·ypsum. 
No other method of division offering itself, the g·ypsum beds 
are all included in one formation, and that referred to the 
Silurian, the only Paleozoic series in Iowa known to contain 

• Proc. Iowa Acad. Sci., pt. IV, pp. 22-24. 
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g,vp:-st1n1 in as.·nc:iat ic>n ,vit,h Jiu1,•st(l11e. '"f'he thic-l{11es~ thus 
• 

gi,·cn to t,he ~ ihn·ian is in e:x,•i'liss nf that l~XJ>e<:tcd. hut it 
111·.-~"'t:!nts uo ·•··ri(JUS sL1·uti!.!raphie ditlil'tdt)~. 'l'ogptl1e1· "?ith 
th,·. 'ilurian. th•· 'l'rc•J1ton f,hi.-k•')n.s tc1 th~ ,,•,t• t,vard. aJ1d. 11ot

"'i t hsta11cli Hg' l;h.-:1 related thinning uf the ~1 ac1 uoketa, the 

r-ffect, is t,, JH~arly· till le\"el th• 1,,.,~ 1Jnin~s Ll'11ugh f1·c,n1 
( i1•i11u.-,Jl \\'est,,va1·d. 

.\J )\ ~, -l I I{ l_;J',A. 

'PJ11.j \V••~t,·rn att,,•nuati1111 of tlH.'! ..:.\ Taquok<:'ta giv ·~ it a thick
He ·s c)f hut, thi1•t,v-t.l11·f"•~ f1.:1et, at I >e~ ~loiu•:S. 13eyond the ., . 
<·on:-.t:111! llll<· ~rtaint,~,· nf our l't•<·ord:s. the oul.Y dPulJt a·ttaching 
'l<• t ht• plat·ing· of t,his sbal1" in t,ht~ s1.;•1·ti11n is c,..,nc.- "l'lled ,,Tit,h 
th" sl1ah ... :1t ,;ri1111t•ll at ]. 4>c;11 f ·,•t. If t,his is ~laquoketa. tl1e 
li111t? t,,n,,. at.11,•p ,·ep,·e~ent., tli~ intern1t::r.diat ,dol, n1ite ~<) fre

,quPnf l)r S('(>I} tJll the oth1•1· "Ot·ti,•n~. hut ·l~e,,"'ht")•e ab 'ent 
fr<,1n t hi~. 

'l'ht• (~ :ti eJ1.1-'1'1·,~n t ,•1111 <rrad ua l I\. i nr-r ases in thieli'.ne~~ ,... . 
tn,,•-ai·il:-. l)es 1\Joinr-s. unt.il at t,h:it -tat,i1111 it, 1·eaehes it~ max-
in1uu1 in 111,,ra - 11nle ... s it, b · at t'alu1al' a t.hi, ·kne s of .j(:>' 

f •Pl,. 1\ t I>:i v,1np111·t. thr- t ~ali'lna is dist ing·uish •cl. 1\ t Ilo1ne
~t ~nd t,h,·,.:e :san1pl :.:-. nnl_v a1·P f111·11isJu·d. all of lq,,•e,· 'f'1·~11tnn 
t.YJ>f'. :1nd ,,ne , >I' t,hP~•· i:s f1·nlu H•~ar th~ t ,p. ,,·here <3ale11a 
,lolo111it.- \\'t•tild btt, xp<.:<·LP1I. .\t ,:r1n11cll th .. 11 ,n-111a.~.tn1•sian 
litn1"s'tl)111·s uf Lhe ~l"r,:-.11ton ha'°" 111•:irl~· di~app"'ared ant] nt I)e 
l\Joino~ Lho t•11tiirP f11r1uati<t11 <'nn.si~ts l)f d11J,>1nitt>~ :tnll ::;hales. 

< 't11·inu~l.v th, thin hand nf hig·ltl~r fos~ilif ·•1·11u~ g·r~t•n shale 
IJt•ar· t,lie has• of t.'11• rr'r0ntnn, llnlt.:d at ~lanvhe:st ·rand .\111e ', 
1· •,·urs at, <;r•i1111t")l1 and at l)cs .i\loin«.: .. 

< )nt• rn· hnt,lt nf t.h<.:'s<~ t<~l'f':tllPS a,1'(• det" lil.\' 1>ent•t1·ated hj? fou1· 

"~ells on thu. li11 .. nf this Sl.;vt,il)n, ln1L n11fu1'l,11na1t-:-I_,? ,, ... ::. ha,·t: a 
<·ornplt•te S ·t t)f san1plcs fir l'<l('ks fl't)I)} hut, one. the ( ;,., t~ll\\1()t)a 

J>ar-k ,vell at, l>t>s \[nines. 1\t, I>a v •11port, th,· l't'l'c11·d pe1·111its 

no divisint1 of the 111:1g·n •sian se1·iP.s. ... \ t. \rt•st I ... iliert.,· an,l 
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Homestead the New Richmond and Jordan sandstones are 
fairl:y ,vell defined. The resemblance of the g·rains of the New 
Richmond at West Liberty in their secondary crystalline 
e11largements, to those of the same horizon in Allamakee 
cou11t:y noted bjT Calvin* is striking, even thoug·h accidental. 
It is 1)ossible that the Jordan at Homestea(l and "\Vest Liberty is 
co11tinuous with the sandstone below-1,400 feet A. T. at Daven
l)Ort. but more probably the:y- belong· above - 1,300 feet A. T. 
at the latter station but are not mentioned in the c.lrillers' 
records. From vVest Liberty to Des Moines the Upper Oneota 
maintains a thickness of from 100 to nearly 200 feet, and at 
the latter point is noticeably shaly. The Lower Oneota is 
highl:y arenaceous at West Liberty. At Homestead it appears 
to be nearly 300 feet thick. Its lower limit is drawn with 
great difficulty at Des Moines. The main body of 175 feet of 
t1ninterrupted dolomite ends at - 1,546 A. T. and this is here 
taken as the lower limit of the Oneota. Beneath this occur 
thin beds of interstratified sandstones, sh~les and dolomites 
ending at -1,608 A. T. in thirty feet of arenaceous dolomite, 
and we should have few objections to extending it to this 
depth. This is practically the limit of the dolomites of the 
section. From the New Richmond downward, no saccharoiclal 
sandstone occurs at Des Moines, until the depth of - 1,878 A. 
T. is reached. This sandstone, 130 feet thick, may lJerhaps 
represent the Jordan, but it seems best, on the whole, to place 
it with the Basal sandstone, leaving 332 feet above it to the 
undifferentiated Sain,t Croix. At Davenport the Basal sand
stone was penetrated nearly 400 feet, at Des Moines 250 feet. 
The distance to the Alg·onkian at either point cannot be con-

jectured. 
Arte.s ictn, Concl itiorts. 

The conditions g·overning the artesian supply along this 
section are practically the same as in the section from Clin
ton to Boone. Small flows valuable for medicinal purposes 
occasionally may be secured from the Mississi1Jpian. The 

* Iowa Geol. Surv., vol. IV., p. 68. 
23 G. Rep. 
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Niagara and Galena-Trenton may ... yield a larger quantity 
which exce1)tionally ma:y' prove sufficient for town supply. 
A1>art from the immediate vicinity of the 11ississip1Ji valley, 
the Saint Peter can not be de1Jended upon to furnish a suffi
cient yield, and recourse should be had to the Oneota and 
Jordan. East of Grinnell these will yield generousl:r, but 
toward Des Moines the sanch,tones below the Saint Peter 
largely lose their open texture. The Basal sandstone is found 
at such depths over much of the section that the expense of 
reaching· it must be considered. The chemical analyses of 
the artesian waters along· this section show that west of Wil
ton artesian water will not be found carrying· in solution less 
than from sixty to one hundred grains of solids to the gallon, 
and the mineralization ma:y be still greater if all waters 
above the Saint Peter are not excluded. 

XXXIX. DAVENPORT.* 

- ' Q) ' C Of-< f-i . !!! ' ' 
... 8 ·- f-< 'Jl 'Cf-, :, ... a . "'C* ·- .... 0 

Q) -c. 0 . "' 0 .... . o< ~~ ..... ~ -; ~ .... ii ..c .... ,._ -a +-OWNER. Q) (/) ~ r.n a .. Q) ..: .c: sl .9-o QbO c:I bO ,._ 
0. 

00 
Q) .... "'.0 Q) "'C ·- ,._ Q) ... Q) (/) 4.>·= 0. 

"' 0 
::- ,._ bO"' (/) "' 00"' (/) "' -a 6 .... Q) Q) 

·- C 
Q) :, · - Q,) ~v ·-..c Q) ..c: "' 0 Q) o:- ·;: 

Q Q ·- ~o 
,._.c a.. ..c ,._ 0 ,._ 0 > '"'- f-< qo. Q 0 ·:> ll.. .., 

- - · ,- -- -
\\' itts' Bottling Works ............. 78o .... 57S 657 63-t 300 . . . . . . . . . . . . . . . . . . .... 18<}1 .. . 
\Voolen Mills ....................... 1053 31

/2 56-1 651 ..... . . . . . . .... t79 ft .; - 136 . .... 1890 2 

6o5 
t. ;n' rbot' m 

Crystal lee Co ....... .............. 1o67 6 - -1 590 6o2 250 2.jO - 10 ft. and 6o°F 1893 2 
{ 627 6o2 l St. Peter. 

Malt and Grain Co .. . . . . . . . . . . . . . . . 1076 5 592 1631 6o7 i .... . . . . . - 1o8 ft .; --16-1 .... 1S92 2 
to - -11-1 . Kimball House .......... . ..... Itoo§ 8- -I 579 637 599 .. · · ·. . . . . . - 131 ft., and . ... ' ....... 2 
St. Peter. 

Tri-City P acking and Provision Co. lIOO 8 5 564 610 610 250 250 -236 to bot- ..... 1~93 I 
tom. 

Gas company, two wells ......... 1200 s - -I 564 612 612 . . . . ' .... .. ' ......... . .... 1891 2 

Schmidt building ....... 1200 -I 576 {~ . ... ' 4~ { 1892 2 . . . . . . . . . . . 2 ). . ... . ........... . . . . . 
City park. . . . . . . . . . . . . . . . . 1797 . . . . 704 6'-!2 670 +125 .... . ........... . .. .. 1888 r 

Glucose Manufacturing Co ....... 1500 5 562 . . . . . 620 . ' .... 2~0 ............ 6o"F 188o/ 

~ 
2101 

~ ~ 3 0 l \ ... 
~ I Glucose Manufacturing Co 2105 5 562 643 6-1° F , 1R8<} . . . . . . . . . . . . . .. . ... ( .jOO \ .......... 

I ,~92 2107 400 

* In gallons per minute. ti, J.P. Miller & Co.; 2, A. K. \\'alien. + f3y pumping. § Approximately, 

In nt1mber of artesian wells Daven1)ort slightl3 ... outranks 
any· other town in the state. The exr)loitation of the field is 

' "' Few local artesla.n basins of tbe United States bl\ve been so tborougllly studied as has 
the district, of Davenport, Molloe and Rock Island by Prof. J. A. Udden, ot the latter town. 
Profe11sor Udden"s paper wUl soon appear ln the Seventeenth Annual Report of the United 
States Geological Survey, and be very g1>nerously placed in ou1· hands the notes upon which 
bis manuscript IH o:-ised. WP. are also Indebted to tbe owners ot several wells for informa.iion 
and to JHr A. S. TJfl'a.ny, F. G. S. A., who loaned his sets of drllllngs from the Kimball house 
and tho city park wells. 
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com1)arativel~y recent. Nine of the fo11rteen wells were drilled 
duri11g·the present decade. This extension of the t1se of artesian 
water l1as taken place in the face of the fact that the city 
water su1)ply·, drawn from the 11ississippi river, passes 
throug·h one of the largest mechani<:al or ra1)id filtering 
1)lar1ts in the United States. The preference for artesian 
water on the part of larg·e consumers is l)robably due in part, 
in the 1najorit;r of instances, to its relative chea1)ness. In 
one instance a well was put down simplJ' ''to bring the water 

com1)any to terms." 
Tl1e first flow of the wells of this district rises from abot1t 

479 feet A. T., near the base of the Devonian. This may 
represent the natural springs which rise from the Independ
ence shale in other cot1nties, and indeed the shale near this 
level of the Kimball house record, 1)reserved by the Daven
port ~\.cademy of Science, may be the Independence rather 
than a cavern filling as held by U dden. The water is corro
sive in quality and insignificant in quantity. A second flow 
is obtained in the Galena limestone, at depths from -108 A. T. 
to - 242 A. T. This is the so-called ''tipper water,'' and is 
impregnated with sulphureted hydrogen. To enjo:r the char
acteristic taste and odor of the gas, the water must be taken 
immediately from the well. Aeration and relief from pres
sure permit an escape of the g·as so rapid and so complete 
that chemists rarely find traces of its presence in samples 
sent to their laboratories for analysis. The water is usually 
se1)arated by tubing· from the lower flows. The yield is g·en
erous, amounting in the Witts' well to 300 g·allons a minute, 
and at Carbon Cliff, Ill., to 400 g·allons. At Daven1)ort the 
head is re1)orted somewhat lower (less than ten feet) than 
that of the water from the Raint Peter. At Carbon Cliff the 
re1)orted pressure equals a head of 68-1 feet A. T. 

The third water horizon lies in the Saint Peter sandstone, 
whose der)th is variously re1)orted in different wells at from 
- 376 feet A. T. for the summit to - 577 feet A. T. for the base. 
This flow has furnishecl so far most of the discharg·e of the 

• 
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Davenport basin. Other flow,s unspecified in the extant 
records, occur in the Oneota and the sandstones of the Saint 
Croix, and under greater pressure and with heavier discharge 
if we may judge from the. wells at the city l)ark and the 
glucose factory. 

ANALYSE!: . 

The following· analyses indicate the qualities of the waters 
from their different horizons, excepting· that from near the 
base of the Devonian. The first of the Witts' well is from 
the Galena. The second, of the Crystal Ice Co. 's, is from 
the Saint Peter only, all upper waters being shut off by 
tubing· 1,067 feet in depth . The analyses from the glucose 
factory well 1)robably represent admixtures with the deeper 
waters below the Saint Peter. 

WITTS' BOTTLING WORKS. 

GRAINS PER PARTS PER 

U. S. GALLON. MILLION. 

Calcium carbonate______ _____________ ___ 2. 1480 36.80 

1Iagnesium carbonate.·----· ___________ _ 
Iron car boo ate _______________________ . _ 

l .6031 

.-!488 
Sodium carbonate _______________________ 16.4457 

Sodium sulphate ______ -- --------------- · 23.4069 
Sodium chloride. ___________ . - ___ . _____ . 26.1753 

8 ·1· 11ca ___________ ________ _______ ________ _ 
.4377 

27.47 

7.69 

281.75 

401.0l 

448.40 
7.50 

Total ____________ ____ ______ _______ 70.6658 1212.50 

Analyst, E T. Burghausen, chemical works, Cincinnati. Authority. J. A. 
Udden. 

CRYSTAL ICE AND COLD STORAGE CO. 

GRAINS PEl't 

U. S. GALLON. 

Silica (Si 0 2)--------------------------- .497 
AFlu13:1ina \Adl2(FQ8 )

0 
___ ) _________________ 1

1

. .182 
err1c ox1 e e2 3 - • - - - - - • - - - • - - - -

Lime (Ca Q)_______________ __ ___________ 1.624 

Niagnesia (1\Ig 0) __ ___ _____________ , ---· .530 
Potash (K

2 
O) __________________________ ------

Soda '(Na
2 

0) _________ ________ __ ________ ::Jl.834 

Chlorine (Cl). ___ _ ---------------------- 15.859 
Sulphur trioxide (S 0

3
). _________ _ ___ __ _ 

Carbon dioxide (0 0
2

) ____ _ _______ _ ___ _ _ 

Water in combination (H
2 

0) __ _______ _ 

Free (CO2 ). - - - - - - - - - - - - - - • - - - - - - - - - - - - -

13.282 
9.139 

.829 

[1.110] 

PAn·rs Pl!:R 

MILLION. 

8.!)71 

3.143 

28.0 0 
9.143 

548.857 
273.429 

229.000 

157.571 
14.286 

[19.143] 

' I 

I 

l 



ANALYSES OF THl~ WATERS. 

UNITED AS I<"'OLLO\VS. 

GRAINS PER 
U. S GALLON, 

Ca,lci.u1n bicarbonate (Ca H 2 (C03 ) 2 ) _ ___ 4.690 

:'\Iagnesiu1n bicarbonate (J\Ig H 2 (C'O3 ) 2 l l.922 

I•'errou:- hic:n·bona,te (}~.,e H 2 (C'O 3 ) 2 )---- .406 
Sotliu1n ('arbonate (N-,t CO3 )---- - -------- 12.67, 
Sodium ;,ulphate (N'a

2 
SO

1
) ____ _ ________ 23.705 

Potassiun1 c·hloride (K Cl) _______________ ---- - -

Sodium chloride (Na Cl)------ - ---- - - - -- 26.266 
Alumina (.\..1

2 
0

3
) _________________ _ _____ Trace. 

Silica (Si 0
2
)___________ ___ ________ __ ___ .497 

()xygE"n replaced by chlorine (O)________ 3.613 

Soliclti --------- -- -- - - - - --- ----- -- - 73.776 
.A.naly~t. I)r .T. B. \\.,. eerns, !\lay 27, 1896. 

PARTS PER 
MlLLlON. 

80.857 

33.143 
7.COO 

218.671 
408. 714 

452.857 
Tr,tce. 

8.671 
62.287 

1272.000 

1.'he waters of the Wag·ner Brewery well at Rock Island, 
Ill .. the Pa1)er 11ill well at 11oline, 1,628 feet deep, and of the 
East 1foline well , 1,:140 feet deep, are similar in chemical 
composition to those of the Witts' ,vell and the Crystal Ice 
Uo. 's. If the "upper water" is not mixed with the lower in 
all these wells (excepting, of course, Witts'), this marked sim
ilarit:r, closely· approaching in some instances practical iden
tity·, strongly sug·g·ests that the upper water from the crevices 
of tl1e Galena really rises from the horizon of the Saint Peter 
or e,ren from still lower veins, and this assum1)tion is rein
foreed by the volume and head of the Galena water. On the 
other hand, the presence of sulphurete<l hydrogen in the 
up1)er water supports the asst1mption that it is nati,re to the 

Galena. 
ORAIN~ IN 

GLUCOSE l!'AC'TORY (WELL UNfu~O"'N). 

COMPOUNDS. U.S. GALLON. 
Calcium bicarbonate ______________ __ _________ ____ ____ 5.132 

l\lagetiium bicarbonate _______ . _. ___ __ _____ .__________ 4. 770 
Calcium sulphate _________________________ ____ ________ 5.540 
Soclium sulphiite __ __________ _______ __ ________________ 16.096 
!:::iodium chloride __________ __ __________________________ 28.080 

~.\lumina ------------------------------------------ - -- 0.361 
Silica and unsoluble residue_______________ ___________ 0.216 

Total _____ ______________________ ________________ 60.195 

.1.\.nalyst, Chemist of Co. ('?). .t\..uthority, D. \\r . Ivlead, Hydrogcology of lllinois. 

Table X. 



• 

lH,l'<'OSE J.'Af'TORY (\\'ELL UNKNO\VN). 
• PARTS PP:R 

COMPOUl.'fDS. MU,l,JON . 

c ·al<'iu111 <·arbonntt> ----------- - · ______________________ 20.:!.0 

,\Ia~nesiun1 earhouatr- ---------------- --- ------------- ]J0.0 
Sod i u u1 c•u r hon at c _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ; . u 

Sodiu1u !-lllphutc - --------------------------------· --- :i,a.o 
Sod i nn1 <' h lorid1·. ______ ____________ . __ • ____________ . _. 8:{:i. 0 
rnNolulilc ............. . _____________________________ . . 220.u 

~rotal ------ ---· ________________________________ J.i-l:!.O 

.i:\nalyst. E. c;utt~man, fhn·1:nport. Authority: .J. A. UddPn. 

Pl•~H;\IANF;N<..:E OJ,' THJ-; PRESE!\'1' SUPPLY. 

'l
1
hc ol'jg·i11n,l l1ead of the earlier wel1s, from 1,000 to 1,200 

feet deep, is exem1>lified i11 that of tl1e I{imball !louse and of 
the "\Voolen 1Iills wells-a heacl of from n:{7 to 061 feet ~\. T. 
'1

1
he \vells drilled in 189] ancl 18H2 sl1ow no orig·inal head 

higl1er than ~i:11 feet, ancl in two well~ tl1e head was or1ly· 60 

an<l 61~ feet .:\.. '11
• F'rom lcH:1 to 18H£5 the water rose in 11e\v 

wells of this <.l01)th to frc>m GOH to Hl5 feet 1\. T. I11 olcl ,,·ells 
it is inlpossil>le to state ho,v muc:h of tl1e loss of 1)1·esst1re is 
dt1e to lf>akag·e from va1·iot1s eauses. Tl1e ,vell at the \Youlen 
mill, fol' exan11)le, lost sixt:y-tv;,o feet of head i11 the first three 
,yeac1·~ after it ,,·as d1·illecl. ~\.bout :loo feet of c.:asing· ,:vas the11 
ta1{en out, muc;h eor1·odecl a11cl in J)la{'es l)erforatecl. "\Vhen 
new tubing· to that cleptl1 "·as acljt1sted, the ,vat.er rose to a 
tank· te11 feet highe1· than the l1ea<l before re1)ai1·s \\·ere 1na<le. 
Ilo,,· 111L1<:h highel' it \Vot1ld rise ,va~ not. te~te<l. 'l,hat ans· 
o,•p1•<1raft is loua,1, is sho,vn by· the fa,ut tJ1at in 18H4 the ·village 
"·ell at ~Iilan, thre<:• miles soutl1 of 1iouk r~Ian<l. l1eaclecl at H~:3 
feet 1\. 'l\ T n Da ve111)ort, at least tl1e deeper ,-vells, f1·om 

1,800 to ~, 100 feet clee}l, main ta in nearly tl1eir 01·ig·inal 
1>ress lll't:.'s. 

In sum1nation, ,ve mH,)" sa)· that the su1>1>l)· a,railahl, .. to 
,vells Jess tha,n l,::?00 f<.,et clee1) is boi11g· o,·t>1·clra\,·11. 1-\.ll ""ells 
should lJc ]{e1Jt i11 tl101·oug·l1 repair. ...\.n~· <.·01u-,iclerab] c:- inerease 
in the ntu11l)e1· of tl1e wells i11 tl1e clistl'ict will prol)al>l)· make 
pt1m1,ing· neeessar~T i11 a,11 the wells of tJ1is <le1>tl1. lJt1t the 
la,rg·e1· rese1·voil's l>elol\' the 8aint Peter sl1ovv little or 110 

• 
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sig·11s of exhaustion, ancl the limit of their suppl:y may· be far 
from being· reached. 

GEOLOGICAL SECTION. 

The first attempt to interpret the relations of the deeper 
stra,ta at Da,ren1)ort was made b:r Mr. A. S. Tiffany.* This 
,vas basecl tll)on samples obtained by him from the well at the 
eit:r 11ark. ....\s an illustration of the pains sometimes needful 
to secl1re these valuable data, it may be said that Mr. Tiffany 
ma<.le fift:r trips to the well, involving· S<)me 300 miles of 
travel. .Abridged and slightly rearrang·ed, and tl1e elevations 
... .\. T. l)eing· adcled, Nlr. Tiffany's section is as follows. 

El,EVATION 

FORMATION. TR{CKNBSB. DJllPTH. A. T, 
Drift ___________________________ 100 100 604 

Coal :i\Icasures ·----------------- 30 130 574 
C'orniferous _____________ .. ·---- 390 520 184 
r__.o" er Helder berg (Le Claire) ___ 80 600 104 
Niagara ____ . ___________________ 175 775 -71 
Cincinnati and Trenton _________ 300 1,075 - 371 
Saint Peter, Calciferous ________ 100 1,175 -471 

Other groups, Calciferous -----· 69'> .;.; ... 1. 797 - 1,093 

The sam1)les from this well and from that at the Kimball 
house were kindly l)laced b}T Mr. Tiffany at the service of the 
writer and have been described by him in detail.* It was 
found impracticable to reconcile the records of the two wells, 
ancl a large part of each section was left undetermined as to 
the age of the strata. For example, the horizon of the 
1'Iac1uoketa shale, although 242 feet thick at the Kimball 
hot1se well, was represented in the samples of the Park well 
onl:r b:y· several samples of non-argillaceous dolomite. The 
1Jresence of interbedded layers of dolomite in the 11aquoketa 
is not strang·e, but the absence of any shale, or record of 
shale, is singular. The following was the author's section 
l>ased upon these data. 

"" A-merlcan Geologist, vol. III, pp. 117-118. 
* Iowa Geol. Surv., vol. III, pp. 200-202. 

• 

• 
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278 Al{T ESIAN WELLS OF row A. 

ELE~A-
F()RMATION, , THICKNESI:!. TION A, T. 

Pleistocene or recent ___ • ________________ . _ __ 13 506 
Devonian ________________________ ____________ 115 451 

Upper Silurian----- ------------------------- 320 131 
Maquoketa ___ _______ ____ ________ ______ __ ______ 2!2 111 

G-alena-Trcnton ____ . __ _________ . _____________ 425 - 536 
Saint l'eter sandstone _______________________ !JO 626 

Thus the g·reat body of tl1e strata referred b}· Tiffany to the 
(

1orniferous was placed with the Niagara, the base of the 
Devonian being lifted 267 feet. 

Since the l)ublic·ation of the author's l)aper, Prof .. r. A. 
Uclden, of Rock I sland, has collec.:ted and most skillft1ll:r col
lated a large amot1nt of data from the three adjoining· cities, 
jncluding· some well records and series of drillings from the 
Illinois towns that are s1)eciall:r complete and reliable. The 
general g·eological section which he has constructed from 
these ml1st be a close a1)proximat io11 to the faet. 

FORMATION. 
ELEYA

THlCRN ESS. T IO~ .\, T. 
14. Devonian ______ ___ _____ ____ _____________ 55 

13. N iaga1•tt . ___ • __ •. _____ . ______________ __ _ . 340 
12 niaquoketa __________ ____ ___ _______ ____ __ 22;1 
11. (.{alena ___________________ ____ __ _______ 24-! 

10. Trenton . ___ .. _. _. ____ •. __ . ____ . _ . _ _ _ _ _ _ _ 100 

9. Shale----- --------- ------- --- ·--------- - 41 
8. Sandstone ---- - - ------ ------------------- 76 
7. Shale-------- ------ ---- ----------------- 66 
f\. Lower magnesian __ ____ _____ ___ __ ___ ____ 800 

5. Eandy shale_ _____ ___ _________________ _ _ 3,i 

4. i\renaceous limestone___________________ 27 
3. Sandstone _________ .. ________________ ___ 145 

2. Calcareous shale____ _____ _______ ______ __ 75 
l. Sandstone __ ____ __________ __ ______ __ ____ . 97 

500 
160 
-63 
3u7 

- 407 

- 448 
-5~ l 
-.i90 

- 1,300 
-1 -127 , 
-1,452 
- 1,507 
- 1.6i~ 
-1,769 

Nos. 1~•5 arc r eferred b~ Profc:::;sor lTdden to the Potsdan1 and Nos. 7 -9 arc 
' 

included in the Saint l'eter. 

After a close examination of all the facts in the case, 
involving· tl1e conflicting· records of about a dozen wells, we 
find few cl1anges to sugg·est, and these in points of mi11or 
detail. We should incli11e to place the base of the Devonian 
at about 475 A. T. , relying· upon the recorded samples of tl1e 
Kimball House well, and other data, and wot1ld follow these 
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same sotlrces of information and the records of the Davenport 
.... ..\.cademy of Science in placing the limits of the Maquoketa at 
131 A. T. and - 109 A. T. The records of tl1e Saint Peter are 
singularly· co11flicting·. The reported top of this sandstone 
,~aries from - 376 .... ..\.. T. to --185 ... \. T., and its base from --!.56 A. 
T. to - 577 ... \.. 'l.,. It will be noted that while we limit the 
Sai11t Peter to tl1e sandstone, Professor U dclen joins with it 
the shales immediatelJ' below and above, ,'\""bich we have 
allotted to the Trenton ancl to the Upper Oneota. Below the 
Saint Peter the section rests upon the record8 of tl1ree wells. 

• 

GLCCOSB FACTORY, DAYENPORT, 5(j~ A. T. 

STRATA. TBICKNESS, 

Surface nuiterial _______________ 32 
Limestone, bluish _____________ _ 
Shale ________ • __ - •.. - ___ - ...•• - -
I,ilnestone _____________________ _ 

Shale _ ------------·----------- SO 
Sandstone. Saint Peter _________ 42 
Limestone, sandy _______________ 530 
No rerord ______________________ 258 

8hale __________ · _________________ 40 

Limestone. sandy___ _____________ 20 
Sandy rock __________ • ______ ____ 160 

Shale _ . __ • _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ 50 

DEPTH, 

,)2 

410 
133,:5 

970 
l,0C0 
1,042 
1,572 
1,830 
1,870 
J ,890 

2,050 
2,100 

MOLINE PAPER CO , r,64 A. 'l'. 

STRATA, TRIOKNKSS. DEPTH. 

Sandstone (Saint Peter)______ ___ 6G 1. 14 l 

Red 1narl and limestone. ________ 316 1 ,-1,'57 

Sandstone.----- ---------------· - 121 1 ,o,8 
Limestone _____________________ . 50 1,628 

.t,., T. 

510 
152 

- 73 
--108 

- 438 

- 480 
-1.010 
- 1.268 
- 1,308 
- 1,328 

J ,488 
- 1,538 

A. T, 

5'"''"' - I I 

-89:l 

- l .014 
- ) ,064 

oIITCHELL & LYNDE'S BuILD]NG. ROCK J SLAND, 558 A. T, 

STRATA, 'lHICKNESS, DEPTB. A, T. 

Sandstone, Saint Peter __________ 145 I .1C4 -546 
Limestone. ______________________ 811 1.915 - 1,357 

Sandstone, compact --------· ____ 30 J ,945 -J ,387 
Limestone _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 35 J ,980 -1,422 
Sandstone __ __ __________ _____ ____ 130 2,110 - J .552 

Shaly limestone and shale________ 75 2, 1E3 -1,627 

Sandstone __ ____ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 97 2,282 - 1. 724 

According to these records, the base of the Lower Magne
sian cannot well be below - 1,357 feet A. T. and may more 

' 
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probabl~y .. be placed not below - 1,268 feet A. T. with the g·lu
cose factory record, which is more exact in other details than 
that of the Mitchell and Lynde's boring. Nor ,vill these 
records allow us to extend the section below - 1, 724 A. T. In 
the absence of frequent samples showing· the true nature of 
the different strata from the base of the Saint Peter to -1,268 
A. T., in view of the character of the strata of Magnesian 
series, which often causes even a geologist to hesitate as to 
whether to call them limestones, sandstones or shales, and in 
view of the 121 feet of sandstone included in the record of 
the Moline Paper Co., it seems preferable to leave indeter
minate the base of the Oneota, or Lower Mag·nesian, and to 
place the base of the entire Magnesian series, including the 
Saint Lawrence, at - 1,328, the base of the last limestone in 
the glucose factory record. The sandstone and shales below 
this will fall in with the Basal sandstone of the Saint Croix. 

XL. WILTON.* 
Owner _____ .. _. ___ . ____ . ______ ...... _ ..... Tovtn. 

Depth· -·-·- ··----························J,360 feet. 
Elevation of curb A . T . . ·--······-·····-··683 A. T. 
Head of ,vater A. T.·-··-···-·····-··---- 6¥4t A. 1'. 
Diameter ... _-·._--·-··--._._ .• ........ _ ... 8 inches-6 inches. 
Discharge in gallons per minute ....•. .... 300. 

This well, beg·un in 1887 and finished in 1891, is cased to 900 
feet, at which depth the first flow was obtained. In the 
absence of record or sam1)les of the drillings it is im1)ossible 
to state whether this flow at 217 below tide is from the 
Galena or the Saint Peter. The water is more generally used 
by the inhabitants of the town than is common among· Iowa 
villag·es of its size having· water works; the number of taos 
being 110. The fl.ow contint1es undiminished. 

ANALYSIS. ORAJNB PJIJR 
U.S. GALLON. 

Calcium carbonate·······-·-··-········· ····-·· ······ 10.4i 
Ivlagnesium carbonate ... _ . __ ......... ... _ .. _........ . 6. 45 
Sodium chloride .. ..•.•.....•....................... ~. 18.56 
Sodium sulphate_ ..•. __ .•.•... _ ........ _ ........ . _ .. _. 33. 45 
Iron oxide and alumina ..•..................... . . _._ Traces 

Total.·-·-···--·-···· ··············· ····-- -·•··· 69.49 
Analysts, ivlariner and Haskins, Chicago. Authority, letter of 1\lr . .J. L. Giesler. 

•Reported by Mr. J. L Giesler. 

, 
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Ph)Tsicia11s of the villag·e report that the "Tater is laxati,Te 
• 

ancl dit1retic, a11d beneficial in cases of rheumatism. Its con-
tinue<.1 t1se is stated by one ph:rsicia11 not to bri11g on any· dis
orclers of tl1e digesti,Te tract or the kiclney·s; another cannot 
say· whetl1er a, co11tinuecl use of it for years '"ot1lcl not be cletri
mental to health. C>n account of its corrosive action on iron 
tl1e water <:annot be t1se<.l in steam boilers, ancl it soon rusts 
ot1t or<.linar:r tin \V-are. 

XLI. \\"EST LIBERTY.* 

t)"·ner ___________ • _. ____ _ . _. __ - . __ .• ___ . Tov>'n. 

Depth------------··---·----·-----------·1,768. 
EleYation of curb A. T -·-----··--- · -·--·696. 
Origina 1 head of water .,\.. T ________ .. _. 705. 

!>resent head of ,vater A. T - ·----· -···-·-696 or les::;. 
• 

Diameter - _ --· _______ - ·- _ ·- _ ·- __ _ - ______ 6 inchcs-4i'la inches. 

Discharge,original, in gallons per minute_ 120. 
Temperature----· _____ ____________ . ____ 65° Fa.hr. 

Driller-···-----··------·--·-·--····-·-· ..:\. l{. Wallen. 
Date of beginning ,vell·--···---·--····-·June 20, 1887. 
Date of completion ..•. . _. __ .• . -·-- _ .. _ • . November. 1888. 

Dt1ring· the drilling of the well the water stood at forty· feet 
from the surfa<:e for over 1,000 feet. ~\t 1,040 feet, 349 below 
tide, tl1e horizon of the Saint Peter, it rose twenty· feet. Ris
ing· a little higher each da:y·, it O\"erflowed ",.hen the drill 
reached the clepth of 1,:34,5 feet, and the flow increased as the 
clrill went clee1)er still. The well is cased to 128 feet. A tt1b
ing· sttnk to 1,100 feet an(l packed decreasecl the flow and was 
tal<en out. The water is ver:r g·enerally used by the people 
of the town. Tl1ere are twenty•nine hydrants, nine meters 
ancl 330 ta1)s. The consumr)tion is 75,000 gallons daily. 

ANALYSIS. 
GRAINS IN 

COMPOUNDS. U. 8, GALLON. 

1. Sodium chloride __ ·---·· -· ·--··~----·--·---·--··- 11.659 
2. Ferrous carbonate .... . __ . __ . •. _____ ..•••• _ •. _ •• _ •rrace 

3. Sodium carbonate·---·--···--·--·-·· - ---··-··-·- 38.152 
4. PoLassium carbonate·--···--··· ·-·-···-····· ···· 18.125 
5. Sodiu1n sulphate. __ . ___ ... __ .. _. __ . __ . ___ . __ . . _._ 43. 738 

6. Sodium chloride ... ..• ·-·--····--··-----·-···---- 9.302 
• Report ed by Mr. 0. M. Ba.roes, city engineer. 

• 
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.t\ H'l'EST .. /\N \\•r~LLS OF' 10\V A. 

rJR.AJ:,'fl IN 
t 0M1'00~1,~. ' U. 8. OALI .. UN. . -

I • l\lagn,·,iun1 ph1,sph1tl11.• •••••.••••••• ______________ • 1;-; 

1Jn2"11e~in ·····--·-···-----·-----·-----·-····---- 11.0J!) 

ft, Sili,·11 ••••. ---------·------------··-··········--· 7.b78 
1() . . Al111nin11 -- ··- ······----··---··--------··---·--· 0.22:? 

'l'ot:tl ·-------·-····--·-·-···-·-·-·-··---·--·· 12 .f172 
r\nttl~• t, l•'lnyd I>.1,·ii;. '>. s l\loiu, •-... T>.,t.-., .I llll•' 14, J ~~r:i. .\uthority, ruh•s of 

to,,·11 WH l1,.•r "111•k,._. 

'Phc \Valer issai,l to hav•· i11<;1·t'•:t~cc1 i11 har<lness~in,.:e tbc ,vell 
,vas drilled. .1\s a huile1· ,,·at,:-. 1• it g·ives y.-r,)· little trot1hle in 
~t:1½.iona1·,· l111il rs. but J11:1,1n.s l>adl,· 111 Ioeo1nc.1tivr:1 boilers. 

• • 

~l·alt..: forn1s a t't::! l'blin t,hi,·kne~s, and tli,·11 fall::s otf <Jf its c•,vn 
\Yeigl1t. .i: () hnil t· c•r,n1poun,l is 11 ♦ •,·t_:::;sar.v, and cl,·aning tl1e 
l,Pi le.r un<·e in thrr•e 111, 111t1l1s .sufli<-e~. 1\ Ii hough i1 clcu~s not enr-
1·odt lioil1~rs. it ,.:ats r,ut. th(• thre:Hl d 1.: nds nf g·as J>ipe in about; 

t h1·,~<:! }""ar~. i>Ji.ysi<·ia.11, t't .!pnl'i a n1a1•kc-.d d1.·c·r ••ase in z.,·rnntie 
disrr.as ·s sinc·e its i11t1·odu<·l.inn. [t. is sli~htl.v J;1xative to t,}1ose 
u1H1t.:<'ll~to11H..:d to it. and its eo.ntinu<>d usr· ha~ h(:.en k110,, .. n to 
atl'P<•t th(" kidnc..vs un fa,·ot·a hl~r. 'J'he a11al_,·st of thi::s ,vate1·, 
1 I r. l·'l, ... yd l>avis. th1.·n ('l1t•1nist fnr the ~tate I1uar<l of Ilealtl1. 
::-.tates under th1." a11al.,·~i.s that •·fron1 a sauitar~r ::-tand1>oint 
L}lf• ,vatur is of c•x<•( .. llent qualit_y." p(~rhaps l'Cft->r1·iug to its 
c11•g·:tnic purit,~·. Ju t}H a111<1u11t nf alkaline t·arhonates it 
exv,·eil.s an,· artc~i.tn \\',1te1· in the stat<· . 

• 

lftA't\ 
riJ: 1'1 n o•· 
.. ,, .. r-1 . t:,:. 

l-l. I ),1lt11nitc:. lit{ht l1l11i-.li-g1·11y - -· 400 
1:1 . ..... 1111rl:st ,,11.-. ,•1•1·., 1!11, 1

1 wliiL•' . 11111•1.,i,·le~ Ull!!tdar •.• l ,UOO 

J:!. ::-:a11dst11111•. ,·r1a1·:-t•l'. !1u·g,•1· l,!'t'ai11:-. 1·ou11,lt>d. frn111 
I , c q u I n I , I) ,o . __ ..... __ . . _ .. _ . . . ____ . _ . _ _ _ _ l. 050 

JI. S1iruh,10111•. 111ndt•1•1Ll•'"' 1·11a1•:,, •. \\ h it 1.: . 1,;v 0 11 to I Ir,· 
~ 

li11,,.,r thib 1-,a111l is t111u:-.u111lv t-hat·t•• and 11nd,·I' th1.~ 
~ . 

111i,·ro~1·11Jh' 1111111y ol 111,• i?T11i11-: at·,· :-,,•,1 11 to l1f• 

ra1'l'l1•d \\"i t Ii t-,1>1•01111:,ry 1·1•ystull 1111• 1•1dalJ,'t!lllt'tl!J::;. J. l!iO 

HI. 1)11lo1nit,•. ~ t·uy. \\'ith con~idf•1•alil,• n1·1•nll1'1' 01l-. ail-
. . I ·11· l.~50 tlllSltrr,1 1111 !'I Ing:- ••••.• • ••• •••••••••••••.• • •• • 

U. "f'li111 .. 1w,·l\•1, in1•Ji, .... thi,·lc no :,n1nph•. · ·- ----·· l.:!titl 

8. J>olou,it,·. wltilP, \\' ilh l'1111~i1h•1·:1l1l,· ad111ixtl11·0 in 
drilliu1-;:-, uf liu.-1'1 parti,·l1•:,, of 1111a1·tz. ___________ 1.2!tll 



THE H 01\l l~STE~<\.D WELL. 

DEPTH OF 
STRA'rA. S AMPLlllS. 

7. Dolomite, highly arenaceous --------------···---- 1.3 10 
6. Dolomite, " 'hite, porous_···--···- -····· . ___ -·-·- 1,380 
5. Sandstone.larger grains rounded, but consists 1nostly 

of angular particles. vrith so1ne dolon1ite . _ •... __ 1,400 

4. Sandstone, 1natrix calciferous-···-------··------- 1.450 
3. Sandstone. in fine pow·der of particles of quartz ancl 

a few·of dolomite· - --·-····· --··-·····--···---- 1.500 
2. Sandstone. saccharoidal. ratper coarse, white grains 

usually rounded. some faceted ____ ·-·····--- . .. _ 1,600 

1 Dolo1nite, hard, pinki::1h--·-··---· .... . -·-·····-· · _ 1,765 

SU"t.H1IARY. 
~'ORMATlONS. 

14.·-·-- ··-·-----·---·----··-·-- ··-· - - - -· __ Niagara. 
12-13 .. -· ____ ____ . ·-··- .•.• -·-·-- ·· ··---·- .. Saint Peter. 

ll __ .. ····- · - - - ·· - - ···---···········-·· · -·- Ne,v Ilichmond. 
6-10 ..........• --•-········-···· ·····-· ·· Lo,ver Oneota,. 
2-5 .... • - - --·-----·-·--···· · ·············-·.Tordan. 
1 .. _. __ .. _ ...... __ . __ ___ .... . .... . _ ..... _ _ Bain t La "'rence. 

XLII. I-IO~! ES'l'E~..\ I> . +:· 

Owner·--·-··-·-··---·-· . ··--------·· ·· ·- .:\mana Society. 
Depth _ ··-- ···- ·- _ -· ·- ·-. -· _____ -· __ .. _ .. 1.~24 feet. 
Elevation of curb_ .•• ·- _.-·_._. -- •..• · --· .. . 868t. 
Head of ·water--··· ··· - -·-·····-·-······--- _ 751t. 
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The well was :finishecl in 180f5, by .J. P . 1-Iiller (._t Co. The 
diameters of the bore are as follows: 10 incl1es to 340 feet, 
7¾ inches to 750 feet, H incl1es to 1,560 feet, 5 inches to 2,023 
feet, 4 inches to 2, 22-1 feet. The well is cased for the first 
340 feet, from :135 to 525 feet, and from 750 to 1,000. No 
packing was used. Water is re1)orted at HOO feet rising· to 
within 1.50 feet of the curb, and at 1,700 feet with the head 
given above. The first flow proceeds from the Niag·ara, and 
the second from the .Jordan. 

ANALYSIS. 
GRAINS PER 

U. S. GALLON. 

Silica (Si 0 2 ) •• ·--····· ············ ···-· .969 
Alumina (Al 2 0 3 ) •• _ • •• -······-····· · I 
Ferric oxide (Fe2 0 8 ) ··· --···-··· ···· l 

.572 

Lime (Ca 0 ) . • . . • .•..• •-···· ··----···-·· 8.178 
Magnesia (1'.Ig O)- ·-··-·····-·· · · ·---··· 3.132 

PARTS PER 
MILLION, 

16. 714 

9.857 

141.000 
54.000 

• Information furnlsbed by Dr. Wm. Moersbel and the for eman of tbe well. 
t Appl'OXlmately. 

• 

' 
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GRAINS PPJR 
, U, B. GALLON. 

Potash (K
2 

0) ______ __ ____________ ______ -- - - - --

Soda (Na2 0)_______ ______ __________ __ __ 14.508 
Chlorine (Cl)___ __________________ __ ____ 1.922 

Sulphur trioxide (S 0 3 ) ---------------- 24.749 
Carbon dioxide (C 0 2 ) ___ __ -------·--·- 10.407 
Water in combination (H2 0)___________ 1.973 

Free (C 0 2 ) - ------ - --- - ---- ---- - -- - ---- [t.585] 

UNrrED AS FOLLOWS. 

Calcium bicarbonate (Ca H 2 C0
8

)
2

) •• __ _ 

Calcium sulphate (Ca S0
4

) ____________ _ 

Magnesium sulphate (lv!g SO") .. ___ . __ _ 
Sodium sulphate (Na

2 
SO,.) __ ___ _____ _ 

Sodium chloride (Na Cl) _______________ _ 
Potassium chloride (K Cl) _____ _______ _ 

Alumina (Al2 0 3 ) and Ferric oxide ___ _ 
Silica (Si 0

2
) __________ __ _______ _ _ _ ____ _ 

Oxygen replaced by chlorine (0) ____ _ _ 

19.173 
3.347 
9.379 

29.331 
3.165 

.572 

.969 

.474 

Solids. ____ • ____ . ___ __ .. _ _ _ _ _ _ _ _ _ _ 66. 110 

PARTS PRR 
MILLION. 

250.J-!3 
33. 140 

426.il-l: 

li9.429 
34.000 

(44.571] 

330.572 
57. 71! 

161. 714 
505. 714 

54.5i2 

9.857 
16. 7J4 
8.143 

I , 145.000 
Analyst, Prof. J. B. \Veems. Date, May 26, 1896. 

' 
10. 
9. 
8. 
7. 
6. 
5. 
4. 
3. 
2. 
1. 

RECORD OF S T RATA-DRILLER'S LOG. 

STRATA. THICKNESS. 

Clay---~-- - - ----------- ----- -- - --------- 300 
Shale _______ . __ ___ . __ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 205 
Limestone __ _______________________ ______ 245 

Shale .. ___ .. _____ __ __ . _ _ . ________ ___ • 250 

Limestone·---- - ------- --------- - ----- - - 300 
Sandstone ___ ___ __________ __ ___ _____ ___ 100 

Sandy limestone _________________________ 370 
Sandstone __ . . __ ___ ___ __ • __ . _. _ _ _ _ _ _ _ _ _ 100 

Limestone 
Sandstone 

·------- ------------- ·-- ----
---- ------------ ----- ---------

RECORD OF SAMPLE DRILLINGS. 

~30 
124 

DEPT1J. 

300 
505 
750 

1,000 
1,300 
1,400 
I , 770 
1,870 
2,100 
2,224 

DEPTH. 

18. Shale, greenish-yellow, ,vith many siliceous peb-

bles---- - ------·-----------------------·------- 275 
17. Shale, yellow, with numerous small brick red 

ochre nodules, ferruginous, arenaceous, practic· 
ally non-calcareous ___ __________________________ 285 

16. Shale, light green-gray, fissile. slightly calcar
eous, with some red ochreous nodules and a few 
fragments of limestone, chert, quartz and dark 

shales · ------ --- ---·-------------------------- 475 

\ 



15. Limestone tlnd shale, light blue-gray: chips of light 
gray con1pact limestone of eu,rthy lustre and 
hig-hly <Lrgillaceous in highly calearcous con-

DEPrH . 

crct<.>d powder __ -_____ - _ - _ - - - _ - _ - -- - - . - - - _ - _ - _. 500 
14. Dolon1ite, blue gray, Yesicular. in small chips_ .. __ 600 
1:l. Oolon1ite. i.n white powder ___ ___ ___________ 690 ancl 7GO 
12. Shale, greenish ____ ________________________ 775 and 805 

11. (SuntlandgraYelsupertlcial and recent ___________ 970) 

10. I,iinestone, drab. in thin flakes, earthy, fossilifer-

ous---- ---------------------------------------- 1 .010 
~- $ ha.le . ___ ________________ ___ .. - ___ . _ - __ _ . - - __ . _ _ _ 1,030 

x. ~hale. calcareous_ -------- ----------------- -- - --- 1,250 
i. ~andstone. fine, .vhite ___ ---- - -- --- - ------------- 1,345 
6. Sandstone, calciferous, drillings chiefly quartzi-and 

"'rith considerable dolomite and chert ___________ l,4i5 

;). Sandstone. cream yellow, coarser than at 1,345 feet, 
grains mostly rounded __________ ___________ __ ___ 1,800 

-L Sandstone, very fine ,vhite angular quartz sand 
·with consider able dolomite and chert_. _____ .___ 1,815 

3. Sandstone, in .vhite powder of microscopic quartz. J ,850 
2. Dolomite, gray __ _______ ___________ ___ ____________ 2,025 

1. Sandstone, red, highly calciferous, argillaceous 

15--18. 

13-14. 
12. 

8-10. .. 
I • 

6. 

3-5. 
2. 
1. 

and calcareous "from 2,100 to 2,2CO •' 

su:M1\1ARY. 

FuRlll ATlONS, TBI OKNES~. 

P leistocene, l arboniferous 
and DeYonian __ ___ ____ __ 505 

Niagar a ______ ____ ________ 245 
~laquoketa ____ __ _________ 250 

Galena-Trenton ___________ 300 
Saint Peter _______________ 100 

Oneota (N cw Richmond 
No. 6J __ __ ____________ __ 370 

Jordan · -- -- -------------- 100 
Saint La,vrence ________ ___ 230 

Basal sandstone, penetra.ted 124 

DEPTH. 

