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GEOLOGIC ATLAS OF 'THE UNITED STATES. 

The Gcolo.~jGal Survey is making a geologic atlas of the 
United States-, which is heil1g issued r.lilletl folios. 
Each folio includes topographie and 
area, together with descriptive text. 

THE TOPOGRAPHIC MAP. 

The featul'(:,s on the topographic lllap are of 
three distinct inequalities of sllrfacc, called relief, 
as plains, plHtenu8, hill!;, alld lllount"lins; (2) distribu-
tion of water, called as streams, lakes1 a.nd 
(3j the works of man, CUUl1ye, ns roads, 
boundaries, villages, and eiLies. ~ 

Re1iej.-All elevations are measured from HlCHll sea level. 
The heights of IIlall)" points are ((('('urateiy delermined, and 
those of the most important ones are given on the mi'lp in 
figures. It is desirable, ho\vf>ver, to gi\'e the elevation of all 
parts of the area mapped, to delineate the outliue 01' form of all 
slopes, an (1 to indiclIte their grade or This is done 
by lines eadl of whieh is dnrwn through of equal elm'a-
tion above mean St:'<l le\~el, the vertical iutt:'l'Ynl represented by 
each spaee betwf'en lines being the same throughout eHcll map. 
These lines nre called cOJ/four lines or, more brietl \', contours, 
and the uniform H'rtical (li"hlIH'e bet\\een ea"h two"eontours is 
called the contouT intr:rml. Contour lines and elevations are 
printed in brown. The manner in whi('h coutour lin,es express 
altitudf', form, and grade is shown in figure 1. 

FIOT:RE \.-ldeal view and correspondillj.{ contonr map. 

The sketch :J river VB Hey bt'tweell two hills. In 
tIlt:' foregrOlliul till? seH, \\lth a bay that is partly closed hy 
a hooked sand bar. On eaeh sirlf' of the v:dley is a terral'e. 
The terrllcc on the right merges into a gentle hill slope; that 
on the left is u[Ll'keJ by a ascent to II cliff, or Sl'fll"p, \\ hidl 
contrasts with the gradunl awny from its ncst. In the 
map each of these features jndicat.ed, directly bel10ath its 
position in the sketch, by contour lint'R, The map docs not 
include the (listant portion of the yiew. The following notes 
may help to explain the use of contour lint's: 

1. A coniour line reprE'SentR a eertain height abow sea le\·e1. 
In this illustration the contour interval is 50 feel,; thel'eforE' 
the contour lines arc llrawn at 50, 100, J 50, and 200 feet, and 
so on, ahove me~m sea level. Along the contour at 250 feeL lie 
aU points of the surface t.hat Hre 250 f~et above the sca-that is, 
thii:l contour would be the shore line if the sea \vere to rise 250 
feet; alon!!: the rontour at 200 feet. are all points that nrf' 200 
fcet abo\'e the sea; and so on. Tn the i:lpace bet,"ween any two 
contours are ul1 pointR whose clevations are aboy,=, the lower 
and below thc lligher ('on tour. Thus the eoutour at 100 ft'f't 
falls jUSL helow the edge of the tenare, and tltat at :l00 feet lit:'i'! 
aboyc the terrace; therefore all points on Ute terrace are shown 
to be more tlwn 150 but less than 200 feet abo\'e the sea. 
The summit of t.he higher hill is rm:nh(l GiO (feet aboye sea 
level); accordingly the ('ontom at (),)O feet surrounds iL. In 
t.his illust.ration all the contoUl' lines arc nuwbered, and those 
for 260 and riOO fCf:t are areentuHted by being made heavier. 
Usually it is !lot desirable. to number all the eontour lines. 
The aecentnating flnd numht'ring of certain of them-say eyery 
fifth one-suffires and the ht'ights of the others may he l.lSeer­
taincd hy cOlLnting up or dO\vll from th('se. 

2. Contour lines show or' express the forms of slopes. ~\.s 

contours are continuous horizontal they wind SlllOOtJlly 
about smooth smiaces, rect:'dt:' into rt'entrant of 
rllvillE'H, and projert. in .passing around spurs or I"·o,mi,,wnees. 

These relations of' cont.oUl" curn'i:l Hnd 1:..0 of' t.he 
('an be Been f!'Olll. the map and 

lines sl~ow the approximate of any sl~pe. 
Thc yertieal interval betwcen two \'(mtours the same, whether 
they lie along a cliff or on a genLle i:llope; but. to attain a gi vell 
heif!;ht on a gentle slope olle must go £ll'ther than on a :-ltce]) 
siope, and therefore contoun; are fill' apnrt on gentle slopes 
and near togethf'r on steep onC8. 

A small contour int~ryal is necessary to express the relief of 
a flat oj' gently undulating country; a steep or mountainolLs 
country can, as a rule, be a(leql1ately represented on the SHme 
seale by the use of a huger intenal. The smallest interYH 1 
used on the atlas sheets of the Geological Survey is 5 feet. 

This is in regions like the Mississippi Delta and the Dismal 
Swamp. For grellt mountain masses, like those in Colorado, 
the interval may be 250 feet nnd for lE'sS rugged country ('on­
tour intcrvals of 10; 20, 2iJ, 50, and 100 fcet are used. 

Draina,lje.-\Yater~oursf's are indicated by blue lines. Fora 
perennial strE'am the line is unbroken, but for an intermittent 
stream it is hroken or dotted. 'Vhere a strcam sinks and 

the probable underground course is shmvll by a 
blue linf'. Lakes, marRhcs, and odler bodies of ,vater 

by conventional signs in blue. 
for the works of' man and all letOOr­

are printcd in 
,)ca"C.,.-j~l1e area of the Uniied States (exclusive of Alaska 

and island possessions) is uLout 3,027,000 square miles. A 
mup of this area, dl1fwn to the senle of 1 mile to the inch 
would cover 3,027,000 sguare inciIC;::; of pnpel' aJul measure 
aLout 240 by 180 feet. Each square mile of ground Sll1-iace 
wonld be rcprcsented hy a inch of lllilp snrillee, and a 
linear mile on the ground a linp..ar inch on the map. The 
seule mav be also a fradion, of whieh the numer-
ator is 11" 011 the map and the denominator the corre-
spondiIl)!; lengt.h in nature expressed in the same unit. ThuB, 
as thcre arc 6:3,;~60 inches in a the scale"] mile to the 
inch" i8 by the fradion 

Three are used on the sheets of the Geological 

inch 011 t.he map. 
surface 

a gradua,ted line repre­
a similar line indicating 
a fraction. 

"U""""U"I(".·~J "cmap of the Unit.ed Stat.es 
is being shedS of conYCl)ient size, which 
represent areHS bouwlc,d parallel.; atHl meridians. ThCBc 
~neas are ('aIled qnadrangle8. Eaeh sheet on t.he seale of ~"O~Oili) 
represents one slllUl.l'e degree-that is, a of latitude by a 
degree of longitudE'; eaeh sheet on thp of reprcbents 
one-fourth of a squal'e degree, and ellch sheet on scale ot 

one-:-;Ixteenth of a square degree. The areas of the corrc­
sponding quadranJ!;les arc about 4000, 1000, and 2;)0 square 
llliles, though HH'y vary with the lat.itude. 

Thc atl:lS sheck;, heing only parts of Olle map of the United 
States, are not limited by political boundary lines, such as 
those of SLates, counties, an (1 tow nships. ~hny of t.hc maps 

arf'lI" lying in two or m'en three States. '1'0 each 
and to thc quadrangle it reprcsents, i::; given the name of 

some well-known town 01' natural feature within its limits, and 
at the sides and comers of each sheet nre printed the Hames of 
adjacent quadrangle::;, if the maps are published, 

THE GEOLOGIC MAl'S. 

The nwp;::; l'eprt'6entillg the g-eology show, colors and 
conventiowll sip;ns printed on the topographic map, the 
di:3tl'ibution of rock musses on the surface of the land and, by 
means of structure sections, their llnderf!;round relations, so far 
as known and in suell detail as the scale permits. 

KDi'llS OF lWCKR. 

I{ocks are of lllany kinds. On the geologie mnp they are 
diRtinguisheil as igneous, sedimentary, and metamorph~c. 

19n~'lms 1'oclcs.-Roeks that haw cooled and consolidated 
from a slate of fusion are known as igneous. Molten material 
ha" from to t.ime IJeen forced upwanl in fissures or chan-
lIel,.; of and i:lizf's through rocks of all to or 
lI(;arly to the Itocks formed by the of 
mohen material, or magma, within these ehannels-that is, 
below the suriu('/'--;-art! called ·irlil'u.siL'C. "'here the intrusive 
rock a fissure wit.h approximately pm'allel walls it is 
called u where it fills a large and irregular ronduit the 

termed a 8IocA:. "\Vherc molten mag'mH trayerses strat-
ified rocks it be intruded along betiding planes; such 

or "hed.s if comparatively thin, and lacco-
chambers prod ucell by thc pressure 

of t.he mal!;Illa. by roek molten material rool.; 
slowly, witll the result that intrusive rocks are generally of 
crystalline texture. vVhere the channels reaeh the surfaee 
the molten material poured out t.hrough them is called lwva, 
and lavas often build up volcanir mounli:lins. rocks 
that. ha ye solidified at" the snrface are called 
Lavas generally cool mort:' rapidly than iutrllsive 
a:-1 a rule contain, espf:'f'ially in their superJieial parts, more or 
lesH voleanic produced Ly rapi(l ehillillg. The outer parts 
oflanl How,:;; are llHlWlly porous, owing to the expansion of' 
the gai:lc,:; originally present in the magma. Explosive action, 
due to these gases, often aceompanies voleanic eruptions, 
causing ejections of dust, ash, lapilli, and .larger fi .. ag-ments. 
These materials, when eOllsolidated, constitute breccias, agglom-

and tuffs. 
l'oclcc~.~Uocks composed of the transported 

fragments or particles of older roeks that haye undf'r~one 

dii:lintegration, of volcanic ejccta deposited in lakes and seas, or 

of materials deposit.ed ill such water bodies by chemical precipi­
tation are termed sediuu:nta1-Y, 

The ehief flg-ent in the transportation of rork Q-ebris is water 
in Illation, including rain, streams, and ihe water of lakes awl 
of thc sea. The materials are in large part carried as solid 
particles, and the are then saia to be mechanical. 
Buch arc which are latel' consolidated 
int.o Sfllldstone, shale. Some of the mate-
rials are earried in soluLion, and deposits of these are called 
oq:wnic if formed with the aid of lift.', or chelllical if formed 
·without. t.he aid of life. The more important roeks of chemical 
and organic origin are limestont', chert, salt, iron on" 
peat, lignite, and coal. Anyone of the named 
may be f'\eparatf:'ly formf'd, or the diITerent he 
intermingled in many ways, produeing a great variety 

Anodler transporting ag-t'nt is nil' in llIotion, or wind, ~md a 
third is icc in motion, or glaciers. The mORt characteristic of 
the wind-borne or coliun deposits is loess, a fine-grained earth; 
the most characteristie of g-lacial deposils is till, a heterogeneous 
mixture of bo·wlders and pebbles wit.h day or sand. 

Sediment.ary rocks arc usually made up of lllyt'r;::;. or bE'ds 
which can be separated. These ure caned .strata, 
and rocks in such laycrs are to be strlltified. 

The snrface of tlIe earth is n~t immomble; 0\ er wide regions 
it \'ery slowly rises or sinks, with reference to the sea, and 
Rhore . lint's ~re thereby changed. .L\.s a result of upwanl \ 
moyement marine sedimelltmy, ro(~ks may become part. of the 
land, and most of our land areas are in fact oreupietl by rocks 
originally dcposited as sedilllents in the 

Rocks exposed at. the surff~ce of tl1e air, 
watf'f, ice, animals, and plants, 
kllown as bact.erin. They 
soluble parts HTC leachp(l ont, the 
left as a residual layer, \Yater washes this 

and more 
materia I being 
material down 

the slopes, and it. is 
other bodies of wat~r. 
but. it is 

carrietl by riYers t.o thc,oeean or 
its journey is not eontinuous, 

huilt into river bars and flood plains, 
_·Ulu \·ial ~lacial deposits 

df'p()~its belong to 
laver is commonly inelnded 

Theil' upper parts, o~eupied by th~ roots of 
cOll:'!titute soils and subsoils, the soils being usually 

dist,inguisim! by a notable admixture of matter. 
and by various 

processes, rocks may in com position 
and in texture. If the new pro-
nounced than the old such rorks arc called In 
the of metamorphism t.he cOllstituents of a chemic~ll 

may enter into new eOtllbinatiolls and ecrtuin substanccs 
may be iost or new ones added. A complete gradHtion [rom 
the primary to the metmnorphic form may exist within a 
single rock mass. Surh changes transform sandstone into 
quart.zite and limestone into marhle and modify other rocks 
in various ways. 

From time to timc during 
been deeply buricd and hayc 
pressures, to slo\v movement, and to igneous intrusion haye 
been afterward raised and later exposed by erosion. In such 
rocks the original structures may h:1\ e been lost entirely and 
new onE'S substituted. A system of planes of diviSIon, along 
which the rock. splits most readily, may have been deyeloped. 
This structure is caned and may cross the original 

rocks rbanwterized by it 
Crvstals of mica or minerals nwy have gr~wn 

in tlle rock in "such a as to produce It laminated or foliated 
structure known us The roeks characterized by this 
structure are schisf.s. 

As a rule, the oldest rocks are most altered and the young,=,l" 
formations haw eseaped metamorphism, hut to this mle there 
are many illlpOliant t'speeially in rcgiolls of igncous 
activity fwd complex 

TOlOl.A.TlO.KS. 

For of 
abovc are into A :'!edimentmy 
formation l'ollt.ains bet~yeen its upper and lower limits either 
rocks of uniform eharad~r or rocks more m· 1ess uniformly 
"\]l.Tiell in character, for example, an alternation of shale and 
limcstone. \Vhere fl'{}m one kind of rocks t.o 
another is graduHI it. may TWef:'s:'!ary to two eontigu-
ous formations by an arbitrary line, aTHl sOTIle rases the 
disLill(~t.ion depends almost. f'nt.ircly on the contained fossils. 
An igneous fOl'mat-lon cont.ains one or more bodies of one kina, 
of' similar oecurrence, or of lil-:e Ol·igil1. .r\ metanH1l11hie for­
mation lllay C'Olwist of rock of nniform rharat'ter or of se\ eral 
roeks having comIllon eharaetel'istirs 01' origin. 

\Yhen for Reientific or et'onomic reasons it is desImhle to 
recognize and map one 01' more dcwioped parts of ;J 

yaried formation, such parts arc members, or In' oom(' 

odler appropriate term, as h!nti/.I:J. 

.\GER OF ROCKS. 

Geoloy'ic {i'llie.-The iillie during which ro('ks ·were made is 
divided into peripds. Smaller tim~ di visions are called epochs, 

/I 

• 



and still smaller ones stages. The age of a rock :is oxprC'Ssed 
by the name of the time interval in which it was fonned. 

The sedimentary formntions deposited during a period are 
f!)'onpf'd to,2:f'ther into a 8yl:Jtnn. The prilleipal divisions of a 
system are ('alled 8('}'ie8. Any aggregate of formations less 
th1ul a sf'rie); is called a !Jrollp. 

Inasmuch as sedimeIlta:r;y deposits accumulate successively 
the youn~er rest on those that aro older, and their relative 
ages may be determined by observing their positions. In 
many rcpjons of intense· disturbance, however, the beds have 
been o\'ertnrned by folding or superposed by faulting, so that 
it may be difficult. to d(,tcrmine their relati \'e from thcir 
present positions; under !:lUch eondiLi,ons. if prcsent, 
may indicate which of t.wo or moro formations oldest. 

Many strat.ified rorks contain the remains or 
imprints of plants and animals at time the strata 
were dcpositcd, lived in bodies of' ,ynter or were ... \ashed into 
them, or were bmied in surficial deposits 01] the hlncl. Rueh 
roekS" are ('alled fossiliferous. By studying fossils it has 
been found t.hat the life of each period of the emth's history 
was to a gruat extent different from that. of other periods. 
Only the simpler kinds of marine life existed when the oldest 
f()ssilifel'ous rocks were deposited. From t.im!:' to time moro 
complex kinds de'i'eloped, awl as the 8impler ones lived on in 
modified forms life became more varied. But during cach 
period t.here lived peculiar forms, which did 1Iot exist in t'arher 
timl:'s and lwve not existed sinpe; t.hf'sf' are c/w/Ylcieril5tic types, 
and they define the tlp:e of any bed of roek in which they are 
found. Other types on from period to period, and thus 
linked the forming a chnin of life from the 
time of the rocks to the present.. 'VJlere 
two seuimentHry formations aTe rernot,e from ea('h other ami it 
is impossible to oLsene their relative positions, the charncter-
istic fossil found in thclll may (If'termillC which ·was 
deposited Fossil remains in the strata of different areas, 
pl'ovinc(~8, and r-ontineutr: afford the most important meHns for 
comhining local histories into a earth hist.ory. 

It is J]lHllY places difficult or to df:'terllliue the age 
of an igneons frfrlllat.ion, hut rlw rdatiw age~of .:mell a f()rm;J­
t.iOll can in generaJ be ascertailled by 
associated Redimentary formation of known 
igneous lllaRS or is df'positetl upon it. 
which llletalllorphir' rocks \\ere formed from the 
may bo slw-wn bv their relations to formation.., of 

age; hut the T('cohlt'd on Dlap i.., that. of the 
masses llnd not. of dwir metamorphit>lll. 

culon;, and pa.tta}1s.-Ench f()l'lnation iR :::;hown on 
the map hy a dist,ineti\e combillation of color awl pat.tern allil 
is'lalwled hy a speriallett.or symbol. 

Patterns <compoAf'd of parallel 
fOl"l1lat.ions 

lineR m·e u:::;ed to 
ill tlw jnlakes, 

tlots awl 
eirdf's repre:::;ent idluvial, and eolian i{ll'll1lltions. Pat­
teru~ of trianglf's and l'hombs are u::;ed for iguf'oUS fi)l'IllaLions. 
~1etalllorphic rO{'kR of' unknown origill llre 
Sh01i. <l~:shes placed; if the r()(,k is 
muy lw \\avy lineR pm·Hllcl to the t>truetll1"e 
Suihlble THlttel'IlR an' used 10r met.amorphie 
t.ions known to he of or of igneous origin. The 
patterns of eaeh cbs.., are in various (~().lors. "\Vith the 
patterns of parallel colors are used to indieate age, a 
particular culor to CHell t>YStelll. 

The s\'mbols of two or more let.tf:'rs. If the age 
of a fOl'~ation is known the snnhol includet> t.he 
bol, whit'h is H capital lett.!'; or monogram; 
symbol:::; atl;' ('0111p08Cd of I:Hualllettel's. 

p,ym­
tllC 

The llamPS of the systems and of sl:'ries that have heell given 
distinctive in tmlf'r f!"Om to oltlest, with the 
color and assignc(l to 
subjoined 

Symbols and colors a8.~if}ned to the l·ock systems 

Sy.tAll 

f'TTRF.\CE l"OlGUI:'. 

11illi'l, Ynll!'ys, 11lld 1,11 oiher SlLrfu('e forms IJaYI:' beel) produced 
F9r f'xample, most thf' result. 

streallltl that l1(nr through 1), 
p}ains hOJ"(]priuf!,' mall)' streams were up 

hv the st-Teams; \\a"es cut SP11 (lliH;" lllltl, in cooperation \\ith 
c~rrellts, lmild up sand spits aIld ham. Topographic form" 
thus coni'ltitute part of the reeord of die of tJ]P ptl.rth. 

Some ionns are inseparably eonllccr.cd with TIH, 
hooked sh9wll in figure 1 is an illustration. To thil'( dnss 

alluvial plains, lava streams, drumlins (smooth 
of till), and moraines (ridg-('s of drift made 

at tiIC Ot,her forms are produced by crosion. 

The sea cliff is an illustration; it may be carved from any rock. 
To this clllSS belong abandoned river channels, glacial furrows, 
and peneplains. In the making of a stream tf'IT1WC an n lluvial 
plain is first built and afttnmrd partly eroded awny. The 
shaping of a marine or lacust.rine plain it> usually a douhle 
process, hills bei~g- Vlorn away (degraded) and "alleys being 
filled up (aggraded). 

AU parts of the land surfaee aro suhject to the action of air, 
water, and ice, wllich slowly \Yl'frr tllem down, and streams 
earry the wuste material t.o thc sea. As t,he Jep~'nds Oll 
the £low of -water to the sea, it ean no,t ('arried belo·w sell 
level, and t.he e,ea is therefore ealled the basf::-le1)el of erosion. 
LnkPs or hn·g; rivers may ddc,rmine locul hase-Ievds for certain 
regions. Whon a large t.raet is for a long time undisturbed by 
uplift. or suhsidence it is degraded nearly to base-lcYt'l, und tlll:' 
fairly even snrface thus produ('etl is called If the 
tract. is aftenvnn{ uplifted, the ele\llted 
re('ord of the former close·rf'lation of the tract. to base-level. 

T1Ll: V~UtlO\JS GEOLOGIC f'HEETS. 

lllap showing the areas occupied 
is called an areal geology map. On 

,vhieh is the key to tlle map. To aseer-
tain the meaning any color 01' pnttf'rn and its lett.Pr 
the rfwler should look for that color, pnttern, (jnd 
the where he will find tIle name and 

Hit is desired to find any pfll't:icular it.., 
name should be sought in the legend and its color and pat.tern 
lloted; thell the areas on the in color lind 
pnt.tel'll mny be il'aeed out. TIle also a partial state-
ment of tIle ,2:eologic history. In the Ilflmetl of formations 

according 
unknown 

group t.hey ure placed in the order 
so far as known, t,bc youngl:'st at, t,he top. 

map.-The map reprf'sent.ing the distribu-
tion of and roeks ,ina their relat.ions 
to the topogrllphic fpatures and to the 
~erJIled the economic Heolog!l map. The that appear 
Oll the areal geology lllnp are usually shown on t.hi:::; map by 
faint.er color and the areas of produdive formations 

(~()lors. A mine symbol shows the 
or quarr,v and is accompfmied tll(' 
mineral mined or stonl' If 

mining indust.ries or artetlian in the 
nmpy to show thuse additional economic featur!:'s 
in tht' folio. 

shaftl-1, and otJler 
different beds to 

clltting thnt exhibits thosc 
a sectiun, and the same term IS applied to a 

reneC'Somt.;ng the rebtions. The arrangf'illf'llt of'rocks 

is llOt limited, fIOWf>Ver, to naturnl and arti­
for hi" iuformnt.ion eoncerning the earth's 

the mallner of f()rmation of rocks and 
thc bC'(ls on t.he surface, 

they Pl18S benclith Lhe 
surflwe and ('an draw reprl:'s('nt.ing the strurture to a 
eOllsi<icrable uepth. i:"3ueh a see~iou is illust.rated iIl flgure~. 

t'IGURR 2.-r\ketch ~howing a venieaJ section at the front and It landscape 
beyond. 

The figure represents a landsrape which is Gut off sharply 
iu the foreground ou a vertical plane, so as to show the 
underground relations of t.hc roeks. The kinds of rock are 
indicat.ed by appropriate pattf'l"lls of lines, dots, and dashel:l. 
These patterns admit of mueh variation, but. t.hose shown in 
Ggure a are used t.o rcpresent the commoner kinds of roek. 

':l=cl"t<>n~HalHl~'Hl' 
gIOLll<"Cate, 

ShaJylm18st0]1CS 

l',Hl;RIi: 3 -SYlllholB 1l6ed ill sectioIlB to represent different kinds of rO(Jk~. 

The plateau s.hown at tllf' kft of figure 2 presents t.oward 
the lower land an escarpment, or ii'ont, \\hich is ,made up of 

sHndst.ones, forming the cliffs, and shales, con.'ltituting the 
slopes. The broad belt. of lower land IS traversed by seyoral 
ridges, which are seen in the scction to correspond to" tho oui­
crops of a lwd of sandstone that. rises to the SUl'f~lce. The 
upturllf'd f'dge8 of tIlis hed form the ridges, and the inter­
mediate valleys follow the outcrops of limest.one and calcareous 
shale. 

'Yhere the edges of the strata appear at the surfaee their 
thickness can he mewmred and the angles at which they dip 
below the snrffwe can be obsened. Thus their positions 
underground can be int"(·rrf'd. The direvtion of the intersec­
tion of a lied Wi.dl a hOl~zontal plane is called thc ,~trike. The 
iudinntion of the bed to the horizontal plane, meHSllred at 
right angles to the strike, is called the dip. 

Tn many regions t.he strata are bent into troughs and nrcl1es, 
such as are seen in 2. The arches are rall('(l anticlines 
and the troughs As the sandstones, shales, aud 
limestones were depo:::;ited beneath the Sf'a in nearly flat sheets, 
thc fltrt that dley are now bent. and fcildf'd is proof t.hat forces 
haye from t.ime to time caused the f'arth's surface io wrinkle 
along rertain zone's. In plaees t.he 8trata are broken across 
and the parts haye slipped Nr-h ot.her. Buch breaks are 
terme(ljaults. Two kind8 arc 8hown in iigure 4. 

At the rigllt of figure 2 the section shows schists that arc 
tra ,'ersed by igneous rocks: The schists nrc much contorted 
11nd their arrangement uwlerground can not 1IC inferred. 
Henre that. portion of the see'tion delineates what is probably 
true but j~ not known by ohseryation or by well-fOlUldf'd 
inference. 

