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GEOLOGIC ATLAS OF 'THE UNITED STATES. 

The Gcolo,::?;ieal Survey is making a geologic atlas of the 
U nitf'd States-, which is heil1g issued r.lilletl folios. 
Each folio includes topographie and 
area, together with descriptive text. 

THE TOPOGRAPHIC MAP. 

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

Re1iej.-All elevations are measured from HlCHll sea level. 
The heights of IIlfluy 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'u-
tion above mean St:'<l le\~el, the vertical iutt:'nnl represented by 
each spaee bctwf'en lines being the same throughout eHcll map. 
These lines nre called cOJ/four lines or, more brietl \', ('ontours, 
and the uniform H'rtical (li"hlIH'e bet\\een ea"h two"eontours is 
called the contouT intr:rml. Contour lines and elevations are 
printed in brown. The manner in whi('h ('outour lin,es express 
altitudf', form, and grade is shown in figure 1. 

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

The sketch :J ri \"er VB Hey bt'twet'll two hills. In 
tIlt:' foregrOlliul tlll? seH, \\lth a bay that is partly ('losed hy 
a hooked sand bar. On eaeh sirlf' of the v:dley is a terra('e. 
The terrllcc on the right merges into a gentle hill slope; lhat 
on the left is uaeked by a ascent to II cliff, or RCfll"p, \\ hidl 
contrasts with the gradunl awny from its ncst. In the 
map each of these features jndicat.ed, directly bel10ath its 
position in the sketch, by contour lint's, The map docs not 
include the clistant portion of the yiew. The following notes 
may help to explain the use of contour lines: 

1. A coniour line reprt:'sentR a eertain height ahove' sea lc\·e1. 
In this illustration thc contour interval is 50 feel,; thel'eforE' 
the contour lines arc llrawn at 50, 100, J 50, and 200 feet, and 
so Oll, ahove mCHl1 sea level. Along the contour at 250 feeL lie 
al! points of thc surface t.hat Ht"e 250 f~et above the sea~that is, 
thii:l contour would be the shore line if the sea \vere to rise 250 
feet; alon!!: the rontour at 200 feet. are all points that nrf' 200 
feet abo\'e the sea; and so on. Tn the ."pace bet,"ween any two 
contonrs are u11 pointR whose elevations are aboy,=, the lower 
and below the lligher ('on tour. Thus the eoutnur at 100 ft'f't 
falls jUSL helow the edge of the tenare, and tlmt at :l00 feet lit:'i'l 
aboye the terrace; therefore all points on tile terrace are shown 
to be morc tlwn 150 but less than 200 feet aboye the sea. 
The surumit of t.he higher hill is rm:nkc(l GiO (feet aboye sea 
leyel); the ('ontom at ();;iO feet surrouuds it.. In 
this illust.ratiou the contom' lines arc nuwbered, and those 
for 260 and riOO fCf:t are areentuHted by being made heavier. 
Usually it is !lot desirable. to number all the contour lines. 
The aecentnating flnd nnmht'ring of certain of them-say eyery 
fifth one-suffires and the ht'ights of the others may he l.lSeer­
tained hy cOllnting up or dO\vll from th('se. 

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

eon tours are continuous horizontal they wind SlllOOtJlly 
about smooth surfaces, rect:'dt:' into rt'entrant of 
ravinei'l, and projert. in .passing around spurs or I"·o,mi,,wnees. 

These relations of cont.our curn's Hnd 1:..0 of' t.he 
can be Been f!"Olll. the map and 

lines sl~ow the approximate of any sl~pe. 
The vertical interval between two \'{mtours the same, whether 
they lie along a cliff or on a genLle i::11ope; hut. to attain a gi ven 
heif!;ht on a gentle slope olle must. go £ll'ther than on a Htcep 
siope, lln(l therefore contOUlli are fill' aplll't on gentle slopes 
and near togethf'r on steep ones. 

A small contour int~ryal is necessary to express the relief of 
a flat oj' gently undulating country; a steep or mountainolls 
country can, as a rule, be a(leql1ately represented on the SHme 
seale by the use of a huger intenal. The smallest interya 1 
used on the atlas sheets of the Ueologieal 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 and 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 shmvlI by a 
blue linf'. Lakes, man~hes, and odler bodies of ,vater 

by conventional sigBs in hlue. 
for the works of' man and all letOOr­

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 this area, drawn to the scnle of 1 mile to the inch 
would ('over 3,027,000 s<Juare incile;::; of pnpe1' aI1(l measure 
about 240 by 180 feet. Each square mile of ground Slll-iaCe 
wonld be represented hy a square inch of lllilp surfllee, and a 
linear mile on the ground by a linp...ar inch on the map. The 
seule may be also by a fradion, of whieh the numer-
at.or is Il 011 the map and the denominator the eorre-
spondiIl)!; lengt.h in nature exprrssed in the same unit. Thus, 
as there arc 6:3,;~60 inches in a the scale"] mile to the 
inch" i8 by the fradion 

Three are used on the sheets of the Geological 
Ilnd (\~.:-'()IJ' eorresponding approxi­

mately to -4 milf's, and 1 mile on t.he ground to an 
inch on t.he map. On the seale of a t;quare ineh of map 
surface about 1 square of earth surt"i-lce; ,on the 
scale of n bout. 4 s(]unre milf's; and on the sea Ie of ~OOJ , 

alJOlti 1G '3<jIUlre mile8. At the bottom> of each atlas Bheet the 
scale is in three a gradua,ted line repre­

a similar line indicating 
a fraction. 

OU""',',,,,a(,,.·~j "cmap of the Unit.ed Stat.es 
is being Rhed~ of eOllYcnient size, whieIt 
represent areas boundc,d parallel.; awl meridians. ThCBe 
~neas are called qnadrangle8. Eaeh sheet on t.he seale of ~"O~Oili) 
represents one slllUl.1'e degree-that is, a of latitude hy a 
degree of longitude; eaeh sheet on thp of reprcbents 
one-fourth of a square degree, and clIch sheet on scale ot 

one-:-;ixteenth of a square degree. The areas of the corre­
sponding quadranJ!;les are about 4000, 1000, and 2;)0 square 
miles, though HH'Y vary with the lat.itude. 

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

arell" lying in two or m'en three States. To each 
and to the quadrangle it represents, i::; given the name of 

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

THE GEOLOGIC MAl'S. 

The nWPb l'eprf:'6entillg the show, colors and 
conventiowl! sip;ns printed on topographic map, the 
di:3tribution of rock masses on the surface of the land and, by 
means of structure sections, their llnderf!;round relations, so far 
as known and in suell detail as the scale permits. 

KDi'llS OF lWCKS. 

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

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

termed a Bloch:. "\Vherc molten map;ma trayerses strat-
ified rocks it be intruded along betiding planes; sueh 

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

of t.he mal!;ma. by rock molten material rool.; 
slowly, witll lhe result that intrusive rocks are generally of 
crystalline texture. vVhere the channels reach the surfaee 
the moltell material poured out t.hrough them is called IwVll, 
and lavas often build up volcanir mounli:lins. rocks 
that. have solidified at" the surface are called 
LavHs generally cool mort:' rapidly than intrllsive 
a:--1 a rule contain, espf:'('ially in t.heir superJieial parts, wore or 
lel::1H voleanic produced by rapi(l ehil1illg. The outer parts 
oflanl How,:;; are llHtw.lly porous, owing to the expansion of' 
the gai::1c,:; originally prcsent in the magma. Explosive action, 
due to these gases, often accompanies volcanic eruptions, 
causing cjeetions of dust, ash, lapilli, and .larger fi .. agments. 
These materials, when rOllsolidated, constitute breecias, agglom-

and tuffs. 
l'oclcc~.~noeks composed of thc transported 

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

di::;integration, of volcanic ejecta deposited in lakes and seas, or 

of materials deposit.ed 111 such water bodies by chemical precipi­
tation are termed sediuu:nta1-Y, 

The ehief agent in the tl'flnsportation of roek Q-ebris is water 
in Illotion, including rain, streams, and ihe water of lakes awl 
of the sea. The materials are in large part carried ns solid 
particles, and the are t.hen saia to be mechanical. 
Buch a.re which are latel' consolidated 
int.o Sfllldstonc, shale. Some of the mate-
rials are carried in soluLion, and deposits of these are called 
or,!!anic if formed with the aid of lift.', or ('hclIIical if formed 
·without the aid of life. The more important rocks of chemical 
and organie origin are limestollt', chert, salt, iron on" 
peat, lignite, and {'oal. Anyone of the named 
may be f'lepamtply formed, or the different he 
intermingled in many wayi'l, produeing a great variety 

AnotJler transporting ng-t'nt is nil' in llIotion, or wind, lmd a 
third is ice in motion, or glaciers. The mORt characteristic of 
the wind-borne or eolian deposits is loess, a fine-grained earth; 
the most characteristic of ghcial deposits is till, a heterogeneous 
mixture of bo·wlders and pebbles wit.h day or sand. 

Sedimcntnry rocks arc usual1y made up of lllyt'r",. or beds 
which can bc separnted. Thest:' ure caned .strata, 
and rocks in such layers are t.o be strlltified. 