505 
750 

1.000 
1,300 
l ,4-00 

l ,770 
1,870 
2, 100 
2,224 

A, T. 

363 
118 

- 132 
-432 
-532 

-902 
- ) ,002 
- 1,232 
- 1,356 
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The wells at Homestead and .L\.mana a re less than four 
miles apart, but t heir records are g·ravely inconsistent. The 
summit of the Maquoketa in one is at 180 feet ..1:\.. T. , and in 
t he other at 118 feet .L\. T. The st1mmit of t he first sancl
stone in one is at 290 feet below t ide, in the other 432 feet 
below tide . The record of t he Homest ead well, inexact as it 
may be, is usecl in the geolog·ical section from Dave11port to 
Des Moines. 
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XLIII. Al\iIAN A. 
O·wner ________ ____ ·-- -->------------ -- ______ Amana Society. 
De})th .. _________ . _. __ •...... _ .. __ . ____ . ____ .1, 640 feet. 
££levation of curb A. T _______ __ __ ·--- ___ . __ 730 feet. 
Head of ,vater A. T ___ __________________ . 760 feet. 
Original discharge in gallons per minute ____ 200. 
Present discharge in g·allons per minute ___ .100. 
Temperature ________________________________ 68° Fahr. 

This well is located on the southwestern quarter of the 
northwest quarter, Sec. 36, Tp. 81, N., R. IX W. From the 
start in 1881 to the finish in 1883, it was drilled wholly by the 
labor and skill of the society. It was cased to 400 feet orig·
inally with six-inch casing. This withstood the corrosive 
action of the water about four :years, when a four-inch pipe 
of equal length was inserted and made tig·ht at the bottom 
with secure packing. 

Water began to fl.ow at about 400 feet, 330 A. 'r., about the 
horizon of the Independence shale. Like the flow from this 
horizon at Davenport, the yield was ver3· small, not over 
eight gallons per mint1te. A slight augmentation, raising· the 
discharge to sixteen g·allons per minute, said to be in the 
Maquoketa shale, was the only· other water met with until 
the Saint Peter, eig·ht:r feet thick, was reached at 1,020 feet. 
The discharge here rose to thirty g·allons. At about 1,200 
feet, 440 A. T. in the Jordan sandstone, there was a rapid 
increase, and the full flow was reached at 1,640 feet. The 
water is used only for scouring· purposes in the woolen mill of 
the society·. 

ANALYSIS. 
ORAJNS PER 

U.S. GALLON. 

Silica (Si 0 2 ) --- ---------------------- .265 
Alumina (Al2 Oa)- -----------· -------- 1. 373 Ferric oxide (Fe

2 
0

3
) ____________ _____ I · 

Lime (Ca 0) ·------------------------- 8.427 
Magnesia (Mg O) _____________________ 4.077 

Potash (K
2 

0) ________________________ ------
Soda (Na

2 
0) ___________________ ______ 14.152 

Chlorine (Cl). _______________________ 1.069 

Sulphur trioxide (S 0
3

) ______________ 25.006 
Carbon dioxide (C O

2
) _________ _ _ ____ __ ]3.630 

Water in combination (H
2 

0) _________ 2.402 
Free (CO

2
) • ___ • _. ________ • _ __ ____ ____ (1.201] 

PARTS PER 
MILLION. 

4.574 

6.428 

145.285 
70.285 

241.000 
18.428 

431.143 
235.000 
41.428 

(20.714] 

• 



IOWA OEOLOOICAL SURVEY. PLAT[ XVIII 
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!:::>t P, ::,aiut Peter. 

lT On, l.Tpper Oneota. 
N lt Ne"· l{i<'hmond. 
L On, Lo,vcr Oneota. 

.Jr, Jordan. 
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B S, Basal ~andstone. 

GEOLOGICAL SECTION FROM MANCHESTER TO GRINNELL. 

BS 

u "P' J11:uJn R Man~ht:"t~ r 

~-=-.:,,;_~ 
·; . - - . ~--;~---: : . ~ 

Vertical 
Scale: 

Horizontal 

00 

00 

~•.10 

~00 feet 

10 mile!'! ---



IOWA GEOLOGICAL SURVEY. 

st: 
UOn 

L:~~ 
St 

Pl, Pleistoeenc. 
!\Is, ~Iississippian. 
Dv, Devonian. 

Kd, IZinclc1·hook. 
Si, Silurian. 
l\Iq, l\Iaquoketa. 

Ackley Cleves • o L • lf... 0 Jr;a
0 
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GT, Galena-Trenton. 
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U On, Upper Oneota. 

.N R, Ke,v Ilichmond. 
L On, Lower Oneota. 
.Jr, .Jordan. 

St L, Saint La,vrcnce . 
BS, Basal Sandstone. 

GEOLOGICAL SE:.CTION FROM MASON CITY TO GRINNELL. 

• -~----------- --~--, .,. 

PLATE XIX, 
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THE GRINNELI, \¥ELL. 

U NITED AS FOLLO\VS. 

GRAINS PEi:t 
U. S, GALLON. 

( 'nl<'ium bicarbonate (Ca H 2 (Co3 ) 2 ) ____ 24.277 
1iagnesium bicarbonate (Nlg H 2 (Co3 ) 2 ) .663 
11agnesium sulphate (Mg SO,.) ________ 11.683 
Sodium i!-Ulphate (Na

2 
S0

1
) ____________ 30. l60 

Sodium chloride (Na Cl) ______________ 1.740 

l.>otassium c-hloride (K Cl) ____________ ------

Alumina ( .. \1 2 0 9 ) and Ferric oxide____ .373 

1. "'· 0 ?.6 .. Si 1ca (Sl 2) ----------------------- .... ;:) 
Oxygen replaced by chlorine _______ - - . 240 

Solids _________________________ 69.401 

,\n;,ilyst, Prof. .J. B. Weems. Date, May 26, 1896. 

RECORD OF STRATA. 

PARTS PER 
MILLION. 

418.572 
11.428 

201.428 
520.000 

30.000 

6.428 
4.572 
4.143 

1,196.571 

TBIOKNESS, DEPTH. A. T. 

8. l'leistocene deposits ___________ 50 ,50 680 

7. Sbales, Carboniferous and De-
vonian _________ _________ ____ 300 300 380 

6. Limestone. Ntagara ___________ 200 550 180 
5. Shales, Maquoketa ___________ 220 570 -40 
4. Limestone, Trenton _ _ _ _ _ _ _ _ _ _ _ 250 1,020 -290 
3. Sandstone. Saint Peter ________ 80 1,100 - 370 
2. Limestone, Oneota. ___________ 200 1,300 -570 
1. Limestone, Oneota in part _____ 340 1,640 - 910 

XLIV. GRINNELL.* 
O,vner . ______________________ -- - - ____ - - _ -Town. 
Depth __ _____________________________ •••• 2,003 feet. 

1•:le,·ation of curb A. T ________ ____________ l ,028 feet. 
Head of water A. •r __________________ _____ 798 feet. 

Capacity in gallons per minute ____________ 105. 
Date of beginning ________________________ October, 1892. 

Date of completion. ___ . ___________________ August 8, 1893. 
Driller ___________ ____________________ _____ J.P. Miller & Co. 
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'l'he diameters of the bore are as follows: Ten inches to 
208 feet, six inches to 408 feet, five inches to 1,185 feet and 
four inches to 2,003 feet. Ten-inch casing occupies the ten
inch bore, 450 feet of five-inch casing· is located at a depth of 
from 408 feet to 958 feet, covering the shales of the Missis
sippian and Devonian, and forty feet of four-inch casing· from 
1,145 feet to 1,185 feet from the surface. 

• For the information coocPrnlng the Grinnell well we are indebted to the report of the 
well by Mr. A.. J Jones; Proc. Iowa Acad. Set., vol. If, 189f, pp. 81-115; to Mr. B. S. Morrison, 
and specially 1.0 Professor B . W. Norris, who furnhthed a i,et of the drilllogs. 

2! G. Rep. 
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Water was first found at 212 feet, at the top of the Saint 
' Lot1is limestone. strong·ly mineral, almost J'ellow in eolor, 

an<..1 rising to within ninety feet of the surface. The inflow 
of this \vater could not be checked for a long time, but before 
the well was com1)leted it was entirely· shut off. The second 
water was found at 1,530 feet from the surface in the Tren
ton. .,;\. third flow was encountered in tl1e Saint Peter at 
1, 700 feet. This was a strong· vein, and '· as the drill l)ene
trated the sandstone a roaring noise was heard, and the 
drillings were washed away· by· the strong· current of water .. , 
The water in the tube, which had remained at about 100 feet 
below the surface, immecliately sunk, and this was no doubt 
the cause of the roaring· noise reported. After some time the 
water returned to nearly the same level. The head of the 
Saint Peter and Trenton water is in this region apparently 
about 928 feet, but this high le·vel is probabl.r due to a filling of 
the well with the higher waters faster than it could be drawn 
off through the lower outlet. More or less water was found 
all the way· from 1,700 feet to 2,003 feet, and on completion 
of the well the head was found to be 230 feet from the surface. 

ANALYSES. 

The qualit:y of the water at different depths was carefully 
tested dt1ring the progress of the boring·. Four separate 
analyses were made. No. 1 is of the combined ~•ater of the 
first, the second ancl third flows. No. 2 is of the second and 
thircl flows, the first being· shut off. These are both b:y Prof. 
L. W. Andrews, of Iowa City, and were made when the 
well had reached a de1)th of 1,770 feet, when water was first 
pumpe<..1 from the well. No. 3 and No. -1, by 1\1r. Luther \r er
beck, of Grinnell, represent the constitution of the combined 
waters of all flows. except the first, to their respecti·ve depths 
of 1, $l40 feet and 2,003 feet. 

CO)IPOUND. 

Calcium carbonate-----------
Calcium sulphate . -- -- - --- ----
~lagnesium sulphate . ________ _ 

NO. 1. NO, 2. 

9. 70 9.60 
45.25 41.25 
41.60 41.00 

NO. 3. NO, 4. 

5.89 7.00 
42.65 41.10 

21.60 30.00 

• 

, 

' • 

I 



HTRATIGR.A.PI-IIUAL RE<.'ORD. 

COMPOUND. 
Soctiun1 sulphate _____________ _ 
Socli tun chloride _____________ - _ 

NO. 1. 

24. 75 
0.05 

Iron __________ ~------------,--- _____ _ 
Silica _______________ .--· ___________ _ 

Sili<•u. iron and al tnnina __ • _________ _ 

'f otal cli~:--ol vt><l solids__ _ _ _ _ _ _ _ _ 121. 35 
'l'otal ~nspenued solids. __ ._____ 14.55 

NO. 2. 

23.35 
0.05 

115.2n 

2.85 

NO, 3. 

24.60 
0.50 
0.17 
0.65 

NO. 4. 

30.00 
0.87 

-----· 
0.70 

'l'otal s<.ili<l:,,; __________________ 135.90 118.10 I t2.30 120.75 
Jir1.rdne~s _____________________ 78° 74.1° 41° 44° 
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'l1 l1e similarit:r of the first two analyses is certainly surpris
i11g, if the strong· mineral water l)resent in the water of No. 1 
were really excluded from the water of No. 2; ancl the same 
nia)T 1,e saicl of the t1niformity in the amount of calcium 
sul1)l1ate i11 all the waters and of soclium sul1)hate in the _first 
tl1ree. 

Tl1e water is said to be uni·versally liked and ver:r generally 
11sed. Ph:ysicians report that there has been a marked 
decrease in z:vmotic diseases since its introduction, and that 
it seems to be beneficial in cases of chronic rheumatism. It 
is at first laxative and diuretic to those unaccustomed to its 
llse, but the diuretic effect ceases and the laxative effect is 
cl1ang·ed to consti1Jation. Patients with chronic diarrhoea 
ean not take it at all. It is one of the strong·est selenitic 
waters in the state. 

RECORD OF STRATA. 

TBIOKNE:JS. DEPTH. 
41. Soil, loess and drift. _____________________ 2 t2 212 

40. Limestone, rather soft, buff. in chips mixed 
with sand and small pebbles of northern 
drift __ . ____ ..... _____ .. __ . _ _ _ _ _ _ _ _ _ _ _ _ 8 220 

39. Shale, dark gray, fissile. ·with fragments 
of impure chert, in light drab argillo-
calcareous powder_ .. _____________ .____ 21 

38. Limestone. cherty. arenaceous. argilla-
ccous; after ,vashing is seen to eontain 
many minute crystals of selenite. 

37. Limestone, gray, as fine sand in argillo-
calcareous po,vder _. ___ ____ ___________ _ 

3G. Limestone, cberty, and shale: as chips in 
argillo-calcareous po,vder .. _______ . _ _ 12,3 

240 

270 

315 

365 

I 

• 

• 
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, THICKNESS. 

35; Shale and limestone, soft, fissile, dark 
drab; in powder with a few minute frag-
ments of limestone and considerable 

h t ~5 c er---- ------ ------------ ---- . ____ u 

34. Shale, blue, calcareous, in po,vder con-
creted into readily friable masses con
taining microscopic particles of quartz_ 

33. Shale, hard, green-gray, with <:ompact. 
light yellow, calcareous, siliceous frag
ments; siliceous in the form of angular 
grains of transparent quartz, mostly 
from .054 to .09 mm in size, but many 

much smaller_· ----------- -- ---- ------
32. Shale, fine-grained, calcareous, greenish. 
31. Shale, brownish-drab ___________________ _ 

30. Shale, light blue-gray, some,vhat calcar-
eous, t,vo samples ________ ______ ___ ___ _ 

29. Shale, as No. 31 ______ ___________ -- -- ----

28-½. Limestone, fine-grained (report A. .J. 
Jones) at ______________ __ _______ ______ _ 

28. Shale, light blue-gr ay. seleniferous , cal
careous, ,vith a few particles of lime-
stone _________________________________ _ 

27. Shale, light drab and bluish, somewhat 
calcareous, with a little finely divided 
quartzose residue after washing, five 

DEPTH. 

400 

415 

435 
440 
450 

550 
570 

570 

600 

samples-------------------------- - ---- 400 800 
26. Limestone, light yellow-gray, granular, 

subcrystalline, briskly effervescent in 
cold dilute ll Cl, with much shale._____ 10 810 

25. Shale and limestone, in light blue-gray 
argillaceous po,Yder containing a few 
fragments of limestone. ____________ __ _ 

24. Shale, light blue and green-gray, some
what calcareous, seven samples, last at 

900 - __ - - - - - - - - -- -- - -- - - - - - -- - -- - - - -- --
23. Limestone, magnesian, medium dark 

gray, earthy, argillaceous _ . __ . ___ _ 
22. Limestone, magnesian or dolomite, with 

considerable hard, finely arenaceous, 
greenish shale __ . _____________ _______ _ 

21. Shale, light gray, argillo-calcareous ____ _ 
20. Limestone, highly cherty _____________ . _. 
19. Limestone, ,vhite, soft ___ _______ _____ ___ _ 

18. Limestone, highly cherty, two samples_. 

825 

940 

949 

969 
990 

1,012 
J ,065 
J, 1~0 

• 



SUM!vIARY OF ST RAT A . 

THICJ<NEBB, 

17. Limestone, cherty _____ . _______ - ___ - ____ -

16. Dolomite or magnesian limestone, light 
buff, in fine £and _____________________ _ 

15. Shale, light drab, calcareous __ .. _._ .. __ . 

14. Shale, light brown, pyritiferous, two sam-
ples, last at 1,280 _____________________ _ 

1a. ~lagnesian limestone or dolomite, buff; 
residue cherty and microscopically 

arenaceous ... ----- ------------------
12. Shale, brown, darker than No. 14 ______ _ 

11. !viagnesian limestone or dolomite, fer
ruginous, in dark buff po,-vder: residu
ary quartzose particles .018 to .18 mm. 
in diameter, four samples. __ . ___ . ____ _ 

10. U nknown ____ - _. _. _. _. ____ . __ ... _ . .... __ 

9. Limestone, magnesian, cherty, light yel-
low, in powder . _. ___ . ___ .. ___ . ______ _ 

8. Limestone, light gray, fossiliferous, in 
flaky chips ______ ---------------------

7. Shale, green, non-calcareous. ·' fossilif-
erous " ______ . ______ . ___ .. ________ ____ _ 

6. Lilnestone, magnesian, in buff po,vder __ _ 
5. Sandstone. calciferous, q uartzose par

ticles from OJ ', to .18 mm. in diameter: 
particles of ,vhite dolomite mingled 
,vith the quartz in the drilling _____ __ _ 

4. Sandstone, white, grains rounded a,nd 
smooth. usual size ahout .55 1n111 • • max-
. ") . a· 1mum seen ~'"' mm. 1n 1ameter ____ . __ _ 

3. Sandstone, light reddish-buff. fine grains. 
mostly broken, 1nany stained \\'ith film 

of ferric oxide, size .18 to .28 mm in 
diameter _________________________ __ __ _ 

2. lJ nkno,vn ___________ ____ _____ . __ .. _. __ - . 

1. Sandstone, highly calciferous or li1nestone 
arenaceous: sand grains angular with 
some rounded and up to 1 mm . in diam-
eter. matrix of dolomite ,.vhite, at __ . __ _ 

SUMiIARY. 

41. 
29-40. 

FORM ~TION. TBICKNES~-

Pleistocene . ___ . _____ .. _ _ 212 
DEPTH, 

212 

1'1ississippian and Kinder-
hook __________ __ ________ 358 

24-28. Devonian _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 370 
16- 23. Silurian _________________ 260 

• • 

570 
940 

],200 

DJ!lPTU. 

1,175 

1,200 
l,260 

1,320 

1,380 

1,400 

1,475 
1,6 10 

1,6H0 

I ,640 

1,655 
1,700 

I, 706 

1,7-10 

1,740 
2,002 

2,002 

A. T. 

816 

-158 
88 

- 172 

291 
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292 ARTESIAN WELLS OF row A. 

l'ORMATI IN, THICKNESS. DEPTH. A. T. 

14- 16. Maquoketa ______________ :. _ 120 1,320 -292 
6-13. Galena-Trenton ___________ 380 1,700 -672 
3- 5. Saint Peter _______________ 40 l , 740 - 712 
2. Upper Oneota ( '?) __ __ ______ 262 2,002 - 974 
1. New Richmond('?) at ______ 2 002 

' 
This arrangement differs from the assig·nment of Mr. A. J. 

Jones only above the Maquoketa. Mr. Jones placed the base 
of the Mississippian at 800 feet and the base of the Devonian 
at 990 feet. Any di visions made in the almost uninterrUJ)ted 
body of shales from 465 to 940 feet must be more or less 
arbitrary. 

XLV. NEWTON. -i<-

Owner _____________________________________________ Town. 
Depth ______________________________________________ J,400. 

Elevation of curb A. T. ---------------------------- 952t. 
Head of water A. T. ---- --- ------- ----------------- 862t. 
Diameter _________________ ___ ______________________ 5 inches. 

Date of completion______________________ _ ________ 1890. 

The water is described as poor as a potable water and bad 
in its effects upon boilers. It seems to come from the Saint 
Louis at 550 feet, reinforced by lower flows above the Maquo
keta. Rock was struck at 90 feet. Between 1,300 and 1,400 
feet a shale was encountered that caved badly and caused the 
loss of a drill. Failing· to extricate it, the first well was 
abandoned and a second begun anew. In this also a drill was 
lost at about the same depth and the attempt to carry the 
boring· deeper was g·iven up. The supply is abundant, con
tinued pumping failing· to lower the level. The shale between 
1,300 and 1,400 feet is aligned with the Maquoketa of the 
Grinnell and Des Moines sections as is seen in Plate XVII. 

* Data contributed by .Messrs. J Meyer and A. O. Gates 
+ Approximatel y. 

• 
• 
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THE C'OLF AX \VELL. 

XL \ rI. <. 'OL FAX. 

. I • I -· t/J. 
..... (1) (1) Ai.. 

(1) 
ca .., ..... o:::: 

..d b.O :::: p.. :,,.;: O') 

0 A 
~ 

. ..... 
s:I 

s:I ..... (1) i..s ..... s i.. ..... . :::: Oo 
E-i C) 

i... 
(1) ... .:> ,a i.. 

b.O (l) ~ -(1) ..... 
,µ ~ i.. p.. 0 i.. ~ ,a . 
<I) ,:a (/J 

<I) 

El rd ..d~ i:: p.. ..:> ~~ 
t'3 ~o 

(1) 0 s c;l (1) ~ 
t'3 

......... 
..... (1) ........... ~ .:> (1) ~ r:s .... 
A p:1 A A E-i ,., 

------ -------1 --
Hot,,] <.'olfax________________ 325 

~~rye's Hotel ______________ 315 
Jover l\[n~on House _____ __________ 1 

300 
)[int>rll.l \\'ater Co.__________ 300 

~ --- - 3 - - 5-1° F ahr. -- .. -

3 84 1 3 1882 51° .l:!~abr. I 310 

4 82-1 4 1881 52° F'ahl'. 
I over 
1 200 

-1 - - .. - 2 1890 52° lfah r. 200 

'fown of C'olfax. _______ . _ _ _ _ _ 300 4 823 4 1892 52° Fahr. 200 

Besicles those described in the above table, there are five 
other artesian wells in Colfax from which reports have not 
been received; but the statistics j11st given probably represent 
the e11tire group of wells of the localit)~. The moderate yield 
seems to be derived from the Saint Louis limestone. No 

record of the strata is extant. 
Colfax water, like g·ood wine, needs no bush. Its fame is 

wi(1e, and the number of testjmonials vouching for its cura
ti ,Te l)roperties in various diseases are large. The village 
has become the chief sanitarium of Iowa ancl the center of an 
exte11sive trade in the bottlecl water. The following analysis 
of the water will indicate its therapeutic qualities. 

GRAIN;:! IN U.S. GALL OS OF 231 OU-81O INOHES. 

No 1. No. 2. 

CalC'ium carbonate __ ___________________ _ 17.51 ____ _ 

::Vlagnesium bicarhonate_________________ __ _ 
lroncarbonate _________ _________ _____ _ 
Iron bicarbonate _____ ____________ ______ _ 

Calcium sulphate -- - ------ -- -----------
Magnesium sulphate. _____________ . ____ _ 
Sodium sulphate .. ____ .. _______________ _ 
Potassium sulphate ____ _____ ___________ _ 
Sodium chloride ____________ ___ . _______ _ 

0.67 

13.07 
31.87 
78.86 

0.41 
3.85 

Silica. __ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - l o 29 Alumina ________________________________ f · 
Lithia ________ __________________________ Trace 

25.939 

------
0.258 

31. 759 
J0. 239 
77 .34-1 

0.620 
3 812 

·l 
0.058 
o. 710 

----·-

• 

I 
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294 ARTESIAN WELLS OF row A. 

GRAHl8 IN U, 8. GALLON OF 231 CUBIC INCHES, 

' NO, 1. NO. 2. 
Carbon dioxide_________________________ 7.18 
Organic matter ____________ ___ _________ _ 

Trace 
Total _____________________________ 153.71 

150. 769 
Analysis No. 1, of Old M. C. Spring, Hotel Colfax, by G. Hinrichs, Iowa City. 

Authority, Bulletin U. S. Geol. Surv., No. 32, p. 162. 

Analysis No. 2, of Magnetic Rock Spring, Colfax Bottling Works, by W. S. 
Haines, Chicago. Authority, circulars of company. 

Professor Haines mentions also that the water contains free carbonic acid 
gas in large quantities. 

The water is classed by Peale as saline chalybeate. The 
chief therapeutic ag·ents are the laxative sulphates, of which 
the water contains about 120 grains to the gallon. The 
absence of calcium carbonate in one analysis and of magnesium 
bicarbonate in the other seems to result from different meth
ods of combination by the two chemists, the lime all being 
combined in the form of sulphate in one analysis, ancl the 
magnesia in magnesium sulphate in the other . 

.,,_ 
XLVII. DES niIOINES." 

GREENWOOD PARK WELL. 

Owner ______________________________ Park Commissioners. 
Depth ______________________________ .3,000 feet. 

Elevation ______ . _________ . _. _ _ _ _ _ _ _ _ _ 872 feet. 
Head of w·a,ter A. T _________________ 827 feet . 

• 
Temperature (Saint Peter water at 

2.025 feet)______________________ ____ 65° Fahr. 
Diameter ____________ . _ _ _ _ _ _ _ _ _ _ _ 10 inches to 3 inches. 
Capacity in gallons per minute ______ 400. 
Date of beginning well _________ . _. _. i\I arch J, lf<95. 
Date of completion __________________ July 24, 1896. 
Driller. _____________________________ .J.P. Miller <.V- Co. 

Water first enterecl the tube from the Mississippian beLls 
between 498 and 668 feet from the surface. This water rose 
to within thirty feet of the curb, or 842 A. T., and was 

* In volume IC of the Geolo_gy of Iowa., Whtte mentions an artesian well a.t Des Moines. 
bored to obtain water for a brewery, and of which little or nothing could be learned from its 
proprietors. In fortunate contrast the new well a.t Green wood Park was drilled from , he 
start under a skllled superintendent. attentive to every ract ot scientific interest. The 
utmost pains were ta.ken to ohtala a full series of samples of the drllllngs. When these were 
so fine as to be held in suspen,100 they were secured In several instances by boiling down the 
water. li'or a set of tbes~ drllllngs 11.nd for copious notes of the progress of the boring we a.re 
indebted to Mr. T. Van Ryning, who supervisod tbe drilling ot the well . 
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STRATIGRAPIIICA.L RECORD. 295 

strongly impreg·nated with sulphureted hydrog·en. Fluctua
tions of water in the tube indicated minor flow from 1,011 to 
1,208 feet; and from the Niagara at 1,425 feet water rose to 
the surface and overflowed '' in a qt1arter of an inch stream.'' 
Another reser·voir was tapped at 2,025 feet in the Saint 
Peter, of which Mr. Van Hyning· writes: "Here the flow 
increased, flowing steadily one ancl one-half gallons per min
ute. When we tested the flow with a clee1) well steam pump 
throwing· fift:y-two gallons per mint1te, an eig·hteen hour 
steady run lowered the water 125 feet, but on stopping the 
pump it raised immediately to within six feet of the to·p and 
ceased to flow. '' 

At 2,208 feet in the New Richmond, a stream was struck 
with a lower head and the water fell to fifty feet from the 
surface, 822 A. T. At 2,330 feet the water fell to within . 
eig·hty feet of the curb, indicating a vein in the lower Oneota. 
No other fluctuations are reported, but on the completion of 
the well the water was found to stand at 827 feet A. T. fort:y·
five feet below the curb. 

RECORD OF STRATA . 
• 

THICKNESS. DEPTH. 

78. Till, buff, sandy, with a few pebbles. non-
calcareous ___________ . . __ . ___ . _ _ _ _ _ _ _ _ 14 14 

77. Shale, black. brittle. carbonaceous ____ . _ 1 16 
• 76 Shale gray "foss·1·f o '' • , • 1 1 er us . _ _ _ _ _ . _____ _ 1 16 

75. Shale, black, carbonaceous, ca,lcareous, 
highly pyritiferous ______ _____ ______ __ 3 19 

74. Shale, gray----- ----·--------- __________ 4 23 
73. Shale and limestone, bluish-gray. highly 

fossiliferous--------------------------· 15 38 
72. Shale,vari-colored ... ----------·--------- 6'7 105 
71. Shale, bluish-gray, highly itnd finely are-

naceous, bard _________________ --- · __ 10 115 

70. Shale. bluis· -gray, slightly calcareous . _ 60 175 
69. Shale, dark drab and black, carbonaceous 11 186 
68. Shales, grn,y, drab and purplish, prac-

tically non-calcareous: one foot of gray 
chertat2!:!4feet ______________ _________ a12 498 

67 Chert and shale, heavy bed, very hard to 
drill: the most of the sample is an 

• 

• 
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THICKNESS. DEPTH. 

argillo-calcareous powde1"5 of 250 dg 34 
dg remain after washing as sand of 
white chert, flint and limestone: of this 
residue 8 dg. are soluble in acid; of the 
216 dg. washed out as powder 62 dg. are 
soluble in acid; the shale is reported as 
caving in from above, but its calcareous 
nature indicates that it is in part inter-
stratified with chert and limestone . __ . 170 668 

66. Limestone and chert, b·ownish-gray . _. _ 30 698 
65. Shale, light blue and gray______ ____ ____ 40 738 

64. Shale, terra cotta-red, highly calcareous_ 10 748 
63 Shale, light blue-gray ___________________ 25 773 

62. Shale, light gray, highly <'alcareous, fine 
cherty residue _____ _________ __ _________ 85 858 

61. Limestone, light buff, with much gray 
chert ____________ ___ _____ ______ ________ 80 938 

60. Limestone, light blue, gray, crystalline, 
saccharoidal. effervescence slow, with 
considerable white gypsum . ___ . _ _ _ _ _ _ _ 20 

59. Limestone cherty, crystalline, blue-gray, 
effervescence moderately rapid . __ . _ _ _ _ 53 

58. Limestone, cherty, crystalline, saccha
roidal, dark blue-gray and buff: effer-
vescence indicates magnesian lime-

958 

1,011 

stone, but not dolomite ________________ 197 1,208 

57. Gypsum and shale: gypsum gray and 
white. in flakes: shale green, perhaps 
from above __________ . ___ . _ . __ . _ _ _ _ _ _ _ _ 15 

56. Limestone, light blue-gray, highly s- len-
iferous, with some flakes of gypsum ___ 145 

55. Limestone, cherty, arenaceous: grains of 
sand, minute rounded: much shale in 

rounded fragments, perhaps from above 22 
54. Dolomite, buff, crystalline, granular with 

much chert and some chalcedonic silica, 

1,223 

1,368 

1,390 

three samples _________________________ 55 1,445 

53. Shales, in large fragments. purplish-yel-
low and green Non-calcareous, finely 

laminated_____ · -------------------- 33 
5Z. Dolomite, in yellow-gray powder, cherty . 260 
51. Dolomites, yellow, buff and brown, mostly 

cherty, and residue finely quartzose, 
five samples ___________________________ 155 

50. Shale, green. very slightly calcareous____ 8 

• 
• 

l ,478 
1,738 

1,938 
1,946 
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THll'KN lllSS. DEl'T II , 

49. Dolon1ite. h r o,vn. arena.cL•ous _____________ 30 1,916 

-18. Shale, dark green. ha.rel 1•fossilif erous. ·· 
practically non-calcu.reous. . __________ 10 1,986 

-1-7. Sancl::.tone, fine. white, grain~ 1nodcratcly 

11 cl l .'~l,) 
\\C roun ec · ---- - ---- ··· ·--·----·-·. :i 

46. Shale, drilling:,; conbii;t of greenish 
po,vcler of dolo1nite, chert, tine quartz 

~ancl, green ~hale and pyrite.··-···-· · · 7 
45. Dolon1itc. arenaceous, ancl chertY------- · :JO 
44. Shale. drab. calcareous. in finest r o,vdcr. 

('Ontaining grains of buff, chcrty dolo-

mite-- -·----···-- ·· ·---·· --- -·--···- --· ~3 
-1-:t Dolontltc, gray.- --· -··-- ·-·--·--·---·-·· 5 
42. Dolo1nitc. sa1ne. \\·ith 1ninutc rounded 

,esiclcs re!-ientbling matrix o{ oolite 
fro111 ,vhit•h grains have been clissol ved_ 5 

41. Dolon1it1• ------··--··------ · --··---· --· · 5 
40. SlullC: as Xo 4t , ··excec>dingly hard to 

clr i 11.. _ •.••• ••. _ _ _. __ •.• _ •.•• _ • • _ _ _ _ _ _ 40 

:3!1. Dolo1nite. arenaceous. gray: t\\'O samplel-i- 8 
:is. Shah•, drah. c1ilcar1•ous .•• --•-·-- · -·· ·-·· Ii 

10 
3i. 
:36. 
:\ l. 

Sun<l~tone. ,vhitc fine. calcifProus ---·--· 

Dolo1nitl', buff---········-----·---- .••••. 
Sunch,tone. clean whih! quartz :-;nnd: grains 

ronn<lcd •.••• • • •.•• . --- .. ·- .• ·- ---· · - . • 
Dolomite, huff .• ____ . _ ..•• _ . . __ • _ • _ .• _. _. 

Sand:--tone, bufl\ grain~ broken, \\"ith 1nu1•h 
dolon1it1: _ ..• _ •. __ • _____ ·- •••••••.••••.• 

:n. Sandstone. f1•iable. ,vhitf•, tine ..••.. •--·-
30. Shah•. drah, ~li~htly 1•alcar1•ou~ .•• •-·· ··· 

29. Sand:-,tone, "·hite .. . •-···········-·····--
28. Dolo1nite. buff:,vhite, muc•h quartz sand . 

27. Shale-·---· - -·---· -·- ·····-········ - -·--· 

10 

15 

1 J 

-l 
fi 
:1 

26. Sand~tone. gray and butt. calciferouH 
grains lurgt·l~ hroken ...••.••. --•·· ···· 14 

25. ::,hale: lig-ht bluc---·· - ····- -- . ·-······ , 5 
24. Dolomiteb of varirus tints. oftc.'n C'hcrtv. . . 

argill -1ceous at ~ .200, :'!,27'!. 2,:333, 2,:l-10: 

arenaceous at 2,270 and 2,3.13: at 2,303 
there are 1? feet of rht•rt of Yarious co -
ors, white, blue and green: 32 l>H,mplcs li5 

2:-3. Sandstone, white. tine grains, mostly 
rough surfaced: " ·ith so1ne dolotnitc .-.. l:?. 

22. Dolomite, hro,vn, in chips._...... ....... . 2 

21. 8andstone · ···-··· - -- ·---···-·· -· ···· ··-· 4 

2 ,025 

2,032 

2,062 

2,085 
2,090 

2.0B5 
2, 1 O!> 

2,140 
2, 148 
2.154 
2, I ti! 
2, 172 

2, 197 

2.208 
•) ·> I 0 ... , .. 
:?. 214 
2,2L9 
2 •)•)•) ••• u., .. -

2,238 
2,243 

2,418 

2,430 

2,432 

2.436 
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TBICKN.1',SS. 

20. Dolomite. rough. gray and b'row·n____ ____ -:I: 

ll>. Sandstone, fine \.Vhite and reddh,h, three 

samples ·· --------------------------
18. Shale, light blue-gray ______ ____________ _ 

12 
•) .., 

17. Sandstone. calciferous, huff___ ___________ 4 
16. Dolomite. arenaceous, gray, buff and 

bro\.vn. six samples _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 30 

15. Shalt>, light blue-gray _______ ·--- -------- 10 
14. Dolomite, gray and buff, quartzy_________ 9 
13. Sandstone, gray, fine calciferous ________ 27 

12. Marl, highly quartzose, dolomitic, a,rgilla-
ceous yello\.vish powder. t",o samples.__ 19 

11. Sandstone, calciferous, gray and white, 
three samples ________________________ 12 

10. Sandstone, in sand and small chips resem
bling superficially dolo1nite, calciferous, 
glauconitic, close grained, grains white, 
gray and buff, ten sa1nples _____________ 145 

9. Shale and dolomite, shale hard, dark 
bright green, slaty. Dolomite \.Vhite, 
highly siliceous. with much greenish, 
translucent amorphous silica, t"'o sam
ples. Of the second, oYer one-half of the 
"'eight of the samples is soluble in acid_ 20 

8. Sandstone. buff in color, in povrder, glau
coniferous This rock is termed sand
stone although composed chiefly of light 
colored particles of impure cryptocrys
talline silica which effervesce freely in 
acid; fragments oE crystalline quartz 
form but a small proportion of the drill-
ings _ . _ . _ _ - . ________ . . . _______ _ . ___ . 20 

7. Sandstone, saccharoidal. dark ,vith pur
plish tinge, dark color o,,·ing to numer-
ous grains of glauconite, purplish tinge 
to ferruginous stains on quartz sand. 
Sand grains, rough surfaced, imper
fectly rounded. many fractured, of crys
talline ~ilic>a. _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ .. __ . 130 

6. Dolomite, dark gray. greenish tinge, 
macrocrystalline, glauconiferous, spar-
ingly arenaceous _____________________ 5 

5. Sandstone, greenish, grains microscopic__ 5 
-!. Shale, dull gray, fine grained and exceed-

ingly finely la1ninated _ ___ _________ ___ 5 

DltPTR. 

2,440 

2,452 

2.554 

2.458 

2,488 

2,498 
2,507 
2,534 

2,553 

2,565 

2,710 

2. 730 

2,750 

2,880 

2,885 
2,890 

2.895 



THl~ POLl( COUNTY COUR'r HOUSE vV'E:LL. 2~0 

THICKNESS, DEPTH. 

3. Sandstone, glauconiferous, calciferous, 
grains imperfectly roundld, with bard, 
dark green slaty shale_____ ___________ _ 15 2,910 

2. l\larl, in butl' flour, microscopically arena-
<•cous. c>alciferous. glauconiferouR _ _ __ _ 50 2,960 

1. ~Iarl, pink, calciferous, at·enaceous, one-
third of drillings by ·weight insoluble 
in acid; to hotton1 of " 'ell______________ 40 3,000 

SUM:tvIARY. 

l<'ORUA'l'ION. THICKNESS. DEPTH. A. T. 

78. Pleistocene ___ _ --- -- - _ -- - - j ,l 14 8,:>8 

68-77. DPs nioines _______________ 484 498 374 

66-67. 1lissisoippian __________ ___ 200 698 174 

62-65. l{inderhook. _____ __ - - __ - __ 160 858 14 

61. DeYonian _________________ 80 938 -66 

54-60. Silurian __________________ 507 l ,445 573 

63. Maquoketa ________________ 3a 1.478 -606 

48-52. Galena-Trenton ___________ 508 1,986 - 1 , 114 

• 47 . Saint Peter _______________ 39 2,025 - 1, 153 

39 46. Upper Oneota ____ .------· _ 124 2, 149 - 1,277 

25- 38 Ne\vRichmontl ---------- - 94 2,243 -1,37 l 

24. Lo\ver Oneota _____ . __ - - -- li5 2,418 - 1,546 

8-23. ' . t C . ::sa1n ro1x ______ . ___ . ___ . 3:32 2,750 - 1,878 

l 7. Basal sandstone . __ ----- --- 250 3,000 - 2, 128 

POLK COUNTY COURT HOUSE WELL. 

Of this well nothing additional has been learned beyond the 
facts noted by Call.* It is 380 feet deep and probably draws 
its supply from the Mississippian . The following analysis of 
the water was made b:y Prof . Floyd Davis. The figures rep
resent grains per g·allon. 

Calcium carbonate- ----------- ---------- ---- -- - ---- · 
Iron carbonate ____________________________________ _ 

<. alcium sulphate--------------------- --- -----------
1viagnesium sulphate----- - ------------ ----- --------· 
Sodium sulphate _________ __ _____ . __ _______ ______ _ 

Sodium chloride. _________ ------------------- - ------
Potassium chloride. ____________ ----------·--------
1lagnesi um phosphate ___ .. ________________ ... ____ ... _ 
Alumina _________ __________________ __ _____ . _ . _____ .. 

Silica and insoluble residue ______ . ___ . _________ . ___ . 

9.529 
'frace 

34.389 
27. 709 
97.012 
10.333 

'rrace. 
.332 
,440 

8.628 

Total solids _ _ _ _ _ _ _ _ _ _ _ ______________________ . 18 l. 3 72 

*Iowa. Weather and Crop Se vice Feb1uary, 1892 
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XL.VIII. RE:()FIELD. * 
A boring made in search of oil or gas at Redfield struck a 

strong flow of artesian water at a depth of 280 feet. It is 
highly chalybeate and runs unused into the Middle Raccoon 
river. The well curb is about 900 feet A. T. 

Another artesian well located on the South Raccoon, in 
Section 7, Township 78 N., Range 29 W., seems to draw its 
supply from the same source. The record is as follows. 

Tl:I.LCKNESS DEPTH, 

5. Shales, alternating red and blue .. _______ ___ 65 65 

4. Sandstone-=---~------------- - ----- ------ -- 6 71 
3. Slate and shale, carbonaceous ____ _________ 200 271 

2. Sandstone, water-bearing, white and pure_ 20 291 
1. Limestone, very hard. drilled with great 

difficulty_ ___________ ____________________ 8 299 

XLIX. SAYLORVILLE, POLK COUN~Y. 

A boring· 1,800 feet deep is reported from R. 24, Twp. 79, 
Sec. 12, Se. qr., Nw. ¼. No intellig·ible record has been 
obtained. A flowing· mineral well less than 400 feet deep is 
situated in Sec. 3, Ne. qr., Se. ±. The diseharge is about 
5,000 gallons per hour and the source of the water is probably 
in or immediately above the Mississippian. 

V . WASHINGTON-DES MOINES SECTION. 

This section is exceptionally satisfactory, since it is based 
upon four wells, at no g·reat distance apart, and of which we 
have full and reliable records. It joins the preceding section 
at Des Moines. The attenuation of the limestones of the 
Mississippian toward the west, noted in the preceding sec
tion, is equally striking in this. The Kinderhook shales are 
in great force on the eastern side of the section, but diminish 
toward the west. The Devonian limestones are thin, but it 
must be remembered that no line can be drawn between a1rr • 

upper shales of this formation and the shales assigned to the 
Kinderhook. The thickness given the Devonian at Pella may 
be too great. Crystals of selenite found in the samples of 

•Reported by Mr. A.G. Leona.rd. 

.. 

f 

' 
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so111e of the limestones, here placed with the Devonian, would 
sugg·est an alliance with the g·ypseous beds beneath. If the 
wester11 bor(ler of the superficial area of the De,·onian is cor
rec•tlJ· drawn east of Wasbing·ton at the Cedar river, its ele
·vation tl1ere can scarcely be less than 600 feet A. T. If the 
base of the l1ea·vy· shales at Washing·to11 desig·nated as Kinder-
11ook is really t11e stimmi.t of the Devonian, tl1en the dip of 
this formation from its outcrop at Columbus .Junction is over 
:300 feet in less than twenty miles. This gradient is rela
ti·velJ· ::,o g·reat that it adds so1ne weig·ht to the arg·t1ment for 
the in(•lt1sion of at least a part of the Kinderhook shales with 
the Devonian. 

Theassig·nment of theseleniferous limestones at Des 1Ioines 
to the 8ilt1ria11 is corroborated b:y the recurrence of g·yps11m 

· and g·:y1)seot1s marl at the same horizon at Pella ancl ()ska
loosc1. At Pella the marls are particularly heavy, and 
s<.:a1·c:el:r any doubt can attach to their ag·e. .At Sigourney 
the Silurian retains its nortl1ern facies of a chert~~ dolomite, 
and at the base for a few feet is mint1tely arenaeeous. To the 
east, at Washing·ton, the arenaceous eleme11t has larg·ely 
in<·rease<l, and the formation, as describecl b~y Calvin, consists 
of over 100 feet of sanclstones more or less calciferous. 

The J\Iaquoketa here loses son;iething of the excessive 
thic·k11ess it attains in east central Iowa, its maximt1m here 
being· from Sigourney to Pella from 159 to 190 feet. 

Tl1e Trenton thickens from Washing·ton, where it is about 
300 feet thick, to Des 1v1oines, where it is 508 feet thick. 
'11hroughout the section the tipper Trenton is magnesian or 
dolomitic. These beds, which may b~ termed the Galena, are 
e,rerywhere much heavier than the basal shales and non-

• 

111agnesian limestones. At W ashing·ton the easy passag·e into 
tl1e Saint Peter is illustrated, where the basal Trenton 
includes a thin sandstone resting upon an arenaceous shale. 

'11he attitude of th.e Saint Peter in southeastern Iowa is of 
s1)ecial interest. The regt1lar southwestward dip of the strata 
is here reversed, and a low dome of Ordovician and Cambrian . 

25 G. Rep. 
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terranes forms a marked stratig·raphical feature. From Da·v
enport to Washing·ton, fort:;;-eig·ht 1niles west southwest, the 
Saint Peter rises about 100 feet and the Sl1mmit of the Tren
ton about 50 feet. From Aleclo, Illinois, fifty miles west of 
Washi11g·ton, the Saint Peter rises, perha1)s, 100 feet, its 
position at .1\.le<lo being· not accurately known. The Saint 
Peter is nearly· horizontal from Washing·to11 to Ottumwa, but 
on the sol1theast it rises toward Keokuk. The attitude of the 
formation will be more readily seen on the map (Plate XXII). 

Over the eastern part of the section the mag·nesian series 
probably continues to hold the immense thickness which it 
has been seen to attain in the reg·ion of Davenport. At Sig
ourney the drillers report over 850 feet of "sandstone" under
lying the Saint Peter. 

Gordon and Bain both interpret this as limestone, and the 
two samples preserved, and the evidence from other wells, 
corroborate their judgment. The probability, howe,rer, is not 
excluded of the l)resence within the 850 feet of the intermedi
ate sandstones, the New Richmond and the Jordan. The 
records of a deep boring· at Aledo, Illinois, confirm the g·reat 
thickness assigned to the mag·nesian series. In a pri,rate 
letter Mr. Frank Leverett, of the United States Geological 
Sur,,ey, describes eig·ht sam1)les of limestone extending· from 
1,300 feet from the surface to 2,100 feet, interrupted so fa1· as 
the sam1Jles show, only b:;r 15 feet of red marl at 1,330 feet, and 
by white sandstone at 2,000 feet. The magnesian series ma~r 
then be estimated as 800 or 900 feet thick in the region of 
Aledo, its base lying· at about 1,3:'50 or 1,450 feet below sea 
level. At 2,200 feet from the surface. sam l)les of sandstone 
beg·in, which continue to 3,130 feet, g·iving· place to g·ray calcare
ous shale at 2,-100, feet, and to a caving· shale at 2,4-!2 feet . 
From 2,500 feet to the bottom of the boring·, the sandstone is 
prevailing·ly brownish and of loose texture. These sandstones 
undoubtedly are the continuation of those we have desig·natecl 
as the Basal sandstone, and their thickness of at least nearly 
1,000 feet, tog·ether with the massiveness of the Mag·nesian 
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series, shows the task set before tl1e a,clventurot1s clriller who 
woulcl tliscoy·er the r\.lg·oukia,n i11 this clistrict. 

While the l)rofile cloes not re1)reseut witl1 acct1ra0y of 
cletail the st1rface of the cou11tr:r, it sets forth the sig·nificant 
cliffere11ce between rece11t river erosio11 and that of. ~2t1ater
nary· or still earlier g·eological ti1ne. Tl1e 1)re~e11t rivers that 
cross the sectio11 n1t1"3t C'ut tl1eir valle:rs :{00 feet deeper before 
they· reach the level of the fitrvial floor of the clrift-:fillecl ·val
le:r at W ashing·ton. 

~il'le.'fia11 {'on{l/tion8 in ..,_\ 'outherr.-.:tr:r11 Jo,u<t. 

Alo11g· tl1e line of the Washing·to11-Des 11oines section, a11d 
southeastward, the artesian inclications are, on tl1e whole, 
fa·vorable. Tl1ere a.re se·veral formations which may furnish 
artesian water. The Niagara }rields bot1ntift1ll:r at I(eokuk and 
Ft. 1Iadison, ancl larg·ely at Center,Tille. The Galena-Tren
ton seems to <1:fford part of the su1)pl)T at Pella, a,lthot1g·h from 
this town our re1)orts as to water horizons are vague. '.rhe 
fl.ow at Ottumwa rises from tl1e 8ai11t Peter, if ot1r informa
tion is correct, a11d a stro11g curre11t was fot111cl in the same 
formation at Sig·ourue3T. The 11ag·11esian series is wa.ter
bearing· and in larg·e qt1antities. Tl1e Basal sanclstone here 
lies so cleep that the ex1)ense will 1)1·obabl:y l)re,rent borings 
being· carried so far beneatl1 tl1e st1rface. Its capacities are 
illustratecl in the well at ... \leclo, Ill. Water was here obtained 
in the first 100 feet of tl1e Basal sa11clsto11e, ancl another flow 
was fot1nc1 below 2,910 feet from the st1rface with a heac1 at 
708 feet ..c\.. T., fort3T-five l1ig·her tl1,1n tl1e l1ea<l of tl1e ,vater of 
the Saint Peter. Es1)eciall3T along· tl1e ~Iississil)l)i and Des 
11oines valle>~s deep boring·s for artesian ,~ater are recom
mended with the t1t111ost conficlence. In C[tlality the cleeper 
waters will be found better than tl1e ·veins above the Sai11t 
Peter. Each flow shoulc1 l)e carefully 111east1red and shot1ld 
be analyzed quantitativel) ... by an ex1)ert chemist. "\Vater from 
the Carboniferous series, both C~oal wleast1res and 11ississip
l)ian, shoulcl be effectively caseci out. 

• 
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L . WASHINGTON.* 

NO. 2. 
O\vner _. _____ • ___ • . _. __ • _ •• ___ ___ To\vn. 

Depth ·------------ ------- ---------1,611. 
Read of ,vater, original ______ ___ _ 44 feet t 
Head of ,vater, present ____ ____ __ 54 feet.t 
Capacity in gallons per minute ____ ___ H5. 
Temperature, reported __ __ ___ _____ __ 72°. 
Bore __ ________ ______ _____ _____ JO to 4½ in. 

Date of beginning ___________ Nov. 5, 1890. 
Date of completion. __ _____ Nov. 12. 1891. 
Driller ________________ J . P. l\tiiller & Co. 

NO. 3. 

Town. 
1,217. 

58 feet. t 

62. 

12 to 6 in. 
NoY. 20, 1896. 

Feb. 1. 1897. 
0. (,-. Wilson. 

The casing· of No. 2 is as follows : to 244 feet, 10 inches; 
from 220 to 461 feet, U¼ inches; from 563 to 818 feet, .5½ inches; 
from 1,400 to 1,468 feet, 4½ inches. 