The sf:'dion also shows three set." of formatioIls, distinguished 
by th~ir underground rehltiolls. The uppermost. set., ~een at 
the left, is made up of sandstOlws and sbales, which lie ill a 
horizontal position. These st.raw were laid do·wn under water 
hut are now hi,2:h above the SOlJ, forming a plateau, Hnd their 
ohang-e of elo-mtion shows that. u portion of the earth's mast< has 
beell uplifted. T!lC straia of' tili8 set are parallel, a relatioil 
whieh is called cmoero/·maolC. 

The second set ('onsists of strata thnt have be-en 
folded into art-hes and troughs. These strata Wel'e OIlt'e con­
tinuous, but t.he crests of the arche!:l litl\Te b;'en remo,'ed bv 
erosion. The beds, like those of the li1'8t set, are conf'ormabl~. 

The horizontal st.rata of the plateau rest upon the upturned, 
erodf'd edges of thc heds of the :::;eeoml set. shown Ht tile left of 
the section. The are, from their position, 
e,·idenlly younger than deposits, and the bend-
ing awl t'roding of the older beds must have occurred betwe~n 
tllf'ir deposit.ion Itnd the Hccumulation of the youngf'r beds. 
The roeks arc to the older, and the 
surface i", 11ll ""conformity. 

The third set of formations ('onsisti,; of crystalline schists and 
ign('ou8 roelo::s. At 80n1e period of their history the sehists 
were folded 01' by prt':::;s11r.(; and t.raversed by emptions 
of moltell But the pre8suTe and int.rusion of igneous 
ro{'ks have 1l0t affected the oyer!ying- strata of t.he se('ond set.. 
Thus it is evidellt that a con8idcnlble int.enal elapsed between 
the formaiion of the sehisLs and the beginning of deposition of 
the strata of the seeond set. During tJlis int.erTal t.he sehi<;lts 
were metamorphoscd, they were (listurbed by eruptive 
and they werc dceply eroded. The contact between thc 
Imd third sets is another unconformiLY; it. marks a t.ime 
intel"Yal bet.\\een 'two periods 'of roek forrr;ation. 

The section and landseape in figure 2 are idf'al, but t.hey 
illustrnte aetnal relalions. The sections on the struetUrL'­
spction sheet arc related to the maps as the seetion in tho 
figure is related to the landscape. The prolile of the surface 
in the section corresponds to t,he aetual slopes of the ground 
along the scction line, and tiIC depth from the surface of any 
min~ral-producing or waier-bearing stratum that appears in 
the section may be measured usillg the seale of we map. 

Columnar secLion.-The maps arc usually accom-
panied by a columna,j· 8fction, which eontains It cone1se 
description of the sedimentary formationt'i that. oecm in the 
qU~idrangle. It. presents a summary of the filets relating to the 
<character of t.he rocks, t.he thi(~kness of the formations, awl the 
order of aeeumulation of suceessi ve deposits. 

The rocks are briefly deseri.bcd, and their eharaders are 
indientcd in the columnar diagram. The thicklle8ses of for­
illations are given in figures thaL strIte the least twd greatest 
meIL'lUl'ements, and the thickness of caeh formation is 
shO\\n in the colulllTl, which drnwn to :::;cale. The onJer of 
aceuIllulation of the sediment8 is shown in the columnar 
arrangement-the oldest. being at the hottom, t.he youngest at 
the top. 

The intervalt> of t.ime that correspond t.o events of uplift. and 
degradation and eonst.jtut.e iut.erruptions of deposition are 
indicat.ed graphically and by the word" unconformity." 

GEORGE OTIS SMITH,. 
May, 1900. Director. 
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DESCRIPTION OF THE GALENA AND 
QUADRANGLES. 

ELIZABETH 

INTRODUCTION. 
GENERAL R.ELATIONS OF THE QUADRAXGLES. 

The Galena and Elizabeth quadrangles are bounded by 
parallels 42° 15' and 42 0 30' and by meridians 90Q and 90° 30', 
Together they include one-eighth of a "square degree" of the 
earth's surface, an area, in that latitude, of 441.56 square 
miles. They are in the northwest cornel' of Illinois (see fig. 1), 

FIGURE 1.~Index map of northern Illinois and portions of aajacent States. 
The location of the aRlen .. and Ellz .. beth quadmDgles (No. 2(0) la shown by the darker l"llUng. 

Published rollos d,,"cl'ibmg other qUBdmngles, indic .. ted by lighter ruling, are Noe. 81, 
Ohlcago; 140, MllwankBe; 14,'l,Lflncaster-lIineraiPoint 

their northern borders heing only half a mile south of the 
"\Visconsin boundary, and they lie wholly within Jo Dayiess 
County, except the southwest corner of the Galena quadrangle, 
which extends across the ~fississippi and includes parts of 
Jackson and Dubuque counties, Iowa. The city of Galena is 
in the north western part of the Galena quadrangle, and the 
town of Elizabeth is in the southwestern part of the Elizabeth 
quadrangle. The quadrangles are named from these places. 

PIG-URE 2.-Geologi~ map of Illinois and surrounding regions; shows also 
physiographic provinces. 

The Indefinite boundary between the Ozark and AppRlachfan provln"Cea coincides approxImately 
with the southeast bound8ry of Winola. Geologic map copied from map of North America, 
U.S Geol. Survey, Prot l'aper71,1911. 

I Surveyed in cooperat.ion with the St.ate of Illinois, Yr. Shaw represent. 
ing the Federal Survey and JUr. 'l'rowbl"idge. assisted by B. H. Schockel, 
representing the State Survey. The text of t.he folio has been written 
chisfly by Mr. Shaw. In its preparation free use has been made of pre­
vlons publicatIons dealing with the district, especiaUy those of T. C Cham­
berlin and R D. Salisbury, of U. S. Grant and E. F. Burchard, of H. Foster 
Bain, and of G. H. Cox. 

By Eugene lYesley Shaw and Arthur C, Trowbridge. 1 

In their physiographic and geologic relations the quadra.ngles 
form part of the Glaciated Plains, which lie between the A ppa­
lachian province on the southeast, the Ozark province on the 
southwest, and the Great Plains on the west and extend north­
ward beyond the boundary of the United States. On the south 
they are separated from the Gulf Coastal Plain by a narrow 
strip that joins the Ozark and Appalachian provinces. (See 
fig. 2.) Near the middle of the Glaciated Plains there is an 
area of about 10,000 square miles which was not covered by 
ice and which therefore contains no glacial drift. As the geo­
logic history of this driftless region is in other respects similar 
to that of the sllrrounding territory it is regarded as a part of 
the Glaciated Plains. The Galena and Elizabeth quadrangles 
lie almost wholly within the driftless region. (8ee fig. 3.) 

FIGLRE 3.-Yap of the driftless region in southwestern 'ViscoDsin and 
parts of adjacent States. 

Area cC"ered by Pleistocene gladers !'Ind nOw I&rge1y co.-ered by ghl.Ola! tm 10 shown by 
thedotpattenl. 

GENERAL GEOGRAPHY AND GEOLOGY OF THE GLACIATED 

PLAINS. 

Relief.~The Glaciated Plains, a broad rolling tract lying 
in general 500 to 1,500 feet above sea level but presenting in 
its different parts considerable diversity in the form of' its 
surface, ranges in altitude from about 300 feet above sea level 
in: the Mississippi River channel at the southern extremity of 
the province to about 2,000 feet along its western border and 
in the upper peninsula of Michiga.n. In some parts of the 
province the relief-that is, the height of the hills above the 
valley bottoms-is less than a hundred feet; in others it is several 
hundred feet. The valley of the Mississippi within the prov­
ince is fairly regular in shape-from 3 to 6 miles ,vide and 200 
to 400 feet deep-but most of the tributary yalleys are irregular 
in width and depth and ha ye indirect courses. In general the 
basin of the Great Lakes is forested and that of the Mississippi 
is not. Thus about half the province is prairie. . 

Drainage.-The part of the Glaciated Plains that lies within 
the United States includes the southern part of the Great Lakes­
St. Lawrence drainage basin and much of the basin of the ~fis­
sis~ippi above Cairo, although the southern tributaries of the 
Ohio and the western tributaries of the Missouri drain parts of 
adjacent provinces. The run-off of the western, central, and 
southern parts of the province flows to the Gulf of Mexico by 
way of the Mississippi and that of the northern and eastern 
parts flows into the Great Lakes and thence by way of the 
St. Lawrence to the Atlantic. The divide between the t.wo 
drainage basins is very irregular and indefinite and is so low as 
to be scarcely perceptible. . 

A comparatively narrow belt along the western and southern 
sides of the province was not covered by any of the later ice 
sheets and is well drained, but in much of the province the 
streams have irregular courses and lakes and swamps are 
numerous. The pOOl' drainage of this part of the province is 
due to its invasion by the ice, which blocked many drainage 
lines and on melting left a sheet of debris reaching in places a 
thickness of several hundred feet and filling many of the old 
valleys. Where the drift is thick the drainage was wholly 
changed and is only slowly regaining a more normal condition. 
In Wf'stern Illinois there are several till sheets, laid down in as 
many different ice epochs, but the well-drained belt mentioned 
abo\--e, which is in the southern and western parts of the State, 
was covered only by one of the earlier glaciers. In this belt 
the streams have become almost readjusted but througho¥t most 
of the province they have irregnlal' courses and profiles and the 
drainage systems show little symmetry. 

The average discharge of the Mississippi at Quincy, Ill., just 
above its confluence with the Missouri is estimated at 72,900 
second-feet. The area of the drainage basin above that point 
is 135,500 square miles, and the run-oft' per square mile is thus 
0.538 second-foot. Many careful measurements show that the 
ri ver carries annually past Quincy about 8,540,000 tons of 
sediment, in suspension, and about 14,630,000 tons of matter 
in solution. The surface of the basin above Quincy is thus 
being lowered at the rate of 1 inch in 1,100 years. 

Siratigraphy.-The rocks underlying the Glaciated Plains 
range in age from pre-Cambrian to Recent, or from the oldest 
known rocks to the youngest, but many geologic epochs are 
not represented by deposits, for the region has been at several 
times for long periods above water, so that many of the forma­
tions overlap much older ones. The province emerged from 
the sea in late Paleozoic time and has since been a land area 
almost if not quite continuously. 

The pre-Cambrian formations are made up of igneous, sedi­
mentary, and metamorphic rocks and exhibit a complex struc­
ture. Their upper surface seems to have been long subjected 
to erosion, so that throughout extensive areas it was reduced 
almost to a plain, which formed a floor on which the later 
strata were deposited. The pre-Cambrian rocks thus underlie 
all the later sediments-the shales, sandstones, limestones, and 
unconsolidated rocks that crop out at innumerable places in the 
province. 

Lower and )Iiddle Cambrian rocks seem not to have been 
deposited in the Glaciated Plains prodnce but Upper Cambrian 
strata probably underlie all of it except an area in its northern 
part from which they have been remoyed by erosion. They 
are generally .more than 1,000 feet thick and consist principally 
of sandstone and shale, relatively little limestone having been 
formed in Cambrian time in this part of the United' States. 

The lowermost division of the Ordovician system in the 
province is a series of dolomites or dolomitic lime,stones con~ 

. taining some arenaceous beds and sandstone and is generally 
about 100 feet thick, but in places it reaches a thickness of GOO 
feet. This dolomitic series, commonly known in the early 
literature as the" Lower Magnesian," but more recently named 
Prairie du Chien group, is overlain, generally unconformably, 
by the St. Peter sandstone, which has an average thickness of 
about 100 feet. The next overlying formation is the thin­
bedded fossiliferous limestone known in Wisconsin, Minnesota, 
Io\..,.a, and Illinois as the Platteville limestone. It is about 50 
feet thick and is overlain in at least part of' the region by the 
Decorah shale, upon which rests the massive, highly crystalline 
Galena dolomite, 200 to 400 feet thick, containing Trenton 
fossils. An unconformity at the top of the Galena is suggested 
by the peculiar sharp lithologic contrast between it and the 
overlying beds, which are shale with thin layers of limestone 
and which are several hundred feet thick. Owing to uncer­
tainty in correlation these beds have at different localities been 
called by different names, the exact synonymy of which has 
not yet been worked out, though the interrelations of many of 
them are known. The better-known names that have been 
applied to parts of the strata between the Galena (Trenton) 
formation and the overlying Silurian system are Cincinnati, 
Hudson River, Richmond, Utica., and Maquoketa. In Ohio 
this part of the section has been divided, in ascending order, 
Into Utica, Eden, Maysville, and Richmond. Recent writers 
have classified the rocks in Indiana, from oldest to young­
est, as utica or Eden, Maysville or Lorraine, and Richmond. 



The rocks in Michigan have been divided by some ,,,riters into 
the Utica, Lorraine, and Richmond, and the beds in Iowa 
between the Galena and Niagara formations are known as the 
Maquoketa shale. The Maquoketa is generally regarded as of 
Richmond age. 

The upper surface of the Ordovician rocks seems to have 
been considerablyel'Oded and perhaps slightly warped before 
the Silurian beds were laid down, so that there is a great 
unconformity between the two systems. Throughout most of 
the province, as in the quadrangles here considered, the lowest 
Silurian formation is the Niagara limestone or dolomite. 
In Ohio and Indiana, however, there are older Silurian beds of 
limestone and shale which are regarded as the probahle equiva­
lent of the upper part of the Medina of New York. The 
Niagara is widely distributed and was probably once present, in 
whole or part, in all the province except a district near Lake 
Sllperior. Probably none of the older formations above the 
Cambrian was so extensive. It appears, however, that the 
Niagara was developed to its full thickness in only a part of 
the province, for in many districts certain beds found elsewhere 
and recoF/;nizable by their fossils are lacking. The ~iagara in 
places reaches a thickness of nearly 500 feet and is overlain in 
the eastern part of the province by other strata of' more 01' 

less dolomitic limestone. The overlying beds in Ohio and 
Michigan are called the Monroe group. Beds in the :lame 
position in Indiana and a part of southern Illinois, though 
perhaps not of exactly the same age, have been called the 
"Waterlime" and "Lower Helderberg." Generally the1'e is 
an unconformity at the top of the Siluriall, and perhaps the 
beds overlying the Niagara and even the upper part of the 
Niagara itself were removed by e1'osion from large areas before 
the succeeding Devonian strata were laid down. The Niagara 
dolomite is the youngest hard rock found in the Galena and 
Elizabeth quadrangles. 

The Devonian system is best developed at places in the 
eastern, southern, and western parts of the province. where it 
attains a thickness of 700 or 800 feet, though at other places 
in the province its thickness is much greater. In the north­
western part of the province it is absent and in the central part 
it is thin. The lower part of the Devonian generally consists 
of' blue fossiliferous limestone, and the upper part of black, 
carbonaceous, and nonfossiliferous shale. 

The Carboniferous system is diYided into three series, the 
lower and the npper carrying little or no coal and the llliddle 
containing much valuable coal. In the eastern part of' the 
province the lower, the Mississippian series, consists of shale or 
sandstone, but in the western part there are great bodies of' 
limestone with which are interbedded lenses of shale and sand­
stone. The se1'ies in Ohio has been subdivided into the fol­
lowing formations, beginning at the base; Bedford shale, 
Berea sandstone, Sunbury shale, Cuyahoga formation, Black 
Hand formation, L0F/;an formation, and Maxville limestone. 
In the States along Mississippi River the Carboniferous beds 
that are in general equivalent to these formations tall more 
naturally into four major divisions, known as the Kinderhook, 
Osage, l\feramec, and Chester groups. 

The middle Carboniferous 01' Pennsylvanian series is more 
uniform in a general way, though it is in places even more 
variable than the series below. It is made up largely of shale, 
but it includes lUuch sandstone. limestone, and coal. Many of 
the beds are lenticular, though certain coal beds are continuous 
throughout hundreds of square miles. Along the eastern 
border of the province the Pennsylvanian series is subdivided 
into several formations. The oldest of these formations, the 
Pottsville, has been identified by means of its fossil plants at 
many places in Illinois, but the floras of the other formations 
are less distinctiYe, and the eastern and western formations 
have not been and perhaps can not be correlated. 

A few small areas of red sandstone, shale, and gypsum that 
are now tentatively referred to the upper 01' Permian series 
are found in northwestern Iowa, but, though Permian rocks 
occur in neighboring provinces on both the east and the west, 
they seem not to have been extensively deposited in the 
Glaciated Plains province. 

No Triassic or Jurassic sediments have been found in the 
province, and probably very little material was deposited there 
during those periods. Cretaceous beds of clay, sand, and 
gravel occur in the northwestern part of the Glaciated Plains 
and also just south of that province, in the Mississippi embay­
ment, but there probably never were extensive deposits of 
Cretaceous age in the province except those in its northwestern 
part. The Tertiary deposits also are of small extent, being 
confined to scattered bodies of gravel and sand whose exact age 
has not yet been determined. They are important, howe\Te:t:, 
in the study of the physiographic history of the province. 

The Quaternary system is much more widely developed, 
mantling more than nine-tenths of the province. It consists 
of glacial, eolian, lacustrine, and fluvial deposits, generally 
almost wholly unconsolidated. In certain districts rock out­
crops are numerous, but elsewhere, over whole counties and 
even groups of counties, the .hard rocks are complewly con­
cealed by the mantle or' unconsolidated material, which in 
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places reaches a thickness of several hundred feet. Even 
within the Dl'iftless Area much of the surface is cO\Tered with 
wind-deposited loess and stream deposits. 

Structure.-Tbe structure of most of the Paleozoic strata 
beneath the Glaciated Plaim! is comparatively simple. The 
strata lie nearly flat, and their regularity is brpken only by 
small faults and low, broad folds. The pre-Cambrian rocks 
that outcrop in l\Iinnesota, Wisconsin, and northern Michigan 
are, on the other hand, so complexly folded and faulted that 
their structure can be worked out only with difficulty. The 
major structural features consist of (1) a low broad arch known 
as the Cincinnati anticline, which lies in part in the Appa­
la('hian "province and which is divided into t"m branches north 
of Cincinnati, where it is highest, one branch extending toward 
Lake Erie and the other toward Lake Michigan; (2) a shallow 
basin that is practically coextensive with the lower peninsula 
of Michigan; (3) another basin, which occupies most of 
Illinois and southeastern Indiana; (4) a still broader depres­
sion, which extends westward from the Mississippi across Iowa 
and Missouri into the Great Plains; (5) an uplifted area lying 
in 'Visconsin and }Iinnesota. 

Each structural basin contains a great coal field, the fields 
being known as the northern interior, eastern interior, and 
western interior fields, and the province is bounded on the east 
by another basin containing the Appalachian coal field. Around 
the basins the strata crop out in concentric belts, the youngest 
being in the middle and the oldest around the outer border, the 
strata dipping in general toward the lowest part of the basins. 
The geologic horizon of beds that lie 1,000 feet above sea level 
in northern Illinois is more than 3,000 feet below sea level in 
the south-central part of that State, and if all the beds' found 
in Illinois were symmetrically extended northward \"ith their 
normal dip the same horizon would be several thousand feet 
above sea level in central 'Visconsin. From Wisconsin the 
strata dip similarly to the east and southwest. 

The Galena and Elizabeth quadrangles are at the northern 
end of the eastern interior basin, not far from the crest of the 
arch between the basins in Iowa and Michigan; hence the rocks 
of the district dip in general southward, toward the center of 
the basin, which lies in south-central Illinois. 

DriJtless Area.-The Galena and Elizabeth quadrangles lie 
almost wholly in the Driftless Area, a high tmct from \vhich 
streams show a general tendency to, flow out in all directions, 
though most of them run south ward. Although all the sur­
rounding country suffered glaciation this area was not covered 
by any of the great ice sheets, and its surface teatures therefore 
present a marked contrast to those of the surrounding nrift­
covered districts. Outside the Driftless Area the bedrock is 
covered with glacial drift, composed of a mixture of clay, rock 
flour, sand, gravel, and bowlders, in some places stratified but 
generally unstratified; the bedrock beneath the drift is com­
monly scratched, smoothed, or polished, and is clearly different 
from the overlying unconsolidated material; the surfure of the 
ground at some places is rough and hilly, at others it is rolling, 
and at still others it is smooth; there is lack of system in the 
arrangement of the topographic features; and the streams 
wandel' about., in places in an apparently aimless way. More­
over, only the larger streams ha ye well-defined mlleys, and 
swamps and lakes are common. The surface is topographically 
young, at least in its minor features. 

'Vithin the Driftless Area, on the other hand, the bedrock 
is overlain by unconsolidated material derived directly from the 
disinfegration of the rock; the underlying rock is not scratched 
01' smoothed and is not sharply separated from the unconsoli­
dated material above; the topographic features are systematic, 
and even the smaller streams have well-defined valleys and in 
places straight courses; there are few swamps and lakes, except 
along river bottoms; and the surface as a whole is topograph­
ically matme. Wi~ the exception of an area west of the 
Mississippi that. b~rs scattered bowlders and thin deposits the 
Galena quadrangle lies wholly within the Driftless Area. In 
the eastern part of the Elizabeth quadrangle there is a thin 
fringe of drift and a few scattered and fragmentary outliers of 
drift lie west of the fringe. 

GEOGRAPHY. 

RELIEl<'. 

General features.-The surface of the Galena and Elizabeth 
quadrangles is hilly and is well dissected by streams, the relief 
in almost every square mile being more than 100 feet. The 
extreme range in altitude in the area, however, is only b90 
feet, the lowest point being in the channel of the Mississippi 
at the south side of the Galena quadrangle, at an altitude of 
580 feet above sea level, and the highest being the top of 
Hudson Mound, at an altitude of 1,170 feet. Charles Mound, 
the highest point in Illinois, which stands 1,241 feet above sea 
level, is just without the northern margin of the area and just 
within the State boundary. 

Upland.-The general surfxe is maturely dissected, and the 
slopes of the hills and valleys show a striking conformity to 
the nature df the rocks out of which they have been caned 

The strata, which consist of two resistant formations of dolo­
mite and an intermediate soft shale, slope gently southward. 
The upper dolomite is rendered especially resistant to erosion 
by the large amount of flint which it contains. In the uplands 
there are three principal kinds of hills-those capped "dth the 
uppermost hard layer of dolomite, those from which that layer 
has been removed, leaving them capped with nonresistant 
material, and those from which both the upper and middle 
layers have been removed and only the lower resistant rock 
remains. 

The hills of the first class, the highest hills in the quad­
rangles, include two distinct. types- small hills and larger 
flat-topped ridgps-both of striking and unusual shape. The 
hills of the first type are more or less conical, rising 100 to 
300 feet above the general upland, and are known locally as 
mounds. (See Pl. IV.) They stand singly or in groups and 
are found only in the northern part of the area, for the reason 
that in the southern part the upper dolomite, to which they 
owe their existence, is too low to give rise to such features. 
They are so striking that most of them have received names. 
Pilot Knob, 3 miles south of Galena, is an old landmark for 
navigators on the Mississippi, and Horseshoe Mound, Scales 
Mound, Hudson Mound, }Iount Sumner, and others are also 
well known. The hills of the second type also capped with 
the upper dolomite member, are flat-topped ridges ,,,ith lateral 
finger-like spurs. Hills of' this type, are especially numerous 
neal' Elizabeth. Their ,tops are among the flattest parts of the 
district, and for this reason almost everyone is traversed by a 
wagon road. 

Together the hills of these two typ~s constitute what has 
been called the Niagara escarpment 01' cuesta, as the dolomite 
that caps them is of Niagara age. Viewed from a point at a 
little distance to the north they appear as a frowning, almost 
unbroken ridge trending somewhat south of east. In a very 
general ~"ay the cuesta has an abrupt slope or escarpment 
facing the north and a long gentle slope to the south, but its 
outline is irregular and deeply serrated and many outlying 
areas of the dolomite are disconnected from the main mass. 
The detached portions, which are long and trend more or 
less parallel to the escarpment, are, like the whole, commonly 
unsymmetrical, having a short, steep slope facing north and a 
long, gentle slope facing south. This form is well shown by 
the divide 2 to 6 miles southwest of the town of Scales Monnd. 
In general, the Niagara escarpment presents a steep wooded 
slope marked by scattered small cliffs and detached blocks of 
dolomite and is 60 to 150 feet high. 

There are only a few hills of the second class-those capped 
by the shale-because after the upper dolomite has been 
removed by erosion the shale is rapidly worn down. There 
are two types of these hills also. One is seen in mounds from 
which the resistant cap has been removed but a short time, 
in the gt;>ologic sense. Good examples are found a mile south­
west of the town of Scales "Mound and at Mount Pleasant 
School, southeast of Galena. The other type is seen in broad 
divides composed almost wholly of' the lower dolomite and 
merely capped with the lower part of the shale. These divides 
have steep sides and flat or slightly rounded summits. In the 
northern part of the Elizabeth quadrangle there are many such 
divides. As a result of their breadth and of the resistant rock 
of which they are chiefly composed, the central parts of their 
flat tops are somewhat protected against severe erosion, so that 
lenses of less resistant material remain in such places mueh 
longer than in more exposed positions. 

The hills of the third class, formed only of the lower 
dolomitic layers, resemble in shape those that bear only a 
thin cap of shale. They represent a somewhat later stage of 
erosion. Isolated hills 'of this class are not common in the 
quadrangles, but numerous spurs show the typical form and 
structure. 