The snri'ace of the earth is n~t immomble; 0\ er wide regions 
it \'ery slowlv rises or sinks, with referencc to the sea, and 
Rhore . lint's ~re thereby changed. .L\.s a result of upwanl \ 
moyement manne sedimelltmy, ro(~ks may become part. of the 
land, and most of our land areas are in faet occupietl by rocks 
originally deposited as sedilllents in the 

Rocks exposed at the surff~ce of tlle air, 
watf'r, ice, animals, and plants, 
known as bacteria. They 
soluble parts UTe leachp(l ont, the 
left as a residual layer. \Vater washes this 

and morc 
material being 
material down 

the slopes, and it. is 
other bodies of W(lt~r. 
but it is 

can~etl by riYcrs t.o the,oeean or 
its journey is not eontinuous, 

huilt into river bars and flood plains, 
_-\.llu \·ial ~lacial deposits 

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

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

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

processes, rocks may in composition 
and in t.exture. If the new pro-
nounced than the old such rorks arc called In 
the of metamorphism t.he cOllstituents of a chemi(,~ll 

may enter into new combinations and eertain substances 
may be jost or new ones added. A complete gradHtion [rom 
the primary t.o the meimnorphic 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 haye 
pressures, to slo\v movement, and to igneous intrusion haye 
been afterward raised and later exposed by erosion. In such 
rocks the original structures may h:1\ e been lost entirely and 
new ones substituted. A syslem of planes of division, along 
which the rocK. splits most readily, may have been deyeloped. 
This structure is caned and may cross the original 

rocks rbanlt'terized by it 
Crvstals of mica or minerals may have gr~wn 

in t11e rock in "such a as to produce It laminaled or foliated 
structure known as The rocks characterized by this 
structure are schisfl3. 

As a rule, the oldest roeks are most altered and the young,=,l" 
formations haw eseaped metamorphism, hut to this mle there 
are many illlpOlinnt t'o'lpeeially in regiolls of igneous 
activity fmd complex 

TOlOl.A.TlO.KS. 

For of 
above are inlo A f(edimentmy 
formation ('ollt.ains bet~yeen its upper and lower liIllits cither 
rocks of uniform charad~r or rocks more or 1ess uniformly 
"\]l.Tiell in charader, for example, an alternation of shale and 
limestone. \Vhere fl'{}m Olle kind of rocks t.o 
another is graduHI it. may two contigu-
ous formations by an 
disLillet.ion d€pen~js alnlost 
An igneous fOl'mat-lon cont.ains one or more bodies of one kina, 
of' similar oecurrence, or of like origil1. .r\ metanH1l11hie for­
mation lllay consist of rock of uniform charat'ter or of se\ eral 
roeks having eOlllIllOIl eharaetel'istirs 01' origin. 

\Yhen for seicntifi(' or et'onomie reasons it is dcsimhle to 
re('ognize and map one {)1' more deyploped parts of ;J 

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

.\GER OF ROCKS. 

Geoloy'ic ti1lie.~The iime during which roc-ks ·were made is 
divided into peripds. Smaller tim~ di visions are called epochs, 

• 



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

The sedimentary formations deposited during a period are 
gronpf'd to,2:f'ther into a 8Yl:Jfnn. The pl'illeipal divisions of a 
system are ealled 8(Tie8. Any aggregate of formations less 
th1ul a sf'l'ie); is called a !Jrollp. 

Inasmuch as sedimeIlta:r;y deposits accumulate successively 
the youn~er rest on those tlwt are 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 !:lUch eondiLi,ons. if prcscnt, 
may indicate which of t.wo or more formations oldest. 

Many strat.ified 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 01] the hlncl. Ruch 
rocks: are ('alled fossiliferous. By studying fossils it has 
been found t.hat the life of each period of the earth'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 t.im!:' to time more 
complex kinds de'i'eloped) awl as the 8impler ones lived on in 
modified forms life became more varied. But during each 
period t.here lived peculiar forms, which did 1I0t exist in ('arher 
timl:'s and lwve not existed sinpe; t.hf'sf' are c/w/Ylcieril5tic types, 
and they define the tlp:e of any bed of roek in which they are 
found. Other types on from period to period, and thus 
linked the forming a chnin of life from the 
time of the rocks to the present.. 'VJlere 
two :'leuimcntHry formations aTe rernot,e from ea('h other ami it 
is impossible to oLsene their relative positions) the charncter-
istic fossil found in thelll may (If'termillC which "was 
deposited Fossil remainR in the strata of different areas) 
provinc(~8, and C"ontineutr: afford the most important mean:'l for 
comhining local histories into a earth hist.ory. 

It is mallY places difficult or to dt'terllliue the age 
of an igneons fOrtllfLt.ion, hut the rdatiw age~of .:mell a f()rm;l­
t.ion can in generaJ be ascertailled by 
associated Redimentary formation of known 
igneous lllaRS or is df'positetl upon it. 
which llletalllorphir' J'oekR \\ere formed froUl the 
may be shown bv their relations to formation.., of 

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

culon;, and pa.ttaus.-Ench f()l'lnation iR shown on 
the lllap hy a dist,inetive combillation of color awl pat.tern allil 
is'labeled hy a speeiallett.cr symbol. 

Patterns <compoAed of parallel 
format.ions 

lineR arc mwd to 
ill tlw jnlakes, 

tlots awl 
eirdf's represent idluyial, nnd eolian i{ll'll1lltiollS. Pat­
terus of trianglf's and rhombs arc u::;ed for iguf'oUS fi)l'maLions, 
:Metamorphic rO{'kR of unknown origill llre 
Sh01i. <l~:shes irn'>)!,ulady placed; if the rOt'];:: is 
may lw Hrranged in \\avy lincs pm·Hllcl to the t>truetll1"e 
Suihlble combination THlttel'llR an' used for met.amorphic 
t.ions known to he of or of igneous origin, The 
patterns of eaeh cIa:".., are in vario\ls (~6101's. "\Vith the 
patterns of parallcl colors are used to indicate age) a 
partieular c0101' to cllch t>YSt(·lll. 

The s\'mbols of two or more let.ters. If the age 
of a fOl'~ation is known the symhol includet> t.he 
bol, whieh is H capitnl lett.p; or monogram; 
symbols ate ('o1l1po",ed of smalliettel's. 

I'lym­
tllC 

The HamPS of the systems and of sl:'ries that have heell given 
distinctive in or(lpr from to ol<1eRt) with the 
color and Hssignetl to 
subjoined 

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

By.tAll 

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

llillfl, Ynl1f'ys, 1ll1d 1,11 oiher snrfuec forms IJaYI"' beeD produccd 
F9r f'xample, most thp rcsult. 

strealUS that l1(nr through 1), 
p}ains hon]prinf!,' mall)' streams were up 

hv the st,reams; \\a"es cut SP11 (lliH;" nml, in cooperation \\ith 
c~rrcllts, "6uild up sano spits alld ham. Topographic form" 
thus confltitute part of the record of tIle of tJ]P Ptlrth. 

Some forms are insepHrably eonlleer.cd with TIH~ 

hooked sh9wll in figure 1 is an illustration. To thil'( dnss 
belong alluvial plains) lava streams, drumlins (smooth 
oval hills of till)) and moraines (rid);('s of drift made 
at tilC Ot,her forms are produced by erosion. 

The sea cliff is an iHustration; it may be carved from any rock. 
To this clnss belong abandoned river ehannel'l, glacial furrows, 
and peneplains. In the making of a stream tf'rruec an n lluvial 
plain is first built and afttnmrd partly eroded awny. The 
shaping of a marine or lacust.rine 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 thc action of air, 
water, and ice) W11ich slowly wear t]lem down) and streams 
earry the waste material t.o the sea. As t.he Jep~'nds OIl 

the £low of water to the sea, it ean no,t ('arried belo"w sea 
level, and t.he e.ea is therefore ealled the ba8(:;-/e1)el of prosion. 
Lnkl-'s or larg: rivcrs may dd(~rmine locfll hase-Ievds for certain 
regions. When a large t.ract is for a long time undisturbed hy 
uplift. or suhsidence it is df'graded m'al'ly to basc-level, and tIll:' 
fairly even snrface thus prodlH'ell is called If tlw 
tract. is aftenvnn{ uplifted, the ele\ated 
re{'oTd of the former close·rf'lati.on of the traei. to hase-level. 

T1Ll: V~UtlO\JS GEOLOGIC i'lHEE'l·S. 

lllap ::lho"wing the areas occupied 
is called nn areal geology map. On 

,vhieh is the key to tile map. To ascer-
tain the mellning any color or pnttf'rn and its lett.pr 
the rl-'ader should look for that color) pnttern) und 
the where he will find tIle name and 

If it is desired to find 
name should be sought in the 
llOtcd; !hell the areas on the 
pnttern mny be il'aeed OUL. TIle 
ment of tile ,2:pologic history. In 

according 
unknown 

group t.hey are placed in the order 
so far as known, t,be youngest at, t,he top. 

map.-The lllap reprf'stmt.ing the distribu-
tion of and roek::l ,ina their relat.ions 
to the topogrllphic fpatllrcs and to the 
~erlIled the economic Heolog!l map. The that appear 
Oll the areal geology mnp arc usually shown on t.hil::> map by 
faint.er color and the areas of produdivc formationH 

t~()lors. A mine symbol shows the 
or quarr,v and i::l accompflllied tlw 
mineral mined or stone If 

mining indust.ries or artetlian in the 
nUlpy to sbow thuse additional economic features 
in tht' folio. 

shaftl-1, and otJler 
natural and artifieial cuttings t.he diffcrent beds to 
one allother l)e seen. Any clltting that exhibits thosc 

a sectiun) and the same tprm is applied to u 
reneC'S,,,>t>;ng the rebtions. The arrangf'illf'ut of'rocks 

is the enrth'c I5lructum, and a seC"tloll exhihit.ing 
arrdn~,emenLis (,ll11ed <l :;lrudu.,·(J .~ection. 

is llOt limitcd, lIOWf>Ver, to natllrnl and arti­
for hi" iuforlllnt.ion eoneerning the earth)s 

the mallner of f()rmation of rocktl and 
the be{ltl on t.he surface, 

they P11",S benclith Lhe 
surflwe and ('an draw representing the strurture to a 
collsi<icrable uepth. i:"3uch a see~iou 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 landseape which is eut off sharply 
in the foreground ou 11 ycrtieal plane) so as to show the 
underground relations of t.hc roeks. The kinds of rock are 
indicated by appropriate pattpl"lls of lines) dots, and dashe-l:l. 
These patterns admit of mueh variation) but. t.hose shown in 
Ggurc a are used t.o represent the commoner kinds of roek. 

