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GEOLOGIC ATLAS OF 'THE UNITED STATES. 

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

Reh:ej.-All elevations are measured from HlCHll sea level. 
The heights of mall)" points are H('curateiy determined, 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 outline 01' form of all 
slopes, an (I 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 
t'aeh spaee bctwf'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"tan('e bet\\een eaeh 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. 

FlOrRIe \.-ldeal view and correspondillj.{ contonr map. 

The sketch :J river VB Hey bt'tween two hills. In 
tIlt:' foregrOlliul till? seH, \\lth a bay that is partly closed hy 
a hooked sand hal'. On eaeh sirlf' of the v:dley iJ:l a terra('e. 
The terrllcc on the rig-ht merges into a gentle hill slope; that 
on the left is backed by a aSCf'ut to II cliff, or SCfll"p, \\ hidl 
contraJ:lts with the gradunl away from its ncst. In the 
map each of these features jndicat.ed, directly bel10ath its 
position in the sketch, by contour lint'R, Tlw map docs not 
include the (liHtant portion of the yiew. The following notes 
may help to explain the use of contour lines: 

1. A contour line reprt:'sentR a eertain height ahove' sea 1('\·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 Oll, ahove me~m sea level. Along the contour at 250 feeL lie 
aU points of the surface t.hat Ht"e 250 f~et above the sea~that is, 
this 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 
feet abo\'e the sea; and so on. Tn the l:lpace bet,"ween any two 
contours are u11 pointR whose clevations are aboy,=, the lower 
and below the lligher ('on tour. Thus the eontnur at 100 ft'f't 
falls jUSL helow the edge of the tenare, etnd tltat at :l00 feet lit:'i'l 
above the terrace; therefore all pointJ:l on tile terrace are shown 
to be more tlwn 150 but leJ:l8 than 200 feet aboye the sea. 
The surumit of t.he higher hill is rm:nh(l GiO (feet aboye sea 
leyel); the eontoUT at ()oO feet surrouuds iL. In 
this illust.ratiou the contoUl' lines arc nuwbered, and those 
for 260 and riOO fef:t are arcentuated by being made heavier. 
Usually it is !lot desirable. to number all the contour lines. 
The a('centnating flnd nnmht'ring of certain of them-say en~ry 
fifth one-suffires and the hl'ights of the others may he l.lSeer­
tfiined 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 surfaces, rect:'dt:' into rt'entrant of 
rayillE'i'l, and projert. in .passing around spurs or I"·o,mi,,wnees. 
These relations of cont.our cmHOS Hnd 1:..0 of t.he 

('an be Been f!"Om the map and 
lines sl~ow the appl"oximate of any sl~pe. 

The yertieal interval between two \'{mtours the same, whether 
they lie along a cliff or on a genLle slope; but. to attain a gi ven 
heif!;ht on a gentle slope one must go Dnther than on a :-lteep 
slope, an(l therefore contOUlli are fill' aplll't 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 ean, as a rille, be a(lequately representell on the SHme 
seale by the use of a huger intenal. The smallest interya 1 
used on the atlas sheets of the Geologieal 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 less rugged country ('on­
tour intervals of 10; 20, 2iJ, 50, and 100 feet are used. 

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

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

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

are printed in 
,)ca"C.'.-J~l1e area of the United States (exclusiye of Alaska 

and island possessions) is ubout 3,027,000 square miles. A 
mup of thif'. area, dl1Hvn to the scnle of 1 mile to the inch 
would cover 3,0:27,000 s<jlHlre incile"" of pnper aJul measure 
about 240 by 180 feet. Each sqLUue mile of ground Slll-iaCe 
wonld be rcpresented hy a inch of lllilp surfllce, and a 
linear mile on the ground a linp...ar inch on the map. The 
stale may be also a fraction, of which the numer-
at.or is Il 011 the map and the denominator the corre-
spondiIl)!; lengt.h in nature exprrssed in the same unit. Thus, 
as there arc 6:3,;~60 inehes in a the scale"] mile to the 
inch" i8 by the fraetioll 

Three are used on the sheets of the Geological 

inch on t.he map. 
surface 

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

oU"""""HI(".·~J "cmap of the Unit.ed Stat.es 
is being Rheds of cOll\'enient size, which 
represent areHS bouwll,d parallel.; awl meridians. ThCBe 
lueas are called qnadrangle8. Each sheet on t.he seale of ~"O~Oili) 
represents one slllUl.re degree-that is, a of latitude by a 
degree of longitude; eath sheet on thp of reprebents 
one-fourth of a squal'e degree, and cHch sheet on scale ot 

one-i'lixteenth of a square degree. The areas of the corre­
sponding quadranJ!;les a.rc about 4000, 1000, and 2;)0 square 
llliles, thollgh HH'Y vary with the lat.itude. 

The atl:lS sheet;;, heing only parts of Olle map of the United 
States, are not limited by politi('al boundary lines, such as 
those of States, counties, an (I tow nships. ~hny of t.he maps 

arell" lying in t\vu or eyell three States. '1'0 each 
and to the quadrangle it represents, i::; given the name of 

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

THE GEOLOGIC MAl'S. 

The nWPb l'eprt'6entillg the show, colors and 
conventiowJl sip;ns printed on topographic map, the 
distribution of rock masses on the surface of the land and, by 
means of strueture sections, their llnderf!;round relations, so far 
as known and in such detail as the scale permits. 

KDi'llS OF lWCKS. 

I{ocks are of lllany kinds. On the geologie mnp they are 
diRtinguishe<l w;; igneous, sedimentary, and metamorph~c. 

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

termed a Block. "\Vhere molten map;ma trayerses strat-
ified rocks it be iIltruded along betiding planes; such 

or "hed.s if comparatively thin, and lacco-
chambers prod uee(l by the pressure 

of t.he m<lI!;Illa. roek molten material rool.; 
slowly, witll lhe result that rocks are generally of 
crystalline texture. vVhere the channels reach the surfaee 
the moltell material poured out t.hrough them iJ:l called IW/!(1, 
and lavas often build up volcanir mounli:lins. rocks 
that. have solidified at'the sllrface are called 
LavHs generally cool mort:' rapidly than intrusive 
a:--1 a rule contain, espf:'f'i:dly in their superJieial parts, wore or 
lesH voleanic produced by rapi(l chillillg. The outer parts 
oflanl How,:;; are uHtmlly porous, owing to the expansion of' 
the gasc.,:; originally present in the magma. Explosive action, 
due to these gases, often accompanies volcanic eruptions, 
causing cjl,etions of dust, ash, lapilli, and .larger fi .. agments. 
These materials, when rOllsolidated, constitute breccias, agglom-

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

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

dil:lintegration, of volcanic ejecta deposited in lakes and seas, or 

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

The ehief ngent in the transportation of roek 46bris is water 
in motion, including rain, streams, and the water of lakes awl 
of the sea. The materials are in large part carried ns solid 
particles, and the are then saia to be mechanical. 
Buch arc which are latel' consolidated 
int.o Sfllldstonc, shale. Some of the mate-
rials are earried in soluLion, and deposits of these are called 
or,!!anie if formed with the aid of lift:, or chemical if formed 
·without the aid of life. The more important roeks of chemical 
and organic origin are limestom', ehert, salt, iron on" 
peat, lignite, and coal. Anyone of the named 
may be f'\eparatf:'ly formed, or the diITerent he 
intermingled in Hlany wayi'l, produeing a great variety 

AnotJlcr transporting ag-t'llt is nil' in llIotion, or wind, ~md a 
third is icc in motion, or glaciers. The mORt characteristic of 
the wind-borne or eolinn deposits is loess, a fine-grained earth; 
the most charaeteristie of glacial deposits is till, a heterogeneous 
mixture of bowlders and pebbles wit.h day or sand. 

Sedimcntnry rocks arc usually made up of lllyt'r",. or beds 
which can be separated. These ure called .strata, 
and rocks in such layers are to be strlltified. 

The snrfaee of the earth is n~t immomble; 0\ er wide regions 
it \'ery slowly rises or sinks, with reference to the sea, and 
shore . lint's ~re thereby changed. .L\.s a result of upwanl \ 
moyement manne sedimellt~1ry, ro(~ks may become part of the 
land, and most of our land areas are in fact orcupietI by rocks 
originally deposited as sediments in the 

Roeks exposed at the surff~ce of tlle air, 
water, iee, animals, and plants, 
known as bacterin. They 
soluble parts HTC leaehp(l ont, the 
left as a residual layer. \Vater washes this 

antI more 
matf'ria I being 
material down 

the slopes, and it. is 
other bodies of wnter. 
but it is 

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

huilt into river bars and flood plains, 
_·Ulu \·ial ~l<lcial deposits 

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

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

dist,inguisiw.! by a notable atImixture of matter. 
Hnd by various 

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

may enter into new combinations and eert<lin substances 
may be iost or new ones added. A complete gradHtion [rom 
the primary t.o the metmnorphic form may exist within a 
single rock mass. Surh changes transform sandstone into 
quartzite and limestone into marhle and modify other rocks 
in various ways. 

From time to time during 
been deeply buried and hfiye 
p1'essures, to slo\v movement, and to igneous intrusion have 
been afterward raised and later exposed by erosion. In such 
rocks the original structures may h:1\ e been lost entirely and 
new onf'S substituted. A system of planes of division, along 
which the rocK. splits most readily, lilay have been deyeloped. 
This structure is caned and may cross the original 

roeks rbanltterized by it 
Crvstals of mica or minerals nwy have gr~wn 

in tbe rock in "such a as to produce It laminated or foliated 
structure known as The rocks characterized by this 
structure <Lrc schisfl3. 

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

TOlOl.A.TlO.KS. 

For of' 
above are into A f(edimentmy 
formation ('ollt.ains bet~yeen its upper and lower limits either 
rocks of uniform eharad~r or rocks m01'e 01· 1ess uniformly 
"\\il.riell in character, fo1' example, an alternation of shale Ilnd 
Hmestone. \Vhere fn}m Olle kind of rocks t.o 
another is graduHl it. may TWCf:'Sf(ary to two eontigu-
ous formations by an arbitrary line, aTHl some rases the 
dist.im~t.ion depends almost f'nt.irely on the contained fossils. 
An igneous fOl'mat-lon eont.ains one or more bodies of one kina, 
of' similar occurrence, or of lil-:e Ol·igil1. .r\ metanH1l11hie for­
mation lllay C'Olwist of rock of uniform eharacter or of se\ eral 
roeks having comIllon charaeteristirs 01' origin. 

\Yhen for seientific or el'onomie reasons it is dcsimhle to 
recognize and map one 01' more dew loped parts of ~J 

yaried formation, such parts arc member", or In' oom(' 
odler appropriate term, as '(!ntil.i:J. 

.\GES OF ROCKS. 

Geoloy'ic ti1lie.~The time during which rocks ·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 oxpressed 
by the name of the time interval in which it was fonned. 

The sedimentary formntions deposited during a period are 
f!)'oll}1f'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 Rf'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 dntcrmine their relati \"e from thcir 
present positions; under Hueh eondiLi,ons. if prcsent, 
may indicate which of t.wo or moro formations oldest. 

Many stratified rocks 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 OIl the hlncl. Rueh 
roeks: are ('alled fossiliferous. By studying f()ssils it has 
been found t.hat the life of each period of the emth's history 
was to a extent different from that of other periods. 
Only the kinds of marine life existed when the oldest 
f()ssilifel'om; rocks were deposited. From time to time more 
complex kinds awl as the 8impler ones lived on in 
modified forllls life more yal'ied. But during each 
period there lived peculiar forms, did 1I0t exist in ('arher 
timl:'s and lwve not existed sinpe; are c/w/Ylcieril5tic types, 
and they define the tlp:e of any bed of roek in whieh they are 
found. Other types passed on from period to period, and thus 
linked the forming a chnin of life from the 
t.ime of the rocks to the present. 'VJlere 
two sedimentHry formations are rernot.e from ea('h other ami it 
is impossible to obscn'e their relative positions, the charncter-
istic fossil found in thclll may (Ietermille which 'was 
deposited Fossil remainR in the strata of different areas, 
provinc(~"" and eontineuts afford the 1ll08t import.ant means for 
comhining local histories into a earth hist.ory. 

It is J]lHllY places diffieult or to df:'terllliue the age 
of an igneons frfrlllfLtion, hut rlw rdatiw age~of .:mell a fi)rm;l­
t.iOll can in generaJ be ascertaillcd by 
associated Redimentar), formation of known 
igneous lllaRS or is depositetl upon it. 
which llletamorphi(' J'oekR \\ere formed from the 
may be shown bv their relations to formation.., of 

age; hut the rccohled on nlap i.., that of the 
masses llnd not. of dwir metamorphit>lll. 

culon;, and pa.tiaus.-Ench fimnation iR shown on 
the map hy a dist.inetive combillation of color awl pattern allii 
is'lalwled hy a speeiallett.cr symbol. 

Patterns <colllpoAed of parallel 
format.ions 

lineR m·e mwd to 
ill tlw jn lakes, 

tlots awl 
eirdes represent idluyial, and eolian i{ll'll1lltiollS. Pat­
tel'l1~ of trianglf's and rhombs arc u:::;ed for iguf'oUR fi)l'IllaLions. 
:Metamorphic rO{'k8 of unknown origill llre 
short <l~:shes placed; if the 1'0('];:: is 
may lw \\avy lines pm'HUrl to the t>truetll1"e 
Suihlble THlttel'llR an' used for met.amorphie 
tions known to he of or of igneous origill, The 
patterns of' eaeh cbs.., are in vario\ls (~6101's. \Vith the 
patt.erns of parallcl colors are used to indieate ag(~, a 
partieular culor to CHell t>yst(·lll. 

The s\'mbols of two or more leth:'rs. If the age 
of a fOJ'~ation is known the symhol include.., the 
bol, ..,,,hieh is H eapital lett('; or monogram; 
symbols a1"~ ('0111p08ed of smalliettel's. 

I'l)'m­

tllC 

The ]]amPS of t.he systems and of sl:'rif's that have heell given 
distincti ve in or(lpr from to oldeRt, with the 
eolor and assigne(l to 
subjoined 

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

SystAll 

f'eRF.\CE l'O.l:GUI:'. 

llillfl, ynl1pys, 1ll1d 1,11 oiher snrfflce forms lmyp beeD produced 
F9r example, most the result. 

streaW8 that l1(nr through 1), 
plains hOJ"(]('ring- mall)' streams were up 

hv the st.reams; \\u"es cut 8('11 ()lifI;" nIHI, in cooperation \\ith 
c~rrcllts, '6uild up sand spits aIld ham. Topographic form" 
thus eonfltitute part of the reeord of tIle of dIP ('[l,rth. 

Some ionns are inseparably eOIllIecr,ed with TlH~ 

hooked sh9wll in figure 1 is an illustration. To thi8 dnes 
belong alluvial plain8, lava streams, drumlins (slllooth 
oval hills of till), and moraines (rid,2:('s of drift made 
at tilC Ot.her forms are produced by erosion. 

The sea cliff is an iHustration; it may bc carved from any rock. 
To this clllSS belong abandoned river channel'l, glacial furrows, 
and peneplains. In the making of a stream tprruee an n 11uvial 
plain is first built and afttrward partly eroded awny. The 
shaping of a marine or lacustrine plain it> ul'lual1ya douhle 
process, hills bei~g- Vlorn away (degraded) and ya]leys being 
filled up (aggraded). 

AU parts of the land surfaee are suhject to the action of air, 
water, and iee, which slowly wenr tllem down, and streams 
carry the waste mat€rial t.o the sea. As 1.he Jep~'nds 011 

the £low of water to the sea, it ean no,t. ('arried belo'w spa 
level, and t.he sea is therefore called the basf::-Iet'el of erosion. 
LnkPs or hlrg: rivers may dd(~rmine locfll hase-Ievels for certain 
regions. When a large t.ract is for a long time undisturbed hy 
uplift or suhsidence it is degraded nearly to base-level, and tIll:' 
fairly even snrface thus produ('(;(l is called If the 
tract, is aft€l"wnn{ uplifted, the ele\llted 
re('ord of the former close·relation of the tract. to hase-level. 

'1"111: V~UtlO\JS GEOLOGIC f'HEE'1"::'l. 

lllap 8howing the areas occupied 
is called an areal geology map. On 

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

If it is desired to find 
namc should be sought in the 
llOted; thell the areas on the 
pnttf'Tll mny be iraeed OUL. The 
ment of tile ,2:eologic history. In 

according 
unknown 

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

map.-The map reprf'sen1.ing the distribu-
tion of and roekl::1 ,ina their relat.ions 
to the topogrllphie fpatures and to the 
~erJIled the economic Heolog!l map. The that appear 
ou the areal geology lllnp are usually shown on t.hi:::; map by 
f11inter color and the areas of produdive formations 

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

mining indust.ries or artetlilln in the 
nmJ1Y to show these additional economic features 
in tht' folio. 

shaftl-1, and otJler 
natural and artifieial cuttings the different beds to 
one allother l)e seen. Any elltting that exhibits thosc 

a sectiun, and the same term is applied to a 
renTesomt.;ng the rebtions. The arrangeilli"ut of'rocks 

arrdll~,emenLis cll11ed <l :;lrudUt'(J section. 
is llOt limited, lIOWf'H'r, to naturnl and arti­

for hi" iuformnt.ion eoneerning the earth'l::1 
the mallner of fi)rmation of rock, and 

thc be(1;.,; on t.he surface, 
they Pl18S benclith Lhe 

surflwe and ean draw reprpf.wJ1t.ing the strueture to a 
eOllsi<icrable J.ept.h. i:"3uch a seetiou is illust.rated iIl figure~. 

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

The figure represents a landscape which is cut off sharply 
in the foreground ou a vertical plane, so 3S to show the 
underground relations of t.hc roeks. The kinds of rock are 
indicated by appropriate patterns of lines, dots, and dashf:'-I:l. 
These patterns admit of 111ueh varilltion, but those shown in 
Ggure a arc used to represent the commoner kinds of roek. 

':l=cl"t<>n~Hal1ll~'Hl' 
gIOLll<"c!l.te, 

ShaJylm19st0]1CS 

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

The plateau sJlOwn at the kft of figure 2 presents toward 
the lower land an escarpment, or fi'ont, "hich is .made up of 

sHndst.ones, forming the cliffs, and shales, con.'ltituting t.he 
slopes. The broad belt of lo,,,er land IS t.raversed by several 
ridges, which are seen in the scction to correspond to· the out­
crops of a hed of Randstone that rises to the surf~lce. The 
upturnefi f'dge8 of tIlis hed form the ridges, and the inter­
mediate yalleys follow the outcrops of limest.one and calcareous 
shale. 

'Yhere the edges of the strata appear at the surfaee their 
thiekness can he mell'"mred and the' angles at which they dip 
below the surffwe can be obsen"eJ. Thus their positions 
underground ean be int"(·tred. The diredion of the intersee­
tion of a bed widl a hOl~zontal plane is ealled t.hc ,~lrike. The 
inclination of the bed to the horizontal plane, measured at 
right angles to the strike, is called t.he dip. 

Tn many regions the strata are bent into troughs and nrehes, 
sllch as are seen in 2. The arches arc callt'(l anticlines 
and the trou~h;,; As the sandstones, shales, aud 
limestones were deposited beneath the sea in nearly flat sheets, 
thc fltct that dley are now bent. and fcildf'd is proof that forces 
haye from time to time caused the earth's surface to wrinkle 
along certain zones. In places the 8trat.a arc broken across 
and the parts haye slipppd ('aeh other. Buch brenks are 
tel'llle(ljaults. Two kind8 are 8hown in iigure 4. 

At the rig1lt of figure 2 the section chows schists that arc 
tra "ersed by igneous roeks: The schists nrc much contorted 
llnd their arrangement uwlerground can not llC inferred. 
Hence that. portion of the· section delineates what is probably 
true but i~ not known by ohseryation or by well-fOlUldf'd 
inference. 

The sf:'dion also shows three set." of formatioIls, distinguished 
by their underground rehltiolls. The uppermost set, ~een at 
the left, is made up of sandRtOllt'S and HiJales, which lie ill a 
horizont.al position. These straw were laid dO'wn under water 
hut are now hi,2:l.t above the forming a plateau, Hnd their 
ohange of eIc-mtion shows that u of the earth's mast< has 
heell uplifted. T!le strata of set are parallel, a relatioh 
whieh is called cmoero/·muolC. 

The second set ('OllsistR of strata tlwt have be-en 
folded into nrehes and troughs. These strata were OIlt'e con­
tinuous, but the crests of the archf's Iitl\Te b;'en remo\'ed bv 
erosion. The beds, like those of the jin>t set, are conf'ormabl~. 

The horizontal strata of the plateau rest upon the upturned, 
erodpd edges of thc heds of the ::oeeo]J(1 set. Bhown at tile left of 
the section. The are, from their position, 
c\·idently younger than deposits, and the bend-
ing awl t'Toding of the older beds must havc ocefll'red betwe~n 
tllf'ir deposition Itnd the Hccllmulation of the younger bedH. 
The roeks arc to the older, and the 
suriuee i", 11ll "nconformity. 

The third set of formations ('onsisil,; of crystalline schist.s aud 
igneou8 roe1o::s. At 80n1e period of their history the Hchists 
were folded or by fH',.,:::;Sl1r.e and t.raversed by emptiolls 
of molte]] But the pre8sure and intrusion of igneous 
roc-ks have llot affeeied the oyerlying stmta of the se('ond set .. 
Thus it is evidellt that a con8iderable int.enal elapsed between 
the formation of the sehisLs and the beginning of deposition of 
the st.rata of the seeond set. During tllis int.eryal the schi<;lts 
were metamorphoscd, they were (listurbed by eruptive 
and they were deeply eroded. The contact between the 
Imd third sets iB another unconformiLY; it. marks a time 
interyal bet.\\een 'two periods 'of roek forrr;ation. 

The section and landseape in figure 2 are idf'al, but t.hey 
illustrnte aetnal relalionH. The seetiolls on the struetUrL'­
spction sheet are related to the maps as the seetion in the 
figure is related to the landscape. The profile of the surface 
in the section corresponds to t.he aetual slopes of the ground 
alonj.!; the s('{!tion line, and tJlC depth from the surface of any 
min~ral-producing or water-bearing stratum that appears in 
the seetion iliay be measured using the seale of the map. 

Columnar secLion.-The maps arc usually accom-
panied by a culumnal' :;('ction, which (',ontains It conelse 
description of the sedimentary formations that oecm in the 
qU:idrangle. It. presents a summary of the filets relating to the 
<charader of the rocks, the thi(~kness of the formations, awl thc 
order of aeeumulation of I:lu(:cessi ve deposits. 

The rocks are briefly describcd, and their eharaders are 
indicated in the eolumnar diagram. The thicklle8scs of for­
illations are given in figures thaL stnte the least and greatest 
me:L'lurements, and the thickness of caeh formation il'l 
shown in the colulllTl, which drtlwn to ::oeale. The order of 
aceuIllulation of t.he sediment8 is shown in the columnar 
arrangement-the oldest being at t.he hottom, the youngest at 
the top. 

The intervalt> of t.ime that eorrespond to events of uplift and 
degradation and eonst,itut.e iuterruption", of deposition fLre 
indieated graphicaUy and hy the word" unconformity." 

GEORGE OTIS SMITH,. 
May, 1900. Director. 
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DESCRIPTION OF THE MINNEAPOLIS AND ST. PAUL 

INTRODUCTION. 

LOCATION AND RELATIONS OF THE DISTRICT. 

'l'he district here described is bounded by parallels 44° 45' 
and 45° 15' and by meridians 930 and 93° 30' and comprises 
the Anoka, White Bear, Minneapolis, Rnd St. Paul quad~ 

rangles, an area of 846 square miles. It is in southeastern 
Minnesota (see fig. 1) and includes nearly the whole of 
Ramsey County, the greater part of Hennepin County, and 
smaller parts of Anoka, Dakota, Scott, and Washington couo­
ties. The city of Minneapolis stands Dear the center of the 
district, a part of it in each of the four quadrangles. 

In its general geographic and geologic relations the district 
forms a part of the Glaciated Plains, which lie between the 
Appalachian province on the southeast, the Ozark' province on 
the southwest, and the Laurentian upland on the north, and 
extend westward to merge into the Prairie Plains. It is situ­
ated near the northern margin of the Glaciated Plains, not far 
from the border of the southwestern extension of the Laurentian 
upland that is called II The Ranges," otherwise known as the 
Lake Superior highland •. 

The Glaciated Plains province comprises five subprovinces: 
the Michigan syncline, lying between Lakes Huron, Erie, and 
Michiganj the Cincinnati anticline, extending southward across 
Indiana and western Ohio to northern Kentucky; the Central 
Mississippi basin, including Illinois, southern Iowa, and north­
ern Missouri; the Upper Mississippi basin, including southern 
Wisconsin, the adjacent part of Illinois, northeastern Iowa, 

FIGURE S.-Geographic provinces of Minnesota and adjacent region. 
The ~lnnl'8JIOl!H and St. Paul d!1StrIot lH entlrPly within the Upper MIIIIIl!llippj Buln. 

and southeastern Minnesota; and the Dakota subprovince, 
extending eastward from Missouri River, in North Dakota 
and South Dakota, to the western border of Minnesota and 
the Red River valley, and northward into Canada. The 

DISTRICT. 