Mississippi Valley.-The most striking topographic feature of 
the quadrangles is the flat-bottomed but youthful-appearing 
valley of the :Mississippi, a trench nearly 400 feet deep and 
scarcely 2 miles wide except at the south side of the area, 
where it widens to 3 01' 4 miles. Its wans are steep, in placp,s 
precipitous (see PI. IX), and its bottom is nearly flat, though 
diversified by numerous long, shallow depressions-abandoned 
channels of the river-many of which contain water. These 
depressions are crescentic in shape and give the flood plain 
an irregular, fluted appearance. Most of the bot.tom land lies 
between 580 and 600 feet above sea le\'el. At BelleYlw, neal' 
the south side of the area, the altitude of low water is 578 feet 
and that of high water is 598 feet. At some places on the 
flood plain sand dunes rise above the 600-foot contour, and 
generally at such places a terrace also rises to a height of about 
640 feet. 

T1'ibutary valleys.-The upland is broken by vaneys which, 
like the di vides, show the influence of differences in the hard­
ness of the rocks. The larger tributaries of the l\Iississippi 
are bordered by narrow flood plains, and with the exceptioll 
of Galena River they flow in fairly direct courses. Along 
~any of them there are terraces whose height above the 
-streams is 50 feet where they enter the valley of the Mis8is-
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sippi but becomes progressi yely less toward their upstream 
ends. The terraces are well developed in and near Galena 
and Hanover. Plate VII shows a terrace and flood plain near 
the mouth of Tete de Mort River, on the western border of 
the area. 

A part of the vaney of' Apple River immediately southwest 
of Millville is narrow and canyon-like. It is really a trench 
connecting the old Apple River with the upper part of a neigh­
boring drainage system on the northeast whose outlet was 
blocked by Illinoian drift. The origin of these features is 
considered under the heading "Geologic history" (pp. 9-10), 

Other notable features are the gullies occupied by the smaller 
streams. Nearly all of them are cut in unconsolidated material 
and some reach a depth of 15 feet. They begin at the extreme 
beads of the small valleys or the steepest part of the slopes of 
the divides, and they end where the streams reach bedrock. 

DRAINAGE. 

The quadrangles are well drained, swamps and standing 
water being found at few placeR except in the Mississippi bot~ 

toms. The whole are!! is drained to Mississippi River, which 
crosses the southwestern part of the Galena quadrangle. The 
principal tributaries of the Mississippi in that quadrangle are, 
on the Illinois side, Sinsiniwa and Galena rivers, Smallpox 
Creek, and Apple River, which receives good-sized streams 
from Suipe, Long, and Irish hollows. On the Io,,~a side are 
Tete de Mort River and Spruce and .Mill creeks. Most 
of the Elizabeth quadrangle is drained by Apple River, the 
principal tributaries of which in the quadrangle are Mill Creek, 
Hells Branch, Coon Creek, and South Fork. The southeastern 
part of the quadrangle drains into Big and Little Rush creeks, 
Camp Creek, and Plum River, which discharge into the :.\tIis­
sissippi at points outside the area. About 2 square miles in the 
eastern part of the quadrangle is drained through Yells Creek 
to Pecatonica River. 

The average width of the Mississippi is about one-fourth 
mile, but this estimate must be qualified by the statement that 
it is a braided strea.m, having numerous and changing channels. 
The fall of the stream between Dubuque and Bellevue, a dis­
tance of 20 miles, is 6.75 feet, or about 4 inches to the mile. 

The other Htreams in the quadrangles seem to ha\Te fairly 
adjusted gradients, but show one peculiar feature-the lower 
part of each, that part along which the terracE'! is developed, 
has but slight fall. In the lowermost 8 miles of Galtma River 
the fall is only 17 feet, whereas in the next 8 miles above it is 
nearly 100 feet. The lower part of Apple River falls only 44 
feet in 16 miles, but in the next 16 miles above its fall is 240 
feet. The significance of these differencE's is pointed out under 
the heading "Geologic history." 

CLIMATE AND VEGETATION. 

The quadrangles lie somewhat west of the middle of a great 
area in the nortlleastern part of the ~fissis8ippi basin which 
receives from ao to 40 inches of precipitation a year. About 
two-thirds of this falls between the end of March and the first 
of October, in most years affording a bountiful and wel1-dis~ 
tributed supply for agriculture. The mean temperature and 
t.he range and variations of temperature are like those of the 
adjacent North-Central States. 

The area once bore a heavy deciduous forest throughout., and 
still includes much ,voodland, especially on the steeper slopes. 
During the last quarter of a century considerable areas have 
become reforested. Probably because of extensive clearing, 
cultivation, and overpasturing, erosion of the smaller and 
steeper valley bottollls has lately .been accelerated, so that 
recent gullies are abundant. 

OUI,TURE. 

The quadl'8ugles are rather thickly though not densely 
populated. Galena, the county seat of Jo Daviess County, 
with a population in 1910 of 4,835, is in the west-centl'81 part 
of the Galena qua.drangle. The other principal towns of the 
area are Bellevue, Iowa, and Hanover, Scales Mound, Eliza~ 
beth, Apple River, and Stockton, Ill., each of which has 
several hundred inhabitants. 

Most of t.he surface is under cultivation, but woodland tracts 
are abundant aud some areas that were formerly cultivated are 
being allowed to return to forest. Agriculture is the principal 
industry, but several hundred men are engaged in ziuc and 
lead mining. Indeed, many men who have some other prin~ 
cipal occupation spend part of their time prospecting for lead 
and zinc ores. The railroads also furnish employment to a 
large number. 

The area is well provided with lines of transportation. 
Several railroads radiate from Galena; the Illinois Centl'81 
crosses the northern part of the district, and t.he Chicago Great. 
Western crosses the southern part; t.he Chicago, Burlington 
& Quincy runs along the foot of tlle bluff on the east side 
of the Mississippi, and the Chicago, Milwaukee & St. Paul 
along the west side of the river. The Chicago & Northwestern 
runs north from Galena along Galena River. Wagon roads, 
generally on divides or in valley bottoms, are numerous. 
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DESCRIPTIVE GEOLOGY. 

STRATIGRAPHY. 

The exposed rocks of the Galena and Elizabeth quadrangles 
are wholly of sedimentary origin and consist in part of indu­
rated strata. of Ordovician and Silurian a.ge and in part of 
unconsolidated surficial deposit.s of Quaternary age. The 
Ordovician and 'Silurian r00ks are chiefly dolomite and shale 
but include a subordinate amount of limestone. The Quater­
nary rocks comprise glacial drift, loess, dune sand, and terrace 
deposits of Pleistocene age, and travertine and aHu vium of 
Recent age. 

Beneath the outcropping Ordovician strata, in places pene­
tra.ted by borings, though nowhere exposed in the quadl"dngles, 
lie earlier Ordovician sandstones and dolomites, beneath which 
again lie sandstone beds of Cambrian age, which have not 
been reached by borings in the quadrangles, but. whose general 
character is known from outcrops not far north of the area. 
The Cambrian strata undoubtedly rest on a floor of deformed 
and metamorphosed pre-Cambrian sedimentary and igneous 
rocks, whose general character also is known from outcrops not 
far north and northeast of the area. 

The several formations will be described in order of age, the 
description beginning with the rocks that are not exposed in 
the quadrangles, but that are believed to lie not far beneath 
t.he surface. 

ROCKS NOT EXPOSED. 

PRE-CAMBRIAN ROOKS. 

The pre-Cambrian rocks probably nowhere lie more than 
2,000 feet below the present surface. They doubtless consist 
of igneous and metamorphic sedimentary rocks, chief among 
which are granites, gneisses, schists, and quartzites. Their 
nearest outcrop is about 70 miles northeast of the quadrangles, 
about Baraboo and Devils Lake, Wis., where considerable 
areas of quartzite (Baraboo quartzite) and smaller areas of 
igneous rock have been exposed through the removal by 
erosion of the overlying Paleozoic strata. 

OAMBRIAN SYSTEM. 

The Cambrian system is represented by 600 to perhaps 
1,000 feet of sandstone, as a rule poorly consolidated, and 
minor amounts of shale and dolomite, all of Upper Cambrian 
age. In the reports of the vVisconsin Geological SunTey the 
name Pot.sdam sandstone has been applied to the beds, most of 
which, however, are known to be older than the Potsdam 
sandstone of New York. The top of the Cambrian strata is 
probably less than 400 feet below the bottoms of some valleys 
in the northwestern part of the Galena quadrangle, but else­
where it is considerably farther below the surface. 

ORDOVIOIAI\T SYSTElI. 

Upon the Cambrian sandstone lies a group of strata, com­
monly ranging in thickness from 150 to 250 feet and composed 
largely of dolomite, to which the name Prairie du Chien group 
has been applied, as it is well exposed neal' the to"wn of that. 
name. The group has generally been kllo"m in the upper 
Mississippi basin as the "Lower Magnesian limestone." .It 
consists almost wholly of dolomite and is separable into two 
formations, the Oneota dolomite below and the Shakopee 

, dolomite above. 
The Prairie du Chien group was penetrated in an artesian 

well in sec. 16, T. 28 N., R. ~ E., a short distance north of 
\ Galena, at a point where the sUlface is 600 feet above sea level. 
The ,yell is owned by D. A. Taylor, who furnished the follow­
ing record: 

Section in well neap (}al8fta. 

surfa-"-'-'"-,h------------~-__ -~~y;.~~~1 ::~5 
~;:::!~~e; wat.er at base [Plat.t.eville] ---------------I:~ 1~~ Sandstone [St. Peter] ______ 80 150 
Dolomite [Prairie du Chien] _____ _ 108 258 

--~-CC 

The lowermost stratum, the dolomite, belongs to the Prairie 
du Chien group, the next oyerlying stratum is the St. Peter 
sandstone, and the third is the Platteville limestone. The 
grayel is a Pleistocene valley filling and the surface wash is at 
least in· part of Recent age. . 

Resting unconformably upon the Prairie du Chien group 
is a comparatively t.hin sandstone long known as the St. 
Peter sandstone, from its occurrence along the lower course 
of St .. Peter (now known as Minnesota) River. Its thick~ 
ness ranges from 36 to 175 feet and averages perhaps 100 
feet. The differences in thickness are due mainly to irregu­
larities in the surface of the underlying formation. The 
top of t.he sandstone likewise may ha\Te been somewhat eroded 
before the Platteville limestone was laid down upon it, though 
positive evidence of discordance of stratification has not been 
observed. 

The base of the St. Peter formation nearly everywhere is a 
foot or two of bluish-green sandy clay shale, the rock above 
which is practically pure quartz sandstone containing in places 
more than 99 per cent of silica. The grains are well worn and 
of medium fineness,. the greater part of them passing through a 
screen having 40 meshes to the inch. The sand is at most 
places poorly cemented, so t11at the rock crumbles readily. 
The transition to the overlying Platteville limestone is inarked 
by a bed of blue sandy shale, called Glenwood shale by the 
Iowa State- Survey, ranging in thickness from a few inches to 
6 feet or more. 

The St. Peter sandstone is a formation of wide extent in the 
upper Mississippi basin. In the Ozark region it is represented 
by the sandstone which immediately underlies the Joachim 
limestone and which has frequently been called the" First 
Saccharoidal" sandstone. In the Galena-Elizabeth area there 
may have been an interval of emergence between the deposi~ 
tion of the St.. Peter sandstone and that of the Platteville 
limestone, an interval represented in the Ozark region by the 
Joachim limestone. 

ROCKS EXPOSED. 

aF~.ERAL SECTION. 

The sequence, general character, and approximate thickness 
of the exposed formations are shown graphically in the accom~ 
panying columnar section (fig. 4). 

FIGURE 4.-Columnar section of the rocks exposed in the Galena and 
Elizabet.h quadrangles. 
• Soole: l!nch=l00teet. 

ORDOVICIAN SYSTEM. 

Definition and disl1·ib-ution.-The. Platteville limestone con­
sists largely of nonmagnesian or only slightly magne.sian 
limestone, in which respect it differs notably from the other 
calcareous formations in the area. In earlier reports ·on the 
district it was called the Trenton limestone, but since 1905 
the name Platteville has been applied to it, as it is now known 
to be older than t.he Trenton. It is typically exposed in its 
entire thickness along Little Platte River west of Platteville, 
·Wis., from which place it is named. 

The avera~e thickness of the format.ion is 40 feet.. Only 
its uppermost part is exposed in the quadrangles in the valley 
of Galena River,3 to 4 ,miles above Galena. Because of the 
small size of this outcrop it is mapped wit.h the overlying 
Decorah shale. 

Characier.-Where the formation crops out immediately 
north of the quadrangles it consists of a thick-bedded magne­
sian limestone or dolomite member, 15 to 25 feet thick, ,below, 
and a thin-bedded, brittle, fine-grained limestone member, 15 
to 25 feet thick, above. 1.'he beds of' the lower member range 
in thickness from 6 inches to 2 feet and are composed of 
coarse earthy magnesian limestone of blue-gray color when 
fresh. The upper member is commonly made up of beds 1. to 
3 inches thick having a wavy appearance and separated by 
thin shale partings. Most of· the beds are of dense, fine~ 

grained gray to light-brown limestone that breaks with a 
somewhat marked conchoidal fracture. 

Fossils and cOP1·elation.-The formation is nearly everywhere" 
highly fossiliferous, more so than any other in the a·rea except" 
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possibly the Maquoketa shale. The following species are 
common and are characteristic of the formation: Thaleops 
Ot'atu8 Conrad, Leperditia fabulites Conrad, Protowarthia 
reciangularis Ulrich, Orthis defiecta Conrad, Orthis t'ficenaria 
Conrad, Orthis pe1·veia Conrad. The first four are, so far as 
at present known, confined to the Platteville, the others are 
not found below the Platteville in this area but extend up 
into and are found in small numbers in the lower part of the 
Galena. 

The Platteville is regarded as equivalent to the Lowville 
limestone of New York, a formation whose fossils are recogniz­
able throughout a large area in the eastel"ll States and in 
places in the ~Iississippi basin. 

Definition and occurrence. - The Decorah shale consists 
largely of greenish clay shale interbedded with limestone, which 
generally occurs in thin beds and which greatly resembles the 
basal limestone layers of the Galena dolomite above. Henee 
it is difficult to dra",' the boundary between the two formations 
on purely lithologic criteria. "\Vith the aid of fossils, however, 
which are generally abundant, the beds above and below the 
eon tact may commonly be distinguished. A long-hinged 
variety of Orthis (Dalrnanella) subcequata, which is broadest in 
a 3-foot layer somewhat above the middle of the formation, is 
very abundant in the Decorah and appears to be confined to 
it. Sticloporella fl'ondifem and S. angularis are also found in 
almost every outcrop of the Decorah but not in formations 
above or below it. 

The Decorah shale is named from the town of Decorah, in 
"\Vinneshiek County, northeastern Iowa, where the formation is 
well developed and much thicker than it is in these quadran­
gles. In its type locality the formation consists principally of 
shale, but in the area. here eonsidered a part of it is limestone. 

'1'he Decorah presumably underlies the entire area of the 
Galena and Elizabeth quadra.n~les except a small tract along 
Galena River, though the formation is generally more or less 
deeply buried beneath higher formations. It outcrops in only 
one small district, along Galena River north of Galena, where 
it is mapped 'with the Platteville limestone, the best exposures 
being on the 'west side of the stream at the base of the valley 
side in sec. 3, T. 28 N., R. 1 E., and in sec. 34, T. 29 N., 
R. 1 E. The formation appears to range in thickness from 1 
to 10 feet, but is nowhere completely exposed. The freshest 
and most extensive exposure is on the Chicago Great Western 
Railroad at a place Ii miles north of Furnace School. 

Section of Decorah shale and associated beds 1t 1niles north of Fm'1lace 
School, near Galena. 

Gal~:S~i~Z~~~~~lite _____ ~_ 
Thln·bedded. fossiliferous limestone inclosing lenses of 

da.rk brown, oily shale (the oil rock)_ 
Decorah shale: 

Shale __ _ -----------------------
Decorah shale or Platteville limestone: 

Fo-,>siliferous, thin-bedded limestone; re~elllbles tbe 
glassrock __ _ 

"Glass rock"1, beds 1 W 1t feet· t·hick, compact, choco­
late·colored, flne grained; breaks with cOl\choidal 
fracture _____________________________________ _ 

l' 
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The most characteristic part of the formation is composed of 
beds of limestone known to the miners of the lead and zinc 
district as "glass rock." The name probably arises from the 
fact that the rock is dense, hard, and fine grained, breaks with 
a conchoidal fracture, and rin~ when struck with a hammer. 
When fresh it is of light chocolate color, but on weathering it 
changes rapidly to very light gray or white. It occurs typi­
cally in strata that range in thickness from 3 to 8 inches and 
are separated by thin partings of chocolate-colored shale or oil 
rock. The lower beds at some places have a peculiar moitled 
appearance, and at many places a few thin layers of oil rock 
directly underlie the glass rock. 

The main glass rock ranges in. thickness from 18 inches to 4 
feet. It strongly resists weathering, so that where it lies at or 
near the surface exposures and fragments of it are easily found. 
A chemical analysis of the rock gave the following result: 

Analysis of glass rock. 

[By E. T. SWBet, Geology of WiBcon~ln. "01. 0, p. 681, 1S'l'7.] 

Silica. (8iO.)_ .______________ ______ 6.160 
Alumina (AI,O.) _ 2.260 
Ferric oxide (Fe,O.) __ ._ .950 
Calcium carbonate (CaCO.)__ 85.540 
Magnesium carbonate (1t:gCO.) __________ ________ 3. Mo 
Wat.er(H.O)_________ .980 
Phosphoric anhydrlde (PsO.) _ ____________ ______ . OM 

99.875 

At the top of the formation in many places there is a blue 
calcareous shale or blue clay, which ranges in thickness from 
a few inches to 3 or 4 feet, and is in part highly fossiliferous. 
This shale is widely distributed in Iowa and Minnesota, where 
it is known as the Stictoporella zone of the Decorah shale. 

Fossi~.-The characteristic fossils of the glass rock and 
interbedded chocolate-eolored shale are Buthograptus laxus and 
other delicate plumose marine algre. The top shale, or Sticto­
porella zone, which is provisionally referred to the formation, 

everywhere contai.ns great numbers of a large and rather trans­
verse variety of Db,lrnanella minneapolis, which is confined to 
that horizon. (See PI. XII.) There are only a few other 
speeies, but oue or both of the bryozoans Stictopo1·ella fron­
difera and S. anguia1'il3, ..,.."hich occur only in the shale bed, 
may usually be found wherever that bed is well developed. 
These fossils t.herefore furnish a criterion by which the forma­
tion may be easily separated from the main body of the over­
lying Galena dolomite-a crit€rion which is of use in geologic 
mapping as well as in locating a horizon that is important in 
mining. The fauna indicates that the Decorah shale should 
be correlated "dth late Black River beds of New York. 

Definition and distribution. - The Galena dolomite was 
named from its typical exposures at Galena. It immediately 
underlies the surface throughout most of the northern half of 
the quadrangles and erops out extensively in the southern 
half. It is not only the thickest formation that is fully 
exposed in the area, but it comprises by far the most important 
ore-bearing roeks in the district. In fact, nearly the whole of 
the lead ore that has been produced in the region and the 
main part of the zinc ore has come from the Galena dolomite, 
especially from the lower part of it. 

The thickness of the formation in the area is comparatively 
uniform and averages about 240 feet. 

Gha1·acter.-The formation consists of porous, coarse-grained 
crystalline dolomite, which weathers into exceedingly rough 
pitted and irregula.r forms. Hand specimens commonly show 
small open cavities, many of them lined with crystals of dolo­
mite. In weathering it brea~s down at once in some places 
intD coarse yellow dolomitic sand. Except in its extreme 
upper and lower parts the formation is of 'fairly uniform 
lithologic character throughout, the principal differences being 
in the proportion of chert. As a whole it is massive, the beds 
ranging in thickness from 1 to 4 feet., but the beds \near the 
bottom and the top are thinner. Nodules of chert are common 
in its middle part, and at many places, especially in its upper 
part, thin seams or partings of clayey material, a little darker 
than the main mass of the rock, separate it into irregular layers. 
'Vhere unweathered the dolomite is commonly light bluish­
gray, but at some places, especially in its upper part, its tinge 
becomes gray, and at some places in its lower part it is notably 
blue. The weathered rock is light yellowish gray or buff and 
in its: most weathered parts is somewhat brownish or reddish, 
the exact shade depending on the amount and character of the 
iron oxide it contains. Nearly all the beds are intersected by 
joints, which trend and dip at different angles. 

The accompanying analysis of a composite s,umple of' the fresh 
rock from several Wisconsin localities gives a general idea of its 
composition. As the sample includes no nodules of chert and 
practically no clayey partings nor nondolomitic basal mate­
rial, the average Galena rock contains a larger proportion of 
alumina, silica, and calcium carbonate than that shown by the 
analysis. 

Analysis of Galena dolomite from Wisconsin. 
[By w. W. Daniels, Wll!consln Qf!ol. &nd Nat. Rist. Survey Bull. Q, p. 15, 1QOO.I 

Calcium carbonate (CaCO.) ___ _ 
Magnesium oarbonate (MgCOa) 
FeJ;ric oxide (Fe 2 0a) __ _ 
Alumina (AlaOs) 
Si1ica{SiO.) _______ _ 

54.38 
41. 56 

.90 

.99 
2.10 

99.88 

An analysis of Galena dolomite from eastern Iowa is given 
below: 

Analysis of Galena dolomite {used for burning into limB)f1·om Eagle Poill.t 
quarry, Dubuque, Iowa. 

[By J. B. Weems,'IowR Gilol. Survey Ann. Rept. for1SOO, vol. 10, p W1'.l900.J 

Water (H.O) ___ _ 
In!!Oluble 
Calcium oxide {CaO)_____ _ _________________ _ 
Magnesium oxide CMgOl-_ 
Carbon dioxide (CO,) _______________________ _ 

Ferric oxide (Fe.O.) __ 
Phosphorus pentoxide (P~06)' __ . ________ . _____ _ 
Organic__ _ ____________________________ _ 

0.02 
2.15 

80.72 
19.90 
45.91 

.82 

.60 

.1' 
Dolomite __ _ 
Limestone 

100.21l 
94.14 

2.47 

Divisiom.-The formation can be separated into five divi­
sions, shown in the following generalized section: 

Gene1'alized section of Galena dolomite. 
Feet. 

Dolomite, earthy, thin bedded _____________________________ 80 

Dolomite, coarsely crystalline, massive w thick bedded, 
nonchertr _ _ 70 

Dolomite, thick to thin bedded, coarsely crystalline, chert 
bearing___ __ _______ _ _______ 100 

Dolomite, thick bedded, coarsely crystalIine, nonfossilifer· 
ous, no.ncherty ____ _ __ . _____ .. ___ 40 

Limestone, thin bedded, with highly fossiliferous and, in 
part at least, carbonaceous shaly partings, constituting 
the oil rock of the miners ______ 20 

260 

The lowest division in the ahove section is exposed in the 
bottom of Galena River valley a few miles north of Galena, and 
all but its lowermost part is exposed on Sinsinawa River west 

of' Galena. (See PI. I.) A characteristic part of this division 
is the "oil rock" near its base, and just above this oil rock 
most bf the lead and zinc ore is found. A typical exposure 
of the next highest div-ision-the 40 feet of dolomite-which 
occurs in the valley of Apple River, is shown in Plate III. 
The overlying dolomite (100 feet thick) is coarse grained, por­
ous, and thick bedded and contains nodules of chert ranging 
in diameter from a few inches to a foot, many of them lenticu­
lar. The chert is ordinarily distributed in layers and at some 
places is so abundant that layers 1 to 3 inches thick may be 
traced for considerable distance through the dolomite. The top 
bed comists of thinner-bedded earthy dolomite and limestone. 
The beds are usually separated by shale partings that range in 
thickness from 2 to 12 inches, the thinner being near the top. 
This member is found only at some places, particularly in t.he 
north-central part of the area. It is the most easily differenti­
able member of the formation and is doubtless the same as the 
stratum called by Sardeson the Dubuque limestone. 

The following sections illustrate the character of the Galena 
dolomite at several places: 

Section of the Galella dolomite exposed llear Galena. 

Limestone, in part magnesian; beds S w 12 inches thick, 
earthy, noncrystalline; upper part in places shaly _ ~____ 30 

Dolomite, beds 1 to 21- feet thick, nonresistant, in places 
cavernous _ _ ______________ . ______ . _____ ._ 

Dolomite, alternating thick and thin beds; few fossils ___ _ 
Dolomite, single resist.ant bed, commonly making bench on 

hillsides _ ----- ------------
Dolomite, thin beds with Reoeptaculites oweni ___ ________ _ 
Dolomite, beds 6 inches to 3 feet thick, nonresistant, con-

tains scattered chert 1l0duIes ______________ _ 
Dolomite, single resistant bed, commonly making bench 

on hillside: no apparent chert _________ . _______________ _ 
Dolomite, 2 inches to 1 foot t.hick, nonresistant ____ _ 
Dolomite, 2 to 10 feet thick, with scattered Receptaculites 

10 

" 

40 

20 

oweni and a little cherL ___________ ___ 20 

Dolomite, beds 2 inches to 3 feet thick, with many chert 
nodules_________ _________ 30 

Dolomite, beds 2 to 4 feet thick, containing generally 
ReceptuC1tlites oweni _________ .. ____________________ . __ 

Dolomite, beds 2 inches to 2 feet thick, very few fossils. __ 
Limestone, in part magnesian, in thin irregular beds, very 

fossiliferous. shaly, bluish, interbedded with one or more 
layers of chocolate colored carbonaceou~ shale known as 
oil rock 

Seotion of Galena dolomite exposed near Scales Mound. 