':l=cl"t<>n~HalHl~'Hl' 
glolJl<"cate" 

ShaJylm19st0]1CS 

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

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

sHndstones, forming the cliffs, and shales, cOll.'ltituting the 
slopes. The broad belt. of lower land IS traversed hy several 
ridges, which are seen in the sccdon to correspond to" the out­
erops of a lwd of sandstone that rises to the surf~lce. The 
upturllf'tl ("(Ige8 of tIlis hed form the ridges) and the inter­
mediate valleys follow the outcrops of limest.one and calcareous 
shale. 

'Yhere the edges of the strata appear at the surfaee their 
thickness can be measured and the angles at which they dip 
helm,y the surffwe call be obsen"cJ. Thus their positions 
underground can be int"(·Trpd. The direetion of the intersec­
tion of a lied widl a hOl~zoIltal plane is called thc ,~lrike. The 
iudinntion of the bed to the horizontal plane, meHsllred at 
right angles to the strike, is called the dip. 

Tn many regions t.he strata are beut into troughs and nrehes, 
such as are seen in 2. The arches arc call('{l anticlines 
and the troughs As the sandstones, shales, aud 
limestones were dPJlosited beneath the Sf'a in nearly flat sheets, 
the fltct that dley are now bent. and fcildf'd is proof that forces 
haye from t.ime to time caused the f'arth)s I::>urface to wrinkle 
along eertain 7.ones. In plaees the ",trata are broken across 
and the parts haye slipped eaeh ot.her. Buch brenks are 
tel'me(ljaults. Two kind", arc ",hown in figure 4. 

At the rigl1t of figure 2 the section tlhows schists that arc 
tra "ersed by igneous roeks: The sehists nre much contorted 
11nd their arrangement uwlerground can not llC inferred. 
Hence that. portion of the· section dclinpates what is probably 
true but i~ not known by ohHerYation or by well-fOlUlded 
inference. 

The sf:'ction also shows three set." of formatioIls, distinguished 
by their underground rehttions. The uppermost. set., ~een at 
the left) is made up of sandRtOllt'S and sbales, which lie ill a 
horizoutal position. These ~t.rat9 werc laid do"wn under water 
hut are now hi,2:h above the SOll, forming a plateau, lind their 
ohange of elo-mtion shows that u portion of the carth)s mast< has 
beell uplifted. 1'11(' strata of thi", set are parallel, a relatioh 
wlJieh is called cm,ero/·muolC. 

The s('cond set ('onsistR of strata tlwt have be-en 
folded into nrehes and troughs. These strata were Ollee con­
tinuous, but the crests of the archps htl\Te b;'en remo\'cd bv 
erosion. The beds, like those of the lil"8t set, are conformabl~. 

The horizontal st.rata of the plateau rest upon the upturned, 
erodpd cdges of thc beds of the I::>eeoll{l set. shown at tile left of 
the section. The are, from their position, 
e,·idently younger than deposits, and the bend-
ing awl t'roding of the older beds must havc occurred betwe~n 
tllf'ir deposit.ioll Itnd the accumulation of the youngf'r beds. 
The rocks arc to the older, and the 
suriuee ic 11ll "nconformity. 

The third set of formations {'onsistt> of crystalline schists awl 
igncou", roe1o::s. At ",on1e period of their history the sehists 
were folded or by prl"'I::>S11r.o and traversed by emptiolls 
of moltell But the pressuTf' and int.rusion of igneous 
ro{·kg have not affected the oyerlying strata of t.he second set.. 
Thus it is evidellt that a con",iderable int.enal elapscd between 
the formation of the schisLs and the beginning of deposition of 
the stram of the seeond set. During tJlis int.eryal t.he sehi<;lts 
were Illetamorphoscd, they were disturbed by eruptive 
and they werc dceply eroded. The contact between the 
Imd third sets i::; another unconformiLY; it. marks a t.ime 
intenal bet.\\een 'two periods 'of l'oek forrr;ation. 

Thc section and landseape in figure 2 are idf'al, hut. t.hey 
illustrnte aetnal relalions. The sediolls on the stl'uetul'L'­
st'ction sheet arc related to the maps as the seetion in the 
figure is relat.cd to the landscape. The prolile of the surface 
in the section corresponds to t,he aetual slopes of the ground 
along the section line, and tiIC depth from the surface of any 
min~ral-producing or water-bearing stratum that appears in 
the section may be measured USillg the seale of the map. 

Columnar secLion.-The maps arc usually accolU-
paniCd by a column(1'}~ :;('ction, which contains It concise 
description of the sedimentary formation.., that oecm in the 
qU~idrangle. It. presents a summary of the fiwts relating to the 
<character of t.hc rocks) t.he thi(~kness of the formations, awl the 
order of aeeuIIlulation of ::mccessi ve deposits. 

The rocks are briefly described, and their eharaders are 
indicated in the columnar diagram. The thicklle",ses of for­
illations are given in figures thaL stilte the least and greatest 
meIL'lUl'ements, and the thicknesH of cach formation is 
shO\\n in the colullln, which drtlwn to w~ale. The order of 
aceuIllulation of t.he sediment", is shown in the columnar 
arrangement.-the oldest. being at the hottom, t.he youngest at 
the top. 

The intt'rvalt> of t.ime that correspond t.o events of uplift. und 
degradation and eonst.jtut.e illt.erruptiontl of deposition are 
indicat.ed graphically and hy the word" unconformit.y." 

GEORGE OTIS SMITH,. 
May, 1900. Director. 



DESCRIPTION OF 
AND 

INTRODUCTION. 
GENERAL RELATIONS. 

The area here described lies between parallels 45° 30' and 
46° and meridians 95° 45' and £leo 15' and includes the 
Herman, Barrett, Chokio, and Morris quadraJlgles, comprising 
834.83 square miles. It is in western Minnesota and includes 
the greater part of Grant and Stevens counties and small adja­
cent parts of Douglas, Pope, and Big Stone counties. (See 
fig. 1.) Morris, near the center of the quadrangle of that 
llame, is the principal town in the area. 

FIGURE i.-Index map showing location of Herman-Morris district, Minn. 
The area described in the Herman-Morris folio is shown by the darker 
ruling (210). Published folios t.hat describe otber areas, indicated by 
lighter ruling, are as follows: 11B, Huron, S. Dak.; 114, De Billet, S. 
Dak.; 117, Casselton-Fargo, N. Dak.-Mlnn.; 165, Aberdeen-Redfield, 
B. Dak.; 168, Jamestown-Tower, N. Dak. 

In its general geographic and geologic relations the area 
forms a part of the geologic province known as the Glaciated 
Plains, which lies between the Laurentian Upland on the 
north and northeast, the Appalachian province on the east 
and southeast, the Ozark province on the southwest, and the 
Great Plains on the west. The quadrangles lie near the 
middle of this part of the Glaciated Plains, only a few miles 
from the southwestern limit of that part of the Laurentian 
Upland that is commonly called the Lake Superior Ranges or 
simply The Ranges. The bedrock beneath the quadrangles 
consists largely, if' not wholly, of rocks of the same kind as 
those of The Ranges, but inasmuch as it is thickly overlain 
by glacial drift and the topographic features are ,,,holly of 
glacial origin and not at flll affected by the bedrock, the 
boundary is so drawn as to include t~ese quadrangles wholly 
in the Glaciated Plains. 

OUTLINE OF THE GEOGRAPHY AND GEOLOGY OF THE 
REGION. 

RELATIONS. 

1'he general region in which the quadrangles are situated 
lies approximately in the center of' North America, at the 
meeting place of the di vides which separate the drainage basins 
of Hudson Bay, the Gulf of St. Lawrence, and the Gulf of 
Mexico. It is also approximately in the center of the great 
area of low altitude and slight relief that occupies the interior 
of the continent from the Arctic regions to the Gulf of 
Mexico. It comprises parts of three geologic provinces-the 
Laurentian Upland, the Glaciated Plains, and the Great 
Plains (see fig. 2)-alld hence displays considerable diversity 
in geologic strllctUl'e, topographic form, and drainage pattern. 

RELIEF. 

The general altitude of the region is not great, although it 
lies in the interior of the continent at the head of three drain­
age systems. The surface of Lake Superior is only 600 feet 
ahove sea level, and a tract several miles wide along its south­
ern Bhore is not much higher. The lake, however, lies in a 
rather deep depression, and nearly all the land surface of the 
Laurentian Upland within this region stands 1,000 feet or 
more above sea level and HIllel! of it at liB altitude of more 
than 1,500 feet. The crests of' some of the ranges, which in 

THE HERMAN, BARRETT, CHOKIO, 
MORRIS QUADRANGLES. 

By Frederick W. SardeSOll. 

general trend northeastward, reach an altitude of 2,000 feet, 
and the Mesabi Range stands 2,200 feet above the sea. 

Although they reach an altitude of 2,000 feet in places along 
their western margin and in the TUl'tle Mountains plateau on 
the international boundary, the Glaciated Plains e1sewhere lie 
eonsiderably lower. In North Dakota and South Dakota and 
eastern Nebraska their surface slopes in general eastward to 
a level of about 1,000 feet along the Missouri and to consider­
ably less in the valley of Red Ri \'er. In the area east of this 
line the surface is somewhat higher, reaching 1,600 feet above 
sea level about the sources of the Mississippi and 2,000 feet in 
southeastern South Dakota, on the Coteau des Prairies. From 
this culminating area there is a general easterly and south­
easterly slope across southern .Minnesota and northern Iowa to 
the Mississippi. 