By Frederick W. Sardeson. 

district described in this folio lies in the northwestern part 
of the Upper Mississippi basin subprovince and embraces the 
junction of the Mieeissippi and Minnesota valley.. (See fig. 2.) 

OUTLINE OF THE GEOLOGY AND GEOGRAPHY OF THE UPPER 

MISSISSIPPI BASIN SUBPROVINCE. 

Extent and general relationB.-The Upper Mississippi basin 
subprovince lies west of Lake Michigan, east of the Coteau 
des Prairies, north of the Carboniferous basin or coal fields of 
Illinois and Iowa, and south of The Ranges. a southward 
extension of the Laurentian highlands into Minnesota and 
Wisconsin. The southern part of the region includes about 
10,000 square miles which was not covered by the northern 
glacier and which is called the "Driftless Area." In other 
respects, however, the history of the Driftless Area is similar 
to that of the surrounding region. The Ranges are covered 
with drift and in this respect are similar to the Glaciated 
Plains, though different in many other respects. The Ranges 
comprise a region of old crystalline rocks and of worn-down or 
leveled mountain ranges, whereas the Glaciated Plains are 
underlain by a series of nearly horizontal beds of sedimentary 
rocks. The rocks in the Dakota subprovince are Cretaceous 
sedimentary formations. Most of those in the Central Missis­
sippi basin and the Michigan syncline are Carboniferous and 
other late Paleozoic sedimentary rocks. The Upper Mississippi 
basin subprovince is underlain chiefly by Ordovician and 
Cambrian rocks. 

Relief.-The Upper Mississippi basin is in general a broad 
rolling plain which shows in its different parts no great diver­
sity in the form of ita surface. It stands from 600 to 1,500 
feet above sea level, but the greater part of it is at elevations 
between 900 and 1,200 feet. The valley of the Mississippi 
from Minneapolis southward is fairly regular. It is from 300 
to 600 feet deep, is generally 2 to 5 miles wide, and its flat 
bottom lies between steep slopes. The tributary valleys are 
also deep and have steep sides. The general slope of the sur­
face of the subprovince is toward the Mississippi Valley. 

Drainage.-Practically all this subprovince is drained to 
the Mississippi. Ita centra1-southern part, which includes the 
Driftless Area and areas covered by old glacial drift, is well 
drained through deep, mature valleys. The districts on its 
eastern, northern, and western borders are poorly drained, 
because they have been more lately glaciated and are covered 
by comparatively recent glacial drift, which blocks many of 
the valleys. Many of' the streams have irregular courSes and 
there are numerous lakes and swamps, some with outlets and 
others without them. The drainage systems in those districts 
are slowly approaching the condition found in the older drift­
covered and driftless districts. 

St1·atigraphy.-The hard rock formations immediately under 
the drift in the Upper Mississippi basin subprovince are sedi­
mentary. They are thickest on the south and thin out toward . 
the north. The sedimentary rocks lie everywhere upon older 
crysta1line igneous and metamorphic rocks of pre-Cambrian 
age. These older rocks come to the surface chiefly in the 
northern part of the subprovince, where the sedimentary rocks 
are absent. The structure of the crystalline rocks is complex 
and their surface was deeply eroded and planed down before 
the sedimentary deposits were laid down upon them. The 
general distribution of the rock formations at the surface in 
this region is shown in figure 3. 

The Cambrian system comprises sandstones and some dolo­
mitic formations and has a maximum thickness of about 1,000 
feet. The beds lie nearly horizontal and thin out toward the 
north, abutting against the older crystalline rocks, which 
formed most of the land at the' time they were deposited. At 
some places a thick series of red sandstones and shales of 
supposed Algonkian age lie beneath the Cambrian strata. 

The Ordovician system consists of thin formations of lime­
stone, dolomite, shale, and some sandstone. The deposits that 
formed these rocks were laid down upon the Cambrian rocks 
over all this subprovince .but at the north have been removed 
by erosion, so that the Ordovician rocks do not extend so far 
northward as the Cambrian. F.J8ch formation of the Ordovi­
cian system is less widespread than the next underlying one, 
and the complete succession is found only in the neighborhood 
of overlying Silurian or Devonian limestones. 

Representative formations of the Silurian system were laid 
down over only the outer border of this subprovince, in eastern 

and southern Wisconsin, in Illinois, and in Iowa, but not 
in Minnesota. They are chiefly dolomitic limestones, which 
include many coral reefs. They were laid down in clear, shal~ 
low seas while this region was a low coastal plain between the 
Laurentian highlands on the north and the sea on the south. 

The Devonian system covers the Silurian and overlaps it on 
the north so that it rests on the Ordovician in southern 
Minnesota (see fig. 3), but elsewhere ~t has been more strongly 
eroded away and is less extensive than the Silurian system. 
It consists of limestones and clay shales, which were laid down 
under nearly the same conditions as the Silurian deposits. 
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FIGURB B.-Geologie map of Minnesota. and adjacent region showing 
diltribution of the rook formations at the Burface. 

In much of the are&the bedrook la,deeply oo~red with II'IacI&I drift. (From the geologic map 
ofNorthAmeriealnU.S.Geol.SllM'eyProf.PaperT.l.lt.1l.) 

During the Carboniferous period, when the Pennsylvanian 
and Mississippian series were formed in the neighboring sub­
provinces on the south and east, this region was a lowland are~ 
subject to slight erosion. ]~ssentially the same conditions pre­
vailed later, during the Triassic and Jurassic periods, although 
the seas were then farther distant from this region. 

Cretaceous fluviatile and estuarine beds, consisting of gener--­
ally unconsolidated sands and clays, are found at some places 
in southern Minnesota. The more extensive marine forma­
tions of the same age in the Dakota subprovince, on the west, 
do not reach the Mississippi basin. During the Tertiary 
period the present Mississippi drainage system was established 
and the valleys were eroded deeper than they. are now. No 
Tertiary deposits are known in the subprovince. 

The Quaternary system is widespread.. Glacial drift, includ .. 
ing unconsolidated deposits from melting ice, from rivers, and 
from lakes, covers the greater part of the surface and has in 
pMces a thickness of several hundred feet. Even within the 
Driftlesa Area nearly all the surface is covered with Quater­
nary wind-deposited loess. 

8tructure.-The structure of the consolidated sedimentary 
formations in the Upper Mississippi basin subprovince is 
simple. A broad, low arch, pitching southward, whose crest 
runs nearly northward, extends through' Wisconsin and north~ 
ern Illinois, l:Ieparating the Upper MiBSissippi basin 8ubprovince 
from the. Michigan sync1ine subprovince. Th"e dips on the 
west side of this arch are nearly flat but are in general south­
westward. In the western part of the Upper Mississippi basin 
there is a broad synclinal trough toward which the rocks dip 
away from the broad arch just described. The strata having 



this general southwestward dip include minor undulations 
that show variant dips. The Minneapolis and St. Paul area is 
in one of these minor folds that produces the farthest north­
ward extension of the Ordovician strata. 

Outline of geologic history.-The pre-Cam brian history of 
the region is long, complex, and obscure. There were several 
periods of deposition, some of them accompanied by local 
volcanic eruptions, and these periods were separated by periods 
of uplift and deformation. The deformed rocks were once or 
twice intruded by masses of plutonic igneous rocks and the 
whole complex was several times subjected to erosion so pro­
longed as to lay bare even intrusive rocks that had solidified 
at great depths. Near the close of the Algonkian period a 
large part of the region had been reduced to a nearly featureless 
plain lying but little above sea level. 

Early in Paleozoic or late in Algonkian time most of the 
region was suhmerged by a sea that at times occupied much of 
the interior of North America. The height and slope of the 
bordering land and the outline and depth of the sea, and 
hence the position of its shores, were always slowly changing, 
and parts of the region were at times areas of deposition and 
at other times of erosion. By the close of the Ordovician 
period the sea had withdrawn from the immediate neighbor­
hood 9f the )'Iinneapolis and St. Paul district, but areas on 
the southeast and south were submerged until well into Car­
boniferous time, when the whole region wa~ uplifted and 
slightly deformed. 

Throughout Triassic, Jurassic, and Lower Cretaceous time 
Minnesota lay far inland and its surface was being reduced by 
erosion, but no record of that time is preseryed in the State. 
In Upper Cretaceous time the land on the west subsided and 
the interior Cretaceous sea spread eastward nearly if uot quite 
to St. Paul. It soon withdrew, however, its brief period of 
deposition being terminated by rene,\yed uplift, which was 
followed by erosion that continued through Tertiary time. 

In the Pleistocene epoch great ice sheets formed about 
centers of accumulation in Canada a.q.d spread outwflrd in all 
directions, grinding down the surface over which they passed, 
picking up and carrying along quantities of rock debris, and, 
when they melted, leaving the surfaee greatly changed and 
nearly everywhere covered with a blanket of transported mate­
rials. The Keewatin center was on the west side and the 
Labradorean center on the east side of Hudson Ba.y and there 
may have been another-the Patrician-southwest of the bay. 
According to the generally accepted view, ice sheets from one 
or more of the centers invaded the northern United States at 
least five times. At their greatest extent they reached central 
Missouri and southern Illinois and Indiana. The several 
invasions were separated by intervals when the ice melted 
away, perhaps altogether, and when the climate was as mild as 
at present, or even milder, and the land was inhabited by 
plants and animals. 

Minnesota was invaded but probably neyel' wholly covered 
by each ice sheet in turn. (See fig. 1], p. 10.) Each came 
from a different direction, as shown by the strire on bedrock, 
covered a somewhat different area, and left a characteristic 
deposit of drift. In the latest or 'Visconsin glacial stage the 
State was twice invaded by the ice, one ice tongue coming from 
the northeast and another from the northwest, and each leav­
ing a drift of a distinctive color. When the margin of the last 
ice sheet had melted back past the divide between the streams 
now flowing to the ).Iississippi and those now flmving to Lake 
'Vinnipeg, a lake called Lake Agassiz was formed between the 
ice front and the higher land on the south. It e\Tentually 
reached an enormous size and for a long time discharged south­
ward into th€' ,Mississippi basin through a large river called 
River Warren, which flowed in the valley of the present Min­
nesota RiYer. (See fig. 11.) A similar glacial lake, called 
Lake Duluth, filled the Lake Superior basin about this time. 
After these lakes had disappeared the conditions in the State 
became essentially those now prevailing. 

TOPOGRAPHY. 

RELIEF. 

General feat-wres.-The surface of the Minneapolis and St. 
Paul district is of moderate relief but of di verse character. The 
western, soutllern, and eastern parts are in general hilly, hav­
ing the undulating and knolly surface peculiar to drift-c?vered, 
recently glaciated regions, but the northern part is a plain 
broken by low sand dunes, and Mississippi and Minnesota 
rivers are bordered by terraced alluvial plains whose surfaces 
are nearly level. Only a lllinor part of the relief is due to 
erosion by the present streams. Fairly steep slopes of rather 
small vertical extent are abundant in the hilly districts and 
along the l\finnesot.a-~fississippi valley, but the surface else­
where is in most places level or gently sloping. 

The general altitude is uot high in view of the position of 
the area in the heart of the ~ontinent and its distance from the 
sea. In the hilly districts many summits reach 1,000 feet or 
more above Sf'a level, and near the southern margin of the area 
a few exceed 1,100 feet. The highest point is Lebanon, in 
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the southwest corner of the st. Paul quadrangle, which has an 
altitude of 1,180 feet. The general level of the plains is about 
900 feet in the northern part of the area and from 800 to 860 
feet along the rivers. The Minnesota-Mississippi valley bottom 
lies 100 feet or so lower, and the lowest point, which is a little 
less than 680 feet above sea level, is in the flood plain 
of the Mississippi in the southeast corner of the St. Paul 
quadrangle. 

The district may be divided into fi ... ·e topographic areas-the 
belt of greater hills, the belt of lesser hills, the illtramorainic 
plain, the river terraces, and the Minnesota and Mississippi 
river bottoms. (See fig. 4.) 
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FIG"L'RE 4.-Sketch map of the mall surface features of the Minneapolis 
and St. Paul district. 

The belt of greate1' hills.-A belt of knoll-like hills curves 
across the southern part of the district, occupying most of' the 
St. Paul and Minneapolis quadrangles, though not the site of 
the city of Minneapolis. It crosses the corner of the 'Vhite 
Bear quadrangle east and south of Gervais and McCarron lakes, 
and the corner of the Anoka quadrangle west and northwest of 
Medicine Lake. This belt is divided into three parts by the 
belts of terraces and flood plains that extend along Mississippi 
and .Minnesota rivers. It is characterized in general by an 
extremely undulating surface, comprising large, prominent 
knolls and interyening deep kettle holes. In this belt there 
are many ponds and lakes, most of which have no outlets. 
The surf~ce is strewn with bowlders and the subsoil is mostly 
clay. The belt includes some gravel plains, which are less 
broken than the hills, but which nevertheless contain many 
small kettle holes and are in part knolly. 

The altitude of the hilly part of' the belt ranges from 700 to 
more than 1,100 feet above sea level. The gravel plains have 
a mean altitude of nearly 900 feet. 

The belt of lesser hills.-"Tithin the curve of the belt ,of 
greater hills there is another belt, which extends from Bald 
Eagle and 'Vhite Bear lakes to ~finneapolis and thence north­
westward past Eagle and Hayden lakes. It occupies most of 
the southeast half of the White Bear quadrangle and the south­
west half of the Anoka quadrangle, besides corners of the St. 
Paul and Minneapolis quadrangles. Its surface is characterized 
by complex topography but is somewhat lower and less rough 
than that of the belt of greater hills and contains fe,\yer but 
larger lakes. The belt of lesser hills is broken across by a 
series of gravelly or sandy plains, lying as high as or a little 
higher than those in the belt of greater bills. 

The intramorainic plain.-Tbe northwestern part of the 
'Vhite Bear quadrangle and the northeastern part of the 
Anoka quadrangle are occupied by a plain, which is diversified 
by lo'w sand dunes, wire-grass marsh, and lakes. It lies about 
900 feet above sea level and is relatively flat. Its surface is 
all sand and bog, without bowlders, pebbles, or clay beds. 

The river te1'races.-Mississippi and Minnesota riYers are 
bordered by plains that are the terraces of gladal rivers. 
These plains are in places 1 or 2 miles wide, are bounded by 
distinct escarpments, and lie 740 to 860 feet above sea level. 
They are generally covered with gravel but are in some places 

strewn with bowlders and in others are floored with sand, cby, 
or limestone. 

Minnesota and Mississippi river botioms.-The most con­
spicuous topographic feature in the district is the river bottom 
of the Mississippi below its confluence \..-ith the Minnesota 
at Mendota and the river bottom of the .Minnesota, which 
together form a continuous, broad, flat-bottomed valley inclosed 
between high, abrupt walls. (See PIs. I to IV.) The rivers 
meander across the valley bottom and are bordered by natural 
levees, behind which are lakes or swamps or lower levels of the 
flood plain. The valley and gorge of the Mississippi between 
the Falls of St. Anthony and Fort Snelling are treated in more 
detail on pages 11-13. 

DRAINAGE. 

General features.-The district as a whole is not well drained. 
As the surface is not only extremely irregular but owes its 
character largely to glacial deposition, lakes and swamps 
abound in nearly all parts of the area, a considerable fraction 
of which is under water. Many of' the basins have no outlets, 
though some have outlets into adjoining basins, so that, in spite 
of the large amount of surface water, streams are scarce and in 
considerable portions of the area there are none. In all that 
part of the St. Paul quadrangle that lies south of Minnesota and 
Mississippi rivers the only streams are those that drain the 
margin of the hilly area, of which Black Dog Creek, the larg~ 
est, is less than 3 miles long. Large parts of the Anoka and 
Minneapolis quadrangles are without streams. 

All the surface drainage that finds an outlet within the district 
is discharged into Mississippi Ri vel', which crosses the area from 
the northwest to the southeast corner. The Mississippi and the 
Minnesota, a large stream rising many miles away and the chief 
tributary of the Mississippi in the district, flow in valleys from 
40 to 120 feet deep and are independent of the minor relief of 
the surface. The local streams, howe vir-those rising within 
or not far outside the district-wander in devious courses 
through the hills and across the plains, here flowing through 
swamps, there expanding into lakes, and as a rule occupying 
well-marked valleys only in comparatively short stretches 
between basins. Near their mouths most of the creeks descend 
to the main valleys in narrow gorges, from 40 to 100 feet deep, 
and have steep slopes and swift currents for the last mile or so 
of their courses. 

Streams.-l'he Mississippi in its course across the district is 
from an eighth to a quarter of a mile wide. It has a rapid 
current and falls about 160 feet in crossing the area, from an 
altitude of nearlv 840 feet to one of less than 680 feet above 
sea le~'el. The ~lope of the stream is not gradual nor uniform 
in the district. Fully half the fall, 85 feet, is at the falls and 
rapids of St. Anthony. (See PI. II:) From the northwest 
coruer of the Anoka quadmugle to the falls the descent is 40 
feet. At Coon Rapids the riYer is shallow and wide and its 
bottom is strewn with bowlders and at times of low water the 
slope of the stream is at places notably greater than at other 
times. From below St. Anthony Falls and rapids to Gray 
Cloud Island, in the southeast corner of the St. Paul quad­
rangle, the descent is 40 feet, but the gradient decreases so 
much that the current, which for the first mile is swift, dimin­
ishes in rate to St. Paul. Even at high stages the river flows 
mainly between high banks without flood plains as far down 
as the mouth of Minnesota River, at Fort Snelling, but from 
that place to Gray Cloud Island the banks are mainly low 
and the flood plain ranges.in width from half a mile to nearly 
2 miles. The islands in the stream, except Nicollet and Hen­
nepin islands and a part of Gray Cloud Island, are parts of the 
flood plain. 

Minnesota River, which enters the area a few miles north of 
the southwest corner of the Minneapolis quadrangle and joins 
the Mississippi near Mendota, is normally 300 to 400 feet 
wide, but at times of flood it spreads like a lake over the 
marshes of the adjoining Hood plain. It is deep but sluggish, 
and as its gradient is low its course is somewhat crooked, and 
its current is influenoed by the variations in the stage of the 
Mississippi. 

Rum River enters the Anoka quadrangle 11ear the middle of 
its north side and joins the Mississippi at Anoka. Its length 
in this stretch is less than 6 miles. It is closely confined, even 
at flood stages, between banks 20 to 40 feet high. It is ponded 
by a dam at Anoka. 

Coon Creek, which drains the northwestern part of the 
White Bear quadrangle and the northeastern part of the Anoka 
quadrangle, rises in Wiregrass 1\1arsh near the middle of the 
north side of the White Bear quadrangle. It flows west nearly 
to Round Lake, and there turns abruptly a little east of south 
and follows that course to the Mississippi. It has low banks 
and meanders in part across broad bogs or swamps, in part 
along a well-defined narrow valley between low hills. It 
receives the drainage of the marsh through several ditches. 
From Coon Creek station it descends to the river through a 
terraced gorge. 

Rice Creek, which drains the northeastern, eastern, central, 
and western parts of the White Bear quadrangle, rises just 



outside the northeast corner of the quadrangle and flows south~ 
westward to the Mississippi at Fridley. In the upper half 0:£ 
its course it flows through a chain of swamps and lakes; in the 
lower half through a well-defined meandering valley with flat 
bottom and bet,Yeen banks 20 to 40 feet high. Its chief 
braneh, Clearwater Creek, receives the overflow of White Bear, 
Lake through Bald Eagle Lake. Another branch rises just 
north of Johanna Lake and flows through Long Lake. The 
flow of Rice Creek has been greatly depleted by conduits lead­
ing from Centerville Lake and from Baldwin Lake to the 
St. Paul water sysb::~m. 

The southeastern part of the "Thite Bear quadrangle and the 
northeastern part of the St. Paul quadrangle, including a large 
part of the area now occupied by the city, 'were formerly 
drained by two branches of Phalen Creek, flowing respectively 
from Phalen Lake and from )'IcCarron Lake. The flow of the 
streams has been greatly depleted by the use of the water of the 
lakes for a part of the city snpply, and the streams have been 
largely obliterated by the erection of buildings, but a small 
stream still reaches the river at the south side of the city. 

Elm Creek, which drains the western part of the Anoka 
quadrangle, rises west of it and flows northeastward, with a 
fall of about· 150 feet, through nice and Hayden lakes to the 
IHississippi opposite Anoka. Its chief branches -are Rush 
Creek and the creek draining Diamond Lake, streams that in 
parts of their courses flow through narrow irregular valleys 
and in other parts through swamps and lakes. 

Shingle Creek drains the central portion of the Anoka 
quadrangle, flowing from Eagle Lake to the Mississippi at 
Camden. It flows at first northward along the border of' the 
plains, tIlen eastward through a shallow valley to Palmer 
Lake, thence southward and southeastward to the Mississippi. 
In the lower part of its course it now runs through an artificial 
channel. Its total fall is about 80 feet, of which about 40 'feet 
is in t.he last mile. 

Bassett Creek drains the southern part of the Anoka quad­
rangle and the northern part of the Minneapolis quadrangle. 
It flo'ws from the south end of Medicine Lake through Minne­
apolis to the MisRissippi opposite Nicollet Island. It is very 
crooked, and it flows through a succession of swamps, between 
'which it falls rapidly. 

:Minnehaha Creek flows in general eastward across the 
Minneapolis quadrangle from Lake Minnetonka to the Missis­
sippi not fin above Fort Snelling. In the greater part of its 
course it flows through swamps and small ponds that are sepa­
rated by short stretches of narrow valley. About half a mile 
from its mouth it plunges into a gorge nearly 100 feet deep, 
forming the famous Minnehaha Falls. (See PI. VIII.) From 
Lake Minnetonka to the Mississippi the stream falls about 
230 feet, 125 feet of its descent lying between the lake and the 
brink of the falls, which are 615 feet high. The stream has 
one small tributary, which flows from Harriet and Calhoun 
lakes. It is ponded at Edina by a milldam. 

"Ninemile Creek, which drains the central part of the Minne­
apolis quadrangle, has two main branches, one rising near 
Hopkins and the other in Island Lake, and flows southeast­
'ward to the Minnesota. As far as Bloomington these streams 
flow between low banks and across s'wampy basins, its descent 
between the basins being rapid. ~ ear Bloomington the creek 
enters a valley and descends nearly 100 feet in 2 miles before 
it emerges upon the flood plain of the Minnesota, where it 
turns westward about a mile to join that river. 

Purgatory Creek rises in several small branches from springs, 
IHkes, and s,'mmps south of Lake Minnetonka and drains the 
western part of the :\finneapolis quadrangle. It flows south~ 
easbvanl to the Minnesota, its course being mainly across flat 
swampy lands, but in the last 3 miles it descends a hundred 
feet t.hroug-h a gorge in the gra vel plain of Ede,n Prairie. 

Credit River flo'ws northward into the Minnesota at Savage 
(formerly Glendale). It enters the Miuneapolis quadrangle in 
a deep, narrow valley, from 'which it emerges upon the flood 
plain of the 1Iinnesota. :l\fany small spring creeks flow from 
the slopes bounding the large valleys into the Minnesota and 
into the Mississippi below Minneapolis. 

Lakes.-More than 600 lakes, about 130 of which have been 
named, are shown on the maps of the fOllr quadrangles. Lake 
Minnetonka" whieh. is more than 10 miles long, and White 
Bear Lake, also a large lake, are only partly within the area. 
Bald Eagle and Medicine lakes are each more than 2t miles 
long and a mile 'wide, ana thirty of the other lakes are a 
mile or more in greatest. diameter. Besides the many small 
lakes mapped, there are others too small to be shown. 

Most of the lar~er hlkes have surface outlets, either through 
streams or through swamps. Most of the small lakes have no 
outlet. Twelye of the lakes, of which Terrell Lake is the 
largest, occupy depressions in the flood plain of the Minnesom­
.J.lississippi valley and are ealled river lakes. A fe\v others, 
such as Deans Lake and Sandy Lake, occupy basins made or 
,,,aIled in by dune sand. All the rest are in basins of glacial 
origin. Some of the lakes are said to be 100 feet deep, but 
many are very shallow, there being all stages between clear 
lakes and mere swamps. 

MInneapolis-St. Paul. 
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CLDfATE AND VEGETATiON. 

The climate in this area is that of the northern midcontinental 
region. The summers are 'warm, the winters are cold, the winds 
vary greatly in direction and force, and the daily temperatures 
show considerable changes. The annual rainfall ranges from 
10 to 415 i'nches, but in most years is between 20 and 315 inches. 
The average annual rainfall for 715 years is about 27 inches. 
There is more or less snow in winter and early in spring. The 
rainfall is generally greatest at the time of the growth of' early 
vegeta.tion, in }Iay and June. Nearly a.ll the trees and shrubs 
are deciduous. 