ANALYSIS OF' NO. 1, OR OF NO. 2. 
GB.A.INS 

COMPOUND. PER GALLON. 
Calcium carbonate._. ___ . __ . ____ ______ ____ ____ ________ 2.811 

~1agnesium carbonate __ . _____ _____ _ .-----.___________ 8.961 
~~errous carbonate .. _ . __ . _ . _ •. _. __ .. __ . ____ . ____ . _ _ _ _ _ Trace 

Calciu1n sulphate_-----·----------------------------- 14.402 
Sodium sulphate ___________________________ ____ ______ 3 l. 952 
Sodium chloride. __ . ______ . ____ ._._._. _____ ... ______ __ 5.325 
Potassium chloride _____ __ ______ ________ ______ __ __ ___ _ 1.015 
Sodium phosphate •• ____________ __ ____________________ Trace 

Silica and insoluble residue_ ___ ___ _____________ __ ____ 2.049 
A 1 umin a . __ . _ _ _ ... _. ___ .. ____ ... _ - . - _ - __ • . __ . _ .• _ _ _ _ . 103 

Total solids __ ________ __________ __ . ____ ._ .•. ____ 66.618 

SANITARY ANALYSIS. 

Loss on ignition ___ ___ __ .... ______ . ___ _ . ______ __ ______ 8 606 

Chlorine- - - ---- - - ---- - ---- - - --- -- ------ - ----- -- ------ 3.716 
Free ammonia__ ____ ______________ __ _____________ ___ __ .010 
.t\lbuminoid ammonia. __ . _____ ___ __ . ____ ._._ ___ __ ___ _ 003 
Nitrogen in nitrates aud nitrites _____________________ None 
1'otal hardness, Clark's scale ___ ___ _____ __ ____ ______ __ 24.0 
'fe1nporary hardness .. _. __ _____ . _. _______ _ .. ____ __ ___ • J ;j,4 
Permanent hardness _______ __ _______________________ 10.6 

The" author of both of the aboYc analyses is Prof. Floyd Davis, Des Moines. 
Authority, report of city clerk. 

·Reported by l\1essrs. St. Ola.ir Lewis a.nd ,J. J. Kellogg. 
t Below surface . 
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RECORD OF STRA'l'A. 

'.rl1e following i::; an abstract of the description of the sec
tion in the article by· Calvin,* ancl seems to be of a still earlier 
,vell not reported b}r our corres1)onclents. 

ron,1ATtON. TlUOKNESS, 

Drift and n1odifiecl drift, forest b0cl at 1 VS feet 350 
Shale, dark. in part calcareous, lower pu.rt of 

Kinderhook ______________________ __ ________ 8~ 

l~nknown .----------------------------------- 25 
I..,ilnt>~tone and shales: light colored: at 458 ft=>Pt 

of rather fine texture, \Yitb frag1nents of 
Devonian fossils. Samples at 500. Devonian 

Sandstone, calciferous at 53~, passing into a 

purer sandstone at 585, lust sample at 63~. 

Niagara----------- ---· ·---··- --- --------·-
Shale. hluh;h or grecnibh, sometilncs ,vith an 

adn1ixture of band. and again ,vith s01ne eal
~areons 1natter, last sample at 793. l\Iaquo-
keta _________ ___ _____________ _____ _______ _ 

Limestone. magnesian. grayish. last sa1npll' at 
96:3 Trenton ___ . _____ - _ ... - - . - - - - - - - - . - - -

I.,in1estone, eharacteristics of Trenton: at 1,020 
dark, tine grained, and 1nixccl ,vith consider
ahle carbonaceou<:; shale, la::--t sample at 1,059 

Hanustonc. Trenton __________ __ ---- -- -------
Shale. arenaceous Trenton ____ __ ________ ·--- lli 

Sancl:--tone, usual characteri::;tic:; of Saint Peter_ 100 
LDkno·wn ___ __ ____ ____ ____ ____ __ ___ _ ____ ____ 28 

!::>h al1>, bluish _____ __ • _________ . ___ . ___ .. __ . __ - 2 

Sund::-tone, gray, at. __ __________ -------------

LI. SIGODRNEY. t 
<)wncr ------ ·--------- - ---- ---- ----- ·------- 'ro,vn. 

432 
458 

532 

"09 j ... 

803 

1,020 

l ,O'j2 

l.0S4 

I, lOO 
l.~00 
1,228 
1,230 
1,230 

Depth ____________________ ·-- --- _________ _____ 1.888 feet. 

1<:.leYa,tion of curb ___ ·-- - __ ___ _____ ___ _____ 756 ,I\. T. 

Hea<l. of water ______ ·- ---- ·----- ____ _______ __ 726 .\. T. 
Diameter __ __ ·-- ____ ___ _____ ______ ___ _________ 6 to4A inches. 

111·. Jlain gives the following· history of the well: '' A 
n1oderate flow was obtained, but has ne,~er been used to any 
g·rea.t extent. At 1,:320 feet, in the Saint Peter sandstone, a 

· American Geologist, vol. T, p. 28. 
+ \Ve al'e Indebted for the facts relating to the well at Stgou rney to an article upon It by 

Bain. Proc. Iowa Acad. Sci., vol. I, part IV, pp. 36-aS. and to a report made by Oapt J. T. 
Parker. 

• 
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vein of water was struck whicl1 containecl mineral matter and 
• 

J)Ossessed a strong odor. .i\ t 1,~160 feet, in the same forma
tion, a11 01)e11ing· was stru<.;k and the clrill sucldenl~y dropped 
t\vo feet. A strong c:urrent of fresh water carried off all the 
samples, and the wate1· increased to tl1e depth of 1,:~88 feet, 
\vhen it floVi ... ecl o·ver tl1e tor) of the ,vell while drilling· and 
stood within thirt:, ... feet of the to1) when the drill was at rest. 
No more ,vater \Yas struck from l1ere to the bottom of the 
,vell." Tl1e ,vater corrodes iron badl3~. The majority· of the 
1>eo1)le do 11ot like jts taste, and e·ven stock will not clrink it 
freely·. The casing· is said to extenc.1 to a cleJJth of 1,on1 feet. 
T l1is cuts off all water above the ~Ia.quoketa. 

• 

RECORD OF STRA'l'A. 

S'l'RATA. THICKSESS. DJ::l'TR. 
30. Drift _______________ _____________________ 50 50 

49. Shall'. hlue 1 \Vith a few· pebbles of the drift 
fa.Heu from above__________ __ ____ __ ____ 18 68 

48. Clay, bro\\·n, fine, non-caleareous, in Oakes; 
disaggregates in water ,vith about ten 
times the clitfic·ulty of blue till: quartzose 
aod chcrty residue: drillings contain 
some pebhles of glacial derivation_____ 30 98 

46. Limestone, hrowu-gray. arenaeeous____ __ 22 120 
45. Limestone, gray, arenaceous. ehcrty. sam-

ples at 120 and 12,5 feet. ________________ 15 135 

44. Shale, calcareous; ,vith much gray flint in 
flakes ____ ______________ __ ______________ 20 155 

43. Limestone, highly siliceous, highly argil-
laceous, with much flint an<l hlue shale, 
<lrilling3 consibt largely of chert.______ 10 

42. Limestone, blub,h graJ, drillings mostly 
chert of the ::ntn1e color____ ______ _____ _ 5 

41. Liinestone, hluish g1·ay or shale, highly 

165 

170 

che1·ty. quartzo:,<' and argillaceous _____ 17 18i 

40. Shale, bhtt:>. <·ale 1reous 1 highly siliceous_ 3 190 
3B. Limestone, hlue-gray. highly cherty____ _ 5 195 

38. Limestonr-, soft, blue-gray--- --------·-·- 10 205 
37. T.,itncstone, blue-gray, \Yith much chert._ 5 210 
36. Lilncbtone, light, hluish, earthJ luster, in 

large flake.;, highly siliceous___ ________ 15 225 
35. Limestone, blue-gray_____ _______________ 15 240 

1 10 250 :34, Lilnestone, drab, granu a1• _____ _________ _ 
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T.,ilnestone, bro\vn, son1cwhat chert,y _____ 6 
('herti, blue-gray _________________________ 14 

31. Liinestonc, bro~·n, sou1c,vhat cherty _ _ _ _ 15 
30. Li1nestone. light gru.y, soft, angular, <'rys-

tn ll inc _______ . ______ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 25 

29. Shale, ha1·d, greenish, calcn,rcous, 1niC't'O-

scopicall~ silil'eons, in frag1nents, sa1n-
ph's at 3 .0 and 31.:i . _ ___ _____ _ ____ __ ____ 20 

2'3. Shall', dark greeni::;h. in la,rge fragn1ents , 
<'alcif,,1·ous: so highly siliceou~ "·ith 
microscopie particle•:-; of limpid <1uart:1.. 

that it 111ight perhaps he called sund-
stone. san1ples at :330. 331 n,nd 3:35 ______ 12 

2i. Lilncstone . light and darker blne-g-ray, in 
flaky chips,argillaccous and n1icroscopi<'-

ally urenaceous ---------------- ----- 14 
2t3. Shale, greenish. soft, slightly calcareous, 

fine grained. samples 3 6. 38i, :38~ and 422 198 
~5. I ... in1esLonc, green-gray, argillaceous _ 31 
2-!. C.hale. incluratecl. ealcareo-siliceous _____ 21 
23. Shale, calcareous; or limestone, arg-illacc-

ous. highly fossiliferous; drillings 
largely fragments of spirifera, ort.hii:;: 
and perhaps other brachiopods, and of 

DEPTH. 

256 
270 
2~5 

310 

330 

342 
• 

356 

554 
585 
606 

cr1no1d stems-------- -- ------------ ____ 12 til8 
22. Limestone, blue-gray, earthy luster, foi.;sil-

iferous ------------------------------- 12 6~0 
21. Lilnestone, brown and huff. earthy luster, 

fossilift>rous ___________________________ 25 668 

20. Limestone. soft, yellov;. earthy luster, four 

19. 
18. 
17. 

16. 

samples 
I,imestone, gray, cherty · --- ---·------
Limestone, \\'hite, in po\vder __ __________ _ 

Limestone magncsian1 buff, in sand, two 
samples _____________________________ _ 

Dolomite, gray buff, in chips, subcrystal
line, ,vith much \vhite chert, sn,mples at 

25 
5 

52 

668 
673 
726 

730 

730 and 750 ------------------------ - --- 56 786 
15. Dolomite, yello"· , huff and gray. mostly 

cherty, samplcb at 786, 795, 805, 8:30, 835 79 
1-!. Limestone, 1nagnesian; clrillings mostly of 

white and transluc~nt c·hert, with inter
bedded cubes of pyrite, ancl a large 
number of minute rounded grains of 

865 

limpid quartz--- ------- ----------- ---- 6 871 

ao7 

\ 

-
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STRATA. TH lCKNlllSS. 

13. Shale samples at 871 876,•882, 890, 9?0, 

990, and 1,005; blue, green, gray and 
drab ___________________________________ 159 

12. Dolomite, brown, hard, argillaceous ·--- _ 25 
11. Limestone, lightyello~-gray _________ __ __ 34 
10. Dolomite, brown_ .. _. ________ . ___ __ . ___ _ _ 

9. Limesto_ne, magnesjan, cherty, white, 
gray, buff and bro,vn: all effervesce 
more rapidly than Galena dolo:nite ____ 149 

8. Chert . __ .. ____ . _ . ___ . _______ _ .. ___ __ . _ . _ 17 

7. Limestone, light yellow-gray, cherty ____ 5 
6. Limestone, as No 7, with a little shale . . 15 
5. Shale, green, soft, calcareous ______ ·---·· 6 
4. Limestone, gray_________________________ 9 
3. Limestone, magnesian. brown____________ 25 

2. Sandstone, fine grained, white and light 
gray in mass: mostly in angular frag
ments ,vith some rounded grains, sam
ples at 1,315, 1,320, 1,329, 1,340, 1,360, 
1,388, 1,430 ___ --- _. ----. _____ ... _. _ -- __ 115 

1. Dolon1ite, samples at l ,800 and 1,828. ____ . 28 

The same reported to continue to______ 60 

SU?v!MARY. 

DltPl'H. 

1,030 
1,055 
1,089 

1,238 
1,255 
1,260 
1,275 
1,281 
1,290 
1.315 , 

l ,430 
1,828 
1,888 

This section is based largely upon the determinations of 
Bain, pl1blished in the article to which reference alread~T has 
been made. 

FORMATION. TBICKNBS~. DEPTH. A. T. 

50. Pleistocene _______________ , __ 50 50 706 
42-49. 

} Missi13sippian 
\ Saint Louis 137 187 569 

28- 41. /Augusta .- . 160 356 400 
27. I{iaderbook 198 554 202 

18-26. Devonian ____________ . ___ ____ 171 725 31 
14- l 7. Silurian ________ __________ ___ 146 871 - 115 

13. 1'Iaquoketa ________ ----·----. 159 1,030 - 274 
:-1- 12. Galena-Trenton ______________ 285 1,315 557 

2. Saint Peter ______________ ____ 115 1,430 - 674 
1. Oneota. ______________________ -158 1,888 -1, 132 

LII. OSKALOOSA. * 

At some time previous to' 1888, a deep well was bored at 
Oskaloosa to a depth of 2,800 or 3,000 feet. Several compa
nies were engaged in it, litig·ation ensued, and the well was 

* Reported by Hon. Ben. l\1cCoy and Mr. F. E. Wetherell . 
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abandon eel. The recorcl of the strata for the first 1,200 feet 
is as follows. 

34. 
33. 
32. 
31. 
30. 
29. 
28. 
27. 
26. 
25. 
24. 
23. 
22. 
21. 
20 
19. 
18. 
17. 

16. 
] 5. 

14. 
] 3. 
12. 
11. 
10. 

STRATA. TlJIOK N'BSS. 

Soil, black----- - -------- -- ------ - ------ 5 
Clay, joint ---- - ---- --- ---- ----- -------- 33 
Sand and graYel . ____ __ ___ ____ ____ _____ _ 
Clay. bl uc _______ . . __ • ______________ . __ _ 

Ji,ire e lay ____ . _____ - _ - . ___ . - .. - - - - - - - - - -
Slate, black __________________________ _ _ 
l'oal _________________________ ___ ______ _ 

Sulphur [Pyrite] ________ __ ______ ____ _ _ 

Limestone ______ ------------------ - ----
Soa pstone ______ . ____ . . ________ . ____ •• _. 
Sandstone, gray --· ___ __ ___ _________ __ _ 
Plumlnigo. traces[?] __________________ _ 
Sandstone, gray ________________ _______ _ 

l_l'lin t . _________ . ___________ - _____ • - - - - . 

Limestone_- -- --------------- ---------

Sandstone - ------------------------- ---
Pltunbago, tracet-i [?] _____ --- - ----------
Sandstone _______________ • ____________ _ 

Slate. black , ____ ___ ________ _ ____ _ 
Slate. \,·r.ite ___ ____ __ ___ ·--- ___ ________ _ 

Porou:s rock ______________ --------------

Limestone __ . _. _. - .. - - - • - . - _ •... - .• - - - . 

3 

9 
1 :! 
34 
10 

! 
20 
12 

9 

~ 
12 
4 

15 
9 
1 

10 
50 
20 
10 

336 
Slate ____ _______________________________ 110 

~Iarhle, Io,,va, harcl. -------- -- --------- 150 
Lilue:stODl', Yery dark. hard. vdth streaks 

of sandrock, ancl mica. also fosils at 

935 feet----------- -- -------------··_ 100 
9. Sandstone, hard, gray__________ __ ____ 7 
R. C~ypsum and magnesia._________ ________ ,) 
7. Feldspar (C'alc-spar ?] ____________ __ ____ 15 
6. Sandrock, porous_______________________ 5 
5. lrnknown ______ ____ ______ ______________ 74 

4. Shite, hlack ____________________________ 19 

3. Slate, blue- ------------- - ---- ------ --- - 20 
2. Limerock _____ ___ ___ . _____ ... _____ ... _. 35 

1 Slate, blue------ - ---------- - - - ---- - - -- - 60 

StJ'M?,,IARY 

•ruIOKSESS, DEPT8. 

31-34. Pleistocene and Recent .. . - 50 50 

22-30. 
Des 1Ioines ________________ 111 161 

13-2 L. 1Iississippian. __ . ______ ___ . 455 610 

• 

DEPrR. 

5 
38 
41 
50 

63 
97 

107 

127 
139 
148 
149 
161 
16G 
180 
189 
190 
200 
250 
270 
280 
610 
720 
870 

970 
!-l77 
982 
H97 

1.002 
1.076 
1,093 
1,115 
1. 141l 
1,200 

A T. * 
793 
682 
233 

*The elevation of the 0 .. R . I. & P . ste.tlon, 848 A. T. ls ta.ken e.s p robably near t he eleva
t ion of t he curb. 

• 
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. ' THICI<NESS. DEPTH. A. T. 

12. Kinderhook ___ ____________ , 110 720 123 
11. Devonian __________________ 150 870 - 27 

5-10. Silurian ___________ _____ __ _ 276 1,076 -233 
1- 4. Maquoketa ___ ____ ________ 124 1,200 -357 

The thickness assigned to the Coal Measures may be too 
small. If No. 16 is really· the black fissile shale <:alled by 
miners "slate," they· may extend to 573 A. T. But in No. 4 
the driller seems to use the phrase as ec1t1ivalent to dark shale. 
B:y comparisons of elevations with the W;:i,shing·ton-Des ~Ioines 
section, which passes six miles north of Oskaloosa, it will 
be seen that No. 12, which is evidentl}r the Kinderhook, lies 
about fifty feet lower than it is there drawn. ()n the other 
hand the 11aquoketa falls in place with a gratif}ring· exact
ness, and the g·ypsum of No. 8 assists in the correlation of 
this part of the section with the Silur-ian. 

LIII. PELLA.* 
O,v-ner _ ··---- .. --------------------- . To,vn 
Depth-----·- ____ ------ ---- ---- _______ _____ l ,803 feet 
Elevation of curb A . T. ___ ____ __ __ _________ 868 feet . 
Head of water A. T .. _____ ________________ 768 feet. 
Capacity in gallons per minute ____ ________ 250. 
Date of beginning. ________ _____ _______ ___ . lvlay 20, 1895. • 

Date of completion ____________ __ _____ . ___ 1\Iay 30, 1896. 
Drillers _____________________ _____________ J.P. 11iller & Co. 

Water was found at 150 feet; from 1,300 to 1,685 feet, Tren
ton; and from 1,685 to 1,803, Saint Peter and Oneota. From 
the first source water rose in the tube to within 100 feet of 
the surface, where it remained without flt1ctuation to the end. 
By packing· it was found that the lower source alone was 
entirely inadequate. No com1Jlete analJ'Sis has been reported. 
An anal}rsis made to ascertain the qt1alit:,.,. of the combined 
flow as a boiler water proved it entirely unsuited to this use 
on account of the large a,mount of calcium sulphate lJresent. 
If, as reported, the total dissolved solids amount to 490. 70 
grains to the U . S. wine g·allon, the ·water is also unfit for a 
town supply. 

* Reported by Mr. J. D. Gaass, who also secured for the Survey one of tbe most complete 
sets of dr1111ngs In the state 

' 
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Tl1e diameters of the bore are reported as follows: 12-
inch, 200 feet: 10-inch, 102 feet; 8-ineh, 220 feet ; 7-inch, 317 
feet : 6-incl1, 230 feet; 5-inch, 124 feet. Tubing· is sunk to the 
de1)th of 1,2fl3 feet. 

REl 'ORD O:b' S l'R .\ 1' A 

TR lCl<NESS, 
NOS, STRATA. FEEC. 
62. H nm us · _ _ _ _ _ _____ ___ .. __ .. ___ . _ . _ _ _ _ _ _ _ _ _ <:i 

61. Till. yellO\\', u1ottlecl "·ith g-ray: clay 1n·e
do1ninttnt ingredient. o~•ht·cous nodules. 

DEPTfl , 
Ji'BlET. 

6 

calearcou~. ______ ____ ____ ------·-- --- 54 60 
60. T ill. blue! dt'nsc, tough. calrareous ______ 30 110 

59. 8and and gravel. pebbles mo:--tly huff. 
impure lin1e~tone ancl greenish and black 
sili:ccous clay stone, a frag1n(!nt, of coal 

noted and one of fossil vvoocl ---------- - 25 
58. Clay, dark, yello\\ -gray. sandy, "'i th a fe,,· 

small pc bhles and fragn1ents of gray 

135 

unctuous shale.·----- ------ -- ----- - ---- 55 190 
5i. Sand, -rery coar se, ,vith fragments of gray 

and hlack shale_ ----- -- --- - ------------ 2 192 
56. Gravel, coarse, up to 5 c 1n 1n diameter. 

surfaces stained with ferric oxidelS, in a 

matr L"( of black fcrruginous clay or shale; 
greenish-black. argillo-siliceous pehhles, 
22: clay ironstones. 13; flints, ti: lime
stones, .6; jasper and quartz. 6: sand-

stones, 2 _ ·----- -- -- - - ---- -- - - -- - - -- -- - - 3 195 
55. Shale, black, gravelly at 23-> and 2!5 feet; 

fissile and gravelly at, 272 feet; at the lat
ter the pebbles of the sample comprise 

the follo,ving : Lilnestone, 9; green 
argillo-siliceous pebbles, 6: flints. 12; red 
and yello,v jaspers, 3: five samples ____ 90 285 

54. Shale, dark gray ____ ___ ____ ·-· ____ ___ __ _ 2 287 

53. Shale, hard, black, finely laminated, peb-
b ly, t,vo samples ______ __ ____ ____ _ 43 330 

52 Limestone and l:3hale, in b luish-gray con
creted argillo-C'alcareous po,\'der, con
taining a Ie,v 1ninute frtLgments of light 
g1·ay Ji1nestone, some chalcedony, drusy 
qua,rtz and quartz c1·yshLls ____________ _ 5 345 

51. Limestone, in fine cream-colored powder._ 30 375 

• 
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TBTCKN"ESS. DEPrB. 
NOS. STRATA. FSET. FJlET. 

50. Lhncstone and shale. in concreted po,vdl'l'. 
,vashing discloses gray limestone sand, 
discs of crinoid ste1ns, chalcedony. and 
,vhite chert. and pal'ti<'lcs of hard hltll!-

green shale _______ _____ ________________ . 25 400 

49. Shale, blue. highl~ ca.lcareous ____ __ ______ 5 405 

48. Shale, blue-,g-ray, slightly ealcareous _____ 15 420 

47. Shnlf' and limestone, in lil[ht hlue-gray 
argillo-ealcarcou:, powdpr c·ontaining 
some limestone andehcrt_ _________ 30 450 

46. I .... imestone and shale, in light hlut>-gray. 
argillo-calcareous po\, der, containing 
some limestone and cbcri. _______________ 10 4-60 

45. Shale and limestone in powder as ahove, 
eontaining s01ne frag111ents of dark :z-ray 
flint and a fe,v pal'tieles of litnestone ___ 20 480 

44. Limestone (':'). sample consiots of highly 
argillaceous calcareous powder, c·ontain-
1ng many chip::. of blue and gray Hint. a 
few of light ycllo"·-gray lilnestont>, and 
sorne of :-,hale_ - -- - --------- _________ 30 510 

43. Limestone. drillinl{s cons·st of chips of 
bluP and gray flint. drus) quartz. chal
cedony. blue shale, and 1nany ehips of 
an ea,rth;v hutl' li1nf'stonc. _____ __________ 5 515 

42. Litnestone, light yellow-gray. in sand, ,v;th 
argillnccous po"·dc1·, with some chalce-
dony ______ . ______ . _ _ _ _ _ _ _ _ _ _ ___ . _ _ _ _ _ _ 85 600 

41. Shale.green, fissile, son1e clrab __________ JOO 700 

40. Shale, green. some,\·hat c·alcal'eous, 1n 
moulded n1a~ses ________________________ 25 725 

39. I,imestone. nearl) white, soft. eal'thy lus-
tre, rapid cfferYC'scenee _____ . __________ 10 735 

38. Limestone, as abo,e. ,vith sand of hard 
hro,vnish-gray n1ctgnesiun li1nestone or 

dolo1nite -------------------------- - ___ 10 745 
37. Limestone. magoe::.ian, light brown, 

cotirsely ct·ystalline, l'lOse textured, effer
vescence slow, a f<>w fragments of selenite 
noted: residue dark hro"·n, argillaceons: 
four samples _____ _____ _ ___________ 55 800 

36. Limestone, soft, in part ehalky, effer\·es-
cence rapid_________________________ 20 820 

35. Limestone, light gray-bro"·n, m~ignesian, 
,vith some "clod'' shale of sa1ne color: t,vo 
samples------·- ---- --- ------- ---------- 20 840 

' 
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NOS. 

34. 

33. 

STRA'fIGlti-\Pl{l( '1\L l{EC'ORD. 

TRIOKNESS. 
STRATA. 1:'1£&T. 

Lin1estone. light gray, cry~talline, highly 
cherty, clri.llings rusted so as to appear 

buff in mass.--------------------------- 10 
Limestone, blue-gray, in large ilakes _____ 10 
Limestone, light bro,,·n-gray and gray: a,t, 

860 a fe"' erystal:::, o[ selenil(•: four sa1n-
p I es _ _ ________ ___ - . ___ - _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ 30 

31. :\Iarl, gy-pseous, in gray-white, concreted 
po,,der largely corupo::.ed of gypsum, with 
s01ne lhnestone. argillaccous 1natter, autl 
ruicrosl!opic crystals of quartz, t"' o satu-

DEPTH. 
FlllET. 

850 
860 

890 

ples ----- --- - - - --- - -- - - - -- - - - --- -- - - · __ 35 925 
30. Limestone, light gray, 1nottlcd \\'ith clal'k 

drah, in large 1-\aky 1·hip:::;1 ,vith nurner-
ous crystals of selenite _______ ____ ______ 10 

29. Dolomite. in chips, harcl. gray: tv.·o s.1111-
ples _________________________ __ ___ __ ____ 20 

~8. :'\Iarl, gypseous or g~1)sum: in light yello~v. 
nea,rly ,vhite po"·cler, concretecl into 
tough masses, breaking ,vith smooth, 
:,;lightly <'onchoidal fracture, <liffic-nltly 
friable "·itb fingers. In acid do0~ not 
disaggregate, though ::.lightly caleareous. 
Unclcr the microscope anhyuritc 1::- sePn 
to be an important con::.tituent and some 
pyramidal crystals of quartz are oh~erYecl 15 

27. Shale, blue-gray, ~trongly cu,lcareous: t"-'O 
samples ________________________________ 45 

26. Limestone, 1nagnesian, light brown, crys-

talline-- -- ----------------------------- 11 
25. Limestone and shale: limestone gray, 

earthy pyritHerous. Shale1 light green, 

935 

955 

970 

1,015 

l ,026 

fossilife,ous _________ ___________ ________ 19 1,04.3 

24. L imestone, magneshtn, light brown, crys-
talline ___ ______________ ____ _____________ 5 

23. L imestone, mottlecl gray, crysta,lline, 
highly gypscous ________________________ 5 

22. 1\!arl, gypseous, as No. 28, ,vith some light 
gray impure limestone, and so1nc shale __ 25 

21. Marl. gypseouo, as No. 28: four samples; 
at 1,110 a fe,v thin flakes of limestone ___ 50 

20. L imestone, magnesian, buff, gypseous _ _ _ _ 5 
19. Limestone, in llaky chips. earthy. ~oft, gyp-

seous, light gray ____ ___________ ________ 3 

18. Dolomite, light blue-gray, hard, irregular 
fractul'e, n1icro-crystalline, t,vo samples_ 7 

l ,050 

1,055 

J ,080 

J ,130 
1,135 

1,138 

1,146 
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NOS. 

17. 

16. 

15. 

14. 

13. 

12. 

11. 
10. 

9. 
8. 

ARTESIAN WELLS OF row A . 

THTCKr-.ESS. 
STRATA. ~'E"ET, 

• Shal0, green, green-gray, tll'ab and slightly 
purplish, slightly or non-calcareou':l, 
hard and fissile. four samples. ______ . ___ 11:'5 

Shale, in moulded masses, drab, some"·hat 
calcareous, "' ith fine dolomitic sand _____ i5 

Dolomite, gra), crystalline, cherty! in fine 
sand. four samples ___ __ ____ ________ ____ 90 

Limestone, rather soft, ,vith much gray 
flint and a little bro,vn bituminous shale. 10 

Limestone, magnesian, in light buff sand, 
two samples. __________ __________ ___ ____ 20 

Limestone, soft, ,vhite, effervescence rapid 5 
Limestone, magnesian, yellow-gray_______ 5 
Limestone, light bro,vn, crystalline, effer-

Yescence rapid, t,vo samples __ _________ 10 

Limestone, magnesian, buff, crystalline . __ 5 
Dolomite, cream-yellow·, and buff, and 

brown; mostly cherty: residue after 
digestion in acid microscopically aren
aceous or quartzose in several samples. 
Chert usually pyritiferous ,vi·h imbedclecl 
crystals, eleven samples __________ _____ 103 

7. Limestone, brown, cherty, ,vith some small 
chips of dark bro,vn bituminous shale, 
two samples ____________________________ 32 

6. Limestone, magnesian, gray, crystalline, 
with hard, slaty, blue-green shale __ ___ 1.3 

5. Limestone, magne::;ian, light buff _________ 15 

4. Lilnestone, gray, earthy, crystalline, of 
rapicl effervescence: two samples ____ __ 35 

3. Sandstone, clean, ,,,hite quartz sand, usual 
facies of Saint I>eter, t,'Vo sa1uples .. ____ 15 

2. Dolo1nite, ch·illings highly arenaceous, 
cherty, gray and buff, three samples ____ 40 

1. Dolomite, buff ___ _________ __ ______________ 20 

SUMMARY.* 

THl CKITTilSS DEPlB. 
NOS. FORMA'.l'ION. FK1'T, l•' Ell:T. 

59- 62. Pleistocene - ----------------- 135 1:35 
53- 58. Des 

1v1oines __ _________________ 
19:'S 330 

42-52. iI ississi ppian -------- ------ --- 270 600 
40-41. Kinderhook ________ ___________ 125 725 

DBPTU. 
t'EET . 

1,260 

1,335 
• 

1,435 

1,455 
1.460 
1,465 

1,475 
1.-180 

1,593 

1,615 

1,63,5 
1.650 

1.685 

1. 700 

], i-10 
1,760 

A. T. 
l,'11:1':T. 

733 
538 
268 
143 

"It 1s suggested by h-1r. Ba.in that the local stratlitta.pby favors the reference or Nos. 56-58 
to the Pleistocene. It ts possible that tbe coa.l measure materta.1 of the samples belongs to e. 
till unusually rlcb in such fragments. The glacial material of the samples, which we have 
ta.ken to ha.Ye fallen In f rom above, may belong to ttll at the borJzons stated. 

• 
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'l'BlCICNESS DEPl fl 
NOS. FORMATION. FEl:;T, FEET. 

32 39. DeYonian __________________ ___ 165 8no 

18-31. 8ilurian ---------------------- 2;j5 1,145 
lG-17. :\Iaquoketa ____ ________ ________ 190 1,:1:35 

+-15. T1•t'nton -·-- -------------- ---- 330 1,685 
:3. 8aint Peter _____________ ·----- 15 1,700 

1-:?. Oneotn., pl•netrated ____________ 60 1,760 

Geoloq/f'al ... \ "otes . 

A• 'l' 
~'EET. 

277 
467 

832 
-892 

The salie11t featul'e disclose<l by· tl1e lJresent investig·ation 
in the g:eolog·y· of the <1eeper strata in sot1tbeastern Iowa is 
the Ordo·vician dome. to which reference alreadJ' has been mac1e. 
The areal and ··vertical extent of this elevatio11 is exhibited in 
map (Plate XXII), by isometric lines, sl1ovving tl1e l1eig·l1t of 
the st1mmit of the Saint Peter sa11<lstone above the sea level as 
datum. The stee1)est slope lies a1J1)are11tl} ... on the west, where 
the Saint Peter declines witl1 a compal'ati vel:y steep g·rac1ient 
to the g·reat troug·h of sot1th central Io,va. To the northwest 
the descent is gentle, a11cl to the 11orth a col C'Onnec-ts \Vith 
the much hig·her ele\ ... ations of the lower ()rdovician in north
eastern Iowa. To,va,rd this clome the Siluria11 ancl Devonian 
strata g·row measurably· thinner. 1\..t I{eokul{ the entire 
thickness of the strata from the base of the l1eavy· shales 
assigned to the Kin<lerhook to the 8aint Peter is 011ly :180 
feet, as contrasted with an assemblag·e of the same st1·ata U40 
feet thick at C1enterville anc1 nearly· 1,000 feet thick at Pella. 

None of the wells i11 this g·rou1> are known to reaeh the 
base of the l\1ag·nesian series. At Centery·ille the drill had 
not discoverecl the Basal sandstone at a c1e1)th of 715 feet 
below the Saint Peter. This is not, howe,Ter, a massif of 
dolomite. One hu11dred and ten feet of comparati,rely pure 
dolomite is followecl b:y thin interbed<le<l dolomites and sand
stones l)assing into tl1e heavier heels of sandstone which make 
up the New Richmoncl. Below these are11aceous beds lie 
dolomites, arenaceous or interbeddec1 with sandy la:yers, 



})a~sing· in plac·cs into l)t11·cr sancl8to11e, in all s(> far as l)ene-
tratc,d :170 feet. 

, 

,\t < >tturu\\"a 870 feet of li1uestone anc1 shales aro referal>Je 
to t.l1e ( >ncota. and in one rec;orc1 tl1e Ne\,. l{iehmon<l is 1·ep1·e
sente<l h)· 1 ~~ l'PPt of sandstone l}~ing· l :!O feet belo,y the 
Saint J>etor. .1\t l{Pokt1k tl1ere are 1·eported helov.' the Saint 
J>ete1· 755 fee t of l i1nestn11e alternating· \Yith sanclsto11e. 'l.,he 
c:011ell1~io11 of < ;ort1on tha,t the 11Jaxinlun1 thielcness of this for-
1nat,io11 ,vithin the lin1its of l<>"'a ea11 1101, be less than 1.noo 
feet mn.:y \Yell 'he verified hPrec:1 ft .. 1· b)' so111e <1ee1)er bo1·ing. 
J t, is in southern Jo,Ya, a.11d 111·oln11>1.v in suntheaste1·n Io,,Ta. 
tl1a t the ~r airnesia11 sel'ies attains its 1naxi1n11m thiekness in 
tl1e sta tP. 

rl.'hP ~a int Pet<.!l' retains its usual faeiPS at ( 'enter,·ille. Ko 
san11)les of it, or of otlle1· forn1at,ions ;i ,·eat han<l fr•>ID the othel' 
,,,ells of thi~ g·ro111>. rrhe <;,tlena-1,renton at < 'eute1·,·ille 
e1n \ n·a<: es dolr1n1i tie li111estones onl .. v. 1"h<~ ~Iaq uoket a does 
not seem to l)e prcst•nt at t,his station. and t,hu ()nl~· li11e of 
cle1ua1·l{at,io11 hct,ve<'n ~ilur·ian and < >1·dovivian is ont! d1·a,vn 
tuuta,tively, aec-urding· to tl1e p1·esl!nce 01· al>sen<.:e of are11-.. 
aveous a<ln1ixtur0. .\ t < >ttlllll\Ya the ahi:--en<·e of tl1P .i\la<1un-

kPta is p1·obabl~· du<~ to iu1pe1·feetion of ret'nt·<l. sinl'e it is 
pl'esenL at J>ella and a,t l{eokuk. in tl1ickJ1ess not lPs~ than 
that of its ol1tcrops in nortl1eastern lu,va. 

rI'o t;hp so11tl1ern border of tl1e state thP Nilt1rian retai11s the 
a1·ena<·eou:-; c·haral't,cristics tli~en,·ered at \\·a:::;hi11g'ton l))r l 'al
vi11. .\t < >ttu111\,-a, l(~okul{. L~"o1·t ~fadis(>11 and l'enterville, 
it inl'l ncles ca.l(•if0rou:-. santlsto11es, \V }1it·h fttrn isl1 a plentiful 
vield of a1·tesinn \Vater . 
• 

1\ t·crtai11 DeYonian dn,tun1, as 1n·o,·en l>~v its fo~sils. is 
afforded in the limesto11P:-; at ,,~ashing·to11 \Ylli<.:h inter,·ene 
bPt\veen the a1·ena,eeo11s Hilurian a11d the shale called l{inder
l1ook. riihe strata, oc·c·up;ving this pla<·e in Lee eount)· clo not 
ex<:Ped cig·l1t)'-five fPPt 111 thic·kness. .\t ( 'enterYille \Ye ha:ve 
assig·nec1 to tl1e Dt,,-onian ~HO feet. .\s the• upper 1>nrtion of 
this is shaly, it n1ay l)P ~quivalent to tht> lo,Yer strata of the 
I{ i1ulerl1ool{ sl1a,les as reported in ot11e1· \Yells. 
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passing in pla<"i>s into purer sandstone, in all so far as pene
traterl :170 feet. 

,\t Ottumwa 870 feet of limestone and shales are referable 
to the Oneota, and in one ret'ord the New Richmond is repre
sent,•<l hr l:?2 feet of sandstone lying 120 feet below the 
Saint Peter. .\t Keokuk there a 1·e l'eported below the Saint 
J'et(,,• 7.;.; feet of limestone .t!ternating with sandstone. 'L'he 
1·011clusion of r:orclon that the maximum thickness of this for
mation within the limits of Iowa can not be less than 1,000 
feet may well he verifi ed hereafter by some deeper boring. 
IL is in soutlwm Iowa, and probably in southeastern Iowa, 
tlrnt the Magnesian series attains its maximum thickness in 
the state. 

'l'he Naint Petpr retains its usual facies at Centerville. No 
samples of it or of otht'r for·m:itions are at hand from the other 
wells of this gr·oup. 'l'he (!alena-'L'renton at Centel'ville 
emhmt·es dolomitit· limestones only. 'L'he .\Ia,1uoketa does 
not seem tu he present at this station. and the only line of 
dema1·lmiion between Nilurian and Ordovic·ian is one drawn 
tPntati,·ely, at·t'o1·<ling to the presence or absence of aren
:weous admixture. .it Ottumwa the ,cbsenc:e of the _\faquo
kc,ta is probably due to imperfection of record, since it is 
[ll'<'sent at Pella and at Keokuk, in thickness not less than 
that of its oult'rnps in northeastern Iowa. 

'l'o the southel'II border· of the state the Hilurian retains the 
arena .. eous ,·lrn1·acteristi<·s cliseovered at ,\'ashing-ton b,,- Cal
rin. .\t Clttum\\"a, Keokuk, I<'ort 1Jadison and t'enten-ille, 
it in,·lmle, C'aldferous sandstones, which furnish a plentiful 
rield of artesian water. 

.\ 1·e1-tain Devonian datum, as proven by its fossils, is 
alfonled in the limestones at Washington whieh intervene 
bl't\n•,·n the ,cren,weous Nilurian and the shale called Kinder
hook. ' l'hp strata nt'cupying this plat·e in Lee county do not 
,.,, . ., .. d Pig-hL)·-tfre feet in thi,·kness. At ( 'enterville we ha,·e 
assigned to the D .. ,·onian :?lill feet. ,\s the upper portion of 
t h•s is sha ly. it may he e<j11in1lent to the lower strata of the 
l"n,t.Thonk shales as reporte<l in other welb. 

MAP 

Show;;:ell:~ ;h:•:~m~I: ~,t;•:h;,1 IH 

Saint Peter Sandstone. 
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The artesian well sections on the line of the Mississippian 
s~rncline, named by Key·es the Keokuk syncline, are not suf
ficiently exact to show how cleepl:r the strata of other g·roups 
are effectecl by· the deformation. rrhe following· table states 
the elevations A. T. of the two most pla1n horizons. 

KEOKUK KEOK"K MONT- FORT 
POULTRY CO. RUBINOitR, ROSE, MADISON. 

Summit of Kinderhook shales _251 272 366 344 
Base of Kinderhook shales .. __ 45 72 11 94 

At neither Montrose or Fort Madison is the 1faquoketa on 
record, although the wells extend, the one sixty, the other 
160 feet below the level of the top of the shales at Keokuk► 

Artesian Oondition,8. 

The artesian conditions of this district are included in the· 
discussion of the same for southeastern Iowa, on page 30:1. 

LIV. OTTUl\ilW A. 

OWNJDR. MORELL & 00. 
Depth _________ __ _______ 1,55!ft. 

Elevation of curb__ __ ____ 643 ft . . A .. T. 

ARTE!IIAN WELL OC', 

2,047 ft. 

Original head of water__ 700! ft. A. T. 108½ ft. above curb. 
Present head of water... 692¼ ft . A. T. 108½ ft . above curb. 

Original discharge in gal-
lons per minute __ ____ _ 1,000 over 700. 

Present discharge.____ _ _ _ . _______ . _____________ .. 

Depth of ,vater-bearing 
strata. ________________ 1,085 ft. 

Date of completion _____ July, 1892 
Temperature ___ __ _____ 64° Fahr. 

Driller, J P. Miller & Co. 

I ,015 feet. 
JVIarch, 1889. 
70° Fahr. 

The Morrell & Co. well is ten inches in diameter for 25 feet, 
9! to 97 feet, 8 inches to 540 feet, 6 inches to 994 feet, 5 inches 
to 1,320 feet, and 4 inches to 1,554 feet. It is cased from 
surface to 25½ feet, from 437 to 540 feet, from 842 to 994 feet, 
and from 1,24-1 to 1,320 feet. The water is unsuitable for boil
ers, as it forms scale rapidly. It is used only at the packing 
house of the company. 

The well of the Artesian Well Co. is reported as an 
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,,·it h l hat of the-, ( ,th•·r ,, •ll. it ih prt)l>alll) con id •ralJI~ Jp~ 
than •ight inc·hPs at th• d ·pth ,f th• ,,atPr-hc aring- btr:1tu1n. 

'l'h · ,,atl'r it-. :,,uppli<'d l, lit' l<H'e ht1il<lings h.v J>ip •s, and i:s 
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·1· l't\l'{ 
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:!.iOO 
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COMPOUND. 

,-QR.A.INS Pl!lR OALT,ON --. 
NO. l. NO. 2. NO, 3. 

Organic matter·------------------ Trace. Trace. 

Loss --------------------------- -----·- .662 

rrotal -------- - -------------- 6~. *356.477 *41.444 

:N'o. 1. .A.nalyst, Prof. L. "\V. Andre"'s, Io,va City. Date, December 12, 1893 . 
. A.uthority. eirculurs of company. (There se~m-, to be some 01nission in the 
published analysi~. as the total of the compounds named is 67.~8, instead of 68. 

:N'o. 2. Analy.:-t, D. D. Carter. Omaha . .,\uthority, cil'culars or co1upany. 
Ko. ;3 .\nalyst, S. I{. Macy. Autho ity, circulars of co1npan_r. 

RECORD OF STR.-,'l'A. 

The following· is a <:opy of the orig·inal record of Mr. J . W. 
Garner of the Artesian Well Co .. with geological formations 
and elevations above sea level added. 

THICKNESS 

18. Loam, Pleistocene ___ ___ ________ 21 
17. Limestone, Mississippian_ . _ __ _ _ _ _ 21 
16. Shale, :Ulississippian . _ . -_ _ _ _ _ _ _ _ 14: 
15. Sandstone, Ivlississippian_ . _ _ _ _ _ _ 30 
14. Limestone, ~Iississippian_ _ _ _ _ _ _ _ 60 
13. Shale, 1'Iississi ppian _ _ _ _ _ _ _ _ _ _ _ _ 20 

12. Sandstone. flinty , Mi-asissippian. _ _ 40 
11. Sands tone, Mississi ppiao ________ _ 
ll). Limestone, I\rlississippian. ______ _ 

9. Shale, 1\l ississippian-Kinderhook _ 

8. Limestone -------------- ---- ----
7. Limestone ~- ---- ------ -----
6. Limestone mixed with sand, De-

30 
195 
160 
200 
180 

DEPTH A. T. 

21 639t 
42 608 
56 594 
86 564 

146 504 
165 484 
206 444 
236 414 
431 219 
59 L 59 
'i 9 l - 14t 
971 -321 

vonian, Silurian and Ordovician 96 1,067 -417 
5. Sandstone, white, Saint Peter __ 110 1,177 -527 
4. Shale and limestone, Oneota __ ___ 200 1,377 - 727 

3 Slate Oneo•a. ---·---- - --- ------- 19 1,396 - 746 
2. Limestone Oneota. __ __________ 320 1,715 -1065 

1. Limestone, water-bearing, Oneota 332 2,047 - 1,397 

'11be above differs in several particulars from the record 
furnished Mr. C. H. Gordon by 011e of the residents of the 
town. I n the latter record Nos. 1-! to 12 are replaced by ''lime
stone, 14 feet; shale and limestone, 116 feet. '' No. 10 is 
divided into "limestone, 180 feet, and limestone, 15 feet." No. 
8 is "limestone rrixed with sand." Below No. 5 the record is 
as follows. 

" Aho 1're~ aod h Llt cnmbioed carbonic acid gas. 
t Approxltna.tely. 

~ 

'I 

• 

w 
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Slate.·-----------·--····-·-····---···---··--·· 20 1,158 
Limestone···· ·--·····-· ········---·-···-- ·-·· JOO 1,258 
Sandstone ... ·-···········-····--····-········· 122 1,380 
Limestone--····- ··· ·· -·-····--···--··-·-- ···· 697 2.,077 

LV . l•'AR1rIINGTON AND KEOSAUQUA. 

White* reported flowing· wells at these two localities in "'\,Tan 
Buren county. The Farmington well is 705 feet in depth, 
and it probably taps the_ same veins that supply the wells at 
Keokuk and Fort Madison. 

LVI. lv!OUNT PLEASANT. t 
O,vner. ----··-·········-----· Iowa,Hospital for the Insane. 
Depth ..... . ... ·-·--··· -· ·····-·· ··-·-· ····· ·-· ····l,l25 feet 
Head of water·--- · · ····-···-·-···-·--····30 feet below curb. 
Capacity in gallons per minute .. ·--· ··-·-····· ... . ..... 165. 
Temperature ·--·--··-·························· · 62° .b'ahr. 
Depth at which water was found ........... ....... 990 feet. 
Date of beginning ... ·····-·······-·· · --·· · September 1, 1861. 
Date of completion .... . ............ ......•.. . February, 1862. 

The water is said to be very disag·reeable, and so corrosive 
that it can not be used. A battery of boilers and all the 
steam radiators in the hospital were destroyed by it before 
the well was abandoned. The author of the following· anal· 
ysis is not stated. 

ANALYSIS. 
PART~ PER 

MILLION, 

Lime· · ········ ··· ···--- -···-·· ··· ·· ·· · · ···· ··-·····-· 332 
1\Iagnesian ...... _ ... _ ....... . . ............ -· ....• _.... 78 

Peroxide of iron . .. ·-·----· ···--··-···-··· ·· ·········- 32 
Sulphuric acid ... ·-··-···················--···-···--·· 37 
Carbonic acid ... ···· -- ··········· · ······ ·--·-····· --·· 106 
Silica . . ... . . _ .... _ ... _. . . . . . • . • ... _ .. _ ........ . _ ... . Trace. 
f: tron tia __ ..•..... _ •.. _. __ ....•. . . _ ••.... __ . _ ..• .... . . Trace. 

RECORD OF STBATA. 

TIDOKNESE'. DEPTH, 

Limestone·········-----·······--· ··· · · --···· 295 295 
Shales. soft, passing into hard·-······•• ··---· 300 595 

Limerock ··-········-··········· ·········-··· 295 890 
Unkno,vn ················---·······-····--·-· lUO 990 
Sand rock penetrated ............ ..•••. ..••.. 135 1,125 -----

*Geology of I owa, vol. I T, pp. 331-33i>. 1870. 
t Reported by Mr. H. A. Gilman. 
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If the dip of the Saint Peter is uniform from Keokuk to 
v\.,. ashington, that sandstone should be reached at Mount 
Pleasant at about 3-10 feet below tide, or 1,069 feet below the 
g·ra.de at station of the Chicag·o, Burling·ton & Quincy Rail-

wa:r-
LVII FORT MADISON.* 

DIS, DEPl'H DATE 

EL'Y. BlllAD I 'l OAL. OF OF OO~t-

OWNl!lR DEPTH. A. •.r A. T . DIAM, PERM. TEMP, YEIN, PLli:TION, DRILLltR. 

S. & J 0. t\tlee, 2 
well-. . .. .. .. . . . 720 553 638 (?) 6 in. ... 550 . ..... l f-19 

740 
A .. T . & St F. Ry 764 

...... 
553t 673t 41n. . .. 60° . ..... 1892 Tweedy Bros. 

Oolumbia.nStraw 
Paper Oo....... 689 528 54~ 6 in. 60) 62° 6SOt 1Q88 G. W. Adams & Co. 

The Atlee wells are reported to head 85 feet above the sur
face and to be used b}r 1,500 people. The Atchison, Topeka 
& Santa Fe Bailwa}' Co. 's well is used onl)',. at the com
pany·'s hospital. The pressure is said to be sufficient to carry 
the water to the third floor of the building·. The well is casecl 
to a depth of 184 feet, and there are also 200 feet of four-inch 
tubing in the well not located. The water of all the wells is 
highly corrosive to iron; it blackens brass and forms scale. 
The flow seems to be constant so far as reported. The Paper 
Co. re1)ort a slig·ht decrease in hardness in the water. The 
following analysis of the water of the Paper Co. 's well ¥\"as 
made some years since by the chemist of the Atc:hison, 
To1)eka & Santa Fe Railway Co. 