Limestone, thin bedded, argillaceous, in places magnesian, 
fossiliferous, one of the most common forms being Lin· 

10 
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gula iowensis ______ . ____________________ ._ 25 

Dolomite, thick bf;'dded (a few beds 1 foot or less thick), 
without chert, upper part nonresistant ___ __~____ 45 

Dolornite, thick bedded to massive, coarse grained, with 
Receptaculites oweni__ 10 

Dolomite, thin bedded, conlmonly cherty, nonresistanL__ 20 

100 

Section of Galena dfJlomite exposed within 5 mill'S south of Apple Ri1)er. 

Feet. 
Limestone, impure, thin bedded. and fossiliferous__ 25 
Dolomite, beds of medium thickness, fairly uniform, with 

scattered specimens of Receptaculites oweni _______ 40 
Dolomite, mostly heavy bedded, hard, and crystalline, with 

much chert in places, few fossils, and numerous small 
irregular cavities __ . ____________ . _________ .. _ .. _. _____ 125 

Dolomite, beds 6 to 24 inches, somewhat cherty and differ-
ing in appearance with amount of 'weathering; a few 
specimens of Receptaculites oweni___ 15 

205 

Oil rock.-The material commonly called oil rock in the 
distriet is a finely laminated brown to black but generally 
dark chocolate-colored shale. When burned it gives off an 
odor of petroleum, hence its name. It is roade up of fragments 
of rather hard rock and a matrix of softer material. The hard 
fragments are fractured, 'bent, and broken, and the soft mate­
rial has evidently been squeezed in between them. The blue 
clay bed beneath the main oil rock contains numerous small 
black rounded, pebble-like bodies made up of caleium phos­
phate. As they include pieces of fossils it is supposed that 
they either represent fossils themselves or are concretionary 
masses of roc.k derived from fossils, but they may be phos­
phatized pebbles of fossil-bearing rock. 

The typieal oil rock is one of the most interesting materials 
found in the region and it appears to bear an important rela­
t.ion to the ore deposits. Its signifieance in relation to them 
lies in its capacity to furnish a large amount of material that is 
especially well suited to precipitate metallic salts as sulphides. 
The rock is porous and light, having a density of only 1.98, 
and yields gas bubbles when placed in water. One volume of 
the rock, when heated to redness in a vacuum for two hours, 
gave 57.46 volumes of gas. An analysis of the gas gave the 
following result: 

Analysis of gaseR derived from oil rock of Galena, dolomite. 

[By Roll!n Chamberlin.] 

Heavy hydrocarbons____ 15.11 
Methane (CH,)__ 85.98 
Hydrogen sulphide (HilS) 6.79 
ClU"bon dioxide (CO.)____________ 18.12 
Carbon monoxide (00) ___________________ . ______ .. _ 8.40 
Oxygen (0 11 ) ______ ._ .26 
Hydrogen (Hg)_____________________ lB. 18 
Nitrogen (N.) __________ . _____ ~ ________ ._____ 2. 21 

100.05 



'Vhen the shale is leached with ethel' it yields a thick, heavy 
oil, which is doubtless the most abundant element in the 
volatile matter and which contains an appreciable amount of 
sulphur. 

Examination with the microscope of thin sections of the oil 
rock shows that it is made up largely of minute fiat, generally 
oval and discoid translucent bodies, of brilliant lrmon-yellow 
color, which are highly refractive, the refractive· index being 
1.6Ul. They range in horizontal diameter from 8 to 62 
microns and in vertical diameter from 5 to 20 microns. Many 
of these bodies are lenticular and are irregularly rounded at the 
edges, but most of them are nearly oval and when seen in 
vertical section seem to be horizontally matted with other sedi­
ments and with crystals of later formation, their appearance 
suggesting forest leaves beneath the winter snow. The nature 
of these singular bodies is not known, though it is generally 
believed that they are of vegetal origin. They are regarded 
by David 'Vhite as probably either plant spores richly pro­
tected by a resin-like secretion, or the fossil remains of micro­
scopic unicellular algre, comparable to the lidng Protococcales. 

The oil rock derived its volatile hydrocarbons from these 
fossil plant products, which in places form more than 90 per 
cent of its mass, It is thought that they were derived from 
floating plants whose debris accumulated in large quantities on 
the bottoms of shallow basins in early Galena time. The 
deposits were originally thicker than now, their thinning being 
due to actual compression and to the loss of some of the yola­
tile hydrocarbons. It is thought by some that as the gases 
passed upward into the other beds of the formation they 
played an important part in the precipitation of the lead and 
zinc sulphides. 

FossiLs.-Some beds of the Galena contain abundant organic 
remains, but the main body of the formation contains but few 
recognizable fossils. However, the basal limestone and shale 
are highly fossiliferous and contain a number of brachiopods 
and pelecypods, the more important of which are Orthis trice­
naria, O. pectinella, O. testudinaria, Plectambonites se1'icea, 
Leptrena charlotta, certain varieties of Rafinesquina alternata, 
and Ctenod(mta astartijormia, and 

niota, Most these species are common and, 
except the first, which occurs also in the Platteville, are highly 
characteristic of this horizon, Judging from its fossils these 
basal beds are more closely allied to the Decorah shale of Iowa 
and the "Upper Blne" of the 'Visconsin section than to the 
Galena proper. Their stratigraphic position corresponds to 
that of late Black Ri vel' beds of New York State. 

A peculiar fossil known as Receptaculites oweni Hall, com­
monly called the "lead fossil" and the "sunflower coral" 
(see PI. XII, figs. 1 and 2), occurs somewhat sparingly 
throughout the Galena formation above the basal member. 
It is especially abundant in two beds that are from 1 to 4 feet 
thick, and thus affords a reudy means of determining the geo­
logic horizon of the outcrops in w bich it occurs. The lower 
bed is 35 to 50 feet above tIle base of the formation and 
marks rather closely the separation between the 40-foot divi­
sion and the 100-foot division shown in the generalized section 
of the Galena given on page 4, the lowest chert in the forma­
tion being within a few feet of its horizon. It is well exposed 
in and around Galena and at several other localities. The 
upper bed is about 60 feet below the top of the formation, or 
30 feet below the top of the 70-foot division giyen in the 
section, and is even more distinct than the lower one. 

A large species of Lingula, known as Lingula iowensis (see 
PI. XII), is commonly fonnd in the top division of the forma­
tion where it is present, but as that division seems to be absent 
from the section at many places the two horizons of Recep­
taculites just described furnish in these quadrangles the princi­
pal evidence afforde9. by fossils for the separation of the main 
body of the formation into members, The Galena dolomite 
with the exception of its basal beds is correlated ... vith the 
Trenton limestone of New York, 

Relations.-As already stated (see p. 4), it is difficult to 
dmw the boundary between the Decorah shale and the Galena 
dolomite on purely lithologic criteria, The separation is par­
ticularly difficult in the basin-like areas (corresponding to the 
productive mineral areas) in which thin beds of limestone and 
shale are lllOSt fully developed both above and below the con­
t!lCt. In the anticlinal areas between the productive basins 
there is less shale, Here and there a thin layer of "oil rock" 
occurs in the Decorah, but the true oil rock belongs in the 
basal beds of the Galena. 

A careful study of the fossils rarely fails to fix the contact 
rather closely, and in places-an actual physical break between 
the two formations may be observed, At many places the 
lowermost few inches of the Galena is more or less clearly a 
reworked deposit, and at some places it contains fragments of 
fossils, more perfect specimens of which occur in the beds just 
belo\v. A mile north of Furnace School the lowest bed of the 
Galena consists of yellow to white clay, called "pipe clay," 
underlain by an inch or two of dark carbonaceous clay. 

Topographic expression.-The beds in the 70 and 100 foot 
divisions of the generalized section (see p. 4) constitute the 

characteristic part of the formation, The hard, massive beds 
of dolomite stand 80 fur above the Mississippi base-level 
throughout most of the area that erosion has produced in 
them the rugged walls, crags, and" towers" that are prominent 
about midway up the bluffs. The precipitous sides and sharp 
angles of these I:ltriking products of erosion are due to the 
breaking down of the rock along joints. 

MAQT:OKETA SHALE 

Definition,-The Maquoketa shale is named from Little 
Maquoketa River, along which it is typically exposed. It is 
known in the 'ViscollRin State reports as the Cincinnati shale, 
Its thickness in the quadrangles ranges from 108 to 209 feet, 
the minimum thickness measured being at the Chicago Great 
'Vestern Railroad tunnel southeast of Galena. 

According to the testimony of experienced drillers the change 
from the overlying beds to the Maquoketa as well as that from 
the Maquoketa to the underlying beds is everywhere sharp 
and easily recognized in borings. The beds are nearly level 
and the evidence furnished by drill records is therefore prob­
ably reliable. The base of the formation is well exposed at 
many places, particularly along the railroads, and is marked 
by the presence of numerous small calcareous and phosphatic 
pebbles or pellets, one-fourth to one-half inch in diameter, and 
by characteristic and ,yell-preserved fossils, At Seales Mound 
on a divide 950 feet above sea level a cut shows 35 feet of 
Maquoketa shale o\+er several feet of Galena dolomite. At 
Hanover the same beds are exposed in the river bank at a 
level of 620 feet. A mile east of Woodbine the formation 
b~undary is just belo\'\' the level of the track, or 870 feet aboye 
sea level. The sharp lithologic change at this horizon, together 
with certain distinguishing fossils, makes the boundary fairly 
easy to find. The base of the ).faquoketa is important to 
miners, as it marks the top of the Galena and indicates within 
a few feet the depth to which a drill must be sunk to reach 
the bottom of the ore-bearing beds, 

Distribution and occU1'rence.-The formation is confined to 
the higher land in the northern part of the quadrangles and to 
the middle and lower slopes in the southern part, Through­
out a considerable area it is so deeply covered by soil or by 
loess that outcrops are difficult to find, and its presence must be 
determined by examining material passed through in drill 
holes, wells, or prospect pits. Outcrops are, however, fairly 
abundant in the southern and southeastern pllrts of the area. 

The outcrop of the formation is characterized by gracefully 
rounded swells and long, gently rolling, cultivated slopes, 
bounded above by forested declivities of the Niagara escarp­
ment, and below by steep bluffs of Galena dolomite. One 
mound just southeast of Galena has a rather pointed top, 
apparently because the overlying dolomite has only recently 
been removed. 

Character.-The formation is much less uniform in charac­
ter than any other in the area. Its lower part generally 
consists of drab and blue soft shale, its central part of inter­
bedded soft shale and argilla~eous dolomitic limestone and 
some thick beds of shale, and its upper part of soft shale, 
coarse fossiliferous limestone, and thin beds of compact dolo­
mite. Marcasite and sphalerite occur in places. Individual 
beds can not ordinarily be followed far, though there seems to 
be, a similarity between certain sections in separate parts of 
the area and a dissimilarity bet\veen those sections and other 
intel'Yening ones. ~o definite statement CUll be made on this 
point because of the lack of good exposures and of trust­
worthy and complete records of borings. 'fhe following 
sections show the character of the formation at several places: 

Section of Maquoketa shale l1ea1' Galena. 

Clay shale Interbedded with thin layers of lilllestone and 
dolomite, most of which are compact, though some 
contain lenses of coarse fossiliferous limestone. This 
member has been removed by both pre NiagUl"lin and 
po,t·p,w,o,wi, erosion from all but "ery small areas near 

Clay "hale, soft, blue, nonfossiliferous, mostly rather mas· 
sive but in plfices finely laminated and darker and 
harder than elsewhere; also contains local lenses of lime-

60 

stone and dolomite___ 95 
Clay shale, with a 6 to 12 inch layer of unconsolidated 

material of sandy texture, loose fossils, considerable iron 
oxide, and particles and pellets of variable composition __ 
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Section of Maquoketa shale in the southwest corner of the Galena 
quadrangle. 

Shale, soft. blue or grayish blue, nonfossiliferous, weath-
ering into irregular slllall blocks . _. _ _ _ 50 

Dolomite, discontinuous bed, very fossiliferous, a large 
cephalopod being moat abundant ___ _ 

Shale, blue. soft, with earthy dololliite lenses in sOllie 
places _ 45 

Shale, soft, sandy, with pellets of phosphate and a few 
10ssils, particularly Ctenodonta __ 

Section of .lfaquoketa shale expolied in Hanovn' dilitrict. 

97 

Ft. In. 
Clay shale, yellow, very fossiliferous. 2 0 
Limestone, coarse, crystalline, very fossiliferous_____ 1 0 
Shale, blue, flaky, and hard. ____ _ 
Limestone, hard, blue, fossiliferous___ 1 6 

Ft. in, 
Shell rock, dark brown, porous. interbedded with blue 

shale; shells poorly preserved._________ 2 0 
Shale, blue 6 
Limestone, fossiliferous ___ ______ _ 1 0 
Yellow clay wash, shale?, weathering to yellol."'ish clay_ 10 0 
I .. iulestOne. coarse grained, fossiliferous; contains a large 

and smltll Orthis, Strophomena. and Lingulepis ______ 1 0 
Concealed. Washed material is yellow and blue clay, 

containing bowlders of coarse grained crystalline lime· 
stone, which is highly fossiliferous __ . _________ . ___ .__ 39 0 

Shale and fossiliferous limestone alternating; shale yel-
low or blue; limestone in l·foot beds 2 or il feet apart, 
containing orthlds, Rhynchotrema, and bryozoans _ 11 0 

Cluy shale, yellowish ______ .___ 10 0 
Limestone. coarse grained. containing bryozoans. 

orthids, and Rhynchotrema __ 1 0 
Shale?, weathering to yellow clay and containing argilla-

ceous limestone blocks and laminated sandstone from 
higher up 45 0 

Concealed_~ __________ ~ __________ ~ ________________ . ____ 1.~ 0 

Clay shale, blue, with some thin lAyers of argillaceous 
limestone; shale weathers to a stiff yellowish clay; 
limestone less than 6 inches thick___ 48 0 

Limestone, impure, open, porous, but resistant rock 
made up largely of fossil remains; lamellibranchs, 
gastropods, OrthOcf'ras ____ _ 

Clay shale, thin bedded, fine grained, slightly arena· 
ceous, chocolate·colored, weathering to slate·colored; 
contains egg·shAped nodulUl" masses of shale Ii- feet 

80 
80 

1900 

Seution of Marjttoketa shale exposed near Elizabeth. 

Clay shale, with thick, coarse grained, fos"lliferous lime· 
"tone layers and many bryozoans. (ThIs member is not 
found at a few land place~ north of Elizabeth) ______ .____ 85 

Limestone, thin, somewhat ma,ll,"llesian; contains some 
chert and A few fossils; includes in places some shale, but 
is g-eoerally resista!lt, making benches on valley sides, 
like tho"e 8 miles southeast of Ellzabeth_________ 40 

Cl:~~n:~athering yellow, containing ~~S_c~i_t~~~_~~~~ __ ~~~~~ 10 

Shale, hard, bluish, poorly !:'xposed__ _ 10 
Shale and argillaceou" dolomite alternating. not tossilif!:'r· 

ous ___ . ____ - 80 
Mostly concealed, but small exposures indicate soft blue 

shale ___________ . __ .~ _______ ._ ... __ . _~ _____ L ________ . ____ 50 

Unconsolidated ferruginous and fo"siliferousl bed (thin or 
wanting at a place east of Schl\ppvUle) ____ , ____ • 
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Section of Maquoketa shale exposed near Scares Mound. 

Clay shale, with several beds of coarse-grained, fos~mf· 
erous limestone and other fo~si1iferouslayers, also fine· 
grained compact dolomite; bryozoans abundant in 
dentral part. (These beds absent except northeast of 

Ft tn. 

Scales )[oundl________________ _ ________ . _. __ . _ 70 0 
Clay shale alternating with thin beds of compact earthy 

dolomite __________ .____ 25 0 

Cl:Zo:eh~_l~, S~ft, Wi~~ a few _~enses _~~_I~.~~.e_s:~_~ime. 2ri 0 

Cl::dsshla~::~tet~n;:ii~~~:~t~h~~;:~~~:_ ~::~~~~ ~_~~~mite in 20 0 
Clay "bale, soft, blue__ _ ___ ~ ___________ 10 0 

Clay ahale with a few thin beds of compact, fine-grained 
dolomite______ _ _____ ._ 10 0 

Clay shale, bluish gray, soft, containing a few hard 
concretionary? bodies__________________ 83 0 

Clay shale, reddi"h, with graptolites at base____________ 8 0 
Unconsolidated, ferruginous. fossiliferous bed having 

a sandy texture (many lamellibranchsl_____ 11 
Clay shale, sort, gray __________________ . ___ . _____________ 8 9 

Uncomolidated ferruginous fo~sillterous bed having a 
8andy texture and oontaining loose particles and 
pellets of indefinit.e composition (no lamellibranchs) __ 

2Q1 2 

Section of l11aquokela shale ewposed in district north of Stockton. 

Dolomite and lImestone, thin bedded, yeUow ______ -
Shale, calcareous, with beds of blue shale and yellow 

limestone, fOBsiliferous__ -------------
Limestone, dolomitic, thick bedded, coarse, hard, red· 

dish, fossiliferous __ 
Shale len8 ________ ------- --
Limestone, massive, coarse, crystalline; Bome large cal· 

cite crystals; fossiliferous.___ _ ____ _ 
Limestone, massive, cryst.B.1llne, hard and slightly dolo· 

mitic, base (',herty, fossiliferous ___ . ___ _ 
Limestone, thin, ~haly, blue and earthy, separated by 

layers of bJue shale. fossiliferous -
Clay, containing numerous biscuit· shaped bryozoall~ __ 
Concealed _______ _ 
Shale and limestone? weathering to sandy, calcareous 

clay - --- ----------. - -
Concealed______ --

Ft. In. 
1 6' 

4 0 

2 0 , 
4 0 

, 0 

, 0 

10 0 
90 0 

5 
11 

Cl~~l;~;:~:;~~: r~~I~t~p:~~~_l.inch ~~:_e_~8 ~_f_~~~~i~~ 17 

Concealed_______ _ 42 

19211 

Sections of Maquolteta shale exposed in southeast corner of the Elizabeth 
quadrangle. 

I, Shale, calcareous shale, shaly limestone, some 
sandstone. and a small aDlOunt of chert; beds 
average not 1Il0re than 3 inches thick; shales are 
yellow and deep blue, limestones are blue or 
black, and in places hard. compact, and crystal· 
line; where shaly they are soft and easily 
weathered; npper 85 feet is fossiliferous in cer· 
tain layer~, both yellow shale arid limestone __ ._ 108 

Float, and ~(\attered exposures of clay, "hale, and 
'soft calcareous shale layers __ 20 

Concealed _ 1+ 
Clay shale and limestone, compact, argillaceous. 

alternating; Mhale beds average 2 feet thick, 
limestone beds average 2l inches thlck_______ 41 

Clay shale, dark gray or chocolate-colored, uni­
form; breaks in fiattish bits wHh conchoidal 
fracture _______ .. _____ ._ 

Concealed ___ ~ __ . ____ .. ___ _ 
8 

10 



Carbonaceous rock, sort, black, porous, contain­
ing lamf>llibranclls. rounded pieces of rock 
(waterworn pebbles?). gastropods and Ortho-
ceras; all small forms __________ .________________ 1-

Clay shale. compact, blue, sticky________________ 1+ 

II, Shale and argillaceous limestone interbedded; 
shale blue, blue-black, and yellow; weathers 
to yellow sticky clay_ Haruer parts are shaly 
and impure but some layers are white, compact, 
and crystalline: limestone layers both fossilif­
erous and unfossiliferous; fossiliferous layer~ 
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more numerous near top___ 96 
Shale, bluish. and "soapstone": all soft except 

an occasional few inches of harder material 
(well record) 50 

Concealed _ 38 
Shale, dark blue, with conchoidal fracture, 

weathering to thin brown layers_ 
Concealed __ 14 
Shale, dark blue, with conchoidal fracture. 

weathering to thin brown layers ___ ._. _____ _ 
Impure limestone?, grayish black, cemented by 

iron; rusting of iron gives it a reddish color; 
rock crumbles between hands, giving a coarse 
cornlneal texture; is in very thlu, shaly fissile 
layers: SOUle small iron nodules___ . 6 

196 

The shale disintegrates rapidly and is therefore largely con­
cealed by products of decay and by vegetation. Continuous 
vertical sections of any considerable thickness are found only 
along small streams that are vigorously scouring their beds or 
undercutting- their banks, or in gullies that have been cut 
deeply into the shale. 

Fossils and oorrelation.-Throughout the upper Mississippi 
basin the formation is in general notably fossiliferous. The 
shale at its hase, measuring generally 2 to 5 feet, contains 
rather abundant fossil~, which remain after the rest of the 
rock has weathered away. Among them are the following 
species, all small rmd most of them preserved as casts of' the 
interior: a species of' Orthoceras sp., Hyolithes parviu8culu8 
Hall, LiospiN micula Hall, Pl.euroloma1·ia depauperata Hall, 
Cleidophoru8 'f/eglect1ls Hall, and Ctenodonfa f(;cunda Hall. 
These are illustrated in Plate XIII, figures 1-8. Generally 
this horizon can be recognized with little difficulty. 

Beds that lie at horizons in the upper part of the formation 
and that are more extensively exposed also contain fossils, at 
some places in great abundance. The thin plates of limestone 
and apparently also the intercaJated shale are here and there 
highly magnesian, and the fauna they contain is altogether 
rliffereut from that found at the base of the formation. (See 
PI. XIII, figs. 9-19.) The following species, collected near the 
tops of the mounds 3 to 5 miles northeast of Scales Mound, 
are characteristic of the upper beds: 

Monotrypella qUadrata. 
Munotrypa rectimuralill. 
Heterotrypa singularis. 
Plectambonites saxea. 
Leptrena unicostata. 
Plectorthis whitfieldi. 

I 

Dlnorthis subquadrata. 
Platystrophia acutilirata val'. 

. Rhynchotrema capax. 
Rhynchotrema perlamellosa. 
Rhyncbotrema neenah. 

The fossils of the Maquoketa formation prove that its age is 
approximately that of the Richmond group of Ohio and 
Indiana and of the lower part of the Medina group (Queenston 
shale) of New York and Ontario. 

ReLations.-Conclusive evidence of stratigraphic unconform­
ity or of a break representing an interval of erosion has no"t 
been observed at the base of the formation in the Galena­
Elizabeth area, but there is some indication of such a break. 
The change from the dolomite of the Galena to the shale of the 
Maquoketa is abrupt, some of the fossils and pellets in the 
base of the shale seem to have been rolled and rounded, and 
the fauna of the Galena is very different from that of the 
Maquoketa, yet the sedimentation planes below and above the 
contact are parallel as far as seen. The occurrence of phos­
phate may itself be an indication of an unconformity. 

The Maquoketa shale is unconformably overlain by the mas­
sive Niagara dolomite, the shale having been considerably 
eroded before the dolomite was deposited. Apparently the 
Maquoketa was originally more than 200 feet thick and in 
places where it is now thin its upper part was cut away before 
any of the Niagara beds were laid down. The best exposure 
of the strata above and below the contact at a locality where 
the Maquoketa is thin is at the Chicago Great Western Railroad' 
tunnel 8 miles southeast of Galena, where the :Maquoketa con­
sists almost entirely of soft shale, 41 feet of which is well exposed 
at the east end of the tunnel. Borings near the middle of 
the tunnel showed 95 feet of soft material; a short distance to 
the east the formation appears to be 108 feet thick; on Pilot 

, Knob, 4 miles to the northwest, it is 160 feet thick; in the 
vicinity of Hanover its thickness is more than 200 feet, and 
near Stockton it is 209 feet_ The differences in lithologic 
character from district to district make it impossible to say 
positively that at some places certain beds were eroded away 
before the succeeding beds were laid down, for perhaps the 
upper beds were never deposited at those places, but there 
are strong indications of unconformity, not only in irregular­
ities of thickness of the formation hut in the absence, wherever 
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the formation is thin, of some of the coarse-grained fossiliferous 
limestone beds that seem to be present wherever its thickness 
is 130 feet or more. Still another indication of unconformity 
is found in the character of the basal layers of the Niagara, 
described below. 

SILURIAN SYSTEM. 

Distribution and thicknes8.-The Niagara dolomite occupies 
small areas in the northern part of each quadrangle, where it 
is found only at the tops of widely separated mounds and 
narrow ridges, and in a much larger area in the southern part, 
where it caps many narrow but irregular ridges and spurs. 

The total ori!l:inal thickness of the formation is doubtless 
nowhere preserved in the quadrangles. The greatest thickness 
remaining, about 250 feet, is found in the southwestern part 
of the area, in sees. 26 and 27 of Rice Township. At many 
other places bodies of the rock more than 100 feet thick 
remain. Indeed, it is noteworthy that the Niagara in the 
quadrangles and the adjacent territory is generally about 150 
feet thick in spite of local differences in the severity of erosion. 