In its wild state this area was in large part covered "",ith 
forests but included some small prairies. Those parts that are 
marked on the geologic maps as dune sands and gravel outwash 
plains were overgrown with prairie vegetation, chiefly grass and 
shrubs, but bore also a few trees, such as burr oak (Quercus 
macrocar"a). black oak (Que1'c~ velutina), and aspen (Popul~ 

The hilly tracts were generally wooded, except 
the steep southern slopes; which were covered with prairie 
vegetation and a few trees. The northern slopes were the 
more heavily wooded. The tracts of red t.ill shown on the 
geologic maps were less heavily forested than the tracts of gray 
till, which bore the "big woods" of white oak (Quercus alba), 
maple (AceI' saccharum), linden or basswood (Tilia americana), 
and elm (Ulmus americana). Coniferous trees-the white pine 
and tree juniper or red ceda.r-grew on a few cliffs in this area. 
The white birch grew on cliff's and also on steep north slopes. 
The allu vial lands bore willow, elm, linden, cottoll"\Yood, and 
here and there oak and maple. In the swamps there were 
forests of the tamarack 01' larch (Larix la1'icina), a deciduous 
conifer. 

At present only a small part of the original forest and prairie 
remains, though small tracts of each surrounded by pastures 
and fields of exotic plants are seen in nearly all parts of the 
area. Some swamps still remain, though by cutting and burn­
ing most of them have been changed to ma.rsh or meadowland. 

CULTURE. 

The population of the area is about 1500,000 and is chiefly 
urban. Minneapolis, the metropolis of t.he State, stands near 
the center of the area and embraces the adjacent corners of the 
four quadrangles. St. Paul, the capital of' the State, is east of 
l\Iinneapolis, in the northern part of the St. Paul quadrangle. 
Besides the "twin cities" and several suburban towns and vil­
lages, 'Vhite Bear, Centerville, Anoka., Champlin, Osseo, 
Savage (formerly called Glendale), and Mendota are within the 
area. The suburban and rural population haye t.aken up and 
utilized nearly all the land outside the cities and towns. 

The relation of the cities, towns, and villages to the rivers 
and lakes is'obvious. The three important rivers-Mississippi, 
Minnesota, and Rum rivers-were the routes along which the 
early explorers and traders passed through the region. At the 
mouth of the Minnesota are the oldest posts in this region­
Fort Snelling (established in 1823 and still a military post) 
and Mendota. St. Paul is the first convenient harbor below 
thejllnction of l\fiimesota and Mississippi rivers. St. Anthony, 
now East Minneapolis, is at the falls on the Mississippi. Anoka 
is at the mouth of Rum River. 

In their earlier growth the cities were built along the river 
banks, but later they were extended farther away from their 
original sites. St. Paul and Minneapolis are growing more 
in t.he direction of the gravelly plains of glacial outwash than 
in the direction of t.he clay hills of the glacial moraines, as 
may be seen by referring to the accompanying geologic maps. 
'Anoka lies upon a. flat gravel plain, as do also Whit.e Bear, 
Osseo, and the suburban towns, Camden, St.. Louis Park, West 
Minneapolis, South St. Paul, and Ne,,, Brighton. Many lakes 
lil'! within the area and their scenic attractions and the advan­
tages which they afford notably influence the distribution of 
the population. 

l\fanufacturing and trade are the chief industries. Furs, 
lumber, and flour, which 'vere once the chief manufactures, are 
still important products and many others have been added. In 
the "twin cities" there is a very efficient railway transfer sys­
tem for receiving and discharging freight. All the great rail­
way systems of the State center in the "twin cities." Most of 
the railways run along the natural routes afforded by the val~ 
leys of the great rivers. During' half the year steamboat navi­
gation, which was very important before the advent of railways, 
about 18715, is still a notable industry, and as a result of the 
construction of dams in the river as far up as Minneapolis, it 
is now increasing. Meanwhile lumbering by floating logs and 
rafts on the river has ceased. 

All parts of the two large cities are united by one electric 
street-railway syst.em. Electric railway lines have been extended 
also from the "twin cities" to neighboring towns-Anoka, 
'Vhite Bear, St. Louis Park, Hopkins, and 'Vest Minneapolis, 
several points on Lake Minnetonka, Savage (Glendale), and 
South St. Paul. Besides the paved streets of the cities, macad­
amized highways, "boulevards," ext.end between the "twin 
cities" and out to White Bear and Minnetonka lakes. 

GEOLOGY. 

STRATIGRAPHY. 

GENERAL CHARACTER OF THE ROCKS. 

The rocks of the Minneapolis and St. Paul area are of sedi­
mentary origin, but they fall into two distinct groups-hard 
stratified rocks of Ordovician nge, consisting of limestone, shale, 
and sandstone, which everywhere form the bedrock beneath the 
surface deposits, and unconsolidat.ed surficial deposits of Qua~ 
ternary age, comprising glacial drift and alluvial gravel, Band, 
and silt, which occupy nearly the whole surface of the area. 
The surface of the bedrock upon which the Quaternary depoe~ 
its lie is irregular and in some places the deposits are as much 
as 400 feet thick, though their average thickness is probably 
between 100 and 1150 feet. 

The hard rocks are exposed at only a few places, along Mis~ 
sissippi and Minnesota riYers, where the surficial cover has been 
swept away, but they have been encountered in many excaya~ 
tions and borings throughout the area. Their areal distribu­
tion, as nearly as it can be determined from the data available, 
is shown in figure 7. The thickness of the exposed hard rocks 
is about 400 feet, bnt beneath them, as is shown by several 
deep borings, there lies a further thickness of 1,600 to 1,700 
feet of strata ~f Cambrian and Algonkian (?) age. The whole 
series of stratified rocks i8 believed to rest on a floor of pre­
Cambrian granite, which vms reached in one boring that pene~ 
trated the entire series. The sequence, thickness, and general 
character of the rocks of the area are shown in the generalized 
columnar sections and well sections, figures 15, 6, and 8. The 
several formations will be described in the order of their age, 
beginning with the oldest. . 

ROCKS NOT EXPOSED. 

PRE-OAMBRIAN GRANITE. 

The lowest formation known beneath the area is the granite 
that was reached in a boring in Minneapolis known as the 
Lakewood Cemetery well. (8ee fig. 5.) At the bottom of the 
boring, which was 2,1150 feet deep and reached 1,2150 feet below 
sea level, the drill penetrated granite for about 15 feet. A 
sample of the granite from the boring was examined by Prof. 
C. W. Hall, who reported that it contained quartz, feldspar 
(both orthoclase and plagioclase), hornblende, and a chloritic 
mineral. Nothing is known regarding the areal extent of the 
granite beneath the area, but undoubtedly it 01' other crystal~ 
line rocks of pre-Cambrian age underlie the whole area and 
form a floor upon which the stratified rocks were laid down, as 
crysta.lline rocks of the same general age outcrop not many 
miles away in several directions from the area. 

ALGONKIAN (?) SYSTE..W. 

Red clastic series. - Upon the granite in the Lakewood 
Cemetery weB there lies a formation to which has been applied 
the descriptive name" red clastic series" because of incomplete 
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FreURK Il.-Sections of deep wells that penetrate the red clastio series, 
showing age and approximate correlation of the rocks encountered. 

knowledge of its geologic position. It underlies the recognized 
Upper Cambrian of east-central Minnesota and has the same 
general character as the red sandstones that are interbedded 
with the Keweenawan diabase in the Lake Superior region. 



It comprises an alternating succession, more than 1,100 feet 
thick, of coarse and fine red sandstones and red shale without 
regular or as yet recognizable divisions into formations. 

A number of deep wells in the area have penetrated the red 
sandstones and .hales. (Bee fig. 5.) The Lakewood Cemetery 
well i. reported by Prof. C. W. Hall to have entered them at 
a depth of 1,010 feet and to have p ... ed through them to a 
depth of 2,150 feet. The rocks are recognized by their red or 
pink color, although the series includes some white sandstone 
and green shale. The color and stratigraphic position of the 
series and its known wide extent in the region indicate that it 
is the same formation 8£1 the red sandstones of the Lake 
Superior region, the sandstone at Hinckley, Minn., and the 
conglomerate at New Ulm, Minn. 

CAHBRIAN SYSTEH. 

UPPER CAMBlUAN SERIES. 

G8'MI'al features. - The strata of Cambrian age consist 
chiefly of coarse white sandstone, fine greensand, and green 
shale, with some dolomitic limestone and pink shale. In well 
borings they are distinguished from the underlying red clastic 
series by their green color, where they are colored, and from 
the overlying Ordovician strata by the absence of massive 
dolomite or limestone as well as by the presence of greensand. 
Greensand does not occur in the Ordovician sandstones, 
although the glauconite grains that give the greensand its color 
are found sparingly in the Ordovician dolomites. The line of 
demarcation between the Cambrian and Ordovician strata. is 
readily noted in well borings, as the lowest Ordovician foI'IIlQoo 
tion is a massive dolomite and the uppermost Cambrian bed is 
8 coarse white sandstone. 

Below the top of the Cambrian there are alternating zones 
of white sandstone and greensand that are not easily distin­
guished from one another in well borings. In a boring that 
encounters the lowermost Ordovician strata each zone may 
be identified more or less definitely by its distance below those 
beds, but in a boring that passes directly from the glacial drift 
into the Cambrian strata such identification is not easy. 

In neighboring districts, where Upper Cambrian strata are 
exposed, they have been divided by Walcott and Ulrich into 
the Mount Simon grit, Eau Claire sandstone, Dresbach sand­
stone, Franconia sandstone, St. Lawrence formation, and Jor~ 
dan sandstone, named in order of' deposition. Such division 
is facilitated by the existence of characteristic fossiliferous zones 
in the Franconia sandstone and in the top of the St. Lawrence 
formation, and by the presence of three dolomites or calcareous 
beds here, one in the Franconia sandstone, one near the base 
of the St. Lawrence formation, and one near the top of that 
formation. (Bee fig. 6.) The bed. of glauconitic sand or 
green£'1and are not regularly distributed through the Upper 
Cambrian series owing to the cross lamination and lenticular 
bedding that prevails in that series. 

FIGURE 8,-Genaralized columnar saotion of rooks not exposed at the sur. 
face, encountered in deep wells In the Minneapolis and St. Paul distdet. 

Sc81a:11neh-l100feet. 

]},..bach sandstone and old~ Cambrian rocks.-The red 
clastic series is overlain by 350 feet or more of soft fine white, 
gray, or green sandstone, at least one coarse white water-bearing 
sandstone, and much fine green or blue shale. (See fig. 6.) 
These rocks are thicker in the East Minneapolis well than in 
the Lakewood Cemetery well. Probably they lie unconform­
ably on the red clastic series, and 'the lowermost beds fill depres-
sions in the surface of the rocks of that series. . 

The upper and larger part of these beds is assigned to the 
Dresbach sandstone, which is named from Dresbach, Minn., 
where about 200 feet of friable white and light greenish-gray 
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sand.tone belonging to the formation is exposed beneath the 
Franconia sandstone. There is still di:fference of opinion as to 
the lower limit of the Dresbach, but the formation undoubtedly 
includes the lowermost of the coarse white cross-bedded water­
bearing sandstones that are penetmted in deep borings in these 
quadrangles. 

Ji'ranconia sandatone.-The Dresbach sandstone, as is shown 
by the deep borings, is overlain by beds of 'greensand and 
calcareous shale, which are succeeded above by another coarse 
white water-bearing sandstone. These beds, which are in all 

.. 

borings a similar bed i. found near its base. In the texture 
and hardness of the rocks the formation as a whole is much 
like the greensand beds of the Franconia. 

The formation is named from St. Lawrence, Minn., where 
8 feet of buff cry.talline dolomite with interbedded thin .haly 
and sandy layers is well exposed. The dolomite contains a 
few scattered grains of glauconite and a few fossils, among 
them lJiJcellooophalus .mnne.ote.... Owen and Billi"IJ"lla 
coloradoensia Shumard. The dolomitic strata, as well as a 
great thickness of variously interbedded green shale, fine 
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about 85 feet thick, are assigned to the Franconia sandstone, 
so named from Franconia, Minn., in the St. Croi.x Valley, 
where the formation is typically expo,aed. The Franconia 
formation is characterized by the fossil Oonolcetphalina mua 
(Hall), which is found in the white sandstone. 

St. Lawrerwe !ormation.-The Franconia sandstone is over­
lain by about 100 feet of greensand and shale that is correlated 
with the St. Lawrence formation. In its upper part it contains 
a bed of dolomitic or, in places, calcareous shale, and in some 

greensand, white sandy laminre, and a little red shale, are 
exposed at several other places in the region. 

Jordan 8andstone. - The uppermost Cambrian formation 
penetrated in the deep borings consists of 75 feet of water­
bearing sandstone. Its lower part, which grades downward 
into the St. Lawrence formation, is fine friable cross-bedded 
sandstone including greensand in alternate beds. The sand­
stone becomes progressively coarser and whiter toward its top, 
its most characteristic part, which is very coarse, white, and 



friable and is made up of clear well-rounded quartz grai;ns. 
This coarse-grained porous upper part has been leached by 
circulating meteoric waters and has thus been altered by the 
removal of cementing material and impurities. 

This formation is readily recognized as the Jordan sand· 
stone, which is exposed in typical form along Sand Creek at 
Jordan, Minn., a few miles beyond the southwest corner of the 
area here described. 

ROCKS EXPOSED. 

ORDOVICIAN SYSTE...lf. 

All the hard stratified rocks exposed at the surface in the 
Minneapolis and St. Paul area are of Ordovician age. The 
exposures are found only along the valleys of Mississippi and 
).finnesota rivers and at Sweeney Twin Lake. The distribu­
tion of the bedrock exposed at the smiace and beneath the 
drift in the area is shown in figure 7 (p. 4). At some plaC€s in 
the area these rocks may be as much as 500 feet thick. 

The Ordovician strata overlie Upper Cambrian strata in 
apparently conformable succession. They comprise beds of 
Lower and Middle Ordovician age and have been divided into 
the following formations, named in ascending order: Oneota 
dolomite, Shakopee dolomite, St. Peter sandstone, Platteville 
limestone, Decorah shale, and Galena limestone. (See fig. 8.) 

FIGURE B.-Generalized columnar section of rocke exposed at the surface 
in the Minneapolis and St. Paul district. 

90&16: 1Inch~OOOf6et. 

ONEOTA DOLOMITE. 

Name and distribution.-The Oneota dolomite is named 
from its typical exposures along Oneota River in northeastern 
Iowa. Only the uppermost beds of the formation are exposed 
in the :\finneapolis and St. Paul area, occurring in small out­
crops just above the level of the Mississippi bottom close to the 
point where the river lea'\'es the St. Paul quadrangle. The 
formation is well exposed east of the quadrangle and also at 
Merriam, just outside the southwe.8t corner of the Minneapolis 
quadrangle. 

Thickness.-In the area herein described the formation is 90 
feet thick. Its thickness ranges from 60 feet at its northern 
limit to 150 feet in southern Minnesota. Many of the strata 
are of irregular thickness and in some places the thin parts of 
a number of strata coinride, so thAt here and there the forma­
tion is much thinner than elsewhere. Its upper surface is 
therefore billowy and uneven. 

Character.-The character of the formation in the Minne­
apolis and St. Paul area, as shown by borings, is the same as ' 
in neighboring localities where it is better exposed. It consists 
chiefly of dolomite, but at its base and also near its top it 
contains, in most sections, some interbedded sandstone or , 
sandy dolomite, which is associated with oolitic dolomite. The 
dolomite composing the bulk of the formation is thick bedded, 
massive, and jointed both horizontally and vertically. Its 
color is gray, pink, or buff, and its texture either compact, 
granular, or porous. 

The formation has undergone considerable alteration, as is 
shown by the dolomitized shells of gastropods and tests of 
trilobites that it contains. The fossils in the fine-grained com~ 
pact beds are generally compressed or fractured and those in 
the porous beds are nearly destroyed. Some of the porous 
beds contain concretions of chert and geodes of quartz and 
dolomite. In some places the rock has a porous brecciated 
strnC'ture; in others it contains irregular small caverns; and in 
still other places some of its joints have been enlarged by 
watercourses, here and there containing loose white sand. 

Fossil-ll.-Fossils have been found in the formation only 
near its top. 'fheyare preserved as chert . casta from refilled 
molds, as hollow molds, or as dolomitized shells. The fauna 
consists of a few species each of trilobites, brachiopods, gastro­
pods, and cephalopods. Among the more common species are 
PilocM'aJj corniculum Sardeson, Raphistoma minnesotense Owen, 
Pleurotomaria (Plethospira) obesa Whitfield, and lIlurchisonia 
putilla Sardeson. 

Origin.-That the formation is marine is shown by the 
fossils and that it was deposited in shallow water is shown by 
the oolite and the interbedded coarse 8ancistones. Near the 
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top and bottom of the formation are zones, 1 to 10 feet thick, of 
large Cryptozoa resembling concretions. They have the same 
rock texture as the surrounding matrix but have a hemispheric 
con.centric structure. Fragments of them are found as pebbles 
in the associated intraformational conglomerate; hence they 
are contemporaneous in origin with the formation. They are 
either algal or coral reefs and probably the same origin can be 
ascribed to the formation as a whole except the sandstones and 
some shaly layers. The interstratified sandstone and dolomite 
in the basal part of the formation includes some irregular con­
glomeratic structure of reefs. broken up in shallow water. In 
other places the reefs are faulted or brecciated in a way most 
readily explained as due to the removal by solution of original 
beds or lenses of salt or other soluble rock. 

SHA.KOPEE DOLOMITE. -

NarM and dislribution.-The Shakopee dolomite is named 
from Shakopee, Minn., just beyond the western border of the 
Minneapolis quadrangle, where the rock is typically exposed. 
Between that place and Deans Lake it lies so near the surface 
in places that it is struck in plowing. It outcrops at Sayage 
(called Glendale on the maps), 011 Gray Cloud Island, and at 
places farther north along the river, where it forms cliffs on 
both sides of the flood plain. The full thickness of the forma­
tion is exposed in the Mississippi River valley in the SDutheast 
corner of the St. Paul quadrangle. 

Thickness.-The formation is about 60 feet thick. At 
Shakopee, at Savage (Glendale), and at Inver Grove its upper 
surface is irregular and is marked hy low dOllles or swells, with 
corresponding arching of the strata. The tops of the domes 
have been eroded away, but the arching strata indicate that the 
smiace, if restored, would have local differences of 10 to 30 feet 
in altitude. At Newport the upper surface is much more 
uniform. 

The doming of the surface, where seen, is variously repeated 
at intervals of a few or of many rods. Some of the domes ha ve 
a surficial aspect; they do not extend to the base of the forma­
tion. Others correspond to inequalities in the surface of the 
Oneota dolomite. Most of the domes are due to several super­
imposed strata of unequal thickness, and in places a thick­
ening in one set of strata is equalized by a thinning in the 
overlying ones, so that no dome shows at the surface of the 
formation. Still other domes are in part original reef-like 
structures. Aside from the Cryptozoon reefs the formation 
was probably deposited in fairly regular strata, most of the 
present irregularities being apparently due to alteration. 

Characler.-The formation consists chiefly of dolomite but 
includes some sandstone and sandy layers. The strata are 
generally massiYe, but many are irregular in thickness and in 
jointing. That the beds were laid down in a shallow sea is 
shown by the coarse sandy layers, oolite, conglomeratic beds, 
reefs, and marine fossils. 

In the quarries at Shakopee the formation includes at 
least three interstratified sandstone beds, which are distinctly 
arched, bent, and crushed. The sandstone is composed of 
coarse rounded quartz grains, aud either the interstices 
between the grains are completely filled with granular dolo­
mite, or the grains are cemented at their points of contact 
only, or they are uncemented and loose. The different phases 
grade horizontally from one to another in the same stratum. 

The dolomite also differs in different places, part of it being 
shaly, but firm fine-grained limestone is more typical. Some 
of the firm fine-grained rock is fractured and brecciated, and 
in places the fractures are lined with dolomite crystals, the 
rock bordering the fractures being megascopically more or 
less crystalline. This kind grades into a rock that is coarsely 
granular and crystalline throughout and that agrdn into crys­
talline cavernous dolomite. (See PI. VI.) Some caverns are 
several feet in diameter and contain loose rusty angular frag­
ments of dolomite and some clay. As a rule the firmer rock 
is found in the domes or hummocks and the leached cavernous 
parts in the interyening basins. More or less alteration is 
evident, howe\,e1', in all parts of the formation. 

Fossils.-Fossils may occur in any part of the formation, 
although they are not found in most exposures. Good fos­
sils have been found only at Shakopee and near Newport. 
Organic remains were probably buried in only a few of the 
strata and have been more or less completely destroyed by sub­
sequent alteration of the rock. Defaced casts of molluscan 
shells are the most abundant, but where good fossils occur 
they are fairly plentiful. Both casts and dolomit~zed shells 
are found. The most common species are the following; 

Eccyliomphalus Bp. I Fusispiraexacta(Subuiitesexactus) 
Raphistoma ruidum. Endoceras cOllsuatum. 
Hormotoma al'gylensiB (Murchi- EUl'ystomites kellogi. 

sonia argylensis). 
Trochonema pecatonica. (Helico· 

toma. pecatonica). 

Of these the first one characterizes the higher strata of the 
formation and the fifth and seventh the lower strata. 

Large hemispheric concretion-like bodies called Oryptozoon 
minnesotense (see PI. VII) occur in the Shakopee formation and 
are similar to those in the Oneota dolomite. They have a con-

centric structure but are nearly everywhere confluent with the 
normal bedding and have the same texture as the surrounding 
matrix. They occur in zones or reefs and apparently are algal 
structures. 

Name and distl'ibution.-The St. Peter sandstone is named 
from St. Peter River, as Minnesota Rh'er was formerly called, 
near the mouth of which, at Fort Snelling, the white saccha­
roidal sandstone of the formation is typically exposed. The 
exposures there, however, are only a part of outcrops that 
extend along the escarpment on each side of the gorge of the 
Mississippi beneath a capping of limestone, from Minnea.polis 
to St. Paul. (See PIs. III and IV.) The formation is exposed 
in like manner for 2 miles on both sides of Minnesota Valley. 
North of Minneapolis, at Camden and Columbia Heights, there 
are outlying escarpments of the formation, capped as usual by 
limestone, and at South St. Paul, Oakland. and Highwood 
(Highland on the map) there are isolated exposures of the sand­
stone. A small island in the swamp of Minnesota Valley, 2 
miles above Fort Snelling, is formed of St. Peter sandstone. 

A characteristic of the formation is the small surface area of 
its outcrop, as it is found mainly in steep escarpments. It is 
easily eroded and crumbles rapidly to loose sand on exposure 
to weathering but is in places protected by the overlying lime-­
stone, so that wherever the limestone has been removed the 
sandstone also has generally been removed, either down to the 
bottom of the valleys or down to the underlying limestone. 

Thickness.-The formation is about 150 feet thick. At' 
Highwood its top is exposed and the sandstone crops out for 
140 feet bf'low the top, the base being concealed. A maximum 
thickneSs of more than 160 feet is given in published records 
of well borings. In some such records the top of the Shakopee 
may ha ye been included as St. Peter sandstone, yet the thick­
ness of the St. Peter is certainly m'ore than 140 feet. At Fort 
Snelling the sandstone is exposed for 75 feet above the level of 
the river and, as is shown by borings, extends about 70 feet 
below that level, so that its total thickness there is 145 feet. 
The thickness probably differs 20 feet or more within short 
distances, the differences according with the unevenness of the 
surface of the Shakopee upon which the formation rests. It is 
not certainly known, however, that the surface of the Shakopee 
is as uneven beneath the undisturbed St. Peter as it is where 
the Shakopee is uncovered. 

Oharacter.-The formation is typically a very w'hite sand­
stone, made up of grains of limpid quartz that are polished to 
a dead or dull surface and well rounded. It contains little 
cementing material or impurities of any sort and is therefore 
porous, friable, and easily fractured. (See PI. V.) Analyses 
show that it contains more than 99 per cent silica. Its dazzling 
whiteness gives the rock a deceptive appearance of uniform 
grain and structure, but in fact its grains range in size from fine 
dust to particles a millimeter or more in diameter. The sand­
stone is thick bedded and jointed, but the bedding and the 
joints, as well as the cross-lamination, fractures, and faults, 
a.ppear clearly only where the rock i8 cemented by calcium 
carbonate or is stained by iron oxide. The cross-lamination 
is that of a wate~laid deposit. The lower part of the forma­
tion is marked by more impurities and discoloration than the 
upper part and contains some fine siltlike or shaly beds. 