COMPOUND 

Calcium carbonate __ ·-------------------- - -- ----- -
1\lagnesium bicarbonate __ ____ • __________ _ • _______ _ 

Calcium sulphate __ ·--------------- - ------- -------
Sodium sulphate --------------------------------
8 odium c hl o ride ... __ .... ____ . _ . _____ .. ____ . ______ _ 

Silica_ --------------------- -- - -------- -- ---------
Alumina and Iron oxide---- - ----- - ----------------
Organic matter __ _________________________________ _ 

Total solids _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _____________ _ 

Chlorine combined-----------------------·--------

ORAlNfl PER 
U, S, GALLON, 

14.318 
7.817 

10 2l7 
40.071 
41.329 

0.390 
.807 
.180 

115. 129 
2-1. 940 

* For lnf,,rmatl••n regarding these wells we are iodeb 'ed to their owners a.,d t') Mr. Frank 
LevPrett of the Dn\tPd St,ates GPologica.l Surv.,:v, and to l\1r J R Robinson. The record of the 
w.-11 ot the Columbian Stra.w-Paper Co., ls t aken from !{eves' report of the Geolo1rv of Leo 
Oounty (Iowa Geological Survey, vol., Ill, p. 405), but the author ls responsible for the assign-
merit of the formations. 

t A pprox!mately, 

• 

'· 

• 
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RECORD OF STRATA, PAPER CO. 'S \\TELL. 

STRATA. THIOK· DEPTH, A. T. 

5. Black loam. quicksand and blue clay, 
NESS. FEET. FEET. 

not separated in the record-doubt-
less largely the last, Pleistocene._ 145 145 379 4. Limestone, Augusta _________________ 

35 180 344 3, Shale, blue and white, Kinderhook __ 250 430 94 2. Limestone, De,·onian and Silurian ___ 180 610 -86 
1. Sandstone, water-bearing. Silurian __ 77 687 -163 

L \
7III. 1IOUNT CL~'-\.RA, NEAR l\-'IONTROSE. 

Little of this well has been learned further than the follo~v
ing geolog·ical section of which all except the elevatjons .i.\.. T. 
and the assignment of the geological formations is taken from 
Keyes'* report. 

STRATA. 

FORMATION. THICKNESS. DEPTH. A. T. 

12. Olay ______________________________ 250 

11. Sand----- -- -- ---- ---------------- 55 

FEET. FEET. Fll:ET. 
-~t 0 429 -'-

305 374 
10. Limestone, white, Augusta-Bur-

lington __________ ·------------- 25 330 349 
9. Shale, ,vbite, ,\ugusta-Burlington 8 338 341 
8. Limestone, ..;\ugusta-Burlington___ 5 343 336 
7. Shale, Kinderhook _______________ 325 668 11 
6. Limestone, Devonian ____ _________ 115 783 -104 
5. LimEstone, Devonian(:) .. ________ 10 793 - 114 
4. Limestone, flinty, Silurian________ 25 818 -139 
3. Limestone, ~ilurian _______________ 40 858 -179 
2. Limestone, hard. Silurian . . ______ 5 863 - 184 
1. Samples carl'ied a,vay by ,vater. __ 76 939 - 260 

11:r. Bain informs us that a flo,v was encountered at 
about 800 feet. When the well was first drilled water flowed 
200 gallons per minute, but at the present time the head js ten 
feet below the surface, or 670 feet A. T. 

LIX. KEOI{UK. 

Information is furnished by the proprietors of the wells 
and Mr. F. Z. Goenisch. The elevation of the Poultry· Co. 's 
well is from s1)ecial survey b}r 11r. G. M. Walker. The 
record of same is b}T l\Ir. Geo. l\I. Crofts from examinations 

.,Iowa Geol. Surv., vol. II(, p. 4-06. 

\ 

\ 
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of the drilling·s. The record of the Hubing·er wells are taken 
from Gorclon's·:f ancl from Keyes't reports . 

..... E-i Ar-. Q.) I 

..... Q.) 

I 
... r./} s 0 Q.) p.. ::, Q.) 0 

§<: t>.o (/} Q.) ... .., Q.) ~ . ...... Q.) (/} ca r-. Q 

OWNER. . .... or-. r-. Q .., +> Q.) .,.. bD -o . .., ,D Q.) cd O ::S Cl) Q.) ... O•.-< ..q ca r-. '0~ ..cl ;:::l A 
Q.) ..q 

P-<rcj ..q +> .., 
p, ::s 0 d3 ..... so s 1cd (l.) (l.) 

0.. ~!::.: -~ bD S ca A 
...,,,...... 

Q.) 0 Q.) l=r-l ca P-< Cl) ,...... ·- .,.... 
A ~ ~ A A E-i A 

--
.J. C. Hubinger & Co , 3 wells _____ 2,0uO 637 661 A. T. 1, 70(1 12-10 65 ----- -
.J. C Hubinger t."'- Co , l ,vell. _ . - 2,230 637 667 A. T. 300 10 65 . - ---
Keokuk Pickle Co.--------------- 7111 ·-- --- 35* 250 6 61 1892 

Keokuk Poultry LO.----- __ -- - ---· 700 541 5-15 A. T 250 6 60 1895 
Kertz Bre~'el'y. __ - _ - _ - - -- . - - - - - - . 700 600 ------- · --- -- 3 65 ------
City Park. _______ __ _____ - -- --- -- - 1,800 637 _______ ,. 

·----- 5 6 J ---- --
Hubinger Tile ·works __ .. - -- - -- 800 620 667 A. T. . - 6 50 1------

* Above curb. 

The blanks in this table are the most to be reg·retted, as the 
Keokuk basin is one of the most interesting· in the state. 
The water springs from Silurian sandstones at a reported 
clepth in the Hubinger wells of 113 feet below sea level. The 
eontributions of deeper strata are not on record. So far i:ts 
know11, this is the onl:y town i.n Iowa in which the artesjan 
water power is mechanicall:y t1tilized. ''The Hubing·er wells," 
sa:rs 1Yir. Gorclon, ''are located on the bluff overlooking· the 
1'Iississippi a11cl the water is received in an artificial lake. 
* * -)(- From this lake the water is the11 carriecl i11 a 
cht1te down the face of the bluff about 130 feet, where it is 
utili.zec1 in rt1nning two dynamos for furnishing· incandescent 
lighting· to the city." At the date of Mr. Gordon's writing·, 
1889, only two of the Hubing·er wells hacl been com1Jletecl, 
and these st1pplied about 1,300 ga\lons 1)er minute. Wl1en 
the four wells were in 01Jeration, they at first discharg·ecl 
2,000 g·allons per min11te, and at the same time the flow of the 
park well nearly ceased. The Kertz Brewing· Co. well, whose 
first flow was ''very good," has "hardly an:y" discharg·e at 
t)resent. In 1894 the Hubing·er wells also had fallen to 1,500 
ancl in 1896 to 900 g·allons per mint1te. 

Several of the wells were drilled by Tweedy Brothers, of 
Keokuk. 

* American Geolog ist, vol. l V , pp. 237-239. 
tiowa Geol. Surv., vol. III. pp. 3~3-321. 

• 
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ANALYSIS. 

NO. 1- NO.2-
l{E~KUK PICKLE CO. KEOKUK POULTRY CO 

.... I 
<l, ...... 
t"\ ca 
..... 0.0 
Cl) 

r::i ':I] • 
...... r::i 
ce,-..:. o .... ....., ...... 
0 

----------··-----;-----1------,---·-1-----
Silica (Si 0 2 ) __ ------ - - -- -- - ------

Alumina (A1 2 0 3 ) --------- ------} 

Ferric oxide (Fe2 0 3 ) - --- - --- - --Lime ( Ca l,) . ________________ _____ _ 
Magnesia (11g 0) _____________ ___ _ 

Potash (K2 0) - - - --- -- -- - - --- - ---
Soda (N a 2 0). - - - - - -- - - -- -- - . - - - - - -
Chlorine (Cl) --------------------
Sulphur trioxide (S 0

3
) _ _ _ ____ __ _ _ 

Carbon dioxide(C02 ) ---- -- ----- --
Water in combination (H2 0) _____ _ 
Free (CO2 ) -- - - -----------------

UNrrED AS FOLLOWS 

.406 

.447 

13.920 
8.327 

Trace 
65.400 
36. 714 
74. 729 
5 079 
1.044 

[7 896] 

7.000 

7. 710 

240.000 
143 576 
Trace. 

1,127 571 
633.000 

1,288 428 
87 572 
18 000 

[136,142] 

Calcium bicarbonate (Ca H 2 (Co8 ) 2 ) 9.338 161.000 
Calcium sulphate (Ca SO,.) ______ 25.993 448 143 
Jviagnesium sulphate (nilg 804 ). ____ 24.874 I 428.857 
Sodium sulphate (Na2 SO.l) _ - ----· 76 129 l,3l2.57-1 
Sodium chloride (Na Cl).____ __ ___ _ 60.593 1,0:14 714 
Potassium chloride (K Cl) ... ___________________________ _ 
Silica (Si o 

2
) • ____ - _ - ____ • _ _ _ _ _ _ _ _ _ . 406 7. 000 

Alumina (A12 0 3 ) and oxide of iron. .447 7. 710 
Oxygen replaced by chlorine _ _ _ _ _ 8 286 142.859 

.340 

.050 

16.356 
3.339 

81.581 
38.092 
76.800 
14.003 
2.676 

21971 
15 834 
9.984 

108.054 
64 562 
2.660 
.340 
.050 

8 783 

5.857 

.857 

282.000 
57.572 

1,406.571 
674.000 

1,324.143 
241.429 

46 143 

413.286 
273.000 
172.143 

1,863.000 
1,113.143 

45.857 
5 857 

857 
151.428 

I ,----------•·----:•-----
Solids __ __ ------------___ ____ 206.066 I 3,552.857 234.237 I 4,038.57 l -------------------------

Analyst, Prof. J. B. \Veems. Date of No. 1, May 25, 1896; No. 2, July l9, 1896 

RECORD OF STRATA. 

Well of Keokuk Poultry· Co. 
-The following· record is made by Mr. George 11. Crofts of 

Keokuk, from examination of drillings and driller's record. 
The summary is by the author. 

STRATA . THICKNESS DEPTH 

28. Drift, promiscuous material ________ . ____ 5 5 
27. Limestone, magnesian 2 -·----------~------ ' 
26. Dolomite (magnesium limestone), in ,vhich 

lime carbonate predominates __ __ ______ 5 12 
25. Same, with chert (flint) ----------- ----- 5 17 
24. Same, in ,vhich magnesian carbonate pre-

dominates, and traces of iron ·-------- 18 35 
23. Limestone slightly siliceou:3 _____ . __ . ____ 15 50 
22. Limestone, rather highly siliceous, yields 

traces of iron ____________ ______________ 18 68 



• 
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STRATA. TEIIORNBSS. DEPTH, 

21. Limestone, light colored, rather pure, 
slightlysiliceous ___ ______ _____________ 30 98 

20. Limestone, gray, rather highly siliceous, 
yields traces of iron ____ ____ __ ___ ______ 23 121 

19. Limestone, gray, slightly mixed ,~ith 
shale ___ __ _____ _____ · -- -------------- 14 135 

18. Dolomite (magnesian limestone), with a 
large amount of chert (flint) . . ____ ____ 11 146 

17. Chert, mostly, and fossil limestone _____ __ 19 165 
16. Limestona, with ,vhite sand (siliceous 

limestone)___ ___ ______ ___________ _ __ __ 17 182 

15. Limestone, with chert, slightly siliceous 5 18'7 
14. Shale, almostpure ___ __ ____ ____ __ ____ ____ 10 197 

13. Shale, blue, highly siliceous.___ ____ ____ _ 6 203 
12. Shale, as ~o. 14: _ ______ __________________ 5 208 

11. Limestone, gray, quite pure ___________ __ 17 225 

10. Dolomite (magnesian limestone), in which 
magnesia ca~bonate greatly predom-

inates.-- ---- ----- ----- ---- -----------· 40 271 
9. Limestone, light colored, almost pure ·-- 19 290 
8. Shale, blue, would ,veather into a tena-

ceous clay __ _____ ___ ___________________ 73 363 
7. Shale, bituminous . _____________________ 39 402 

6. Shale, gray, would weather into a tena-
ceous clay ________________ _______ ______ 9! 496 

511 
521 
581 
62d 

5. Limestone, light gray color, almost pure. 15 
4. Limestone, light colored, almost pure.__ 10 
3. Limestone, gray, almost pure . _ _ _ _ _ _ _ _ _ _ 60 

2. Limestone, siliceous. ____ -------- - ------- 47 
1. Sand:)tone, gray, calcareous, yields traces 

of iron ___ _____________ ____________ ___ 73 701 

SUMMARY. 
FOR\l'ATION TRIOKNll.SS 

28. Pleistocene and Recent_______ 5 
19 27 Keokuk ____ ___________________ 130 

17- 18 
15-16 

9- 14. 
6-8. 
3 5. 
1-2. 

lvlontrose cherts, Mississippian 30 
Upper Burlington,:Ivlississippian 22 
Lower Burlington,1'1ississippian 103 
Kinderhook, lvlississippian . ___ 206 
DeYonian _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 85 
Silurian ___ ___________________ 12Ll 

HUBINGER WELL. 

D&PrB. A, T, 

5 536 
135 406 
165 376 
]87 351 
290 251 
496 45 
581 -40 
701 - 160 

In the following· record the strata, with their thickness and 
de1)th, are as given by Gordon.* 

*American Geol, v.JI. l V, p 2'38 

• 
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The assignment of format ions is based largely upon that by 
Keyes. ·x- , 

STRA'£A.. 

THICKNESS ~EPl'H 
FORlfATIO:!ol'. FEET FEET. 

20. Bluff [loess] Pleistocene. _________ 25 
l 9 Boulder clay, Pleistocene . _____ . 3 
18. Limestone, Saint Louis, .t. ississip-

25 
28 

pian_ _ _ _ _ _ _ _ _ _ _ _ ___ _ _ _ _ _ _ _ __ _ _ _ _ 5 33 

17 .:::-andstone, Saint Louis, ?llississip-
pian __ ___ _ _ _ _ _ _ _ _ _ __ ________ 5 

38 
16. Limestone, Augusta, Mississippian 12 50 
15 Shale, .Augusta, Mississippian _ _ _ 58 108 
14. Limestone, Augusta, }Iississippian 62 
L3. Shale, Augusta, ~Iissis.;ippian _. _ 10 
12. Limes·one, Augusta, wiiosissippian 110 
11. Shale, calcareous, Augusta("!), ~Iis-

s . s·) · n 6-1s 11 p1a ______________ . __ . _ _ _ _ a 

10. Limestone, Augusta, Mississippian JO 
9. Shale, Kinderhook .\1.ississippian . 195 
e. Limestone('?) Devonian___________ ti5 
7. Sandstone, Silurian ______________ 20 

6. Limestone, sandy, Silurian_ _ _ _ _ _ 55 
5. Sandstone, Silurian___________ ____ 37 

-!. Shale, M~quoketa________________ 63 
3. LimestQne, sandy below·. Trenton. 140 
2. Sandstone, Eaint P eter_ 11 0 

170 

130 
240 

355 
365 
560 
625 
645 
700 
737 
800 
940 

1,050 

A. T. 

FEET. 

609 

599 

347 

-lCO 
-163 
-303 
-413 

1 Limestone alternating \vith :-and
stone, Oneota and Saint Croix._ 755 J,805 -1,168 

LX. CENTER'\?ILLE. t 
Two deep boring·s have been sunk b:y the incorporated town 

of Centerville. The first, No. 1 of the following· table, was 
c1rilled some years ago in the public square; the seconcl, No. 
2, was begun b}r J. P . Miller ~'v; Co., in May, 1895, and was 
finished by them in October of the same year, a short time 
considering· the difficulties of the strata of the reg·ion. 

*Iowa Gaol. Surv., vol. llI, p. 323. 
·I For an unusually large i.et of sample drillln~s from the flr·st wtll, and also for the infor

matlnn reii;a.rding it, we are ind.-btt!d tu Col E. u Haynes. The second well is reportud ny 
Mr. II. if, Bain auu by tth s~• s. \.Hark and l't-atman. 

• 

• 

• 



IOWA GEOLOGICAL SURVEY. 
PLATE xx11, 

A.T. ' 
o~~ w~• 1017 

PLEISTOCENE 
. ~-2_.!!.0 TILL -o ·-PO-~:&~ 927 

_.-:;_-.:;. -- -
---:.r.~-.:..~ ;,c-;;;.-=-;-,_ -:._"!C- -

"'-~~ SHALES, WITH A F£W THIN SEAMS OF 

- - COAL, NON£ OV£R LIMESTONE ANO 

Des Moines -
en 

FIVE FEET THICK. 

-· 
=i ---0 
a:: 
w 526 - --- -491 LL.. "ROCK"., PRO BA BLY LIMESTONE. 

- 560 
z =: ·=-=-~ SHALES, VARIEGATED ABOVE, AR£NACEOUS BELOW 

610 ~-~ D LIMESTONE, ROUGH, GRAY, CILICEOUS. 

en 640 SHALES, Sc.LENIFEROUS, WITH SOME 

0::: 705 
LIMESTONE ANO CHALCEDONY. 

<( Saint Louis . LIMESTONE, HIGHLY CH£RTY, WITH SHALE. -
(_J and 

760 
SHALES CHERTY WITH L/M£STON£. 

, 

815 Augusta = LIMESTONE WHIT£, HIGHLY CHERTY,CHALCEDON~ 

855 

~ 
LIMESTONE WHITE , GRAY, ANO BROWN, 

~ 
MOSTLY CHERTY, WITH SHALE., 

1041 -24 -- -
Kinderhook ------=- SHALE, BLUE ANO GREENISH GRAY, 

/100 -83 
:z: SHALE, WITH WHITE ANO GRAY LIMESTONE. 

<C 1160 --z: 1200 
WATER. 

C) 

> LIMESTONE, NON- MAGNESIAN, WITH SOME SHALE. 
L..L...J 

~ c::i 
1360~1 -343 = ''380 

I LIME:STONE, BUfF, MAGNESIAN. 

<( SHALE ANO BLUE LIMESTONE. 

= ~-: : .. '! .... SANOS TONE, FINE, CALCIFEROUS, BUFF. = 1480 ·; -~---' - I I LIMESTONE, MAGNESIAN, SILICEOUS. 
if) I I 154 

I r -523 I 

• 

' I I 
I I I 

l 1 LIMES TONES, MAGNeS/AN ANO DOLOMITIC, 

Trenton I I I 
I , IN PLACES CHERTY, UNDERLAIN WITH SHALE, 

I I 

1740 
l I 723 

Saint Peter • -=· . ... ·'. .' . _. SANDSTONE, ROUNDED GRAINS, CLEAN. 

1780 
. : ... -768 I i 

I I 

Upper Oneota 
I I DOLOMITE, 

I I 

z 1890 . l l -873 . . 
<( , ' .. 

Ne\V 
., SANDSTONE ANO DOLOMITE. -

(_J R1chmond H/9' -> : : 
SANDSTONE:., FINE, ANGULAR, GRAY. 

06 
. -1043 0 • 

' 
, 

D • 
O::' 

. . 12140 
• ➔ ..... ~ 

0 I l 

• I : 
Low er Oneota I 

.L,L--;i OOLOl-1/TC, Cf: !il?TY ANO ARCNACEOUS IN PLACES. 

I I 

235 
I . ; .. ,. :, 

I I 

• ' 1483 tzso • : i . ' 

CENT!:.RVILLE WELL SECTION . 

• 

• 

• • 

-M 
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H 
. 

I l) ...... (l) ~ .,.., 
0 

_E-l .,:, (I) H 
a;! 0. 0 cd 

~ ..... ,.cl 
..... 

A • e>, (I) 
:.., 

NUMBER. 
o<G ..... .,:,+:> 0 :.., ;:j ..... 

0~ ..... ;:j 1/1 

,.cl 
+:>_o o A ...c:l Q.) • 
cd H 'd +:> ..., Cl s .,:, t> ::, cd ..... 0. al 0 

0.. 
cd . 

0. s 0 
~(.) (l) < (l) Ii:: N 

(l) ci H 

A ~ p:j CJ A ~ 

- - - -
1 ___________________ ---· - ---- -- 2,495 1,0 l 9 7 )9 200 1,200 2,450 

2---- - --------------------------- 1,540 1,017 737 350 1,439 1,540 

The casing· in No. 1 is as follows: 12-inch to 55 feet; 10-
inch to 95 feet; 9-inch to 155 feet; 8-inch to 335 feet; 7-inch 

• 
to 492 feet; 6-inch to 616 feet; 5-inch to 804 feet. The bore 
continues 5 inches to 2,335 feet, and 4 inches the remainder 
of the distance to the bottom. The water is a mineral water, 
but not unpleasant to the taste. Bored long before water works 
were installed, the well never was used; and when a complete 
system of works was beg·un in 1895, it was found best to sink 
a new well at a more convenient location. 

Well No. 2 is cased to 860 feet with tubing· varying· from 14 
inches to 7 inches and 90 feet of casing· is inserted between 
1,100 and 1,200 feet. The water seems to be satisfactory to 
the town; it is said to be largely used and well liked. As a 
steam water it is excellent, causing· neither corrosion nor 

scale. 
The following· analyses will indicate the physiological 

effects that may be expected from its use. 

ANALYSIS, WELL NO. 2. 

ORilNS P I,R 

U. S . GALLON 

Silica (Si 0
2
)__________ ______ __ ______ _ ___ .596 

Alumina (Al2 0 3 ) and Ferric oxide (F e 2 0 3 ) .174 
Lime (Ca 0 )- ------------------· ________ 21.319 

l\Iagnesia (Mg 0 )-------- - ------------ -- - 8.650 
Potash (K

2 
Q) __________________________ Trace. 

Soda (Na
2 

Q) _______ . ____ . _ __ _ _ __ ____ _ _ _ _ 58.-094 

Chlorine (Cl)- ---------------------------· 22.537 
~ulphur trioxide (S 0 3 ) ---- ___ - --- - -- -- - -

Carbon dioxide (0 0 2 )--------------------

Water in combination (H2 O) ___________ _ 

Free (CO 2 ) - - - - - • - - - - - - - - - - - - - - - - - - - - - - - - -

94. 772 
3.853 

17 .690 
[8.576] 

PARTS PER 

MILLION. 

10.285 
3.000 

367.671 
149.143 
Trace. 

1,017.143 
388.571 

J ,634.000 
66.429 

305.000 
[L47.857] 

• 

• 

• 

... 
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UNI'l'ED AS FOLLOWS. 

GRAINS PER 
U. 8 GALLON 

Calcium bicarbonate (Ca H 2 (C03 h)_____ 7.067 
Calcium sulphate (Ca ~0

1
)_ _________ ____ 45.870 

Magnesium sulphate (1Ig S0
1

) ___________ 25.818 

Sodium sulphate (Na2 S0 1 )--------------- 89.859 
Potassium chloride (K Cl) __ ____ __ _______ Trace. 
Sodium chloride (Na Cl) __ _______________ 37.195 

:::,ilica (Si 0 2 ) _ ------------------------- .596 
Alumina (Al2 0 3 ) and Ferric oxide ____ _ _ 
Combined water (H

2 
O). _____ __ _________ _ 

Oxygen replaced by chlorine . __________ _ 

.17 ~ 
16.895 
5.112 

Solids_ ---------- _______________ 228 585 

Analyst, Prof . .J. B. \Veems. Date, April 10, 1890. 

PARTS PER 
MILLION. 

121.857 
i90.857 
445.143 

l ,549. 286 
Trace 
641.286 
J0.285 
3.000 

291.286 
88.143 

3,941.143 

This water is very· similar to the heavily mineralized waters 
at Keokuk, drawn also from the beds of the Siluria11. In the 
first well it does not seem to have beeu sht1t off, and the fol
lowing analysis l)robabl:r shows the chemical constitution of 
a mixture of the Silurian with purer and <..lee1)er waters. The 
well had been closed for years when the analysis was made. 

ANALYSIS, WELL NO. 1. 

GRAINS P~R 
COMPOUND. U S GALLON. 

Calcium carbonate _________________ ___ 10.4657 
Calcium sulphate __________ : ____ _____ __ 3.3621 
Sodium sulphate _______________________ 41.6878 

Sodium chloride -- ---------- - --------- 13.2150 
Magnesium chloride . ________ _________ . 3.3970 
Silica . _. _____________ . ___ . _ _ _ _ _ _ _ _ _ _ _ _ _ 4. 7338 
\Tolatile matter. __ ______________________ 5.4167 

P.AR1'S PER 
MJLLION. 

179.3 
57 6 

i14 2 
226.4 
58.2 
81. l 
92 8 

1\mmonia _______ -------- ------------- _____ _ Trace. 
Nitrites_ --- ------- - ------------ --- ---- ___ ___ FainttracE>s. 

Totals--------------------------- 78.8811 
Analyst, J E. :3iebel, Chicago Date, 1v1arch 30, 1 ~95 

WELLS OF SOUTH"\VESTERN row A. 

Geoloqical ~, ... otes. 

1409 6 

The country rock of southwestern Iowa consists of the Coal 
Measures, except only where these are overlain by patches of 
the Cretaceous. Their thickness is a matter of l}ractical inter
est. It concerns the miner of coal, the 1)ros1)ector for gas and 

I 

• 
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oil, and the driller in search of artesian waters. It may be 
estimated bJ,. several methods. .._..\.ssuming a uniform dip of the 
strata and knowing· tl1e \.vi<l~h of outcrop along· the line of 
this di1), a short trig·o1netrical calculation g·ives the thickness 
of the series. The further assumption is involved. however, 
wh ich ma:y or ma:y- not be trt1e, that the assumed or ascer
tained dip of the strata corresponds to the inclination of the 
floor on wl1ich the series rests. 

Ag·ain, the tl1ickness may be measured of each of the suc
cessive beds outcro1J11ing· along tl1e line of the di1), and thus 
their ag·g·reg·ate thickness may be obtained by addition. This 
method is especially unreliable, if not wholly impracticable, 
\.Vhere, as in southwestern Iowa, the country is heavily mantled 
with drift, and in case of a series like the Coal Measures 
where strata are affected with rai)icl litholog·ical changes. It 
is larg·ely by these methods that the following estimates have 
been made of the thickness of the Coal 1'1easures in south
western Iowa and acl:joining· counties of Missou1·i. 

1858 _________ Hall ___ ___________ Iowa __ ______ ______ 1,000 
18i2 ____________ White ____________ Iowa ______________ 600 

1891 ____________ Winslo,v _ _______ 1VIissou1·i __ _____ ___ 1,901J 
1894: __________ Broadhe, d __ ____ Missouri __ _______ 2,000 
1893 _________ __ Keyes __________ Iowa ___ ___________ 1,60u 
189t ____________ Keyes ___________ l\1issouri __ · --- ____ 1,600 

· 1894 . ______ _____ Lonsdale ______ __ Io,va __ ____________ 2,00 i 

In a recent pa1)er on the thickness of the Paleozoic rocks of 
the Mississippi basin, from whi0h the above table in part is 
take11, Ke3res seems to return toward the earlier and lo,:ver esti
mate, and states that the maximum thickness of the Coal Meas
ures in the central part of the basin is considerabl.Y less than 
bis previous estimates as given in tl1e table. -x-

The third method of obtaining· the thickness of any forma
tion is the practic:.il test of the clrill. This is especially 
reliable when the forma.tio11 has di8tinet lithological c·ha1·ac
teristics and limits, and \,hen the bori11g· is made by a diamond 
drill, or, if made by a, plung·e c11·ill, where the <lrilling·s are 
taken at close intervn]s. ·-

"'American Geologist,, v ol. XVIL pp lt19-J ;'a. 1896. 

I 
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It neecl not be said that the Coal Measures are readily recog
nized by their lithological characteristics, by the predomi
nance of shales, by the ra1)id alternation of limestones and 
shales and sandstones, and by the presence of carbon in coal 
and carbonaceous shales. And not only in Iowa, but from 
Kansas to Indiana and to Tennessee, the rocks forming the 
floor of the Coal Measures, the Mississippian series, include 
heavy beds of chert and cherty limestone and sha]es. In the 
interpretation of the records of deep wells the passage from 
the Coal Measures to the Mississippian is therefore one of the 
most readily recog·nizable of geological horizons. Fortunately 
we have the data of four wells which pass through the Coal 
Measures in or near the district in question, the drillingsfrom 
three of which form in each case a practically continuous 
section. At Atlantic the shales, limestones, and sandstones 
of the Coal Measures extend to 300 feet A. T., a thickness of 
725 feet. At this depth there succeed 420 feet of chert and 
highly chert)'" limestones and shales. Chalcedonic silica is 
often present in the drillings from this immense body of rock, 
and in several instances <:onstitutes the bulk of the sample. 
Below these rocks, evidently Mississippian, at 120 feet below 
tide, the drill passed into forty feet of shale and limestone 
which may belong· to the Devonian. 

Uniter this interpretation the Mississippian floor is practi
cally at the same level at Atlantic as at Des Moines. 

At Omaha the lowest shale reported in the well of the Wil
low Spring·s rnstillery* that co11ld be assigned to the Coal 
Measures ends at 1,030 feet below the surface, or about at sea 
level. At 1,055 feet below the curb there beg·ins a series of 
Mag·nesian limestones and dolomites which continues to 1,780 
feet, interrupted, so far as our data shows, only by a thin 
shale at 1,250 feet and a white sandstone at 1,-130 feet. The 
Coal Measures here can scarcely exceed 1,000 feet in thick
ness. The third well record in evidence is that sunk at 
Lincoln, Neb., b:y the state, between 1885 and 1888. In 

* Drilling from this ,vell were ktnd ty prl'sented to the Survey by the proprie tors. 
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this boring· the diamond drill was employed. Every foot 
of the section is represented by a solid core of rock. The 
re1)ort of the well is made b~)T an official g·eologist. As the 
record is so exceptionally reliable, and as it so directly con
cerns the interpretation of the well records of southwestern 
Iowa, we may here introduce a summary of the determina
tions of 11:r. B. P. Russell, the geolog·ist in charg·e of the 

b . * or1ng. 
TBICKNBSS. DEPTH. 

12. Sandstone, Dakota ___________ ----------- 240 
11. Limestone, sandstone and shales, Carbon

iferous -------------------------------- 840 
10. lvlagnesian limestone, age undetermined_ 138 
9. Sandstone, gray, age undetermined____ __ 15 
8. lvlagnesian limestone, age undetermined_ 194 
7. Shale, red, age undetermined _____ ______ 13 

6. lvlagnesian limestone, age undetermined_ 373 
5. Limestone, 'rrenton ________ ~. ------------ 134 

4. Sandstone, Saint Peter ----------- ------ 61 
3. Limestone, Magnesian, Lower Magnesian 113 
2. Sandstone, red, Potsdam _________________ 72 

1. Quartzite, varying to a much metamor-
phosed shale, traversed in places by 
quartz veins at angles from 75° to 85°, 
from flesh tint to dark red, Algonkian. _ 270 

240 

1,080 
l ,2l8 
1,233 
1,427 
1,440 
1,813 
1,947 
2,008 
2,121 
2,193 

2,463 

• 

Here less than fifty miles west of the su1)posed center of 
the Carboniferous basin placed at the intersection of the 
11issouri river by the southern boundary of Iowa, the entire 
Carboniferous is included within 840 feet. Interpreted in the 
lig·ht of the Lincoln section, the samples of dolomitic limestone 
in the Omaha well saved at intervals from 1,055 to 1,782 feet 
may be taken•to belong· to a series of such limestones extending 
betwee11 these limits with but few and slig·ht interruptions. 

The Glenwoocl section is less satisfactory than that at 
Lincoln only in that the boring was made by a plunge drill 
and inasmuch as it fails to reach an Alg·onkian ter1n1·n,1-l8 ·ad 
quen1. Two ht1ndred and ten sam1)les, carefully preserved by 
a trained civil eng·ineer, leave little room for doubt as to the 

•Sixth Btennia.l Report of Commissioner of Public Lands and Buildings, pp. 59-8!. Lin
coln, Nut>., 1888. 

27 G. Rep. 

• 
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' 

exaet nature of the strata penetrated. The record of the well 
was first l)ublished bJ .. 1.fr. R. E. Call, ,vbo referred the entire 
section, 2,000 feet dee1), to the Carbo11iferot1s, placing· the 
base of the Up1)er Coal ~Ieasures, or 1lissouria11 stag·e, at 317 
feet from the surface." Not h1wing examined the drillings 
he evidently was 1nislecl b3 .. the orig·inal record, wl1ich, as we 
shall see, often fails to describe the real nature of the sam1)les. 
The section has l>een rccentl:r 1·evielved l>:r :\Ir. E. II. Lons
dale. t IIe not 011ly follows Cn,ll in <-'onsideri11g· the ~·hole 
section Ca,rboniferons, l)ut ev·en takes it all to belong· to tl1c 
(

1

oal 1\leasures. ...\t 2,001 feet be eonsiders that the lower 
Carl>oniferous, or 1IississiJ)l>ian, ,vas neal'l:rrea,ched . 1'he base 
of the Missourian is drawn at 1,400 feet. The record of the 
strata pt1blishecl on pages 3-42 7 sho""·s that tl1e determinations 
of both Call an<l Lonsclale are vvitl1out fol111dation in fact. The 
first notable cbang·e whicl1 ean be taker1 as the base of tl1e 
1\Iissourian OCCllrs at 8-15 feet, where the Sl1ccession of alter
nating· limestones, calc.-areot1s shales and sandstones g·i, .. es 
place to 011e of sandstones ancl argillaceous shn,les, the latter 
predo1nina ting·. 

Nearl3· 400 feet lower a still more marked chan::re occurs 
ancl here must l)e the base of the Coal ~1east1res. From this 
horizon at 1,23.'5 feet che1·ts an<l cherty 8hales an<l limestones, 
in l)la,ces chalcedonic, extend to 1.-165 feet, interrupted onl~r 
by twent~r-fi·ve feet, of sa11dsto11e at 1,210, ;1nd t\v0nt3· feet of 
,1rg·ill,1ceous s,1uclstone at 1.280 feet. It se~ms hig·hlJ? i1111)rob
able that tl1ese cherts can belo11g· to the Coal 1Ieasures. If 
ibis is the cas0 it is a sing·tilar Jact tl1c1t l)ecls of such tl1ick-
11ess and obduraey shoulcl fail of outc1·op i11 the Coal 1Ieasure 
areas. Limesto11es \Vit]1 more or less ehert, occ·ur incleecl, in 
the 1Iissourian stag·e, as for exam1)le in 1Iontg·omer3 .. county, 
,vl1ose \Vestern line is less tl1an t\vent:y miles east of Glen-

~ 

wood. But it ,vill not be seriousl:r hel(l t11at the SUJ)erficial 
cberty limestones of tl1is county are the equivalent of tl1e 

• Proc. Iowa Acad. Sci., vol. I , pt. II, pp. 60 68. Dos Molne<i, 189:?. 
t Proc. Iowu. Acacl. Sci. vol. II, pp. 198-199. lJes i\Iolnes, 180.3 . 

.. 
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eherts of Glenwood and Atlantic lying 1,200 feet dee11er. The 
. former, as shown b:y deep prospect holes in the county are 

})art of a series of thinly· bedded alternating· limestones and 
shales similar to the l\1issouria11 stag·e in the Glenwood section. 
The latter are 11nclerlain by mag·nesian limestones which are 
certainly pre-Carboni.ferous. 

If the latter are in<.!ltlcled in the Coal Measures, no good 
reasons can be given for excluding similar beds of chert in 
several well sections of Iowa and the cherts which have been 
taken by the University Surve3r of Kansas to form the 1\1:is
sissippian floor in that state. The natural interpretation of 
the (-llenwood section limits the thickness of the Coal Meas
llres to 1,0H0 feet, the maximum measured thickness of the 

series in Iowa. 
The lower limit of the Mississippian at Glenwood cannot be 

clrawn with 1)recision. Certainl3- it must be placed as low as 
the base of the cherts at 1,465, g·iving· a thickness to this for
mation of 230 feet. Whether the forty-fiy·e feet of limestone 
and tl1e 134 feet of shale that underlie the cl1ert}T beds are in 
whole or in 1)art Devonian cannot be dete1·mined. At 1,668 
feet from the surface there begins a series of limestones, 
almost wholly magnesian and dolomitic, which extend with 
little interrtlption to 2,000 feet. The drilling·s from these 
be<ls, as is usual in the case of dolomites, are taken out in the 
fo1·1n of hard, sparkling, crystalline ang·ular sand, and it is 
tlot1btless for this reason that they have been listed as fine 
sanclstones in the previous reports of the well and, as sand
stones, are incl ucled in the Coal Measures. The microscope 
an<l the test t11be demonstrate at once that they are as purely 
calcareo-magnesian as are the outcrops of the Niag·ara or 
Galena in northeastern Iowa. To what age do they, then, 
belong? The presence of the Alg·onkian at Lincoln, Neb., 
fifty miles west, at a level about 200 feet below the base of 
the Glenwood well would indicate that the latter may have 
penetrated the Magnesian series. That series, however, is 
commonly arenaceous and these dolomites are not. The. 

• 
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K\'l)Sum that they carr~r from 1,030 to 2,000 feet points strongl:r 
to the 8iluria11, ""hich is noticeablJ· g·}·1>seous at Pella. Oska
loosa and Des J\.Ioines. The shale in which the boring- stopped 
may· therefore be :\Iaqtioketa. .i-\t ()maha the g·reater thiclr
ness of tl1e i\Iagnesian limestones inc.licates that the drill may 
there hav·e reached lower g·eologieal l1orizons than at Glen
wood: on the other ha11d the lower waters of both wells ,vere 
struck at abot1t the same levels. 

~\.t Atla11tic the i\Iississi1)pian cherts end at 1,270 feet below 
the surface, with a thickness of 420 feet, and are underlain by 
a thi11 shale and limestone. which mav· be De,·onian . 

• 

~ l rte.,·i1111 (~J11rlitio11s l{f' .<..'011//11reste1•11 lou,•rt. 

Artesia,n ,va ter in this section ma,~ be fo11n<l i11 the Coal 
• 

i\Ieas11res. at their base, a,nd i11 tl1e l1ea\']" 1'1ag·nesia,n lime-I 

stones ,vl1ic.·h underlie tl1e Carl)onifero11s. ~·\lo11g the imme
adiate ,·alle:r of tl1e i\Iissouri ex1)erience full:r warrants the 
sinking of wells. The water of the Coal i\leasures of the 
1fissouria,n stag·e ,vill be small i11 quantity· and ma}· be salt with 
the fossil b1·ines of the a11cient ocean in whieh these sedime11t~ 
were laicl. The :rielcl of the l\Iag·nesian lin1estones will be 
much more ample, and sl1ould be reached within at least 900 
feet below ticle, unless it be in Fremont countJT, where the 
(lrill ma3· have to g·o dee1)er. 

The l)Ossil)ilit:r that additional water will be foun(l in the 
Ordovician ancl Cambrian is sufficient to warrant the ex1)eri
me11t of continuing· poring·s to 2,.300 or 3,000 feet from tJ1e 
surface, ~1lthoug·h before t11e latter de1)th is reac•hecl the ... \lgon
l{ian will probabl.r be met, be:rond ,,l1icl1 1)oi11t 110 ex1)loitatiou 
sho11lc.l l)roc.-eed . 

.c\.s to the (Jualit}· of tl1e water too n111cl1 sl1ould 11ot be 
expected. t\fter casing out th0 brines of tl1e C,oal i\Ieas11re~. 
the water will still be foun ll h~avi(v im1)regnated witl1 min
eral matters. but probabl3· not be3Toncl the limits of potable 
water. The anal~rses of tl1e wells at Gle11,vootl a11d Council 
J{lutfs indicate the 11at111·e of the artesian \,aters of the 
district. 
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Outside of the Missouri valley the sinking of deep wells 
can not be encouraged. Nor, on the other hand, can it be 
asserted that they will be failures. Under the former theory 
that the thickness of the Coal Measures in this region was 
read in thousands of feet, every attempt to discover artesian 
water was naturally condemned. The view here presented 
of their thickness offers more hope. At the same time, no· 
boring should be begun without the expectation of prosecut
ing· the work to at least 1,000 feet below tide, if artesian 
water is not found before. Any wells like the borings at 
Clarinda and Atlantic, the first of which does not penetrate 
the Coal Measures, and the second of which scarcely goes 
beyond the Carboniferous will, in all probability, also be 
fruitless. At Osceola, however, no artesian water was dis
covered in quantity, so far as we are informed, although the 
well was drilled to nearly 2,000 feet from the surface, to 821 
feet below tide. Here the Silurian was probably passed 
through, but not the Ordovician; and we can not assert 
that success would not have crowned the carrying on of the-
work 700 or 800 feet further. 

A complete g·eolog·ical section of this important well would 
have afforded data for a reliable prog·nosis of artesian condi
tions for all this reg·ion, and it is a distinct loss to the state 
that the record and samples of the drilling·s were not kept. 
With the scanty facts at hand we may infer that the Ordovic
ian and Cambrian continue to . sink sot1thward from Des 
Moines and westward from Centerville. The well section at 
Lincoln, Neb., if rightly read by Russell, shows that the 
strata ag·ain rise to the west of the Missouri river. If the 
gradient is alike on both sides, the center of the trough lies 
near the Nodaway. Taking the base of the Silurian, instead 
of the Saint Peter, in the surrounding· wells as data, the cen
ter will be shifted to the Tarkio or Nishnabotna. We may, 
therefore, expect that the base of the Silurian, above which 
lie the artesian waters of Glenwood and perhaps Omaha, 
sho11ld be reached along the Chicag·o, Burlington & Quincy 
railway, at 1,000 feet below tide at the farthest. 

• 

• 
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The formations below the Sil11rian, as shown by the Lincoln 
section, thin toward tl1e west. Their thiekness in south'\\·est
ern Iowa, and whether they carry artesian water suita.ble for 
town supply, are matters of conject11re. A 3,000-foot bor
ing· mig·ht be successful in reaching artesian water, and if 
carefully observed wot1ld certainls· help to solve the strati
graphic and h)~drographic l)roblems of the region. 

Another factor to be taken into account is the elevation 
above sea level. The higl1 altitude of towns on the di,,.ide 
not onl:r increases the necessarj'" exJ)ense of reaching· the 
deeper artesian horizons, but renders it questionable ,vhether 
the water will rise withi11 l)rofitable pumJ)ing distance. The 
he,1d at Glenwood is 1,00G A. T., and at Council Bluffs 1,090 
1\.. T. The pressure of grou11d water may increase this on 
the higher g·rounc1 to the east, but 1,100 or 1,200 feet ... -\. . T. 
would seem to be tl1e most that can be reasonabl3· ex1)ected at 
the best. 

LXI. ATLAN"'I'IC. * 

Pros1)ect boring· of ... \.tlantic Coal <.~ 11ining· Co. Elevation 
of well ,vaier 1,130 ..£\.. T. 

TD ICK:-1:ss, DEPTH, 
FEET Ft:1.r. 

72. Pleistoeene:' (no sample) ___________ ____ 12.5 ? 125 ~ 
il. "3hale, blue''--------------------------- 35 160 
70. "Shale. gravelly'' ___ _______________ ____ 35 195 

69. "Shale, red and blue. g ravelly'' _____ . ____ 5 200 
6S. ''Limestone, gray. saudy' _______________ 15 21n 

67. ''bhale, red an<l blue, ·with soapstone·' .. __ 5 220 
66. "Shale, gravelly''_ __________ ________ ____ <> 

65. Shale, purple, dark drah and green. fine, 
unt•tuous: ,vith pebbles (fiYe noted of 
limestont>. one of , itreous sandstone, 
one of eoal) ___ _____________________ _ 

64. '":Shale, gravelly''_·---------------------
63. ·'Clay, 1nottled, reel and blue"_·---------
62. "8hale. blue" _____________________ ·---
61. "Shale, red and blue, ,vith gravel'' _____ _ 

60. ":Shale, blue 1 ,vith sln.te"·----- -- --------

225 

35 260 
50 310 
30 340 
15 355 
5 360 
5 365 ,39. "~andstone nncl shale'' _________________ _ 

• Samples ot the drilllngs or this well were placed at the disposal ot the Sur,•ey by the 
generosity ot ~Ir. Seth Dean of Glenwood . 

50 415 

' 

• 



STllArrIGRAPl IIt'AI, RECORD. 

TIIIOKNEes. DEP TH. 

58. ''Slate, black: soapstone blue and green" 5 420 
5i. Shale, Yaricolored. green and reddish, 

fi~::-ilc. practically non-calcn.reous_. _ _ _ 10 430 
5 

15 
1,5 

435 
450 
465 

56. ''Saudi;tono' · ----- --- ------------------
55. 
54. 

"...:!h 1 .. ~ a C ------- . ---- ----- · ---- ---------· 
•·Shale and limestone'' _________________ _ 

53. "Shale, as Xo. 57" ---------------- -----
5~. ''Clnyand~oap~tone'' ------ ----- ·------- 15 480 
51. "Sandstone"-- - - - --------- - ----------- - - 25 505 
50. "Sbu,le, blue"_ --- -- ------------------- 12 517 
49. Shale, dark gray, very finely laminated, 

somc"·hat calcareous __ __ __ ___ ___ _ 

, ·i:; d l l' · .. ·• an stone, or sane y 1mestone _______ _ 
Shale. dark gray ___ __ ______ __________ _ 

23 
10 
15 

540 
550 
565 48. 

4; 
46. Shale, clark bro .vn-gray, non-calcareous, 

arenaceous, pyritif erous ______ .. __ .. _. 20 585 
590 
600 
630 
660 
675 

Sandstone, brown, highly f(•rruginous. _ 15. 
4-1. 
43. 
4~. 
4 l. 
40. 

'·Sandstone .... ___ .. _ _ .. __ .. _ ... ___ _ 10 
30 
30 
15 

39 
~as 
":37. 
.,,.36. 

:35. 

34. 
*33. 
*3•) ..... 

31. 

30. 
"29. 

*28. 

26. 

··Shale, s,tndy'' __________ _______________ _ 

"~ d t fl .. ,;,ans one. ,·cry ac ------------------
"Shale and slate'' ________ __________ ___ _ 

Shale, iron gray, finely lan1inatecl, non-
cnlcnrcous ______________________ _ 

"Sandstone, ,vhite, very fine'' ________ __ _ 

Clay, blue! with gra,el. --- -- -------- - 
Shale, sandy---------------------------
Sandstone -- · _________________________ _ 

Shale, finely arenaceous, ochreous, some 

black ___ ---- -------- ---- --------- ---

10 
10 
15 
15 

5 

10 
Shale. black, Carboniferous._____ ___ __ _ 10 
Shale, blue and slate _____ ________ ______ 10 
Shale, yellow, graYclly _______ ______ __ 40 

Sandstone, gray, of finest. grain. with 
n1uch hlaC'k shale, sa1nples ltt 800 and 

1,815----- ---- -- .. ------------ -- - ----- 23 
Limestone, sandy __ __ _ ______ ____ ____ __ 5 
Sandstone, brown ______ ___ __ _________ 6 

Sandstone, gray ___ ___ ____ ___ ___ ____ 15 

Limestone, "'bite. non-mngnesian, with 
n1uch ,vhite chert, ,vhich <'ODstitutes 
the hulk of the sample ______________ 35 

Limestone, blue-gray, argillac<'ous. 
quartzose residue; ,vith largo frag
ments of dark 1:,hale, probably from 
above . ____ ___ __ ___ ____ ____ __________ 75 

G86 
695 
710 

740 
750 
760 
800 

825 
830 
835 
850 

885 

960 

337 

• Determlo a.tlons In quota.tloni Are supl)\led by rii r. Beth Dean; those marked wltb o. : • 
are from the MS. record of Mr. E. H Lonsdale. 

• 
• 



338 

• 

I 

ARTESI AN WELLS OF row A . 

THIOKNESS. DEPTH. 
25. 

24. 

23. 

22. 

21. 

20. 

19. 

Limestone, yellow•gray, sample com• 
posed chiefly of dark brown, .fl.int with 
some chalcedonic silica; a very little 
quartz sand is present................ 5 

Flint, brown•gray, calcareous, with some 
chalcedonic silica; sample contains 
much shale in fragments....... ...... 10 

Flint, gray and black, chalcedony, drusy 
quartz, some shale • . ~. ...... . ......... 5 

Flint-, brown, calcareous, some chalce• 
dony, a little shale. .......... . . ...... 5 

Flint and chalcedony, :five samples, drill• 
ings largely milk white, translucent 
chalcedony, with brown calcareous 
flint and some limestone......... . .... 45 

Limestone, nearly white, with much 
white chert, two samples............. 15 

Chalcedony and flint. 1v1ass of drillings 
so far as no,v remains after original 
washing is made up of chalcedonic sil· 
ica and blue•gray and yellow siliceous 
fragments which effervesce in cold 
dilute H. CL, but do not disaggregate; 
particles of pure limestone practically 
absent •....•.•..... . •....•••••• .....• 30 

18. Shale and flint; shale, blue·gray, some• 
what calcareous.... . ................. 5 

17. Limestone, soft, light yellow gray, ,vith 
silica as above, 1;1,nd some fragments of 
shale, 4 samples....... . ...... . . ...... 40 

16. Limestone, brown ,vith much white chert 5 
15. Limestone, lighter colored, drillings 

chiefly chert; only finest sand is lime· 
stone and even this is siliceous._..... 5 

14. Limestone, light yellow, nearly pure, 
considerable shale present in small 
fragments · -·----·--------··--··-·· · · 5 

13. Limestone, as above, ·with much chalce. 
dony and chert...... .. ....... .• .•••.. 5 

12. Limestone, white, chalky, and light yel-

low-··-----·- ·· ···-·---·····-···-··-- 5 
11. Chert, drillings consist of chert and 

chalcedony; at 1,145 a few rounded 
grains of crystalline quartz and par
ticles of a fine·grained sandstone are 
present. Four samples, all these in 
mass effervesce freely in acid __ . ... _. 25 

965 

975 

980 

985 

1,030 

1,045 

1,075 

1,080 

1,120 
1,125 

1,130 

1,135 

1,140 

1,145 

1,170 

• 

l 
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THE CLARINDA WELL. 