La,rge loose masses of the basal Niagara beds are strewn on 
all the Maquoketa shale slopes between the Niagara escarp­
ment and the top of the Galena, particularly on the upper part 
of the slopes. They occur in trains that lie parallel to the 
ridges and exhibit all stages of weathering and of progress 
down the slopes, clearly illustrating the great extent to which 
the dolomite is displaced by the disintegration of its insecure 
foundation. Bodies of dolomite 50 feet or more thick and 
half a mile long that cap ridges or mounds may even 'in cer­
tain places have caused the underlying relatively plastic beds 
of the Maquoketa to flow ont under their great weight, allow­
ing the dolomite to settle down evenly without apparent dis­
placement, for the base of the dolomit€ appears to be generally 
lower in the mounds than along the escarpments. It may be, 
however, that the thinness of the beds of Maquoketa shale at 
such places is due to pre-Niagaran erosion or the shale may 
originally have b€en thinner at those places. 

The scarcity of exposures of the actual Niagara-Maquoketa 
contact and the frequent displacement of' the dolomite beds, 
together with the irregularities due to pre-Niagaran erosion, 
has made the determination of the true position of the base of 
the )ilaquoketa shale difficult, and has heretofore caused slight 
inaccuracies in mapping and in the determination of the thick­
ness of the formation, too great a thickness having been 
assigned at some places and too little at others. Another 
source of error has been the assumption that certain springs 
that seem to emerge at the top of the shale mark its true top. 
It is true that the base of the Niagara is a water-bearing hori­
zon, but many springs appear below that horizon, especially in 
the plateau country, where the formations occupy their normal 
relations. 

Character.-The Niagara is mainly a light-gray to ligM-huff 
fine to medium grained dolomite. It comprises both thick and 
thin beds and at certain horizons includes considerable chert 
in the form of nodules and layers of approximately uniform 
thickness. (See PIs. V and VI.) The following analysis of 
the rock from' BherriJl Mound, northwest of Duhuque, Iowa, 
represents fairly well its chemical composition: 

Analysis of Niagara dolomite/rom Sherrill Mound, Iowa. 

[By J_ B. WeemB, IowA. Geol. Sul"l"tly Ann. Rept. for 18\19. '·01. 10, p. wr, 1900.J 

Water (H~O) _____ _ 
IllBoluble _______________ _ 
Calcium oxide (CaO) _____ _ 
:ltfagnesium oxide (MgOl._ 
Carbon dioxide (CO~) ___ ~ 

0.05 
8.24 

30.01 
18.99 
44.91 

Ferric oxide (FeiO.) __ _ 
Phosphorns pentoxlde (P.O.) __ 
Organic ___________ ._. _____ _ 

.74 

.52 
1.34 

99.80 

The following generalized sections show the C'haracter of the 
formation in several districts: 

Seation of Niagara dolomite exposed near Galena, 

Dolomite, light buff: to dark gray but light gray on weath-
ered surface, massive _ 60 

Dolomite, thin bedded, light gray, containing considerable 
chert ________ . ____________________ .. _.____ 25 

Dolomite, light gray, massive where fresh but weathering 
to beds 8 or 4 inches thick; weathered surface carious___ 25 

Dolomite, compact, t,hick bedded, fine grRined, buft', earthy. 
with a 1-inch laminated layer resembling sandstone at 
base in flo belt running from W-inston to Council Hill: 
maximum thickness about.. _ 70 
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Section of Niagara dolomite southwest clYr1ter of Galena 

Dolomite, thick bedded, gray, contains Pentamerus 
oblrmgus, Favosites. Halysites, and other fossils__ 160 

Dolomite, thin bedded, very cherty _____________________ ~ 10 
Dolomite, hard, massive, grayish, in thick layers, in places 

cherty. contains a few fossils~__ _____________ ________ 80 
Dolomite, earthy, with a few Impressions of Leptama 

Thomuoidalis antI pel'haps other fossils_ _ 16 
Dolomite, bluish. weathersshaly__ _ ____ ._ 9 
DolomIte, earthy, bluIsh where fresh, weathering brown 

or buff and finally to a sandy clay, contains some-chert 
and a few indistinct fossils_ 28 

Feet. 
Dololllite, earthy, weathering Into thin chips___________ 5 
Dolomite, laminated. yellowish, sandy____ ______________ 1+ 

The lowermost five member~ of this section are found 
only at some places. 

Section of Niagara dolomite exposed about Oak Ridge Sehool. 

Dolomite, cherty, thin bedded; chert in definite uni-
form layers ~ 50± 

Dolomite, lDassive, gray, hard, crystalline (a few cal-
cite crystals.) blutrmaking. nonfossiliferous_________ 20+ 

Dololllite, thin bedded, without much chert, lies 
directly on )faquoketa: roek ranges from white and 
crystalline to soft, yellowish. and argillaceous: beds 
average about an inch ill thickness; generally not 
distinctly fossiliferous but contains Atrypa mar-
ginnlis and Orthis elegantu7a._ 70--- SO 

140-1iiO 

Section of Niagara dolomite exposed about Hano1Jer. 

Ft, In. 
Concealed __ ________________ 100 0 

Dolomite, cherty, thin bedded; beds 6 Inches to 1 foot 
thick; chert in layers and lenses 1 inch to 6 inches 
thick: one· fourth of material is chert__ 20 0 

Dolomite. thin beds, weathering to several beds to the 
inch: yellow, soft, earthy. with shale partings_.~ ___ ._ 7 0 

Dolomite, thin beds, hard, white, containing much chert 
in irregular nodules: nonfossiliferous__ 12 0 

Dolomite, soft, yellowish, argillaceous, em-thy with 
shaly partings and dendritic markings; no cbert, and 
Ilonfossiliferous. _______ . ___ ._ 16 

Concealed _____ ~ _____________________ ~_. __ ._____________ 7 

DQlomite, hard, yellow, thin bedded, nonfossiliterous__ 8 0 
Dolomite, yellow, earthy, sandy ______ 4 
Dolomite, harrl, blue, nonfossiliferous____ 1 3 

1667 

Section of Niagara dolomite eroposed in northern pal't of Elizabeth 
quadrangle_ 

Dolomite, hard, massive, with much chert, containsafew 
specimens of Pentameru8 oblongus, weathers to a red 
chet'ty cifty _______________ .________________ 40 

Dolomite, gray, massive to thin bedded, not very resis­
tant, contains a few 6iIlcified fossils; considerable chert 
occurs in irregular masses.__ 60 

Dolomite, light gray, in uneven thin layers with many 
interbedded layers of chert _________________ .______ 80 

Dolomite, thick bedded, cotllpact, resistant, with con-
siderable chert ___ __________________________ 20 

Dolomite, light gray to buff, hard, fine graIned _ 10 
Dolomite, massive, nonresistant, earthy, largely con-

cealed ________ _ __________________ . (?) 

160+ 

Section of Niaga1'a dolomite eroposed near Stockton, 

Dolomite, tWn beds, interbedded with ten layers of chert 
ranging in thickness from 11- to 21- inches__ 11 

Dolomite, tbin bedded ___________________________________ _ 
Dolomite, thick bedded _____________________ . ___________ _ 
Concealed _~ ____ _ 
Dolomite, noncberlY thin beds__ _ ____ .. _________ ._ 
Dolomite. massive beds averaging 1 foot 4 inches in thick-

ness _ _ _______ .- ______________ _ 

Dolomite, tbin beds with a little chert in discontinuous 
layers ____ _ 

Dolomite. thin beds _______________________________________ _ 

Dolomite, thick bedded, grading lateralJy into thin beds in 
a few feet__________________ _________ __ _______ 10 

Dolomite, bard, compact, thin bedll __ _ 

08 

Se,·tion of Niagara dolomite exp08ed in 80utheast corner of Elizabeth 
quadrangle. 

Dolomite, thin bedded, interbedded with seven layers of 
chert that average 2 inches in thickness; dolomite la.yers 

Feet. 

also contain It few nodules of cbert__ 10 
Concealed _________________________ _ 

Dolomite, 11 feet of ma~sive beds averaging 1 foot in thick­
ness overlain by 4: feet of thin beds containing a small 
amount of chert; rock buff to white __ 

24 

15 
Concealed __________ . ________________ • ____ ._________________ 2 

Dolomite, thin bedded, yellowish, soft, grading into wbitl;'r, 
Illore crystalline dolomite in lower part: a little chert 
occurs in llodules; contains Orlhis eZegantula __ 18 

69 

In places where the Maquoketa shale is thin the lower part 
of the Niagara dolomite has a distinctive appearance, differing 
both from other parts of the ;Niagara and from the Maquoketa. 
It is fine grained, earthy looking, and ranges from white and 
crystalline to yellowish and argillaceous. It contains very few 
fossils, though two or three specimens each of Ab'ypa margi­
nalis, Orthis elegantula, and Calymene niagarensis have been 
found in it, and it weathers readily to a smooth surface, At 
the base there is usually a thin layer that looks like laminated 
sandstone but that in reality is composed of dolomite contain­
ing some grains of calcite. The character of this layer there­
fore suggests that the hollows in the Maquoketa surface had 
been submerged and filled before any deposits were made on 
the thicker parts of the Maquoketa formation, and there is 
some indication that these thicker parts were subjected to 
erosion during a part of the time when the hollows were being 
filled. In fact, as stated below, these basal beds may represent 
sediments of Medina age. 

The lowest continuous beds of Niagara dolomite-the more 
typical beds-tend to split along lamination planes into rela­
tively thin slabs, such as may be seen on the sides of the 
mound at Mount Pleasant School, but the cohesion of the 
layers is generally so strong that the rock is not separated into 
slabs until thick masses of it that have deep reentrants along 



the bedding planes have been broken off, tilted, or greatly 
displaced by the undermining and weathering of the softer 
Maquoketa shale. 

In its general features the NiHgara resembles the Galena, but 
it may be distinguished from tliat formation not only by its 
stratigraphic position and its fossils but by the following 
criteria: (1) The lithologic character of the strata composing 
the Niagara is not so persistent nor so homogeneous as that of 
the strata forming the Galena, for beds of the Niagara that 
seem to lie at the same stratigraphic horizon differ more or less 
at different localities; (2) the color of the Niagara, inclines a 
trifle more to astra w shade than that of the Galena, which 
is prevailingly gray; (3) The Niagara strata are more thinly 
laminated and their weathered surfaces are not in general so 
carious or pitted as those of the Galena; (4) the chert in the 
Niagara is more abundant, occurs in larger masses, and is more 
highly fossiliferous than that in the Galena; it is also harder, 
of a finer grain, and at most places is of a lighter color; (5) 
dark-red clay and abundant chert are the characteristic prod­
ucts of the disintegration of t.he Niagara, whereas the Galena 
weathers to yellowish clay and magnesian sand. 

TopogTaphic expression.-In connection with the softer 
underlying shale the resistant dolomite and chert beds of the 
Kiagara give to the region its dominant topographic features­
the mounds (see PIs. IV and V) !lnd the Niagara cuesta or 
escarpment, described under the heading "Geography" (p. 2). 
In fact, the distribution of the formation is so directly related 
to the topography that its presence may usually be recognized 
in a very casual survey of the landscape. The Niagara forms 
fewer cliffs t.han the Galena, because it lies high in the section, 
but in the area here considered it forms many small but pictur­
esque tower9 and buttresses, some of which reach a height of 
80 feet. On the level surfaces of the plateaus sink holes are 
of common occurrence. They are found along crevices in 
the rock, apparently in line with ravines that have been 
formed farther out toward the edges of the plateaus. 

Fossi18 and corrfllation.-Fossils are not abundant in the 
Niagara format.ion, but three compound corals-Halysites 
catenulatu8 Linnreus, FaVo8ites javosus Goldfuss, and Favosites 
nia,qarensis Hall-occur in it rather commonly, as well as many 
casts of the brachiopod Pentamerus oblongus So ... verby. These 
casts are found in the chert masses, which lie at a horizon 
higher than that of the corals, but they are also found at some 
places in' the dolomite. These fossils belong to the true Niagara 
fauna. The earthy dolomite that constitutes the lowermost 
part of t.he formation contains very few fossils, Leptwna rhom­
boidalis, Atrypa marginalis, Ol'this elegantula, and Calyrnene 
rl'i.agarensis being found sparingly. .A.ccording to E. O. Ulrich 
these fossils, especially Atrypa maTginalis, indicate a late 
Medina fauna, and it is therefore probable that the Niagara as 
mapped in this area includes at its base here and there some 
rock of late Medina age. 

Relations.-As stated before, there js apparently a great 
unc0nformity at the base of the format jon, and the basal beds 
found in the depressions in the Maquoketa shale seem to be 
absent from districts where that formation is thicker. There 
is also a faunal change suggesting a hiatus t.hat probably 
represents at least a part of Medina. time. 

QUATERNARY SYSTEM. 

Surficial deposits of Quaternary age cover most of the bed­
rock of the area to a thickness that yaries from place to place 
and that measures along the bottom of the yalley of the Mis­
sissippi more than 150 feet. Besides the residual clay, which 
immediately underlies the surface of more than half the area, 
theEe depoEits comprise glacial drift, loess, dune sand, and ter­
race deposits of Pleistocene age and travertine and alluvium 
of Recent age. As the quadrangles lie almost wholly in the 
Driftless Area, glacial drift covers only a few square miles. 
Most of the drift is probably of Illinoia.n age, but a very little 
material believed to be Kansan or older is found on the west 
side of the )1ississippi and in at least one place 011 the 
east side. The loess, terrace deposits, and alluvium together 
occupy less than half the surface. 

PT.EIS'J'OCEXE SERIES. 

Scat.tered over most of that part of the Galena quadrangle 
that lies in lo'wa are bowlders and pebbles of granite, quartz, 
greenstone, and other igneous aud metamorphic rocks, which 
indicate that an ice sheet once covered a part of the area here 
considered. Several quartzite bowlders are strewn along a 
small northern tributary of Pleasant Creek, in sec. 6, Wash­
ington Township, and ·greenstone bowlders are numerous in 
se\'eral ra'lines just north of BellevuE:'. A cubic yard or more 
of drift covers a spot on a low and rather narrow divide in 
sec. 12, a mile northwest of Belleyue. These materials may 
have belonged to either the Kansan or an older sheet of till. 
Only the most resistant materials now remain and they are 
much weathered. An excellent exposure of this drift in a 
railroad cut 15 miles southwest of the Galena quadrangle js 

·shown in Plate II. The section shown is as follows: 

7 

&ation exposed in Chiaago, Milwaukee & St. Paul Railway aut near 
Delmar Junction, about 15 miles southwelSt of ealena quadrangle. 

[ByW, a,Alden,] 

Post-IllinoIan, pre-WisconsIn: 
a. Buff loess, leached 10 feet or more __ 

Kansan: 
r Till, red-brown to rusty buff; leached 6 to 7 

b ~ feeL ___ ... ______ ----------- .. --------------

'l T~~~n~ej~~~ts~~~--~~~y' calcareous; rusty 

Aftonian: 
a. Gravel and sand. croBs-bedded, partly clean 

gray, partly orange to brown; cemented 
with lime at top . ____ _ 

Pre Kansan: 
d. Tlll, dense. slate-colored, jointed, calcareous; 

upper 1 foot lighter gray; much inclnded 
wood 

r G~:~t:~~_~~~_~~~~~~_~~~~~~_~ _~~~~_~~ _~~~ '.1 Silt, slate·colored, fine, lam.inated, calcare· 
ous, much disturbed at top by overriding 
of glacier, includes much wood ___ . ____ " __ _ 

Feet 
5-11'J 

15-18 

B-10 

8-12 

The lettered units in the above section correspond with those 
on Plate II. The horizontal bench shown in the plate is due 
to railroad grading and is not structural. Some of the adjacent 
cuts show an old soil in place of the Aftonian gravel, and at 
one point ail old tree stump is still rooted in this soil. 

In a ravine 1t miles west-nort.hwest of Hanover there are 
small masses of an apparently old drift. 

HIGH TERRACE (1) DEPOSITS. 

At several places on the bluffs along the valley of the 
Mississippi there are deposits of more or less washed and 
generally deeply iron-stained quart.z gravel, consisting mostly 
of pebbles ranging in diameter from a qua.rter of an inch to an 
inch and lying at altitudes of 700 to 735 feet. They are of 
indefinite outline and have then,fore not been mapped. The 
principal deposits are in secs. 11 and 14 of Tete de Mort 
Township, Iowa, 5 miles south of Galena. Some gravel on the 
east side of the river near Blanding and some about 4 miles 
southeast of Blanding lies at about the same altitude, The 
gravel is nowhere well exposed and is not sufficiently exten­
sive to permit its definite interpretation, but its topographic 
position and degree of weathering suggests that it is a terrace 
deposit laid down at some time between the Kansan and 
Illinoian ice invasions. It may be equivalent to the gravel 
caUed by the Iowa geologists the Buchanan gravel. 

ILLINOIAN (?) DRIFT. 

In the eastern part of the Elizabeth quadrangle there is an 
area of unassorted material, of various thickuel'lses, deposited 
directly by glacial ice. The boundary of the drift-covered 
area enters the east side of the quadrangle 4 miles 1I0rth of 
Stockton and runs thence irregularly southward to the ridge 
1t miles north. of Stockton, where it bends southeastward and 
leaves the quadrangle half a mile southeast of the town. A 
few scattered bovdders and small bodies of drift lie outside the 
boundary, espedally along stream eourses that lead a\vay from 
it., A body of till made up of unassorted material, including 
bowlders of shale, oecupies a small area in sec. 34, T. 27 N., 
R. 4 E. Such bodies of drift, t.ogether 'with the scattered 
bowlders, indicate that, in some places at least, the ice extended 
a f~?' miles beyond the boundary iudieated. 

Most of the drift in this area in the eastern part of the 
Elizabeth quadrangle consists of unassol'ted clay, sand, and 
rounded subangular or angular fragments of many kinds of 
rock, representii1g the various formations over which the ice 
passed before it reached the area. This drift contains abun­
dant and generally ,veIl-rounded pebbles of quartz as well as 
bowlders of granite, diabase, greenstone, quartzite, sandstone, 
and chert. Most of these bowlders are subangular, some are 
waterWOI'n, and a few are striated; all show deeply the effects 
of weathering since the ice disappeared, and only a few consist 
of rock that is easily disintegrated or dissolved. 

In an old valley about St miles north of Stockton {he drift 
is gO feet thick, completely filling the valley. Elsewhere in 
the Elizabeth quadrangle its thickness a\,'erages about 50 feet. 
There is no well-defined terminal Illorajne, but the drift 
thickens gradually toward the, east and reaches its maximum 
thickness some distance east of the quadrangle. 

The stones in the drift are so different from any that are 
found in place in the quadrangles that they can readily be 
distinguished from local material. A few have been carried 
out from the drift border by streams, but no extensive outwash 
deposits seem to have been mllde. ~Iany foreign bowlders are 
found along Plum River but only a few along Apple RiYer. 

The evidence as to the age of this drift, though perhaps not 
regarded by all geologists as conclusive, seems strongly to favor 
its classification as Illinoian. 

The uppermost unconsolidated material in a considerable part 
of the area is loess, a porous silt or very fine sand of light­
buff color, which in places is clay like and difficult to distin­
guish from the residual' clay. The loess in these quadrangles 
appears to be of eolian origin and seems to ha Ye been deposited 

as a thin layer over most of the' area and subsequently to haye 
been remo\'ed from places where erosion was most severe. At 
present it mantles the general surface, covering the broad 
upland areas and extending down the slopes. Thus it l,vas 
probably deposited at a time when the topographic features of 
the district had reached nearly their present form, and it is 
regarded as of the same age as the loess mantle in Iowa, most 
of which is post-Illinoian and pre-Wisconsin in age, though a 
part of the loess here may be of other ages. a possibility sug­
gested by the facts that the basal part of the deposit is here and 
there bluish or purplish and that at many places an indistinct 
boundary or parting lies a short distance below the top of the 
loess, suggesting that the uppermost part is of Wisconsin age. 

The loess is exposed along roads and in many artificial 
excavations in the quadrangles. At some places it is rather 
sharply divided from the residual clay below; at others the 
plane of separation is indistinct. In general the residual clay 
is more compact and claylike and is locally reddish and con­
tains angular fragments of chert. In thickness the loess ranges 
from 60 feet along the Mississippi bluffs to a few inches at 
points 30 or 40 miles from the river. On some of the uplands 
between Elizabeth and St.ockton its thickness reaches 15 feet. 
In general the proportion of fine clayey material it contains 
increases with increasing distance from the river. 

In places along the Mississippi bluffs medium coarse sand 
that is heaped into dunes seems to be related to the uppermost 
part of the loess. Such dunes are common along both the bases 
and the tops of the bluff's in the southern part of the Galena 
quadrangle. Mixed sand and dust forms rather large hills just 
north of Blanding. A thick deposit of somewhat loesslike but 
rather sandy material whose bedding planes are nearly parallel 
to the slope of a hillside lies at the west end of the tunnel 
on the Chicago Great 'Vestern Railroad. It appears to be a 
valley-side wind dep03it but may be a stream deposit laid 
down in slack water at the lower end of a tributary valley at 
the time that certain gravel deposits were being laid down at 
about the same altitude on the west side of the river. 

The principal terraces of the area are of late Pleistocene age 
and are confined to the )Iississippi gorge and the lower parts 
of the valleys of tributary streams. Many of them are only 
fragments of terraces, their missing parts having been cut away 
completely by recent erosion, The terraces in the valleys of 
tributary stream!' are horizontal and as a rule stand about 60 
feet above the Mississippi flood plain, their height above the 
tributaries thus steadily decreasing upstream. The terrace 
along the Mississippi is built of stratified sand and some 
gravel, both of glacial origin and both probably deposited 
before Lake Agassiz \yas formed. The material has been 
traced up the river and some of its branches to the Wisconsin 
drift sheet in eastern Minnesota and northern and central \Vis­
consin and is regarded as of about the same Age as that drift. 

The material along the' tributary streams consists of closely 
laminated purplish fine silt or clay, or, at some places, of sand, 
all of local deri yation, and contains irregular concretionary 
masses of calcium carbonate. It seems to have been deposited 
as a result of the filling of the valley of the Mississippi. 
There is some reason for believing that the river is now filling. 
its valley instead of cutting down. In Recent or possibly in 
late Pleistocene time erosion has removed much of this mate­
rial, but remnants of it are well preserved along the sides of 
the valley at some places, as near Hanover and near Galena, as 
well as on Sinsinawa River, where the deposit js predominantly 
sandy and is irregularly cross-bedded in a way to show that it 
was deposited in a braided or anastomosing stream. (See 
PI. X.) . 

The fossils listed below were collected about 2 miles from 
the mouth of Sinsinawa River: 

l;ihssils collected in terrace deposit in the1)alley of Sinsinawa River, 2,.. miles 
west of Galena. 

1. Pyramidula cronkhitei Newc. var. shimeki Pils. 
2. Vallonia costata Say. 
8. Pupilla museorum L. 
4. PUpilla decora Gld. 
5. Bifldaria of. B. corticaria Say. 
6. Sphyradium E'dentulum Drap. cf. val'. alticola Mg. 
'1". EuconuluB fulvus A. 
8. Ruccinea campestris Say. 
9 SuccinE'a avara Say. 

10. Lymnala parva Lea. 

All these species except the tenth are land animals and 
all but the first, fourth, and eighth live in the rE.>gion to-day. 
PerhAps all may be found, though these three species have not 
yet been observed and reported. W. H, DaIl, who identified 
the fossils, says that most of the indiyiduals are immature. 

Another lot of fOS8ils, collected in a dark silty low-terrace 
clay neal' Belleyue, Iowa, contains the following species: 

Fossils collected 2 miles west oj Bellevue. 

Goniobasis virgiuit'a Gmelin. 
Campeloma decisa Say. 
Planorbis trivolvis Say. 

Planorbis bicaorinatus Say. 

I ~:~~~i~~~:~~:~~~:~ ~a:~arck. 



RECEx'r ~EnlE", 

A residual clay overlies the bedrock throughout a large part 
of the area-perhaps more than half of it. It is generally of a 
light-buff color, but where it is overlain by drift or loess it is 
commonly dark reddish buff. It is formed by the decomposi­
tion in place of the underlying rocks, chiefly the Galena and 
NiRp;ara formations, which have a greater lateral extent beneath 
the sUJ'ficial deposits than any others in the area. Those two 
formations consist chiefly of dolomite-the double carbonate of 
magnesium and calcium-with which are mingled certain other 
substances, chiefly calcite, flint, iron oxide (and perhaps iron 
carbonate), and clay. The carbonates are dissolved and catTied 
away by water, but most of the oxides and silicates remain. 
The mineral and chemiC'al composition of the residual clay 
thus differs materially froIn that of the rock. The residual 
clay contains much silica, which was derived not only from the 
chert in the dolomite hut also from the clay it ('ontains. 

The Galena dolomite contains nearly DB pel' cent of' soluble 
matter (calcium and magnesium carbonates), practically all of 
which is rarried away by weathering, and only 4 per cent of 
other substances, most of which remain in the clav after the 
carbonates have been removed. The samples an~lyzed COll­

tained no nodules of chert, which are abundant in some parts 
of the dolomite, and no noticeable clayey laminre, so the average 
rock of the formation probably contains much more silica and 
alumina than the analysis indicates. 

An extended study of the residual clay of the Driftless Area 
'was made by Chamberlin and Salisbury, I who found that the 
average thickness of the clay, as determined by 1,800 measure­
ments, is 7.08 feet. It is thicker on the hilltops and in the 
valley bottoms and thinner on the slopes, and it is entirely 
absent from some places,~such as the bare rocky ledges along 
the sides of some of the vallevs. Its maximum thickness 
appeared to be about 70 feet. About 1,000 measurements on 
broad uplands gave an average thirkness of 13.55 feet. 