The typical white color of the sandstone is due to leaching. 
The formation is water-bearing and probably has lain in a 
slightly tilted po~ition, with one edge exposed where water 
could penetrate it, so that it has been in a position to be 
leached by descending water, which accounts for its remarkable 
purity. Even where the sandstone contai,ns numerous fossils 
in the form of casts not only have the thick calcareous shells 
been removed but the matrix consists of 99.78 per 'cent silica, 
with only a trace of iron and magnesium and no Calcium. 
The entire absence of the original calcareous material of the 
shell, even from the matrix, indicates very thorough leaching. 
The original thickness of the shells is shown by the deep 
muscle scars and marked lines of growth, but the spaces where 
the shells once were have been closed up and the form of the 
interior is impressed into the cast of the exterior, showing that 
the sandstone has been compacted as well as leached. The 
compacting appe.ars to have kept pace with the leaching. 

At Highwood molds of fossils were found partly filled with 
loose sand only and presenting casts of the interiors of the 
shells instead of the exteriors. The process by which such 
fossils were produced must have been gradual. After a shell 
was buried and the matrix had set, the shell was dissolved 
away, leaving a solid cast of the interior within a mold of the 
exterior. The matrix 'was then further compacted, probably 
because of the leaching out of its cement, and a new mold was 
formed about the cast, the obverse of the original interior sur­
face of the shell. The cementing material of the internal cast 
having been removed by leaching, loose sand was left within 
the mold. The same matrix contains also distorted compressed 
reverse casts formed in a similar manner. 

Fossils.-Fossils are found at Dayton Bluff' in white, slightly 
cemented sandstone from 60 to 80 feet below the top of the 



formation. At South St. Paul many fossils are found in white 
cemented cross-laminated sandstone at a little lower horizon 
than that at Dayton Bluff. Near High'wood they have been 
found at a still lower horizon in distorted strata that are stained 
yellow or brown. All the fossils are casts of the shells of 
marine mollusks. The principal species are: 

Modiolopsis gregalis. 
Modiolopsis litorlllis. 
n.fodiolopsis contlgua. 
Vanuxemia fragosum. 
Cypricardites descriptus. 

I 

Ctenodonta novicia. 
Pleurotomaria (Plethospira) aiens. 
Ophileta fausta. 
Orthoceras minnesot!:lllse. 

All the species are different from those of the Shakopee 
dolomite. The fauna is, in fact, more closely related to that 
of the Platteville limestone than to that of the Shakopee, as it 
includes a large proportion of Pelecypoda, species of which are 
not found in the region in formations older than the St. Peter 
sandstone but are of common occurrence in younger forma­
tions. The species are, however, also different from those of 
the Platteville, and aside from its general relations the fauna 
as a whole or in part is not correlated with any other known 
fauna. 

Relatio1M.-The basal contact of the formation is sharp and 
without transition beds. The Shakopee dolomite includes 
several intercalated beds of sandstone, but the sandstone that 
abruptly succeeds the highest bed of dolomite is the basal bed 
of the St. Peter. No unconformity is evident at the contad, 
and the basal beds conform to the irregularities of the surface of 
the Shakopee, already described. At the top the formation 
'grades into the overlying Platteville limestone through a thin 
transition zone, the change from white sandstone to green shale 
and limestone including a.n intervening mixed stratum. The 
tilting or dip of the strata in this region, which increases from 
the base to the top of the Oneota dolomite and culminates 
at the upper surface of the Shakopee dolomite, is compensated 
by warping and faulting in' the lower part of the St. Peter 
sandstone, so that the upper prut of that formation and the 
overlying limestones and sha.1es are not so greatly tilted. The 
upper and lower surfaces of the St. Peter rue therefore not 
parallel, but the deformation appears to be wholly secondary 
and not due to deposition on an eroded surface. In the 
opinion of the author, the St. Peter sandstone was laid down 
horizontal1yand conformably on a level surface of the Shako­
pee dolomite and was covered conformably by the beds of the 
Platteville limestone. At a later time the leaching of the 
sandstone and the solution of constituents from the underly­
ing formations produced a gradual settling and distortion in 
the base of the St. Peter and in the underlyiug dolomite. 

Name, thickness, and di$tribution.-In earlier geologic reports 
the name Trenton limestone was applied to the formation t.hat 
is now called Platteville limestone, but the younger Galena 
limestone is now regarded as representing the Trenton epoch. 
The Platteville limestone is 30 feet thick, this thickness includ­
ing the -shaly transition strata at its base. Its occurrence in 
this area at the crest of escarpments and upon the St. Peter 
sandstone has already been noted. In such places it lies 
mainly at the surface in water-swept rock benches-the terraces 
of· glacial rivers-along the present valley of the Mississippi. 
(See PIs. III and IV.) It is exposed in vertical section along 
tpe crest of the Mississippi escarpments and is quarried at mauy 
such places. It is the hard stratum over which the river tum­
bles at St. Anthony Falls. (See PIs. XXI and XXII.) It is 
also exposed at a single isolated locality at Sweeney Twin Lake, 
at the crest of a drift-fined valley. 

Oharacter.-The following section at the Government dam 
near Minnehaha shows the character of the rock and the rela­
tive·thickness of the several parts: 

Section in west bluff of Mississippi River valley near Minnehaha. 

Deoorah shllle: In. 

Limestone, blue and gray, crystalline _ 8 
Shale, gr~en, with shell fragments _ 
Limestone, gray, compact, crystalline, in tbree 

layers __ 
Clay or shale, green. __ _ _________ ,. ___ . __________ _ 

Limestone. dark brown and blue. carbonaceous 
and crystalline ________ . ______ _ 

Platteville limest.one: 
Corrosion surface. 
Limestone, blue 01' buff, somewhat magnesian, 

porous ____ . _______________ _ 
Limestone. blup, dense, partly shaly _ 
Corrosion Burface. 
J,imestone. with alternate irregular compact laminl!J 

and darker, carbonaceous magnesian layers ___ 18 
Corrosion surface and pebbles. 
Limestone. gray, porous. with black pebbles __ 
Shale, green, with cuboidal fracture_ 
Clay with numerous sandy fucoids _._ 
Clay, green ___________ . ____ _ 
Sand. impure and cemented __ 
Claypartirig. 
Sand and clay, eq'ulll parts, irregularly mixed __ 

St. Peter sandstone down to river __ 75+ 

In the above section the first. 4t feet of beds above the top of 
the St. Peter sandstone form a lithologic transit.ion from that 
formation to the PlatteviJ!e (see PIs. IX and X), but the fossils 
f'Qund in these beds are of the same species as those in the over-
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lying limestone bed and the beds therefore appear to be a part 
of the younger formation. A similar though not exactly the 
same series of transition strata occurs in other places. 

The lower 13-foot limestone bed, which is very persistent and 
quite distinct (s~e PI. IX), is called by qualTym~n the building­
stone layer. It is the "Lower Buff limestone," formerly recog­
nized in Wisconsin and Iowa. It is typically massive, but 
where the overlying limestone and shale have been removed 
and the limestone has been leached by surface waters it sepa­
rates into thin uneven layers of blue or buff limestone 1 or 2 
inches thick, with buff clay partings. On long exposure the 
rock separates similarly into layers. The whole bed has inter~ 
secting vertical joints at intervals of 10 to 20 feet. The fresh 
unweathered rock has no horizontal joints but can be split 
along the seams. It appears everywhere to consist of thin, 
alternate, irregular-surfaced layers that in transverse section 
appear more like irregular banding than like lamination. 
Layers of nearly pure blue magnesian limestone, partly fine 
grained and compact and partly crystalline, alternate with 
darker, more or less carbonaceous shaly layers that contain 
little calcium carbonate and very much magnesium carbonate 
and silica. Laminal or lenticular layers, rich in fossils and 
more crystalline than the rest of the rock, are common. Tesis 
of brachiopods a.nd trilobites are preserved in both the lime­
stone and the shale, but molluscan shells have been dissolved 
away. The molluscan shells left molds in the limestone that 
have been refilled by crystalline carbonates, but the molds in 
the shaly layers have been closed by compression. 

The limestone of the 5-foot and 8-foot beds differs as a whole 
from that of the 13-foot bed in being neither banded nor lami­
nated. The lower bed has the same color as the bed beneath, 
but the upper one is more nearly buff. Where it has been 
leached and weathered under cover of soil only, or of soil and 
subsoil, it is separated into thin yellow or buft' layers that 
include thin clay or shale part.ings. Where the fresh rock is 
exposed in vertical section it is divided into three or four mas­
sive beds, the exposed edges of which break with conchoidal 
fracture. The lower or 5-foot bed breaks from frost or from 
saturation and drying and crumbles to clay in a few seasons. 
It is in fact almost a shale. The upper or 8-foot bed breaks 
from frost. if it is wet. It is limestone of finely granular, partly 
crystalline texture and contains fossils, the shells and tests of 
which are entirely or nearly absorbed, leHYing molds lined with 
glistening crYF;tals of caldte or dolomite and in places pyrite. 
Shelly layers-a sort of fossil coquina-form crystalline lentic­
ular beds 1 or 2 inches thick and several feet across at. intervals 
of 1 or 2 feet vertically. The 5-foot and 8-foot beds are jointed 
as a whole vert.ically, the joints intersecting at intervals of 10 
to 20 feet, as in the bed beneath them, though in position and 
direction the jointing does not as a rule coincide with that in 
the bed beneath. The presence of several corrosion zones is 
shown in figure 9. 

Fossils.-Fossils are abundant throughout the formation. 
The faunas of the limestones are much alike, a few of the less 
common species being different in the two. The different pres­
ervation of the fossils and the numerical representation of cer­
tain species, such as Rhynchotrema minnesotensu, in the lower 
bed and Vanuxemia rotundata in the upper bed, are the nota­
ble distinctions between them. 

The faunas of the Platteville limestone and of the St. Peter 
sandstone consist of djfferent species, but those of the Platte­
ville limestone and of the Decorah shale are much the same. 
Some species of the Platteville fauna l'Ruge upward through 
the Decorah shale into the Galena limestone, as is,sho\vn in the 
following list: 

Asa.p,hus gigas. 
Bumastus trentouensis. 
Dlllmanites ca.lUcephalus. 
Ceraurus plenrexanthemus. 
Conohioolites minor. 
Conradella compressa. 
Lophospira conradana. 
Lingula iowensis. 
Crania setigera. 
Strophomena fllitexta. 

Ortbis tricenaria. 
Hebertella belJarugosa. 
Zygospira recurvirostris. 
Escbaropora subretlm. 
Rhinidictya mutabilis. 
Hallopora (Callopora) multitabu· 

lata. 
Streptelasma profundum. 
Hindia parva. 

Alteration.-The formation is not much altered. Its original 
granular texture is modified by a fe-w scattered crystals of cal­
cite and dolomite and by spots in which recrystallization is 
nearly complete. The small cracks and cavities are lined or 
filled· with calcite and here and there with pyrite. Solution 
preceding the crystallization formed cavities by dissolving away 
fossils and small particles of the granular matrix. The several 
strata are not equally changed, but in general the lower bed of 
limestone is less leached and more infiltrated than the upper 
ones. Vertical compression accompanied the leaching. From 
one-tenth to one-half the original thickness of the layers has 
been lost, as is shown by the compression of the fossils. The 
now impure limestone and shaly layers have suffered most 
compression. 

Name and distribut£on.-The Decorah shale, formerly called 
the Trenton shale, is found in t.his area only in the northern 
part of the St. Paul quadrangle. The locality is the northern-

most known occurrence of the formation and is separated by 
the entire width of Dakota County from the main area 
occupied by it. 

The formation is exposed on both sides of the valley of the 
Mississippi at St. Paul. The largest exposure is in West St. 
Paul (see PI. XI), at the quarry of the Twin City Brick Co. near 
Pickerel Lake. Others are found in the roadway east of 
Mendota, and there is a practically continuous line of small 
outcrops on the northeast side of the river from near the 
center of St. Paul to the western boundary of the city. The 
most -westerly exposure is at the east end of the Northern 
Pacific Railwa.y bridge near the State University. East 
of St. Paul, as indicated by the mixture of shales and fossil~ 
iferous limestone in the red drift, there may be a small drift­
covered area of the formation at Dayton, and evidently others 
lie outside the quadrangle near Highwood (Highland) and 
Dayton. 

Thickness and character.-The thickness of the formation is 
rather more than 60 feet, including about 50 feet of green 
clay shale and a total of 10 feet of crystalline limestones. The 
limestones alternate with the shale throughout. There are some 
persistent beds of limestone at the bottom and top of the for~ 
mation, but most of the limestone occurs in discont.inuous len­
ticular layers. The formation as a whole is shale (see PI. XI) 
comprising three beds, which differ in composition so greatly 
that they are worked separately in the manufacture of brick and 
tile and which are further distinguished by faunal differences. 
The lowest shale bed includes the upper 7 feet 4 inches of the 
section near Minnehaha given aboye. The details of the forma­
tion are shown in figure 9. 

Conglomerate of black·coated 
lime~tone pebbles. 

CorrosIon zone 
OoUticUmonlte. 
Conglomerate o~ black·coated 

limestone pebbles. 

Conl(JomeratB of bIBck·co .. ted 
limutone pebbles. 

Oollttcl!monlte. 
Conglomerate ot black.coated 

limBatonepebbles. 

Conl(lomera.te ot black-ooated 
llmestonepebblBll. 

FIGURE 9.-Detailed section of Platteville limestone, Decorah shale, and 
Galena limestone at St. Paul, Minn., showing corrosion zones and 
limestone oonglomerates. 

So",le: 1Inch=lIOfeet. 

The basal bed of the formation is dark brownish-blue 
pyritiferous crystalline, carbonaceous limestone, with cavities 
or irregular geodes lined with calcite and pyrite. It is 18 
inches thick and forms one or two layers. In some placEts it is 
separated by a layer of clay or shale from the Platteville lime­
stone, but in other pla-ces the two are united by limestone. In 
every place the contact is marked by the blackened and 
corroded surface of the subjacent bed and by abrupt change of 
color. The basal bed is overlain bv about 2 feet of bluish­
gray crystalline limestone in three layers, with shaly partings. 
A third limestone,·6 inches thick, is da.rk blue and crystalline. 
These three limestones and some thin fossiliferous layers­
about 4 feet thick in all-are included with 6 feet of green 
shale to make up the lower division of the formation. The 
middle division, which weathers to a lig-hter color than the 
lower one, is about 35 feet thick and is nearly all shale but 
includes thin lenticular fossiliferous limestone layers. The 
upper division is again darker and includes thin, more or less 
regular dark-bluish crystalline limestone. Its topmost bed, 18 
inches thick, is dark bluish brown, like the basal bed of the 
lower division. 

There are two thin zones of oolitic limonite as well as four 
layers of conglomerate consisting of black-coated limestone 
pebbles, as shown in figure 9. The pebbles are of the same 
composition as the other limestones of the formation but have 
black corroded surfaces. They are generally fiat, sharp-edged, 
and from 1 inch to 6 inches wide. 



F08sils.-Fossils are ahundant in the formation, especially 
in the limestones. Nearly all except the mollusks are well 
preserved. Fragments of trilobites and brachiopods and great 
numbers of bryozoans occur in fine preservation. The three 
divisions of the formation correspond to distinct faunal zones. 
Many species occur in one or two zones or beds only; others 
range either into the Platteville below or the Galena above; 
and none of the common species characterize the formation as 
a whole. The DE'corah is, in fact, not faunally a unit in 
this area. It is easily recognized, however, by' its associa~ 
tion of index fossils, especially brachiopods. A bed near the 
top of the formation, consisting almost , ... holly of fucoids 
(Camarocladia 1'ugosa) and shown in Plate XII, may be readily 
recognized. 
Vertical distribution of the common brachiopod 1'nderv fossils of the ])ecorah 

shale and associated formations. 

________ J,I-"-'- 'I~I'-
O"hi,t"een.".Oo.,.d__ _ __ I x x I x x! x I x 
Dalmanella "ogata Sardeson I I x I x 
DalmaneUasubffiquataConrad(varieties)__ I~ x- x x IX-
~~:;;:~::::t:~:l~.E~::::,:______ oj: ji x I x 

Plectamboniws minnesotensis Sardeson ___ _ 
P1MtambonitessericeUB Sowerby --- . ---1'--- I-x I x 
Rhynchotremaincrebescens Hall --- ~~~ ~~~ 1_ 1-_ 
Rhynchotremaminnesotensis Sardeson__ __ x x I x x 
Rhynchotrema ainsliei N.H.Winchell __ 1 ___ 1 x x -1-

Nos. 1 and 2 are the lower and upper limestone zones of the PlattevHle, 
NOB. 8, 4, and 5 are the lower, middle, and upper divisions of the Decorah, 
and No.6 Is the Gillena. 

Alteraiion.-The formation has been compacted vertically 
and its content of calcium carbonate has been changed. Most 
of the limestone contains much crystalline calcite and some 
pyrite. The shale, on the contrary, is leached. The shells of 
mollusks are dissolved out and only their casts, filled with 
fine-grained limestone, remain, with the shale compressed 
about them. The absence of cavities where the shells were 
and the general lack of fissility are attributed to vertical recom­
pacting of the rock. The shale is everywhere color~banded 
but is not laminated or fissile except along some calcareous 
layers. When fresh it is green, but it weathers buff or brown. 
On exposure it breaks with cuboidal fracture and weathers to 
clay in a single season. 

Distribuiion and thickness.-About 15 feet of limestone and 
shale that belong to the Galena formation is exposed aboye the 
Decorah shale on both sides of the valley at St. Paul. The 
stl"d..ta are well exposed in the quarry of the Twin City Brick 
Co. nea,r Pickerel Lake (see PI. XI) and also in outcrops from 
Pickerel Lake more than a mile eastward to High Bridge. On 
the opposite side of the valley the formation was exposed at 
intervals for a mile in street grading, especially on Gra.nd 
Avenue. 

The fnll thickness of the formation, which elsewhere is 100 
feet, is not preserved anywhere in the area. A well bored at 
the old reform school, It miles east of Merriam Park,l is said 
to have penetrated 134 feet of sha.1e and limestone between the 
glacial drift and the St. Peter sandstone, so that the thickness 
of the Galena remaining at that place must be 35 feet. 

Character.-The exposed strata of the formation are partly 
limestone and partly shale, both having generally a chamcter~ 
istic lumpy appearance. Some parts consist of clay shale j in 
other parts irregular rounded lumps of fine-grained limestone 
a·re distributed in layers; in still others the lumps are closely 
aggregated; and some limestone beds appear to consist of such 
lumps massed and compacted together. Both shale and lime­
stone contain thin layers of fine crystalline limestone and of 
fossil shells and corals. The formation includes, however, no 
thick bed of crystalline limestone such as that which forms the 
top of the Decorah shale. 

The fresh rock has a somewhat carbonaceous appearance 
and is, when fresh, of mixed gray, brown, and dark~bluish 

color but weathers light green and finally becomes yellowish. 
The lo\vermost 7 feet is shaly and very fossiliferous. Intra­
formational conglomerate occurs in one zone. '(See fig. 9.) 
The pebbles are nearly like those of the Decorah shale but 
contain fossils and rocks characteristic of the Galena.. The 
shale of the Galena closely resembles the Decorah shale. The 
preservation of its fossils and the change of its limy constitu~ 
euts resemble that of the other shales in the area, although it 
is upon the whole more calcareous. 

Fossils.-Fossils are preserved in the shaly beds of the for­
mation in great numbers, but they are of somewhat fewer 
species than those of the Decorah shale. Several kinds, such 
as Zygospira recurvirostris Hall, Rhynchotrema increbescens 
Hall, Plectambonites minnesoiensis Sardeson, Pachydictya acuta 
Hall, and Hallopora multiiab'ulata Ulrich, occur abundantly. 
Receptaculites oweni Hall, which is found in the limestone 
strata, is a characteristic fossil of the formation. 

1 Winchell, N. H., Minnesota Geol. aDd Nat. Hil>t. Survey, vol. 2, p. 25\1, 
lS88. 

Mlnneapo11ll-St. Paul. 

7 

QUATERNARY SYSTEM. 

Character. - A mantle of unconsolidated heterogeneous 
material, consisting chiefly of glacial drift and reaching in 
places a thickness of 400 feet, covers the surface of the hard 
rocks in the area described in this folio except along the Mis­
sissippi and Minnesota river bottoms, where it has been partly 
swept away. It is made up of bowlders, gravel, sand, rock 
flour, and clay, and much of the stony material consists of 
fragments of rocks of other sorts than those occurring within 
the area described. The bowlders in particular are of many 
varieties of rock, and practically all the formations of north­
ern :Minnesota and the neighboring parts of Canada are repre­
sented among them. Some rock material of local origin is 
mingled with debris that has evidently been brought from a 
distance, and in a few places the drift contains large masses 
plucked from the underlying bedrock. 

The surface of the drift in most of the area is very uneven, 
its unevenness being due chiefly to inequalities in distribution 
and deposition but in part to erosion and in part to irregular~ 
ities in the bedrock surface, which has a known relief of 400 
feet within the area. The mantle of drift is not thick enough 
to obliterate all the in~gularities of the bedrock surface, but 
onl,Y in a large way is its surface form consequent upon those 
irreg·ularities. The drift ranges in thickness from less than 50 
to more than 400 feet and, owing to this great difference, its 
thickness at any place can be estimated only 'within rather 
wide limits and cun be closely determined only by borings or 
excavations. Its average thickness in the district is probably 
between 100 and 150 feet. The chief feature of the drift sur­
face is the great terminal moraine that crosses the southern 
part of the district in a great loop convex southward. 

The surface of the bedrock beneath the mantle of drift is 
fresh and unweathered and has been glacially eroded and 
polished. The gouged and pitted surface of the Platteville 
limestone beneath the drift is shown in Plate XIV. The major 
features of the preglacial relief still remain, however, and have 
been worked out from data obtained in outcrops and borings. 
Chief among them are two valleys, which converge at Gray 
Cloud Island, one extending from Lake Minnetonka and the 
other from Vadnais and Phalen lakes. Where the great 
moraine crosses these valleys their position is indicated by 
large or deep lakes, such as Lake Minnetonka, Anderson 
Lakes, and Marcott l;,akes. The valleys of the Mississippi 
and the Minnesota break across the great moraine between 
the two buried valleys and thus cut deeply through the drift 
into the bedrock. 

At least three drift sheets are readily distinguished in this 
part of Minnesota. Each consists mainly of till but includes 
outwash deposits of gravel and sand and some laminated clay. 
The sheets are distinguished by the color and composition of 
the till a.nd outwash, and are known respectively as the old 
~i1y drift, the red drift, and the young gray drift. The first 
is regarded as of Kansan age but possibly includes some pre~ 
Kansan, and the other two a.re rega.rded as of Wisconsin age. 
Between the Kansan and the Wisconsin drift are local deposits 
of ~ilt which appear to be interglacial. 

The trend of the strire on the bedrock in different parts of the 
State and the direction of ice movement deduced therefrom are 
shown on the sketch map forming' figure 11. In the area of 
this folio three directions of ice movement are indicated by 
three sets of strire. Two sets of strire may be seen in a street 
in St. Paul that ascends the south bluff of the Mississippi east 
of High Bridge, the older trending S. 53°-62° E. and the 
younger trending S. 10°_14° E. Kansan and 'Visconsin 
red drift are found in that neighborhood and the two sets of 
strire were doubtless made by the ice lobes that deposited those 
two bodies of drift, respectively. At Buchanan and Fifteenth 
streets NE., Minneapolis, near the southwest corner ofthe White 
Bear quadrangle, three sets of glacial striations are found on 
rock freshly cleared of drift. The oldest, which are polished 
furrow's and fine strire, trending S. 47°_52° E., were made 
by the Kansan ice. Those of intermediate age, which are 
sharp scratches and chatter marks one~fourth inch or less deep 
and trend S. 2°_4° K, were made by the ice lobe that left 
the Wisconsin red drift. They cut across the oldest set and 
both are cut across by the third set, which consists of sharp 
scratches a.nd chatter marks trending N. 78 0 E. and were made 
by the ice that brought the young gray drift. 

Pre~Kansan drift has been recognized at places in )Iinnesota 
and 'Visconsin on all sides of t.he Minneapolis and St. Paul dis~ 
trict and may at one time have covered the district. Even at 
those places it has been largely eroded away, only remnants of 
it being preserved. It has not been certainly identified in the 
district, though possibly some of the drift regarded as Kansan 
may be older. The Kansan and the pre~Kansan drift are much 
alike, both being "old gray drift," and in places where they 
are not separated by a zone of soil or a weathered and oxidized 

surface they are not readily distinguished. A small mass of 
till like the pre~Kansan of neighboring areas, darker and more 
clayey than that of the recognized Kansan in this area, and 
containing many fragments of wood, overlies the limestone in 
the quarry at the foot of Church Street, Minneapolis. It may 
possibly be of pre~Kansan age. 

Distribution and thickness.-All the old gray drift in the 
district is referred to the Kansan stage, although, as stated 
above, a little of it may be pre~Kansan. It occurs in many 
places in the district, over which it doubtless once formed a 
thick continuous sheet. It has since been greatly eroded and 
now lies in more or less isolated patches, both in the buried 
valleys and in the hills. In places it reaches a thickness of 
more than 200 feet. 