TRICK NESS. DEPTa. 

10. Flint, sample consists of black, yellow·, 
and red fl.int and jasper, with sand of 
rounded grains of limpid quartz, and 
fragments of limestone, chert, and 
chalcedony ___________________ ·------ 10 1,180 

9. Limestone, blue-gray, cherty and argil-
laceous ________ . _ _ _ _ _ _ _ _ _ _ _ _ __ - - - - 10 1,190 

8 Chert, white and brovrn, some shale in 
sample ________________ ___ ____________ 10 1,200 

7. Limestone, cherty, drillings gray in 
mass _ _ _ _ _ _ _ _ _ _ _ _ _ . __ . _______ . ____ _ . 25 

6. Limestone, siliceous material consti-
tutes 

1
'is of sample by ,veight . ___ . __ . _ 20 

5. Chert and shale; chert effervescent; 
shale pink in :fine gr ains, but slightly 
calcareous, color of sample buff - . _ - - - 10 

4. Limestone, highly arenaceous and sili-
ceous, with chert and chalcedony; ~ of 
sample by weight insoluble.______ __ 5 

3. Sandstone, highly calciferous; limestone 
arenaceous, quartz in minute angular 
particles; white and yellow-gray, t,vo 

samples - ---------------------------- 10 
2. Shale, fine, light blue-gray, calcareous . 15 
1. Limestone, cream yellow, rather hard, 

in angular sand___________ ___ ________ 25 

SUMl'vIARY. 

NOMBmR. J!'ORM.ATlON. THIOKNE:!S, 
l!'EJ<JT. 

DEPTR, 
FEET. 

72. Pleistocene . ___ - _. - .. - - 125 '? 126 ? 

28-71. Coal ~Ieasures ___ ., ____ 725 850 

3-27. 1'1ississippian ___ _ __ ____ 420 1,270 

1-2. Deyonian ('?} _ ------ 40 1,310 

L XII. OSCEOLA. 

1,225 

1,245 

1,255 

1,260 

l ,270 
1,285 

1,310 

A. T, 
FEEr. 

1,025? 
300 

-120 
-160 

339 

At this place a boring was sunk 1,953 feet. Artesian water 
was not found. Unfortunately no data of the geological sec
tion are extant. As the bottom of the boring is 821 feet below 
sea level, it evidentl~y fell short of r eaching the Saint Peter, 
whose depth here may be estimated at over 1,200 below tide. 

LXIII. CL ARINDA. 

A boring was here sunk to a depth of 1,002 feet in search 
for coal. Water flowed from the top for a short time during 

• 
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the progress of the work, indicating local artesian conditions • in the Coal Measures. The record, which seems to have 
been carefully kept, contains forty entries of shale of various 
kinds, limestone, marl and coal. The Mississippian does not 
appear to have been reached by the driller. 

LXIV. COUNCIL BLUFFS* 

I . . f., UJ I 

<l'.j A (1) 
(l) s . ..Q 

c:j E-t . ..... P. C) 0 
>, (7) ~ c:j 

C) • 
0 . c:j OWNER. ...... < ~ c:j ..,a, . ..... _ ..... 0 

..,a, . ..... 0 ::J I 0 ...... ..d ti) 
"O 

c.,..-. i::1 ~ ...,, ;:. . ~~ .... (1) (l) (1) p., 
~8 d ~b.OS ;.., ~ ...... 

<l) (1) 0 d p., 
A µ;1 IJ:1 0 i:Q 0 

School for the deaf _________________________ I,09l 1,040t 1,090t 59 4 1886 Incorporated town (?) ________ ______________ I, 114 --- -- - - - - -- - -----Chicago, ~Iilwaukee & St. Paul Railway Co._ 860 . ·----- ------ -- -- ·~--- -
ANALYSIS OF WELL AT SCHOOL FOR 'l'HE DEAF. 

GRAI~S PER U. 8. 
COMPOUND. WINE GALLON. 

Calcium bicarbonate._____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ 9. 363 
Magnesium bicarbonate ___________ ___ _____ · -·------ 3.272 
Sodium bicarbonate . ___ . . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 12.155 
Sodium sulphate________________ _____ _ ___________ __ 55.723 

Potassium sulphate_________ ___ _____________ ___ ______ .478 
Sodium chloride ___________________ __ __________ _______ 7.503 
1\-Iagnesium sulphate ___ . __ . ____ . __________ ___________ Trace 

Silica and insoluble residue _________ __________________ .543 
Alumina and oxide of iron____________________________ .123 

Total solids_ . _____ _____ ·_ _ _ _ __________ . _ _ _ _ _ _ _ 89. 433 

Analy:.t, Floyd Davis, Des l\!oines. Authority, S eth Dean. 

LXV. GLENWOOD. 

The facts given below are taken from an article on the 
Glenwood well by Mr. Seth Dean,+ who has g·enerous]:y donated 
to the Survey a full set of drillings from the well. 

Owner·- ---- -- __________ __ ___ __ Town. 

Depth ------- - ---- - --------- ----2,000 feet. 
Elevation of curb A. T. __ ______ l ,132 feet. 
Head of water A. T. ___ ___ ___ ___ 961 feet. 

*For the Information here published we are indebted almost wholly to Mr. Seth Dea~ ot 
Glenwood. Repeated inquiries made to the owners of the wells were not answered. The 
del)th of the wells~ther than that at the school tor the deaf, is given on the authority of l\lr . 
R. E. Oall. (Iowa wea.tiher and orop Service, vol. III, p. 8. March, 1892.) 

t Approximately. 
• • 

of Iowa O ·' _6 .1neer and Sur veyors' Society, Des Moines, 1895, pp. 33-39. 

• 

, 



Diameter __________________ _____ 10 in., 4! in. 

Depth of tubing _________________ J,733 feet. 

Cuptt<'ity originnl in gullons per 
111inut,C------ ________ . __ - ______ 60 

Capacity present in gallons per 

iuinute .. ---------------- ------83 
Dute of hc:ginning ·-- --- -- _____ February 20, 1~89. 
Dute of completion·--------· ____ January 5, 1891. 
Drillers .. ----- __________________ 1\.1ncrican ,,·ell \\ ... orks Co. 

DBP'fH 01'' WA'fER HORIZO:-iS f'RO.M SURFA<.'l~. 

BEAD B&LOW 
CUARACTBR 01:' WAT&R. SURFACE, D1:PTO. 

l•'rcsh .. __ . _. _____________ . ___ ____ ..• _ .. _ _ _ _ _ 154 
Sult.------------------- _____________________ 176 716 

Salt---------------- - ----------- - ------------- 15 825 

Fresh 
Ii'resh 
l•'rcsh 
l•'rcsb 
l<'resh 

---- ---------·------·------------------
---· ---------------------- --~ ----------

126 
100 

------· ------ ------------·-·· ·- -···-·-· 40 
----- ------- --- --------- . --- --------

171 

1,008 
1,210 
1,668 
1,794 
1,836 

' 1Tl1e followi11g· interesting facts," saJ'S 11r. Dean, ''were 
develo1)ed at tl1e l)t1m1>ing tests made after the drilling was 
clone. The first test was macle by· }JUlllping· ten hours con
ti11uottsl:y ,Lt about B,000 g·allons per hour. After the water 
stan(ling· in tl1e well hacl been exl1atu,ted, a standar(l tl1ermom
eter \vas i11serted in the <lischarg·e I)it)e and the t(.\IDJ)erature 
notiuecl as follows. .J ant1ar)" 28, 18HO, })Ump stn,rte(l at 10 A. 11., 

s1)eed :\,000 g·allo11s })er hour. Tlt'.\IPf~RA'l'0RE-

llOU RS. FARR, 

10: 15 .\. \f. .. - - - - - - . - - - - .. - . - - .... - - - - . - . - . - - . - - . .. - - - - 60° 
11::30 A. M, __ ___ ____________ · --···--- · -·-- ·· - · ---··· -·-· 66° 

12:00 ~1 ---------------· · --------- -- ·- -------··-·--· - - 68° 
3: 15 p. )I. - • - - • . . • . • - - - - . - • - - . - - - .• - • - - ••• - • • • . • • • 69° 

~ · Seeond test made J ttly 2G and 27, 1892, 1)ump started at 

4 :;\0 1,,. ~r., bl)eed :\,GOO gallons. TJ;llPBRATURl!-

UOURS. lfAllR. 
July 2lith, 4:,>0 P. it. ___________________________________ 60° 

July 26th, 5:00 P. M,. _________ __ ---------- --- ---···---· 62° 
,July 26th, 5:40 P. ?-1. •• ___ .• ______ ________________ •••• 66° 

July 26th, 6:00 P. M. ------------------------·· ________ 69° 
July 26th, 8:17 P. -z-1. ________________ --· ··--·-·--··----· 72° 

July 27th, 2:45 A. r.L · -----······-- -- -·------··------·--- 72~
0 

July 27th, 9:45 A. ~L __________ ______ .. · ·---- ·- ·· 72.\-
0 

July :27th, 11:00 P . .M:. _ _______________ · ------·- ··- -- --- - 72½
0 

• 

• 
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'' The first test was made before the salt water had been 
excluded. The second test was made afterward. The tests 
seem to show quite a difference in the temr)erature of the 
water between· the 1,G68 feet and the 1,336 feet veins, and 
that about four hours pum1)ing at 4,800 gallons per hour are 
required to exhaust the upper vein, or so nearly to exhaust it 
that it has no more effect on the temperature of the water 
pumped.'' 

ANALYSIS. 

ORA.INS PER 
U, S, GALLON. 

Calcium carbonate ___________ _______ .__ _ 5.1372 

Magnesium carbonate_______ ______ _____ 1.8309 
Iron carbonate ______ __ _________ ··-·----- .2519 

Sodium bicarbonate._ . .. ··-- ... _··- -.. . 50.6179 

Sodium sulphate __ ·-··-·--· --··-···- -·-· 31.0916 

Sodium chloride · -----·-··--··--· ··-·-· 106.2845 
Silica and insoluble residue............. .6009 
Alumina . ____ . _ _ _. __ .. __ . _ . ____ .. __ •. _ Trace. 

Total anhydrous salts_···-··- -··· - 195.7149 
Less on ignition-···--···-·-··-··-·-·--- 4.1189 
Chlorine ....... ___ ·· ·-·----··-·---··-·-· 64.4997 
Free ammonia ...... ....... _ ·----·· ·--- .0483 
Albuminoid ammonia_·-- - · -··------.·-- .0042 

PARTS PER 
MILLION. 

88.089 
31.395 
4.320 

866.252 
533.139 

1,822.500 
10.305 

Trace. 

3,356.000 
70.800 

1,106.000 
.826 
072 

Nitrogen in nitrites_·······- -·-· -·-- ·-·- None. None. 
Nitrogen in nitrates·------·-·---·-- ·--- Trac€'. Trace. 

Total hardness of water, Clark's Scale, 7 i3
0 

degrees. 
Analyst, Floyd Davis, Des 1Ioines. Date, September 2, 1892. Authority, nlr. 

S. Dean. 

Owing· to the excellent domestic water sup1)ly at Glenwood 
and the peculiar taste of the city water, the latter is used for 
drinking purposes b:y bt1t few families. Physjcians rer)ort it 
s lightly laxative and dit1retic. In dyspepsia it has been pre
scribed with good results, and chronic dyspeptics who, for 
years, could use only the simplest farinaceous diet have recov
ered b3r its constant use. It has also been found of g·reat 
benefit in kidney diseases. It will be noted in the anal:ysis 
that, although the \Vater is so highly mineralized, the com• 
pounds which are specially deleterious when used habitua_~ly, 
such as calcium and alkaline sulphates, are present in 
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comparatiy·el~T sm~1ll q,1a11tit}T· The ,vater is softer tl1an S<)me 

r iYer wat~rs of the state. 
REl:OHD OF STRAT,\ . 

TB lCK..'-ESS. 

106. Soil--------- - - -- ------ ----___________ ___ 2 
105. Loe:-,s _ --- - -------------------- ____ ______ l f>2 
10-1. Gra ,·el and coar::;e sand, water-hear ing __ . 6 
103. Sand, coarse ____ --- - ___ ______ ----------- " 
102. Till. ycllo,,·: pebbles, greenstone:; and 

other kinds ------- - -------- -- -- ----- 10 

101. l,in1cstone, soft, light and darker g r ay, 

chcrty. ----- -- -- ----------- --------- -- 2 
100. 

9 .. I • 

95. 

I,imcstonc, dark blue, nrgillac•cous, pyri-
tircrous ____ ___ __ __ ___ ______ ___ __ __ ___ 10 

" 3 halc. blu.l:k carbonaceous· · ___ ____ _____ l ! 
Clay, blue, shaly ___ __ _____ ____ ______ ---- 6.1 
Shttle, iron gray _ . ______ _____ . _____ . __ - _ - 8 

Limestone, g ray, earthy lustre_ ___ _ ______ 22 

Shale, dar k blue-gray. th,8ill-, ,vith dibc's 
of crinoid ~tetns a.nd fr agments of n pro-

ductus _____ __ - - -- --------------------- 5 
94. Litnestonc, g ray: lustrl', cnr thy: con1pact1 

moderately h1trd, \Yith crinoicl steins, 
cchinoitl spines, and frag1nent::; of hrat'h-

iopods ----------------- --- - ---- _____ 8 
!13. Shale. black. car bonac•eouis ___ ____ ____ __ 4 

92. LimestOnl', soft, yello,,·-gray, ,vith fuseli oa 13 
Hl. Shale, blue · •- _______ ---- - ---- - ----- 7 
90. Lime::;tonc, light ycllO\\', fossiliferous . .•. 9 

89. Sliult:!'. durk red_---- ---- ---·------------ 16 

88. 
• 

DEPTH . 

154 
160 
JG;; 

175 

177 

187 
188! 
195 
20:3 
22i 

240 
244 
257 
264 
273 
289 

Li mes tone, brel•cinted, sa mplc 1.•onsists of 
two large unft'ac•tu1·cd musses of Ycry 
harcl li1nestot11' hreccia; lhnestnnc gruy. 
i,;ometilne:-i of reddish tint, n1atrix g rcl•n-
g-ray. und argilht<·eous, hut hard_______ 25 31 1 

~7. 8un<lstone _ ______ __ __ __ _ ____ __ _____ 9 3~3 

86. Lime.-,tone, nrgillat'eous, hlui::;b-g-ray _ .. _ _ 17 340 
85. Shale, blue ---·· ______ ___ , ______ __ ____ 2 342 
84 J.,iaH•stoue, co1npa<:t _ ___ ____ ____ ____ __ __ 5 347 

83. ::-hull·, green-gray, nrcnal•eous , calcureous 3 350 
82. Limestone, bard gray - highly l'hcl'ty 

at_. --- - - ------------ -- ---- ---- -- -· a58- 1:3 36:3 
81. Shale, hard, gt'Pen-grny. highly calcareous 10 373 
80. J.,imcstone, light green-gray, highly argil-

laccouti. ------ - - - -- - --------------- --- 5 378 

\ 
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THICKNESS. 

79. Limestone, light yellow-gray, compact, 
fine grained-·--------- ---------------- 18 

78. Shale, black, carbonaceous; and hard, 

77. 
76. 
75. 
74. 
73. 

green-gray __ __________ __ . _________ _ 9 

"l\Iarl, ,vhite''--- - ----------------------- 2 
Limestone, hard, gray________ ___________ 8 

Shale, gray, and limestone, argillaceous. 
Shale, varicolored __ _____ ___ __ _________ _ 

4 
19 

Limestone, gray, closf> textured __ ____ ____ 18 

72. Limestone, hard, blue, highly a1·gilla
ceous, ,vith crinoid stems and fragments 
of brachiopods. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 11 

71. Shale, black, earbonaceous, ,Yith impure 
gray limestone._________ ______________ 3 

70. Sandstone__________________________ _____ 6 
69. Limestone, white and light gray, close 

textured, eat·thy lustre. _______________ 15 
68. Slate, black__________________ ___________ 5 
67. Limestone, Jellov.·-gray, fossiliferous, 

Dt!:PTH. 

396 

405 
407 
41.3 
419 
438 
456 

467 

470 
476 

491 
426 

crystalline-earthy _____________________ 12 f08 

66. Shale, dark and green-gray, with chonetes 11 519 
65. Limestone, light yellow-gray, soft, fossil-

iferous-- -- -- ------------------ -------- 10 529 
64. Bhale, green, calcareous_________________ 21 550 

63. Limestone, white, soft, crystalline-earthy 20 570 
62. Shale, gray, highly calcareous, fossilifer-

OUR --------------------- --- ---------- 10 580 
61. Shale, black, carbonaceous and dark drn,b 15 595 
60. Limestone; white and light colored, in 

places fossiliferous, ,vith one foot of 
"coal (?}'' at 612 feet, and bro,vn chert 
at 035 feet, nine samples. _____________ -l3 638 

59. Shale, varicolored, arenaceous ,vii h min-
ute angular parLicles of limpid quartz, 
two samples-----------------· ________ 47 685 

58. 8andstone, green-gray, close and fine
grained, argillaceous, calcareous; with 
so111e siliceous limestone, hard, subcon
choidal fracture, with much shale at 706 
and 711 , vein of salt v1atet• at 716 ___ ___ • 35 720 

57. Con,1 and black shale . ____ .. _____ . ______ . 1 72 l 
56. Shale, blue_ _____________________________ 4 725 

55. Limestone, gray, ha1·d., fractut·e subcon-
choidal, close textured, fossiliferous and 
llint,y at 732; with four feet of shale, blue, 
at730 ________ ____ __ ____ __________ ______ 15 740 

• 

\ 
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54. Slate • __ ________ __ _______________ _ •. ____ 12 

uncs one. areunccous ___ _________ ___ __ _ 
53. L . t 

52. ~hah•, dnrk blu,:. calcureons: an<.l black, 

\ 3 ~, ;:;8 ,•ar 1011,tc•eous. _____________ __ ... v 

51. Siind~tonc, 1htt·k hro,vn gray. Cnlca1·eons. 

6 ili4 
fl:rru:,!inous, nrgill:.u:cous, fo::.silifc1·ous, 
"·ith chon,•tes and other hruchiopotla.--

50. I ... in1c~ton•'· lig:hter ycllow·:.p·ay. highly 
fo-.silifc ons in places. ,vith shale nt 

7'.i::\. ------------------······- ·· -·--· · · 2i i91 
7H3 

800 
b15 

8~5 

4H. 
48. 
-! j. 

46. 

shale, hla1•k, ~111.ty ----------· ---- ---··· 
Shale, g-ray _______________ ______________ _ 

Lirne:i-tonc \\'it h shale._. __ . ..•.... ... _ •• _ 
"Shale. bhH•. ,vith ~andstonc hu.nd'' ------

7 
15 
10 

45. Sandstone. tine :.rray. un<'a.ceous. v,•in of 
su.lt wn t~r .. ____ ..• __ .. __ .. __ .... _ •. __ . :!O 845 

44. Shales. some fossiliferous. in places cu1·-

liona<'con~. most-1 r non-1:alca 1·,•ous. of 

4 '3. 
42. 

•-11. 

-10. 

:J7. 
36. 
:J5. 
:!-l. 

:J3. 
3•) ..,, 

• 
,·urious <'Olor::;. ,,·it h li1ue.-.ton1• at 'li-$ and 

SS5 an<.1 !J5li. coal at \1.jli. pyrite at !JOI. 17 

suu1ples --------------------·····-·---- lli 
lin1c:,;ton"----- ------ ---------- _________ 3 
Sand::.lODl~ u.nd ::-hn.l •, fo-.sil ifprous........ :!-l 

~andst-Onl', gray, ..:;oft, argillo-<'all'arcon~, 
tine-:,rrninc1l ______ ____________ _______ 9 

Shale hal'd, hritt.le. non-r:dcarcou~: ~rc,•n 
u nd \ ,ro,vn .. _ •. _ •..••.•. _ •• _ .. _ .•. __ • . 10 

Sanu~tOilt', gray - . . -------------- ---- ..•. 
Shale. harll brittll', of ,·arious bl'ig-ht, col

ors, lin .. ly laminiitccl, fracture :-.plinlel'y, 
• non·l!alc•ar ou~ _______________________ _ 

Shale. art>naceous ____ __________________ _ 

Sha.le, black, cal'bonacc>ous -----------··· 
Fireclav. in 1nouldl'd nu1s::-it.•s. !,!rav _ .. _ .• . . " . 
Shale, hluck and gray. ,vith s01ne :;and-

s tone.-------------- - ---------------·· 
Limestone .• . ---- _______________ _ 

Shn.lP-;, of \'arious color-;, hard, hrittle, 
non-calcal'cous ____ •.. 

17 

20 
36 

7 
6 

8 

23 

a 1. Sanch,tonc. line-grained, with shale•: two 
~an1ples _________________________ __ . 22 

:10. Shah•, most1y hlac•k, brittle, spliatc1·y • . . 10 
29. 8un<1stone, four sarnples _ __ _____ __ ____ 30 
28. Bhale, black, biird, fh;Hilc ____________ ___ 5 

:!7. Chert, gray, with shale, liine:-1tone nod 
sand ______ ------------------------ ---- 10 

!162 
!'165 

!'198 

1.008 

1 O•)-. -·' 

1,0!5 
1.0S I 

· 1.0~8 
1 ,09-1 

1,102 
1 .10;; 

1.128 

1,150 
I , ltiO 

1, 1 go 

1 !195 

1,205 
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:!6. Sand:--tone, grn~-. grains of 1notl1.!rfit1.! sii',t:: 
impcrfl·Ctly roundc<l: t,vo sau1p1e.,.; _. _ _ :iO 

:!5. Cb1•rt. v;it h lin1t'P.ton<~, i' hal<·edon i,·, :-il i,·a 
antl quartz. :,:tnd: th" latter so1nt1 ti1ni:~s 

!il'1•n i1nheu<h·cl in the <'h•~t·t: flv" ;-;Rn1pl1;s 4;, 
24. Sitnd~ton~. argilla<•1:ous. 111 l1ark l!l'HY 

po,,·d 0 r _ .• _ . _ . _. _ . _______ .. . _ . _ .••• _ !!O 

:!3. Cht•rt \\"ith c•huh:cilouy, limeston,·. and at 
1,30;, n1u1•h ~bal1,:: liv,; sa1nph•:; _____ ____ i O 

Shal~. highly ,:ul<·ur,·ous 1 in hlu"-gruy 
1~onci-,,t1 ·d po\\·<l,•r, r1:sid u,• aft,•r \\':t:--h

ing of pyri t ifl'ruus ,. ht•rt, quartz su nd, a 

litl h} :,rluucouite, und nou-mngn,·.sian 
linH~stonc: lhre<: ::;1unple.._ ___ ___ _ ___ ___ :35 

21. Lin1t::-iton1•. chc1·t_v, iu·!.!'illa,·cous. drilling-s 
hlne-g-raj'j thr,:e ::;u.r11plPS ___ __ _______ _ GO 

:!O. Li1ne~Lun1:,i.rray: two:-an1plet-!. · -------· 45 
19. Shah•, hi~hly qnnrtzost• aud calcnreou::.;, in 

lig-ht lilut~·g-rny powtll•r: thr,~e i:;1uuph:s: 
quartz pitrtil'les tninute _______________ 90 

18. S)l1tle, green. lllUSSi\'1.! --- ---- - ----------- 44 
17. Lhnestuue, 1n flu.ke.-;, li~ht ycllnw-gray, 

;-;(nn,; ::.,;oft a ncl ,\.hit 1 •• non-magne:--1n n, 

16. 

con1pnc-t, "·ith ~otue chert nt 1,1i.t!I ___ __ 2.J. 

l,irnL'stonPs, nutgnet-ian, or 1lolo1niteb, ,·rv:-1-, ' 
Lallin,•, clruh1 hnff 11nd hl'own. ltu·gely in 
sa.nd; etl\!r\·eseen1•e som1·w}111,t 1nur~ 

ra.pi1l than Le Claire dolo,nitl': four ~atu-
p lt •e', _ _ _ __ ••• __ • - •• • __ •• ____ • • _ _ _ _ _ _ _ 4 l 

15. [,in1estone, bruwu llll<l gt•uy, "·ah ('unshl-
eruble l-{l't•1•11 shal1; ut 1.720. __________ 24 

14. 1.Jitnt•stunu nuig-n,•sian, or dolo1nite, l>rowu, 
rough cl'ystalline: f<>ut· snuipll':i. _______ 32 

] 3. Suudslone, gray. ~rain~ of li1npid quart:t. 

imperfP1:tly rounded, ,vith soUH! <'t'yslali; 19 (':') 
12. Lin1e~tun~. n1ag-n1"•dun. or doh,n1itl', hutr 

and yel lo\\': three siun plcs .. ___ . ___ . _ _ _ 28 

11. Lhn<>ston1; , ~0111ewh11l 1nug-n(~::-iun, u1od

Prutl'ly rttpid <'ffer\'l'SL'encL', 10 hrown 
and hull crystalioc H.tnd: t,vo ~an1plt..•~ . 20 

10. Lin11•i,,toJH', 111ugnes11tn nnd dolon1itcs, 

crvsta1lillt!, Y<'~i<•ular, hruwnand huff __ 68 
• 

9. Dolo1nito, light, )l'llow-g-rny , cht•rly, t,hr1'1' 

I ._,. 
su tu p ei,; • • - - - - - - - - - - - - - - •. - , . - • "' 

8. J)olo1nitl!, grecni~h-grily, tirgilln,·cous 
rct:1 id ue _ . ____ _ - - - - _ - - . - - • - ___ . _ _ _ _ _ _ _ _ 6 

DEPTH. 

l,t35 

l .3i 0 

1,41)5 

),BOO 
1,644 

1,66S• 

l ,709 

1. i6,) 

1, 78-1 

1,8 12 

l,i32 

1,noo 

1,92¾ 

1,930 

{ 



FLOWING WELLS. 

TBIOKNESS. 

Dolomite, light gray, with much gypsum, 
water-bearing ___ ________________ - - -- -- 8 

(¾ypsum, in light yellow concreted powder, 
no,v highly indurated, which disaggre-
gate8 with difficulty in boiling HCL., in 
which most of it is soluble_____ _______ 3 

5. Dolomite, gray, with flakes of gypsum and 
selenite; four samples- ------ ----·--- 39 

4. Limestone, gray, somewhat magnesian, 
selenif erous, argillaceous. _____ . _ _ _ _ _ _ 10 

3. Shale, soft, greenish, calcareous.________ 5 
2. Dolomite, gray, in powder, highly selen-

iferous ____________________ ----- --- ---- 5 

1. Shale, hard, green, very slightly calcare-

DEPTH, 

1,938 

1,941 

1,980 

1,990 
1,995 

2,000 

ous, at________________________________ 2,000 

SU!vUv!ARY. 

THICKNESS. DEPTH A, T. 

102-106. Pleistocene _________________________ 175 175 

45-101. Missourian------------------------- 670 845 
26-44. Des Moines _________________________ 390 1,235 
21-25. Mississippian ______ ________________ _ 230 1,465 
19-20. Devonian(?) ________________________ 135 1,600 

2-18. Silurian --------------------------- 400 2,000 
1. Maquoketa('?) at____________________ ___ 2,000 

Flowing Wells in Glacial Drift. 
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It does not come within the scope of this report to describe 
the drift artesians of Iowa, and this not because they are 
either few or unimportant. It has been estimated by one 
investigator that there are nearly a thousand of these wells 
in the state, and they constitute a specially valuable natural 
resource in a number of counties, affording a generous and inex
pensive supply to villages and farms. But they are so essen
tially local in their character that their investigation and 
description may well be left to the local geological work in 
the counties in which they occur. 

The areal distribution of drift artesians is by no means uni
form over the state. They are most numerous, as noted by 
Call,* on whose work we freely draw, in drift of the Wisconsin 

•Iowa. Weather and Orop Serv., vol. III, No. a, pp. 1-15. 
28 G. Rep. 

' 
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stage, within the Altamont Moraine, \vhose loo1J of hills 
extends south as far as Des Moines, although the:r occur also 

Fro. 42. Fountain at Eagle Grove, Io wa, supplied by artesian well in glacial drift. 

upon areas of the Iowan drift. The) ... are aggregated in 
detached areas which, for the most part, occupy low lands 
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adjacent to rivers. The most important of these areas are 
found in Bremer county, in the valley of the Wapsipinicon; on 
the Iowa river, in a district including· parts of Benton, Tama, 
Iowa and Poweshiek counties; in the valley of the Boone river 
in Hancock and Wright counties; in Greene county, in the val
ley of the Raccoon; and on the Chicaqua in Story county. 

The aquifers in all instances are beds of sand or g·ravel 
coverecl with impervious till; and these water-log·g·ed sheets 
of sand must often be of considerable size, since they must 
be practically continuous over the whole of each of the areas 
mentioned. The origin, place and formation will be readily 
understood if it is recalled to mind that, during· the g·eolog·ical 
epoch immediately preceding the present, Iowa was thrice 
invaded from the north by ice sheets, comparable in size with 
tl1at which mantles Greenland to-day. During the retreat, 
and also during· the advance of each of these continental g·la
ciers, vast bodies of water were unlocked by melting along the 
entire front of the ice. The natural discharge of these waters 
was southward along the waterways of the country, and in 
these they left the sand and g·ravel with which their torrents 
were loaded. Wherever the ice invasions were co-extensive, 
these accumulations of valley drift-excepting· that formed 
at the final retreat of the ice-were either removed by a later 
ice invasion or were covered with the impervious clays of its 
subg·lacial moraine, and when so covered with till, such valley 
drift was fitted to become the channel of artesian water, head
ing either up the valley, or on hig·her g·round on the valley 
sides. 

Artesians of this class are directly dependent upon the 
ra,infall of the region, and should show corresponding· fluctua
tions with it, so soon as the accumulation of the local r,eser
voir is once drawn off. When larg·ely multiplied in an}' reg·ion 
they may affect the amount of ground water available for 
springs and common wells in the adjacent area of intake. 

Even so short a sketch as this of drift artesians will be 
considered incomplete if mention is not made of that most 

\ 
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famous of all Iowa wells, which for its brief day attracted a 
popular notice almost as wide as that of the Charleston 
·earthquake, to which the outburst of its waters was attrib
uted. The notoriety of ''Jumbo" of Belle Plaine* was strictly 
that of a member of the criminal classes, and began with his 
resistance to control, and lasted only until his final imprison
ment. Six artesian wells had previously been drilled in the 
drift at Belle Plaine. In depth they varied from 210 to 301 
feet, and the common head of their water was from 3 feet 
below the surface to 45 feet above it, according to the lie of 
the ground. 

The record of the strata as given by Call is as follows. 

THICKNESS, DEPTH, 

6. Soil with humus__________________________ 4 4 
5. Sandy clay _______________________________ 12 16 

4. Gravel and sand__________________________ 8 24 
3. Yellow clay ______________________________ 13 37 

2. Blue clay, with layers or pockets of sand 
and-gravel _____________________________ 172 209 

1. Gravel and sand, water-bearing, at_______ ___ 209 

In one well stratum No. 1 was penetrated to a depth of 
25 feet without passing through it. 

The seventh well, ''Jumbo,'' was drilled on lower ground 
than any of the others and reached the water-bearing· stratum 
of sand and gravel at 193 feet. 

Local historians of the well, which they please to term 
''the eighth wonder of the world," state that the beg·inning 
of trouble lay in the fact that the driller attempted to use the 
force of the flow in reaming out the two-inch bore which he 
had put down for want of a larger drill, to three inches, the 
dimension specified in the contract. This task the water 
speedily accomplished jn the unindurated clays and sands, 
but not stopping there went on and soon enlarged the bore to 
over three feet in diameter. Through this shaft the water 
boiled up in a fountain five feet in height-the press reports 

•The author is here indebted especially to an article on this well by Dr. T. O. Oha.mberlin, 
Science, vol. VIII, p. 276, 11.nd to local data and pamphlets kindJy supplied by Mr. S. B. 
Montgomery, as well as to the article by Oa.11 already cited. 

' 
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g1 v1ng several hundred feet as the height of this fountain 
were exag·gerated-f:looding streets and yards and covering· 
them with sand. It is estimated that from 500 to 1,000 car 
loads of sand were discharg·ed from the well. The quantity 
was certainly so g·reat that only with the greatest effort cot1ld 
the ditches be kept open to carry off the water. Gravel and 
small 1)ebbles of 11orthern drift were thrown out, and some 
pieces of fossil wood two and three feet long·. The maximum 
f:lov\1 of water was variously estimated at from 5,000,000 gal
lons to 9,000,000 gallons per diem. Two weeks after the well 

Fro. -13. Artesian well in glacial drift, Belle Plaine, Iowa. Jumbo while uncontrolled. 

was drilled Chamberlin calculated its discharg·e at 3,000,000 
gallons for the same period. The enormous flow rapidly 
drew down the head of the other wells until it sank beneath 
the surface. 

The attempts to case and control the well continued from 
August 26, 1886, the date when water was struck, to October 
6, 1887, when the task was successfully accomplished. 

Dt1ring this time the well, 193 feet deep, de·voured, as local 
historians tell us, 163 feet of eighteen-inch pipe, seventy-seven 
feet of sixteen-inch pipe, sixty feet of five-inch pipe, an iron 
cone three feet in diameter and twent:y-four feet long·, forty 

, 
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carloads of stone, 130 barrels of cement, and an unestimable 
amount of sand and clay. 

The well was supposed b:r many to tap an aqueduc·t leading 
from some large and distant body of water, but with sucl1 
vagaries the reader will have little patience. Of this artesian 
field Call says that '' there are indications which l)Oint toward 
the existence in this area either, first, of a great preglacial 
vc:1lley· which has become filled with morainic matel'ials, or, 
second, to the existence of a great fault.'' He further sug
gests ''that the water maJ' be derived from the Cedar river, 
which he considers may be tap1)ecl below Waterloo, the water 
finding its wa:y southwa,rd through a very· wide ancl dee1) chan
nel, from i,,vhich rises the water at Belle Plaine. '' Certain it 
is,'' says he, '' that some unusual and abundant water su1)ply· 
prevails 1n that section. The rainfall is not above the mean 
of the state, a11cl no other subterranean source seems 
1)ro ba ble. ·' 

On the other band., Chamberlin states after a })ersonal 
examination of tbe wells, that "it is not necessar~y to sur)pose 
an:r unusual subterranean source, either in area or kind. Nor 
is it necessary· to sup1)ose a distant origin. The head is not 
greater than could be SUl)l)lied by· the cot1ntry adjacent on the 
north, which is tl1~ probable stipply-ground. 

'' It is simply· a flowing drift i,,vell, run rampant for want of 
control. It has its l)henomenal feature in its magnitude and 
its lesson in its expensive and destrt1ctive career through injti
dicious l1andling'. '' 

This conclusion is basecl on careful estimates, which show 
that the upper edge of the water-bearing stratum, the area of 
intake which supplies the Belle Plaine well. neecl not exceed 
400 acres in extent. 

It is probably unnecessary to add that the author regards 
the Belle Plaine area as a normal artesian basin in g·lacial 
drift, a11d does not sym1)athize with any view of the c.leriva
tion of its waters throug·h a g·reat fault or by the subterra
nean diversion of a river. 

.. 
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The Chemistry of Artesian Waters. 

It is not the aim of this chapter to present anything· of 
novelty to the chemist, but only to set forth such facts relat
ing to the subject as may be of value to citizens who are 
interested in knowing the nature of the water which they 
drink and upon whom the selection of a public supply may 
devolve. An:y treatment of the subject of artesian wells 
must be incomplete which omits the chemical composition of 
their waters; for upon this, and not directly upon their geo
logical conditions, depend their potability, healthfulness and 
availability for many municipal uses. There are areas in the 
United States in which artesian waters are accessible and 
abundant, but not available; they may consist of strong 
brines; they may carry hydrocarbons in either fluid or gaseous 
form; they ma}" be hig·hly ferrug·inated; on account of their 
chemical constituents they may be distinctly injurious to the 

human system. 

INTERPRETATION OF CHEMIUAL WATER ANALYSES. 

The mineral analycses of man3r of the artesian waters have 
been given under the records of the wells in the preceding 
sections. Unfortunately nothing is less intelligible than a 
chemical analysis to one not a student of chemistry. It may 
therefore be useful to supply here a brief interpretation of 
water anal:yses, the methods by which they are obtained, the 
meaning of their symbols and terms, and their relation to 
matters of practical utility and sanitation. Our experience 
shows also the need of directions for taking samples for 
analyses. We strongly urge that while the drilling of a well 
is in progress a quantitative analysis of each flow should be 
secured as soon as possible after it is reached. Only with 
this knowledge in hand can an intelligent selection be made, 
and any veins cased off which may injure the quality of the 
water of the well. Since the substances to be detected 
exist in minute amounts in the small quantities of water 
taken for analysis, the utmost care must be paid in bottling· 

I 
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t he samples. The following directions sent out by the Sur
vey illustrate the -precautions which must be taken in order 
to insure a successful and reliable analysis. 

l. Use a new, clean, two-gallon glass demijohn or jar stopped with a new cork. 
or glass stopper. 

2. Rinse both three or four times with the water of which an analysis is to be 
made. See that no foreign substances, such as straws, remain in the demijohn. 

3. Draw the water for analysis from the tap nearest the well. If the ,vell is 
not a flowing artesian, do not fill demijohn until the pumps have been running 
several houes. 

4. Leave a very small air space between the cork and the water. 
5. Use no sealing ,vax. Avoid .fingeeing cork or mouth of jug. Tie ovee the 

neck a piece of stout muslin to hold in the cork. This may be sealed with a wire 
and metal seal to prevent tampering. 

The sample should be expressed at once to a competent 
chemist and nothing· less than a full quantitative anal:ysis 
should be accepted. Amateur tests resulting· in statements 
that such and such elements are present in the water have 
practically no value. Complete mineral analyses state what 
mineral constituents the water contains, and in precisely 
what quantities. Thus they indicate its physiological effects 
and mechanical qualities, and afford means of comparison 
with table or mineral waters whose properties are certified 
by long experience. Ex~ept in instances where there is sus
picion of surface contamination, a sanitary analysis is usually 
unnecessary. 

In comparing the analyses of artesian and other waters, a 
difficulty is met in the fact that as yet chemists have not 
reached a uniform method of analysis and expression of 
results. ''As a matter of fact,, : says Dr. Peale,* "the anal
yses of miner~l waters have been made upon almost as many 
plans as there have been chemists making the analyses. An 
inspection of about 1,000 analyses of mineral waters of the 
United States shows that at ]east forty-two methods of stat
ing the results have been employed. " 

Quantitative results are stated in the following ways: 

*Fourteenth Annual Rept. U. S. Geological Survey, p. 69. 
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A. Comparison of weights of constituents to weights of 
water. This comparison is made on a decimal basis, and is 

• employed in the reports of the United States Geological Sur
vey, by the National Board of Health, and the Boards of many 
states, in Great Britain by the Royal Rivers Pollution Com
missioners, and commonly in Germany and France. It may 

indicate. 
a. So many parts per 1,000 (or grams per kilo). 
b. So many parts per 10,000. 
c. So many parts per 100,000. 
d. So many parts per 1,000,000 (or milligrams per kilo). 

Which of these four ratios is chosen is a matter of con
venience only and is of little importance, since they are so 
readily interconvertible. '' a'' and " b " are more often 
employed in heavily mineralized waters, and "c '' and '' d '' 
in surface and potable waters, whose mineralization is slig·ht; 
"c" is in favor with many eminent chemists as a golden 
mean, and is recommended by the committee of the British 
Association of Science for 1889; "d" is recommended by the 
Chemical Society of W ashing·ton, 1896, and is used in the 
official analyses of this Survey. 

B. Comparison of weights of constituents to measures of 
water. 

a. On a decimal basis of so many milligrams per liter. As 
a liter of pure water weighs 1,000 grams, this would be equiv
alent to so many parts per million by weight, if the water 
analyzed were the same specific g·ravity as pure water, and is 
practically equivalent to that method in the case of many 
potable waters the excess of whose weight over pure water 
is very slight. In the case of strong· mineral waters, brines 
and sea water, the difference in weight between a liter of 
the water and 1,000 grams must be taken into account and a 
special computation is required in converting one scale into 
the other. 

b. On the basis of so many grains to the imperial gallon. 
c. On the basis of so many grains to the United States 

standard wine gallon of 231 cubic inches. This method is 

• 
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commonly· used in the United States and, as to most ·readers 
it will at least seem more intelligible than the others, it is 
employed in this report. Nearly all the analyses of artesian 
waters reported to us were already expressed in this scale, and 
the few otherwis•e stated are reduced to it. 

A complete chemical analysis states, first, the acids and 
bases uncombined as they were found by the chemist. This 
record is a matter of fact, subject only to errors in manipula
tion and measurement. Unfortunately this record is only 
seldom furnished. It is given in all the official analyses of 
the Survey, but in scarcely any of the other analyses here 
published could it be obtained, even by special request to the 
different chemists. An analysis states, secondly, the hypo
thetical combinations in which, according to the chemist's 
best judgment, the acids and bases occur. This record is a 
matter of judgment and method. For example, nearly all the 
analyses of Iowa artesian waters record the presence of sodium 
chloride, or common salt. Yet the chemist does not find 
and measure the quantity of sodium chloride directly by his 
reagents and instruments. He finds the elements that com
bine to form sodium chloride, i. e., chlorine and· sodium. If 
no other elements are present the combination is simple and 
sure. But this is seldom, if ever, the case. Other elements, 
acids and bases are present, for exampie, potassium and sul
l)buric acid. Are these four bases and acids combined as 
sodium chloride and potassium sulphate, or as sodium sul
l)hate and potassium chloride, or are all four compounds 
present, and if so, in what proportions? These are questions 
which cannot receive an exact and definite answer. There 
must be taken into consideration the relative amounts of all 
the constituents, their solubilities, the relative streng·th of 
different acids and bases, and the streng·th of the solution in 
which they occur. At the best, the combination must be 
hypothetical. Different chemists may combine the same rad
icals in different ways. In order that a series of chemical 
water analyses should have the highest value, it should be 

I 
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made by the same chemist, or at least by chemists working 
by uniform methods. 'rhe series of official analyses made for 
the Survey by Prof. J. B. Weems, Ph. D., of the Iowa Agri
cultural Colleg·e at Ames, has thus a special value. It com
prises both records, that of the radicals, and that of their 
hypothetical combinations; and we can only regret that 
arrangements could pot be made by which all the artesian 
waters of the state could be included in the series. 

MINERAL INGREDIENTS OF ARTESIAN WATERS. 

Water as it issues from an artesian well is never the pure 
compound of hydrog·en and oxygen represented by the famil
iar formula Hj 0. It is composed of other substances also. 
A flask of it does not differ in appearance from a flask of dis
tilled water chemically pure; and yet the two are unlike in 
weight, in taste, and in chemical reactions. The waters from 
no two artesian wells are precisely the same. Minerals present 
in one are absent in the other, or are present in different pro
portions. Pure water, indeed, is not found in nature, unless 
it be at the very moment of its condensation from invisible 
vapor. Th~ drops which form clouds have absorbed g·ases 
from the air about them. The raindrop falls to earth carrying 
with it, washed from the air on its way, spores of bacteria, 
shreds from the waste of life, and the vario11s mineral and 
organic particles which form the dust of the atmosphere. 
When the rain has reached the earth and goes on its way to 
the sea either under the sunlight in the brook and river or by 
those long, slow and dark courses from which it rises in our 
deep wells, everywhere it is taking up into solution the mineral 
substances with which it meets. The soil on which the rain 
gathers into the rill, the bed of the stream, the rocky walls 

, of underground ways, all are laid under contribution by this 
universal solvent, and made to furnish materials to alter its 
composition. 

a. Dissolved Gases. 

The substance found in solution in artesian waters are either 
gases or solids. Both vary widely among· themselves in their 
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solubility, and each gas and solid dissolves in definite amounts 
and proportions under like conditions of temperature and 
pressure. In gases, solubility increases with increase of 
pressure, and diminishes with increase of temperature. 
Familiar illustrations of this g·eneral law are found in the soda 
fountain, where the water is charged in the reservoir with 
large quantities of carbonic acid gas under great pressure,
the gas escaping from the water as soon as the pressure is 
removed-and in the well known fact that water may be freed 
by boiling from all its gases held in solution at ordinary tem
peratures. The coefficient of absorption of different gases, 
or the volume of the g·as soluble in water, varies greatly·. 
Thus one cubic centimeter of water, at 59° Fahr., at a press
ure of 760 mm. of mercury, will dissolve the following volumes, 
expressed in fractions of a cubic centimeter, of the following· 
g·ases. 

OXYGEN. NITROGEN'. CARBON DIOX IDE AMMONIA. 

0.02989 0.01478 1.00200 727.20000 

At this temperature and pressure water dissolves about twice 
as much oxygen as nitrogen, over thirty-three times as much 
carbon dioxide as oxygen, and 24,329 times as much ammonia 
as oxygen. 

OXYGEN. 

Free oxyg·en has not been observed in artesian waters. It 
is universally present in all surface and ground waters, except 
where consumed by decaying organic matter. So complete is 
the circulation of the waters of the ocean, that dissolved 
oxygen is found even in samples taken from the greatest 
depths. But in the underg·round courses of artesian waters, 
all oxygen seems to be consumed in oxidizing whatever organic 
matter they may have contained originally. No sufficient tests 
however, have been made of the artesian waters in Iowa to 
absolutely prove the absence of oxygen in them. 

AMMONIA. 

The presence of this g·as in artesian waters is of especial 
interest. In nature it is an immediate product of the decay 
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of organic matter. From rotting wood and· leaves and putre
fying animal tissue nitrogen is constantly supplied to the 
atmosphere in the form of ammonia. That the quantity 
present in the air is excessively minute, not exceeding one 
one-hundredth of a grain in a cubic foot, * is not due to any 
deficiency in the supply, but rather to the constant absorp
tion and consumption of nitrogen by the vegetable world. 
'11he solubility of ammonia, as has been seen, is excessive, and 
rain and snow both serve as vehicles by which it is conveyed 
from the air to the earth. By oxidation, ammonia rapidly 
passes first into nitrites and then into nitrates. Wherever it 
is found free in natural waters, it is understood to signify 
either the immediate presence of decomposing organic matter 
or the remoter presence of organic matter, the further pro
cesses of chang·e into nitrites and nitrates having been sus
pended in the latter case by various causes. 

In surface waters, where no such causes are present to , 
suspend oxidation, free ammonia is a proof and measure of 
pollution. Harmless in itself, it demonstrates the presence 
of animal or vegetable tissue in the very process of putrefac
tion. Surface waters are condemned which contain over .08 
parts of free ammonia to the million. Artesian waters, how
ever, which are above reasonable suspicion of possible 
contamination, occasionally contain free ammonia in quanti
ties sufficient to condemn them at once, by the ordinary 
standards of purity for surface waters. Prof. E. G. Smith 
thus found in one of the wells at Davenport . 9 grains of free 
ammonia to the United States gallon. It is reported also 
from other wells of the state, although in much smaller 

amounts. 
What is its origin? Certainly not the presence of organic 

matter in the process of decay, since in this case it could 
hardly fail to be accompanied by albuminoids, nitrites and 
nitrates, all of which are absent. Three possible sources may 
be mentioned. As all artesian waters were at one time storm 

•Bloxam's Ohemistry, -ith Ed., p. 123. London, 1880. 
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and surface waters, it may be considered that the ammonia 
derived from the atmosphere and soil along the intake area 

' was retained in part unchanged, as the waters descended to 
their deepest levels, wherever the co-operation of other 
cat1ses l)revented its 0xidation. Again, it may be conjectured 
that the surface waters of the intake area carry with them in 
their descent as artesian waters organic matter whose gradual 
decomposition supplies the ammonia in question. In most 
instances perhaps, the total amount of nitrogen present in 
artesian waters is not too larg·e to be so ac.:counted for. Its 
concentration in free ammonia instead of the usual distribu
tion in other forms is anomalous. 

A third h:ypothesis that may be suggested is that of the 
derivation of the ammonia by the breaking up of fossil organic 
matter in the rocks. When we remember that the ammonia • 

of commerce is largely manufactured from the ammoniacal 
liquor resulting from the distillation of coal, it does not seem 
improbable that the nitrogen of coal seams and beds of shale 
containing carbonaceous matter sur)plies, at least in part, the 
free ammonia in question. Its association with hydrogen 
sulphide supports this view. 

Whatever may be its origin, its preservation is due to two 
facts. As we have seen, free oxygen is absent in deep ,Yell 
waters. After the oxygen absorbed from the air at the area 
of supply is once consumed in chemical changes, the oxida
tion of any free ammonia is impossible, and nitrites and 
nitrates are thus never found in uncontaminated artesian 
waters except in traces. 

A second and still more significant fact has been noted b:T 
Prof. E. B. Smith, of Beloit, Wis., in a paper read before the 
American Water Works Association, in 1883. After showing 
the presence of sulphureted hydrogen in various artesian 
waters containing free ammonia, he says: ''The extraordin
ary ammonia can be explained on the basis that the sulphur
eted hydrogen has exerted its well known reducing action, 
either reducing· the higher oxidized compounds of nitrogen 
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back to ammonia, or preventing entirely their formation. 
This explanation seems to me perfectly satisfactory and rea
sonable and to meet the case. It may be that other agencies 
as the iron oxide dissolved in these waters, also lend their 
assistance to the final result, but probably the sulphureted 
hydrogen is the principal one at work."* 

HYDROGEN SULPHIDE. 

Hydrog·en sulphide or sulphureted hydrogen is not uncom
mon in the artesian waters of Iowa, althoug·h seldom, if ever, 
mentioned in water analyses. This gas of disg·usting odor is 
to the highest deg·ree evanescent, and waters from this cause 
too offensive to drink as they issue from the well become 
palatable by the escape and oxidation of the sulphide after 
standing· for a short time in reservoir or tank. Hyclrog·en 
sul1)bide would be readily generated by the reaction of hydro
carbonaceous matter in the strata accessible to artesian water 
with such alkaline sulphates as are usually present in solution 

in the water. 
When the Saint Peter water carries sodit1m sulphate and 

carbon dioxide and the Trenton shales immediately above are 
bituminous and pyritiferous, it may be expected to rise 
charg·ed, as at Davenport and Clinton, with hydrogen sulphide. 