If the chemical composition of the original rock is compared 
with that of the residual clay and the thickness of the clay is 
considered it is readily seen that the amount of day at any 
locality represents a great thickness of rock-just how great it 
is impossible to say 'without analyses, but the data at hand 
afford ground for a general estimate. The calcium and mag­
nesium carbonates have practically disappeared from the clay, 
yet they made up probahly 90 per cent of the original rock, 
and from some residual clays that have been carefully studied 
more than 97 per cent of the original limestone has been 
removed by solution, In other words, a present thickness 
of 3 feet of residual clay represents an original thickness of at 
least 100 feet of rock. As the numerous measurements already 
presented show that the clay has an average thickness of 13t 
feet on the broad uplands, it is clear that a vertical thickness 
of at least 100 feet of rock has slowly dif:\appeared from the 
area by weathering. It should also be borne in mind that the 
residual clay still remaining is likely to be but a fraction of 
the amount formed in the course of the long period of weather­
ing, for ordinarily erosion nearly keeps pace with weathering 
on an area of uneven surface like that of these quadrangles. 

Masses of calcareous tufa or travertine (so-called" Mexican 
onyx))) are found at several places in the quadrangles, the larg­
est lying lt miles northwest of the tunnel on the Chicago 
Great Western Railroad in sec. 10, T. 27 N., H. 1 E. The 
rock is grayish or buff, finely crystalline, and generally compact 
and clearly laminated. It was derived by solution from some 
layer or layers of limestone, the solYent being ,vater containing 
carbon dioxide. It was deposited under conditions that per­
mitted the liberation of the carbon dioxide. The presence of 
fresh-water algre has been suggested as one such condition, 
and increasing temperature and evaporation of the water may 
have been another. The water of Ulany of the springs of the 
district is very cold. 

Along the permanent streams, and even along many of the 
intermittent streams, there are well-developed flood plains. 
The alluvium consists of fine clay, gravel, and, in places, of 
coarse fragments of rock. Some <If it lies above the reach of 
high water and was evidently deposited before the streams 
reached their present levels. Such deposits do not constitute 
well-marked terraces, though at some places they have terrace­
like forms. In general the alluvium becomes progressiyely 
finer from base to top, though there is a faidy sharp change 
about two-thirds of the way up. 

STRUCTURE. 

The strata in northwestern Illinois lie nearly level but slope 
gently southward at the rate of about 20 feet to the mile. 
Their slope is not regular but is interrupted here and there by 
domes, basins, anticlines, synclines, and.minor irregularities. 

1 Chamberlin, T. C" and Salisbnry, R. D., Preliminary paper on the 
Dl'iftless Area; U, S. Geol. Survey Sixth Ann. Rept., pp. 199--322, 188,j. 
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REPRESE~TATIO~ OF STRUCTURE. 

Structure is commonly represented in two ways, by cr08S­
sections and by contour lines. Cro~ sections are well adapted 
to show the structure of a region in which the rocks are 
sharply folded and fauIted, not that of one in which the folds 
are low and there is little 01' no faulting, for the structure of 
such a region can be shown more clearly by contour lines. 

Sl'RUCTURE CONTOURS. 

Delineation. - To delineate structure by contour lines a 
reference stratum is chosen which has extensive outcrops and 
is easily recognized. The altitude and dip of its surface are 
determined at as many points as possible, and points of equal 
altitude are connected by lines drawn on the map in the same 
manner that topographic Qontour lines are drawn. 

In the Galena and Elizabeth quadrangles the referellce 
surface shown by the contours on the structure-section sheet 
is the top of the Galena dolomite and the contour interval is 
25 feet. At many places the altitude of this surface was 
determined dil'eetly from outcrops, wells, 01' mines by hand­
level tl'HVerSe carried from near-by bench marks; at other places 
it was calculated from observations of some other recognizable 
stratum, for the layers of rock in this region are approximately 
parallel and the average interval between any two may be 
easily determined. rrhus where a bed known to lie a certain 
distance above the reference surface 'was found the altitude of 
the reference surface at that point was calculated by subtract­
ing from the altitude of the higher bed the average distance or 
the nearest measured distance between the two beds. Where 
H recognizable bed known to lie a certain distance below the 
reference surface was found, the average distance between the 
two beds was added to get the approximate altitude at which 
the reference surface would lie if it were present at that 
locality. A point of intersection of a surface contour with a 
structure contour of the same altitude marks an outcrop of the 
top of the Galena dolomite. 

Use ~f structut'e contours.-The structure map is of use not 
only for the study of broad structural problems and for con­
\'eying a general knowledge of the structure of the region, but 
is of service in locating and recognizing valuable beds and in 
giving data concerning the lay of those beds. In the Galena 
and Elizabeth quadrangles the beds lie neRdy parallel and the 
Hverage distance between them, as well as many local variations, 
was determined by geologic field work. Information concern­
ing the spacing of the beds is given in the section on stratig-

FIGURE 5.-Structural map of area around Pilot Knob, Ill., showing by 
contour lines the structure of the base of the Galena dolomite. (From 
Illinois Geol. Survey Bull. 21.) 
contour Unes ~how elevatIon of the baSE! of the Galena dolomIte In feet abOVE! sea level. 

raphy. The facts presented make it easy to calculate from 
the altitude of the reference surface or key rock, shown on 
the map, the approximate position of any bed at any point by 
adding or subtrfWting, according as the bed is above or below 
the key rock, the average distance between the two, allowance 
being made for local variations, as indi.cated in the text. The 
map may be used in this way for locating ore-bearing beds and 
other layers of economic value. 

The structure map also shows the direction and amount of 
the dip of the beds, a knowledge of which is essential in all 
mining operations. 

Reliability.-"rhe reliability of the structure contoul'S depends 
on three factors: (1) the accuracy of the altitudes obtained 
directly; (2) the difference between the actual and the assumed 
interval to the key rock; (3) the number and distribution of 
the observations. In the Galena and Elizabeth quadrangles 
the altitudes of many outerops were obtained by hand level. 
Bench marks are numerous throughout most of the area and 
the determinations therefore involved only short horizontal 
distances and small possible errors. 

The second factor is more likely to lead to mistake, because 
the strata are not quite parallel. The most striking lack of 
parallelism is seen in the irregularity in the interval bet.ween 
the top of the Galena dolomite and the base of the Niagara 
dolomite. The intervals between most of the other strata in 
this area do not differ more than 20 feet. Another deviation 
from regularity is seen in an apparently abrupt thickening of 
the Galena dolomite in the vicinity of Pilot Knob, south of 
Galena. .A comparison of the structure contou~s in figure [) 
with' those on the areal-geology map will make the abruptness 
of this thickening evident. 

Inaccuracies classifiable under the third fador are thought 
to be small, for throughout both quadrangles the determined 
altitudes of recognizable strata, DEarly half of which are of 
the reference surface itself, are numerous and comparatively 
evenly distributed. Allow)ng for all possibilities of errol', it 
may be assumed that the structure lines are for the most part 
correct within a contour interval of 10 feet., though in some 
places the errol' may be considerably greater. 

STRUCTURE OF THE GALENA AKD ELIZABETH QUADRANGLE 

As shown in figure 6, the dominant structural feature of the 
Galena and Elizabeth quadrangles is the general sout.h,yard or 

FmURE 6 -Ideal structnre section from south to north acrO~B t,he Eliza· 

beth quadrangle. sho'wing the general southward dip of the rocks. 
The NIAgara dolomite, now remaInIng only on the hilltop •. waa formerly continuous .. cross the 

area, as indIcated bytheJ\neshowlng the former positIon of the top ot theformatton, So. 
NIagara dolomIte; Om, Maquoketa shale; Oi, GaJena dOlomite 

south-southwestward dip of the beds, but, as before noted, this 
dip is interrupted by many minor irregularities and is really 
broken into a complex system of slight folds, some of which 
are important hecause of their relation to mineral deposits. 
Many of the folds are, however, not large enough to be sho'wn 
except on large-scale structure mups with small contour inter­
vals, and generally the possibilities of error are too great to 
permit such maps to be made except' for areas where there has 
been considerable underground exploration. 

Along the west side of' the ar~la the dip is, on the whole, to 
the south""est, though it ranges from south at a point west of 
Galena to west about 6 miles southwest of that town. Imme­
diately west of Galena there is a broad but short shallow syn­
cline, and immediately east of it there is a rather high but 
irregular anticline, which extends from near Millbrig south­
eastward to the Republic lead mill, beyond which it is low 
and indistinct for 2 or 3 miles but seems to swing to the south. 
From Horseshoe Mound to Pilot Knob it is high and promi­
nent, and beyond Pilot Knob it swings to the southwest and 
becomes broader. It affectij the strata as far as the southwest 
cornel' of the area. 

Just·east of this anticline is a shallow syncline, which extends 
from Independence School southward to a point where the Mis­
sissippi leaves the area. In the area farther east the structure 
is irregular, but at Hanover there is a fairly well developed 
syncline flanked on the east and west by low anticlines. At 
Elizabeth there is a syneline of medium size, which extends 
northeastward to Warren. On the east of this syncline there 
is an anticline, which is most pronounced in the northern half 
of the area. Other irregularities, most of them consisting of 
variations in direction aild amount of dip, occur throughout the 
area. The strata are nowhere sharply bent, and their slight 
waviness may be due largely to irregularity in the sea floor 
upon which the beds were deposited. 

2\fany of the lead and zinc deposits of these quadrangles lie 
in small basins or synclines. Such basins may have originated 
in at least four different ways: (1) They may be due to origi­
nal inequalities that existed on the sea bottom when the sedi­
ments were deposited, for such inequalities were present at the 
beginning of Galena time, as has been noted in the description 
of the basal layers of the Galena dolomite; (2) they may be 
due to irregularities of deposition, a lack of sediment in some 
areas causing slight local depressions, although in this district 
such a cause is not probable, for the areas that exhibit lack of 
sediments are really anticlinal; (3) vertical compression and 
consequent slumping of the beds may have produced such 
basins, and as they occur in areas containing thick deposits 
of oil rock-a carbonaceous deposit which, in the manner of 
coal beds, has undoubtedly decreased much in thickness-this 
means of prOducing such basins has certainly been important; 
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(4) actual mechanical depression of the rocks by lateral pres­
sure may have and undoubtedly has takeu place, especially in 
some of the more marked and steeper folds. 

It is probable that no one of these causes alone hilS produced 
all the basins, but that two or more have worked together, for 
while the lower beds of the Galena were being deposited small 
basins were already in existence, and in them the thicker depo&­
its of oil rock were made. 1~he shape of the basins, them­
selves and the later compression and shrinking of the oil rock 
would produce initial dips, which would very likely be steepened 
by any lateral compression to which the beds wel'f' subjected. 

All the hard-rock formations in the district except the 
Maquoketa shale show dist~nct systems of joints, which are 
especially well developed in the massive beds of the Galena 
dolomite and have played an important part in the deposition 
of the ores. The principal joints are practically vertical but 
trend in several directions. Among the miners those trending 
nearly north and south are spoken of as "north and south," 
,those trending northwest-southeast are called "ten o'clocks," and 
those trending northeast-sonthwest are called "two o'clocks." 

At many places there are other joints, most of them having 
the same trend as those that are vertical, with hades ranging 
from 30° to 70°. They occur in the minor synclines in which 
the mines are located and dip outward from the axes of the 
basins. They are especially important in some of the mines, 
for they contain the ore deposits known as "pitches." They 
are thought t9 be due either to the slumping or settling of the 
beds on account of the shrinkage of the underlying oil rock 
or to act':lal lateral compression. At some places both causes 
may have acted together to produce them. Most of them occur 
in the lower 50 feet of the Galena dolomite. 

Recent careful field work has failed to discover clear evidence 
of notable faulting, 80 it is believed that the area is practically 
without faults. 

GEOLOGIC HISTORY. 
PRE-CAMBRIAN TIME. 

The geologic history of the Galena and Elizabeth quadrangles 
during pre~Cambrian time is not known but was presumably 
much like that of central and northern Wisconsin, where pre­
Cambrian rocks are exposed and whose pre-Cambrian history 
in its general features is known. Great lava streams were 
poured outj thick series of strata, now metamorphosed and 
deformed, were laid down j and internal earth movements, 
causing lo('al uplift and consequent surface erosion, at times 
interrupted sedimentation, as is shown by profound uncon­
formities between the successive series. 

PALEOZOIC ERA. 

OAMBRIAN PERIOD. 

Throughout early and middle Cambrian time the region 
seems to have been above sea level and to have been subjected 
to erosion. About the end of middle Cambrian time the sea 
spread over th£' region, probably advancing from the south, 
and on its bottom was deposited a considerable thickness of 
alternating beds of sand and mud, now constituting the Cam­
brian formations, which are widely exposed in Wisconsin, 
Iowa, and Minnesota. Deposition seems to have been. inter­
rupted several times. Near the close of the Cambrian period 
some calcareous mnd, now the St. Lawrence formation, was 
deposited, and afterward more sand, now the Jordan sandstone. 

ORDOVICIAN PERIOD. 

Prairie du Ohien epoch.-Upon the J'ordan sandstone a 
consideraple thickness of calcareous mud, now forming the 
Oneota dolomite, was deposited, in a body of quieter and 
possibly deeper water, which was part of a great inland sea 
that covered the Mississippi basin and much of the Appalach­
ian province. The extent of this sea is shown by the wide 
distribution of the remains of the peculiar fauna of the time. 

Oneota deposition was succeeded by sea invasions or by other 
changing conditions, indicated by the irregular alternation of 
sandstone and magnesian limestone that constitute the Shako­
pee dolomite. The arenaceous beds of this formation may be 
in part reworked and redeposited Cambrian sandstone. This 
period of deposition was followed by a period of uplift, during 
which the surface was gently warped and unevenly eroded. 

St. Peter epoch.-The period of uplift and erosion last men­
tioned was succeeded by a period of depression when the water 
was shallow and when a thin layer of sand, now the St. Peter 
sandstone, was deposited over a large part of the Mississippi 
basin. Much of this material was doubtless a product of the 
disintegration of older sandstones. The St. Peter sand seems 
to have been deposited by a northward transgressing sea. The 
thorough rounding of the sand grains and the development of 
frosted 8urfilces on them suggest that they were wind worn. 
·As the sea advanced northward the former shore line, at least 
in Missouri and west-centml ·Illinois, was covered by calca­
reous mud, now the Joachim limestone, which becomes thicker 
roward the south: 

G.lIIn.-EU •• beth, 
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Platteville and Decorah epochB.-In Decorah time the water 
was muddy and deposited some clayey material, but it soon 
became ,clearer and deposited relatively pure calcareous sedi­
ment, how represented in the area by the Platteville limestone, 
which contains abundant remains of marine animals, to which 
it owes much of its calCRreous composition. While the middle 
part of the Platteville was being deposited the epicontinental 
sea laid down a uniformly fine grained sheet of limestone over 
a large part of the United States east of the one-hundredth 
meridian. This sea was limited on the east by the Appalach­
ian highlands but spread northward into Ontario. 

After this widespread deposition of limestone a gradual shoal­
ing, marked by alternate thin beds of limestone and shale, 
occurred in the Galena and Elizabeth area, a part of which at 
least appears to have been above sea level for a time. In 
northern Iowa, Minnesota, and western Wisconsin, however, 
considerable beds of mud, now forming the Decorah shale, 
were laid down at this time. 

Galena epoch.-The Galena epoch began with general sub­
mergence and deposition. The oldest stratum referred to the 
Galena formation in the quadrangles is the" oil rock," which 
consists in pal·t of clayey material but contains a large amount 
of carbonaceous matter. This rock is believed to be composed 
largely of the remains of floating plants, which accumulated in 
great quantities on the bottoms of shallow basins early in the 
epoch. 

111 the early part of the Galena epoch the surface in this 
region probably oscillated considerably, being at one time above 
sea level and at another time below, but later the water became 
somewhat deeper and the conditions more stable, fttvoIing the 
formation of limestone. The water was no doubt clear and 
may have been rather deep. Deposition seems to have gone 
on continuously until enough material to form 150 feet of 
dolomite had accumulated. Near the end of the epoch another 
change, which may have included emergence, seems to have 
checked deposition, but afterward more calcareous material 
was laid down. The uppermost part of the formation is 
irregular in thicknesl!l, but how much of the irregularity is 
due to inequalities in deposition and how much to erosion 
is not known. The whole formation, 235 feet or more thick, 
includes only a few beds of sha]e, which represent a little clay 
that was carried into the sea and deposited with the calcareous 
material. 

Maquoketa epoch.-After the uppermost beds of the Galena 
had been deposited the surface in this region seems to have 
emerged once more, at least for a time, after which it again 
sank beneath the sea and upon. it there was laid down the 
deposits of mud and clay that DOW form the Maquoketa shale. 
The deposition of this formation seems to have continued with­
out interruption, though changes in conditions from time to 
time permitted the accumulation of material that formed shale, 
dolomite, or limestone, the character of' the rock formed depend­
ing, of course, upon 'that of the material deposited. Some of 
these beds contain few well-preserved fossils but others contain 
great numbers. During the Maquoketa epoch the soo seems 
to have been shallow and vast quantities of clay were brought 
into it from land that lay north of this region. At the close 
of the epoch the surface seems again to have emerged and 
been subjected to erosion. In at least some places the Maquo­
keta formation appears to have been cut into by streams to a 
depth of 100 feet. 

SILURIAN PERIOD. 

Niagara epoch.-The Niagara epoch began with a southward 
advance of the sea, which occupied first the hollows in the sur­
face of the Maquoketa formation-the placf!S which presumably 
had been most deeply eroded. These hollows probably formed 
small embayments of the shore line, and deposition seems to 
have begun in them while erosion continued on the unsub­
merged parts of the surface. The first materials laid down in 
the hollows conj;Jisted of grains of dolomite, probably derived 
from the reworking of dolomitic material in the Maquoketa, 
which, like that of the other formations, weathers characteris­
tically to dolomitic sand. Upon this was laid down a deposit 
of dolomitic or calcareous material mixed with cOllsiderable 
clay, which to-day forms an earthy, fine-grained dolomite that, 
with the overlying deposit, fills the hollows in the old Maquo­
keta surface. 

At that time the species of brachiopod known as Atrypa 
marginalis was living in the region, although it appears not 
to have lived there at any earlier or later time. This species 
is regarded as characteristic of the late Medina in America, 
and as it, is found in these quadrangles only in material 
d~osited in the hollows of the Maquoketa surface some part 
of the beds here assigned to the Niagara may have been 
formed in late Medina time. 

No evidence ha8 been fonnd that the region emerged from 
the sea. before the higher and more continuous beds of the 
Niagara were laid down, but a break in sedimentation is sug­
gested by the absence of beds representing the Clinton epoch 
of New York. After this probable break the conditions were 
again favorable· to the deposition of calcareous material which 

either was magnesian at the time it was deposited or became 
so later and which accumulated until it reached a thickneEis 
of 200 feet or more. 

LATER PALEOZOIC TIME. 

The history of the sedimentation and erosion in the district 
from late Silurian time until the Cenozoic era is almost 
unknown. There is nothing to show how long the Paleozoic 
sea existed in the region after the Niagara dolomite had been 
deposite9. Devonian sediments may have been laid down and 
eroded, but during tile Devonian period the region was prob­
ably land that lay uear sea level and that was undergoing 
erosion. 

So far as known, no record of Carboniferous .time remains in 
the district, but Carboniferous strata were deposited less than 
20 miles away, both on the Bouth and on the west, and, in 
view of' the amount of erosion to which the region has been 
subjected, it seems quite possible and rather probable that 
deposits were formed in the district in Carboniferous time and 
were afterward eroded away. The nearest Carboniferous strata 
consist of shale and sandstone and thin beds of coal, all pre­
sumably laid down in extensive marshes that lay not far from 
sea level. 

MESOZOIC ERA. 

No record ot' Triassic or Jurassic time is preserved in the 
quadrangles or in any area that is near enough to afford infor­
mation as to the events of those periods. The district probably 
lay a little above sea level and the surrounding region wa.s 
probably nowhere high, so that there was neither extensive 
erosion nor extensive deposition. 

During the Cretaceous period the sea advanced from the 
west and in it sediments that now form sandstone, shale, and 
limestone were deposited in western Iowa and Minnesota, but 
there is no evidence that the Cretaceous sea covered northern 
Illinois. So far as can be made out, no Cretaceous events are 
recorded in this area either in deposits or in surface features. 
All land forms developed during the period seem to have been 
destroyed by erosion. The general fine grain of the Cretaceous 
rocks to the west and south indicates that the region lay at a 
low altitude and was nearly level. 

CENOZOIC ERA. 

TERTIARY PERIOD • 

The record of the Tertiary period is almost as scanty as that 
of late Paleozoic and Mesozoic time, but it appears to show 
that near the beginning of the period the region was uplifted 
and tilted southward. In the following cycle of erosion much 
material was removed from the area and a new surface, 
approximately a plain-a peneplain-was formed. Rem­
nants of this plain Rre believed to be still present in the area, 
for the tops of many of the highest hills stand at concordant 
altitudes and the better preserved of these hills are flat-topped 
and bear about 200 feet of the Niagara dolomite. The 
remnants of this old surface seem to increase in altitude from 
heights of 900 to 1,000 feet above sea level in the southern 
part of the area to a height of 1,200 feet in the northern part. 
In southern Wisconsin isolated hills reaching heights of 10,700 
feet are capped with the same rocks that cap the highest hills 
30 miles to the south, whose tops are 500 feet lower. It also 
cuts across formations. For example, it has been traced across 
all formations from, the Niagara dolomite to the Platteville 
limestone between Dubuque and Church, Iowa. It is believed 
to be the same plain as that which bears high-level gravels 
at Waukon, Iowa, and Devils Lake, Wis. The age of the 
plain indicated by these hilltops is not known and can be 
estimated only by comparing the area, as regards its "features 
and the amount of erosion, with districts whose history is 
similar and with districts in which the amount of post-Tertiary 
erosion is known. Estimates so made, though uncertain, indi­
cate that the plain marked by the tops of the hills capped with 
Niagara dolomite were in existence in Tertiary time, though 
perhaps its dissection began as early as the middle of the period. 
This plain, whose formation no doubt occupied a long time, was 
probably not the product of long erosion and was probably not 
constructional, yet it is inconceivable that during Mesozoic and 
early Tertiary time there was practically no erosion and no 
deposition. If it were a plain of deposition it must represen t 
the surface of deposits laid down in middle Paleozoic time-in 
other words, an uplifted. and dissected coastal plain of pre­
Devonian age-which remained almost unmodified until late 
Cretaceous time, and this is extremely improbable. 

A later and lower plain covers much of the northern part of 
the area and also much territory in southern Wisconsin. This 
surface lUay date from late Tertiary time, when a similar pene­
plain was being formed in other parts of the'Mississippi basin. 
It could not be called smooth, aud it was probably so rough 
that it could barely be called a plain, for it was broken in 
places by remnants of the older plain, 01' monadnock.s, which, 
though now somewhat reduced in size, still stand 8S the hiHs­
commonly called mounds-capped by the Niagara dolomite. 



However, the surface was so nearly a. plilin that even after 
later uplift and erosion it is still recognizable. 

Probably near the end of the Tertiary period the region was 
ag!rin uplifted to form a new plain in which narrow valleys 
several hundred feet deep were cut. The rock bottom of the 
Mississippi gorge is about 500 feet belo\ ... the ne",'lr-by upland, 
and some geologists believe that it was cut to that depth before 
the end of the Tertiary period, for certain material from the 
bottom of it seems to them to be of earliest Quaternary age, 
and the bottoms of the valleys of tributaries of the Mississippi 
are somewhat concordant in position with the bottom of the 
gorge. Others, including the writers, suspect that in late 
Tertiary time H divide, from which small streams Howed north­
ward and southward, lay just north of the area, and that the 
deep, partly filled Mississippi gorge and other deep, narrow 
"alleys in the region were formed largely in the earliest part of 
Quaternary time. That the plain into which the valleys are 
cut was in existence in early Pleistocene time is indicated by 
the fact that in Iowa it bears a cover of till which may be 
Nebraskan. 

QUATERNARY PERIOD. 

The events of the Pleistocene epoch, ·which profoundly and 
widely affected much of North America, affected only indi­
rectly most of the Galena and Elizabeth quadrangles, where 
the Pleistocene record is short and incomplete. Of pre­
Illinoia,n time the only record is found in the remnants of 
till in the southwest corner of the area and in part of 
the residual clay. Both the pre-Kansan or Nebraskan and 
the Kansan ice sheet approachf?:d at 'least within 15 miles of the 
RreH. Possibly the thin edges of both sheets covered the part 
of the district t.hat 1i~s in Iowa, and one of these glaciers seems 
to have crossed the riYer and advanced to the vicinity of 
Hanover. 

A long interglacial stage (the Yarmouth) succeeded the Kan­
san stage and waH followed by the Illinoian ice invasion. The 
earlier ice sheets had approached the area from the west or 
northwest, but the Illinoian ice advanced from the east, thon.gh 
its general movement WHS southward. It covered several 
square miles along the· eastern side of the area flnd brought 
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FlaURB 7.-CroBS ssctions of the MiSsissippi gorge, showing profiles of the 
old valley cut in the hard rocks, the valley fill, and the bordering terraces. 