Character and relations.-In its deepest part, where it is 
unleached, the Kansan till is blue-black, but where it has been 
leached by surface waters it is brownish buft'. In both situa­
tions it contains numerous pebbles of limestone that have been 
transported from other areas and some of hard, light-blue shale 
that splits up on exposure. In the subsoil zone, where it is 
oxidized, the Kansa.n till is reddish brown and contains no 
limestone pebbles. 'Vhen freshly exposed it is somewhat con­
solidated, hard,jointed, and stained or leachea along the joints. 
'rhe gravel and sand of Kansan age, when fresh, contain peb~ 
bles of several kinds of rock, including many of limestone and 
a few of shale, but where oxidized, in the subsoil zone, pebbles 
of limestone and shale are lacking in them as well as in the 
till. -:. The Kansan drift a·s a whole contains a relatively large 
proportion of clay, but it ranges from dense till to nearly 
clear gravel or sand. As a rule its bowlders are few and 
large, but in places they are numerous and in other places they 
are absent. 

'Vhere the Kansan drift rests on limestone the surface of the 
rock is not only fresh and thoroughly eroded but is in places 
deeply furrowed (see PI. XIV), and its surface shows every­
where a characteristic polish-rather a clay~polished than a 
sand-polished surface. Some of the granite bowlders and 
many of the pebbles have the same polish. 

Local deiails.-Kansan till rises 60 to 80 feet above river 
level in the north escarpment of the Minnesota River bottom 
from Terrell Creek to Auto Club, except at Terrell Creek and 
for half a mile west of Purgatory Creek, where its top is below 
the valley bottom. Its presence is shown by large protruding 
bowlders and· by small exposures of till along the escarpment. 
East of Auto Club its top again slopes downward. In these 
exposures the Kansan is covered by laminated silt and by out,.. 
wash of the Wisconsin red drift. 

Kansan till is exposed also in numerous cuts and outcrops 
too small to be shown on the maps. It is artificially expos~d 
in cuts along the "Minneapolis & St. Louis Railroad near 
Island Lake and at the highway crossing near the southwest 
corner of Golden Valley Township in the Minneapolis quad­
rangle, where 5 feet of fresh buff till with limestone pebbles 
grades upward into oxidized reddish-brown till without lime­
stone, 3 to 4 feet thick, 'which is evidently the old weathered 
surface of the Kansan. It is overlain by 4 feet of blue clay 
and 5 feet of'ViscoD:sin gray grayel. 

Kansan drift, involved in morainic knolls or folds with 
Wisconsin red and gray drifts, is exposed on the electric rail­
way near Sweeney Lake and north of Glenwood Lake, and at 
several other places. South of Pickerel Lake and thence east,.. 
ward to High Bridge, in St. Paul, it lies at a high altitude' and 
consists of a thick btlsal gravel bed overlain by old gray till. 
The gravel bed rests on shales belonging to the Galena and 
Decorah formations and the old gray till is covered by red till 
of Wisconsin age. 

Along the Eock Island Railway between Valley Lake and 
the wagon road north of Pine Bend hard buff Kansan till 
appears in two places for a height of 20 feet, with 10 feet of 
Wisconsin red drift above it. The Kansan ",'as evidently dis­
turbed or plowed up in masses by the Wisconsin glacier. In 
the quanies near Riverside Park, Minneapolis, Kansan blue­
black till, 10 feet thick, is exposed on both sides of the river 
beneath sheets of Wisconsin red drift and gray drift. On 
Lexington Avenue, St. Paul, a quarter of a mile southwest of 
Como Lake, where fLU underpass beneath the Northern Pacific 
Railway has been cut through glacial drift, the cut shows 
about 10 feet of Wisconsin red till over 8 feet of undisturbed 
laminated silt, beneath which lies 6 feet of Kansan till. Kan­
san till, beneath 20 feet of Wisconsin red outwash gravel and 
10 feet of the young gray outwash, forms the core of a ridge 
half a mile northeast of Black Lake, in the 'Vhite Bear quad­
rangle. At Camden, in the Anoka quadrangle, hard blue­
black Kansan till with limestone pebbles underlies laminated 
brick clay. 

The existence of Kansan drift in many places is shown by 
borings. It evidently fills the buried valleys to a depth of 
100 to 250 feet and on some of the higher parts of the bed­
rock surface the altitude of the surface is due in large part to a 
thick sheet of Kansan drift.. 



INTERGLACIAL DEPOSITS. 

Certain beds of laminated silt that lie between the Kansan 
drift and the Wisconsin red drift appeal' to be interglacial 
deposits. They are found in areas too small to be mapped and 
at various altitudes and were deposited upon the Kansan drift 
by small lakes and streams. Several of these deposits ,vere 
mentioned in the description of the Ka.nsan drift. On Lexing­
ton Avenue, St. Paul, 8 feet of laminated buff or bright 
reddish-brown silt lies between Kansan till and Wisconsin red 
till. The Iaminm a,re about an eighth of an inch thick a,nd 
consist mainly of very fine sand, except within a thickness of 
more than a foot at the top, which is cluy. These beds lie 880 
feet above sea level. At Jackson Street and East University 
Avenue, St. Pltul, from 820 to 840 feet above sea level, a 
similar deposit, made up of alternating layers of buff silt and 
blMk clay, is overlain by till and outwash of the red drift. 
Similar interbminated buff silt and black or brown clay over­
lies the Kansan till along the north escu,rpment of the Minne­
sota valley from Terrell Creek to Auto Club. The laminated 
deposit grades upward into fine red sand and that in turn 
into gravel of the red drift outwash. The red sand a'ppears 
to be derived from the red drift and is probably a Etrenm 
deposit formed during the oncoming of the glacier that brought 
the red drift. Possibly the silt is merely an eltrlier stream 
deposit derived worn the same source instead of an interglacial 
deposit derived from the weathering of the Kansan drift. 

North of Camden, near the northern boundary of Minne­
apolis, an interlaminated deposit of silt and clay is exposed in 
pits, where it is dug for use in making brick and tile. In the 
southern pit, which is shown on the topographic map, the 
deposit rests on hard blue-black till containing many white 
limestone pebbles and may thus be recognized as Kansan. 
Above the laminated deposit are bowlders, probably of the 
red drift, and several feet of recent river gravel, with shells. 
The same deposit occnrs at Northtown, across the river from 
Camden. In both places the laminated silts are tilted or folded 
by subsequent glacial thrust and their surface has been in part 
eroded by the river and covered with river gravel. (See PI. 
XVII.) 

All the drift that lies above the old gray or Kansan drift in 
the district is referred to the Wisconsin stage. Two sheets­
the red drift and the young gray drift-are recognized. They 
are as different from each other as either is from the old gray 
or Kansan drift and they are therefore described separately. 
The red drift is distinguished by its red or pink color when 
fresh and by the absence from it of limestone pebbles and 
bowlders (see PI. XVIII) or by their scarcity and local origin. 
The young gray drift is blue-black or buff and when fresh con~ 
tains fragments of light-colored limestone of other than local 
origin. The oxidized red drift in the subsoil zone is rusty red, 
whereas the oxidized young gray drift is yellowish brown and 
contains no limestone pebbles. Although red drift of Illinoian 
age OCCUI'8 in the region just Boutheast of this district (see fig. 11, 
p. 10) and a thin layer of it may have been deposited over part 
or all of the district, it has not been distinguished, all the red 
drift having been referred to the Wisconsin. 

Dulribution and relations. - The red drift extends from 
north to south across the entire district and its border lies 
several miles farther south. In the 'vestern and northern 
parts of the district it is covered by the young gray drift, but 
in the greater part of the St. PHul quadrangle and in small 
adjacent parts of the Minneapolis and White Bear quadrangles 
it is not so covered. It is exposed at many places, and even 
where it is covered by the young gray drift it is exposed in 
cuts that are 15 to 25 feet deep. In thickness it ranges from 
lesB than 10 feet to more than 200 feet. 

Red lill.-'rhe till of the red drift in this region contains 
more stony material and sand and less clay thn,n that of either 
the old or the young gray drift. It ranges in composition, 
however, from red clay with, few pebbles or bowlders to stony 
impure eand. Its bowlders are rather small and numerous, 
but it contains no fragments of limestone except those picked 
up from the Kansan drift or derived from local formations. 
These, however, are in places abundant. 

Most of the till of the red drift mantles a complex terminal 
moraine and its surface is very knolly or hilly. It is generally 
less than 30 feet thick except where red gravel and saud or 
drift from the Ka.nsan till sheet is involved in it. In many 
places it merely forms a veneer over the knolls, their int~riors 
being made up of crumpled or mixed older deposits. This 
relation of the red till to the hills and knolls is general 
throughout the morainic tract of the red drift and also in most 
of that of the gray drift. Along both sides of the Mississippi 
from Coon Creek station to Anoka the red till' outcrops 
beneath later drift in areas too small to be mapped and in that 
locality it is probably ground moraine rather than part of a 
terminar:moraine. 
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Red outwash gravel.-The outwash of the red drift is in 
places very thick. South of Pi,ne Bend, along a deep ravine 
that is cut into sandy gravel, it is 200 feet thick. At South 
St. Paul it is 80 to 100 feet thick and includes a thin zone 
of bowlders and cpntRins much cobble. The Eden Prairie, 
between Purgatory and Terrell creeks, is underlain by about 
100 feet of red outwash beneath gray outwash. \Vest of 
Terrell Creek the same red outwash is covered by young gray 
tilL A hilly tract extending from Rogers Lake westward to 
the Minnesota vRIley south' of Mendota consists of red gravel 
veneered with young gray tilL The red outwash is finely 
displayed in St. Paul in many artificial exposures. From the 
center of the city, where it fills an old buried valley, it rises 
toward the west, at first with uneven surface but farther on 
becoming more even ~nd ending in a nearly flat high plain. 
The Wiregrass Marsh and dune-sand tract between Coon and 
Rice creeks may be a red outwash plain covered "dth young 
gray till, like the plains at Centerville and neal' New Brighton. 

Along the electric railway south of Savage (Glendale) lami­
nated silt and fine sa.nd that overlies gra vel of the red outwash 
is crumpled and folded into knolls and is overlain by young 
gray till. In a deep street cut at the \Vashburfl Home, in the 
southern part of Minneapolis, the morainic hills simila.rly con­
sist of laminated silt overlain by young gray till. (See PIs. 
XV and XVI.) On the west side of Smith Lake, north of 
Medicine Lake, the same kind of silt appears in the hillside, 
the young gray drift being absent. On Coon Creek, west of 
Crooked Lake, in the Anoka quadrangle, stratified red sand 
underlies 15 feet of young gray till. These laminated deposits 
were formed either in glacial streams and ponds at some distance 
outside the margin of the melting ice sheet or in water bodies 
of a later date but earlier than the deposition of' the young 
gray drift. They resemble the laminated silt of interglacial 
age except in containing less carbonaceous materh11, and they 
are like silt that is interbedded in the red drift except that 
they underlie young gray till instead of red till. 

Yonng gray drift. 

Disti'ibution.-The Wisconsin gray or young gray drift 
extends from west to east over the greater part of the district. 
Its extreme eastern margin lies 4 miles east of the northeast 
corner of the White Bear quadrangle. The edge of the sheet 
runs thence southwestward through \Vhite Bear Lake and 
crosses the district in a. meandering course from a point a mile 
south of White Bear Lake to the south side of the Minneapolis 
'quadrangle near Savage (Glendale). 

Young gray till.-The young gray till is blue-black in its 
unleached pRrt and buff or gray in its leached part, which 
extends downward 15 to 20 feet from the surface. The 
oxidized and leached or lime-free subsoil zone-5 feet or less 
deep-is yellowish brown. The unleached till contains rela­
tively much clay and much calcareous matter. It is like that 
of'the old gray drift in its general character but has somewhat 
lighter ferruginous colors and is not consolidated, hard, or 
jointed where freshly exposed. Its bowlders are few and of 
much smaller average size tha.n those of the old gray or 
Kansan tilL 

The gray till of 'Visconsin age is everywhere thin and 
unequaUy distributed. At its extreme border it is represented 
eithel' by light~gray clay, kneaded into the top of the red till, 
or by scattered surface pat.ches 1 to 5 feet thick, but as a rule 
the farther it lies from its border the thicker it is and the more 
persistently present. At only few places in the district is it 
more tluin 15 feet thick, but in the first cut on the l\finne­
apolis & St. Louis Railroad east of Purgatory Creek it is 
fully 20 feet thick. From 3 to 5 feet of' its lowermost part at 
that place ,is blue-black and unleached and contrasts strongly 
with the red till which is exposed beneath it, but it gradeB 
upward into the leached buff or gray till. In the clay pit of 
the brick plant at Coon Creek all the young gray till is blue­
black. The section there from the surface downward includes 
5 feet of dune sand, 6 feet of gray gravel, 10 feet of blue-black 
till, and 20 feet of red clay to the bottom of the pit. 

Where young gray ti'll overlies red outwash deposits its 
knolly surface is due in part to unequal thickness of the till, 
but rather more to a displacement or deformation of the under­
lying gravel and sand, such as is found south of Savage 
(Glendale). Here an older outwash plain has been converted 
into a knolly plain. In places where the gray till overlies the 
red till moraine it is also knolly, but its knolls are small and 
are superimposed, as it were, on the morainic swells of the red 
drift. The young gray till at such places does not efface the 
topographic forms of t11e red drift, which are much the stronger. 
Nearly all the surface of the area covered by the young gray 
till in this district is rolling, of morainic form, and in the 
greater part of this area the gray till thinly masks red drift 
terminal moraine. 

Gray outwash gravel.-The outwash of the young gray drift 
is of wide extent but is not so thick as that of the red drift. 
It forms pitted pIa-ins and covers the red outwash on Eden 
Prairie and at some other places. The pits of the red and 
young gray outwash plains in many places' coincide and are 

otherwise alike. Some of this outwash is very coarse gra \'el, 
but most of it is almost clear sand. 

"Test of Lemay Lake, south of Mendow, there is a brown 
loesslike clay, 5 feet thick, which contains calcareous con­
cretions. The same kind of clay occurs at many other pla.ces, 
especially along the border of the gray Wisconsin till. It 
either lies on or takes the place of that till and it looks like 
young gray till without pebbles. It occurs also in the glacial 
river valleys. 

The higher terraces along the valleys of Mississippi and 
Minnesota rivers are broad and exrensive and most of them 
are covered with graveL Kotable exceptions are the Platte­
ville limestone benches on both sides of the valley below Fort 
Snelling, which were swept bare by the glacial rivers. The 
surface of the Shakopee dolomite at In \'er Grove and between 
Shakopee (just west of the district) and Savage (Glendale) was 
denuded of everything but heavy bowlders. Bowlder-strewn 
till surfaces' which bear evidence of erosion are found on the 
highest terrace of the ~fississippi, especially nea.r Coon Rapids, 
and sparingly in other places on the higher terraces, but in 
most places the terraces are strewn with gravel or sand, even 
where the surface is mther knolly. The highest terl'~e along 
either valley is developed chiefly in glacial outwash, and the 
terrace gra vel is so closely associated with the outwash as to be 
in part not distinguishable from it. At Northtown the terrace 
sand contains much detritus of the St. Peter sandstone, doubt­
less derived from erosion of the adjacent cliff, and in places 
gravel from the red drift is mixed with gray outwash, or gray 
gravel with the red. 

The lower terraces lie in the deep part of the valleys and are 
narrow. They consist of gravel deri\"ed mainly from the drift 
sheets but in places contain some limestone from near~by 

sources. On the terrace at Newport there are many fossilifer­
i)US limestone slabs from the Decorah shale. The terrace 
at a,n elevation of 740 feet on the south side of the ri \'er 
at St. Paul consists of' sand with much limestone gravel and 
few erratic bowlders. Mendota. stands on a similar terrace. 
The narrow terrace at an elevation of 730 feet just north of 
Nicols, in the Minnesota Valley, is coarse gmvel and cobble. 
The isolated gravel terrace between Deans Lake and Shakopee 
and the narrow terraces along ~fississippi River Rre covered 
with fine gray gravel. 

The entire north-central pa.rt of the district, between R.ice 
and Coon creeks if) occupied by dune sand, which extends 
both beneath and between the Wiregrass Marsh and meadows 
and overlies young gmy till. EastwHl'd toward White Bear 
and southward toward Cardigan Junction and Bulwer Junc­
tion, however, it rests partly on young gray sandy outwash. 
A few low dunes stand on the outwash plain between Rum 
River a.nd Coon Creek, and others are nea,r Camden. From 
Fridley southward through eastern Minneapolis dunes occur 
both on the highest river terrace and on the adjacent morainic 
hills. They occur likewise on the highest terrace and on the 
adjacent outwash plain neal' Fort Snelling and westward to 
Bloomington. South of Minnesota River dUlles occupy the 
higher terraee east of' Nicols. Dune sand is 12 to 15 feet 
thick on the low limestone terrace by Deans Lake, west of 
Savage. Apparently nOlle lies on Shakopee Prail-ie, which is 
the adjacent high terrace on the south. 

~early all the dune sand lies on young gray drift or on still 
later terraces. East and north of McCarron Lake some small 
dunes lie on 'Visconsin red drift, and small dune-sand tracts 
occur north of }ferriam Park, St. Paul, but all these are near 
the border of the 'Visconsin gray drift border. 

Sandy soil that is probably of the same origin as the dunes 
oceurs in association with them, but only where the sand is 
deeper than the soil and is of considerable extent can it be 
recognized with assurance. The dune sand is from 5 to 25 
feet or more thick. It is wit.hout bedding or cross-bedding 
except certain characteristic wavy soil bandLll. (See PI. XIX.) 
It ranges in color from' light yellow to brown. 

The deposits of Recent age include alluvial sand, silt, and 
clay, and beds of muck and peat. Along ~fissis8ippi River 
above St. Anthony Falls fluviatile deposits of sand form inter­
rupted narrow, low terraces and islands. From the faUs to a 
point 3 or 4 miles above Fort Snelling the terraces and river 
bed are stony, but from that point down the river channel is 
in sand and gravel, which is 70 feet deep at the' fort. The 
Minnesota~~fississippi valley bottom from Shakopee to Gray 
Cloud Island is Rlso filled with sand and gravel to a depth 
of 50 to 75 feet. 

Numerous smaH alluvial fans of sa,nd and gravel line -the 
Mississippi and Minnesota, valley bottoms, and a few are large 
and high enough to be shown on both the topographic and 
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geologic maps. Two conspicuous fans on the limestone ten-ace 
are crossed by the road from Fort Snelling to St. Paul; others 
are at Oakland, Spring Park, Nicols, and Savage; and many 
small fans line the shores of lakes and streams. Those 'which 
lie low in the valleys, like that at the mouth of Big Foot 
Creek, are merged and confused with the alluvial plain of 
the river. Most of the small fans are not shown on the ma-ps. 

Many lakes and many swamps that formerly were lakes 
have well-developed beaches a,nd ice ramparts. Innumerable 
small and large lake basins contain Recent silt, muck, or even 
peat. Deposits of peat from 1 foot to 10 feet thick are common. 
The most nota,ble are those of the Wiregrass :Marsh region and 
that along the south side of Minnesota River from Savage to 
Mendota. The peat depo~its overlie dune sand as well as the 
older deposits, but in some places in eastern Minneapolis dune 
sand overlies the peat and is very recent. 

STRUCTURE. 

The stratified rocks 'of the Minneapolis and St. Paul area 
must have been laid down nea-rly level and have undergone 
very little deformation. At present, however, they are not 
quite level but dip gently from a.ll sides toward a point about 
midway between St. Paul and Minneapolis, thus forming a 
very shallow basin. The accompanying sections (fig. 10) show 
the attitude of the rocks as deduced from data obtained in rock 
exposures and well borings. The basin-like structure is well 
shown in the sections and also by the altitude of the base of 
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cello, and at Cambria. Toward the south there was open sea 
for a long distance, as shown by the wide extent of the forma­
tions in that direction. 

Throughout the Cambrian period the land on the north 
gradually sank and the sea spread farther northward, and each 
successive formation was deposited over a wider area, so that 
at its margin it overlapped the formation next beneath and the 
last formation overlapped upon the pre-Cambrian floor. Each 
formation is therefore thinnest at its northern landward mar­
gin and much thicker toward the south. The sea was always 
shallow, however, and currents played an active part in depo­
sition, carrying material far from the shore and depositing it 
'with the oblique bedding characteristic of the formations. The 
total thickness of the Upper Cambrian beds in these quad~ 
rangles-600 feet-is so small compared with the length of the 
Cambrian period that they were probably laid down during 
epochs of rapid deposition that were separated by epochs of 
nondeposition. 

During most of Upper Cambrian time life was fairly abun­
dant in the sea. It consisted chiefly of trilobites and brachio­
pods but included a few mollusks. The area was occupied by 
three faunas in succession-one in Dresbach time, one in Fran~ 
conia time, and one in St. Lawrence time. The faunas of these 
separate times consisted mainly of' different species, though a 
few species survived from one to the next. Early in Upper 
Oambrian time and again toward its close, when coarse sands 
were being deposited and constantly shifted by strong currents, 

FIGURE lO.-SectiollB Ml'OSS the Minneapolis and St. Paul district. 

Shakopee deposition.-After a considerable interva1, presum .. 
ably a time of uplift and denudation, deposition was resumed 
under much the same conditions as in Oneota time. Crypto~ 
zoan reefs (see PI. VII) were again abundant, and again the 
bulk of the sediment formed 'was calcareous mud. At times, 
too, the water was shallow and layers of oolite were formed or 
beds of sand were washed in. Occasionally parts of the sea 
floor rose above the water and were broken up by the waves 
and limestone conglomerates were formed of the debris. At 
length deposition was again terminated by uplift and an inter­
val of'subaerial erosion ensued. 

The marine life of Shakopee time was much like that of 
Oneota time, but no species survived the' interval between. 
Gastropods and cephalopods were aga,in abundant and trilo­
bites much less so, but brachiopods were absent, at least in 
this region. Essentia.lly the same fauna existed throughout 
the epoch, regardless of minor changes in the character of 
deposition. 

St. Peter depositwn.-In St. Peter time deposition was again 
resumed under conditions not greatly different from those of 
late Oambrian time. A period of nondeposition preceded it 
and in parts of 'Visconsin the surface of the Shakopee had 
been more or less eroded, but in the Minneapolis and St. Paul 
area there had been little or no erosion. When the sea again 
invaded the region it advanced over a smooth, nearly level 
surface,. upon which were deposited sheets of sand of remark~ 
ably uniform thickness, the sand being carried long distances 

A, Section &Craie thellOuthern part of the Anoka end White BIIM quadrangles. through TW1n Lake. &lid Vadnaill Lake. 
B, Section aoroRa the nonhern pa.rt or the Mlnneap"lls &lid St, Panl quadrangles. trom Lake Minnetonk!\ to Highland. 

Shows the general synclinal attitnde of the hedrock and the preglacial &lid interglaCial valleys tilled with glaclal drift. 00. Oneota dolomite; 0" Shakopee dolomite; o,p, St Peter MIldstone; Op, Platteville HmaBtone; Od, I).eoorah shale; Oi". Galena Hme!tone; Qd. Glacial drift. 

the Platteville limestone at different localities shown on the 
maps. It lies about 775 feet above sea level along the bluffs 
between St. Pa-ul and Fort Snelling and up the gorge of the 
Mississippi as far as St. Anthony Falls but rises to more than 
800 feet above sea level in Nicollet Island and 850 feet at 
Columbia Heights. It is 860 reet at Highwood (Highland), 
and it is 920 feet at a point southeast of Savage, just outside 
the Minneapolis quadrangle. 

GEOLOGIC HISTORY. 

PRE· CAMBRIAN TIME. 

The earliest e\'ent recorded in the rocks of the Minneapolis 
and St. Paul area was the irruption of the bodies of granite or 
other igneous' rocks that are believed to underlie the whole 
region. Nothing is known, however, of the conditions under 
which they were formed or of their rela.tion to the land surface 
of that time. Presumably they solidified at some depth below 
the surface and were afterward laid bare through the erosion 
of the overlying rocks, whatever those may have been. At any 
rate, so far as can be leal'lled from the meager evidence remain­
ing, the surface of the general region toward the close of pre­
Cambrian time was formed of such crystalline rocks. 

In the region on the northeast, south of the area in which 
Lake Superior now lies, great sheets of lava were poured out 
upou the old land surface. Deposition was also going on in 
that area, and the lava sheet"!, now the Keweenawan diabase, 
were interbedded in a thick series of tuff, sandstone, and shale. 
The lava did not extend as fa.r west as the Minneapolis and St. 
Paul areal but either during the time of its eruption or a little 
later considerable sa-nd and mud, now forming the sandstone 
and shale of the red clastic series, were deposited in the area. 
The material was probably derived in part by erosion from the 
laya sheets and is therefore strongly ferruginous, and it was 
evidently deposited in water, but its red color, which presents 
a strong contrast to the white and green of the overlying sand­
stones of marine origin, and the absence of indications of the 
presence of the sea, lead to the conclusion that it ·was probably 
laid down in a land-locked basin. 

PALEOZOIC ERA. 