The Great Plains lie in general higher than any other part of 
the region. From an altitude of 2,000 feet or less along their 
eastern margin their surface rises gradually but steadily west­
ward, and in the southwest corner of the region shown in 
figure 2 it lies more than 3,000 feet above sea level. The 
surface is diversified, especially in South Dakota, by buttes or 
isolated knobs, which rise above the general level, but only a 
few of these knobs are in the region here considered_ 

FIGURE 2.-Geograpbic provinces or Minnesota and adjacent regions. The 
Herman-Morris district is 150 miles northwest of Minneapolis and lies 
wholly in the Glaciated Plaine. 

Except in its northeastern part, about Lake tluperior, where 
some of the ranges rise several hundred feet above the general 
level, the upland in the region is flat or gently rolling. It is 
traver.sed, in the Laurentian Upland and Glaciated Plains, by 
belts of hilly country that mark the position of glacial 
moraines, and near the courses of the main streams it is much 
dissected by the drainage. The larger valleys are several miles 
wide and 300 to 500 feet deep. Considerable areas of broad, 
level country remain in many of the inte1'8tream areas, and 
much of Red River Valley is the nearly level bed of an 
extinct glacial lake. Although of diverse origin and lying at 
different altitudes, all these level tracts are commonly associated 
under the generic name "prairie." 

DRAINAGE. 

As has been stated, the region includes parts of three great 
drainage basins-those of the Nelson, the St. Lawrence, and the 
Mississippi, which discharge respectively into Hudson Bay, 
the Gulf of St. Lawrence, and the Gulf of :~.fexico. Indeed, 
the basin of the Missouri is so very large and is so completely 
unrelated to that of the upper ThHssissippi that it might be 
regarded as a fourth. Furthermore, Mississippi River, St. 
Louis River (the ultimate head of the St. Lawrence), and Red 
River (one of the two ultimate heads of the Nelson), all rise 
within the region, two of them in Minnesota. The region is 
thus one of the great centers of radiating drainage on the 
continent. 

Northeastern North Dakota, the extreme northeast corner of 
South Dakota, northern ]\Iinnesota, and the adjacent pa.rts of 
Canada are qrained by Red River and its tributaries into Lake 

Winnipeg, which discharges through Nelson River into Hud­
son Bay. Northeastern Minnesota and a little of northern 
Wisconsin are drained into Lake Superior, part of the St­
Lawrence system. The rest of Minnesota, except the extreme 
southwest corner, the greater part of Wisconsin, and the 
eastern two-thirds of Iowa are drained directly into the upper 
Mississippi, and the remainder of the region mapped in figure 
2 is drained into the Mississippi through the Missouri. The 
State of Minne80tn lies in part of each of the four drainage 
basins. 

The divide between the basins of Nelson River and of' the 
St. Lawrence crosses the international boundary not far north­
west of Lake Superior and trends a little south of west about 
one-third of the distance across Minnesota. It is continued in 
the divide between the basins of the Nelson and the Missis­
sippi, which crosses Minnesota south of Red Lake, thence 
turns southward and passes between Trayerse and Big Stone 
lakes, and thence takes a general northwesterly but rather 
devious course across the northeast corner of South Dakota 
and nearly through the center of North Dakota. The di vide 
between the St. Lawrence and the MiSsissippi drainage crosses 
northern V{isconsin and turns northward in eastern Minnesota 
to join the other two in the Giants Range near Hibbing, 
Minn., at the meeting point of the three basins. Although in 
general they traverse higher ground, the divides are not, 
except in northern Wisconsin and northeastern Minnesota, 
along ranges of mountains or high hills. In much of the 
region, especially in northern and western Minnesota, the 
diyide traverses flat country and there is an irregular belt, 
severa.l miles wide, some of which may be drained either one 
or both ways, according to changing local conditions, and some 
of which is drained into lakes and sloughs without outlets and 
thus not into either basin. 

As the greater part of the region is drift covered, the drain­
age is neady everywhere youthful and in much of the region 
is incomplete. The southern and western parts of the Glaci­
ated Plains within the region were covered by the earlier drift 
sheets, and the drainage in those areas, although developed 
wholly on the drift surface, has reached a fairly advanced 
stage, and the areas are, on the whole, well drained. The 
remainder of the Glaciated Plains and the LaurentiaJ,l Upland 
were covered by the later drift, except in the Driftless Area, 
and in these areas the drainage is still very youthful and much 
obstructed by the drift. Lakes and ponds abound, and much 
of the country is swampy or marshy. Parts of the country are 
so flat tllRt comparatively low ~curnulations of drift have 
caused flooding of considerable areas, and in the district along 
and just north of the international boundary there is a net­
work of irregularly shaped lakes that are joined by straits 
which are virtually parts of the lakes themselves. 

GEOLOGY. 

The hard rocks of the region range in age from pre­
Cambrian to Cretaceous and include both sedimentary and 
igneous rocks, some- of them highly metamorphosed and others 
virtually unaltered. All the igneous and all the greatly meta­
morphosed rocks are of pre-Cambrian age. Their distribution 
in the region is shown in figure 3 (p. 2). 

The Laurentian Upland within the region is underlain 
almost entirely by pre-Cambrian rocks representing both the 
Archean and the Algonkian systems and all the series into 
which those systems have been divided, so that the region about 
Lake Superior has been recognized as one of the best in North 
America for the study of pre-Cambrian rocks and is the one 
in which they have been studied hl greatest detail. The 
igneous rocks include both intrusive and volcanic types and 
the highly metamorphosed sedimentary rocks include some of 
the richest deposits of iron ore on the continent. Beneath the 
drift, in a part of the Glaciated Plains, lie pre-Cambrian rocks, 
which are exposed in places along Minnesota River and in 
seveml areas in southwestern .Minnesota and eastern South 
Dakota. Undoubtedly rocks of the same age underlie the 
entire region at great depth, but elsewhere they are covered by 
younger stratified rocks_ 

In southeastern Minnesota and southwestern Wisconsin, in 
the adjacent parts of Iowa and Illinois, and in the lower 
p~rt of Red River Valley, chiefly in Canada, the Glaciated 
Plains within the region are underlain by stratified rocks of 
Paleozoic age, ranging in age from, Cambria~ to Carboniferous~ 



The remainder of the Gladated Plains within the region and 
aU that part of the Great Plains which is included in the 
area shown in figure 2 are undE.>rlain by stratified rocks of 
Cretaceous and Tertiary age. 

The whole region, except parts of South DakotfL and 
Nebraska and the Driftless Area, was eovered by ice at one 
time 01' another during the Pleistocene epoch n,nd received 
deposits of glacial drift. These deposits consist in part of ti1l­
a heterogeneous mixture of rock waste transported by the ice 
and remaining pmctically as the melting ice left. it-and in 
part of stratified drift or outwash-sheets of gravel, sand, a.nd 
silt laid down by streams that flowed from the melting ice 
or in lakes that were formed for a time at the margin of the 
glacier while it was melting. The greater part of Red River 
Valley is occupied by deposits laid do'wn in the bed of such 
a vanished lake. 

EAR .. ,ER "N"'''ERtNT'ATm 
P.'-CAMSRIAN P"E-CA"'BRIA~ 

FWt:RE S.-Geologic map of Minnp8ob1 find adjucf'nt regioll~ showillg t,he 
diBtribntion of rocl, fOrln8tiollH at, the sllrfu1'e. In much of the area 
the bedro\'li. is deeply covered by glacia,] drift. (FrOJIl the geologic map 
of ~orth America. U. S. GeoL Survey, 1911, somewhat Ulodified.) 

In parts of the region the drift is hundreds of feet thick and 
complet.ely obliterates the details of the underlying bedrock 
topography; in other parts it forms a sheet of irregular thick­
ness, generally filling the hollows and leaving the rocky ridges 
bare. At many places this sheet has been cut through and 
the underlying hard rock exposed by postglacial streams. At 
ll1lmy other places the drift is accumulated in hilly or hum­
mocky tracts, in which there are many undrained hollows. 
These tracts are the terminal or recessional moraines of the 
several ice sheets. Beyond these moraines-that is, on the 
side that was away from the edge of the ice sheet when they 
were formed-the valleys then existing 'Nere filled completely 
or to n. great depth by sand a,nd gravel washed out from the 
melting ice. 

The surface of the Glaciated Plains as a whole is nearly 
everywhere formed by drift and exhibits a typical drift 
topography. The Laurentian Upland was also glacirtted und 
is partly covered by drift, which, however, is discontinuous 
and thin, so that in this region large areas of hard rock are 
exposed and the topography is that of a surface formed of hard 
rocks. The boundary between the two provinces has been 
dra'wn along or near the line or narrow zone that separates the 
two sorts of surface. 

The pre-Cambrian rocks of the Laurentian Upland and 
those underlying the drift in the Glae-iated Plains have been 
greatly deformpd' and metamorphosed. The stratified rocks 
have been thrown int.o great folds, hm'e been more or less 
faulted, and have been considerably in vaded by igneous rocks. 
They now lie in large part in belts that trend northeastward, 
and the more resistant beds stand up to form the ranges of the 
Lake Superior district. The Paleozoic rocks of the upper 
Mississippi district lie nearly flat but dip gently southward or 
southwestward, so that successi yely younger beds overla.p on 
the older ones from north to south. (See fig. 3.) Those 
in Red River Valley dip westward in a similar fashion, the 
older beds outcropping on the east and being overlain by suc­
cessively younger strata toward the west. The Cretaceous 
strata of the '''estern part of the region lie nearly horizontal 
but dip yery gently westward toward the center of the Great 
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Plains. Along their eastern margin they overlap both the 
pre-Cambrian and the Paleozoic rocks, but the overlap is 
nearly everywhere covered by drift. 