Seetion a. at mouth or Galena River; b. opposite Pilot Knob: c. at Yeager CreBk; d, below Spruce 
01'&6k; e, at Bellevue. 
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dolomite: Op, P1att.evllle limestone e.nd De~orllh shale; O,P. St, Peter ""mdstone: Opo, Prairie 
du Ohien group. 

Horizontal E!<lale: 1 inch _ about 2 miles: vertlo,,\ scale, 10 times horizontal. 

hi.rge quantities of stones, more or less finely ground, and 
clay. Northeast of Stockton the ice and its deposits filled the 
valley of a stream which may originally have drained south­
eastward into Stephenson County along the course of Yellow 
Creek. The headwflters of the stream were here dammed and 
held until the lake formed by the dam rose high enoup;h to 
overflow a low place in a divide south of Millville, which sepa­
rated the yalley of the stream from what was then the head of 
Apple River valley. The water flowing across the divide 
gradually carved a trench, and the drainage basin of Apple 
River was thus extensively and permanently enlarged. This 
trench, which connects the old Apple River valley with the 
new val1.eys in the vicinity of Apple River and Warren, is one 
of the most striking topographic features in the area. (See PI. 
XI.) The Pecatonica Valley, northeast of these quadrangles, 
was also dammed, and probably its' water overflowed into 
ApplE) River, but no traces of its channel have been 'found in 
t~e area under discussion. Ind()ed, th~re is sl'l:rprisingly little 
foreign ·gravel' along Apple River. 
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After t,he Illinoian ice sheet had disappeared there was 
another time of genial climate, during which the loess was 
deposited. The origin of the loess has been much discussed 
and the consensns of opinion now seems to be that most of the 
material which haB received that name was deposited by wind, 
Rlthough possibly a small part was deposited by water. Per­
haps it would be well to restrict the use of the name loess to 
the wind-deposited part of the material. The fossils which it 
contains are the shells of air-breathing gastropods such as now 
inhabit forests in climates not very different from that of the 
region to-day. 

The "Tisconsin ice sheet occupied the valley of the Missis­
sippi no farther south than a short distallce below St. Paul, but 
while the ice margin lay there the valley was probably flooded 
and the water was loaded with detritus. The vallev was filled 
to a depth of 12.5 feet or more, possibly by this material alone, 
but possibly in part by material brought in flfter the ice 
melted, by streams which cut new valleys in the drift. The 
arrangement of the drainage systems during 'Visconsin time 
seems to have been essentially the same as now. Flooding 
and filling of the Mississippi channel caused back water in the 
tributaries-to a greater degree, of course, tha.n at present­
and their lower courses were accordingly filled with closely 
laminated fine silt or clay of local derivation. Figure 7 shows 
the amount of valley filling and the form of the glacial gorge. 

The recorded events of the Recent epo~h consist of the 
further development of the mantle of partly decRyed rock that 
covers the surface, the deposition of the travertine·flnd of the 
alluvium in the stream bottoms, and the clearing out by the 
Mississippi as well as by its tributaries, at their lower ends, 
of part of the deposits formed in the Pleistocene time. In 
their middle and upper parts most of the tributaries are now, 
flS heretofore, working away on hard rock, undisturbed by the 
far-reaching events that have affected their lmver courses and 
the master stream. 

1\108t of the streams, whether on the whole building up or 
cutting down, have continually formed deposits along their 
banks. Each stream swings back and forth across its valley, 
depositing on one bank and catting on the other. This work 
is done mainly at times of high water, when the streams spread 
over their flood plains, dropping the finer materials where the 
land surface is high and the water is shallow, and the coarser 
where the water is deeper. 

The wind has here and there perhaps formed fresh deposits 
of dust or loess and has shifted somewhat the positions of the 
deposits already made, but the principal products of its work 
in Recent time are sand dunes along the edges of the river 
valleys. (See PI. VIII.) 

ECONOMIC GEOLOGY. 

The ~ologic resources of the Galena and Elizabeth quadran­
gles include o~es of lead and zinc, sulphur, building stone, clay, 
cement materials, lime, sand, road materials, wat.er, and soils. 

LEAD AND ZINC ORES. 

The quadrangles lie within the area which has been called 
the Upper Mississippi Valley lead and zinc district and which 
has long been known as a producer of lead and zinc ores. 
Small amonnts of the ores have been found ill all the Paleozoic 
formations of the quadrangles, but the productive ore-bodies 
are confined to the Galena dolomite and the Decorah shale. 

The deposits occur in all the divisions, of the Galena, but the 
most valuable onee~that is, the peculiar "flats and pitches" 
and the disseminated deposits-lie at or near the base of the 
formation. Some of the crevice deposits, rarely in the form of 
Hats and pitches, reach as high as the upper ha.lf of' the Galena 
and a few lie even close to the top of' the formation. A little 
mining for zinc ore has been done in the Maquoketa shale 
northeast of Scales Mound, but apparently with no very 
encouraging.result. 

The ores consist of several minerals containing lead or zinc, 
with which are associated other minerals that must be separated 
from these in the concentration of the ores. 

Galenite or lead sulphide (PbS j lead, 86.6 pel' cent; sulphur, 
13.4 per cent j sp. gr., 7.4 to 7.6), known also as galena, and by 
the miners as "mineral," is the only commercially valuable lead 
ore found in the district. It generally occurs in crystals, either 
cubes or, less commonly, octahedrons. At some places combi­
nations of the two forms are seen. Some of the large crystals 
are several inches or a foot across flnd are called "cog mineral" 
by the miners. Gale~a commonly occurs in crystals dissemi­
nated through the rock in such a way that on crushing the 
rock and concentrating the mineral it is recovered in small 
cubes. Galena in this form is called" dice mineral." It also 
occurs in' peculiar reticulated forms 'having treelike branches. 
it was the original lead ore of the district and from it have been 

derived other minor ores. The galena of this district, unlike 
that of most Rocky Mountain mining districts, contains practi­
cally no silver. 

Cm'usite or lead carbonate (PbCO g ; carbon dioxide, 16.5 
per cent; lead oxide,83.5 per cent; lead, 77. 5 per cent; sp. 
gr., 6.46 to 6.57), known also as white lead ore, occurs at some 
places in minute, colorless crystflls on the surface of the larger 
crystals of galena, but more commonly it forms a white to yel­
lowish powder-like coating OJ) crystals of altered galena. It is 
a secondary mineral derived from the alteration of galena in 
the zone of weathering. It is not found in large quantity and 
is not mined as a source of lead. 

An,qLesite or lead sulphate (PbS0 4 ; sulphur trioxide, 26.4 
per cent; lead oxide, 73.6 per cent; lead, 68.3 per cent; sp. 
gr., 6.3), which has been mentioned in some of the earlier 
reports on the district, is of ra.re occurrence. The so-called 
anglesite seems to be selenite or gypsum, and, in fact, it may 
be questioned whether true anglesite hRS been found in north­
western Illinois, although no reason is known why it may not 
occur there. 

Sphalerite or zinc sulphide (ZnS; zinc, 67.15 per cent; sul­
phur, 32.8.5 per cent; sp. gr., 3.9 to 4.1), known also as zinc 
blende and by the miners as "black jack," or simply as "jack," 
is the original zinc mineral and is by far the most valuable ore 
of the district. As it usually lies below the level of ground 
water it was not discovered in the early explorations of the 
district and was not utilized for some years after its discovery. 
It ranges in color from light straw-yellow through brown to jet­
black, the black color being due to impurities, especially iron. 
It occurs most commonly in sheets that line the sides of crevices. 
On free surfaces it occurs in small and rather poorly formed 
crystals. At some places small nodules of sphalerite, an inch 
or less in diameter, are embedded in clay, especially in the clay 
bed that marks the base of the Galena dolomite. This form of 
sphalerite is frequently spoken of aA "strawberry jack." The 
other zinc minerals of the district have been formed by the 
alteration of sphalerite. 

Srnithsonite or zinc carbonate (ZnCO 3; carbon dioxide, 35.2 
per cent; zinc oxide, 64.8 pel' cent; metallic zinc, 52.06 per 
cent'; sp. gr., 4.3 to 4.4), is known by the miners as carbonate, 
or more commonly as "dry bone," a name suggested by its 
light, porous structure, which roughly resembles the inside of 
a bone. It generally occurs in brownish 01' yellowish porous 
masses which have Ii decidedly earthy appearance. It is also 
found, though less commonly, in more compact and irregular 
masses, most of which are white. Next to sphalerite it is the 
most. valuable zinc mineral in the region. It generally occurs 
above the level of ground water, but a.t some places extends a 
short distRllce below that level. In the early lead mining in 
the district it ,"yas neglected, and in the early period of zinc 
mining it was about the only ore of zinc mined, sphale,rite not 
being then used, but it is no, ... produced in considerably less 
amounts than formerly and in decidedly smaller amounts than 
sphalerite. Most of the smithsonite now mined is burned into 
zinc white at Mineral Point, Wis. 

H.1fdrozincite (a basic hydrous carbonat.e of zinc; sp. gr., 
3.58 to 3.8) is known also as zinc bloom. Pure hydrozincite 
contains 60 per cent of metallic zinc. It is generally associated 
with smithsonite and is difficult to distinguish from that 
mineral in the field. In fact, it is rarely recognized in the 
district and no definite statements can be made as to its 
occurrence. 

Calarnine or zinc silicate (H2ZnSiO~; silica, 25 per cent; 
zinc oxide, 67.5 per cent; water, 7.5 cent; metallic zinc, 54.23 
per cent; sp. gr., 3.4 to 3.5) is common in some districts, but 
has not been certainly recognized in the upper :Mississippi 
Valley. In one of its forms it closely resembles the massive, 
nonporous variety of smithsonite and may therefore possibly 
have been' overlooked. 

MINERALS ASSOCIATED WI'l'H THE ORES. 

Marcasite and' pyrite (FeS~; iron, 45.78 per cent; sulphur, 
54.22 per cent; sp. gr., 4.67 to 5.2) are intimately associated 
with sphalerite and galena, especially sphalerite. Marcasite, or 
,,,hite iron pyrites, crystallizes in the orthorhombic system, 
whereas pyrite crystallizes in the isometric system and ordi­
narily in cubes, pentagonal dodecahedrons, or octah'edrons. 
1farcasite is t.he most common form of iron sulphide in the 
district, and in the following descriptions it is assumed that all 
the iron sulphide is in the form of marcasite. Pyrite is much 
less common, though it is found at some places, as, for instance, 
near Pilot Knob, where the two minerals occur side by side. 
Marcasite is associated with sphalerite and is a detriment to the 
ore, because the two are hard to separate in milling. Above 
the level of ground water marcasite is generally altered to 
limonite. 

Psilornelane (a hydrous oxide of manganese; sp. gr., 3 to 
4.7) occnrs as an amorphous black substance known as wad. 
It is widely distributed in small quantities, generally in the 
form of a fine black powder. 

Calcite, or calcium 'carbonate (CaCO s ; carbon dioxide, 44 
per cent; lime, 56 per cent; sp. gr., 2.7), is widely known as 
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calc spar or simply as spar, and the miners usually call it 
"tiff." It is the most common mineral in the district, and is 
almost everywhere associated with the lead and zinc ores. At 
many places it lines the interior of the crevices, having been 
deposited after the metallic sulplndes Hlready mentioned. It 
occurs also in veins or in any kind of cavity in the dolomite 
and limestone of the quadrangles, especially in the Galena and 
Platteville formations. 

Dolomite (l\fgCaCO s ; carbon dioxide, 47.9 per cent; lime, 
30.4 per cent; magnesia, 21.7 per cent; sp. gr., 2.8 to 2.9), 
though the principal constituent of most of the Galena forma­
tion, rarely occurs in large crystals and does not seem to have 
been deposited in the crevices. 

Selenite or hydrous calcium sulphate (CaSO 42H20; sulphur 
trioxide,46.6 per cent; lime, 32.5 per cent; water, 20.9 per 
cent; sp. gr., 2.3), occurs in small crystals, but is not very com­
mon. It undoubtedly owes its origin to certain chemical 
reactions that take place between the calcium carbonate of the 
rocks and the sulphuric acid produced by the hreaking down 
of the marcasite or other sulphides. 

Barite 01' barium sulphate (Ba80 4 ; sulphur trioxide, 34.3 
pet cent; baryta, 65.7 per cent; sp. gr., 4.3 to 4.6), commonly 
known as heavy spar, is found at some places near the oil rock, 
but also lines cavities, being the last mineral deposited. It is 
not common in the district, though in some of the mines it is 
abundant. It is highly undesirable commercially because its 
specific gravity is so nearly that of sphalerite that the two 
minerals are very difficult to sepurate during concentration. 

Sulphur (8; sp. gr., 2), though not abundant, occurs here 
and there in the lead region in a pulverulent or minutely 
crystalline form in crevices or small cavities in the mines. It 
is undoubtedly prodnced by the decomposition of the iron 
sulphides, marcasite and pyrite. It is nowhere found in suf­
ficient abundance to be economically important. 

Quartz (8i0 2 ; oxygen, 53.3 per cent; silicon, 46.7 per 
cent; sp. gr., 2.6) occurs chiefly in the form of chert, which is 
abundant in parts of the Galena dolomite. Notwithstanding 
the large amount of silica in the ore-bearing rocks it is rarely 
found in crystalline form. 

Classificrdion.-The lead and zinc ores are at many places 
associated, and both occur in the same kinds of formations and 
at the same horizons. The deposits may be grouped into two 
divisions based upon their form, those that occur in cracks or 
crevices in the rocks, including both vertical crevices and the 
fiats and pitches described below, and those that are disseminated 
in small particles throughout the rock. 

Crevice deposits.-The deposits in cracks or fissures and along 
joint planes, many of which have been enlarged by solution 
before the ore was deposited, were formed in open cavities, and 
not by replacement. 

Most of the crevices trend from east to west or from a little 
north of west to south of east and are essentially vertical. They 
are crossed by many other crevices, the main series of which 
runs a little east of north and west of south, about at right 
angles to the major set. To the first series of crevices the 
miners apply the term "east and ·wests," and to the second, 
"north and souths." In addition there are smaller fissures, 
called quartering crevices, that cross the main fissures at various 
angles, and to these the names "two o'clocks," "ten o'clocks," 
etc., ha \'e been applied by the miners, as their direction coin­
cides with that of the shadow cast by the sun at 2 o'clock or 
10 o'clock, or at other times. Most of the ore mined has come 
from the east-west crevices, but partieularly rich deposits occur 
at the intersections of crevices. 

The general term" range" is applied by the miners of the 
Upper Mississippi Valley district to an ore-bearing crevice or 
to a series of such crevices that lie parallel and close together. 
Some of the ranges can be traced for several hundred feet, and 
some, apparently, for a few miles. 

The ore deposits in the vertical crevices at some places impreg­
nate adjacent beds laterally for short distan.ces, where solution 
of the colomite has occurred. Irregular cavities that are more 
or less filled with are have thus been formed, and to these 
cavities the term "openings" has been applied. Most of the 
openings are in the upper part of the Galena dolomite, and 
most of' the flats and pitches are in its lower part. 

In the lower part of the Galena dolomite, especially in bed 
2 of the generalized section, many of the vertical joints are 
replaced by u series of joints that dip away on ttither side of a 
main vertical crevire. These dipping joints, ,vhich contain 
ore, are connected with horizontal openings that run along the 
bedding, which also contain ore. It is these peculiar forms of 
deposits that miners call flats and pitches, the flats being the 
horizontal parts of the deposit, the pitches the inclined parts. 
(See fig. 8.) 

.Many of the flats and pitches are connected with vertical 
east-west crevices. The crevices as a rule do not extend below 
the horizon of the oil rock, although at some places the main 
glass-rock beds contain numerous fractures filled with are. 
A series of flats and pitches may be 100 feet to 200 feet 
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across, and in a flat that runs back from a pitch into the foot 
wall the~·e mav be a considerable mass of mineralized rock, 
which extends~ from one pitch to the other, and which can be 
mined out. In general the pitches in anyone mine are 
approximately parallel with one another and also parallel with 
a vertical crevice, but at some places there are secondary pitches 
which contain are and which trend in a direction very different 
from that of the main system of pitches. 

Associated ·with the crevice deposits are others to which the 
name "honeycomb" deposits has been applied, but these fl.re 
not genetically different from the ordinary crevire deposits. 
They occur in connection with the crevice deposits at places 
where the rock has been brecciated, semibrecciated, or strained, 

FIGURE S.-Diagrammatic cross section of the ore·bearing flats and pitches 
in the Galena do1omite. 

a,F1BtsBlongbBddlngplaneJ!; b.p!toh6'l; o,verticalcrevlce. 

and where it has therefore been more subject to solution. In 
the solution cavities that have been made along the zones of 
brecciation ore has been deposited. Deposits of this kind, 
which grade directly into the crevice deposits, occur at many 
places. 

As before stated, many of the vertical crevices that are filled 
with ore are not connected with flats or pitches. Flats also 
occur without pitches. )'10st of these are found at or just 
aboye the horizon of the oil rock. In some places, however, 
flats occur just below the main glass-rock beds, where there is 
also another thin bed of oil rock. The ore in some of these 
fiats has been deposited in open ca \'ities made by solution, 
but that in others seems to be a replacement deposit, and 
thus to grade directly into the next class, called disseminated 
deposits. 

Disseminated deposits.-At certain horizons the rock has 
been more or less permeated or impregnated by ore-bearing 
solutions and in such places crystals of sphalerite and of 
Galena occur in ahundflllce. The disseminated deposits can 
not be sharply separated from the flats that occur in connection 
with the oil rock just mentioned. Most of them are found in 
thin beds of limestone or dolomite that immediatel v overlie 
the oil rock, in the oil rock itself, in the clay bed t.hat~ immedi­
ately underlies the oil rock in some of the mines, or at the 
base of the main glass-rock beds, associated with some thin 
layers of oil rock. 

Most of the flats and pitches and the vertical crevices contain 
notable amounts of marcasite, which at some places occurs in 
great abundance. As a general rule less marcasite is fonnd 
in the dissemimlted depositB than in the fiats and pitches or the 
vert.ical crevices. 

RKLATlO:lI-S OF THE ORES. 

Order of deposiMon.-As has been already stated, the ore in 
the crevices was deposited in the open nssures. The usual 
order of deposition of the minerals, from the wall to the 
center of the vein, is as follows: (1) marcflsite, (2) sphaler­
ite, at some places containing galena, (3) galena, (4) calcite, 
(ti) barite. Each of these minerals appears in a characterist.ic 
band, but all fiye of these bands are not observable in e\'ery 
deposit. Practically everywhere, however, the ,vall rock is 
coated by ,a layer of marcasite, either thin or thick, and out­
side of this lies sphalerite, which mayor may not contain a 
little galena and which mayor may not have galena outside of 
it. The richest ore of the district, an ore that is very plentiful 
in the fiats and pitches in some of the larger mines, is this 
second layer, which is made up essentially of sphalerite with 
here and there a little galena. At some places the layer of ore 
on each side of'the open crevice is 3 to 6 inches thick. 

Although the order of deposition gi ven above for the ores js 
that generally noted throughout the district, a second period of 
deposition of marcasite has occurred at some places, and at a 
few other places all the metallic sulphides are mingled together. 

Downward chanye of 01·es.-The ore minerals are not only 
arranged in layers or bands from the wall rock out toward the 
centers of the crevices, but exhibit a significant arrangement in 
a yertical direction, from the earth's surface down to and 
below the level of the ground ·water-that is, the level below 
which the rocks are saturated with water. Three distinct hori­
zontal zones occur in this vertical succession. At the top, in 
many places near the surface of the ground, there is a zone con­
taining galena in large crystals and masses. It is, of course, 
above the level of ground water, and it is being continually 
lowered by erosion. Below this is a second zone, in which 
smithsonite is the principal ore, and which extends down to 
the level of ground water and in some places a few feet lower. 

The third zone, which is below ground-water level, is essentially 
a zone of sphalerite, 

In the Galena and Elizabeth quadrangles the level of 
ground water ranges from 10 feet or less below the surface in 
the valleys to 100 feet below the surface ou the., broad inter­
stream areas. 

AltllOugh each of the three zones is characterized by its own 
peculiar mineral, galena extends from the first down into the 
second zone, which contains principally smithsonite, and some 
galena is found also in the zone of sphalerite, especially near 
its top. At many pl/l.ces in the lower zone crystals of galena 
have been deposited on 'sphalerite in the open centers of the 
cavities, but just below the top of this zone these crystals of 
galena are much less numerous, and in its lower part galena is 
intimately mingled with sphalerite. 

The smithsonite of the district is a product of the alteration 
of the original sphalerite, an alteration which has taken place 
everywhere in the zone above the level of ground water, and 
which at some places extends a few feet below that level. The 
lower part of the second zone yields specimens showing all 
stages of alteration from sphalerite to smithsonite. 

Relation of ore deposits to structure.-Attention has already 
been called to the fact that the crevice deposits occur ~_n joints, 
and more commonly in joints that have been enlarged by solu­
tion. These joints bear a more or less rlose relation to the 
warping that the rocks in the district have undergone, the 
principal joints running nearly parallel to the main axes of 
warping. 

Recent detailed work in the Upper Mississippi lead and zinc 
district has shown that many of the lead and zinc deposits of 

,the region lie at or near the bottoms of synclinal basins, 
especially the disseminated deposits, the flats associated with 
the main oil rock, and the thin beds of oil rock that lie just 
below the glass rock of the Decorah shale. Many and perhaps 
all of the deposits in the flats a,nd pitches also lie in synclinal 
basins, but sufficient data are not at hand to show positively 
that all of them occur in such basins. 

The general character and the origin of the synclinal basins 
have been discussed in the description of the structural 
geology, under the heading "Folds" (pp. 8-9). 

ORIGIN OF THE ORE DEPOSITS. 

It is now commonly believed by geologists that the are 
deposits of the district were derived entirely from the country 
rock, and mainly from the Galena dolomite. The views here 
set forth are in accord with those of Chamberlin and Bain. 
There is no evidence that the ores or the ore-bearing solutions 
were here brought up from great depths, as they were in many 
metalliferous deposits elsewhere. In fact, it is doubtful whether 
such solutions could have passed through the Decorah shale, 
which underlies the dolomite. The ore-forming substances 
might have come from aboye the present are bodies, but they 
could scarcely have been carried down through the Maquoketa 
shale, and if they were carried down over its eroded surface 
they must have been deposited in Pleistocene time. More 
probably, however, they were brought in solution from the 
crystalline rocks that lay farther north and were precipitated 
by some means, possibly by the agency of' plants, in the Ordo~ 
vician and Silurian seas, as R part of rocks that were afterward 
uplifted. The are bodies as they exist to-day were derived 
from these rocks and d~posited by water that circulated in the 
Ordovician rocks. The waters dissolved the minute particles 
of the are materials that were scattered through the rocks and 
redeposited them in the main ore bodies at the base of the 
Galena dolomite and in the scattered particles of ore in the 
upper part of this formation and in other formations. The 
percentage of lead and zinc in the country rock required'to 
form valuable are deposits is very small indeed. 1. 1\1. Buell, 
at the suggestion of T. C. Chamberlin, made an estimate of the 
degree or amount of metallic impregnation of the rock that 
would exist if the entire quantity of ore taken from the Potosi 
district, in the Lancaster' quadrangle (in Wisconsin, Iowa, and 
Illinois) were uniformly distributed through the adjacent rock. 
In determining the limits of the district, a margin outside the 
outermost crevices was allowed equal to half the average dis .. 
tance between the crevices-that is, the outer crevice was sup­
posed to draw only as much ore-forming mineral from the 
territory outside of it as from' the territory between it and the 
neighboring crevice. As the basin orcupied by the district is 
large this is a reasonable assumption. Furthermore, it was 
assumed that, in the deposition of the ores, the rock had been 
leached to a depth of only 100 feet, although probably twice 
that amount of rock originally lay abo\"e the base of the 
deposit. The estimate showed that the lead and zinc content 
of the rock under this hypothesis would amount to Tm of 1 
per cent of the mfl.SS of the rock. 

H has already been stated that many of the ore deposits 
seem to lie in structural basins. These basins, or at least such 
of them as occur in the Galena dolomite, are floored with prac­
tically impervious layers-that is, by thOe oil rock and Decorah 
shale-and are no\" generally above the groulld~water level. It 
is therefore thought by some investigators that these basins 



have acted as channels for water that descended to the imper­
vious floors and then flowed down the pitching synclines form­
ing the basins. The disseminated deposits and those in the 
lowest part of the flats and pitches suggest that· the organic 
matter found. in the oil rock was among the agencies of the 
precipitAtion of the metallic substances held in solution by 
the circulating .water, and that the volatile materials given off 
from the oil lock may reasonably be supposed to have nided 
materially in precipitating the are in crevices higher up in the 
formation. 

There is evidence that the ore minerals are continually 
migrating downward along the crevices to become alTanged in 
the horizontal zonps already described. Sphalerite, which is 
rendily altered to smithsonite, is dissolvea and carried down­
ward to be precipitated close to the water le\:el as smithsouite, 
or carried still farther down !md reprecipitated as sphalerite. 
Oalena is not so easily dissol ved and does not tra ~·el down ward 
so rapidly. A large part of the galena lies close to the surface 
and travels downward about as fast as the surface is lowered by 
erosion. The lead ore that is dissolved and carried downward 
is commonly reprecipitated near the level of ground water, and 
this precipitation gives rise to the large crystals of galena that 
line the veins in the upper part of the lo\ver ore zone fit many 
places. 