CAMBRIAN PERIOD. 

During early and middle Oambrian time the region was prob­
ably land from which material was being removed by erosion. 
In later Oambrian time the region was invaded from the south 
by a shallow sea in which were deposited the 'sediments that 
now make up the several Upper Cambrian fo!mations. The 
sea reached a little to the north of the Minneapolis and St. Paul 
area., its extent in that direction being indicated by shore depos­
its now exposed at Taylors Falls, near Rush Oity, near Monti-

MlIlneapoU.-St • .PauL 

Hor!.zontalllCale: approxllll&tely 11nch=2 mUea. Ver1;Ica.lilCale: llnch_I,OOO feet, 

t.he conditions seem to have been unfavorable to the existence of 
life. At any rate no fossils are preserved in beds of those ages. 

ORDOVICIAN PERIOD. 

Oneota deposition.-The subsidence of the sea floor continued 
into the early part of the Ordoyician period, but the conditions 
of deposition changed. The time was one of compa,rative quies­
cence in the relations of land and sea in the region and the 
neighboring land appears to ha.ve been low and flat. The sedi­
ment deposited in the sea contained comparntively little mate­
ria.1 derived from the land and the bulk of it was calcareous 
mud of marine origin. At first the sea was very shallow, and 
some beds of sand and of oolite ·were intercalated with the other 
material. At times the sediment was deposited so rapidly that 
its smiace rose above the water in places or else slight upwarp­
iugs of the sea bottom produced the same effect. At any rate 
mud flats here and there were laid bare to the sky and the mud 
dried and cracked open. When more sediment was spread 
over the sun-dried mud the cracks were filled with sand. 
Later the sea became so deep that sand was no longer depos­
ited away from the shore; hence the main hodyof the forma­
tiop is clear dolomite. Before the close of the epoch, however, 
subsidence gave way to uplift, the sea again became shallow, 
and more beds of sand were 'washed in. Deposition at length 
ceased and was probahly follo'wed by a time of emergence and 
erosion. 

Whether the rock, now dolomite, which constitutes the bulk 
of the Oneota and similar for'mations, originally contained so 
much magnesium carbonate as at present is a matter of doubt. 
It seems probable, however, that part of the magnesium car­
bonate was an original constituent of the sediment and that 
part ,,,as introduced in subsequent alteration of the rock, per­
haps replacing origina-l calcium carbonate. Imprints of sea­
weeds, as well as reefs of Cryptozoa, regarded as calca-reous 
algre, are a.bundant in the Oneota dolomite and contributed 
much rock-forming material. The suggestion has been made 
that the plants were magnesium-bearing and that the rock owes 
much of its dolomitic character to them. It has also been 
pointed out that during much of the epoch the sea was shallow 
and sediment wa,s deposited close beneath or at the surface of 
the water, and the alternative suggestion has been made that 
the rock owes its large amount of magnesium carbonate to 
more rapid deposition of tha-t salt from sea water concentrated 
under such conditions. 

During Oneota time a new fauna appeared and life was 
abundant in the sea. The fauna included, besides a few species 
that survived from the Cambrian period, a few species Of trilo~ 
bites and brachiopods and many of gastropods a,nd cephalopods. 
Mollusks of the class last mentioned first appeared in the waters 
of the region during this epoch. 

by strong currents and thus widely and evenly spread. In 
places the currents left their records in the oblique lamination 
of the beds. Deposition under such conditions probably con­
tinued for a long time, as so great a thickness of sand so evenly 
deposited could not well haye been laid down rapidly. 

The' entire Sha.kopee fauna was exterminated during t.he 
hiatus preceding the deposition of the St. Peter, and the fauna 
of St. Peter time, though still molluscan,' was wholly of new 
species. The epoch was characterized by the first appearance 
of pelecypods in the region. The fauna probably changed 
somewhflt during the progress of deposition, but evidence on 
this point is meager, except that the fossils of the topmost beds 
in parts of Minnesota. show that the life at the close of the 
epoch was somewhat transitional in character. 

Platteville deposition.-Apparently the deposition of the 
St. Peter was followed directly by that of the clay and 
calcareous mud of the Platteville, which was laid down upon 
the wide, flat, sandy sea floor formed in St. Peter time. The 
sea bottom became thickly occupied by Hving forms, and the 
calcareous deposit formed by the disintegmtion of their hard 
parts eventually made limestone. The abundance ofIife inter~ 
fered somewhat with the deposition of sediment and appears to 
ha ve preyented regular lamination, and the rock therefore has 
an irregularly mottled structure, or pseudo-brecciation. The 
deposition of sediment as a whole was, however, uniform. The 
sea was rather shallow and of wide extent to the south. Its 
extent northward, northeastward, and northwestward was prob. 
ably not nearly so great but is not known, as erosion has' 
destroyed a-ll traces of shore deposits. The material forming 
the clay beds was, however, probably derived from land on 
that side. 

Marine life was abundant in Platteville time and included, 
besides, fucoids (PI. XII) and other algre, a Ohara-like plant­
Chretocladus-which is supposed to have inhabited only rather 
shallow water. Animal life was also abundant ill the sea, and 
the fauna was, on' the whole, one adapted to life on it hard sea­
floor thinly covered with fresh sediment. It comprised many 
crawling and free-swimming animals, as well as others that 
were anchored to the sea bottom. Burrowing animals, includ­
ing worms and wormlike forms, seem also to have been numer­
ous. In places some a.nimals, such as the brachiopod Leptf.Ena 
minnesotensl'.s, Ii ved in small colonies and thpir remains have 
been presenred in lenticular l'hell beds. The life of the epoch 
came in gradually and at first was 8par~e both in numbers 
and in kinds. Fucoids appeared first and were followed later 
by animals of the sorts whose remains are abundant in the 
limestone. 

Decorah deposition.-The deposition of the Decorah was 
essentially continuous with that of the Platteville, and tile 
extent and depth of the sea in this region remained essentially 



the same. A change somewhere in the relations of land and 
sea, perhaps to the north of this area, produced a change in the 
character of the sediment, which in Decorah time was chiefly 
clay and included relatively little calcareous material. Sedi­
mentation was irregular, however, and three times during the 
epoch, as well as at its beginning and again at its close, deposi­
tion ceased for a time and the surface of the beds just deposited 
was corroded by solution in the sea water and somewhat broken 
up. On the other hand rapid deposition of calcareous material 
ill 80me places and for short times, especially near the begin­
ning and end of the epoch, resulted in the formation of lenses 
and beds of limestone. 

The life of Decorah time 'was much like that of Platteville 
time and included many of the same species, but seaweeds were 
abundant only near the beginning and toward the close of the 
epoch. During the middle part the distinguishing feature of 
the life was the existence of reef-like colonies of animals, cha.r­
acterized by an abundance of various species of monticuli­
poroids and so diverse in that respect that different faunules 
may be said to have lived in different parts of the area at the 
same time. The earlier ones also differed from the later ones 
so greatly that the formation is divisible into three faunal zones 
on that basis. 

Galena depo8ition.-Subsidence continued into the Galena 
epoch and kept pace with sedimentation, so that Galena depo­
sition succeeded Decorah deposition 'without sharp break and 
with no marked change in the extent of the sea. The char­
acter of the deposition as a whole was much like that of Platte­
ville time, though it continued much longer, and the thickness 
of sediment formed was greater. At first, however, the con­
ditions were more nearly similar to those of Decorah time and 
there ,vas at least one brief period of nondeposition, with 
resulting corrosion of the surface of the newly formed beds. 
Only a small part of the formation-one faunal zone out of 
four known elsewhere-is now represented in this flrea, but it 
is probable that deposition continued here during the whole 
epoch and that most of the formation was removed by erosion. 
During the early part of' the epoch the life was much like that 
of Decomh time and included many of' the sa.me species but 
was also marked by others that were new. Reef-like beds or 
('olonies of animals still existed, as in the previous two epochs. 

Latm' Ordovician time.-In the ~finneapolis and St. Paul 
area no record now remains of the deposition of Ordovician 
strata younger than those of Galena age, but in southeastern 
Minnesota such strata are still preserved, and it seems probable 
that the sea of that time covered cflntral Minnesota till the 
end of the period. It is possible, however, that, owing to the 
uplift which had already set. in, the area had already emerged 
from the sea and formed part of a coastal plain about its 
northern border. 

SILURIAN TO CARBONIFEROUS PERIODS. 

So far as the area considered in this folio is concerned the 
record of the rest of the Paleozoic era. is a blank. The sea lay 
in regions south and southeast of the area nearly all the time 
till well toward the close of the Carboniferous period, and 
strata of Silurian, Devonian, and Carboniferous age were 
deposited and st.ill remain in those regions. The land surface 
was continually affected by alternate slow uplifts and sub­
sidences, and the outline and depth of the sea and the position 
of the shore were undergoing constant changes. There is no 
reason to believe, however, that the sea again invaded the 
Minneapolis and St. Paul area or that younger Paleozoic strata 
were deposited there. Throughout the rest of the era the area 
was undoubtedly part of a coastal plain, undergoing some 
degree of reduction and furnishing some material for the beds 
that were being laid down farther south. 

In the Silurian period the shore was far to the south, across 
northern Io,va and Illinois, but subsidence in Devonian time 
allowed it to encroach on southeastern Minnesota, though it 
probably did not reach so far north as St. Paul. In Carbon­
iferoll-Ii! time it had again withdra.wn southward, reaching only 
to the southern boundary of Minnesotn, and eventually it 
withdrew altogether from the upper Mississippi basin. 

The final withdra.wal of the sea from the region was followed, 
near the close of the era, by some deformation of the strata, 
which were slightly warped from their original nearly hori­
zontal posit.ion into low folds or wrinkles. A t the same time 
the surface of the land was uplifted, presumably several hun­
dred feet at least, and a long-continued era of subaerial 
denudation set in. 

MESOZOIC ERA. 

The uplift that brought Carboniferous deposition to a close. 
affected a great part of North America, and left the Minne­
apolis and St. Paul area in the interior of a great. land mass and 
probably at an altitude of 1,000 or 2,000 feet or more above 
sea le,~eI. The surface, however, must have been smooth or 
gently rolling and the topographic conditions must h,ave been 
much like, t.hose of parts of the present Great Plains. Through­
out the Triassic and J umssic periods and the early part of the 
Cretaceous period the surface of the area ,vas being reduced 
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by subaerial denudation. It was thus lowered some hundreds 
of feet at least, and, in common with that of a great surround­
ing region, it was probahly at least once reduced nearly to base 
level and thus again formed a low-lying, nearly featureless 
plain. 

In Lower Cretaceous' ,time the region on the west was 
depressed and a new interior sea occupied the area that is now 
the Great Plains. The streams of the Minnesota region then 
probably flowed westward into that sea and the waste of the 
land was carried out and spread over'the sea floor. Subsidence 
continued into Upper Cretaceous time and the sea advanced 
nearer if not quite to the Minneapolis and St. Paul area, spread­
ing a thick sheet of sand and clay-now forming the Dakota 
sandstone and Benton shale-over the truncated edges of the 
Paleozoic and older formations. Some fresh-water sediments 
were also deposited at that time along the courses of the 
streams or in small lakes. Subsidence soon gave place, how~ 
ever, to renewed uplift, and the sea ,yithdrew westward until, 
by the close of Oretaceous time, this area was again far inla.nd 
and subaerial erosion was once more actively reducing its 
surface. 

CENOZOIC ERA. 

TERTIARY PERIOD. 

In early Tertia,ry time several brackish or fresh water lakes 
still occupied parts of the interior Mesozoic sea, but they lay 
hundreds of miles west and southwest of the Minnea,polis and 
St. Paul district, and whether any streams of the Minnesota' 
region flowed into them is not known. A progressive uplift 
of most of the interior of the continent was going on and 
affected the district in common with the surrounding regions. 
The uplift was much greater on the west, and the land surface 
was thus tilted to the east, standing at altitudes ranging from 
5,000 01' 6,000 feet along the eastern bal?'e of the Rocky Moun­
tains to less than 1,000 feet in the Mississippi basin. A new 
system of drainage was developed everywhere in the region, 
and in the Minneapolis and St. Paul area, the new streams 
flowed southward and southeastward and ultimately reached 
either the Mississippi or the St. Lawrence. 

The surface of the district was considerably dissected, most 
of the Cretaceous deposits 'were removed, and the main valleys 
were cut into the Paleozoic strata to a depth of about 500 feet 
below the upland surface. The principal stream, the predeces­
sor of the present upper Mississippi, flo\ved across the district 
in a large valley which followed the course of the present 
Purgatory Creek valley, crossed the present Minnesota Valley 
below Savage (Glendale), and extended past 'Vestcott to the 
southeast. cornel' of the t;t. Paul quadrangle. Another yalley, 
which extended southward through St.. Paul and thence along 
the present course of the Mississippi, 'was cut deeper than the 
present valley. A third extended through Northtown, past. 
Bassett Creek, toward Cedar La,ke, and through Oalhoun Lake 
to join the valley first mentioned. Cross sections of these val­
leys, filled with drift of later age, a.re shown in figure 10 (p. 9). 
The valley sides were characterized by an alternation of' benches 
and steep slopes, due respectively to the more resistant lime­
stones and the less resistant sa,ndstones and shales. The lime­
stone terrace on which 8ayage (Glendale) is now situated was 
then a bench 200 feet above the old valley on the east. By 
the cut.ting back of tributary valleys the interstream areas were 
dissected into flat-topped hills like mesas, such as that now forlll­
ing the rock foundation of Oolumbia Heights. 

QUATERNARY PERIOD. 

In early Pleistocene time the climate in the northern hemi­
sphere was moist and cold, so that snow and ice accumulated 
in this region lip large quantities, as they now accumulate in 
Greenland, forming immense sheets that spread south'ward from 
the centers of ice accumulation. This ice sheet, spreading from 
the north, entered Minnesota and crossed the Minneapolis and 
St.. Paul a,rea. Climat.ic' changes caused the ice alternately to 
advance into a,nd to melt away from the area. The positions 
occupied by the ice sheets during their several adyances are 
shown in figure 11. 

The pre-Kansan ice sheet invaded the region from the 
northwest and reached points in Minnesota south of the 
Minneapolis and St. Paul area and others in Wisconsin east of 
it. No deposits that can be certainly identified as pre-Kansan 
haye been found 'within the area, although it seems not. to have 
been covered by ice at that time. So far as is kno'wn the con­
ditions in the area after the disappearance of the ice in later 
pre-Kansan time were not greatly different from those of the 
Tertiary period. 

KAKSAN' GLA.CIA.TION. 

In Kansan time an ice sheet from the Keewatin center west 
of Hudson Bay invaded the area, crossed it from northwest to 
southeast, and extended some distance beyond. Striations on 
bedrock show that the direction of ice movement in the quad-

rangles was S. 600 E. The ice removed all soil and other sur­
ficial deposits and grooved and polished the underlying bedrock. 
In some places grooves 1 or 2 feet deep were gouged into lime­
stone (see PI. XIV), and the surface of the grooves was polished 
like the rest of the surface of the rock. 1'he ice sheet brought 
with it a quantity of heterogeneous rock debris picked up from 
the surface over which it passed, among which were many peb­
bles and bowlderE of fossiliferolls limestone from Silurian a,nd 
Devonia,n formations of Manitoba. The Kansan glaciation 
la.sted a long time. When the ice finally melted away it left 
the surface of the area covered with a blanket of drift of pre­
dominantly gray color, part of which was assorted and redepos­
ited as sand and gravel by streams flowing from the melting 
ice or laid down in small la,kes and ponds formed in lo'\v 
places. On such a surface a new system of. drainage began 
afresh the work of dissection and reduction. 

The Kansan glaciation was followed by a long interval dur­
ing which the area WM free from ice and was again undergoing 
erosion. The streams of that time followed mainly the same 
lines as the preglacial streams, but, as the Tertiary valleys were 
partly filled, they began flowing at nearly the same levels with 
relation to the bedrock as do the present streams. In many 
places the entire thickness of Kansan drift was removed and 
the bedrock was laid bare, and in some places new channels 
were cut in t.he bedrock, as east o(Mendota, where the gorge 
of Big Foot Creek now crosses a deep interglacial gorge filled 
with red Wisconsin drift. The interval appears to have been 
so long that the streams of the area became more nearly mature 
than those of the present time, and the entire surface, including 
all ponds, swamps, a.nd kettle holes, was well drained. 

In late Illinoian time a tongue of ice approaching from the 
northeast 'crossed St. Or()ix and 'Mississippi rivers near their 
junction and extended a, little way into Minnesota. On melt­
ing it left a thin sheet of red drift, which can not be clearly dis­
tinguished in the }Iinneapolis and St. Paul area, a1thollgh the 
ice probably covered the eastern part of the a.rea. 

Earlier invasion. - In middle Wisconsin time a tongue­
shaped ice lobe, which entered the State from the northeast 
(see fig. 11), crossed the Minneapolis and St. Paul area in a 
general southward direction, as is shown by strioo now found 
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FIGURE n.-Map of :Minnesota showing the extent of the glacial ice 
sheets. directions of ice movements. and shores of glacial lakes. By 
Frank Leverett. 

on the bedrock, and advanced a few miles farther south. It 
soon began to melt away, however, and it left only a thin 
deposit of ,red drift in the extreme southeast cornel' of the St. 
Paul quadrangle. Several times the ice resumed its forward 
motion, but each time it soon came to rest and began to melt 
away again, and it thus formed a belt of terminal moraines 
across the area from a point south of White Bear Lake, ·on 
the east side, to a point south of Lake Minnetonka" on the 
,yest side. Finally the ice melted away altogether from the 
area, leaving a thick il'l'eguIa.r sheet of red till that covered 
the surface of the Kansan drift nearly everywhere and filled 
most of the interglacial valleys. 

The water from the melting ice flowed away southward 01' 

collected in drift-dammed valleys and in depressions in the 
surface of the til1. The main drainage line of the quadrangles 
then followed the course of the present Minnesota Valley to 
Savage and there turned southward through a valley, traces of 



which still remain, leading to Vermilion Hi ver. Material from 
the red drift was carried by the glacial streams and redeposited 
along their courses or in the beds of lakes. 

Later invasion.-In late 'Visconsin time two tongues of ice 
entered. Minnesota, one, called the western lobe, from the 
northwest, and the other, called the Superior lobe, from the 
northeast. This lobe entered the State only a short distance. 
The western lobe moved southwa.rd and southeastwa.rd across 
the northern and western parts of the State. In some places 
its eastern margin spread out in lobate fashion so that paTt of 
the ice moved eastward and even northeastward, as shown in 
figure 11. The Minneapolis and St. Paul area, lay nearly in 
the path of such a lobe, which pushed east\vard across St. 
Croix River to Grantsburg, 'Yis., and the ice of the southern 
part of the lobe entered the are~ from the west and advanced 
eastward and northeastward nearly across it before stopping, 
while the main ice tongue pushed on southward to Des Moines, 
Iowa. The area thus lay virtually in an interlobate space, 
where the movement of the ice was not so yigorous and the 
deposition of drift not so marked as elsewhere-a space in 
which no pronounc.ed terminal moraine was formed. V\Then 
the ice melted it left a thin sheet of characteristic gray drift, 
so thin that the relief of the red drift moraine is only partly 
masked. 

The lobe at its greatest. extent occupied nearly the whole 
area, but it left approximately the southeast half of the St. Paul 
quadrangle uncovered. The principal stream flowing from the 
melting ice in this area followed the old interglacial valley 
past 'Yestcott to Vermilion River rmd ca.rried n considerable 
quantity of outyt'ash, which was deposited along its course for 
miles. The present valley of the Mississippi between Mendota 
and St. Paul was not then in existence. 

Development of drainage.-As the ice melted away a.nd its 
margin retreated northwestwa,rd it uncovered a surface whose 
former relief hild been modified by the deposition of the 
younger gray drift and upon which a new set of streams began 
to flow, finding such courses as they could between the mRny 
knolls and ridges. At first they were swollen with water from 
the melting ice and flowed with swift and strong currents and 
were able to cut broader and deeper valleys and to do much 
more work, both in erosion and transportation, than at present. 
They ,vere laden with debris, pa,rtly outwash from the melting 
ice, partly drift from places where they were acthely eroding, 
which was carried a long way and spread out for miles along 
their courses and which now forms the gravel floors of the 
high terraces itlong the valley of the Mississippi. Probably 
all the depressions were occupied by lakes and ponds, each of 
which discharged through the lowest point of its rim to some 
neighboring lower tract, and thus the courses of many streams 
became fixed. In time many of the lakes were drained and 
streamltmeandered across their former beds, a,nd so by degrees 
the present system of drainage wa,g developed. 

The present valley of Minnesota River must have been even 
then a relatively low area, along which one of the main lines 
of drainage was early established. As the ice melted from the 
site of St. Paul it uneovered a low place in the divide between 
the interglacial valley leading southeastward past 'Vestcott and 
the old preglacial valley, partly filled with Kansan and 'Yis­
consin red drift, running southward from St. Paul. The 
main st.ream turned across the divide into the preglacial 
valley, which became established as the master valley of the 
region, and the interglacial valley that runs past '\Vestcott was 
abandoned. 

By the time the Wisconsin ice had finally disappeared from 
the area two principal streams were estahlished in it-the 
glacial .1Iississippi and the glacial Minnesota. Both were fed 
by melting ice in areas on the northwest Rnd both carried con­
siderable debris and were actively eroding their channels. 
These streams joined a mile northeast of Fort Snelling, forming 
a stream that flowed northeastward in a new course to St. Paul 
and thence southward, as described in the previous paragraph. 
This stream was swift and vigorous, a mile wide, and in places 
40 feet deep, and it soon cut a gorge through the Decorah 
shale to the Platteville limestone. 'Vhere it flowed oft' the 
limestone bed into the old valley a low fall was soon developed. 
At Dayton Bluft', where the stream turned southward, it under­
cut the east bank and formed a scarp and terrace that still remain 
a hove the high bluft'. 

The glacial Mississippi had much the same drainage basin 
above Minneapolis as the present river, but it carried a htrger 
volume of water und in places 'was a mile across, though shal­
low. In two places in the quadm.ngles it spread. out in lakes. 
Its bed was uneven and was being cut down in some places 
and filled up in others. The high-level terraces already 
described were cut by the stream at this time and floored with 
outwash deposits th~t it was then transporting. As soon as 
the ice had melted out of its drainage bas'in the river shrank 
to its present normal volume and began cutting the lower 
series of terraces and depositing alluvium on them. 

The glacial Minnesota was a larger stream than the glacial 
Mississippi, being 2 miles wide in places, where it was perhaps 
more like a sheet flood than a stream. Like the Mississippi it 
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flowed over an uneven ·bed, some of the depressions in which 
have not yet been filled with sediment, and it cut high-leyel 
terraces and floored them with outwash. Unlike the Missis­
sippi, howe~er, it did not shrink to its present volume when 
the ice disappeared from its drainage basin, for it was long the 
outlet of Lake Agassiz and carried an eyell greater volume of 
water than before. 

River 'Yarren, the glacial stream through which Lake Agassiz 
first discharged southward to the Mississippi basin, as described 
below, follo\ved the course of the present Minnesota River, as 
shown in figure 11. It was the main stream of the region, 
to which the Mississippi above Fort Snelling was only a tribu­
tary, and it carried a large volume of water and greatly changed 
the topography of the area. It cleared most of the drift out 
of the old valley south of St. Paul, cut terraces on the side 
slopes, and deposited sand and gravel on them. It cut the 
deep gorge of the Mississippi from )fendota to St. Paul, 
through the recession of the fall that had formed at the lower 
end of the gorge. "Then the head of the gorge passed the 
point where the :Mis~issippi entered, at Fort Snelling, a fall 
was formed on that stream also, and cut its way back to its 
present position at St. Anthony ]'a11s. 'Yhen the main fall 
had receded to the eastern wall of the buried preglacial valley 
that crosses the Minnesota Valley 2 miles above Mendota, and 
all the limestone layers in the river bed that -formed the fall 
had been cut away the fall disappeared. The history of the 
falls, gorges, and rapids is giyen in greater detail in a subse­
quent section. 

After the disappea,rance of the fall River'Varren deepened 
and broadened the Minnesota RiYer valley. At Shakopee and 
in the western part of the Minneapolis quadrangle, where glacial 
Minnesota River flowed at first in a broad sheet across what 
is now. Shakopee Prairie and later in several channels, River 
V\T arren finally occupied the northernmost channel. As the 
stream lowered its bed, after the limestone in the gorge at 
St. Paul had been cut away, this channel was divided at 
Shakopee, and the stream took the northern of the two 
channels, abandoning the southern one, which extended from 
Shakopee through the site of Deans Lake. The stream aban­
doned each of these channels' in turn as it became rock-bound 
and finally followed the one that was most easily eroded. Thus 
the valley shift.ed northward, even beyond the former north 
bank of the glacial ~Iinnesota. Purgatory Creek, which bad 
previously entered the glacial river below or north of the pres­
ent site of Bloomington Ferry, was captured above that place 
by River 'Yarren. At St. Paul the channel of River 'Varren 
was cut more than 50 feet deeper than the present gorge, but 
it is thought not to have been so deep at Shak-opee. 