CARBON DIOXIDE. 

Carbon dioxide, or carbonic acid gas, is reported from a few 
artesian wells in the state. Usually no pains are taken to 
retain it in samples for analysis, and it doubtless is more 
commonly present in artesian waters than our records show. 
It is specially noted in the wells at Colfax and McGregor. 

In itself, it is a welcome constituent of any drinking water; 
since it imparts an ag·reeable pungency and flavor, and acts 
as a stimulant to the dig·estive organs. As a solvent, it often 
increases the amount of other and less desirable minerals. 

Carbon dioxide is one of the five gases which form the 
atmosphere, and it is thence absorbed by all surface waters. 

• Artesian Wells as a. Source of Water Supply, p. 7, Technlcs •Publishing Oo., New York, 
1893. 
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The soil also constitutes a vast laboratory for its generation 
by means of decomposing vegetal matter. Fifty-seven cubic 
feet of carbon dioxide to the acre are present in a la;yer four
teen inches thick of the surface soil of forests, according to 
the estimates of Boussingault and Levy. Constantly gener
ated in all unfrozen soils, it is constantly removed and carried 
downward by percolating waters and thus in all phreatic and 
artesian waters it is found as an unfailing constituent. These 
well nigh universal sources are not sufficient, however, to 
account for highly carbonated springs and wells, or even for 
some of the more strongly carbonated artesian waters of 
Iowa. The chief source is unquestionably volcanic. The 
evolution of carbonic acid g·as is one of the first events in the 
life history of a volcano, preceding even the building of the 
volcanic mountain. It is also one of the late.st phenomena in 
that long history, and indicates the near approach of the final 
extinction of volcanic activity in any region. Vulcanism 
assists in the production of this gas in several wa)rs. As 
limestone "burned" in the lime kiln gives off larg·e volumes 
of carbonic acid gas, so rocks consisting of the carbonates, 
when invaded by equal volcanic heat, are supposed to be 
similarly decomposed with the evolution of the same gas. 
Bischof has also shown that carbon dioxide is expelled where 
carbonate of lime, magnesia, and ferrous oxide, occurring 
with silica, are subjected to the action of water at 212° Fahr:x
It is quite possible, however, that volcanic carbon diox_ide is 
not only diseng·aged by the action of heat upon sedimentary· 
strata, but is also a primary constituent of the original magma 
of the earth, and that its presence in volcanic phenomena of 
all degrees of intensity is due larg·ely to its extravasation. 

In a region so far and long· removed from volcanic centers 
as the upper Mississippi valley, the evolution of carbon diox
ide <:an hardly be attributed to vulcanism. In places it may 
be due to the reaction upon limestone of persalts of iron 
derived from the decomposition of iron pyrites, as suggested 

•Chemical and Physical Geology, p. 237. London, 1854, vol. I. 
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by Stein and approved by Biscl1of. * It is also evolved by the 
oxidation of org·anic matter more or less deeply buried, as in 
coal seams and veg·etal accumulations of Pleistocene age. 
Such is the origin of the carbonic acid gas ejected by the 
"blowing· wells'' of the state, the source being either Creta
ceous lignites, or, more common!)', deposits of forests or 
marsh g·rowths buried in the drift. 

b. Dissolvecl Solids. 

Excluding· a few compounds of exceeding·ly doubtful a11then-
• ticity, aud those of which only traces are reported, the solids 

in solution in the artesian waters of Iowa are the following·. 

Calcium bicarbonate, CaH 2 (C0 3h, 
Niagnesium bicarbonate, 1vlg H 2 (C0 3 )i . 
Sodium bicarbonate, NaH C0 3 , 

Potassium carbonate, !{2 C0 3 • 

Ferrous carbonate, Fe 00 3 • 

Magnesium phosphate, Mg 3 (PO.,h, 
Sodium phosphate, Na2 H PQ 4 , 

Calcium sulphate, Ca 80 4 • 

Magnesium sulphate, 1vlg 80 4 • 

Sodium sulphate, N a 2 SO.._ . 
Potassium sulphate, K2 SO 4 • 

Fer, ic oxide, Fe2 0 3 • 

Magnesium chloride, 1'-1:g Cl2 • 

Sodium chloride, Na Cl. 
Potassium chloride, K Cl. 
Silica, Si 0 2 • 

Alumina, Al 2 0 3 , 

All of the above compounds are directly or indirectly 
derived from the constituent and accessory minerals of soils 
and rocks. Some are taken up by the immediate decomposi
tion of rocks under the agency of precolating waters. Others 
result from the interaction of minerals in solution in different 
mineral waters when they meet, and their reaction with chem
ical compounds present in the strata through which they flow. 
In these reactions and in the solution of rocks, the absorbed 
gases which we have already noted as present in phreatic water 

• Obemlcal and Physical Geology. London, vol. I, pp. 240-241, 1854. 
29 G, Rep. 
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l)lay an imr)ortant l)art. In pure water ordinar:r limestone, 
for exam1)le, is so slig·htl~T soluble that it has been stated to be 
insoluble in popl1la,r scientific writings*. Probably· upwards 
of 3,000 im1)erial gallons woulcl be rec1uire(l to dissol-v·e one 
pound of limestone.+ But limestone is readil~r clissol ,red in 
,vater satl1rated with carlJon dioxicle, the maximum amount 
tl1at ean l)e dissol,Ted being· 0.1 per cent. It has ~een further 
shown b:y Bischof+ that water containing but one-tenth of the 
(•,1,rbon dioxicle rec1uired for satt1ration is able to dissolve as 
mt1ch calcium carbonate as is a saturated solution, and that 
this amount of the g·as ca11 be ft1rnished to natural waters b:y 
the atmos1)here and soil. 1Iag·nesium carbonate is somewhat 
more solt1ble in water saturatecl with carbonic acid gas than 
is calcil1m carbonate, and the experiments of W. B. and R. E. 
Rogers~ have shown that in water so charg·ed ·very many· of 
the minerals of the cr.rstalline rocks, such as are present in 
the drift of the state in boulders, l)ebbles, sand, and rock 
meal and fl.ot1r, are cleeom1)osed and dissolved. Of these ma:r 
be mentioned feldspar. hor11blende, aug·ite, mica, cl1lorite and 
€pidote. 

No sl1rface waters, whether of sloug·h, ri,rer or lake, are 
found which have failed to attack rocks ancl soils and rob them 
-0f a portion of their substance. The following anal.rses indi
cate the maxima ancl minima of mineralization in the ri,rer 
waters of Iowa accor<.ling· to the exceedingly limited data at 
hand. The variations are caused in part l\y- local cli:fferences 
of the country rocks of the river basin, and in part are due to 
t]1e season and stage of water. Rivers, after the long 
<lrot1ths of summer are fed by s1)ring·s, and are naturally· then 
more highly mineralizecl than in the spring· floods, when feel 
by· rains ancl melting· snows. 

• Le Oonte, 11.lements or Geology, p. 77. New York. 
+Dr.Thomas Ola.rk. Journal or Society of A.rts, 1856. 
:i: Obemlcal an 'l Physical Geology, vol. III, pp. 171-172. London, 18.39. ' 
JI American Journal or Science and Arts, vol. LV, p. 401, 18i8 

• 

• 



MINE RA L ANALYSES OF R1''ER WATERS OF IOWA. 

' i:l <'5 ·-o 'O aS • I 8 I ... ' I». I s G) ~ 
I 8 I 2.9 _A d ... A 'a - ..... 0 ... ,.0 a, d'"' 

oj 0 ::,«; ::, ::, G) - 0 ... ci! C) 

(.) . ::,+> (.) 
,0 

,,, 
Cl) 

::, ..d - -e - .,, : - .,, (I) G) ....... _.., .,, . (.) ..d ...., ::, ...., <d Cll A 
Sl ,,,d ... 

8Gi Cl) .,, Cl) ,:,s Cl) Q O A (I) a, 
RIVBIRS, STATIONS, (I) 0 A+> <d (l)..d 8!5 Cll..d <D a o_ ,,, .... ca _ ... a. ANALYST, DATJ!l. 

::s al .... ,:,s Q ::, .,, -... - . Cl) .,, 
(I)~ 

i::1,.0 -i:i = G) 
1:1 p. ::, .,, ,:,SP. -...s ::,• ~~ e,,3 

~'Cl 
Q) a(.) - Cl) --= _.,, 

,3 .cl ~ll:l a.., _ <d c.lo ~~ <d 0 c.l .,d bO'a -,.Q ... - - (I) (.) 'Cl::,-
:=l..o 0 ... 'O i::, 0~ ~p. ,C,'O .!d-c, - ~= - - .!,: - a:$ +> 

~,.o <I) C) ,_.GS oi p, <I) r.o o- -- - x~·~ ..... 'Cl ...... (JJ 0 

::s -II ~ 
0 <ll < - 0~ < H 8 0 .... 0 (/1 ~ en rn 0 - - - -

Cedar .......... Cedar Rapids ..... *10.33 *5.78 ... . 0.08 0.55 .... . o.ao 0.52 .. .. 0.20 ...... o.a8 0.04 ...... . ..... . .. . . . 18.18 Prot. E. G. Smith Aug. 2.5. 1893 

Cedar ........... Cedar Rapids ..... 6 56 2.48 • ♦ •• . . 0.29 1.07 .... . .. . 0.28 .... 0.64 0.28 0 28 ... • ♦ •••• . ..... 12.49 0. 0. Bates a .... . Averageb . 
[fork 

Dakota City ...... 14.00 7.52 Tr'ce 5.61 0.60 0.29 28.02 G. M Da.vleson c Feb . 12, 1889 Des Moin1,s, E. .... . ... ...... . .. . . ... .... ..... . . . . . ....... . ..... 
[fork. 

2.49 1.66 0.22 0.77 • 0.10 5.54 G. M. Davleson .. Feb 10, 1889 Des Moines, W. Algona ............ .... . ... ..... ... . . ... .... .. 0.30 ..... . . .... ..... . .... 
Des Moines .... . Moingona. . ... .. ... 11.66 3.79 .... . ... 0.42 5.20 ... . . ... 2.15 .... 0.57 0.58 0.09 ..... .... .. . ..... 24.46 G. M. Davteson .. May 24, 1894 

Coon, N. fork ... Maple River Jct .. 6.09 3.08 . . . . ... 0.32 ...... . . .... 2 88 ...... 0.82 ...... . ..... 0.31 ...... . .... . 13.50 G. M. Davieson .. Feb. 10, 1889 

Boyer ... ... ..... Early .............. 8.44 4.62 .... . ... 0.00 ...... . .. . . .. ' 4.40 .... 1.14 ...... . .... . 0.13 ...... . ..... 19.72 G. M. Da.vieson .. Feb. 10, 1889 

W a.psip1nicon .. . Anamosa ........ 5 99 2.02 0.44 .... . ..... . ..... . ... ... 0.53 ..... 0.17 ...... . ..... 0.08 ..... . . ..... 9.23 George Gibbs d .. June 10, 1893 
Lwater w'ksl 

Mlssouri . ... ... . Council Bl'ffs (c'y 6.84 3 49 .... . . 2 88 . ... .... . . . . 5.31 ...... 0.73 ..... . .... 0.31 ...... . .... 19.56 George Gibbs .... Dec. 16, 1891 

Mississippi . . .. Burlington ...... . 6.058 2.455 .... . . 0.262 0.694 .... . ... . ... . ..... . ..... 0.146 0.2.51 ...... 1.72L 9.464 10 .22h G. H Ellis e .. ... Jan. 10, 1887 

Mississippi ..... Dallas ............ . 9 026 5.091 .... . ... 0.134 0.764 .... . ... . ... . ..... . .... 1.598 0 280 ...... 0 5« 15.015 17.202 G. H. Ellis ....... Dec. 27, 1886 

Mississippi ..... Fort Madison ..... 5 091 2.327 . . . . ... 0.251 0 676 .... . .. . ... . ..... . ..... 0.991 0.222 .... .. 0.659 8.3(5 10.124 G. H. Ellis ....... Feb. 8, 1887 

Skunk .......... Rome ............. 4.018 1 032 .... .. . 0.676 1.015 .... . ... . ... . ... . . . . . 0.039 0 350 ...... 1.627 6.741 8 368 G. H. Ellis ...... Jan . 26, 1887 

Des Moines ..... Ottumwa. ......... 8.165 2.222 .... . . . . 0.752 2.105 .. . . ... ' ... . .... . . .... 0.884 0.233 ...... 2.525 13.214 15.092 G. H. Ellis. ... Jan. 26, 1887 

Des Moines ..... Des Moines ..... 8 592 0.688 .... . .. . 2.076 0.134 .. .. . ... ' ... . ..... . ..... 3.412 0 758 ..... 2 185 11.490 16.494 G. H. Ellis . . ... .. March 17, 1887 

Chariton .. .. . ... Charlton .......... 3.242 1.819 ... ... . 0.723 0. 262 .... . ... ' ... . ... . ..... 1.662 0.525 ... .. . 1.407 6 Oit 10.105 G. H . Ellis ....... March 30, 1887 

Grand ........... Davis City ........ 5.418 1.522 .... . ... 0 630 0.641 .. . . . ' .. . . ..... . .... 1.067 0.315 ...... 0.677 8.211 10.623 G. H. Ellis ....... April 16, 1887 

Nodaway ...... Massena ...... ... . 7.599 3.818 , ... . .. . 0.443 1.376 ... . . . . . ... ..... . ..... 1.085 0.350 ...... 0 175 12. 736 14.a44 G. B. Ellis . .. .. .June 11, 1887 

W.Ntshna.botna. Anderson .... ..... 7.668 2.683 .... . .. . 0.268 0.251 ... . ... .. . ..... . .... 1.843 0 169 •••••• 2.694 10.865 15 .676 G. II. Ellis ....... Sept. 16, 1887 

Missouri. ..... . . Council Blufl's .... 8.847 1.86/i .... 2 251 8.505 .... . ... ' ... ' .... . ..... 1.522 0.233 ...... 6 462 16 469 24.~ G. H. Ellis .. ... . . Dec. 17, 1887 
- - - - - - ·-- ·-- =.I .. ... AvPrage. . . . . . . . 7.306 2 973 .... 0.70.8 0 885 .. . .. ' . . . . .... . . . . . ...... 15.200 

* Bicarbonate. a Chemist of Burlington, Cedar Rapids & Northern railway b Average or several analyses at different seasons of the year: c Chemist 
of Ch1cago & North-Western railway. d Chemist of Chicago, Milwaukee & ~t. Paul r ailway. e Chemist of Chica,gl), Burlington & Qulncy railway . 
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366 ARTESIAN WELLS OF IOWA. 

MINERAL ANALYSES OF RIVER \VATERS OF IOWA. 

The averag·e quantity of solids in solution in the twent:y 
samples of Iowa river waters whose analyses are reported is 
15.2 grains to the g·allon. Nearly 50 per cent of this amot1nt 
consists of calcium carbonate, and about 20 per cent of mag
nesium carbonate. Unexpectedly, the alkaline sulphates, the 
sulphates of soda and potassa, prevail over the sulphates of 
the alkaline earths, the sulphates of lime and magnesia. 

Alkaline carbonates are reported from but one river, the 
Wapsipinicon. Sodium chloride is reported in minute 
amounts from. several rivers, and complete analyses would no 
doubt detect it in the waters of all rivers of the state. The 
quantity of silica in several analyses is unusually larg·e, 
exceeding· that of the Ottawa* with 1.442 grains to the gallon 
and in the anal:ysis of the Des Moines river at Des 11oines 
equaling the quantity of silica carried by the Rhine near 
Strasburg, according to Deville. t 

With longer and more intimate contact with the earth the 
mineraljzation of natural waters increases, as is exhibited in 
the following· table of the mineral constitution of nineteen 
shallow wells of the Chicag·o & Northwestern railway and 
fourteen similar wells of the Chicag·o, Milwaukee & Saint 
Paul railway. All these draw their water from surface sands 
and gravels; in no case is glacial till or rock reported as pen
etrated. It will be seen that the total solids in solution, and 
the carbonates of lime and magnesia, averag·e about 50 per 
cent hig·her than in river waters. 

•Hunt, Obemlcal and Geological Essays, p. 127. Boston, 1878. 
tBlschof, Ohemtcal and Physical Geology, vol. I, p. 76. London. 1854. 
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1 ft clay. 22 ft. sand ..... I ll 30 12,eo 0.7811.70 11.7411.11 
.... .. ... 0.53 0.17 l.93 l.Tama,O.&N-W.Ry ........ . ........ 23 

2. Missouri Valley, U. & N-W. Ry ...... 80 

3. Alton, 0. & N-W. Ry ................. 32 

4. Bancroft, O. & N-W. Ry............. 19 
5. Bradgate, 0. & N-W. Ry ............ 10 
6. uorrectionville, O. & N-W. Ry ...... 24 
7. Dunlap, O. & N-W. Ry ............... 25 
8. Gal va, 0. & N-W. Ry ........ . .. . ..... 30 
9. Garwin, 0. & N-W. Ry . . . . . . . .. . . . . . 19 

10. Giiford, 0. & N-W. Ry................ 49 

Sandandgravel ............ 14.78 6.37 

1
12 feet gravel.. .. . ....... / 
8 feet black muck ...... r l 12.54 I 5.56 

12 feet quicksand ........ I 
sand and gravel .. . . . .. . . . . 13.38 · 6.20 
Through gravel to c lay.. . 9.77 4.9j 
Sandandgravel. ........... . 12.44 5.70 
Sand and gra.vel . . . . . . . .. .. 15 51 6.68 
Sand..... . .................... 12.35 5.07 
Sand and clay, 15; sand, 4.. 3.60 2.81 
All gravel except ten feet 

in limestone............... 11.23 6 65 
11. Havelock, O. & N-W. Ry ............ 10 Gravel.. .. .... ..... .... ... 9.03 4.68 
12. Hawaroen, 0. & N-W. Ry . .......... ~ Sand and gravel... . .. . .... 14 .47 6.57 
13. Laurens, O & N-W. Ry............. 9 Gravel in supposed outlet 

or lakes . . . . .. . . . . . . . . . . .. 11.43 5.41 
14. Mapleton, O & N-"' · Ry ........... . 24 Sand and gravel............ 10.72 5.83 
15. Moville, U. & N-W. Ry .............. . 22 Sano. and gravel............ 9.63 4.89 
16. Onawa,0.& N-,v.Ry ................ ~o Gravel ...................... 10.67 7.61 
17. Sac Olty "Y," 0. & N-W. Ry ........ 12 Gravel....... . .... ...... .... 10 40 5.04 
18. Sioux Rapids, 0. & N-W. R_y...... . .. 18 Gravel...... . . . . . . . . . . . . .. .. 11.62 tS.62 
19. Waterman Siding, 0. & N-W Ry... . . . .. .. . .. . . . . . . . . . . . .. .. . . .. .. .. .. 12.36 5.44 

Average .......... .... . . ............ I...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11.48 5 .56 
20. Oascade, C., M. & St P. Ry .. ........ ll Gravel....................... 3.60 2.58 
2l. Olear Lake, 0~1 M & St. P. Ry....... 32 Gravel.... . . . . . . . . . . . . . . . . . . 15 .08 9.65 
22. Oyllnder, 0., ru. & St. P. Ry ......... 15 Gravel and sand........... 10 90 5.45 
23. Decorah. 0 .. M. & St. P. Ry.......... 28 Gravel and sand............ 11.09 4.93 
24. Everly. 0, M. & St. P. Ry .. . ........ 13 Gravel................. . ..... 8.5! 3.74 
:?5. Maquoketa, O .. M.&8t.P.Ry . . .... :H Gravel ...... ............... 11.21 6.87 
26. Perry, 0., M. & St. P. Ry.. . . . . . . . . . . lo Gravel and sand. . . . .. .. . . . . 7.40 5. 07 
~. Plymouth. 0, M. & St . .P. Ry........ 20 Gravel. . ................. . .. 11.09 4.93 
28.RockValley,0., 1\l.&St.P.Ry ..... 25 Sand ............. . ........... 974 6.09 
29. Ruthven, O .. M. & St. P. Ry ........ . 20 Sand....... .. .... .... .... .... 13.49 5.85 
30. Sanborn, 0., M. & St. P . Ry.......... 13 Sand........ . . . . .. . . . . . . . . .. 11.32 5.14 
31. Spencer, 0, ~I. & St. P. Ry.... . . . . 18 Gravel...................... 10 73 4.68 
~. Saint Olaf, 0, M. & St. 1:'. Ry...... . 14 Sand . . . . . . . . . . . . . . . . . . . . . . .. 18.92 2.22 
33. Waukon, 0., M. & St. P. Ry......... 8¼ . . . . . . ... . . . . . . . . . . .. . . . . . . . . . .. 12.20 4.64: 

0.69 

0.2.5 
Trace. 
Trace. 

0 29 
2.58 

0.23 
-T race. 
Trace. 

Trace. 
0 10 

Trace. 
Trace. 

0.15 
Trace. 
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1.99 
7.12 
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0.24 

0 66 
0.27 
0 .62 
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0 82 
0.25 
3.21 
0 .25 
0.82 
0.69 
0.07 
0 65 
0.00 
2.70 
~.23 
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0.45 . ... 36 14 
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0.30 . . . . . . . .. . . 20. 77 
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3H8 .A.RTESIAN WELLS OF IO"\\T A. 

~IINER.\.L AN.\LYSES OP WATERS OF' SHALLO"r 'YELLS . 

.£\s g·round water sinks from tl1e surface it enc.:ot1nters, o,rer 
nearly the whole of Io\va a11d Minnesota and O\·er the eastern 
part of the artesian area of intake in \Visconsin, the forma,
tion po1Jularly known as the drift. Shallow wells usua,ll;y lie 
in its rearrang·ed sands anc1 gravel:-,. Dee1)er wells are feel b_y 
Wetters whieh ha,•e percolated throt1g·l1 one or more of its 
sheets of till. It is com1>osecl for the n1ost part of ,t hetero
geneot1s mixture of boulders, })ebbles, sands and ela:rs, the 
grindings of tl1e glacial 1nills. Mt1ch of tl1e material is finely 
triturated; mt1ch is lJartia,lly· deca:r·ed: so that it is 1>articularly 
01>en to tl1e chemical attacl{ of the water which it receives 
from rain anc1 stream an(l g·i,·cs over to si)ring· and \Vell an(l 
the underl~·ing· rocks. 

In the drift are re1)resented rocks of all ages, from the 
... .\rcl1eau to the Cretaceous, an.cl of all l<inds, orga,nic and 
elastic, stra-tifiecl and unstratified, aqt1eous ancl ig11eous. 
Thus the cl1emieal co11stitt1te11ts of the clrift are as diversified 
as are those of the rocks n,nd minerals of wl1icl1 it is composed. 
Its waters are, therefore, hig-hl:y ancl cliversel;· mineralized, 
and b)· its springb ancl its co11trol over soils. it greatl)T i11c.:reases 
the n1ineralizatio11 of all surface and ground waters as well. 
Tl1e follo,ving table of clrift wells of the Chicag·o (.~ North
western rail"Ta3r exhibits with approximate correctness the 
cleg·ree of mineralization of many· of ot1r drift waters, but as 
the analyses were made solely for the purpose of testing· the 
a,·ailabilit}~ of the waters for t1se in locomotive boilers, the)T 
can not be expected to discriminate closelJ·, or to set forth 
the complete chemical constituents of the ,vaters. It will be 
note(l that these clrift waters contain between 40 and 50 per 
cent more solid ingredients, tha,n the ground waters of the 
shallow wells, and that the same proportion holds in the 
increase of the carbonates of lime a,nd mn,gnesia . 
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MINERAL ANALYSES OF DRIFT WATERS. 
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Boone, railway well (0. & N.-W. Ry.) . .. 60 Yellow a nd blue clay ......... . ..... 15.68 6.76 ...... 0.81 

Eagle Grove, railway well (0.& N.-W.Ry.) 72 Blue clay into gravel ............... 16 .61 9.38 ...... . ....... 

Gowrie, railway well (0. & N.-W. Ry.) ... 138 Through clay and sa.nd ............. 27.51 13.93 ...... 0.84 

Hubba.rd, railway well (0. & N.-W. Ry.). 5i Blue clay ............................ 13.11 7.23 ..... . ... .... 

Jewell Junction ................ .. ...... .. . 46 Blue clay .... ... ................ 14.10 6 02 ...... Trace 
Lclay to gravel 

Lake Oity .................................. 69 18 ft. yellow clay; remai.nder blue 15.47 8.55 ...... Trace. 

Missouri Valley . . ........................ 90 La.st 16 feet sand .................... 16.35 5 69 0.89 . ........ 
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370 ARTESIAN WELLS OF lOW A. 

Many waters of the drift are much more strongly mineral
ized than are any in the table. This might be expected since 
the analyses are of wells especially chosen for boiler waters 
on account of their low per cents of mineral ingredients. 
The following· analyses exhibit the nature of the stronger 
drift waters of the state. No. 1, by Prof. L. W. Andrews, of 
Iowa City, is of the celebrated artesian well at Belle Plaine, 
and No. 2, by Prof. A. A. Bennett, of Ames, of an artesian 
well at,Luzerne. 

GRAINS PJIR U. S, GALLON , 
NO, 1. NO. 2. 

Calcium carbonate ____ ____ ______ _____ _ 
Calcium bicarbonate _________________ _ 
Magnesium carbonate. ___ __ ________ ___ _ 
1viagnesium bicarbonate .. _____________ _ 
Iron proto carbonate ___ ____ ________ ___ _ 
Calcium sulphate _______ _____ ________ _ 
1\ilagnesium sulphate. ______________ ___ _ 

Sodium sulphate _____ ------------ ------
Potassium sulphate ______ ____ _________ _ 
Sodium chloride ___ _________ _______ ___ _ 
Potassitrm nitrate ____ __ ______ _________ _ 
Iron salts ____ __ ______ ____ _____________ _ 
Silica _______ ____ _____ ______ _____ ______ _ 

13.111 

.7:J5 
99.946 
39.270 
6.251 

.616 

.112 
Alumina-- - ----- ---- ---------- -------- Trace 
Potassium _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Trace 
Phosphates _ . ______ . ___________ . _ _ _ _ _ _ _ ____ _ 

Organic matter___________ __ _____ ______ Trace 

Total solids ________ ____ __ ________ 160.314 

- ·-----
32.4470 

- .. -----
23.4476 

-------
16 7082 
8. 7892 
8.9410 

14.3876 
1.9213 
3.1185 

2.1841 
2.2425 

Traces 

-------
Traces 

-------
114.1870 

Authority, R. E. Call, Iowa Weather and Crop Service, p. 3. February, 1892. 

Incomplete as are these data of the surface and g·round 
waters of the state, they yet indicate something of the kind 
and something of the deg·ree of the mineralization of our 
artesian waters, even at the beg·inning· of their downward 
journey, and before they have reached the rocks of the artes
ian reservoir. When artesian waters are comparable in their 
mineralization with surface and g·round waters, rather than 
with the waters of the drift, it may be assumed that they 
have passed directly into the reservoir without percolating 
through Pleistocene deposits of any thickness. To this class 

• 
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CLASSIFICATION OF ARTESIAN WATERS. 371 

belong the wells at Mason City, Sabula, Calmar, and several 

wells at Dubuque. 
Artesian water is rendered still more complex in its chem

ical co11stitution in its passag·e throug·h the indurated rocks 
from the area of intake to the region of the wells. The 
degree of mineralization stands in direct ratio to the solubility 
of the rocks with which it meets, the distance which it trav
erses, and the length of time of its journey. It is not an 
aeciclent that the purer artesian waters of Iowa are from wells 
situatecl near the northern border of the state, and that the 
waters are especially strong· in clissolved minerals which rise 
from far below sea level, where the circulation of under
g·round waters may reasonably be held to be most impeded. 

CLASSIFICATION OF ARTESIAN WATERS. 

Since the classification of artesian waters must depend upon 
their chemical constituents, we may introduce here a group
ing· whose use will be found convenient in the further discus
sion of the subject. Since the time of Aristotle and Pliny, 
s~ystems almost as many· in number as the writers upon this 
theme have been proposed for tbe classification of natural 
waters. No onP. of these schemes seems entirely adapted to 
set forth plainly the facts under present discussion. Most of 
them include several g·roups of waters here unrepresented. 
11any· of them are expressed under a somewhat abstruse termi
nology. Names are employed in special meanings apart from 
their pop11lar usag·e, and may therefore mislead. Intricate in 
their details, many of these classifications require for their 
understanding and application more effort on the part of the 
uninitiated than the value of the result reached will perhaps 
,varr::iint. For these reasons no attempt is made to apply any 
of these formal systems to the deep waters of Iowa. It will 
suffice if we merely group these waters tog·ether in accordance 
with their common ing·redients. Under this method of pre
se11tation the groups are not mutuall3r exclusive, and the same 
water may be found under several divisions. Iowa mineral 
waters, therefore, fall into the following· classes: 

• 
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372 ARTESIAN WELLS OF row A. 

1. Calcic-mag·nesian alkaline waters. In this class calcium 
and mag·nesium carbonates are predominant, or largely 
present. 

2. Sodic alkaline waters. These contain marked quantities 
of sodium carbonate. 

3. Saline waters, so named from the presence of common 
salt, sodium chloride. 

4. Selenitic waters, containing· sulphate of lime, or gypsum, 
in its crystalline form known as selenite. 

5. Magnesic sulphated waters, containing· mag·nesium sul
phate, or Epsom salt. 

6. Sodic sulphated waters, differentiated by the l)resence 
of sodium sulphate, or glauber's salt. 

7. Chalybeate waters, or those containing· the salts of iron. 
Before taking· up each of these natural groups we may men

tion some divisions of our deep waters based on other qualities 
than solids in solution. Such is the di ,rision of natural waters 
into thermal and non-thermal. Strictly speaking, any water 
would fall into the first class whose temperature was higher 
than the average annual tem1)erature of the locality, and thus 
all the artesian waters of the state would be thermal waters, 
since each receives an increment of heat from the strata lying· 
below the plane of seasonal and yearly variation in tempera
ture. But convenience makes sensation of heat and cold the 
arbiter, and draws the line of demarkation between the two 
divisions at 70° Fahr. Under this classification the only ther
mal waters of Iowa are those of the Washington deep well, 
whose temperature is reported at 74'"' Fahr., an abnormal tem
perature for which we cannot account, and the lower wat~rs 
at Glenwood, whose temperature is 72½° Fahr. Approaching 
the limits of 70° are the following wells. 

Sioux City-------------------------------·---- "About 70°" 
Homestead ______________________________ . ___ . _ _ _ _ 66t0 

Classifying natural waters into g·aseous and non-g·aseous, 
according to whether or not they contain dissolved g·ases 
other than those of the atmosphere, which are found in all 

... 
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,va,ters to which the air has access, or the same g·ases in 
larg·er quantity, the former category may be divided into the 

. following classes. 
Carbonated waters, containing carbon dioxide. 
Carbureted waters, containing· carbureted hydrogen. 
Sul1)ht1reted waters, containing hydrogen sulphide, sulphu-

reted l1yclrog·en . 
.1\zotized waters, containiug free nitrog·en. 
Some reference has already been made to the g·aseous ing·re-

dien ts of Iowa waters. 

CALCIC MAGNESIAN ALKALJNE WATERS. 

We have seen that in the waters of Iowa rivers and shallow 
ancl drift wells, calcium carbonate constitutes about one-half 
of the tot:11 solids in solution, and mag·nesium carbonate about 
one-quarter. These hig·h proportions are due largely to the 
l)resence of partially clecayed limestone 1Jarticles in the drift, 
l)roved by the ust1al ready effervescence of its clays in acid. 
Artesian waters draw these salts also from limestones and 
dolomites, calcareous and calcareo-magnesian shales and cal
ciferous sandstones, whenever such strata are traversed by 
the courses of these waters. We ma3r therefore expect that 
arteHia11 waters of this class will carry higher per cents of 
tl1ese carbonates than are found in surface and ground waters. 
In the waters listed in the accompanying· table lime and mag·ne
sian carbonates average nearly four-fifths of the total solids in 
sol11tion and range from about fourteen to nearly forty and 
one-half grains to the gallon. 

, 



CALCIC MAGNESIAN ALKALINE WATER$ • 

I 
I I I C • - I I C I 

8 ... ,0 • ... ... - -... 
CIS ai<t> Q) CIS ::, o;S • ::, "' d4i "' (.) - i:. +> (.) . Ul -<D Ul () . - . -CIS .e al () . 

Q) gJ ti)+> ....... Q) .0 Cl) Ul A -A Cl) 

84i Gi CIS a~ ti) al TOWNS. OWNERS. +> +> <I) 0 <I) 0 8~ s:i- en.Cl ..Cl 
() "' ()d A.0 <t> .0 ="' d +> C Q. .e 0, -i:i ~A lat~ 

Ai.. ::,g "'g - "' ::, «I .... -(.) 0 bOe,j -o .!(O CJ..ci ~ - .Cl - 0 '0 ,0 '0 A 0~ 'aj.o o:,.O al C.I ~ (.) ... ,.o -;, i:i. al Ul ;a :a 0 .... 0 0 0 (Tl ~ (.) ~ rn A. - - --0a.lmar ...... C., M. & St. P. Ry ....... 9 051.1 ...... 4.000 .... . . . . . . . . . 2.(80 ..... . .... • • ♦ ••• 

Dubuque ....... l\1a.ltlng Co ............. 9. 41S6 ...... 4.377 ...... . ..... . . . . . 1.284 ...... . ..... . .... 
Duhuque ..... . . Cushing ................. 7.5~8 ...... 6.862 .... . . . . . . . .... . ..... 0.292 0 961 .... .. 
Dubuque ....... Steam Ilea.ting 0o ...... 8.096 .... . 7.179 . . . . . . ..... . . . . . ... ...... . ..... 1 5!>2 
Mason 0ity ..... City .. .................. 10.990 ..... 4.480 . . . . . ... .. 1.210 ..... . .... . . . . . . .... 
Monticello ...... City ..................... . 10.059 6 711 ...... 1 591 3 596 ... .. . . . . . . . .... ' 1.425 ...... 
Clinton .. ........ Water Works Co ...... . ..... 11 .229 .. .... 7.427 6.282 .. .... • ••• 4 • . ..... 6 627 ...... 
Sabula. ...... . .. 0ity ..................... 7.764 ... .. 0.522 10 374 0 605 .. .. . ♦ • ••• • . .... 1.7116 ...... 
Dubuque ....... Bank and Ins. Bldg. 0o. 1.434 9.587 ...... 8.625 1 53:! .... ... . ..... . ..... 1 765 .. .... 
McGregor ....... No. 2, city .............. 5 245 4 549 ...... 9.1!68 •• ♦ ••• . ..... . .... 0.332 4 2i6 ...... 
Emmetsburg . .. 0, M. & St. P. Ry ...... . 13 960 ..... 6.(60 ...... . ..... . .... . . . . . . . ... . . ..... .... 

• 
Britt ............ 0., M. & St. P. Ry ...... 15.300 .... 8 llSO ..... . ..... . .... o 1eo .... ...... . ..... 
West Bend ..... 0tty.... . . . . . . . . . . . . . . . . . 17 fi n 12 710 .... J0.175 .... .. . ..... . ..... 2.196 11.882 .... -Average .. . . . . . . . . . . . . . . . . . . .. . ..... 8 952 3 4{5 . . . . . . ' .... ...... ' ..... . . . . . . . . . . . . .... 

' I ... ..... 0 ::, (D Iii ..... 
Ul .Cl A <t> 

C.I Q) Ul .... '0 
A QI a -.... ... .... ..., 

CISO ~ -(,! d . 
"'.Cl v-.... Cl) 

-.Cl () 

:::: Q. '0'0 .... o· ... -(.) --d -< rn m --. ... . ... 0.18 ...... 
. . . .. 1.69J ♦ •• ♦ • • . ..... 
. ..... 0. 350 . .... . .. 
..... . 0 204 .... .. 0.872 

0.34 ...... 0.440 ..... ' 

. ..... 0.555 . .... 1.33i 

. ..... 6.6616 .... .. 0.612 

. ..... . ..... . .. .. 0.114 

. .... . ..... . ..... 0.298 

. ..... a 415 . . . . . 0.398 

2.520 . . . . . 0. 480 ...... 
8.230 ..... 0.1'70 ..... 
. . . . . 0,54'i .... . o.~48 -----. .... " ..... . . . . ..... 

., 

. 
~ (D Q) 

(D • 
~ a~ . r:,:. 00 ..... .... '0 - .0 o-

0 i:l 
..... al .. 

cn-d ,....Sa, 
Ulc,S 

CIS '0 () <Drt, 4> -o...: ~g +->cal 
x -d 0 "'';j M<ll 

0 0 E-< ------. ..... 0 130 13.950 

• •• ♦ •• . ..... 14 334 

..... . .... 18.950 

0.035 ..... 15.275 

...... 0.190 15.4'i0 

1.467 ...... 18.361 

0 Ol'i .. .... 18 6,'it 

o.aa1 ...... 18.6~0 

0 646 ...... 19.646 

0 124 •• ♦ ••• 19.662 

. ..... 0.540 20.420 

. .... 0.230 23. 450 

0 224 .... 40.426 --. ..... . 19.405 

• 

. -CIS ..., 
0 

E-< --
17.240 

20.4295 

15.648 

17.968 

77.650 

26 813 

38.85;3 

21.526 

23 888 

28.720 

23.960 

27.8i0 

5.5.706 

25.8(9 

Ci.:i 
-.:r 
~ 

> 
~ 
1-3 
t:tj 
en 
1-i 

> 
~ 

~ 
t:i::J 
t"1 
~ 
en 
0 
>"%j 

1-i 
0 
~ 
> • 



' 

' 

• 

SI~IILARITY OJJ' THE v\'· ATER8. 

\\Tbile the a,verag·e of these carbonates is about twice that 
in tl1e river waters of the state, river water occasionall:y is 
fot111d- as the ,vater of the Des ~1oines at Dr1ik<)ta City, on 
February 12, 1889, according· to the analyses of Mr. George 
1-1. Da,Ti<lson- which is harder with these carbonates than is 
the averag·e artesian water of this class, harcler in fact than 
an)· listec1 i11 it ,vith two exceptions. 

'l'l1e water of the West Bend well is sharply· dis ti ng·uished 
b)-r its hardness from the others of its class. It is not a sand
sto11e water, as are most of the others, and its excess of the 
ca,rbonates is due to the limestones throug·h which its flows . 

.... .\. distinct group is formecl by the neig·hboring· wells of 
Dubt1que, Sabt1la, Clinton and 1-'Ionticello. These waters are 
iclentical in the amount of calcium and magnesium carbonates 
they· contain, and are similar in the fact that each carries more 
or less of sodjum carbonate and soclium sulphate. 

Tl1is elass of waters is surpassed by none other. .....\.stable 
waters they are of the hig·hest excellence. In all res1)ects 
the~· fully· equal the celebrated Waukesha waters of Wiscon
sin, an<l are indeed superior to them in that they are softer. 
Eig·ht of the most famous of tl1e Waukesha springs average 
24.17 g·rains of lime and mag·nesium carbonates to the g·allon, 
a larger amount than that carriecl by any of the waters of 
this class except that of the artesian at West Bend. 

At the recommendation of this office some of these waters 
l1a,·e recently been placed upon the market, and we see no 
reaso11 why with due advertisement of their merits a larg·e 
exr)ort trade in them may not be secured. 

The manner in which calcium and magnesium carbonates 
are held in solution are of special interest. We have see11 
that these compounds are but very slig·htly soluble in pure 
water. Were it not for the presence of carbonic acid g·as, all 
our well waters would be nearly as soft as that of cisterns. 
The process by which this g·as effects the solution of the car
bonates may be conceived in two ways. The carbonates 
may be considered either as being held in solution by the 

• 
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l)resence of free carbon dioxide, or as uniting with it forming 
new and soluble compounds, the so-called bicarbonates of 
lime and magnesia. In the first instance the chemist calcu
lates the amount of calcium carbonate, and so enters it in his 
anal)rses; in the second he reckons the amount of calcium 
present as bicarbonate. The latter method is employed in 
the official analyses of the Survey, but many· analyses herein 
published were reckoned in the other way, and can not now 
be conveniently recalculated with the data at hand. 

In either view of the process the amount of calcium car
bonate held in solution depends upon the amount of carbon 
dioxide in the water. Under pressure, as in the deep sources 
of certain springs, gTeat quantities of the gas may be absorbed 
and corresponding·ly large amounts of calcium carbonate 
taken into solution. On the emerg·ence of such waters at the 
surface, the carbon dioxide escapes with the release of pres
sure, and the calcium carbonate is freely deposited, petrifying 
whatever the waters may touch. Whene·ver by any process 
carbon dioxide is removed from water, the carbonates of lime 
and magnesia are thrown down as insoluble precipitates. 
When hard water is boiled in heater, steam 'boiler or tea 
kettle, and its absorbed gases are thus expelled, the carbon
ates settle, forming· the white-or reddish, if iron is present 
-scale, furrjng or sludg·e with which every housewife and 
engineer is too well acquainted. If we conceive of the salts 
as present in the form of bicarbonates, then we will consider 
that these compounds have been broken up by boiling, the 
extra carbon and oxygen being· returned to the air as carbon 
dioxide, and the calcit1m and mag·nesium being precipitated 
as carbonates as before. 

A frequently noted effect of the bicarbonates so univer
sally present in the g·round and dee1) waters of the state is to 
render the water hard. Since these carbonates are remo,r
able by boiling·, such hardness is termed temporar:y or remov
able hardness. But hardness may be caused also b:r other 
minerals removable only by chemical means, and such is , 



• 

SODA ,,, ATERS . 
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terruecl 1>ermanent hardness. Hardness of either sort is tested 
and measured by means of soap. This chemical compound 
of ,·arious fatty· acid.s with an alkali is decomposed by· the 
mineral salts wbi.eh harden water: the fatty· acids of the soap 
combining· with tl1e salts of the water to form insoluble curtly 
com1)ol1ncls. In washing· with hard water, sufficie11t soap 
ml1st first be destroyed to preci1)itate the salts of the water, 
before a11y adclitionai soap prodl1ces lather and has its 11atural 
effeet as a cletergent. The amol111t of soap necessary to 
throw down these salts and render any water soft is thus 
a measure of the hardness of the water. The oldest scale 
of har<lness, ancl the only one which has been employed 
lll)On Iowa ~aters, is Clark's scale. In this, each degree 
of hardness is determined bs· the presence in ever:y hun
clred im1)erial g·allons of the waters of sufficient mineral 
salts to neutralize two ounces of the best hard soap. This is 
l)ractically· equivalent to one grain of calcium carbonate to 
the g·allon. ""\T ery few of the waters of the state have been 
tested in this respect; but a tolerably· accl1rate idea of their 
relative hardness may be obtainecl by noticing the amount of 
the carbonates and sulphates of the alkaline earths g·iven in 
the anal:yses. It will thus be seen that the waters of the cal
cic magnesian alkaline class are less hard than for those of 
an;y other class of the dee1) waters of the state. The physio
log·ieal and mechanical effects of calcium and mag·nesium 
carbonates in waters will be treated under another head. 

S ODIC ALKALINE WATERS. 

Tl"1e ultimate source of sodium carbonate, commonly known 
as sal soc.la, found in artesian waters, is to be soug·ht in the 
cr)·stalline rocks, in which alkaline silicates, such as the soda 

. ff)lds1)ars, are among the most common of rock-making min
Prals. By their decay are formed clay shales, which retain 
something of the orig·inal alkaline constituents. T. S. Hunt 
has remarked the l)revalence of sodic springs in argillaceous 
strata, an<;l he explains the formation of the carbonate of soda 
"~hich they contain by the reaction of silicate of socla with 

• 
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lime and mag·nesia carbonates. Bischof sug·gests also that a 
solution of sodium chloride may produce the same alkaline 
carbonate by reaction with carbonate of lime. 

The deeper strata of Iowa suppl:r both means, both shales 
and saline waters, yet sodic alkaline wells are · rare. Omit
ting· several in which this constituent is 1:>resent in very· small 
amounts, the following is the entire list. 

TOWN, OWNER. 
Clinton ____________________ ._Water Co. 
Council Bluffs _______________ Asylum 
Davenport ___________________ Jee Co. 
Davenport ___________________ Witts 
vVest Liberty _______________ _ Town. 
Glenwood ___________________ Town. 

SODIUM CARBONATE, 
GRAINS TO U, S, GALLON. 

6.628 
12.155 
12.677 
16.446 
38.152 
50.518 

All these waters are sodic-sulphated also, and their full 
analyses are g·iven with the waters of that class. All contain 
common salt, but not in amounts proportional to the soda they 
carry. 

Calcium and magnesium carbonates are poorly represented. 
Omitting· the Clinton wells, these salts average about eight 
and one-third grains to the gallon, and compose less than 
eight per cent of the total solids. Mag·nesium sulphate is 
wholly absent. Although waters containing sodium carbon
ates are natural solvents of silica, no notable excess of this 
mineral is noticed. 

SALINE WATERS. 

The artesian waters of Iowa, as well as those of the spring·s, 
are notable for the absence of brines. The waters strongest 
in salt are the following. Even the most saline contain only 
about one-fifth as much salt as the Hathorn Springs of 
Saratoga. 

• 
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The following also contain over ten grains of salt to the 
g·allon. 

Davenport. glucose ____ _______________________________ 28.d80 

Davenport. ice factory ________________________________ 26.266 
Davenport __ _____________ .. ____ ••. ___________________ 26.175 

"\\
7 ilton, city _________________________________________ 18.560 

Boone, 'No. 1, city ____ ------- - -------------- ---- _____ _ 14. 756 
Center.-ille, city, No. l _______________________________ 13.215 

Ottumwa __________ ---------------------------------- 11.480 
.Jefferson, city ________________________________________ 1 l.004 
Des )foines, court house _____ _________________________ 10.333 

The source of the salt in these waters is to be soug·ht in 
the fossil brines of saline deposits of ancient seas. The Silu
rian supplies the salt of the wells at Keokuk, Fort 11adison, 
Centerville and Glenwood from strata probably equivalent to 
the Onondaga salt group of New York. At 11cGregor the 
salt is derived from a thin layer of the Cambrian . 

• 

Salt water also occurs in the strata of the Missourian stag·e 
of the coal measures. 

The composition of the saline waters is complex, and they· 
rank among· the most heavily mineralized waters in the state. 
They are particularly· rich in the sulphates. Calcium chloride 
and magnesium chloride are absent. 

SELENITIC WATERS. 

Calcium sulphate is well known in its h:rdrated form as 
g·ypsum, and in the commercial product, plaster of Paris, 
deri·ved from gypsum by the expulsion of two-thirds of the 
water of crystallization by heating·. In the form of transpar
ent, lozeng·e-shaped or tabular crystals it is known as selenite, 
readily distinguishable from limespar by its softness. Cal
cium sulphate is an ing·redient of sea water, and, as it is but 
slig·htl}r soluble in concentrated brine, it is the first mineral 
to be precipitated when sea water is evaporated. It is a 
common accessory mineral of the sea-laid se<limentar3· strata 
of the state. The argillaceous shales of the Devonian, Car
boni£ erous and Cretaceous are specially ric-h in g·ypsum, ancl 
the present investigation has broug·ht to light extensive 

• 
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g·y·pseous marls and limestones in strata of Silurian ag·e prob
ably referable to the Onondag·a salt group. 

G:rpsum is readily soluble; only 460 parts of water are 
required to dissolve it. It is, therefore, a common constituent 
of 1)hreatic waters, and on account of its physiological and 
mechanical reactions it is one of the least desirable. The 
selenitic artesian waters of the state all belong· to the Slll
l)hated waters also, and their analyses will be given with 
others of that class. The following· waters contain over ten 
g·rains of calcium sulphate to the gallon. 

Sanborn, C., 11 & St. P. Ity ______ _____ __ _____________ 70.080 
CenterYille, No. 2, city ___________ ______ ______________ 45.870 

Grinnell, city---- ---- -------- --------------------- --- 41.100 
Des .1Ioines, court house ___ ___ _____ ___ __ ___ _______ ____ 34.389 
Colfax, ~I. R. springs ______ _______ __________ __________ 31.759 

K~okuk Pickle Co. _________ . ___ - . . - - - - ______ . ___ ... _. 25. 993 
SiouxCity ____________________________________________ 18.328 

lvicGregor, No. 1 ___ _____ _______ ______ ___ ____ . ________ 17.002 
Keokuk Poultry Co. _______ ______ ___ __________________ 15.834 
,~rebsterCity _______ ____________ ____ ________ __________ 15.49! 

"\Vashington --------- - -- · -- ------------- -------- - - --- 14.402 
Dunlap _____ .-- -~---------------------------- ______ __ 14.020 
Colfax 0. M. C, _______________________________________ 13.070 
Boone, city, No. } ______ _____ _____ ______________ ______ 11.708 

Fort n-Iadison, Pa per Co. _______ • _______ .__________ _ _ _ _ 10. 217 

It will be noted that with one exception, the well at 
J\.IcGregor, all of these wells are situated west of the eastern 
border of the Carboniferous. Three of the wells, those at 
Colfax an<l Des Moines, draw their water directly and only 
from strata of this ag·e. The wells at Fort Madison, Keokuk, 
an(l Centerville owe their calcium sulphate to the Silurian, 
and the Sanborn well probably to the Cretaceous. 

SULPHATED WATERS. 