OUTLI)l"E OF GEOLOGIC HISTORY. 

The history of the region during pre-Cambrian time is long, 
complicated, and obscure, and only the general features of it are 
known, for later events have destroyed a large part of the record 
and younger deposits have concealed much of the remainder. 
Part of the time the surface was beneath the sea and was 
receiving sheets of sediment derived chiefly from neighboring 
lands; part of the time it was land and was undergoing 
denudation in some districts while in others volcanic material 
was being erupted on the surface or the streams were spreading 
sheets of alluvial material over the low-lying areas. Periods of 
quiet alternated with periods of profound deformation during 
which the rocks were folded, mashed, and greatly altered, and 
great mountain ranges, generally trending northeastward, were 
formed and attacked by denudation. 

At the beginning of the Paleozoic era most of the region 
seems to have been land, though a. part of it may have been sub­
merged early in the Cam brian period. The period including 
early and middle Cambrian time was in general, however, a 
period of subaerial denudation, during which the surface of the 
greater part of the region was reduced to comparatively slight 
relief. In late Cambrian time the land slowly sank and the 
sea, encroaching from the south, spread over southeastern .Min­
nesota and most of Wisconsin, so that Upper Cambrian strata 
were deposited over that area. U ntillate in the Paleozoic era 
the northeastern and central parts of the region shown in 
figure 2 appear to have formed a peninsula, which projected 
southwestward into the Paleozoic sea that occupied much of the 
present interior of the continent. The land was constantly 
undergoing slow warping a,nd tilting, and the position of the 
shore line shifted back and forth over a considerable stretch, 
but probably at no time was the peninsula wholly submerged. 
During the Silurian period the sea retreated southward, prob­
ably into Illinois, but in Devonian time it returned to southern 
:rtHnnesota, Finally, nenr the end of the Carboniferous -period, 
all of' eastern ~orth America was uplifted, and much of it was 
greatly deformed, and the sea was driven out of the region. 

The uplift near the close of the Paleozoic era left this region 
far inland and perhaps at a considerable altitude. During the 
Triassic and Jurassic periods it was undergoing denudation 
and ,vas probably greatly reduced in altitude, perhaps to a 
region of slight relief lying neal' sea level. Ko record of' this 
time now seems to be preserved in the region. Early in the 
Cretaceous period the sea again occupied n, large part of the 
Great Plains, and early in Upper Cretaceous time it encroached 
eastward into western Minnesota and Iowa and some sediments 
of upper Creta.ceous age were deposited in those States. Before 
long, however, renewed uplift of the land ca.used the Se'a to 
withdraw permanently from the region. 

Near the beginning of the Tertiary period the Roc!~r 

Mountain region ,vas uplifted and greatly deformed, an(~ 

before the upHft ceased t.he Great Plains had been tilted east­
ward and the drainage of a large area in the interior of the 
continent took a ne'''' course. The streams of this area, w hicb 
flowed in geperal westward during the Mesozoic era, now 
flo,ved in another direction, probably not greatly different 
from the present one. The uplift in this region was sufficient 
to cause the streams to cut down their va.lleys and to develop 
essentially the present bedrock topography. 

At the beginning of the Quaternary period there was a 
great change in the climate of northeastern North America. 
Immense sheets of ice and snow accumulated in Canada and 
spread outward in all directions, grinding down the surface 
over which they passed, picking up and carrying along gun,n­
tities of rock debris, and,. when they melted, leaving the surface 
changed and nearly everywhere covered with a blanket of 
transported material. The Keewatin center was on the west­
ern side and the Labradorean center on the eastern side of 
Hudson Bay, and there may have been another center-t.he 
Patrician-southwest of the ba.y. Ice sheets from one 01' 

another of the centers invaded the United States several 
times-at least fiye times; according to the view generally 
accepted. At their greatest extent they reached central Mis­
souri and southern Illinois and Indiana. At times between the 
several invasions the ice melted, perhaps altogether, and the 
climat.e became as mild as it is at present, or even milder, and 
the land was inhabited by plants and animals. 

Minnesota was invaded by each ice sheet in turn but was 
probably never wholly covered by any. (See fig. 4.) Each 
sheet came from a different direction, as shown by the striae on 
bedrock, covered a somewhat different area, and left a char­
acteristic deposit of drift. In the latest or Wisconsin glacial 
stage the State was twice invaded by the ice-first by a sheet 
coming from the north and later by two sheets, one coming 
from the northeast and the other from the northwest, each 
lea,ving a drift "deposit of distinctive color. 

One of the most interesting events in the history of the 
region occurred nenr the close of t.he Pleistocene epoch. 

'Vhen the margin of the last ice sheet had melted back, past 
the divide between the streams now flowing to the Mississippi 
and those now flowing to Lake Winnipeg, a lake called Lake 
Agassiz was formed between the ice front and the higher land 
on the south. It eventually reached an enormous size and for 
a long time discharged sOl!thwa.rd into the Mississippi basin 
through a large riYer which flowed in the valley of the present 
Minnesota River. This river has been nameu River Warren 
by Upham, who has described the history of rhe lake. 1 A 

FIGURE 4.-Ma.p of Minnesota showing the maximum extent of the glacial 
ille sheets, dirention of ice movements, and Bhore8 of glacial lake8. By 
Frank Leverett. 

similar glacial la.ke, called Lake Duluth, filled the Lake 
Superior basin about this time and at first discharged south­
ward through St. Croix River into the Mississippi. 

The northeastern part of the continent ,vas apparently 
depressed by the great weight of the ice and snow that thus 
accumulated on it, and as the ice gradually melted the land 
slowly rose, approximately to its former position. The nort.h­
ern pnrt of this region was therefore lifted more than the 
southern part. During the existence of Lake Agassiz the 
cutting down of its outlet, the changes in its size and shape 
due to the continual melting back of the ice dam, and finally 
the shifting of the outlet from a point where it. disrharged 
southward into the :Mississippi basin to a point where it 
discharged ea.stward into the basin of Lake Superior resulted 
in the formation of a number of beaches that mark the posi­
tion of the shore of the lake at different stages. On account 
of the grf'uter uplift of the land toward the north the northern 
parts of each of these beaches now stand Ht a higher altitude 
than the southern parts. ' 

After the ice disappeared from the region and Lake Agassiz 
had been drained the conditions became practically the same 
as those now existing, and sloy,,: weathering and denudation 
has been going on ever since. 

CLIMATE AND VEGETATION. 

In the rt:'gion where the quadrangles lie the summers are 
warm and the wint.ers ard prevailingly cold. The temperature 
varies greatly from day to day, and the winds are variable. 
The climate is influenced most by the westerly winds. On 
many days the skies are e]ear and the sunshine is bright. The 
average annual rainfall is about 23 inches. The rainfall is 
greatest during the growing season in spring and summer. 
SeasQnal rains a.nd general storms are supplemented in summer 
by thunderstorms, some of' which COYer an area so small thn.t 
not all the region receives equal rainfall at the same time. A 
few local storms are accompanied by u hea,vy and destructive 
fall of hail. Some snow falls during the winter nnd early in 
the sprillg. 

The land in the qua.dmngles, in its wild 1'1tate, was nearly 
all prairie, but in places that were naturally protected from 
fires it was forested. Some tracts of wild land or unplowed 
prairie, such as sec. 27, Roseville Township, still remain 
covered with rosin-weed and wild grasses. A Ia.rge proportion 
of the original woodla,nd is preserved. On t.he east side of 
Barrett Lake there is a large grove of burr oak, linden, ash, 
honwood, swamp maple, and elm, besides small fruit trees, 
shrubs, and vines. Small groves of oak grow on the east 

. or south side of other lakes, on islands or in marshes, and in 
the hilly belt, and willow and cottonwood grow isolated at 
many places near streams and lakes. Artificial groves planted 
around farmhouses show that trees will thrive when protected 
from fires. 

1 Upham. Warren, The glacial Lake Agassiz: U. S. Geol. Survey MOil. 25, 
1896. 



TOPOGRAPHY. 

RELIEF. 

Geneml character.-The area is in greater part the northern 
extension of the prairie region of the Minnesota Vn,lley, but its 
northeast corner is crossed by the western border of the Leaf 
Hills region and its northwest corner lies in Red River 
Valley-the flat bed of glacial Lake Agassiz. Seen in wide 
extent the region has the appearance of' it level or gently 
undulating plain, but a near view shows that its surface is 
marked with knolls and kettles, ponds and swamps, plains and 
obstructed valleys-the result chiefly of the unequal deposition 
of glacial drift. 

The a.yerage altitude of the surface throughout the southern, 
centra.}, and central-northern parts of the area is not far from 
1,150 feet above sea level. From this general level the surface 
rises to the hilly morainic belt in the northeast corner and 
descends to the lake plain in the northwest corner. The high­
est point in the aTea, which is in the northeast corner of the 
Barrett quadrangle, on the line between sees. 12 Rnd 13 in 
Erdahl Township, is a little more than 1,390 feet o,bo\'e sea 
level, and the lowest part, along the western side of the 
Herman quadrangle, a little south of its northwest corner, lies 
just below 1,010 feet. 

The area includes three chief topographic divisions-the 
hilly belt in its northeastern part, the prairie upland, which 
occupies nearly all of it, and the lake plain in its northwestern 
part. The otherwise even surface of the lake plain is broken 
by two lines of beach ridges, and the prairies are crossed by 
several valleys, the larger fairly broad and flat or terraced and 
the smaller mostly knolly. These ridges and valleys constitute 
minor features of the relief. 