Eventually the ice front melted so far back that Lake 
Agassiz began discharging eastward through a new outlet into 
the Lake Superior basin, the southward discharge ceased, and 
River 'Va,rren subsided. Since then Minnesota River has had 
virtually the same volume as at present. 

Formation of sand dunes.-One of the episodes of the clos­
ing stage of the Pleistocene epoch was the accumulation of the 
dune sand that occupies much of the area. The sand was 
derived chiefly from the glacial outwash plains and river flats 
and was driven eastward by the wind. So much sand was 
blown away from the surface of some of the outwash plains, 
such as the one near Anoka, that the surface is now covered 
lingely with polished pebbles, though the material just beneath 
the pebbles is chiefly sand. ~fost of the srmd lodged finally 
on low till-covered tracts, probably because such tracts con­
tained many ponds that wet the sa,nd and held it down. 
Dunes were also formed, however, on the gladal river terraces, 
and to some extent on the shores of the larger lakes, and a few 
stilI remain on the outwash plains and glacial river flats. 

Since River'Varren subsided the Mississippi has not been 
ahle to transport all the sediment brought into it by its 
tributaries. Its bed has been a~graded at least 50 feet in 
pla,ces in the gorge at St. Paul and e\"en in the open valley 
below the gorge aggradation has been considerable; the current 
has been slackened, and the valley bottom is largely swampy. 
The bed of the Minnesota has not been 80 rapidly aggraded, 
but the river has been so much slackened by the raising of the 
bed of the Mississippi that it is almost ponded, and it ha's 
formed a flood plain that is occupied chiefly by swamps and 
lakes. 

'The smaller streams in the area, except Rice and Coon 
creeks, at first followed glacial drainage lines, but their valleys 
have been cut chiefly in Recent time. Those that are tributary 
to the Minnesota or to the Mississippi below St. Anthony Falls 
ha\'e cut small gorges near their mouths. Above the falls, 
Rum River and Coon Creek have made tenaces that corre­
spond in age and position to the Recent terraces of the Missis­
sippi. Probably the volume of the small streams has changed 
very little since their beginning. 

Some of the smaller lakes along the courses of streams have 
been partly or wholly drained by the cutting down of their 
outlets. Other lakes, some without outlets, have been formed 

in previously empty basins. "Tithin the last few years Rogers 
Lake, near Mendota, has gro,Yn by sllbmerging the swamp 
that formerly occupied the north end of its basin. The largest 
lakes, such as Minnetonka, Medicine, Eagle, Pleasant, Bald 
Eagle, and White Bear lakes, ha ve changed very little except 
along their shores, where they have cut high banks and built 
spits and baTS. The deep lakes, like Medicine, Eagle, Cal. 
houn, Pleasant, and Bald Eagle lakes, and those which, like 
the Marcott Lakes, lie in deep basins a,re in no present da-nger 
of being filled or drained, either naturally or artificially. Some 
former shallow lakes, such as Lambert, Mother, and Palmer 
lakes, have already been converted to marsh or meadow by 
draining. 

Many swamps, especially those traversed by creeks, are sur­
rounded by cut banks, beaches, or ice ramparts, showing that 
they are the sites of former lakes. Some appear to be small 
lakes that ha ye been overgrown by bog. Other swampy areas 
have been extended by the growth of peat boglil, as along the 
south side of Minnesota Valley between Sayage and Mendota, 
where small streams flowing down the slope have been choked 
by the growth of peat. In the dune-sanu tracts the growth of 
peat in the depressions tends not only to nIl them with 
swamps, but also to raise the level of ground water in the 
dunes, and thus the peat extends itself onto the sides of the 
dunes. 

At present no typical sand dunes are being formed. In 
places where the sand is ex.posed by the destruction of the 
vegetation 01' the impoverishment of the soil, blO\y-outs are 
soon formed, but the growth of new vegetation checks the drift 
of the sand and prevents regular dune formation. That the 
same process has occurred in the recent past is shown by the 
existence of soil bands in the upper layers of some dunes and 
beneath the bases of others. 

DETAILED HISTORY OF THE GORGES, FALLS, AND RAPIDS. 

'Yhen River 'Yarren superseded glacial Minnesota River the 
gorge from Mendota to St. Paul had probably been cut through 
the Decorah shale and the stream was flmving over a bed of 
Platteville limestone. A fall developed where the river flowed 
off the limestone into the preglacial valley extending southward 
through St. Paul, the rock bottom of which was considerably 
lower than the bottom of the shallow gorge at that time. The 
crest of the fall crossed the present valley of the Mississippi R 
little ea,st of the line of 'Yabasha Street, and remnants of the 
fall scarp are still preserved on both sides of the river. On th'e 
north side it extends from the present river bluff northward, 
just east of the courthouse, to Jackson Street and East Univer~ 
sity A venue. The fall at that time was nearly It miles wide 
and 40 feet high. 

Up to that time the fall remained nearly stationary, as the 
fall scarp was made by the Platteville limestone, which was 
worn away very slowly. The fall had grown in height, how­
ever, through the excavation of a pool at its base, chiefly in 
drift and other loose debris. 'Yhen the fall reached a height 
of 40 feet, or, rather, ,yhen the pool had been excavated to a 
depth of 40 feet below the crest of the fall, all the loose mate­
rial ha'd been removed and the bottom of the pool was being 
scoured in the friable St. Peter sandstone. This sandstone was 
rapidly worn back by the surging water in the pool, and the 
limestone, thus undermined, broke oft' in joint blocks 10 to 30 
feet square, exposing the sandstone beneath to further erosion, 
similar to the recent erosion of the falls shown in Plate XXII. 
In such manner the fall receded upstream. 

The recession appears to have been more rapid on the south 
side of the broad 'upper channel, and as the fall worked 
upstream the new deep gorge formed below it was only a:bout 
half as wide as tIle channel above the falls. The river th~s 
became concentrated in a narrower bed, and a large part of 
the bed of the old channel was abandoned Rnd still remains 
as the limestone terrace along the north side of the river 
between Fort Snelling and St. Paul. Blocks of limestone 
that fell at the side of the fall and were not removed by the 
current in the lower gorge still lie on the eroded surface of 
the St. Peter sandstone on the north side of the river aboye 
High Bridge .. (See PI. XX.) When the gorge had been cnt 
back to the nOl-theast wan of the buried preglacial valley 2 
miles above Mendota and all the limestone in the river bed 
had been removed, the fall ceased to exist, a,nd the river 
rapidly cut down into the sandstone. The sandstone island 
east of Minnesota River about 2 miles above :Mendota marks 
approximately the point where the fall ceased. 

Formation of falls, gorge, and rapids.-Below Nicollet 
, Island the Mississippi of Pleistocene time at first flowed over a 

bottom of drift or of Decorah shale to its confluence with River 
Warren, which then was at a point a mile northeast of Fort 
Snelling. Before the fall in River V\Tarren had receded to 
that point, however, the Mississippi had probably cut its bed 
down to the Platteville limestone and seems to have shifted to 
its present course, so as to join .River "Tarren at Fort Snelling, 



leaving the surface of the abandoned channel 8S a rock terrace 
north of the small drift hill on the north bank of the present 
river. When River Warren had cut its deep gorge back to 
Mendota it encountered a narrow buried preglacial valley that 
extended northwestward up the present course of the Missis­
sippi about a mile and southea,stward past Mendota and 
Augusta and Lemay lakes. River Warren quickly cleared 
the drift from the part of the buried valley that crossed its 
gorge and the River Warren Fall began again on the 'Nest side 
of the buried valley. The Mississippi likewise rapidly cleared 
the drift from the old valley up to a point about a mile above 
Fort Snelling, where it entered that valley over the rock wall 
on the north side. As the drift was scoured away a fall was 
formed where the river plunged from its rocky bed into the 
old valley. This was the beginning of the falls of the Missis­
sippi, which have therefore not receded all the way from Fort 
Snelling to their present position but began about a mile above 
the fort. This part of Mississippi River was formerly called 
St. Anthony River and the falls were therefore called St. 
Anthony Falls. 

rrhe history of St. Anthony Falls is in general similar to 
that of the River Warren Fall but differs therefrom in 
several important details, owing to the circumEtances that have 
controlled the development of the falls. These were, briefly: 
(1) the volume of the Mississippi was much less than that of 
River Warren; (2) the river was at several places, divided into 
more than one channel; (3) the rock strata were uot quite the 
same; and (4) during the existence of River Warren the MiE­
sissippi was only a tributary, but since the subsidence of that 
river it has been the main stream. As a result of the combined 
influence of these fnctors both the older, higher channel and 
the newer, deeper gorge of the Mississippi above Fort Snelling 
are narrower than those of River Warren, the height of the 
falls and the slope of the stream both below and above the 
falls have varied considerably from time to time, and the 
manner of recession has been rather different. 
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When the faHs had reached a point just above the site of 
Lake Street Bridge, where part of a fall scarp is preserved on 
the 'west side of the gor~e (see figs. 12 and 1))), the upper rapid 
had a descent of 15 feet in 300 feet to the crest of the falls, 
which began at the top of the lower limestone bed and were 20 
feet high. From their base a lower rapid descended with a 
gradually decreasing slope about 40 feet in 300 feet. This 
total descent of75 feet marks the highest stage of the falls and 
resulted in the cutting of the deep lower gorge, now partly 
filled with rock waste, as shown in figure 13. 

During the last 4 miles of recession of the falls the river, 
while excavating the gorge through that distance, has been 
partly filling up the gorge below, from Lake Street Bridge to 
Fort Snelling and thence on to St. Paul and beyond, as shown 
by the valley fill in figure 13. When Father Hennepin first 
saw the falls, in 1680, they were a little above the site of the 
Tenth Avenue Bridge (see fig. 14), where a part of the fall 
scarp remains on the east side of the river. The falls as 
sketched by Richardt in 1857 are shown in Plate XXI. Since 
then the falls have entered the lower end of the Nicollet Island 
rapids. 

The bed of the river through the Anoka quadrangle is in 
glacial drift. At Nicollet Island the stream begins to flow 
upon the Platteville limestone. The limestone was uncovered 
by the glacial Mississippi, and when that stream subsided the 
modern Mississippi at once developed a rapid at the upstream 
edge of the lime.stone. The rapids are therefore older than St. 
Anthony Falls. The river first encountered the limestone at a 
level higher than the present surface of the island, and what 
is now the west end of the island was at first a part of the 
rapids, but it soon became a rocky island in the stream. 
Alluvial terraces on the island show that the river then 
covered all the part that now lies east of the railroad. The 
rapids were then on either side of the west end of the island, 
but as the channels were gradually deepened the rapids moved 
slowly downstream, because the limestone dips in that direc-

FIGURE 12.-Detailed prOfiles of St. Anthony Falls at an early and a later stage. 
a. Early stage; eut fall ~carp at Soldier Ravine, below the mouth of Minnehaha Oreek. 
b.Hlghestat"8',,;atLakeStreetBrldge,ollwastBideoltheMIs.lsalpplgorge. 

The breadth and slope of the stream and the height and 
character of the falls at several stages in their history are shown 
by terraces and remnants of fall scarps at a number of places 
along the gorge. As shown in figure 12 there was always an 
upper rapid or slope which descended from the top of the 
upper bed of the Platteville limestone to the top of the lower 
limestone bed and a vertical fall from the top of the lower 
limestone. The height of the vertical fall varied from time to 
time with the depth to which it had excavated the underlying 
St. Peter sandstone. At the foot of the fall there was a lower 
rapid over a talus of large limestone blocks that rested on an 
irregular sandstone surface, similar to the talus shown in Plate 
XX. At their beginning, at Soldier Ravine, a mile above 
Fort Snelling, the falls, including an upper rapid, were 35 to 
40 feet high, measured from the top of the Platteville lime­
stone, and the lower rapid descended about 5 feet more in 150 
feet. The profiles of the falls at several!stage(of theirlrecession 
are shown in figure 13. 
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tion. Th.e whole thickness of the Platteville limestone was 
thus beveled by the river between the head of the rapids and 
the site of the Tenth Ayenue Bridge. This has had an 
important effect on the rate of recession of the falls during the 
last 250 years. 

Mode of recession.-The recession of the falls has not been 
altogether due to the wearing away of the sandstone by the 
surging water at the foot of the falls, although that was the 
chief cause of recession 'when the falls were new, but has been 
influenced largely by the jointing in the limestone, which does 
not, as a rule, coincide in the upper and lower beds. As long 
as both beds remained in place the crest of the fall scarp was 
both rigid and impervious to water, but as fast as erosion cut 
away the upper bed from the crest of the falls some water 
worked dow';! through the joints in the exposed lower bed and, 
by washing away the friable sandstone beneath, undermined 
the limestone, which fen in large blocks. (See PI. XXII.) 
Further erosion of the sandstone beneath the fallen blocks 
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FIGURE IB.-GeneraUzed profiles showing successive stages of St. Anthony Falls from Soldier Ravine to the present falls below Nicollet Island. 
The blutr at Fort Snell1ng, lIhown at th" right, is not a fal! searp. 

During their recession through the half mile above the 
mouth of Minnehaha Creek the falls were divided by an island, 
now the point between the gorge of Minnehaha Creek and that 
of the Mississippi. The west branch of the river was finally 
abandoned, but its former existence is shown by a shallow 
channel that leads to the head of the gorge of Minnehaha 
Creek, at the deer park opposite Minnehaha Falls, where a 
somewhat defaced fall scarp still remains. The bottom ·of the 
gorge has since been eroded and deepened, but a block-covered 
terrace on the east side shows the position of its former bottom. 
The height of the fall (see flg. 13) was 30 to 40 feet as 
measured from the top of the liinestone ledge down to the top 
of the terrace. 

gradually lowered them and thus the slope of the lower rapid 
was formed. The mode of recession was pointed out years 
ago by Professor N. H. Winchell,1 who wrote: "It is not so 
much the excavation at the foot of the falls that causes the 
recession as the excavation of the sandstone just below the 
limerock by water that enters natural joints in the rock and 
comes in contact with the crumbling sandrock, causing dis­
lodgment and final downthrow of large blocks." Since 1871 
the falls have been artificially protected by an apron and the 
recession has practically stopped. Two small breaks that have 
occulTed in later years were caused by the process described 
by Winchell. 

lFinal Rept. Minnesota. Gool. and Nat. Hist. Survey, 'Vol. 2, p. 838, 18B8. 

Rate of recession.-The rate of recession has depended on 
the rate at which the upper limestone bed was eroded away 
and the lower limestone bed exposed. Although the slope of 
the stream below the falls and the rate at which debris was 
removed from the foot of the falls have varied, and therefore 
the height of the fall scarp has also varied, the rate of reces­
sion has not been affected by the variation, as the height of 
the scarp has always been greater than the thickness of the 
limestone, and the sandstone has always been exposed to ero­
sion at the foot of the falls. The volume of the river at 
Minneapolis has neither increased nor decreased to any great 
extent since the ice melted from its drainage basin, as is shown 
by the channel at Coon Rapids and by the nearly uniform 
width of the gorge formed by the recession of the falls. The 
limestone is practically uniform in thickness and hardness from 
Soldier Ravine, above Fort Snelling where the falls began, to 
the Tenth Avenue Bridge, and as the volume of the stream 
was nearly constant the rate of recession of the falls was 
presumably uniform up to that point. 

FIG,tjRE 14.-Detailed map of Mississippi River at St. Anthony Falls, 
showing the present pOsition of the falls and their positions at ell.l'lier 
stages: As seen in 1856, as seen by Jonathan Carver in 1766, and as 
Been by Hennepin in 1680. 

Redrawn arter N. H. Winchell, GeologloRl and Natural History Survey o~ Minnesota., vol. II, 
p.886,1888. 

Professor N. H. Winchell determined, from all available 
written accounts and pictures of the falls, their rate of recession 
in historic times. A detailed map of the Mississippi gorge at 
St. Anthony Falls showing observed positions of the falls at 
earlier stages is gi ven in figure 14. From 1680, when Father 
Hennepin sa,,,, the falls, to 1766, when they were visited by 
Jonathan Carvel', they receded 412 feet, or 4.79 feet a year. 
From 1766 to 1856 they receded 606 feet, or 6.73 feet a year. 
There was, therefore, according to Winchell's determination, 
an increase of 40 per cent in the rate of recession during the 
second period, due to the fact that the falls had entered the 
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Nicollet Island rapids, where the limestone, rising northwest­
ward, had been beveled by the river, and a steadily decreasing 
thickness of the upper limestone bed had to be removed. 
",Vhen Father Hennepin saw the falls in 1680 they were at a 
point where, owing to the beveling, only about half the upper 
limestone bed formed the crest of the falls, and by 1856 they 
had ree,eded 80 far that none of that bed remained. After 
allowing for the increase in rate of recession due to the cause 
just stated, it is now estimated that tile rate of recession of the 
falls before they entered the J\T icollet Island rapids was 2.44 
feet a year, or a mile in 2,163 years. ," The falls have therefore 
been in existence more than 12,000 years. 

The recession of the falls has been contemporaneous with the 
deepening and partial refilling of the gorge and with like 
changes in the River Warren gorge. 'Vhen the falls were 2 
miles aboye Fort Snelling the descent of .the fall and rapids 
was 40 feet and the gorge at, Fort Snelling was probably the 
same depth as that of River Warren, 60 feet. 'Vben the falls 
were at Lake Street the descent at the falls was 75 feet, the 
greatest height they attained. This stage was probably con­
temporaneous with the maximum excavation of the gorge, the 
bottom of which, as shown by borings, was 175 feet below the 
top of the limestone at Fort Snelling. The deep channel was 
deyeloped as far north as the mouth of Minnehaha Creek, but 
not above Lake Street 'Bridge. River'Varren therefore sub­
sided just after the falls had reached their greatest height and 
when they were 4 miles below their present position. That 
was, accordingly, more than 8,000 years ago. 

Recession to the lower end of ~icollet Island would bring 
the falls to the northwestern limit of the Platteville limf'stone 
in the river bed and, the limestone being thus entirely removed 
from the river's course, both the falls and the ~icollet Island 
rapids would come to an end. In view of the rapidly increas­
ing rate of recession it is believed that the end would have 
been reached by this time had not recession been artificiallj' 
checked by nn apron and retaining wall. 

When the falls on the west branch of the Mississippi, which 
flowed through the present site of the deer park at Minnehaha, 
receded past the junction of )finnehaha Creek, Minnehaha 
Falls began as a cascade about 40 feet high. The cascade has 
receded 600 feet and has increased in height to 60 feet (see 
PI. VIII), and the gorge below has been deepened, so that the 
descent from the foot of the falls to the river is more than 40 
feet. Minnehaha Creek carries but little sediment and there­
fore has little power of corrasion. The recession of the falls is 
caused by the weathering and crumbling of the bed of shale 
which lies at the contact of the St. Peter sandstone and Platte­
ville limestone, about in the middle of the height of the 
escarpment. The limestone layers are thereby undermined 
and slowly' break off, so that an overhanging shelf is formed 
around the head of the gorge, which is about 200 feet acrOSt; at 
the top, and the stream cascades over part of the shelf. The 
sandstone is worn away slowly and a dry bench remains back 
of the cascade upon which one can cross under the falls. 

ECONOMIC GEOLOGY. 
BUILDING MATERIALS. 

SAND AND GRAVEL. 

The glacial drift affords an abundance of sand and gravel. 
The cities and towns are built on and near' gravel deposits, and 
abundant materials for both mortar and concrete are therefore 
close at hand. The practice of making excavations for base­
ments or cellars for all houses commonly supplies all necessary 
sand and gravel for building. Numerous Jarge and small 
gra\'el pits in this area now furnish material both for mortar 
and for concrete paving stone. (See PIs. XV to XVII.) 

If a uniform grade of sand or gravel is needed the drift 
materials must be screened, as in many beds of sand that are 
entirely free from pebbles the sand is too fine or is mixed with 
silt. Beds of gravel contain also more or less good sand. 
Gravel that is free from sand commonly includes cobble or 
even bowlders. The drift materials are readily prepared for 
ordinary uses by dry screening. A plant, however, has been 
built on the Great Northern Railway a mile 'vest of Cedar 
Lake to 'wash and screen gravel and sand. The gravel of the 
red drift is best for most purposes, because it is free from 
limestone pebbles and from gTeen Cretaceous shale pebbles, 
which tend to absorb water and when frozen to flake off the 
surface of concrete work. Red gravel can be found both in 
the areas which are mapped as red drift and in many places 
under a few feet of till in the areas mapped as gray drift. (8ee 
PI. XVIII.) 

The St. Peter sandstone also yields sand readily. It is a 
very friable rock and can be removed by pick and shovel as 
sand. (See PI. V.) The sand is very pure, but as: the gra.ins 
are round and dull polished it is for most purposes not so 
desirable as the angular, sharp sands of the drift. On the 
other hand it is much used for molding sand in foundries and 
is shipped to distant places for that purpose. It is also used 
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in making sand-lime brick. Because of its purity and its 
freedom from iron it can be crushed for making pottery and 
glass. 

BUILDING STONE. 

Because of their abundance bowlders and cobble from the 
glacial drift are often employed, either alone or with limestone, 
in basement walls. They are sometimes worked into orna­
mental walls, a use for which they are well adapted because of 
their great variety of color and size. 

The Platteville ("Trenton") limestone is the local natural 
building stone where range rock is desired. The lower bed of 
the Platteville (see PI. IX) is locally called "the building 
stone." It includes 12 to 15 feet of hard rock that consists 
of interlaminated dense or semicrystalline blue-gray limestone 
and irregular darker, somewhat shaly bands. ",Vhere it has 
weathered in pla.ce this rock divides along the shaly bands into 
ruhble. In the quarries the unweathered rock is jointed at 
wide intervals and must be broken and split to yield range 
rock. This stone has been used, both hewn and rough 
dressed, for wR,lls of buildings. It is durable, but. its color 
fades and on exposed surfaces its shaly bands weather to 
seams. The walls of the old fort at Fort Snelling, built in 
1823, are made of this stone. It is now used chiefly for foot­
ings or foundations. The upper limestone or second bed of 
the Platteville is massi ve. Its lower stl-uta crumble if exposed 
to frost, but the rest-about 7 feet of buff' fine-grained lime­
stone-is durable. .It is much used for walls and foundations 
that are not exposed to view. The It1yers of limestone in the 
Decorah shale are also used. Recently the buff upper part of 
the Platteville limestone has come into use, in the form of 
rough-dressed blocks 4 to 12 inches in diameter, for ornamental 
outside walls oflarge buildings. 

The Platteville limestone has been quarried at many con~ 
venient places along the bluffs of the Mississippi from Minne­
a.polis to St. Paul. In that part of St. Paul which lies on 
the limestone terrace the Platteville limestone is 'necessarily 
removed in the excavations made for basements and cellars. 
Many city squares have also been qnarried away in anticipa­
tion of their use for building sites. In part of northeast Min­
neapolis the same condition exists. 

Locally indurated St. Peter sandstone has been used for 
retaining walls near South St. Paul, and the oldest house at 
l\Iendota, built in 1836, is made of rock of the same kind, 
quarried on the little island in the Minnesota Valley. The 
stone is very durable, but the supply of it is rather small. 
The Shakopee dolomite is not mnch quarried for building 
stone here. 

CRUSHED STONE. 

Crushed limestone for concrete and for macadamized roads 
is made both in St. Paul and Minneapolis. The "building 
stone layer"-the lower zone of the Platteville limestone­
when crushed and well screened, makes a very good and 
durable stone. Sometimes a part of the upper zone of the 
granular buff limestone of the upper or s.econd zon€' of the 
Platteville formation is crushed with that of the H building 
stone layer." On the contrary several feet of the upper zone 
that lie next to the lower or "buildin~ stone layer" yield 
crushed stone that breaks or disintegrates too easily from 
changes of weather, but the rejected stone from those weak 
strata mixed with more or less quarry rubble has been crushed 
and used for macadam on some of the city streets. The layers 

,of limestone in t.he Decorah shale are suitable for use as 
macadam. 'The best grade of crushed Platteville limestone is 
also shipped or hauled for use in neighboring places. 

The Shakopee dolomite, a very durable stone, well suited for 
'use as -dprap or ballast, is for some reason not quarried 
for crushed stone. Even the riprap used by the railroads 
in this area was shipped in from neighboring places that were 
cOlHTenient for loading. The abundance of good grav'el in the 
same places where the Shakopee outcrops also precludes its use 
locally. 

BRICK CJ"A Y AND SHALE. 