Under this head may be conveniently t reated both the 
\Vaters which contain in larg·e or predominant quantity sodium 
sulphate, a.nd those which contain magnesian sulphate also. 
Sulphate of socla or Glauber's salt occurs in g:ypseous marls 
and in beds of rock salt. In man~r parts of the world it is 
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found as an efflorescence or incrustation, as on the steppes of 
Russia adjoining the Caspian sea, in Hungary, and near 
Bahia Blanca in southern Argentina. Its constituents are 
present in sea water, and it may, therefore, be expected in 
strata which are charged with the results of the e·vaporation 
of ancient sea basins.* Sodium sulphate in artesian waters 
ma3r thus result from direct solution of the salt in sedimentary 
strata, or it may be produced from the reaction of gypsum, 
st1l1Jhate of lime, with either silicate of soda, or carbonate of 
soda. The conditions for its production are supplied by the 
association of gypsum and alkaline marls, or by the mingling 
of selenitic and sodic alkaline waters. 

Sulphate of magnesia, or Epsom salt, occurs in nature as 
an efflorescence upon certain limestones. It is produced in 
dolomites containing gypsum by the reaction of magnesium 
carbonate and calcium sulphate. In other instances it results 
from the reaction of ferrous sulphate, formed from decompos
ing iron pyrites, with the mag·nesium carbonate of mag·nesian 
limestones. _ 

•Hunt. Obemical and Geological Essays, p. 105. Salem, 1878 . 
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Sioux Oity ................ 20.880 S0.011 ..... 18.328 ...... 19.832 ...... ..... . ...... . ..... . . . . . . ..... 
Amana ................... 11.683 30.160 .. .... . ..... 24.277 .... 0.663 ...... . ...... . ..... • ♦ ♦ • ♦ • . ..... 
Ottumwa, Art. Well Oo. 6.100 33.830 ...... . ..... . ..... 13.200 ...... 8.270 ...... . ...... . ..... . ..... 
Homestead .............. . 9.379 29.331 ...... 3.3i7 19.173 ...... . ..... . ..... . .... . . .... ...... . ..... 
Webster Oity ............ 7.747 18.891 .. ... 15.494 22.629 0.26j ...... . .... . . ..... . ..... . .... Tr'ce 

Sanborn ................ 6.700 29. 82 70.08 ...... . ..... .. ... 18.113 . . . . . . . . . . . . . . . . . . ..... 

• 
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SODIC SULPHATED WATERS. 

8 I a I I I 8(1) 8 ?... I 8 I /_. 8 8 • i::lc;l .._..., ,..... ,... ...,<D i,.. ~ <D cd i.. <D i::I O <D Od O-c, • 0 
::S<ii ~ ::S<ii ~ ..c~ ~ ::S,::1 ::s~ £ ~ ::s~ _g :a :;<ii ::;~ !::a .o~ "O 
•--+:1 ...... +:> Sw • -~o ..... ~. . •-4'1o.V ..... ~..... ...,. ~Cl)+:> :=:: 
(ll c;l • <ll :d O • A 8 (I) rn.t:J rn i::I -<D (I) rn i::I i.. O <ll"O rn- O::, ::S :-o O 

WELLS. (l).d S.& rn.d ~~ ::; 0 ::, ~ (I) '- Q) _2 a~ a~ Ul _g ~ 8 <ll°i: (I);; <ll'; C/l d A Ul 

c,A ;:lc;l cd_e.' -"3 -~ ...,Cl dc;l Cli,.. ::Sd ::SQ <di.. ' ::S • <d.£ QO ts! 11,1"0 -~ -
t,Q~ ;a.d +>::J ~.d ,.S<'8 ~O bO!:? t,Qc;l ;;30 ;ao +>o, d~ ;;~ +'.d br.d ~ ~Cl ~cdag ~ 
=rn O P< om o,P< c,o tsJ..C <':!..C ~o O .o O ..C oo Oc;J 0 .., oo c;lp, ,... ><c;J o <'8 o 
::S 00 ~ 0 0 0 :;el ~ 00 CZl ~ ..._: 00 ~ ~ 00 0 8 8 - --- - -

Oentervllle, No. 1 ...................... 41.689 ...... 8.662 ..... 10.456 ...... .. ... . ....................... 13.215 ............ 4.73l ....... 45.351 ...... . 

Oouncil Bluffs, asylum .. . ............. 55 723 0.478 . . . . . . 9.36a . . . . .. a.272 12.155 . . . . . . .. . . . . . . . . . 7 .503 ... . .. Tr'ce 0.543 0.123 56.201 89.433 

J e fferson, town . ................... ..... 46 .322 ...... .. .......... 5.663 ...... 3.207 ....................... U 005 ........... 0.793 0.414: 46.322 67.4°' 

West Liberty, town ............. .. ..... 43.788 .... ... .......... 11 .659 ...... 0.010 ...... 38.1521!i.125Tr'ce 9 302 . ..... 0 077 7.676 0.222 43.738128.972 

Fort Madison, Paper Oo....... .. . . . . . 40.071 ... . .. 10.217 ...... 14 .818 . . . .. 7 817 . . . . . .. . . . . . . . . . . . . . . .. 41.329 .. . . . . .. .. . . 0.390 0.807 60.288 155.129 

Wilton, town. . . . . . . . . . . . . . . . . ... . . . 83.4110 ..... ... .......... 10.470 . . . . . . 6.450 . . . . . . . . .. . . . . . . . . . . . . . . 18 560 ............ 0.560 Tr'ces 33.450 69.490 

Washington .... ...... .... . ............. 31.!l52 ..... 14.40.2 . . ... . 2 811 . ..... 8 961 .... ... . ......... Tr'ce 5.325 1.015 ...... 2.C49 0.103 46.354 ..... .. 

Glenwood ...................... _.. . . . . . . 31.092 . . . . . . . . . . .. . . . . . 5.137 . . . . 1.831 ... . . 60.518 . . . . .. o 252 106.284 . . . .. . . . . . . 0.60l Trace 31.092 19/i. 715 

Davenport, I ce Oo ...................... 23.705 ............ 4.690 ..... . 1.922 ........... 12.677 . ..... 0.4:06 26.266 ...... ...... 0.4:97 Trace 28.705 73.776 

Davenport, \Yitts....... .. . .. .. .. . . 23.407 .. . .. . .. . . .. .. 2.148 . . . . . 1.603 ...... 16.446 . .. 0.449 26.175 . . .. . .. .. .. 0.438 . . . . .. . 23.407 70.666 

Davenport, glucose factory .... . .. .. . . 16.096 .. .. ~.540 5.132 . . . 4. 770 . . .. . .. . . . . .. .. .. .. . . .. . . . . 28.080 . .. . .. . . . . O 216 0.361 2l.636 e0.195 

Vinton.... ....... .... .. .. ...... ..... . 8 605 ...... 5.746 ..... 6.940 ...... 4.827.. .... . .. .. . .. . .... .. 0.128 .. . .. . 0.349 l 401 14 851 27.900 
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CHALYBEATE vVAT ERS. 385 

Comparing the analyses of the two classes of sulphated 
waters as given in the accompanying· tables, the reader will 
observe some distinct differences between them. On the 
whole, the soclic waters are less highly sulphated than the sodic 
mag·nesian waters. In the first class magnesium carbonate is 
ust1ally present and calcium sulphate usually absent, In t he 
second class the reverse obtains, mag·nesit1m carbonate 
usually· being· absent and calcium sulphate usuall~· being 
present. While all except two of the sodic sulphated waters 
rank below 50 g·rains of all st1lphates to the g·allon, all except 
four of the sodic mag·nesian waters rank above this grade. 
While the latter excel as medicinal waters, the soclic waters 
are distinctly· superior for town supply, and indeed the best 
of this c:lass should be l)laced in the hig·hest rank of potable 
waters. 

CHALYBEATE WATERS. 

The quantity of iron carbonate in an:r water 11ecessar.r to 
l)roduce therapet1tic effects and to place it in the class of 
chal;ybeate waters is extremely small. The celebrated Leuk 
chal)·beate springs of Switzerland contain but 1.10 grains of 

• ferrot1s bicarbonate to the gallon. The chalybeate s1Jrings of 
lvlissot1ri range as low as . OU2 grains to the same measure. 
'l"he onl)r artesian waters in Iowa in which iron carbonate has 
l)een found, so far as our anal)·ses show, are the following·. 

IRON CARBONATE, 
GRAINS Pl!IR 

TOWN. U.S. GALLON, 
C'olfax, 0. i1 C. springs _____________________________ __ .670 

Nevada, town ----- ----------------- ----- - ------------- .473 
Davenport, Witts -- - ---------------------------------- .449 
Davenport Ice Co._____________________________________ .406 
Colfax 1'1. R . spring ___________________________________ .258 
Glenwood, tow·n . ___ _ __ ____ ____ __ __ ______ ______ ____ __ __ .252 

Ferrous carbonate or bicarbonate, like the carbonates of 
lime and magnesia, is held in solution in natural waters by 
carbonic acid gas. On reaching· the surface the gas escapes 
and the iron is l)recipitated as ferric oxide. In this wa:y are 
produced reddish stains and accumulations in drinking· ves
sels, deposits of ochre, and brittle, iridescent films, often 
mistaken for oil, on the surface of springs. 

.. 
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386 ARTESIAN vVELLS OF IOWA. 

Qualities of Artesian Waters. 

The qualities here to be considered are not those belonging 
to water itself in a pt1re state, bt1t t~ose \~hich are l)roduce(l 
b:y the presence in solution of various foreign ing·1·edients. 
1:\.ccor(ling to their kin(l and a,mount, these ing·redients g·iv·e 
to the water of dee1) wells widely clifferent reactions in sev
eral lines, each of which modifies the a,railabilit3T of the water 
as a munici1)al Slll)l)lJ·. '1.1l1ese will be treatecl in the follo,ving 
order. 

1. The me(licinal qt1alities of artesian waters, or their ther
a1)eutic reactions lll)On the human system in the case of s1Je
cific cliseases. 

~- The wholesomeness of artesian waters, or their l)h)Ts
iological reactions upon the ht1man SJ'stem uncler conditions 
of health. 

R. The industrial qualities of artesian waters, that is, their 
reactions U}JOn differe11t industrial products in process of manu
faeture. Uncler this hea(l will be considerecl their (Jualities 
as steam-proclucing waters in stationary and locomoti,·e 

. 
engines. 

THEllAPl~l TTIC'S OF ARTESI.t\N ,, ATEI{S. 

A larg·e nt1mber of the artesian waters of the state maJ· be 
considere<l as mineral waters, using that term in the 11arrower 
sense as (•onnoting· those waters which have, or are su1)1Josed 
to have, medieinal effect upon the animal body· by· reaso11 of 
tl1e1r mineral ingredients. The minerals clissol,,.ed in the deep 
waters of Iowa c:1re those w.hich g·ive their effieacy\ their fame 
ancl their commercial value to many of the celebrated s1)r1ng·s 
of the worlcl. In (leg·ree of mineralization our strong·er waters 
com1)are favorably with man)., of the hig·hest re1)ute in otl1er 
states ancl countries. The })hysiolog·ical effect of several of 
O11r waters is marked upo11 those not aecustomed to their 11se 
even in tl1e small quantity of tl1e or<linar3" (laily· ration in 
healtl1. Of many more, a free 11se, such as is usual in water 
cures, is beneficial or curative in certain diseases, and i11 l)11t 

• 
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few, if any of these waters, is the quantity requisite to pro
duce the clesired effect too larg·e for easy dig·estion. 

There are two points of approach to the treatment of the 
special therapeutic qualities of Iowa deep "'vvaters; the one the 
physiological action of the different materia medica which 
they· contain, the other the accredited virtt1es of similar 
waters. The forr.a.er is somewhat difficult for a layman, while 
the latte rraises the vexed question of the real curative prop
erties of mineral spring·s. Without question psychical factors, 
besides the peculiar qualities of the waters, enter into the innu
merable well attested cures made by medicinal spring·s. Rest 
from routine and care, change in climate, in altitude, in diet · 
and habits of life, these and other concomitants have their 
remec.lial effects. Water itself, apart from the minerals it 
ma:y contain, is a known therapeutic agent. When freely 
clrunk it increases the action of the kidneys and the rate of 
removal of injurious products of change. When taken hot, it 
further acts as a stimulant to other vital org·ans of the body. 

After making all these deductions, there still remains a 
co11siderable component of the cures made at watering places 
tha,t mt1st be attributed directly to the medicinal qualities of 
mineral waters. Clinical experience attests h~re the popular 

' 
belief. 

In Europe, where strong· mineral waters are either more 
abunclant or have been longer used, their values have been 
most thoroughly investigatecl and are more widely appreci
atec.l than in .America, where their lJlace is larg·ely taken to 
nt1r <lisadvantag·e by deleterious patent medicines of unknown 

• 
eom1)osition. 

CALCIC AND M:AGNESIC WATERS. 
' 

The carbonates of lime and magnesia are antacids and the 
latter salt is also laxative. It is administered in doses of 
from thirty to 320 grains. * Strong· calcic waters are said by 
Coan to be found useful in cases of chronic diarrhcea, and 
milder calcic waters in cystitis. 

• H. o. ,voods. Therapeutics, p. 757, 9t,h Ed. Phil., 1894. 

• 
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SODIC ALKALINE \VATERe. 

The presence of sodium carbonate re11ders these waters 
antacids of great vi,lue. In cases of acicl clys1)epsia this salt 
is used b)' the profession in preference to any other alkali, 
and is aclministered in doses of from ten to twenty grains, 
amounts contained in one-fifth to t,vo-fifths of a gallon of the 
Glenwood water. Waters of this class when freely taken 
render the uri11e alkaline, at1d possibly, thoug·h not demon
strabl3•, other secretions also. 'l'l1ey are indicated in se,•eral 
affections of the bladcler. The.)' are prescriber! also for bron
chial an,1 nasal catarrhs, and catarrbal conditions of the 
digestive organs, since tl1e3' act beneficiall,r on the secretions 
of the mucous membrane by malcing· them more fluid. They 
are indicate,! also in g·out, obstructions of the gall clucts and 
in b3•1)er,emia of the liver: but are forbidclen in an,emia, con
su1J1ption, and inflammations and lesions of the vital organs. 
During treatment tl1e use of ,,cidt1lous fruits is injurious, in 
that it counteracts t11e allcaline effect of the waters. Long 
contin11ecl or excessive use of strong· waters of this class tends 
to cleplete tbe blood and iinpair cligestion. 

While the sodic alkaline ,vaters of Io,va :i,re ,veak compared 
\\·ith several of the soclic springs of Europe, st1cb as 1'icby 
and .8ms, ,vhicb carr3· respectivel3· 319 g·rains and 129 grains 
to tl1e g·allon, 3•et the.r compare very favorably ,vith waters 
of the same class in the eastern United States. In Peale's 
J\1iner,,l Vi' :i,ters of the U . S., Wasl1ing·ton, 1886, on!)· eighteen 
localities are rnention.ed east of the ~1issuuri ri,-er the ,,,aters 
of whose s11ring·s contain over t<en grains of sodium carbon:i,te 
to the g·allon. Five of the artesian waters of Iowa exeeed 
this amount and t\\' O go far beyond it. The Gle11wood well 
with fift)'' g·rains to the g·allon is surpassecl i11 this respect by 
but three spring·s in the territory namecl, the Ge:rser S1)outing 
springs of Saratoga, N. Y. ; the S,iint Louis J\1agnetic 8l)rings 
of J\1issouri, and the 17ichy spring·s of Owaton11a, J\1:inn. 

. ' 
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SALL'l'F. AND SELENITIC WATER$. 

Saline waters stimulate the secretions of the dig·estive tract, 
and are said to be valuable in flatulent dyspepsia and some 
other diseases. None of the waters of the state contain salt 
to a degree even approaching the limit of potability. Their 
weakness in this respect is seen by comparing· the most saline 
water in the state, that of Glenwood, containing· 106 g·rains of 
salt to the g·allon with true saline springs, such as the Con
gress at Saratoga and the Artesian Lithia of Ballston Spa, N. 
Y., which carr3r respectively 400 and 750 g·rains of this ing·re
dient to the g·allon. As the normal daily ration for an adult 
is some 300 g·rains of salt, no ordinar3r potations of our deep 

waters will so increase it as to affect health. Selenitic waters 
are said to be laxative when used freely. 

SULPI-IA.TED WATERS. 

The charac.teristic constitt1ents of these waters are the sul
phates of mag·nesia and. of soda, well known as Epsom ant) 
Glauber's salts, each a most active hydrogog·ue cathartic in 
the doses usuall:r administered. On account of harsher 
action and more nauseous taste, Glat1ber's salt is but little 
used in medical practice upon the human subject. 

In no analyzed deep water of the state are the solL1tions of 
these salts so eoncen.trated as to be more than mildly laxative 
when taken in considerable quantity. Sulphated waters are 
alkaline in their reaction and are indicated in dyspepsia 
accompanied by an excess of acid in the dig·estive tract, and 
in chronic catarrh. The:y are sometimes recommended in 
constipation and are saicl to be often serviceable in diabetes. 
Since they aid in the oxidation of fat and reduce the weight 
of the body they are prescribed for the recluction of obesity, 
for g·out, scroft1la, rheumatism, diseases of the liver, an<l, in 
g·eneral, for diseases caused l)y over-feeding·. Contra indica
tions are poverty of the blood, weakness of the constitution, 
and inflammation and lesions of the lung·s and heart . 

• 
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CHALYBEATE WATERS. 

We have seen that the amount of ferrous bicarbonate 
necessary to give water a distinct therapeutic value is very 
small. Even in such quantities of a fraction of a grain to a 
gallon as obtain in several Iowa wells it may be expected to 
produce its customary effect upon the human system. Its 
physiolog·ical function is well known in reinforcing the red 
corpuscles of the blood. Chalybeate waters are indicated 
in conditions of depleted blood and enfeebled constitution, 
and the many chronic and nervous diseases that result there
from. 

CARBONATE D WATERS, 

Carbonic acicl gas is regarded as a mild stimulant, aiding· 
digestion and slightly increasing peristalsis and diuresis. It 
occurs in several of the mineral waters of the state, and can 
be artificially added with little expense to any waters bottled 
for export. 

THE WHOLESOMENESS Ob' AR'.rESIAN WATERS. 

The healthfulness of any drinking· water is in inverse ratio 
to its medicinal value. It is a plain fact that medicines good 
for a sick man, wl1ile he is sick, are not good for a \Vell man 
as a constant diet. 

The most strongly mineralized waters of the state, espe
cial!}' those containing the various sulphates in large quanti
ties, cannot be said to be wholesome for daily use; nor can 
they be recommended for \Vater supply, when less heavily 
mineralized waters are available. At the same time, it must 
be admitted that no artesian water in Iowa is condemned by 
the experience of the physicians of the to,vn, so far as that 
has been gathered. In but few instances has any water been 
pronounced unwholesome in any respect by a physician, and 
in these instances his juclg·ment usually contravenes that of 
others of the same profession. 'I'he evidence of the fraternity 
to the ph)•siological effects of several of the worst waters 
has already been given. But this evidence is incomplete for 

, 
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different reasons. In several cases the wells have been 
drilled so recently that time has not been given for any 
adequate test. Families owning private wells to whose water 
they have become acct1stomed, are slow to change to the city 
water, requiring· artificial cooling·, unless the h3rg·ienic super
iority of the latter is clearly l)roven; and so it is usually the 
case that city artesian water of the strong·er kinds is drunk 
by but a small proportion of the citizens. The disorders of 
the system expected to result from the use of such waters are 
often obscure, tard3T in their development, and may be attrib
uted to other causes. Moreover, tbe common well water to 
which the population has become habituated, may be similar 
in mineral character to that of the artesian well and equally 
unwholesome. The evidence of phJ·sicians, while of g·reat 
valt1e, is larg·ely based upon impressions instead of upon 
statistics g·athered for a series of J'ears and embracing larg·e 
po1)ulations. For these reasons the experimental evidence, so 
far as it is before us, cannot be said to be at all conclusive, 
and we revert to the g·eneral princi1Jle or the essential differ
ence between medicine and food. Certainly waters are not 
wholesome which are so strong· in Glauber's salt, Epsom salt, 
and sulphate of lime, that they are, when first usecl, <listinctly 
laxative in ordinary rations, especiall3T when this effect is 
afterward followed by constipation. Such waters should be 
taken with strict reference to the nictterict nieclicct they contain, 
and they should be discontinued in time to avoid the well 
known "crises'' which attend ~he prolong·ed use of medicinal 
waters. In certain conditions of the system, to certain 
diatheses, they may be tolerable or beneficial; but they can
not be considered a wholesome water supply. 

HARDNESS OF WATER. 

Apart from the healthfulness of laxative sulphated waters, 
there remains the question of the healthfulness of hard water 
in g·eneral. 

In most localities in Iowa the selection of a public water 
supply involves a choice between waters of considerable or 
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extreme hardness, and waters which relatively may be said to 
be soft. In this selection the factors of purity, adequacy, and 
expense will usually carry most weig·ht, but the element of 
the relative wholesomeness of hard and soft water should 
always be considered and sometimes should be clecisive. 
Unfortunately sanitarians have ·been divided by wide differ
ences of opinion upon this subject. As to the wholesomeness 
of soft water, there never has been any dispute. Its great 
solvent power, its freedom from constituents whose healthful
ness mig·ht not be held as demonstrated, place it above sus
picion ,, nd lead to its prescription in the sick room . . But the 
wholesomeness of hard waters has often been questioned, and 
medical authorities are not yet agreed as to the physiological 
effects of ,vaters of certain kinds and degrees of hardness. 

On the one hand, hare] waters have been claimed to be even 
superior to soft, in that their lime salts contribl1te to the 
gro,vth and nutrition of the body. French and Austrian com
missioners have reported that hard water districts in these 
countries supplied conscripts of larger stature, of strong·er 
bones, and of better form. This claim is no"' disallowed by 
the consensl1S of medical opinion. i\1 any common kinds of 
food furnish for the building and renewal of bone tissue cal
careous material in a far more available form than the lime of 
water, and in excess of auy possible demand. 

On the other hand, the hardness of drinking water has been 
held responsible for grave diseases: g·oitre, cretinism, calcu
lus, anaemia, d3•spepsia, diarrhma and various clisturbances of 
the dig·estive organs. If this ,vere true, the hardness or soft
ness of the water suppl}' should affect the death rate of cities 
to a degree perceptible in large aggreg·ates. The invest1g·a
tious on this line of evidence by the rivers pollution commis
sioners of Great Britain were unusually complete, and the 
following table summarizes the result as applied to the cities 
of the United King·dom:* 

* 6th R ept. RI vers Poll . Comm., p. ~04 L ondon, 1876. 
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EFFECT OF DIFFERENT WATERS . 
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Certainl}T this summar:y does not support the claim that hard 
water is t1nwholesome. Nor does it prove, as it appears to do, 
that hard water is superior to soft. Other causes affecting 
}Jublic health are so potent that their effects mask that due to 
tl1e mineralization of water su1)ply. It will also be noticed that 
none of the maxima mentioned are waters of extreme hard
ness from the J)Oint of ·view of this discussion, althoug·h such 
\vaters are doubtless included in class III. All of the four 
classes embrace waters which would here be popularly called 
soft. The least hard London water is that taken from the 
Thames and Lea riYers, and the hardest, drawn from deep 
c:halk wells, is comparativel3r unobjectionable because its 
hardness is due almost wholly to carbonate of lime. The 
c:onclt1sion of the commissioners may be stated in the words 
of De Rance,* '' Where sanitary· conclitions prevail with equal 
llniformity, the rate of mortality is practically uninfluenced 
b)· the degree of mineralization.'' 

) ~
1alling· back upon the experience of physicians, we find in 

evidence a mass of statements more or less conflicting·. 
Goitre, for example, bas been defined as '' a specific affection 
of the th:froid gland, induced by the persistent use of water 
that has percolated through mag·nesian limestone rocks or 
strata containing the soluble salts of lime in solution." t Yet 
this ·view of the cause of g·oitre may be said to be now obsolete 
or obsolescent, investig·a,tions in several countries having 
showed that the disease is not confined to districts of lime
stone whether magnesian or non-magnesian. 

•Water Supply of England and Wales, p 41. Loodoo, 1882. 
t Aitken, Science and Practice of Medicine, 6th Ed., vol. II, p. 658. 1872 . 

• 

• 

' 
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I 11 the case of calculus diseases, the evide11ce agai11st harll 
waters as their cause is sufficient at least to direct suspic·ion. 
Testimony· ,vas before the rivers l)Ollution commissioners 
showing· that in the opinion of eminent l)h}'·sicians a marked 
diminution of cases of urinar:y calculus followed the ehang·e 
from l1ard water to soft in several 1~1rg·e cities a11d l)ublic i11sti
tutions. r.· 

Dr. r~. 1\.. Parkes, t after referri11g to the })Opular 01)inion 
that drinki11g· lime waters gi·ves rise to calc11li and stating· that 
'' several medical writers helcl the same 01)inion ancl ha·ve 
add11ced individual instances of calculi being a1)parentl:r causecl 
b)T harcl wate1·s ancl ct1red b:r the use of soft or distilled water," 
goes on to say· that so far as he knows " statistical evidence 
on a larg·e S<.!ale is wanting·.'' ... \.mong· recent authorities in 
hyg·jene ,vho regard the evidence against harcl \Yater as the 
cause of calculi as insufficient or unreliable are Rohe, t and 
Co1)lin and Be·van. ~ 

'l'here is a substantial ag·reement among· ex1)erts that cal
ciu1n :::;ul1)l1ate is the <.leleterio11s ing·redient of hard water, 
rather than calcium carbctnate. ()f tl1e latter Dr. L. C. 
Parkes saJ,.s: '' Waters ca11taining calcium carbonate in solu
tion, the tem1)orarily harcl waters, are not in an}T wa}T inj11rious 
to health. '' Of the former the same at1thor remarks: 
"vVaters with permanent hardness exceecling 7 or 8 (Clark's 
scale) often cal1se cly·s1)eptic sy·mptoms and diarrhcr-a, es1)e
ciall:r among·st those who are not used to them.'' 

The following· extracts from the evidence before the ri·vers 
l)ollution commissioners are c1uoted at leng·tb because of their 
interest, vveig·ht, and direct bearing upo11 the wholesomeness 
of the deep waters of Iowa, and also on accou11t of the fact 
that tl1e reports of the commissioners are inaccessible to tl1e 
majority of our readers. 

• Fourth Rept. RI vors Pollution Comm, vol. II, pp. 1811-193. London, 1868. 
t Manual of Practical Hygiene, 5th Ed., p. 42. London, 187~. 
iText· Book ot Ilyglene. Baltimore, 1885. 
§ Practical Hygiene, p. 192. Pbtladelpbia, 1893. 
U Hygiene of Public B ealtb. p. 66. Second Ed., Am. Ed. Ph1ladelpbla, 1890. 

• 
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Dr. Francis Ogston,* medical officer of health of Aber· 
deen: '' I am positive that soft water is preferable to hard. 
Hard ,vater generally produces bowel complaints, principall:y 
<liarr hcea. '' 

Dr. John Sutherland, of Liverpool:t ''In certain susceptible 
constitutions * * * the hard water tends to produce visceral 
obstructions; it diminishes the natural secretions, produces a 
constipated or irregular state of the bowels and consequently 
derang·es the health. I have repe,atedly known these com· 
plaints to vanish on leaving the town (Liverpool) and to reap
pear immediately on returning to it, and it was such repeated 
oceurrences which fixed my attention on the hard selenitic 
waters of the New Red Sandstone as the probable cause, as I 
believe, of these affections.'' 

Dr. Leech of Glasg·ow: '' The comparative value of the 
new soft supply over the old hard suppl)' has been a matter of 
discussion at the (Uasg·ow Southern Medical Society, of which 
I was president two years ago. It was the unanimous opinion 
of the medical profession that great benefits of a sanitary kind 
had followed on the substitution of the soft water. * * * 
So far as experience has gone my own opinion is that dyspep
tic complaints have become diminished in number.+ 

I->rof. John Thomas Way:§ "I do not attach anything· 
011e wa:y or the other to the question of health, that is to say, 
wl1ere the hardness is in moderation, where carbonate of lime 
is tl1e hardening ingredient; but when you have water with 
eighty or ninety g·rains of sulphate of lime in a g·allon [sixty
se·ven or seventy-five grains in U. S. standard gallon] a.s you 
sometimes have, that is another questi0n entirely. 

The following report was in evidence of the commissioners 
appointed to investig·ate the quality of the water available for 
the supply of London. The hardness of the London supply 
has already been given. '' It may be safely stated that no 

... Fourth Rept-. Riv. Poll. Oomm., vol. II, p. 180. London, 1868. 
t Sixth Report Riv. Poll. Oomm, p. 18i. 1876. 
t Ibid, p. 185. 
\\ Ibid, p. 18.5. 

3t G. Rep, 
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sufficient grounds exist for believing that the mineral contents 
of the ,vater supplied to Lo.ndon are injurious to health. * * 
The only observations from which an interference of the lime 
in water, in deranging the processes of dig·estion a11d assim• 
ilation in susceptible constitutions has bee11 conjecturally· 
inferred, have been made upon waters containing much st1l
phate of lime or mag·nesia * * * or the hard selenitic water 
of the New Red Sandstone, and have no force as appliecl to 
the Thames, and its kindred waters as the earths exist in 
these principally in the form of carbonates."* 

Dr. E. A. Parkes, F. R. S. :t ''I clo not think with reg·ard to 
pt1re chalk water that there is evidence that a moclerate 
amount of carbonate of lime in the water does any harm. 
Certainly not on a larg·e scale; in some individuals it l)ro
duces inclig·estion. I think that that degree of hardness (16 -
or 20 Clark's scale) would be certainly prejudicial. I think 
that very probably it might disag·ree with a g·reat many per
sons, but supposing· it reached to eig·ht, or ten or t,vel ve 
deg·rees of hardness from carbonate of lime it mig·ht be con
sidered probably g·ood water as far as that was concerned, bt1t 
I should draw a marked distinction bet-\veen that and the 
hardness arising· from sulphate of lime, or sulphate of 111ag
nesia, or chloride of calcium, which would certainl)T disag·ree 
in much' smaller quantities; so that the goodness of water for 
clrinking· 1)11rposes, I would estimate according· to its tem1)or
ary harclness. With fifteen or sixteen deg·rees of carbonate 
of lime harLlness, I should sa:y that it wot1l<l be ha,rd water, 
and with some persons it would ~1sagree and 1)roduce dyspe1)
sia. I think it should not exceed ten or twelve clegrees if 
possible. At the same time I shoul(l wish to state that one 
wot1ld prefer water free from even that if it were possible to 
g·et it.'' 

On the other hand Sir Dr. Benjamin Brodie, Bart., l)rofes
sor of chemistr:r, Oxford t1niversity,+ testifiecl that he had no 

• Ibid, p . 185. 
-t l btrl, pp. 189 190. 
:1:lbld. JJ . 19 1. 
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reaso11 to thi11k that the t1se of hard or soft water as a drink
ing· water pro(luces a11}T difference of effect U})On health. 

Prof. \\rilliam .i.\llen 11iller, 1\1. D., F. R. S., * l)rofessor of 
cl1e111istr.r, King'::; college, incline(l towar<l the sc:1me ·view. 
·'Cl1alk waters, I consider, are waters perfectly wholesome, 
l)llt waters \vl1ich have a similar deg·ree of hardness from sul
})hat~ of lime, there ap1)ears to be some reason to believe, are 
founcl o~casio11ally to disagree with l)ersons. Still, there are 
"Taters which are supplied to larg·e po1)ulations containing 
s11l1)h,1te of lime and ".,.er}T hard sul1)l1ate of lime water. For 
instance the l)opulations of vVolverham1)to11 ancl Birming·ham 
are sup1)liecl ,vith waters of this kind. It is certainl:r objec-
tional)le, but what I was going· to say was that the evidence 
i11 t.hat case is that there is no sensible i11jt1r:r to health 
t.lirectl}.,. traeeable to the water as far as observation goes." 

The conclusion of tl1e royal commissioners is expressed as 
follows: 

'· t 111 th e rtlle(Jerl inf!uerice o,f tlie h arrli ie::J8 of' 1oafer 111>011 h ealth.
Tl1e c1uestion of the com1)arativc wholesomeness of soft a11d 
har<l ,vaters has, for m~1ny :rears past, received the attention 
of tl1e hig·hest medical and chemical at1thorities. The g·eneral 
result a1)1)ears to be that whilst, on the one hand, O})inions 
have t1iffered considerably as to the wl1olesomeness of hard 
water, on the other there has been a11d now is an almost com
l)lete l111animity as to tl1e wholesomeness of soft water. ''t 

,,re adtl a few extracts from rece11t a11thorities which show 
tl1at these dot11)ts and differences of 01)inion l}.ave not become 
resolvecl at the present time. 

f)r. Tl1omas Stevenson, F. R. C. P. ,+ of London, writes as 
follows: 

'· It is 11Ow g·enerally acce1)tecl that exeessivel:r hard waters 
are inju1·ious to the dig·estive processes, thoug·h proof of this 
is diftict1lt and the conclusion has been doubtecl. ...\.11 are 
a~:l'eed tl1at where the hardness of water is due to the 

"lh ld, pp l9l- 192. 
,. Ibid. p. 184. 

~tl•vonson e.nd l\lurpby. Treatise on Hygiene, Amer. Ed . Phil. , 1892. 

, 
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presence of carbonate of calcium, and, to a lesser degree, of 
carbonate of magnesium, i. e., where the hardness is tem
porary· and remov·able, little harm ensues ; but that when the 
hardness is permanent, and due to the f)resence of the sul
phates, nitrates and chloricles of calcitim and magnesitim the 
<lietetic value of a water is g·reatly· impaired. How far this 
01)inion is based upon a solid basis of facts is at least uneer
tain. The waters of the valle)T of the Ri-ver Trent and vel')" 
many of those derived from wells and s1)ring·s in the New Red 
Sandstone formation, are i11tensely seleniferous, i. e., abound 
in sulphate of calcium, and :yet are not generally· considered 
harmful. Some of our town supplies as, e. q., those of Bristol 
and Sutherland are very hard, the water supply to Sutherland 
containing magnesia and sulphates the equivalent of fourteen 
g·rains anhydrous, and twenty-eight grains crystallized sul
phate of magnesia per gallon [imperial], y·et the medical 
officer of health has not been able to trace any inconvenience 
to health, much less disease, to its use, and it is belie,Ted to 
be a good, wholesome water, thoug·h having a hardness of 
25 . ,, 

''Limestone water,'' say·s Dr. vV. M. Johnson, * ''may pro
duce temporary· disttirbances of the bowels, but is wholesome. 
Carbonate and sulphate of lime and magnesia in solution are 
more cathartic, but not so much so as selenitic waters which 
contain an excess of sul1)hate of lime.'' 

Coplin and Bev·an conclude that sufficient evidence is want
ing in l)roof that hard water gives rise to disturbances of the 
dig·estion and other diseases. t 

Rohe states that ·' it is uncloubtedly true that calcareous 
waters produce gastric and intes tinal clerangements in those 
unaccustomed to their use. '' :t: 

Prof. William Ri pl)' Nichols,§ professor at the Massachusetts 
Institute of Technolog:y·, and author of perhaps the best 

• Pepper's System of Medicine, vol. II, p. 673. Phil., 1885. 
t Practical Hygiene, p. 192 Phil., 1883. 
:i: Text-book ot Ilygtene Baltimore, 1888. 
' Water Supply, pp 13 and lt. N. Y., 1886. 

1 
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manual of water supply, considered from a chemical and 
sanitary standpoint, says : "It appears that distilled waters, 
soft s11rface water, and moderately hard spring· or well water, 
are all wholesome and may be drank without inconvenience 
by persons aeeustomed to their use. It is, however, true 
that a person who is in the habit of drinking a soft water 
g·enerally· experiences some derang·ement of the dig·estive 
organs on beg·inning· to use hard w::tter, and vice versa. * * 
It is, however, the result of g·eneral obsery·ation that a hard 
water of which the hardness is due to salts of mag·nesia, or 
to sulphate of lime, is not well suited fot· drinking· and is 
injurious to most persons.', 

INDUSTRIAL QUALITIES OF ARTESIAN WATERS. 

In many industries the quality of the water is of s1)ecial 
importance. Chal:y-beate water, for exa1nple, can not be used 
in the manufacture of fine papers on account of the stains 
which it is liable to produce. Soft water is often preferable 
to hard; as in sugar refineries, where its employment effects 
a sa·ving in parchment usecl in osmosis and an increase in the 
rendering of the waters of diffusion; in the manufactt1re of 
extracts; and in lat1ndries for the ol)vious economy of soap. • 

Artesian water is particularly valuable in several manufac
tures on account of its organic purity. It is specially adapted 
for the supply of ice factories in that its free(lom from malig
nant bac~teria renders the ice formed from it entirely safe for 
use in any manner. On the other hand, as Drown+:· has shown, 
in the freezing of entire masses of water there is liable to be 
an objectionable concentration of the mineral ing·reclients in 
the portion of each block last frozen. The brewer also prizes 
artesian water highl:y, for it carries no bacilli to interfere 
\vith those of bis own cultures. For the 11se of paper mills it 
is superior to stream water, other thing·s being ec1ual, si11ce it 
is not subject to floods and times of turbiclity . 

.. The Purification o! Water by Freez1Dg, Jour. New EDg. Water Wks., Assoc., vol. VII[,. 
No. 1, pp. 46-52. • 

------
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AH'fESIAN \,\'ATl'jR AS A BOILER SUPPLY. 

'l1he a·vailal)ilit}" of any· water for munici1)al lise <leJ)ends in 
1)n,1·t Ul)On its qualities as a steam water. In , .. illag·es in which 
t]1ere are no larg·e man11faeturing plants, this factor may· l>e 
ou1itte(l fron1 consideration, but it can not be neg·Jec·te(l in 
towns ,vl1iel1 are alread:r n1anufac•turing· centers and "Those 
1>rog·ress de11en(ls upon the de,relo1)ment of manufacturing 
i11clustries. In towns of the latter elass the use of a l)Oor 
})oiler water involves a (lireet financial loss, which is eit.her 
bo1·11e 1)}" tl1e c·o11sumer, or b}r the water compan:r through the 
reduction of reve11ue from mills ancl fac·tories ,vhich have 
l)ee11 c-om1)elle<l to seel{ an i11de1)en(lent s111)1)l~... Instances 
coulcl l)e cited in which tl1is loss of re·venue has been largeI:r 
infiue11tial in mo,riug water eom1)anies to cha11ge their suppl}" 
to softer waters. 

Tl1e cliscussion of the to1)ic at thiH !)lace is 11ertiuent also 
fro1n the faC't that a n11mber of artesian wells have been 
<lrille(l for 110 otl1er l)UI'l)Ose than for boiler sup1)l:r. These 
are es1)eciall3,. nt1mel'Ol1s in tl1e 11orthern eot1utie6 of the state, 
in wl1i(•h seven artesia11s have been clrilled b3,. the Chicag·o, 
11il ""al1kee '-~ Saint Patil Railway Co., for the Slll)!)l)· of the 
lo(•omotives of tha.t line. 

vVaters of extreme l1ar<lness are llnsuital>le for boilers. 
althoug·h their use for this 1)ur1)ose is often una·voidable. B:r 
the eva1)oration of suc-h ,vaters in boilers ,·a,rious 1ninerals 
hel<l in solution are thrown <lown. formi11g deposits termed 
inerustation, seale, ~t1rri11g·, 01· sct1rf. 'rhe chief scale-fol'mi11g 
minerals are: 

1. C,a]ciun1 st1lphate. 
2. (,alcill111 carl>onate. 
3. lvla,gnesiu1n carbonate. 
()f less importance are alumina, silica an(l the salts of iron. 

'11l1e other minerals ust1all~y l)resent in deep ,vaters are readil:r 
80l11l)le, a.ncl clo 11ot contril)ute to tl1e formation of scale 
excer)t after chemical recoml>ination. i\lag·nesium sulphate 
is often reckoued as a scale-forming· mineral and is i11 Ollr 
tables inclt1de<l among tl1e incrusti11g solids. 

.. 
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Tl1e au1ount of deposit wl1ich 1nay acct1ml1late in a boiler in a 
few weeks is lllllCh la,rger than 011e would st1ppose. ~\. boiler of 
100 horse 11ower, for example, will evar)orate ~0,000 pot1ncls of 
water i11 ten l1ot1rs, or 300 tons per 1nonth. If the water 11sed 
were of tl1e character of the Kent artesian well, whose 
incrusti11g· solids a1noL1nt to -12.1-10 g·rains l)er g·allo11, the 
i11crusti11g cleposits produced in this period ,vol1ld weigh o·ver 

360 l)Ollll d:::;. 
But the g·ross weig·ht of scale is one of the least of its ey·ils, 

as ,,Till l>e see11 if the manner of its formation is consic.lered. 
V\rl1en feed water which has not been l)reviously treated 
enters tl1e boiler, carbon dioxide is expellecl b}r the beat and 
calci11m ancl mag·nesium carbonates are at once 1)reci1)itatec1. 
Th11s the feecl pipe is furred, obstrt1cted, and at last entirel:r 
cl1oked. 1Iost of tl1e 1)recipitate however, is throw11 <lown in 
the boiler, as a fine insoluble l)owder, which is ca,rried at first 
to the surface by the ra1)id ebullition of the ,vater. Forming· 
l1ere a scum, it retards the reacly escape of the stea1n l)ubbles. 
1Iingling· with the water it increases its viscosity· an<l ma~~ 
ca11se foaming· or priming·. As the name implies, this is a 
,Tiolent el)ullition of the water owing to the rete11tion of the 
stea111 ,vithin its mass. Thus water and scum n1a:y be clriven 
tog·etl1er with the steam into the cy-linders, where the lime 
salts collect upo11 cylinder covers and 1)istons to their injur:r 
ancl 11ossible destruction. Beneath this secliment laclen water, 
steam btl1)bles may form, lifting· the water from the plates ancl 
allowing them to become overheated in much the same wa)T 
that viscous fluicls, from which steam cannot readil}r escape, 
o,~erheat and '' burn on'' the bottoms of cooking· utensils . 
... .\.s the 1)reci1)itate settles in sludge upon the plates, it forms 
c:1 la:yer of comparativel}r little heat-conclucting· power, caus
ing· a loss of beat and waste of fuel. 

'larious estimates have been made of the loss of heat 
resulting from scale. Some of these are excessive, ancl all 
are large. By Nystrom's formula it is calc11lated that a loss 
of about 15 per cent of heat is caused b3r scale one-sixtee11th 
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of an inch in thickness and of 23 per cent by scale three 
times as thick. The presence of this layer of poor con
ductivit}' on the inner side of plates or tubes allows overheat
ing and warping and its unequal distribution produces unequal 
expansion and contraction, one of the principal causes which 
shorten the lifetime of a boiler. This stony incrustation into 
which sludg·e is soon baked unless blown out at frequent inter
vals is so closely adherent to the iron that it can be removed 
only by use of acids or by c·hipping processes, both more or 
less injurious. In contact with the plates the calcium and 
magnesinm carbonates of the scale are changed to caustic 
oxides by the intense heat,* and, according to Lewes, if mag
nesium chloride is present the same result may be reached by 
reaction with calcium carbonate. 80 long as heated these 
oxides remain anhydrous, but are chang·ed to hydrates by 
access of water on cooling. 

The effect of calcit1m sulphate when present in feed waters 
is much the same as that of the carbonates of lime and mag
nesia. Unlike them it is freel3, soluble in water without the 
aid of carbon dioxide. According· to Reg·nault its solubility 
is greatest at 95° Fahr. when 178 grains are required to satu
rate one imperial gallon. At 212° Fahr. 152 grains are still 
soluble in the same quantity, an amount so large that were 
no higher temperatl1res than this reached in boilers, no cal
cium sulphate would be deposited except by the progressive 
concentration of the salt by the evaporation of the water, a 
process easily prevented. But calcium sulphate becomes less 
and less solltble with increase of temperature. When water 
in a boiler reaches a temperature of 271 ° Fahr., nearly the 
whole of the calcium sulphate in solution is thrown down, 
and the entire amount is precipitated at or before a tempera
ture of 303° , reached at a pressure of seventy pounds to the 
square inch. t Unlike the deposits of calcium and mag·nesium 
carbonates, which remain soft and readily removable for a 

*T. B. Stillman, Journal of Ana.lyt!ca.J Obemlstry. Jan., 1890. 
t Armstrong, Oonstructlon and Management or Steam Boilers, p. J7d. London, 187ft. 
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consi(leral)le time, the sll1dg·e of calcium sulphate rapidly 
harfle11s into a peculiarly intractable scale, cementing· with it 
all other scale-forming minerals present in the waters. 

~raki11g into ac·count all sources of loss in fuel, in labor, and 
• 

in wear an(l tear. it has been estimated by the Railway Master 
~fechar1ics' Association of the United States that the extra 
expe11se dt1e to the use of hard waters by the locomotives on 
the railwa:ys of the middle anc1 western states amounts l)er 
annum to 8750 for each locomotive·x-. The ex1)ense _is little 
le~s for stationary engines evaporating equal <1uantities of 

,vater. 
So great is the evil of boiler scale, and so universall;y pres-

ent i11 the artesian waters of Iowa are the ingredients that 
eonstitt1te it that a brief resume of the remedies employed in 
its treatment may not be without value. 

None of the ma11y nostrums advertised for the mitig·ation 
a11d removal of boiler scale-and over two hundred patents 
are on recor<l in Eng·land for this purpose-are more effec
tive than the simple remedies that a chemical and mec}lanical 
stt1cly· of the subject sugg·ests. No panacea exists. Treat
n1e11t that would prove effective for one water will be useless 
or injt1rious in the case of another. A chemical analysis of 
,\·ater is necessary before any special prescription can be 

n1ai:le. 
1\.s 1)eeventio11 is better than cure, the drift of opinion 

amor1g ex1)erts at the present time is toward the removal of 
scale-forming substances as far as possible from the feed 
water before it enters the boiler. This is accomplished in 
vessels of \"arious designs, heated by exhaust steam or by 
,vaste heat from boilers or flues. Temporary hardness is 
tl1us readily removed, but permanent hardness cannot be 
recl11cecl except at pressures and temperatures reached in the 
boiler itself. Remedies applied directl)' to boiler water 
1na:y be chemical or mechanical. The first look to the pre
ci pita,tion of lime salts as carbonates in a soft sludge, rather 

• Edwards' Pra.ctica.l Steam Eng!nes Guide, p. 120, 3d Ed. Phil., 1894. 
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' 
than as sul1,hate, ,vhich sets, as we have seen, in an obdurate 
and tenaceous scale. Whenever calcium sulphate is present 
in boiler water, the best remedies, co11sidering· the element 
of cost, are caustic socla and carbonate of soda. Caustic soda, 
althoug·h more expensive than salsoda and soda ash, is doubly 
effective. Combining· first with calcium bicarbonate, it unites 
with the excess of carbon dioxide to form sodium carbonate 
,vhile the calcium carbonate is precipitated. The sodittm car
bo11ate then reacts with the calcium sul1,hate forming· calcium 
carbonate and sodi1tm sulphate. The resulting sludg·e is 
readil)' blo,vn 011t. 

Mechanical remedies are intendecl to 1,re,·ent the aggrega
tion adhesion and hardening of scale. These are quite beyond 
enumeration, ancl the writer is not 1,repared to recommend 
any of them. Chips or sawdust of heavy wood have been 
introduced into boilers to serve as separate nuclei for the 
concretion of the scale. The particles of the sludg·e may be 
prevented from adhering· and cohering· b)' admixture with 
fine!}' divided materials like clay, or by being coated with 
thin pellicles of oil}' or slim}' substances like petroleum, starch 
or molasses. 

Remedies for scale ma}' either be placed in quantit}' in the 
boiler at the begi11ning· of the working ,veek, or, far more 
effect11ally, may be broug·ht in with the feed water either con
tin11ously or at short intervals by means of patented appliances. 

No remedy is without possibility of harm, and none is effect
ive without frequent blowi11gs out, which alone g·o far in mit
igating· the evil. By the use of simple means specially ada1,ted 
to its chemical composition, even the hardest artesian waters 
in the state, with scarcely an exception, may be used with 
safety, if not economy, and v,ithout recourse to any nostrum 
of tinknown composition. 

In order to obtain the practical experience of eng·ineers in 
the ttse of artesian waters of the state, blanks were se11t out 
to the proprietors of the wells and much of the information 
thus f1tr11ished is entered with the records of the wells given 
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on 11rececling pag·es. According to these reports a number of 
tl1e wells supply exceptionally good boiler ,vater. Thus the 
water of the Clinton ,vells is said to be non-corrosive and to 
11roduce no scale and to be superior to the waters of the 
1Iississippi river. The waters from the I{imball hot1se well, 
Dave111Jort, the new Centerville well and the well of the Bank 
anll Insurance Building·, Dubuque, are said to form no scale, 
:1nd boilers are founcl to be perfectly clean after months of 
usag·e, with 110 further attentio11 than the usual blo,ving·s out. 
Tl1e Glenwood water is said to have no effect on boilers so 
long as air is excluded, and the waters of Jefferson and the 
1'1:cGreg·or well No. 2, are reported to be very g·ood for boiler 

use. 
In several c"tses deep well waters sup1Jly their ow11 remed)' 

for scale. SuPh are the sodic alkaline waters, as those of 
('linton, West Liberty and Council Bluffs. Although these 
waters contain also incrustive solids, the anomalous equibrium 
is broken tip tipon heating and the lime and magnesian salts 
are thrown down in sludg·e. Whatever scale ma)' form is soft 
an<l, after reaching· a certain thickness, is said to fall of its 
own weig·ht. With such waters no chemical treatment is 

necessary or useful. 
ll. number of wells carry waters ,vhich are reportell as highly 

corrosive, eating out iron pipe, and boilers at rivets, and 
,lestroying boiler flues in some instances in as brief a time as 
three months. Several well ,vaters are reported to foam 
badly, the latter belonging to the sodic allcaline class. 