The hilly belt.-A belt of morainic hills lies along the 
eastern side of the Barrett quadrangle, east of Erdahl and of 
Chippewa River, and extends southward into the Morris 
quadrangle to the point "where the river leaves it. Only the 
western or inner margin of this morainic belt lies within the 
area. It includes severa.! hills that stand more than 1,300 feet 
above sea. level and many well-marked undulations, knolls, 
and ridges, as well as abundant boulders. These features are 
found not only amonil: the highest hills but also at lower alti. 
tudes in the belt, which includes also many basins or kettles. 
Some of the larger basins contain deep ponds and lakes. 
The hilly belt is clenrly sepa.rated from the prairies, even 
where the valley of Chippe,Ya River does not intervene. 

The prairie upland.-The somewhat undulating plain that 
occup~es the greater part of the area contains widely separated 
knolls and ridges whose slopes a,re not generally steep and 
many low, broad swells. 'Vhere the surface is nearly flat 
there are shallow basins or kettles, many of which c~ntuin 
small swamps or are wet in rainy seasons. Some basins occur 
on sloping ground, though few of them hold W(Lter, and even 
where the surface rises distinctly above the general level there 
are low knolls and intervening kettles. For example, the 
conspicuous prominence on which School No. 21 stands, 4 
miles west of Hancock, is covered with low knolls and shallow 
basins, though only the basins at the top of the prominence 
contain swamps or small meadows. In addition to the minor 
knolls and basins there are everywhere broader ridges and 
depressions, which are sufficiently marked to be shown by t.he 
contour lines on the topographic maps. For a few miles west 
of the Pomme de Terre Valley the genera.! surface is diversified 
by knolls and ridges that approach in sharpness of outline the 
morainic hills. 

On the other hand, at some places where the surface depos­
its consist of outwash gravel instead of till, especially in an 
area about 3 miles west of Fish Lake in the Chokio quad-:­
rangle, in a broad tract south of Mustillku Ri \'er about 4 miles 
northeast of Herman, and in a belt extending southward from 
Burr Lake to a point east of :\foose Island station, the surfa.ce 
is flat or only gently sloping and' bears few if any knolls or 
ridges. 

Valleys.-The general continuity of the prairie upland is 
broken by valleys that a,re 20 to 50 feet deep and about a mile 
wide. Although these valleys are lower than the adjacent 
upland, not all of them are now occupied by streams, and 
only one, the valley of Chippewa RiYer, has been cut to any 
great extent by the stream t.hat occupies it. They are, in fact, 
old valleys that were partly masked but not wholly filled by io 
drift sheet. Their bounding slopes and, to a considerable 
extent, their bottoms are morainic in appeamnce, being pitted 
by kettles and deep basins containing lakes and swamps. 

A valley of this sort extends northeastward from a point 
south of Pomme de Terre Lake, in the Barrett quadrangle; 
another extends east\vard from Barrett Lake to Sylvan La,ke 
and thence across Chippewa River; a. third begins at a point 
in the Pomme de Terre Valley 3 miles south of Barrett and 
extends past Spring, Elk, and LJwer Elk lakes and across 
Chippewa River into sec. 6, Solem Township; and a fourth 
extends from Pomme de Terre Lakes, in the :Morris quad­
rangle, eastward to Chippewa RiYer at Swan Lake Church. 
Other v~olleys extend from points neal' the North Star Mill 
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eastward to 8candia Lake rmd northward to Swan Lake, and 
from a point 4 miles southeast of Morris to Long Lake and 
thence eastwa.rd along the ra,ilroad. 

All the valleys just deRcribed lie east of the Pomme de Terre 
and extend from that stream to the Leaf Hills. Theil' sharp 
knolls and deep basins are similar to those of the morainic belt, 
and they look like low extensions or armR of that belt a..crOBS 

the upland prairies. In Roil and other features, however, they 
rue like the prairie upland. 

A similar ·yalley lies west of the Pomme de Terre, extend­
ing from H point a mile north of the mouth of Mud Creek 
westward to the creek and thence along its course towa,rd 
Alberta; another such valley is occupied in part by'Vinter­
mute Lake; and a third extends from the north side of the 
Pomme de Terre Lakes toward the northwest corner of the 
Morris quadrangle. 

1.~he valley of the Pomme de Terre is bordered on both sides 
chiefly by steep slopes or bluffs, but at some places, as west of 
Barrett Lake, by a group of knolls. The :\fustinka VaHey is 
likewise bordered in part by bluffs a.nd in part by groups of 
knolls, and from it extend other valleys-one to the south side 
of Round Lake, another past Jones Lake to the south end of 
Cormorant Lake, Hod a third to Burr Lake. Many subordi­
nate hranches of these valleys merge into the prairie upland so 
gradually that no sharp boundary can be drawn between them. 

The valley of' Chippewa River from Sylvan Lake southward, 
all that purt of the Pomme de Terre VaHey that lies within 
the area, the yalley of' the lower part of Mud Creek, and that 
of'the :Mustinka, down to the point where it passes the Nor­
cross beach are flat-bottomed, range in \"idth from a few hun~ 
dred yards to a, mile or more, and are floored with gravel and 
alluvium. The surface of these valleys is flat or gently slop­
ing 01' is terrHced in places but is rarely uneven 01' knolly. A 
knoll in the Pomme de Terre Valley southeast of !llorris is 
crossed t.he milroad and highway. 

The plain and beaches.-The low plain in the north-
western part of the area, in the western half of the Herman 
quadrangle and the northwestern sixth of the Chokio qua.d­
rangle, i~ a Bmall part of the bed of glacial La,ke Agassiz. Its 
regula.rly even surface, on which there are a few broad swells 
but no knolls or ridges other than the beach ridges described 
below, slopes gently from an altitude of about 1,090 feet above 
sea level along the eastern margin of the plain to 1,010 feet in 
the northwest corner of the Herman quadrangle. In this area 
the plain is divided into three belts or strips by two beach 
ridges. The surface of the part of the plain that lies east a.nd 
southeast of the highest or Herman bea,ch is less uniform than 
tha.t of the rest of the plain. 

As the pb,in across which they extend is flat the beach 
ridges, n,lthongh nowhere more than 20 feet high, are eyery­
,vhere consplcuous. The Herman beRch, which runs south­
ward 'vest of Herman !1CroSS the Herman quadrangle a,nd 
across the northwest cornel' of the Chokio quadrangle, appears 
to be a practically condnnous leyel-t.opped ridge. The Nor­
cross beach is not continuous but recurs at intervals from 
north to south across the western part of the Herman quad­
rangle. At some places it is only a low swell; at others, as' at 
Norcross, it is a fairly sharp ridge. 

DRAINAGE. 

Direction of d1·ainage.-The run-off of the northwestern part 
of the areH flows by way of' Mustinka River to Bois de Sioux 
River, a tributa,ry of Red River, and thence by Kelson River 

,to Hudson Bay; that of the eastern and southern parts flows 
through Chippewa and Pornme de Terre rivers to the ~Iinne­
sota, and thence by the Mississippi to the Gulf of Mexico. 
The subcontinental divide between the two drainage basins 
enters t~e ,Barrett qUHdrangle northv,'est of Thorsborg and 
takes a general southerly course across the quadrangle, passing 
,vest of Long, Eide, Cormorant, and Patchen lakes. In the 
j).forris quadrangle it turns southwesbmrd, passing just south 
of Harstad Slough and entering the Chokio quadrangle near 
Donnelly, which stands practically on the divide. From 
Donnelly it runs southwestward, passing northwest of Chokio, 
and leaves the Chokio quadrHngle near the south"west corner. 
The lowest point on the divide within the quadrangles ~s a 
little more than 1,100 feet above sea level at a, place 2 miles 
southwest of' Donnelly. It is noticeable that the divide does 
not traverse the highest land in the area. 

Along the di \'ide, as well as in other places, some bodies of 
water lie in basins so deep that they do not overflow, and 
others overflow only after a succession of wet seasons. After 
several consecutive dry seasons the small streams and finally 
even the lakes, ponds, and sloughs dry up. There is thus au 
irregular belt along the dh'ide of varying width from yea,r to 
year, that is not at all times tributary to the rivers. 

Much of the 01'e(1 is artificially drained by extensive ditches, 
the effect of which is t.o make the small streams more regularly 
and frequently intermittent by preventing the ponding of 
water in the basins through which they run. As the region is 
relatively flat, the (litches nre extended e\'en to the divides. 
As the "lines of artificial dminage run in the [same general 

direction as those of the natural drainage that they displace, 
the divides are very little changed in position by the ditches 
but are everywhere made more apparent. 

Slreams.-Chippewa River enters the east side of the Bar­
rett quadrangle in Evansville Township, where it at first flo,'ls 
rapidly through the hilly belt from Albert La,ke to Peterson 
Lake. It then takes a general southerly cou'rse for 18 miles, 
descending 105 feet in that distance, and lea ves the east side of 
the Morris quadrangle in the northern part of New Prairie 
To·wnship. It is a.bout 20 feet wide and 2 feet deep and flows 
over a gra.yelly bed throughout its course. Its banks are lo'w 
except near Albert Lake. At some places its flood plain is 
only 100 feet wide and its channel is :3 to 10 feet deep, but a. 
large pa.rt of its course is through meadows and lakes. 

Pomme de Terre River enters the area in Pomme de Terre 
Lake and flows almost directly south through the Barrett and 
Morris quadrangles, descending 110 feet in 35 miles. It is 
40 to 60 feet wide. Part of its course is between low banks in 
a valley that is only two or three times fj,S wide as the stream, 
and the remainder is through swamps and lakes. The yaHey 
is floored throughout its length by gravel, though at a few 
places the bed of the stream is on till. 