Several persons or companies have attempted to make brick 
from the shales of the Decorah and Galena formations, but 
the only one that has succeeded is the Twin City Brick Co., 
which operates a large plant neal' Pickerel Lake in St. Pa,ul, 
where pressed face brick, ornamental building tile, and drain­
tile are made. The brick and tile are hard and smooth sur­
faced, and of a variety of colors-gray, brown, red, "sunrise," 
greenish, or yellow-and either plain or mottled with light or 
with dark spots, according to the kind or mixture of shales 
used and the manner of the burning. The blue-green shale 
used is quarried from the face of the river bluff_ The lowest 
10 feet of the Decorah shale, or the first zone Rbove the 
Platteville limestone, is not much used. Two other zones 
comprised in the Decorah shale are worked separately in the 
quarry. The shale from the overlying Galena limestone is also 
used, together with the 18 feet at the top of the Decorah shale. 
(See PI. XI.) The shale beds that are quarried are altogether 

about 70 feet thick but include many thin limestones, which 
are separated by hand in quarrying. The shale is ground and 
pressed while it is quite dry. The brick shrink remarkably in 
burning but do not warp. 

Interglacial clay and silt are used for making brick and 
hollow tile, or 1/ fireproofing," on both sides of the Mississippi 
in the northern part of ~finneapolis ,and several brickyards are 
in operation there. They make stiff-mud, side-cut or end-cut 
brick, of cream color, as well as soft-mud, sand-mold brick. 
The brick range from soft to hard according to the burning. 
The clay for hollow brick, or "fireproofing" tile, is mixed with 
sawdust before molding, and the sawdust burns out, leaving 
the brick light in weight. Some pottery also has been made 
there. The brick and tile are made of laminated blue-black 
clay and silt. The deposit used rests on Kansan till which 
contains many pebbles, some of which are limestone, and is 
overlain in part by red till but for the greater part by a few 
feet of river gravel only. The clay beds are generally tilted, 
folded, or disturbed from their original horizontal position. 
(See PI. XVII.) The beds have been observed several miles 
north of the place where they are now used and are evidently 
extensive. 

Clay or till of the Wisconsin red drift is used for making 
buildiug and paying brick at Ooon Creek station, on the 
Great l\"'orthern awl Northern Pacific railways, 6 miles south­
east of Anoka. Red to dark-brown paving brick are made 
there by the stiff~mud process. The kilns and clay pit are 
near the bank of Coon Creek, by the railway. The pit is 
worked by steam shovel. It shows 5 feet of dune sand, 6 feet 
of glacial river gravel, and 10 feet of blue-black till of the 
young gray drift. Under this lies 20 feet of red till or clay, 
of which the brick are made. The clay contains a few pebbles 
and some bowlders. The cl~y deposit is evidently extensive. 

A soft red brick is made from red till in a brickyard near 
Pickerel Lake, in West St. Paul, Dakota County, near St. 
Paul. 

The glacial river clay found along the Bassett Creek valley 
in Minneapolis was used for making brick until the growth of 
the city made the land too valuable for use as brickyards. 

Minnesota River silt or alluvium is extensively used at 
Shakopee for making cream-colored brick by the soft-mud 
process. The pits now in use are on the flood plain of the 
river just outside the area here considered, on the alluvial 
plain which extends within the area.. The same kind of brick 
is said to have been formerly made of alluvium on the west 
side of the river in St. Paul. 

Sand-lime brick.-Sand-lime brick are made successfully in 
St. Paul from the St. Peter sandstone. The product is a clear­
white face brick that is used chiefly for outside walls of houses. 
A similar product is made in the northeast part of Minneapolis 
from glacial river sand. The sand there consists in pa.rt also 
of grains from the St. Peter sandstone. Sand for sand~lime 
brick can be had here in inexhaustible quantity. 

PEAT. 

Peat beds are not used in this region except as they are 
converted to soil. The peat is of good quality but has not 
been used for fuel and has no economic value for that use 
now. A large part of' the marsh and swamp lands shown on 
the accompanying maps are peat beds. The pea.t is ~enerally 
5 to 10 feet thick. The greatest deposit is the Wiregrass 
Marsh, in the northern part of the a.rea. The peat beds burn 
persistently when accidentally set afire, but comparatively little 
has yet been destroyed in that way. 

SOILS. 

The soil is black, 1 01' 2 feet thick, but is very diverse from 
place to place, tIie greatest diversity appearing where fields 
made from former peat bogs join with the dune-sand surface. 
The peat swamps or marshes are converted by artificial drain­
age to meadows and to fields, or to rich market gardens. The 
soil on the dune sands is light and is easily exha.usted; The 
gravel plains have also a light soil, but in many places it is 
loamy and rich, the variation in its cha.racter being due to 
the great diversity of the constituents of the gra.veL The soil 
of the glacial till ranges from sand to clay. That of the gray 
till surface is heavier than that of the red till. The richest 
soil is perhaps the alluvium of the Minnesota-Mississippi 
valley, but only part of that surface is secure from inundation 
by floods. Comparatively small areas have soil that lies upon 
limestone, and these are chiefly meadows and pastures. 

MINERALS. 

Profitable mining for are is not to be expected in this area. 
The bowlders of iron ore that are occasionally seen haye been 
brought by glaciers from the northern PUlt of the State. 
:Nuggets of native copper occasionally found in the drift are 
derived from the Keweenawan copper-bearing rocks of the 
north. Pieces of gold-bearing quartz and bowlders with 
argentiferous galenite are likewise erratics from placE'S farther 
north. A small amount of sphalerite occurs in small pockets 
with calcite and pyrite itl the basal beds of the Platteville 
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Umestone and of the Decorah shale. Gold in fine flakes is 
distributed through the upper pert of the St. Peter .and.tone 
to thE' value ot 5 cents or less in a ton of sand. The 
aggregate amount of this gold may be very great, but there is 
not enough for profitable mining. 

WATER RESOURCES. 

WELLS. 

Water can be obtained from shallow wells in nearly all parts 
of the area, and such wells constitute the chief source of sup­
ply outside the cities and are also used to a great extent within 
the cities. Most of the shallow wells are sunk in the glacial 
drift, but some are supplied from dune sa~ds, from the St. 
Peter sandstone nE'ar its outcrops, or from alluvial deposits. 
Some that merely penetrate the sand and gravel down to 
a less pervious hed are likely to become polluted by surface 
drainage. Wells in the glacial drift range in depth from 10 
to 400 feet. The deepest of these penetrate one· or more 
impervious· clay beds and are less likely to be polluted than 
the .hallow well.. Mo.t of tho.e that go deep into the drift 
are artesian-that is, the water rises in them from the bed in 
which it is struck. 

There are many deep wells in the area, especially in Minne­
apoli. and St. Pau\. They draw their .upplies chiefly from 
the sandstone formations. The sandstones that carry the most 
water are the St. Peter, the Jordan, the Franconia, and the 
Dresbach. In St. Paul and Minneapolis the St. Peter sand­
.tone i. tapped by wells not more than 300 feet deep, the 
Jordan sandstone by wells not more than 500 feet deep, and 
the Dresbach sandstone by wells not more than 1,000 feet 
deep. A. the St. Peter sandetone i. the first reached by the 
drill it i. hsavily drawn upon. The Jorden is sufficiently 
coarse and porous to allow the water to percolate through it 
with g:ooat freedom, and hence affords copious supplies. The 
Dresbach and Franconia carry large supplies of water. The 
Shakopee dolomite and the Oneota dolomite carry relatively 
little water. The sandstone beds in them, once called the 
New Richmond, contain a moderate supply, though much leBB 
than the thicker sandstone formations. The St. Lawrence 
formation contains only small supplies, which, in part at least, 
are highly mineralized. The red clastic series contains much 
less water than the sandstones at higher horizons and the water 
i. of peorer quality. A well 2,150 feet deep at Lakewood 
Cemetery, in Minneapolis, passed through at least 1,140 feet 
of the U red clastic series II and penetrated the underlying 
grsnitic rock. (See fig. 5, p. 3.) 

The water rises in the wells, and those that are on low 
ground close to the rivers are flowing wells. The alternate 
pervious and impervious bedrock formations dip from all 
directions toward an area that lies midway between Minne­
apolis and St. Paul, and their edges lie in higher positions 
below the glacial drift, so that water entering the sandstones 
at their edges descends to the places where the formations are 
tapped by the wells, where it is under pressure or head. 

The public water supplies of Fort Snelling and the towns of 
Anoka, West Minneapolis (Hopkins), and South St. Paul are 
taken from deep wells that reach rock formations. Part of 
the supply of North St. Paul comes from a deep well, and part 
of that of St. Paul is taken from deep well. adjacent to the 
main source, Phalen, Vadnais, and other lakes. 

SPllINGS. 

Numerous small springs in the morainic areas around the 
borders of lakes and swamps carry the natural drainage from 
one morainic depression to another, or from one lake to another 
where. surface streams have not been formed .. Along the 
valleys of small streams there are also many such springs, aJ} 
coming from the glacial drift, and some are of large size. 
Excellent .prings flow frem the gravel bed. between the Kan­
san till and the red Wisconsin till. An exa,mple is Glenwood 
Spring, on BaSBett Creek, in Minneapolis, from which large 
quantities of drinking water are sold. ,. 

In many places springs come out on the ~ides of. the river 
valleys, mainly from the drift and e.pecially from the red drift 
that overlies the Kansan till, the Decorah shale, or the Platte­
ville limestone. Bome come from beneath the Kansan till, 
and a few come from the St. Peter sandstone, or even from t1;te 
Shakopee dolomite. As most of the springs emerge above 
the bottom of the valleys they afford power by' which water 
may be raised to houses some distance from the. springs, and 
many are utilized in that manner, especially along the north 
side of Minnesota River. East of Dayton Bluff the water from 
a. series of springs is gathered into a sluice along the side of 
the hill for use althe State Fish'llatchery. 
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LAKES. 

The public water supply of St. Paul is obtained north of 
that city, chiefly from lakes. The largest are Phalen and 
Vadnais lakes, to which several others have been joined, the 
Oliginal creeks between them having been replaced by covered 
conduits or by open sluiceways. By the aid of a pumping 
station at Centerville Lake another connected group of lakes 
is there linked to Vadnais Lake. The surface supply is sup­
plemented by more than 30 wells, most of them deep, at the 
Vadnais and Centerville pumping stations. The daily con­
sumption of water from these sources is 10,000,000 gallons. 

STREAMS. 

The public water supply of Minneapelis i. taken from 
Mississippi River at a pumping station near the northern limit 
of the city, whence water is elevated to a settling basin of 
75,000,000 gallons capacity. The water is purified by sedi­
mentation and rapid sand filtration, calcium hypochlorite, lime, 
and alum being used. The filtered water goes to a covered 
45,000,OOO-galion clear-water basin, whence it mns into the 
mains. As the settling basin is about 200 feet higher than the 
river, sufficient head is available for distribution by gravity. 

MINERAL CONTENT OF WATERS. 

Data regarding the average chemical composition of ground 
water from various horizons in Minneapolis and St. Paul are 
given in the following table: 

Oonltltwmtl. 

Him>. 
apoU8. 

Silica (SIO I ). ___________________________________________________ . __ . 21 

Iron and aluminum o:ddea (FeIO.+Al.O.) ______________________ .: ________ _ 
Calcium (Oa.) ____ ~__________________________________________________ 47 
Magnesium (Mg) __________________________________________________ . 11 

Sodium andpotasalum (Na+K) ___________________________________ 17 

Bicarbonate rad1eJ.e (HCO.)______ ___ _______________________________ 164 
Sulphate radicle (SO,) _________________________________ .. ___________ 81 
Chlorine (01) __________________________________________________ . ___ 12 

Total sollds______________________________ _ _____________________ 214 
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The figures given in this table repreaent averages of analys .. 
of composite samples collected daily from each river for a year. 
After it is filtered, the water of Mississippi River is better 
adapted to general industrial use than the ground waters, 
because it contains less mineral matter. It usnally carries 
very little suspended matter, but the unfiltered water is highly 
colored. The water of Minnesota River contains a notably 
large proportion of minp,ral ingredients, especially of sulphates, 
and it is therefore less desirable for general use. RUlD River 
furnishes water which is rather more highly colored than that 
of Mississippi River but which is still lower in mineral 
content. 

WATEB POWER. 

The power aWorded by the natural fall at Minneapolis, called 
S~ Anthony Falls, i. utilized by two dams. The upper dam i. 
owned jointly by the S~ Anthony Falls Water Power Co. and 
the Minneapolis Mill Co., and both companies supply water to 
flouring, feed, cereal, and woolen mills and to other factories in 
the immediate vicinity of the demo The St. Anthony Fall. 
Water Power Co. also supplies water to the Minneapolis 
Genersl Electric Co. and to its own large hydroelectric plan~ 
which utilizes surplus water at the upper dam for the Twin 
City Rapid Transit Co. Besides this plant about 40 turbine 
unit., operated under hsad. of 35 to 50 feet and affording 
about 35,000 horsepower, have been installed. The lessees of 
these powers also operate auxiliary steam plants, not only 
because the water available is at times insufficient to supply 

JoMaUlIRDdstonIJ. 

""'~ MtnD~ $t.Paul. lIIhm. H'_ St.hul 
apol". apollB. apoll •. apaUI. 

------
14 " 10 '.7 1. '.' lS '.1 

1.7 1.7 U --------- --------- H ~-.--.--- '.' '.' 
" .. .. .. " 80 58 " 50 

" " " " .. 80 " " .. 
'.' '.' '.' 11 7.' ... '.' '.' I. ... '" ... ... ... ••• ,,. . ,. ... 

11 .. 1.. --------- --.~.---. " " '.1 
'.1 '.' ... 7.7 .. _-._-- '.' '.' '.' .80 • 64 26 • 81. 281 • 50 24 • '28 .88 

"HaJI, C. W., Meinzer, O. E., and Fuller, M. L .• Geology and underground waten ot southern Minnesota: U. B. Geol. Burvey Water-Supply Paper 256, 
Pis. X and XIV, 1911. Most of the analyses were made a.t the Dearborn J.a.bora.tory. 

Waters from the same formation differ' from one another in 
lPineral content about as much as do those from different for­
mations, though all the supplies are calcium carbonate waters 
of moderate mineral content, fair for boiler use and acceptable 
for general industrial use. They form a moderate quantity of 
eoft scale and can be improved for boiler use by treatment with 
lime and soda ash. The water from the glacial drift has rather 
a wide mnge of mineral content, but the available analyses 
show that it has a. slightly lower average hardness than the 
sandstone waters. The mineral content of the waters from the 
rock formations in~ses westward, as is shown by the differ­
ences between St. Paul and Minneapolis in the above table. 

The following table shows the chemical composition of the 
water of Mississippi and Minnesota rivers at Shakopee, only a 
short distance outside the area here considered: 

A'IIBraglll chemicaZ c0m.tJ0riUon of water from M4nnuota B4'IJB1' at Shakopee 
and Hluls81.ppl Bwer at MmneapoUs." 

MiSllllllllpplRiver. 

OQDllt!tu6l11iB. PeroeDt. Percent.. 
Part&per ~of f'a.rtllper ~01 
mUUoD. anliYdrouB wiUiuD. anhj:di'oua 

t'D8hiue. . ~ue. 

'l'Ul'bidit,. ______________ ~ ___ ~_c ___ ~._~. I. " Suspended matter _______ . _~_. ______ ~_ 7.' '42 
OOem.clent ot e.nenelB _____ • _____ ~ 1.18 --------- 1.18 --~~-----

BUica (Si9.) _____________________ w ____ _ 16 7.S .. ' .. 
Iro~ (Fe) ______________________ _ .• 7 .1 . " .. 
Oalcium (Oa.) __________ •• __ 40 2O.S .. 17.9 
Magnealum (Mg) _______________ - 14 7.S " 7.' 
Sodlu~ and pota.ulum (Na+K) _____ _ I. ... .. ' .. 
Oar bonate r&diele {CO.) ______________ _ .. ".0 .. 81.7 
Bloo.rbonate radicle (HOO.) _________ _ '88 ". SLllphate radiele (80,) _____________ . __ 18 '.' 144 81.4 
~"1tra.te radicle (NO.) _______________ ~_ 1.' • 7 ' .. .' Chlorine (01) _____ . ___ • _______________ _ I.' .' H 1.. 
Dissolved solidl. _________ . ___________ _ "'" .80 

"Dole, R. B., Thequalityot surfaeewa.tel'lln the United States; Part I, 
analYBes ot watel'l!l east ot the oue hundredth meridian: U. S. 6601. Sarvey, 
Water-Supply Paper 286. pp. 74--711, 1909. Samples oollected. In 1906-7 
and a.nalyzed by W. Y. Barr, W. D. Collins, R. B. Dole, Chue PaJmer, 
H. S. SpauldJng, and Walton Van W:lnkl.e. 

their needs but also because some wheels do not furnish suffi­
cient power. 

The lower dam i. owned by the St. Anthony Falls Water 
Power Co. and gives a gross head of 20 feet. The total in­
stalled power of. the Minneapolis Mill Co. is 35,000 horsepower 
and that of the St. Anthony Falls Water Power Co. i. 12,000 
horsepower at the upper dam and power house and 10,000 
horsepower at the lower dam and power house. Thus the total 
installed power is 57,000 horsepower, the average developed 
power being 48,000 horsepower. 

A dam on Mississippi River at Coon Rapids, 11 miles above 
Minneapolis, forms an 18-foot head. The installed units have 
a capacity of about 12,000 horsepower. A 30-foot dam with 
a lock 85 reet wide is being built at Fort Snelling by the 
Federal Government, chiefly fol' the purpose of making Mis-,. 
sissippi River navigable between Minneapolis and St. Paul. 
There are also small water powers on the outlet of Hayden· 
Lake at Champlin and ~n Minnehaha Creek at Edina. 

A 12-foot timbE'r dam in Rum River at Anoka creates a head. 
of 13 feet, which i. utilized in the Lincoln Mill by wheet; 
with a combined capacity of 350 horsepower. 

The following table summarizes the power developments 
around Minneapolis: 

TotaZ hor8epower dB'Deloped or under 6onstruotion twar MmneapoUs. 

M~=PK~p~~~~~--~~--~~-~-
MI88Ilslppi River .t St 

Anthony Falls: 
UP.per dam. ______________ 
Lower dam _______________ 

MlBllill1ppi River a.t Fort Snelling" ______ . ____________ 

Rum River at ADoka.. ________ 

H,.,1n .... 

18 

•• 
20 

80 
18 

BOl"IfepOwer (80 per oentefBo:I6I1e,.). 

1,640 ~'80 7, OliO 

4,1160 .9,8!0 19,300 

1 .... 8,780 7,820 

2.730 11.620 11,900 

" 11. '88 
"Dam nnder oonstl'W!ltion. 

December, 1914. 
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M I NNEAPOLIS A N D ST. PAUL DISTRICT 

PLATE II.- MISSISSIPPI RIVER AND GORGE AT MINNEAPOLIS. 

View from campus of the State Un iversity looking upstream toward St. Anthony Falls, concealed by the bridges. The lower dam 
and power house are seen under the br idges. The river above the fa lls is seen over the power house 

PLATE I. - M ISSISSIPPI RIVER AND GORGE AT MINNEHAHA. 

View looking upstream from mouth of M innehaha Creek. St. Peter sandstone capped by Pla ttevil le limestone in bluff at left. 

PLATE III. - EAST WALL OF THE MISSISSIPPI GORGE ABOVE WASHINGTON AVENUE 
BRIDGe:, EAST MINNEAPOLI S. 

St. Peter sandstone overialn by PlaUevilie limestone, which is capped by glacial drift. 

PLATE VI.- SHAKOPEE DOLOM ITE IN CLIFF ON EAST SIDE OF MISSISSIPPI RIVER 
BELOW NEWPORT. 

Shows the irregu lar bedd ing-and the cavernous weathered outcrop of t he forma tion. 

PLAn IX.- PLATTEVILLE LIMESTONE OVERLVING ST . PETER SANDSTONE, IN CLIFF OF 
MISSISSIPPI GORGE AT THE STATE UNIVERSITY. 

The character of the lower limestones of the Plattevil le and the shale band at the con tact w ith the 

St. Peter sandstone are we ll shown. 

PLATE V.-ST. PETER SANDSTONE IN CLIFF OPPOSITE MI NNEHAHA. PLATE IV.- EAST WALL O F THE MISSISSIPPI GORGE BELOW WASHIN GTON AVENUE 
BRIDGE, EAST MINNEAPOLIS. The friability of the sandstone is shol'.n by the loo~e sand at base 01 the cl iff and Its purity by its I'. h itene~s. 

St. Peter sandstone overlaIn by Plattev ille l imestone wh ich is capped by glacial drift. T he esca rp· 

m ent and bench at the right are remnants of an old fal ls sca rp of St. Anthony fa lls 

PLATE VII. - CRYPTOZOON MINNESOTENSE, A CALCAREOUS MASS SECRETED BY ALGA:: IN 
SHAKOPEE DOLOMITE . 

South of Inve r Grove. Diam eter of mass about 6 feet. 

PLAn X. - UPPER PART OF ST . PETER SANDSTONE AND BASAL BEDS OF PLATTEVILLE 
LIMESTONE IN RAILROAD CUT IN ANOKA COUNTY NEAR NORTHTOWN, NORTHEAST 
MINNEAPOLIS. 

The dar~ sha le makes the contact very sharp. 

PLAn VII I. - MINNEHAHA FALLS. 

The st ream lal ls63 leet over Platteville li mestone capp ing St Pe ter sandstone. 

PLATE XI. - DECORAH SHALE AND OVERLYING SHALY LIMESTONE OF THE GALENA 
IN QUARRY OF THE TWIN CITY BRICK CO. NEAR PICKEREL LAKE, ST. PAUL. 

The shaly Galena li mestone in the upper par t of the cliff is over lain by Kansan drift. 
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PLAn XII. - FUCOID BED NEAR TOP OF DECORAH SHALE, CHARACTERISTIC OF THE 
FORMATION IN THE AREA. 

The lucoid stems a.re weathered in rehefon the beddin~surface. 

PlAn: XV,- RED OUTWASH SAND AND GRAVEL OVERLAIN BY WISCONSIN GRAY TILL, 
STATE UNIVERSITY CAMPUS MINNEAPOLIS. 

PLATE XVIII. - THIN SHEeT OF WISCONSIN GRAY TILL OVERLYING A THIN SHEET OF 
WISCONSIN RED TILL WHICH RESTS ON RED GLACIAL SAND. 

In sand piton Snellinli:: A~enue southwest 01 St. Paul. In the li:: ray ti ll there are wh ite li mestone pebbles 
and be low It lies the red till. whIch is l ree Irom li mestone pebbles and is streaked WIth lime leached 
from the gray ti ll above. 

PLATE XIII.- BEOS OF OECORAH SHALE DISLOCATED BY THE ADVANCE OF THE Ice 
SHEeT FROM THE LEFT. 

In cut on Doulevard at 1001 of State Street, Minneapolis. Layers of Decorah shale have been dislo­
cated so that at the left they res t on undisturbed Platteville limestone, but althe . iilh t they lie 
on undisturbed Decorah shale. They are overlaIn by g lacia l till. 

PLATE XVI. - NEAR VIEW SHOWING DETAILS OF RED OUTWASH SAND AND GRAVEL 
SHOWN IN PLATE XV. 

MINNESOTA 
MINNEAPOLIS AND ST. PAU L DISTRICT 

PlA.TE XIV. - SURFACE OF PLATTEVILLE LIMESTONE SMOOTHED AND GROOVED BY THE 
KANSAN ICE SHEET. 

Quarry south 01 the State Univers ity. Minneapolis. The limestone is over la in by hard Kan~an till. 

PLATE XVII._ INTERGLACIAL LAMINATED CLAV TIL TED BY THE THRUST OF THE ADVANC­
ING WISCONSIN ICE SHEET. 

Overlain by ri ver g ravel. Clay pIt at Northtown. 

PlA.TE XX.- BLOCKS OF PLATTEVILLE LIMESTONE ON ERODED SURFACE OF ST. PETER 
SANDSTONE LEFT IN THIS POSITION AT FOOTi.OF RECEDING FALLS OF RIVER WARREN. 

hposed in railroad cut west of His:h Brids:e. St. Paul. 

PLATE XXI.- GENERAL VIEW OF ST. ANTHONY FALLS IN 1857, SEEN FROM THE WEST 8ANK. PLATE XXII.- ST. AN T HONY FALLS VIEWED FROM HENNEPIN ISLAND IN 1851. 

Shows Spir it Is land. Cataract Island. and Hennepin Island. from left to ri s:h t, below the falls. The middle part 01 the fa lls hu receded 700 to 
800 fee t since this painting was made. From pa intine; by Fred. Richardt. After N. H. Winchell . Minnesota Geol. and Nat. Hist. Survey. 
vol. 2, 1888. 

The method 01 recession of the falls is shown by the ane;ular bloch of Platteville limestone (formed by joint cracks) that have lallen Irom the 
crest. From dae;uerreotype by Alex. Hesler, Chicago. After N. H. Winchell, Minnesota Geol. and Nat. Hist. Survey. vol. 2, 1888. 
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t Payment must be made by money order or in cash. 
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• The texts and eoonomio-geology maps of the Plaoerville, Sacramento, and Jackson folios, 
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-----·o,;i~~-~··fi;e in the Geologioal Survey building the folios in stook were slilrhtly damaged, but those that were saved are usable and will be sold at 5 cents each. They are priced aocord· 
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