The follo,ving· table presents the number ,,f g·rains of 
incrusting solids to the gallon in the artesian waters of the 
state so far as tl1ey have been analyzed, anll their rating· on 
this basis as steam waters. The rating is that adopted by 
the American Association of Rail,vay Chemists, Buffalo, 1887, 
except that the rating of "good" is here divided into g·ood 
and "very good," according to the usag·e of the Ohicag·o, 
Burlington & Qt1inc3, railway. 
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a VERY GOOD. 

Waters with less than eight grains of incrusting solids per 
gallon. 

Davenport, Witts' ,vell______________________________ 4 638 
Davenport, I.~e Co. __________ __ ____ ______ _____ _______ 7.697 

' Glenwood, city _________________ . ____ _____ __ ._ . ______ 7. 821 

b GOOD. 
' 

Water with from eig·ht to fifteen grains of incrusting solids 
per gallon. 

J efferson, city. ______________ . ____________ . _____ .____ 10.077 

Couni;il Bluffs, asylum __ _____ _____ _______ ____ ____ ____ 13.301 

Dubuque, Cushing's - -------------------------------- 14.242 

C FAIR. 

Waters with from fifteen to twentJ' grains of incrusting sol-
ids per gallon. 

Dubuque Malting Co. __________ •• _____ . _____ _____ ____ 15.117 
Mason City

1 
city ___ __ ____ ________ _____ ______ __ _______ 15.660 

Davenport, Glucose Factory--- --------- - ----- - ----- - 16.019 
Dubuque Steam Heating Co ..• ····- -----·----- -· -··- 16.182 

Calmar- ·······-······---·- ------- ·- --·---- --· ···-- 17.060 
Wilton •••••• . • ••••. • •• •• ..•. • • •• .•.• ••• •.• . . • • .• .. •• 17.480 
Vinton ____ •••••. -·--··- ____ . __ ..•. ____ -·--·- •..•. ___ 17.513 

Clinton, ,vater Co·-- ·---- --·-··-- -- - ·------· -----·-- 19.286 
West Liberty . .•••..•...•.••.••.••..••...••••••..... 19.578 
Sabula __ .... ____ .... ____ •. __ .....•••••..•• __ .. •••• •. 19.166 

d POOR. 

Waters with twentJ' to thirty grains of incrusting·so!ids per 
gallon. 

Emmetsburg, Chicago, Mil"'aukee & St Paul rail,vay l:!0.960 

11IcGre.gor, No. 2, to,vn ..• ••. ......• . .....••••. .... • . 20.516 

Dubuque, Bank and Insurance Building....... .. .... 20.590 
Centerville, No . 1 .• .•.•...•.....••...........•..•..• 21. 959 
Monticel101 to,vn .. •. __ -- -·-· .. _ .•.•.. _ .•• ••. _ ... __ .. 21.162 
Ottum,va, Artesian Well Co ..... .• ..........•....... 22.570 
Britt, Chicago, Aiilwaukee &: St. Paul railw·ay .• _____ 24:.4-10 

Monona, Chicago, Mil"•aukee & St. Paul raihvay.... 26.600 
Cedar Rapids, Y. 111. C. A-----·······-----·---·-··-· 28.214 
Washington, to,vn ... .•••.•.•••.••.•.. ..... .. ----··-- 28.526 
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e liAD. 

\Va1 er "~ith thirty· to forty· o·rai11s of incrusting solicls })er • • 0 

gal 1011. 
l
, ~1 1· l-:, ,.. ·1 3.5 •c,J ' t. J, a1 I SOil, ll pur \ , o •• - - - - - - - - - - - - - - - - - - - - - - - • - - - - - o -t 

Ho1ue:,;tead, A111aua Society ...• __________ ..•. ----____ 33.440 

Amana, Amaua Society_ .• __ .••. ________ ------------ 37 .261 

f \'ERY B.\.D. 

\Vaters co11taining over fort)· grains of incrusting· soli(ls l)er 

gallo11. 
~\rcnrligor, to"·n No. 1 .. ----------------------------
\\T est Bend. town._ -- - • - - - - -- -- ---- -- -- -- -- - - - - - - - - - -
\\'"ebst~1· CitV----- -- ---------------------------- ----

• 
Dunlap, t-0,-.·n ______________ _________ ----------------

l{eokuk, Poultry Co. ____ -------------------------- --
Boone, town No. 1. __________________ ----------------

Sioux <'ity .... --------------------------------------
l{cokuk Pickle Co. ----- ---------------- -- -- -------
Colfax, ir. TL spring .. ---------·--------------------
G rinne 11, to,vn . __________ • _ . ____ -- -- - - • - -- - .. - - - . - • -

Centerville, town No. 2 -----------------------------
Sanl,orn, Chicu.go, 1-lih\'aukee & St. Paul raih,..ay __ _ 
N cYatla, to,vn .. ________________ . ____________ __ . __ . 

Artesian Waters as a Public Supply. 

42.928 
43.194 
47.92! 
50.970 
50.li9 
53.050 
60.121 
61.058 
68.963 
78.800 
79.525 
!)5.310 

HJ0.272 

I 

t,;everal as1)ects of the st1itabilit)T of artesian water for the 
sup1)l)r of c·ities and towns have been treated in the sections 
u1)O11 its el1e1nical, remedial and sanitary qualities and its 
industrial t1ses. ,.rhere are left to consider the adequacy of 
artesian su1)ply. its cost, and its organic I)urity. A few notes 
,vill lJe added g·i.ving some hints as to the drawing of contracts 
and tl1e preservation of records, and a brief description of 
tl1e metl1o<ls of "vell-(lrilling as nO\V practicecl in the state. 

ADr~QUAC'Y OF AI-tTESIAN SUPPLY. 

It is tl1e good fortune of Iowa that her climatal conditions 
are s11ch tl1at the adec1t1acy of artesian suppl:y for other than 
pt1blic uses need not be considered. In less humid climates, 
in regions of rainfall too scanty or uncertain for ag·ricultural 
purposes, the question of the sufficiency of artesian water 

, 
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fol' the irrigation of fa1·ru lands becomes one of prilne impor
tanc;e. So limitell 1nust artesian \Vate1·s aJ\va,.)'8 be cou11),1rell 
\Vitl1 the , .. ast , .. nlu1nes of the rainfall, tha,t g·eo1og·ical cx1>e1·ts 
are practic.:a,11.Y t1na,nin1nus in their judg·me11t tl1a tit <:an nev·er 
be nsc,l to 111ake g·ood the deficiencies of rainfall. exeept in 
restric.:tetl a1·eas. 1 t has 1)een g·ra1>hicall>· stated h.)· Po,,·ell. * 
late direeto1· of the {Tnited States (;eologic..:al Sur,·e}'": that .. if 
all the artPsian ,v0ll:::; in the world, ,vhieh ,Lre userl for irrig·a
tion, were asse1nbled i11 one c·ount3,. -l❖ * f:- tl1e~y ·,votdd 
not irrig·ate that c-ount.Y. •: 

~\n.,· di,·er~io11 to\, .. a.rd irrig·ation 1nust se1·ious1.r restl'ict the 
use of arte:::;ian w,1te1· for 1ntu1i('iJ>al :::;u1>1>l)T. In Io,va l)raeti
calJ.r the eutil'e , ,0Ju1ne of artesia.n ,vater is a,r:.tilabJe fo1· its 
hig·hPst ,tud most a,p11ropr·iate f1u1etion. 

,,Thilc the , .. ol11n1e of ,Y:.1ter store,l in tl1e g·eologieal forma

tions of the Io,Ya fielcl u11de1· artesia,n conditions is enorn1ous. 
as ,Ye ha,·e :st-en in a 111·evio11s seetio11, the quantit.,· availal>le at 
anJ· one }>lace is :::;o limited that it Illa.,· readil~· be ov·erclra,vn. 
Tl1e e ,·idenees of sueh o,·erdra ft ha ,Te alrea<lJr bee11 eonsi< lel'ed. 
a11<1 fo1· a :state1nent of them tl1e reader is referred to the 
descri1)tion of the ,vells of Du buq11e. Da ,·en po1·t. Ceda l' I{a J)ids. 
( 'li11tn11 ,tnd I{eol~uk:. Wl1ile the fal'ts at 11and do not 1>oint 

to an)· sue11 exhaustion of local areas a~ 11a ,·e freqt1entl.r 
occu1·re(l outsic1eof tl1e state, tbe1· are suffit•ient to sho,.,: tl1at the 

• 

amount that ca11 be clra"'n t11roug·l111orous strata atan:v 1>oint 

---- -

is lin1ited. and too 1n11<:}1 n1ust not be ex1>eeted of it. · 
,\rithout g·oing· int() c1etai1s ,vc ma3· conclt1de f1·01n tl1e e,·i

tlence at ha11d tl1at, in the most ac1,·antag·eous J>ositions: i11 

those 11eal'est the larg·e ,,Tisc-onsin rese1•yoir and at the lo\vest 
levels. artesian ,v-ells n1a.r be ::;a.fel:r deJ)encled UJ)on as a per-
111a,11ent su1>1>I3· fo1· to,,Tns of about 1 O, 000 inl1a bi tauts. In l~ss 
favored lo<'alitit.•s. 011 hig·hcr ground, and n1nl'e re111ote fron1 
the reservoir, the.Y c:an l1ardl_v l>e· ex:1>eetetl to meet the 
demand of to,Yns of 111ore tha11 one-h.1lf the size rne11tioned. 

• U. ~- Irrlg. ~UI\' ., ~ccond Ann . Ht>p .. J> 'l!lO. \Va:-.1.Jir,g1on , JHIO. 



It ml1st bt-:i 1·c1nc111l1el'e(l tl1at the <·onsnn111tio11 of n1ost lo\v~1 
to,vns is st,ill ~01111Htl'atiYely sn1a11. 'l'be 11o])l1latio11 is ll8tUtll)r 
<.•xtende1l ov0r a l'ela ti,·e l J. la 1·g·e area. 'l'l1e ex1)e11sc of la,}·iug 
1nains tl1rot1g·l1out, this a1·ea i~ g·reat c:01upa,re<l v;itl1 tl1e )lOl)ula
tion served and th1.:' 1·eYPnt1e reeeiYe<.l, ,111tl the wl1ole tu,Yil is 
the:•r()fore llut seldcnn s11pplied. l~,·en on streets ,vl1e1·c main:::; 
are laid, it is nftt~n tl1l' case tl1at 111an)· fa111ilie~ 11sc clomesLie 
\\·ells an<.l <·isterns. The con~tllllJltion ot1g·l1t tl1erefo1·e to 
in(•rt...•ns~· "·itl1 tl1e exte11sion of 1nains a11tl th0 larg·er use of 
, ·i LJ' ,v,1 te1· h)• tl1e 11cople at a l1ig·l1e1· rate tl1a11 tl1e proba hle 
futu1·e i11el'ease i11 po1lulatio11 ,vol1lcl indic,ite. ()11 tl_1e otl1er 
hand, there is ofte11 a, ,vn,ste of eit}T ,vater ,Yhi<·l1 llrogre~~ in 
tlie 11se ()f 1netcrs ,Yill reclt1<·e. 111 l◄ingla11<1 it l1as l)eeu fot1n<l 
p1.1ssi ble h)• striet reg·t1l,1tio11 to li1uit do1nestic SUl)}ll} to a bol1t 

tl1irteP11 i1n1)r.:ria1 gallons 1.laily· 11er inl1.1bitant. 
I 11 :-\ me1·ic:1. the co11suu11)tion se 1(10111 falls l>elo"'· tl1irty gal-

lons. a11d often it exeee<ls 100 g·allnns. ()ounti11g t11e entire 
}JOl1tt1a ti« >11 of a to\\·n, an average ol' tift:y g~al lons 1>er day· 
should l)e s11fti1.:ie11t tn1tlcr 1)1·e~e11t con<litions 111 .I.o,,a, espe
ci:ill)· if u1etel's are inc•lt1dPcl in the })lant. Bt1t tl1e const111111-

tinn of ,Yate1· is 11ot c ♦onstant. It varies ,,·itl1 nig·l1t a11cl tlay, 

and espeeially ,vitl1 the seasons. 'l'l1e '::>tll>Pl)· 1n11st lle coru
l)ete11t to n10et the n1aximt1m 1.ll'aft, a,11<.l tbi::-, 1n,1y l)e l':Stiruate<l 
at. l1lO µ;allnns <lnil)r for eacl1 in11abita11t. With this e8tin1atl', 
a 11 a rtiesia n ,, .. ell may· be expeete,1 to ser,re 1,000 inl1allita11tH 

,vitl1 cat·h St-!Ve11t)· gallo11s of its <liscl1a1·g·e per 111i11t1te. 
l 11 several to,vns of l'api<l gro,Ytl1 wl1ere al'te::sia11 \Velis l1ave 

l1ePn fonn<l ina<lec1t1atc to meet tl1c den1ands of tl1e i11e1·easing· 
population, tl1is Stll)})l~· l1as bee11 snp})lc1ne11tcc1 ,vitl1 ra,v a.11<.l 
prol),1,l)l,Y in11n1re ,va,tcr llra\YU fron1 adja,cent rivers. (]onslun
t•rs shon\(l tt11(lersta11<1 tl1at l>). t11is llroePclure tl1e sanitar)· 
valn(~ c,f the 111ixell ,vater ,vl1i<·h t11ey· <lrinl< is 1·ellut:ell 11ea1·1·y, • • 

if not entirely·. to that of the itnpurc <·011stitt1ent. It is not ,1 

el1en1i1·a l n1ixtt1re, as of l1ard \Yater ,,·itl1 soft, in wl1icl1 tl1e 
1uea11 resulting· qnalit)· ca.11 be ealt·t1lated. It,~ a 1>ollt1tion of 
\Va tcr l>a1·teria1 l)· })t1re ,,·ith ,va ter ,vh ic 11 n1a ~r (•ontain ma1 ig·nant 

• 

• 

• 
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micro-org·a11isms (•a1)a ble of re1)ro<lu<:tion in enormous ratios 
during the fe,Y l1ot1rs or days in wl1ich the \Yater remains 
in the reser, .. oir. This objection c1oe:::; not obtai11 "'hen the 
water used to SUJ)l)leme11t the arte:sian su1>J)l3~ l1as l)eeu macle 
org·anieall:r 1>urc by 1>ro1)er treatment in ct filter J)1ant.. But 
the cost of filtered wa,ter is great. To the interest on the 
inYestment in the filter plant must be added the running 
ex1>enses of filtration. It is therefore a,n interesting· ancl 
important c1uestion as to the com,1)arati, .. e cost of st1ch a <loul>le 
su1>p1y, a,ncl one ohta,i11ed from filt<.>r<:'<l ,vater on(v. Tl1is 
will cle1)end u1>on the c•ost of artesian wells, :1nd this ,raries 
witl1 the depth at ,vl1ieh artesja11 water can be reachecl 
and with other faetors. But if ot1r corres1>ondents who ha·ve 
had l)ractical ex1>erjence in the use of botJ1 su1>1>1ies are cor
rect, the cost of ariei:,ia,n water in eastern Iowa is st1flieientl3 .. 
less than tl1at of :filterecl water to malce artesian well~ a 1>rof
itable investment. even though they are not capable of fm·; 
nisl1ing all the ,vater a town 1nay need eitl1er in the pre:::;ent or 
in the future. 

Under the head of the adequac:r of artesian suppl~- ma3- be 
inclu(lecl the methods t1se<l in obtaining· the maximum dis-
cb::1rge. If several ,vells are clrillecl, tl1ese should be alig·necl 
as 11earI:r as l)ossiblc at rig·ht angles to tl1e general diret·tion 
of the c·rcep of the ,vater in the water-bearing· strata, since, 
witl1 this arrang·ement, water will fincl wa3T to the tubes more 
reaclil:y than with an3T otJ1er. 1\yhere,rer o, .. er(lraft is feared, 
it will be founcl advanta,geous to 1>lace the v.•ells as far a1>art 
as J>ossible. '\Vl1ere thP ,vells are flo,ving· artesia11s this dis
tance may· be as great a,s the cost of pi1)ing a11d the contour 
of the eountrJr 1>ermits. In the ease of st1b-arte~ians the cost 
of extra, 1>um1)ing staiio11s ,vill ust1all3- 1>re,·e11t the se1>aration 
of the ,vel]s. Whe11 the discharge of cl well is founcl u11ex
})ectedly slig·ht, it 1>robabl3 .. can l>e increased b3~ tor1>ecloi11g 
the water-bearing stratum, especiall3r if this is a li1nestone 
cl0livering· its water tl1rough cre,rices. ':Phis method is co1n
monl3r em1>loyed in oil wells, but so far as lcnow11 has ne,rer 
been tised in the artesian~ of the state. 

• 
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Tl1e clischarge even of flowing wells may be g·reatly increased 
b:y the 1.1se of deep pumps. The effect is to shorten the short 
arm of tbe si1)hon, whose long arm is formed by the channel 
of the water from the higher ground of the intake area. In 
a number of artesian wells outside of the state and in the 
artesians of :tviason City the Phole Air Li.ft is used success-

fully for this purpose. 
In the case of old wells whose flow has seriously di.minisbed 

the s1)ecial cause of the decrease must be known before any 
1)rescri1)tion can be made. 'l"'he tubing may have been cor
roded, the packing· may have been insecurely· placed, and the 
water under strong pressure may be forcing its way out of 
the well at greater or less distances below the surface and 
escaping through natural water-ways in the strata. It may 
also effect f!;n escape by opening or enlarg·ing by its solvent 
l)ower crevices in limestone where the shaft was left hncased. 
Ag·ain, a stricture in the bore may have resulted from the 
creep of plastic or mobile strata under the enormous pressure 
which they sustain. The well may have become clogged with 
detritus, and rare instances are known where this seems to have 
been effected by organic g·rowtbs. In order that the difficulty 
ma)' be diagnosed and suitably remedied, a complete record 
shot1ld be kept of the diameters of the bore, the exact nature 
and limits of all the strata penetrated, the depth of the water 
,reins and the precise location of all the tubing in the well. 
Since such data are liable to be lost they have been placed on 
l)ermanent record in this volume, as far as they could be 

obtai11ed. 
THE COST OF ARTESIAN WELLS. 

Tl1e charges of drillers depend, not only 11pon the diameter 
and depth of the well, but also on the certainty, or the degree 
of probabilit:v, that artesian water can be found, and the 
nature of the strata through which the drill must pass. When 
drillers contract to furnish acceptable artesian water within 
certain depths, it is entirely just that their prices be higher 
where the drilling is an experiment in an untried field, than 

32 G. Rep. 
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where the cle1)th, c1ualit:r and quantity of the artesian waters 
of the reg·ion are known, as well as the exact nature and 
probable thickness of each stratum of rock which the drill 
will encounter. It may reasonably be expected the Iowa 
Geolog·ical Survey· will thus save to the state, by means of 
the present investigation, which sets forth for the first time 
the cleeper geolog-ical structure of the state and its artesian 
conditions, man:r times more than the cost of the work. 

The 1Jrices charged for drilling var:r with the natt1re.of the 
rock expectecl, being highest where heav:r shales occur which 
obstruct the work b3r casing, and where there are thick becls 
of chert difficult to penetrate. The cost of wells depends 
also on the amount and quality of the casing· put in. Exact 
estimates of the cost of any projected well can alwa:ys be 
obtaineq on a1)plication to an3r well drilling firm, and we need 
add to what has been saicl only· the cost of some recent and 
representative wells in different lJarts of the state. 

At Cedar Rapids tl1e well of the Y. M. C. A., 1,450 feet 
deep, five-inch bore, cost Sl.65 per foot, besides the coal used 
in drilling·, and the casing. The total cost of each of the 
other wells, 1,450 feet deep, was 83,205. The well, 2,225 feet 
deep, cost ~6,065. 

At Cli11ton the well of C. Lamb & Son, 1,230 feet deep, cost 
S2, 126. The well at the Anamosa penitentiary was contracted 
at the following· prices, including· casing, the l)enitentiar:y 
furnjshing· only coal and water and the work of two men. 

PER FOOT. From 1 to 1,200 feet ______ _____________ ______ _____ ___ __ $ 1.75 
From 1,200 to 1,400 feet ____________________ _____ __ _____ 2.00 
From 1,400 to 1.600 feet ________________________________ 2.25 

.B'rom 1,600 to J.800 feet __________ ····---------·-·-·---~ 2.50 
From 1,800 to 2,000 feet ___ _____ _________ ___ ________ ____ 2.75 

From 2,000 to 2,500 feet an extra charg·e was contracted for 
of 25 cents per foot for each additional 100 feet. 

The Holstein well was contracted at the following· scale. 
PBR FOOT. 

From 1 to 500 feet------···-··--------- - ----·---·-· ___ $ 2.0u 
From 500 to 1,200 feet ----- ---------------------··· ···· 2.25 
From 1,200 to 1,500 feet .. ______________ _____________ ___ 2.75 
From 1,500 to 2,000 feet ______ ___ . .. _. __ . __ .. _ .. . ___ . . . . 3 00 
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Tl1e to,vn here furnished only water for the boiler . 
• -\t Glenwood the contrac·tors fur11ished e,,erytl1ing- except 

some extra c·asing, and the ,vell, 2,000 feet cleep, cost $7,215, 

,Jistribt1ted as follo,vs. 
l•'ro1n l to 500 feet, at $4 · -- __________________________ $ 2,000 

Fro1n 500 to 1,200 feet, at $2.71 ______________ ., _________ 1,900 
Fro1n 1,200 to 2.000 feet, at $3.75 ______________________ 3,000 

Extra casing ________ -------------------- __________ --- 315 

•roto.l ___________________ . ________________ . ____ .$ 7,215 

The Postville well, 515 feet deep, cost $1,260, and the Ma11-
chester ,vell, 1,870 feet deep, cost $4,667.50. 

1'HE PURITY OF ARTESIAN SUPPLY. 

The question of the cost of artesian wells, or of any g·ood 
water supply is not the main question. Any public supply of 
pure water is costly. Effective filtration, whether b)' the 
newer and best methods of natural sand filtration, or by the 
ra11id mechanical filters, is by no means cheap; and unfiltered 
surface or stream water is in no case fit to drink. Domestic 
supply, where every householder pays for his own " 'ell and 
cistern, may be the most expensive system of all. In tl1is 
<:onnection the words of Bt1rton* are specially pertinent. 

''There is, however, a gro,ving feeling· that the suppl)' of 
water to towns shot1ld be municipal work; that a matter of 
such vast importance to the public health is not one which 
should be left in private hands: and, indeed, that it is not a 
matter from which profit should be made ,,tall-that is to say 
a clirect money profit for individuals or even a municipalit)'· 
The profit of a most solid kind to the community is undo11bted. 
There shot1ld, in fact, in connection with ,vater st1pply be much 
less consicleration than there is of pot1nds, shillings and 
pence, except in the matter of prevention of waste water. 
The question should not be, 'How cheaply can we g·et a 
supply of water?' but 'What is the very best st1pply of water 
that we can g·et at any price that it is practicable for us to 

*The Water Supply of Towns, p. 4. London, 189t. 

• 
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pay?' That is, so far as providing· a plentiful supply of whole
.some water for domestic purposes is concerned, so that the 
,public health may be kept as good as possible. It is different 
in the case of supplying water for manufacturing· purposes or 
for purposes of luxury, such as gardens and fountains. There 
is no reason why the municipality should not make a l)rofit 
out of water supplied for those and the like l)urposes. '' 

The chief merit of artesian water as a municipal supply, its 
point of special superiority over rival sources, lies in its 
organic purity. Other waters ma~y be pure, other waters if 
impure may be purified, but the purit3r of artesian waters is 
above suspicion. Its use not only renders consumers practic
ally immune from many diseases, but it imparts a comfortable 
sense of security, which is also of distinct value. It is 
reg·retted that a complete series of chemical and biologic san
itary analyses can not be offered in demonstration of the 
org·anic purity of the deep wells of the state. But it surely 
may be taken for g·ranted that artesian water can not become 
infected with the waste of life and pathogenic bacteria during· 
its long journey deep under g·round. Onl3T as it rises near to 
the surface, is there the possibility of sewag·e contamination 
and this is easily prevented by the proper adjustment of 

. 
.cas1ngs. 

The artesian wells of Iowa are in evidence that in many 
towns of the state the organic purity of their drinking· water 
has been made the chief consideration in the choice of a sup
ply. Innocent water bas been g·iven the preference over 
various repentant waters, to adapt the lang·uage of an emin
ient sanitary authority. 

Pure water is not a luxury but a necessity. It is indis
"'l)ensable to healthy and decent living. A more exact and 
ready civilization-meter can hardly be sug·g·ested than the 
condition of the water supply affords in any country or city. 
A community that tolerates a contaminated supply is a com
munity that willingly drinks human excrement. Polluted 
,water supply is not only a filthy disg·race, it is a crime 

I 
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agai11st both l)erson ancl 1Jroperty·. No conell1sion of sanitar)· 
seience is more firmly· establishecl tl1an that the contagil1m of 
sev-eral of the most deacll)· cliseases is carried in drinking· 

,vater. 
'\Vith regarcl to the mortalit}T from cl1olera and t}·1)hoicl 

fever the River~ Pollution Commissioners of Great Britain use 
the following· gt1ardecl ancl moclerate langl1ag·e : ·'It is hl1mil
iating to reflect on the ,Ta.st amount of 1>remature cleaths and 
u1iser)· which is thus carelessl~r permitted to exist i11 the 
midst of a ci,·ilized communit;v. In E11gland and Wales alone 
the a,,er,lge )Tearly nt1mber of deaths from z)·motic l)oisons is 
l~0.000, representing a total nl1mber of cases of n1ore or less 
intense slrffering ,"vl1ich is certainl)T not o,·er-estimated at 
1.200,000. Bt1t e·ven this enormous 11umber only· inclucles the 
llersons actl1all)T poisonecl. It takes no cog·nizance of the 
n1iser~· of families redt1ce<l to 1Jat1perism or worse b:y the 
<.lcath or 1011g illness of those u1)on ,vhom tl1e)· are de1)endent 
for Slllll)nrt. * * * The means of pre,·enting· rnuch 
of tl1is death and torture are now well known ancl <:a1)able of 
llraetical a1>plication. Their neglect sig·nifies the destruction 
of tl1e 1Jeo1>le b:y parasitic organisms which we l1ave the means 
but not the will to exterminate, ancl it will not mt1ch long·er 
be regarde<l as in,·ol,•ing less national disgrace tran would 
attacl1 to the annual loss and 111utilation of vast numbers of 
our popt1latio11 by beasts of llre)· whicl1 we were too apathetic 

to destro:r. "* 
, ~ et the <.lea,tl1 rate from t~rllhoid fever in l~ngland is rel-

a,tively low. In London, with a 1>01)ulation of 4,250,000 this 
rate in 18~0 was but seventeen to the 100.000, slightl:y less 
than for the whole of England a,n<l ,Vales. Tl1e Lonclon r·ate 
is indeec1 high com1)are<.l witl1 the ty1>hoid death rate of many 
cities of wester11 E uro1)e, but it seems surprising·ly low when 
we consider the death rate of 1\mericau cities, as shown in 

the following table. 
T.Yl)hoid death rate of cities of the United States with 1>01)u-

lation of 200,000 or over. Census of 1890. 
•Sixth Rept. Rivers Pollution Comm., p. 189. London, \874. 
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Number of deaths 
Typhoid from t.yphold a.hove 

death rate the s ta.Ddard of 
per 100,000. 2.5 per 100,000. Pitts burg ____ ____ . ___________ . ____ . __ _ . _ 127 245 

"\Vashington _____ ----- --- - --- ------------ 87 143 
Philadelphia ____ -------------------- -- -- 74 509 
Chicago . __ . ______ . ___ ____ . ______________ _ 

Cle't"eland _ _ _ _ . __ .. ___ . ______________ ___ _ 
~ F . " an ranc1sco . ___ . __ _ . __ _ . ___ __ ____ . __ __ _ 
Baltimore. ___ .. __ . __ _____ . ______ .. ___ . __ _ 
Bos ton _ _ _ _ ______ . ___ . _______ . __ • ___ ____ _ 
Saint Louis_ _ _ _ . _ _ _ _. _. _____ . ___ __ _____ _ 
Buffalo_ . _ . _____ __ __ ________ ____ . ___ . . ___ _ 

l\Iilwaukee .. ___ . __ __ __ . --- __ __ __ __ ____ --

Brooklyn--- ------ - -- -------------------
New York--------------------- - --- - -----
New Orleans ___ __ ______ ____ ________ __ ___ _ 

Detroit ___ ___ ____ __ ____ . _____ . _____ __ ___ _ 

72 519 
63 99 
56 91 
47 93 
39 62 
32 32 
31 16 
30 10 
24 
23 
19 
19 

Total deaths in the above cities abo-ve normal rate .. 1.819 

In ele·ven of the larg·e cities of the United States the death:::; 
from t:r1)hoid fever clue to lack of pro1)er civil sanitar:r l)re
cau tions thus amounted in 1890 to at least 1,819, nearly as 
man:y as the killed of the Federal army in the battle of Antie
tam. Nothing need be said as to the moral as1Ject of this 
mortality·. The economic loss is com1Jutable. The cost of 
the ty1Jhoid e1Jidemic at Pl;ymoutb, Penn., in 1885, was cal
culated in detail, and may· be used as a datum. The esti
mated loss from this epidemic in·volving· the loss of 11-1 lives 
is as follows. 

Cash actually expended in care of sick _____ .. ___ $ 67, l 00 17 
,,~ages lost by those who recovered_____ _ ___ 30,020.08 

Annual earnings of those who died capitalized 
at 5 per cent____ ____________ __________________ 368.390.40 

Total·--- - - ________________________________ $ !65,510.65 

.• At this low ·valuatio11 of a human life the l)rev·entable deaths 
in 1890 from ty1Jhoid fever in onl3r the eleven cities nametl 
invol'vecl a financial loss of nearl)T ~7,500,000. Kor was the 
:rear 1890 one of exce1)tional(r hig·h mortalit1T from this 
disease. In Chicag·o alone in 18~)1, there were J, H97 {leaths 
from t:y1Jhoid fever. .c\.ssuming ag·ain twent:·r-fi·ve deaths from 
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tl1is Jiscase to tl1e 100,000 as a 11ormal rate. there are left 
1.7~2 tleatl1s jn this ,·ear i11 this eit,· whil'h ml1st be laill to a11 

• • 

in1pure ,vater su1>1)l~v- .\t the ll~l1al life-Yalue of 83,000, tl1e 
et

1
l1i ,·a lent of tl1e st1m of SB,610. 000 wal::; tl1us tle:::;tru}'e(l, be~itle 

tl1e loss of ,Ya~.rl·~ antlsickness ex1)enses of those ,Yl10 reeo,·erecl. 
'l'he~e illl1stra,tions of the c:oHt of an im1)ure ~rater :::;U})l)l)· 

fron1 011e lliscase only·, are clra ,v11 from ol1tside of 1o,va for 
• 

ol),·int1s reasons. ...-\mong these is the fact that no 1·e lial>le 
antl <:01nplete statistics on tl1e sul)jeet are 011 record fro111 tl1e 
to,v11s <>f the stc.1te. Bt1t witl1ot1t a11)· elal)orate ealeulations 
nr l< 1t·al data it is e,Tident tl1at a })t1re ,vater st11>pl;r i~ finan
t·ial 1~· a profital1le i11,·estme11t. .A.rtcsia11 ,vell~ or ex1>e11~i,·e 
filt~rs t·o~t le:::;s tha,n e1)iclemic-s, a,11<l less tba11 tl1e conl::;ta11t loss 
of life at a rate ,Yhieh, tl1ot1gl1 111111otieetl in ... \n1erica, wot1ltl 
l)e eonsiclered a11 epi<lemic in almost an)· Jijuropea11 eit)r, 

T)·pl1nicl fever is l>y· 110 me~ins tl1e 0111)· clisease tluc for the 
n1o~t part to contag·illID carrie<l i11 irnpl1re ~·atcr. 80 far is 
ehulera 1lt1e to thi~ cause that, a cit;y ,vitl1 a ,Yater stl}lp1)· free 
fro1n l)ossibilit:r of uo11tamint1tio11 is 1)1·ac·tically i1nmt1ne a,ntl 
ueP<ls no <1l1ara11tine again:::,t il1e scoul'ge. J{)· tl1e :::,,tn1e 

,·ehicle of <lri11lri11g water. as is strongl)· l::;Uspc•etecl, tl1oug·l1 
not )·et <leei::-;i,·el)· 1)ro,·e11 i11 all in~ta11ces, ac·Cl'S:::i is ha,d to tl1e 
hu1na11 s)·stem b:v tl1e g·er1ns of n1any otl1er disPases: lls·se11-
teries. dia rrll( x •a, and ya,rious fp,·prs recurrent an{l 111a la rial. 
]~nt in tl1e opinio11 of en1ine11t sanitarians tl1e g·reatest inju1·~· 
1·e~ ultinµ: from tl1e t1sc of in1pure ,YatPr lie:::, not so 1nt1cl1 in 
,vel l tnil rke<1 z)·n1otic tli:::,ea:::,es as i11 tl1e g·e11eral mala,ise, the 
iusidiolts l1nclern1in1ng: of the l1ealth, tl1e ,,E•al{e11i11g· of tl1e 
c·onstit11tion . ,,~11icl1 leaYe~ tl1e s:ystem read)· to ::-;t1<:c11ml) to 

t,l1t:. first attack of a seriot1s (lis(•ase. 
rrhe <lri11king \Valer of any· ft1ll)T <:i,·ilit.e<l C.'Olllll)Ullit~- lllllSt 

tl1en in the first })lace be l)lll'e " rater. I311t the empl1asis 
,vhicl1 ha~ bec11 laicl lll)OD this fac:t <loe~ not at all i1n1)l~· tl1at 
a,rtesian ,vells ft1r11isl1 the onl)· \Yater oro·a11ieall ,. l)l11·e. and • r, . 

that tl1ey sl1ol1lcl al way:s l>e selectetl for 1nt111iei1>al Slll)l>l~· . • 

• 
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THE CONTRACT. 

A fevv hints are offered simply in the interest of that (lefinite 
understanding· between contracting 1Jarti.es which experience 
sho,vs is always advantag·eous. Both l)arties, the owner and 
the driller alike, are interested directly· in the success of the 
well. Indeed this success is often guaranteed b:y the driller, 
and sometimes where a g·eologist wot1ld be relucta11t to 
assume an}T financial risk in the case. It is to the business 
interest of all responsible well drilling· firms to give as com
plete satisfaction as l)ossible, ::1nd it need not be expected that 
such firms will take unfair ac.lvantage of the technical ignor
a,nce of their patrons. 

It sometimes occurs that drillers are too closely· bound b,y 
their contract and are not given sufficientl:r free hand. Thus 
in two recent contracts the Saint Peter was set as the lower 
limit of the boring, althoug·h in neither instance could that 
formation be expected to furnish a st1pply. Such strict lim
itations really lea"Te the owner a g·oocl deal at the merc:y of 
the driller, who can either collect his pay· and leav·e an unfin
ished and unsatisfactory well when the Saint Peter is reached, 
or can charge an aclvanced 1Jrice for continuing the work. 

Contracts seldom fail to ~1Jecify whatever labor or material, 
water for boilers, steam pumps for tests, or casing·, the owner 
expects to furnish. It is often more satisfactory for the 
owner to furnish the casing· necessary·, since this is usually· an 
unknown quantity until after the well is drilled. He can thus 
place it in the well wherever it ma:y· be thought best in order 
to pre,rent possible leakage in the future, as well as wherev·er 
it may be indispensable in the construction of the well. 

Tests of the capacity of the well are almost always speci
fied in contracts. Sometimes one, two, or three tests are to 
be furnished b)7 the driller, free of charg·e, during the pro
gress of the work, and such other tests as the owner may 
direct from time to time at the reasonable charg·e of 81 an 
hour w bile the test is being· made. 
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For want of such provisions in the contract a suspicion 
occasionally arises, which is unfortunate even if it is without 
foundation, that, althoug·h there is really plenty of water in 
the well, the driller is g·oing deeper because it is not for his 
financial advantag·e to stop. Negative, or non-flowing arte
sians should be tested whenever the rise or the fall of water 
in the tube, or the clearing· up of the water by the washing 
away of the drillings, indicates that any considerable water 
vein has been reached. In one instance this office was con
sulted as to the advisability of going on with the work on a 
non-flowing well, whose boring had already crossed the most 
important water horizons of the district. Yet no account had 
been kept of the fluctuations of the water in the well, and 
the drillers declined to make an}r test except at its comple
tion. In this case an additional clause in the contract pro
,riding for tests would have been economical. A fair test 
usually is extended for at least twenty-four consecutive hours 
and should, of course, be made by a pump of sufficient 
capacity, throwing 300 or 400 gallons of water per mi11ute. 
The cost of tests and chemical analyses of different flows is 
a trifle compared with their value to the owner. Flowing 
wells also should be g·auged for pressure or tested for bead, 
at the first flow and at each increase thereafter. 

In non-fl.owing wells the drilling should stop wherever a 
test shows sufficient water of good quality, unless an expert 
advises it8 continuance. To go on jndefinitely in order to 
obtain a flow is absurd. Although in a few wells in the state 
several thousand dollars have been wasted in carrying borings 
to unnecessary depths, on the whole our artesian boring·s 
stop within reasonable limits. 

Contracts wisely provide that samples of the drillings be 
preserved, and it should be specified that these be taken at 
intervals of not more than ten feet, and at every chang·e in 
the strata. These samples are of great scientific value, for 
by means of them the geologist determines the thickness and 
lithological characteristics of the different strata pierced by 
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the drill. He thus disc·ov·ers, not onl,r the extension, the 
• 

thickness, and the structure of the ,rarious geological forma-
tions represented, but also the conditions which encol1rag·e or 
discourage the search for coal, for oil, for g·as, and for 
artesian water in the reg·ion. But it eannot be too strongl:r 
emphasized that the series of samples must he com1)lete. A 
dozen or so specimens from a deep \vell, each s11pposed to 
represent formations a h11ndred or so feet thick, are not 
without value. They· make Ul) an interesting· 1)11zzle and 
give play to an ingenious imagination in guessing· the real 
g·eological status of the section. A g·eolog·ist ·ver:r seldom 
can tell to what formatio11 a piece of t1nfossiliferous rock 
belongs merel}T b3T its looks. So far as its texture goes, a 
piece of shale or limestone or sandstone ma:r belong· to an:r 
one of man~r g·eolog·ical g·rou1)s. But a series of a h11ndred 
or more sam1)les taken so frequent]y that no la}Ter of an}T 
thickness is t1nre1)resented, exhibits the order of succession 
of the strata as well as their litholog·ical characteristics. 
With these facts in band a competent g·eolog·ist will 11suall3T 
feel little more hesitation in (lrawing· the geolog·ical section 
of the boring· than he would of an 11nfossiliferot1s natural 
exposure of equal y·ertical extent, and equall}T distant from 
well recognized outcro1)s. 

Great care sbo11ld be ol)serve(l in taking· the samples to 
})revent their aclmixture ,vith an}T foreig·n matter. They are 
best poured into cig·ar boxes or fruit cans directl5T from the 
sand pump at its last batil for any· l!learing· out. The recep
tacle should be markecl in several pl;:1ces "~Tith the depth, or a 
tag may be l)laced ~rithin it similarly marked. The foreman 
i11 charg·e of the clrilling will usuall:y give this matter careft1l 
attention, if so directed. With scarcel}T an exce1)tion, " Te 
ha·ve found l)ersons having· charge of st10h work intelligent 
and oblig·ing·. But some citizen, a friend of science, ,vill 
readily be found to g·i ve the matter his l)ersonal st1per·vision, 
ft1rnishing the driller with boxes or cans. remo,Ting· them from 
tiu1e to time wh,en filled, an(1 seei11g· to the 1)erma11ent mot1nt
ing· and final dis1)osition. 

-
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Drillings are variously mot1nted according· to the prefer
ences of their owners. The most common and one of the 
worst waJ'S is to pack them in a tube of glass. Ver:y striking 
an(1 pretty at first, the sam1)les soon become mixe<l, the finer 
material sifts clown into an:y coarser sam1)le beneath and 
covers it in whole or part from view. Critical stud:y is i1npos
sible withot1t destro:ying the tube. The legend or clescri1)tion, 
g·i ving the character and thickness of the strata, is usually 
written on paper ancl pasted on the back of the tube and soon 
comes loose and is lost. The chances are that in a few y·ears 
the tube itself will be broken and its invaluable record wholly 

destro)~ed. 
Sometimes drilling·s are even set up in lamp chimneys, some-

times in a long· narrow box with g·lass face and sliding· back 
and pa1'titions. Tl1e 1nounting· should in an:y case insure per-
111anence, freedom fro1n possibility of intermixture, and read)r 
access for exami11ation. This is best obtained b:r n1011nting· 
each sample i11 a separate bottle. The Survey· uses for this 
pt1rpose one ounce bottles of wide mouth and of clear glass. 
"".\..ll labels should l)e in india ink or ct1t in the g·lass. 

If an orclinary· <1 uantity of each sam1)le is secured, a dupli
cate set can alwa:ys be s1)ared, ancl thus the chances of the 
(leslruction of this record will be ·very n1ueh lessenecl. The 
(l11plicate ~et will be welcomecl by· an:y- museu111, a11cl will be 
re<:eiY·ecl with special i11terest and g·ratitt1de by the Iowa 
({eological St1rve)'. In the geolog·ical collectjons of tl1e St1r
\'e)T sueh series are 1)ractic-allJ' :::;afe fro1n all dang·er, and their 
Ya.lt1e is enhance(l by tl1e £act that the:r are at all tin1es ay·ail
a,1)le for exa111ination anc1 for com1)arison with man)T similar 
series ,Yl1ich ha,re a,lread)T been l)laced under this care. 

The Art of Drilling. 

To c1rill an eve11 anc1 straig·ht tube a c1t1arter or a half a mile 
i11 (lepth rec1uires ex1)erience and a hig·h deg·ree of mechanical 
sl{jll. Dee1) well clrilling· has become a special trade. In onl:y 
011e instance in the state has a deep boring· been put down by 

• 
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amateur labor, and this pro\-ed a costl:r experiment whose 
re1)etition is not recomn1ended. Most of the wells in Io\va 
have been (lrilled b:r :fir1ns whose territor:r is much ,vider than 
the limits of the state, ancl the methods and the machinery· 
which they use here present nothing that is novel. In all 
cases, so far, the drill has been the ordinary· plung·e or cl1urn 
drill, ancl is essentially the same in action as that emplo}Tec1 
in :::;inking· common drilled wells. The diamond drill has bee11 
usecl only in search for coal and building stone. 

'rhe rig· differs slig·l1tl:r from that seen in the oil fields of 
Pennsylvania and Ohio so fully clescribed b:y Carll,* and b)y 

Newell. t 
The clerrick tower is commonly· about eighteen feet square at 

the l)ase and sixty feet high. ....\.n adjoining shec1 contains the 
forg·e at whieh the tools are clresse<l and an eng·ine of fifteen or 
twenty horse power by· which the c1rill is operatecl ancl the tools 
raised ancl lowered in tl1e well. The clrill consists of a steel 
chisel-shaped bit, screwed to an iron auger stem, to the UI)l)er 
end of which is fastenec1 the "slips" or "jars.'' These con
sist of two slotted iron links joined together by a cross heac1 
and crotch slot aclmitting of a vertical play or sli1), one upon 
the other, of abol1t thirteen inc•hes, in about the same manner 
as the play· of two links of a chain. The bit, the auger stem 
and the lower member of the jars, thus fastened tog·ether, 
fall with each downwarcl stroke about twenty· inches, an<.l 
deliver a cutting and crushing· blow of about 3,500 foot pounds 
upon the rock. On the upward stroke the weight of the rig 
above the union of the two members of the jars clelivers 
an upward blow whose purpose is to jar loose the drill beneath. 
No sinker bar is used above the jars. In some Iowa wells 
the string of drilling tools just mentioned was swung from a 
rope, but in most instances rods of wood have been used, each 
about thirty-three feet in leng·th, with iron couplings. The 
string of rods and drill is attached by a swivel anc.1 heav:r iron 

• Penna. Sec. Geo I. Surv. Oil Reglon, vol. III, pp. 284-880. 
toeol. Surv. Ohio, vol. VI, pp. 476-497. 
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chain to the end of the walking beam, which plays up and 
down abo·ve the mouth of the tube. This chain is wrapped 
several times about the end of the b eam ancl is let out little 
by little as the drill cuts deeper and deeper into the rock. 

F10. «. Derrick Tower o! J . .P. Miller & Co., at Holstein, Iowa. 

We have not seen in the Iowa field the tem1)er screw used for 
this purpose in the oil reg·ions. 

As the work prog·resses the curious citizen who g·ains admis
sion into the dimly lighted tower sees month after month the 
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same tedious routine. Night and cla:y a driller sits at the bench 
over the bori11g·. As the rolls rise and fall with the monotonous 
motion of the walking·-beam, he slowly twists them. round and 
round so that the drill may strike every· portion of the bottom 
in its rotation a11d drill the hole rouncl and true. So simple 
is this apparently, that a bo:r could clo it. But the experi
ence(l driller feels every stroke of the drill and m.o·vem.ent of 
the jars, and interprets each vibration passing ·u1)warcl from. a 
thousancl feet below. A tyro in his place would churn the 
water without striking· bottom and never know it. When 
no accidents clelay·, the drill cuts its way clownward with 
surprising rapidity, making sometimes sixty· or sevent}T feet a 
day. Every few feet the bore becomes clog·g·ed with the chips 
from the drill. The whole string is then hoisted and the hole 
cleaned out with the sand pump-a bucket with a suction 
valve at the bottom--and the drill is again lowered. This 
interruption takes less time than one would su1Jpose. In 
hoisting the string· the foreman sits with his left hand on the 
hoist lever and his rig·ht on the brake. The scaffold man 
stands on a platform in the tower about the leng·th of a rod 
above the bench. The third man of the shift stands at the 
bench, catch wrench in hancl. The string· is rapicll:r hoisted 
by the engine; as soon as the upper end of the seconcl rocl 
from the top a1)pears above the bench the brake is appliecl to 
the hoist, the string stops, the second rod is grasped by the 
wrench under the collar of the upper end. The weig·ht of the 
string· thus resting on the wrench and bench, the scaffold man 
and the man at the bench tog·ether uncouple the upper rod 
from its connections above and below and set it at one side. 
The swivel whirls down and is coupled to the second rod, the 
hoist lever is pulled, the string· rises, the third rod is caught 
fast, the second uncoupled, and so the work g·oes on. To 
hoist 1,600 feet of rods and tools needs only twenty minutes 
and less time is taken in lowering· them ag·ain. 

Scarcely a well is drilled without more or less time being· 
lost on account of accidents. Frag·ments of rocks becoming· 
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detachecl from the side of the shaft fall an(l are wedg·ed in 
,vith the string preventing· the slips from doing their work in 
jarring· loose the drill. As soon as the drill stops, the se(li
ment, with which the ,vater is thick, settles about it fastening· 
it so sect1rely that it cannot be dislodg·ed without special 
instruments. Fishing· for clrills ancl other lost tools is, on the 
"'.,.hole, the long·est ,1ind most costly part of the operation of 
drilli11g the a verag·e cleep well. 

Occasionally the drill strikes a slanting· crevice and slips to 
one sitle. If this difficult31 is not met at once, the boring· is 
cleflected from vertical ancl the drill soon becomes fast. Some
times the crevice can be filled bt1t t1sually it must be passed 
b).,. a s1)ecial tool or b).,. casing·. 

In no instance has it been fou11d practicable to clrill a deep 
boring of the same diameter throug·hot1t. Throug·h the inco
herent deposits of the Pleistocene the bore is relatively larg·e 
-often ten or twelve inches in diameter-ancl casing· of this 
size is dri,ren firml3.,. into the underly·ing rock to shut off all 
surface ancl drift waters. In rare instances Pleistocene 
g·ra,.,.el, ming·led with the drilling·s from lower horizons, has 
inc1icatec1 that this work was not effectively done. Chang·ing· 
the drill to one of smaller diameter, the work proceeds t1ntil 
rock so incoherent or fissile is reached that it ca·ves into the 
boring. The onl:r remed).,. is to case this portion of t11e shaft. 
The method of inserting the casing· is well tolcl b:r 1Ir. Seth 
Dean* in bis clescription of the Glenwooc1 well. 

"'On the lower end of the pipe a cast steel shoe with a cut
ting· eclg·e was fitted, the outside cliameter of the shoe being a 
little larg·er than the coupling· bands that connectecl the joints 
of pipe so as to g·ive clearance room. Fitte(1 in this way it 
\'Vas l)ossible to drive a line of pipe through most of the strata 
after the:r had first been pierced by the tlrill, the shoe cutting 
ot1t a portion of the rock some,vhat in the ma11ner that a car
penter enlarges a hole in a piece of wood witl1 a gouge. When 
the harcler beds of limestone were strt1ck, the pi1)e ,vas raisecl 

* Proc. Iowa Oiv. En~. and Surv. Soc. 1895, p. 36, 
33 G Rep. 
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a few feet with jacks, and the hole enlarged by what is known 
as an ex1)ansion reamer, a tool so constructed as to pass down 
inside the casing and open when it meets with the resistance 
afforded by· the rock bed under the lJipe. When the friction 
of the mass of earth and shale ag·ainst the sides of the pipe 
became so g·reat that it coulcl not be dri·ven further ,vithout 
dang·er of crushing or collapsing·, it was bedded firml3T in some 
stratt1m of rock and a l)ipe of smaller size inserted inside this 
ancl dri,ren in the same wa3T. The rate of l)rogress made in 
dri·ving· pipe was. of course, dependent on the nattu·e of the 
material being· worked. Sometimes in soft shales the weight 
of the pipes a.lo11e was enot1g·h to sink it. and at other times 
six hot1rs' (lriving would not settle it more than three or four 
inches.'' 
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