~fud Creek is t.he chief trihutary of the Pomme de Terre 
from t.he west. K ear its mouth, 3 miles south of Morris, it 
Hows in a channel 10 feet wide within fl, valley 150 feet wide 
and 15 feet deep. It is fed by several springs that are 4 to 6 
miles above its mouth. Farther up the valley the stream is 
intermittent, but at times of flood it receives water from points 
as far away as the southwest cornel' of the Chokio quadrangle 
and also from a point 4 miles east of Donnelly. Unlike the 
Chippewa and the Pomme de Terre, the creek receives waters 
from no lakes that tend to cont.rol the flow and the turbidity, 
and it is therefore somewhat muddy. 

Mustinka RiYer enters the Herman quadrangle from the 
north in Elbow Lake Township and flows southward for 9 
miles, then turns abruptly and flows westward through the 
middle of the quadrangle to the west border, descending more 
than 80 feet in the distance. The stream is about 20 feet wide 
between banks about .5 feet hiil:h and meanders in a valley 
that is 200 feet or more wide. West of the Herman beach it 
flows in such a valley as far as the ~ orcross beach, west of 
which it flows between low banks in a ch~Lnnel cut in the flat 
prairie, without any valley or well-deyeloped limit to its flood 
plain. In very high flood part of the stream overflows north­
westward from the NE. t sec. 10, Gorton Township, across 
sees. 17 and 18 to Rabbit River. 

Fh'emile Creek, near Herman, and Twelvemile Creek, in 
the northwestern part of the Chokio quadrangle, are tributa,ries 
of the Mustinka. Intermittent. streams and drainail:e ditches, 
carrying "'later from artesian wells in North Ottawa Township 
in the northwestern part of the Herman quadrangle reach 
Rabbit River, which is a tributary of Bois de Sioux River. 

Lakes and sloughs.-Except in the tract west of the Herman 
beach the area contains many lakes and ponds, sixty of which 
have been named and nearly three hundred others are 
unnamed, most of them being locally called sloughs. Pomme 
de Terre Lake, part of which lies outside this area, is larger 
than any lake that lies wholly within the area. Cormorant 
Lake and Long Lake, in the Barrett quadrangle, and Swan 
Lake, in the Morris quadrangle, are each more than 2 miles 
long, a,nd fifteen others are a mile or more long. All are 
shallow. The level of the lakes along Pomme de Terre and 
Chippewa rivers is constant, but that of most of the others 
varies greatly between cycles of years of more and cycles: of 
years of less rainfall, as well as from season to season. 

The shores of these lakes above the level of high water are 
~teep, but most of them ha,ve a lo,v, more or less gray.elly 
beach, which extends from the high-water line toward the 
low~water line. In many places raised, gravelly beaches 8epa­
rate the lakes from adja,cent swamps. One such beach, on the 
southeast side of Cottonwood Lake (Herman quadrangle), is 
mora than 100 feet wide and 10 feet high. The slope facing 
the lake is gentle, but the slope facing the swamp is steep, and 
the top of the di,,-i.de between the two is forested. Lake Hattie 
(Chokio quadrangle) hl18 a high gravelly beach at its west end. 
Between Elk Lake and Lower Elk Lake (Barrett quadrangle) 
there is a double barrier of raised gravelly beach. The 
bottoms of these lakes are nearly flat, as is well seen in the 
basins of dry lakes. 

The lakes are prevailingly round, and very few contain 
islands. They are exposed to the winds of the open prairie, 
and their banks are of clay that has been easily eroded when 
frequent changes of level of the lake have destroyed the pro· 
tecting vegetation. Therefore the waves have cnt away exposed 
points and projecting shores and have transported sand and 
gravel alongshore to make raised beaches,' and the lakes have 
at the same time become wider, more rounded, and shallower. 

The so-called sloughs are lakes that are either small or 
shallow and grown full of sedges and rushes, or that dry up 
too frequently to be inhabited by fish, or that arc notably 
alkHline, but in other respects they are like the lakes. EYen 
some of the large lakes have been dry in exceptional seasons. 



The bed of Lake Hattie is said to have been dry in September, 
1895. Some of the lakes have been artificially drained. A 
large, irregular lake called Moose Island Lake, which has been 
mapped by "\Varren Upham 1 as lying 2 miles southwest of 
Donnelly in 1888, has now disappeared, but its shores remain 
as an escarpment that surrounds fields and meadows. Its 
general outline is indicated by the 1,100-foot coutour on the 
topographic map, which also shows the ditches by which the 
lake was drained. A lake that once extended from a point 1 
mile west to another 2 miles south of Chokio and another lake 
in sees. 31 and 32, Baker Township, have also been drained. 
Pullman Lake, near Herman, has been draiued since the 
topographic map was made. 

ltfarshes.-Grassy marshes, both latge and small, are abun­
dant in the area. Some occu py the beds of naturally or 
artificially drained sloughs 01' lakes, and many little ones that 
are distributed o\'er the till plain occupy glacial kettles, most 
of which are small and shallow but may hold water for some 
time, for the clay of the till plain is too impervious to allow 
the water to sink away quickly. As not much peat grows in 
the area, the marshes are simply intermediate in character 
between the prairie on the one hand and the sloughs on the 
other. Artificial drainage has already converted much marsh to 
prairie or field. In the gravelly tracts, marshes are found only 
in basins that are as low as the level at which ground water 
stands under the plain. Along the Chippewa and Pomme de 
Terre valleys the many marshes are all practically at river 
level. 

The lake plain west of the Herman ben,ch now contains few 
marshes, having been artificially drained by ditches. 

CULTURE. 

In 1910 Morris, the county selot of Stevens Couuty, had a 
popuhltion of 1,685, and Elbow Lake, the county seut of 
Gnmt Count.y, n, population of 771. The other towns in the 
area are Hermun, Hancock, Hoffman, Chokio, Barrett, Don­
nelly, Norcross, and Brdahl. 'rhe country outside the towns 
is rather sparsely populated, and the farms are large, averaging 
in area more than 240 acres. Several lines of the Northern 
Pacific, the Great Northern, and the Minneapolis, St. Paul & 
Sault Ste. Marie railway systems enter or cross the a.rea, 
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"Archean rocks, being quartzose granite with red feldspar, 
white micaceous qpartzite, and mica schist of several varieties." 
One well near Chokio penetrat.ed 8 feet into granite. As the 
granitic rocks are' hard and seldom yield water the bedrock 
is not sought for by drillers nor is it, when struck, pene­
trated any farther than is necessal'Y to prove that it is 
granite in place. Knowledge of the Archean rocks beneath 
the quadrangles is therefore meager. Somewhat younger 
crystalline rocks, which might be expected to be associ­
ated with the Archean rocks, are not proved to be entirely 
absent, and, in fact, the white quartzite mentioned by Upham 
may be of this class and be Algonkian. 

The surface of the granitic rocks, where it is encountered in 
drilling, appears to be fresh, not weathered or rotted. Wher­
ever Cretaceous strata have been recognized in this part of 
.Minnesota the surfuce of the underlying granite is weathered 
and decomposed, and the absence of such a decomposed zone 
at the surface of the granite beneath these quadrangles indi­
cates that the Cretaceous strata also are absent and have not 
been mistaken, in well logs, for glacial drift, The known 
Archean rocks beneath the area are immediately overlain by 
glacial drift. 

FOR::II OF BEDROCK SURFACE. 

The well borings show that the bedrock surface is not level 
nor parallel with the present surface of the ground. (See figs. 
5, 6, and 7.) The accompanying table shows the depths of 
several wells that reach bedrock, and also the depth of three 
wells that did not reach bedrock, 'which are included in· the 
table because they show the great depth to bedrock at some 
places. The table shows that the bedrock surface lies lower in 
the southeastern part of the area at Hancock than in the 
southwestern part, south of Chokio, although the altitude of 
the present surface is the same at the two places. It also 
shows that the bedrock surface is highest at a place north of 
Herman, although the land surface at that place is not so high 
as at Hancock. The deep well at Elbow Lake indicates con­
ditions similar to those at Hancock, although the elevation of 
the surface is somewhat higher. Three neighboring wells near 
Herman show a descent of 90 feet in the bedrock surface 
where the present surface has a descent. of only 6 feet. 

any case the bedrock surface has a general slope from west to 
east, in the direction opposite to the slope of the present sur­
face of the land, which is from east to west. The relief of 
the bedrock surface is at least 350 feet. The relation of the 
drift to bedrock is shown in the sections in figures 5, 6, and 7. 

QUATERNARY SYSTEM. 

PLEISTOCENE SERIES. 

GENERAL RELA.TIONS. 

The glacial drift, which covers the entite area, ranges in 
thickness from 40 to 500 feet and has an estimated average 
thickness of' more than 250 feet. It comprises at least two 
drift sheets, of' Kansan and \Visconsin age, respectively, and 
possibly a third, of pre-Ka,nsan age. These drifts are all 
nearly alike and consist mainly of an unconsolidated hetel'O~ 

geneous mixture of rock fragmentR of many kinds and sizes, 
comprising boulders, cobbles, pebbles, sand, rock flour, and 
clay, either all mixed together or more or less assorted into 
separate deposits. The greater part of the drift consists of till 
or boulder clay-a nearly unassol'ted mixture of rock frag­
ments of all sizes, most of them more or less rounded pieces 
of fresh rock. Another large part consists of assort.ed coarse 
or fine gravel, sand, silt, or clay. The assorted deposits lie 
upon, in, or beneath the till in various forms and amounts. 