The most productive mines are grouped in certain rather 
small districts, known us the Galena, the Sand Prairie, and 
the Elizabeth districts. The principal mines near Galena are 
the Waters, Little Corporal, Weber & Cring, Vinegar Hill, 
Fox River Valley, Oldenburg, Northwestern, and Stacy; those 
in the Snud Prairie district are the California, the Pittsburg, 
and the Peru or Black Jack; and those around Elizabeth are 
the Wishon, Apple River, Skene, and Queen. Two shafts 
have been sunk near Scales Mound (the Vista Grande and the 
Glanville prospects), and several smaller prospects have been 
opened at other places. 

The Elizabeth district is sharply defined, being separated 
from other producing areas by a wide belt of barren territory. 
l\fany ofthernines in the district were a few years ago abandoned 
but have since been reopened. 

1\'1ost of the mines are 100 to 200 feet deep, hut the extreme 
range in depth is 50 to 300 feet. The production of lead con­
centrates in 1914 was 646 short tons, valued at $28,778, and 
that of zinc concentrates was 16,725 short tons, valued at 
$320,012. The maximum production of lead was reached 
between 1840 and 1800 and that of zinc between 1900 and 
1914. The total amount of the ore of each metal produced 
is about 000,000 tons, the lead having been sold for about 
$00,000,000 and the zinc for about $10,000,000. The early 
prices of zinc ore were very 10"'- and practically no are was 
mined before 1860. The relation of surface to underground 
workings is well shown in figure 9, redrawn from a report of 
the Illinois Geological Survey by G. H. Cox. 

FIGURE 9.~Map showing the old surface workings and the extent of deep 
IIIining at Vinegar Hill, Ill., in Septeiliber, 1910. 

(Redrawn from IlUnois Geol. Survey Bull. fl.) 

The surface worldngs wer~ in sm"U Ore pockets In the upper part o~ tJle Galena dolomite. The· 
deep mln .. s .. Nl iuore at theba ... of the Galena. The shape of tbBorB body a8deterrnined by 
drllUng and mining Js shown in the CfOll' sectiona below th .. map, whioh repl'€llent sections 
alongthBllnesA-A,B-B,andC-Oonthemap. 

PROSPECTING. 

The ranges and the districts that in early days produced lead 
, or lead and zinc in large quantities close to the surface are, other 

things being equal, the most favorable locations for prospecting. 
The chances are that· a range which has borne considerable 
quantities of rich ore in its upper, part will bear large quan­
tities in its lo'wer part, the main difference being that below 
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the level of ground water there will be less lead, practically 
no smithsonite, and probably more sphalerite. In prospect­
ing, however, only those areas should be selected in which 
there is below the leyell of ground wat€r a considerable thick­
ness of the Galena dolomite-that is, a considerable thickness 
of rock that may carry ore-for the deposits are in most places 
limited by the base of the Galena and in practically all places 
are limited by the oil rock. It should be added that a range or 
it series of ranges or a district that lies in a synclinal basin is a 
more favorable place for prospecting than one not so situated. 

SULPHUR ORF.kJ. 

The metallic sulphides-galenite, sphalerite, and marcasite­
are sources of sulphur, Sphalerite ores of low grade that are 
bmned for zinc oxide are first roasted, and the resulting 
sulphur is used for making sulphuric acid. In a few of the 
mines marcasite is so abundant that it is possible to sell it to 
manufacturers of sulphuric acid. 

BUILDIKG STONE. 

The thinner beds of the Galena dolomite, especially those in 
the upper member of the formation, furnish good building 
stone, and at Dubuque, Iowa, stone from some of the massive 
beds lower down in the formation has been used in construct­
ing large buildings and in bridge and railroad work. West of 
Dubuque the lower part of the Niagara dolomite includes about 
20 feet of good building stone, which has been quarried at some 
placp,s for use near by. 

The district contflins plenty of building stOlle for all local 
uses, and even a good supply for shipment to outside points, 
but it probably will not be shipped in large quuntities, for 
much of t.he surrounding country is almost equally well 
supplied. 

CLAY. 

The clays of these quadrangles, though widespread and of 
excellent. quality, have not yet been extensivfly utilized, 1\1ost 
of those that have been used were derived from three sources­
(1) loess and allUVIum, (2) residual cla.y, and (3) cla.ys in the 
Maquoketa shale, all being suitable for making ordinary bricks. 
Alluvium flnd sandy loess tnken at low levels are used at 
Dubuque for mnking common building bricks, and such bricks 
lire also manufactured in a few small kilns in the Galena and 
ElizHbeth quadrau!!:les. The demand for brick and other clay 
products, however, is slight, for an abundant supply of ordi­
nary building stone is everywhere available, 

The Maquoketa formation contains, near its bllse, much 
shale and clay that can probably he used for making clay 
ware, including pressed brick a.nd tile. None of this material 
is now used in the area. An analysis of shale from Kidder, 
Iowa, near Lattners, just west of the Galena quadrangle, is 
given below: 

Analysis of Maquoketa shale from Kidder, Iowa. 

[J B. Weems, analyst, low .. GBOI. Survey Aun Rapt. tor 18119, vol. 10, p.llOO, 1000 J 

Silica (SiO.) _____ _ 
Ferric oxide (Fe,O.) ___ _ 
Alumina (AI~O.) __________________ _ 
Calcium oxide (CaO) __ _ 
Magnesiulll oxide (MgO)._ 
Potassium oxide (K,O)_ 
Sodium oxide (Na.O) ___ _ 
Comoined water ___ _ 
Undetermined __ 

42.OS 
5.66 

16.88 
5.66 
4.82 
8.70 
4.10 

15.76 
.94 

100.00 

Transportation for the plastic clays of the Maquoketa can be 
had at some places along the Chicago Great Western Rail­
road, and as the, shale lies rather high above the railroad track 
the material could be loaded on the cars by gravity. 

LUrE. 

The ruins of kilns that once furnished local .I3upplies of lime 
may be seen here and there throughout the district. A few 
kilns are still in operation, but most of the lime used in the 
district is made from purer limestones found in other areas. 
The rock most extensively burned was taken from the central 
part of the Niagara dolomite, but rock from the Galena dolo­
mite has been burned at a few places. 

SAND. 

Large deposits of clean sand are found at some places along 
the Mississippi, where it has been blown into dunes. The 
principal deposits are shown on the map, but there are also 
othem too small to he shown. 

ROAD MATERIALS. 

The rough topography of the Driftless Area and the steep 
grades near the Mississippi and the larger streams have neces­
sitated the general improvement of the ronds in the quadran­
gles. Fortunately the region is well supplied with material 
suitable for use as road metal. Dolomite, limestone, and chert 
are the rocks commonly so used. The rock is hand broken and 
spread over a graded and' rolled surface and may be covered 

with a layer of gravel 01' finer crushed rock. The flood plains 
of the larger streams become almost impassable at times of high 
water, especially the streams that lie along the lower courses 
of the tributaries of the Mississippi, and it has therefore been 
necessary to build ·substantial roads across the valleys to a 
height of 4 or 5 feet above the bottom land. 

OIL OB GAS ROCK. 

The 011 rock closely resembles the torbanite of Scotland, 
central France, and ~ew South Wales. These foreign depos­
its are a source of certain illuminating gases-particularly of 
gases desirable for troill service and other uses requiring com­
pression - and of oil for enriching ordinary gas. Some 
experiments intended to discover whether the oil rock of the 
upper ':\Iississippi district can be used as a source of gas have 
been made, but the work is 110t yet completed. 

WATER RESOURCES. 

In these quadrangles there are numerous springs, many of 
which issue at the hase of the Galena or, particularly, at the 
base of the Niagara dolomite. Springs issue at other horizons, 
such as those above shaly layers in the Galena as well as from 
the layers of limestone in the Maquoketa shale, but they are not 
large or numerous. The oil rock at the base of the Galena 
is generally underlain by one or more thin strata of practically 
impervious bluish clay or shale, which turn much of t.he water 
that soaks down through the porous dolomite aboye. There 
are several springs at this horizon in the northwestern part of 
the area at places where the horizon is above the drainageways. 

Many springs are the sources of permanent st.reams and are 
of great value to farmers, as they furnish supplies of excellent 
water for domestic use and for cooling and thus determine the 
location of farmhouses. 

The position of the top of ground water in this area ranges 
from the surface to a depth 10 feet below the surface in the 
valleys and reaches a depth of 100 feet or more on some of the 
high interstream areas. At most places it lies so far below 
tlw surface as to make the sinking of open dug wens inexpe­
dient, so that wells are generally sunk by the churn drill, 
especially on the broad uplands. 1'he Galena dolomite is 
sufficiently porous to furnish udeqllate domestic supplies to 
wells sunk a few feet below ground-water level. At some 
places the water is "let out" of the rock through crevices, and 
it is necessary to drill beyond the ordinary depth. The water 
of wells in the Galena is somewhat hard but is of excellent 
quality for domestic nsE'. 

The deep wells in the quadrangles derive their supplies from 
two water-bearing formations-the Cam brian strata and the 
St. Peter sanrlstone-one or both of which lie heneath the 
whole area. The sandstone in the upper part of the Prairie 
du Chien group is also commonly water-hearing, though it 
carries no water in places ·where it is not separated from the 
St. Peter by beds of limestone. At Dubuqne, where it lies 
about 435 feet below the level of the Mississippi, it yields an 
artesian flow. 

Wells sunk to the St. Peter sandstone furnish abundant 
supplies of water that is softer than that derived from the 
dolomite. At Stockton two wells about 1,500 feet deep have 
been drilled and the water in them stands about 125 fEet b~low 
the surface. 

The quality of the water i.13 shown below: 

Analyses of water from deep wells in the Galena and Elizabeth 
quadrangles. 

[Parts-permilllon.] 

SiC. _ 6,8 

F, ,7 

AL 1.4 .6 1.0 
Ca __ 106 46 116 84 

Mg 82 68 47 45 
~·a" __ 15 16 

~: ~ I 
7.' 

K ___ 1.1 4.0 1.6 
HCO. __ 486 '55 

':: I 
426 

S04 ___ 1.1 24 l' 
CL ,6 B6 8.0 16 

~O. _ .5 8S ,6 '1 
329 534 496 429 

10 

103 

47 

182 

826 

425 

83 

9iS 

A. From 1,500·foot well of J. ~f. Sharp, at Stockton, Jo Daviess County; 
collected. Oct. 11, 1898. Water from sandstone. 

B. From 100·foot well of B. 'V. Hicks, at 'Va.rren, Jo Daviess County; 
collected May 9, 1899. Water from limestone. 

C. From ISO-foot well of E. Hermon, at W·oodbine, Jo Daviess County; 
collecterl Apr. 2. 1900. 'Vater from limestone. 

D. From 181·foot well of E Hermon, at Woodbine, Jo Davies ... County; 
collected Apr. 2, 1900. Water from limestone. 

AnalYBe~ A-D by Illinois State Water SurvtlY; R. W. Stark, analyst; 
published in Illinois Univ. Bull., vol. 6, No. S, 1908. 

E. Average of ten samples from Clinton County, Iowa, of which the 
analyses are published in U. S. Geol. Survey Water· Supply Paper 298, 1912. 
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STREAMS AND WATER POWER. 

The annual rainfall in the district is about 35 inches, the 
streams nre numerous, and irrigation is not necessary. The 
smaller streams have rather steep gradients, at some places as 
much as 60 feet to the mile, but the average fall of the large 
streams in their lower parts does not exceed 10 feet to the mile. 
Many of the streams that have a fall of 10 to 40 feet to the 
mile Rre large enough to furnish power for small gristmilfs. 
Abandoned mills and millraces testify to the use of these water 
powers before the large mills in the Northwest were built. The 
Mississippi is the only navigable stream in the area. 

SOIL. 

The fertility of a soil depends on many factors, aIDong 
which are geologic processes, ~or the texture and the physical 
and chemical composition of a soil Rre determined in part by 
the character of the rock or rocks from which it has been 
derived. 

That part of the .oj! of theee quadrangles that waa derived 
from the form'ations which outcrop at the surface shows at Shy 
locality a character corresponding to that of the underlying 
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rock or deposit, though it IDay be modified somewhat by 
surface wash. 

The soil on the Galena and Niagara dolomites is generally 
fine grai~d, compact, and dark gray, but at some places, 
particularly on the Niagara platform, it is reddish or even 
bright red, and at other places, especially where it is old and 
contains some calcareous wash, it is very black. The dolomite 
generally weathers first to a more or less cherty material hav~ 
ing a remarkable sandy texture. 

The soil that lies upon the Maquoketa shale is generally 
very fine grained and uniform, though the Maquoketa contains 
so much dolomite that the soil derived from it does not differ 
greatly from the Boil on the Galena and Niagara. dolomites 
except that it is rarely either reddish or deep black. 

The loess soil varies with the character of the underlying 
]oess, being most porous along the river bluffs and most fine 
grained and impervious at places farthest from the rivel'. 
Both the physical and the chemical' nature of the loess soil 
tend to make it very fertile. It is composed of a great variety 
of more or less decomposed minerals and a goodly supply of 
organic matter. Its consistency is that of a soil made of dust 

particles somewhat modified by weathering. It is compara­
tivelyopen and porous and consists of very frne sand or silt 
with which more or less clay is mixed. 

The .oil developed by the weathering of glacial till difl'era 
from die soils described above principally in being somewhat 
gravelly. It is more compact than the soil in the loess areas, 
and more heterogeneous in composition than the soil on the 
hard rocks. It covers only sw'all areas on the eastern and 
western sides of the area. 

The allU"9'ial soil contains much sand and gravel derived 
from the chert in thE' dolomites and is deep black, porous, and 
fertile. Along the borders of the alluvial tracts are irregular 
belts of collu vial soil consisting of material that has crept or 
been washed from the adjacent slopes. It is somewhat similar 
to the alluvial soil but is generally deeper and blacker and less 
washed. 

On the whole, the soils contain less deep, black alluvial 
material than is found in the soils of the surrounding glaciated 
area, yet they yield abundant and diversified crops, including 
corD, oats, and hay. 

'December, 1914. 

FOSSILS SHOWN IN PLATES XII AND XIII OF ILLUSTRATION SHEET. 

PLATE XII. 
FIGUBD 1, 2. ReceptacuUte8 oweni. The mOst chara.<lteristic fossil of 

the Galena dolomite. This supposed sponge is radio 
ate in structure and is popularly called" sunflower 
coral." It is most commonly seen in the rock in 
section,80S shown in figure 2. Figure 1 is a surface 
view. Two zones in the Galena formBotion, in which 
these forms a.re abundant, a.re known 88 the" upper 
Receptaculites zone" and the "lower Receptacu· 
lites" zone. 

3. T1'iptoceras lambi. From the upper part of the Galena 
formation. A few segments of a large cepbalopod 
now extinct but related to the chambered llautilu.s of 
to-day. 

4, 5. DalmaneUa minneapoUa (N. H. Winchell). Two 
valves of large specimens abundant in the Decorah 
shale. Olosely resemble D. lIubaJquata of the Platte· 
ville limestone. 

6. Platyltrophia biforata var. From the upper thin beds 
of the Galena. dolomite. Tbe species occurs also in 
the Maquoketa. shale. 

7. Lingula ioweflBUl. Oha.racteristic of the uppermost 
Galena. beds. This is a more primitive brachiopod 
than the others, as is indicated by its flatness, its 
la.<lk of plications, and its lack of an articulate hinge 
between the valves of the shell. 

PLATE XIII. 

FIGURE 1. Pleurotomaria depauperata. 
2, Li08pira micula. 
3. Oleidophoru8 '1IeglectUil. 
4. OleidophorutJ '1legleetus. Oast of inside of shell. 
5. Otenoilonta obliqua. 
6. Zygospira sp., 
7. Dalmanella sp,' allied to D. testudinaria. 
8. Orthoceras sp.' A small undetermined species. 
9. Plectambonite8 1a.1lea. 

10. Platytdrophia acutilirata var, 
11. 0rtM8 whi~ldi, Domal valve. 
12. Rhynchotrema oopaal. 
13. Rhynclwtrema perlameUoaa. 
14, Hebertella inscu7pta. Dorsal valve. 
15. Hebertella a.fi'. H. occidentali.ol. Ventral valve. 
16. Rafinesquina. A common but undescribed species. 
17. Isotelus n. sp. Imperfect pygidium of a trilobite. 
18. Monotrypa ,·ectimuraliB. A "biscuit" bryozoan. 
19. Heterotrypa BingulariB. A bryozoan. 
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PLATE I.- LOWERMOST THIN-BEDDED PART OF GALENA DOLOMITE AT BRIDGE OV,ER 
SINSINAWA AIVER, WEST OF GALENA, ILL. 

PLATE IV.-MOUND NEAR GALENA, ILL., CAPPED BY NIAGARA DOLOMITE. 

Shows dis integrat ion of the dolom ite outcrops and the concave s lope developed Oil the underlying Maquoketa 
sh ale. 

Pl,o,TEVIII.- SAND-DUNE TOPOGRAPHY 1 MILE NORTH OF BLANDING, ILL. 
The sand dunes are old and covered with vegetation. 

PLATE XI. - POSTGLACIAL GORGE OF APPLE RIVER FROM A POINT NEAR MILLVILLE, ILL. 

View looking southwestward. 

PLATE II.- SECTION OF GLACIAL DEPOSIT IN CUT ON CHICAGO, MILWAUKEE &. 
ST. PAUL RAILWAY NEAR DELMAR JUNCTION, IL L. , ABOUT 15 MILES 
SOUTHWEST OF GALENA QUADRANGLE. 

a, Post- Ill inoian loess; b, Kansan till: c. Aftonian sand and e'ravel ; d. pre·Kansan till: e. pre· 
Kansan sand. gra~el . and s ilt. Detailed sect ion i~ given in the text (p. 7). 

PLATE Y. - RIDGE JUST SOUTH OF ELIZABETH, ILL., SHOWING TYPICAL FORM 
OF HILLS CAPPED BY NIAGARA DOLOMITE. 

PLATE VIL- GRAVEL-COVERED TERRACE AND SLOPE TO FLOOD PLAIN 
NEAR MOUTH OF TETE DE MORT RIVER ON WEST BORDER OF 
GALENA QUADRANGLE. 

PlATE IX.- LAKE PESCHANG, AN OXBOW LAKE IN THE MISSISSIPPI BOTTOM 
2 MILES NORTHWEST OF BLANDIN G, ILL. 

p recipitous Mississippi bluffs in distance composed 01 Galena dolomite. 

PLATE XII .- TYPICAL FOSSILS FROM GALENA DOLOMITE AND DECORAH SHALE. 

Natura l size. The spongel ike foss il (figs. 1 and 2) is common th roughou t the Galena do lomite. 
figures 3, 6. and 7 show brachiopods characterist ic 01 the uppermost th in·bedded layers 
of the Galena do lom ite. Figures .. and 5 represent II brach iopod common ly found in the 
Decorah shale . Ust of foss ils is g iven at end of text (p. 13). 

ILL! NOTS-lOW A 
GALENA AND ELIZABETH QUADRANGLES 

PlATE ilL- TYPICAL EXPOSURE OF GALENA DOLOMITE IN BLUFF OF APPLE RIVER NEAR 
MILLVILLE, ILL. 

The lower Receptacu lites zone occurs in the lower rocks exp05~d 

PlATE VL- TYPICAL EXPOSURE OF TH IN-BEDDED CHERTY NIAGARA DOLOMITE, ON CREST OF 
RIDGE JUST SOUTH OF ELIZABETH, ILL. 

Near view of outc ro p shown in Plate Y. 

Pl .... TE X.- TERRACE DEPOSIT NEAR MOUTH OF SINSINAWA RIVER, WEST OF GALENA, ILL. 

Shows i""'gularity of bedd ing and characte r of mat ... rial. 

PL .... TE XIIL-TYPICAL FOSSILS FROM THE MAQUOKETA FORMAT ION. 

Natural size. Figures 1 108 show the more common species in the cone:lomeratic " Iamellibranch zone" at the 
base of the Maquoketa shale. F'2'u res 9 to 19 show forms from t he upper part 01 the Maquoketa shal ... . 
Ust of foss ils is given at end of text (p. 13). 
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Cottonwood Palls .. 
Latrobe 
Globe .... 
Bisbee (reprint) . 
Huron 
De Smet ... 
Kittanning. 
Asheville ... 
Casselton-Pargo 
Greeneville 
Fayetteville 
Silverton ... 
Waynesburg. 
Tahlequah . 
Elders Ridge 
Mount Mitchell ... 
Rural Valley 
Bradshaw Mountains. 
Sundance 
Aladdin. 
Clifton ........... . 
Rico ... 
Needle Mountains 
Muscogee 
Ebensburg. 
Beaver .. 
Nepesta .. 
St. Marys 
Dover 
Redding 
Snoqualmie 
Milwaukee Special .. 
Bald Mountain-Dayton 
Cloud Peak-Port McKinney. 
Nanta.hala. 
Amity 
La.ncaster-Mineral Point 
Roge~ville ,~ .. 
Pisgah' ..... . 
Joplin District (reprint) . 
Penobscot Bay . 
Devils Tower, . 
Roan Mountain. 
Patuxent 
Ouray 
Winslow. 
Ann Arbor (repril:lt) 
Elk Point . 
Passaic 
Rockland 
Independence . 
Accident-Grantsville . 
Franklin Furnace . 
Philadelphia. . 
Santa Cruz 
Belle Fourche. 
Aberdeen-Redfield . 
El Paso 
Trenton .. 
Jamestown-Tower . 
Watkins Glen-Catatonk 
Mercersburg-Chambersburg. 
Engineer Mountain . 
Warren .... 
Laramie-Sherman 
Johnstown. 
Birmingham . 
Sewickley .. 
Burgettstown-Carnegie 
Foxburg-Clarion 
Pawpaw-Hancock 
Claysville 
Bismarck 
Choptank 
Llano-Buf'1\et . 
Kenova 
Murphysboro-Herrin. 
Apishapa. 
Ellijay 
Tallula-Springfield .. 
Barnesboro-Patton. 
Niagara 
Raritan 
Eastport .. 
San Francisco 
Van Horn . 
Belleville-Breese 
Philipsburg 
Columbus 
Castle Rock. 
Silver City. 
Galena-Elizabeth. 
Minneapolis-St. Paul. 

Pennsylvania 
Idaho-Oregon . . 
Idaho ............. . 
Indiana-Illinois 
Washington ... 
Wyoming-South Dakota. 
South Dakota-Nebraska. 
Kansas. 
Pennsylvania 
Arizona .. 
Arizona .. 
South Dakota . 
South Dakota. . 
Pennsyl vania. 
N orih Carolina-Tennessee . 
North Dakota-Minnesota 
Tennessee-North Carolina. 
Arkansas-Missouri . 
Colorado 
Pennsylvania 
Oklahoma. (Ind. T.) . 
Pennsylvania 
North Carolina-Tennessee. 
Pennsylvania 
Arizona. 
Wyoming-South Dakota. 
Wyo.-S. Dak.-Mont 
Arizona. 
Colorado. 
Colorado 
Oklahoma (Ind. T.) . 
Pennsylvania 
Pennsylvania 
Colorado .. 
Maryland-Virginia 
Del.-Md.-N. J . 
California 
Washington 
Wisconsin 
Wyoming. 
Wyoming. 
North Carolina-Tennessee. 
Pennsylvania 
Wisconsiri-Iowa-lllinois 
Pennsylvania 
N. Carolina-So Carolina 
Missouri-Kansas 
Maine 
Wyoming ......... . 
Tennessee-North Carolina 
Md.-D. C 
Colorado. 
Ark.-Okla. (Ind. T.) 
Michigan. 
S. Dak.-Nebr.-Iowa 
New Jersey-New York 
Maine 
Kansas 
Md.-Pa.-W. Va .. 
New Jersey. 
Pa.-N. J.-Del . 
California 
South Dakota. 
South Dakota . 
Texas 
New Jersey-Pennsylvania. 
North Dakota 
New York. 
Pennsylvania 
Colorado ........... . 
Pennsylvania-New York 
Wyoming 
Pennsylvania ........ . 
Alabama. 
Pennsylvania .. 
Pennsylvania 
Pennsylvania ........ . 
Md.-W. Va.-Pa . 
Pennsylvania 
North Dakota ... 
Maryland 
Texas 
Ky.-W. Va.-Ohio 
lllinois 
Colorado. 
Ga.-N. C.-Teno. 
Illinois 
Pennsylvania 
New York. 
New Jersey. 
Maine 
California 
Texas .. 
Illinois 
Montana. . ....... . 
Ohio ........... . 
Colorado ......... . 
New Mexico . 
Illinois-Iowa. 
Minnesota .. ' 

I Octavo editions of these folios may be had at s~me price. 
'IT Octavo editions only of these folios are in stock . 
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. § ,~These folios are also published ~n octavo form at 50 cents each, except No. 19li, 
which IS 75 cents . 

·-"··o.;i~~·~··fi;e in the Geological Survey building the folios in stock were slilrhtly damaged, but those that were saved are usable and will be sold at 5 cents each. They are priced accord· 
in/il'ly in the list above. Circulars showing the location of the area covered by any of the above folios, as well as information concerning topographic maps and other pUblications of the Geological 
Survey, may be had on application to the Director, UJ!ited States Geological Survey. Washington, D. C. 