Fresh drift, in which the original rock fragments are not 
decomposed, is close beneath the soil in all parts of the area, 
so that its top is exposed in many places, even in shallow 
excavations for roads or ditches. In a few railroad cuts and 
in a few outcrops along streams and about the shores of lakes 
the drift is exposed to a greater depth but nowhere to more 
than 40 feet, so that the greater part of its thickness in the 
quadrangles is known only from well borings. The best 
exposures are along the Great Northern Railway from a point 
southeast of the Pomme de Terre Valley to Morris; along the 
Minneapolis, St. Paul & Sault Ste. Marie Railway on the east 
side of Chippewa Ri \'er, between Barrett and the east side of 
the Pomme de Terre Valley, and north of Elbow Lake; also 
ulong the drainage ditches northwest of Alberta and the ditch 
west of Herman; and on the shores of Barrett Lake. 

The till consists chiefly of a mixture of rock flour and clay, 
and although boulders are common they form but a small 

Agriculture and trade are the chief 
industries in the area, which contains 
numerous broad grain fields. Many 
lake basins and marshes ha:ve been 
drained and converted to fields, and 
the remaining wild or unplowed 
prairie is used for growing hay or for 
pusture. ~fanufilCturing is practically 

FmURE 5.-Section from west to east across the Herman and BlUTett quadrangles through Elbow Lake and Erdahl, showing approximately the 
thi(lkness of the glacial drift and the depth toO bedrock. The gronnd"water table (the approximate surfaee of standing water in the drift) is 
Sll0WlI by the eontiuuons heavy line. 

part of the whole. The boulders 
include both crystalline and sedi­
mentary rocks. Among the crys­
talline rocks are red and gray 
granites, gneisses, dark schists, a:~d 

some green, bluish, and blaek f l.e­
grained rocks; among the sedimen~ 
tary rocks are light-buff, yellowish, 

PIGlrRE 6.-Section along the Great Northern Railway through Norcross, Herman, Donnelly, Morris. and Hancock. The ground-water table is shown by the continuous heavy line. 

limited to a few flour mills. Morl'is w 

is the site ofa State agricultural school, t~~~~ij~~~~~~m~~~~@~~~~~~ a branch of the State University. 
The early explorers and traders who 'L'~:·::.::~:':,",·,"", .~,:~:,:,",:_: 

penetrated the area crossed it in canoes 
along the rivers. Settlement followed 
the building of the railways and beg.m 

FIGURE 7.-Section from west to east llIli1~ north of the southern bounuaryof the Chokio and Morris quadrangles. The ground-water table 
is shown by the continuous heavy lIne. 

and gray limestones. The granites 
and limestones are most abundant. 
The cobbles and pebbles that occur 
in the till a.nd that compose a large 
part flf the outwash gravels include 
pieces of shale in addition to the 

after 1870. The river called the Pomme de Terre' by the 
French traders had been known as the Tipsinah by the 
Indians, on account of the abundance along it of the prairie 
turnip or tipsinah (Psoralea esoulenta Pursh). . 

DESCRIPTIVE GEOLOGY. 

GENERAL CHARACTER O}' THE ROCKEl. 

The exposed rocks of the a.rea are all surficial depoli:i.its of 
Quaternary age and comprise unconsolidated till, gravel, sand, 
and silt, in part glacial and lacustrine deposits of Pleistocene 
age and in part alluvial deposits of Recent age. The bedrock 
beneath the surficial deposits consists everywhere, so far as 
known~ of crystalline rocks of pre-Cambrian age, chiefly 
Archean granite. Bedrock is not exposed anywhere in the 
area but has been reached in several well borings at depths 
ranging from 42 to 480 feet. Some of these records are 
included in the accompanying table. 

ROCKS BENEATH THE DRIFT. 

The bedrock, so far as it is known in this area, is like the 
Archean rock that outcrops along Minnesota River near 
Ortonville, about 18 miles southwest of the southwest corner 
of this area.. In the well records it is called granite. At the 
Norcross well red granite was found. The railway well iu 
Herman, as reported by Upham,2 penetrated 57 feet into 

'Minnesot.a Geo1. and Nat. Hist. Survey Final Rept., vol. 2, pl. 49, 1888 
~ Upbam, Warren, Minnesot.a Geol. and Nat. Rist. Survey Final Rept .. 

vol. 2, p. 503, 1888. 

RelaUon of bedt'otk b'Ur/ace to present surface as found by well borings in 
the quadrangles. 

I 
fu~f; 

Altitude o~bed. 

o~~~fl. P~~f~· a~~::~t ~~; 
level. ;~~~ 

Localfty. 

Hancock village (south edge of the areal __ .. __ ~~e~. :~. l~~O I-~~o 
Elbow Lake village (north edge of the area) _I 450 1, 220 I I") 

B~~:th;a~t~;~\';'~k~~~_~ __ 8_e_c~ __ ~~~_: __ ~i~~~-l 200 200 1, 160 960 

Everglade Towllfihip: SW. i sec. 5: 6 miles I· 

northwest of Chokio _______________________ 118 110 1,080 970 

Eldorado 'fownshlp: S'V. i sec. 27: 8 miles 
north of Chokio ____ ._" 160 160 1,080 1 920 

Logan Township: SE. isec. 32; 5 mUes sonth· 
west of Herman__ 238 1 _______ 1,057 (b) 

Herman railway st.ation ____ _ 

Logan Township: NE.i8ec.13; near Herman 
Logan Township: E. i sec. 12; 1 mile north 

of Herman _____ . __ 

Gorton Township: NW. i sec. 34; one·half 
mile southeast of Norcross 

::: :: ;: ::: II 1, ::: 

188 188 1,042 904 

Gorton Township: NW. i ssc. 27; one-half 
mile northeast of Norcross __ 150 _"_____ 1,045\ (,) 

---r 205+ 170+1 1,097+ 898+ Average __ 

aLess than 770 feet above sea level. bLess than 824 feet above sea level. 
cLess than 895 feet above sea level. 

Many wells in the Chokio and Morris quadrangles not listed 
in the above table are 200 feet deep and yet do not reach bed­
rock, and it is probable that its surface in these two quad­
ra.ngles lies as deep as it is in the well at Hancock. III 

same type~ of rock as the boulders. 
Much more than half the. pebbles are limestone, about one-­
third are granite or ot.her crystalline roch, and among the 
rest are shale, chert, flint, and vein quart:;.:. Some gravels or 
assorted deposits consist mostly of pebbles, whereas others 
contain few pebbles and much coarse sand, which is mainly 
composed of clear quartz grains but includes also many small 
fragments of limestone, feldspar, chert, shale, and fine-grained 
crystalline rock. 

Beds of gravel and coarse sand are found in the glacial 
outwash overlying the till, and lenses of different sizes and 
forms are also penetrated in most places by wells that pass 
through the till. There are also marlY deposits of fine sand 
or quicksand within the till, either in distinct beds or in 
irregular patches. Some silt occurs on the surface of old lake 
beds. 

The drift as a whole appears to have been derived from the 
same general source, for it is made up of the same kinds 
of material throughou t. It is all calcareous or gray drift 
as distinguished from the less calcareous or red drift of 
some other pints of the State, its abundant limestone 
pebbles and fragments of Cretaceous shale being character­
istic of the gray drift of Minnesota. Some of the limestone 
boulders contain fossil corals and shells such as are found 
in the Ordovician, Silu'rian, and Devonian limestones of 
Manitoba, so that the limestones of the drift presumably 
came from that region. The glaciers that brought the drift 
evidently approached the area. from the north and doubtless 
originated in the Keewatin glacial center, in t,he region west of 
Hudson Bay. 



The pre-Kansan drift is widely distributed in the region but 
only as remnants, for it had been greatly eroded before the 
next drift sheet was deposited. It is not known to exist in 
these quadrangles, but its preservation, at least in pali, beneath 
the younger drift is not improbable in places where the whole 
drift is now thickest. As seen elsewhere in the region the pre­
Kansan is a dark-colored till containing proportionately much 
clay, little sand, and few pebbles and boulders. The freshly 
exposed till is blue-black in its deepest layers, dark buff in the 
leached and partly oxidized portion, a.nd reddish brown in 
the weathered and oxidized subsoil zone. Becanse of its dark 
color and clayey character it is readily mistaken in well 
records for Cretaceous beds. Where the oxidized zone and 
leached top portion was swept away by the next oncoming 
glacier, the remaining material can with difficulty be dis­
tinguished from overlying Kansan till. The pre-Kansan 
includes very little outwash or intercalated gravel beds. 

Althongh nowhere exposed in the quadrangles, the Kansan 
or "old gray" drift sheet undoubtedly underlies the Wiscon­
sin drift throughout nearly or quite the whole area, bnt north 
of Herman, where the bedrock lies less than 50 feet below the 
surface, it may be everywhere absent. The Kansan consists 
largely of till but contains also beds of silt, sand, and gravel. 
It is blue-black except near its top, where a zone about 30 feet 
thick has been leached and partly oxidized and is buff. 
Except where removed by later glaciation this zone marks the 
top of the sheet. The till is hard and somewhat consolidated 
so that it may be distinguished from the Wisconsin H young 
gray" drift, even in well borings. The Kansan drift sheet is 
at some places 300 or even 400 feet thick and comprises the 
greater part of the whole drift of the quadrangles. The old, 
partly buried valleys, described under the heading UTopog­
raphy," were eroded in the surface of the Kansan drift and are 
masked or only partly concealed by a veneer of Wisconsin 
drift and possibly of Iowan drift, which, however, has not been 
recognized in Minnesota. 

General character.-The Wisconsin or Uyoung gray" drift 
is found throughout the four quadrangles, but its average 
thickness is less than 50 feet. It is characteristic gray drift, 
containing proportionately much clay and numerous limestone 
boulders and pebbles. In its deeper part it is blue-black or 
dark gray, but its uppermost 15 to 20 feet is leached and 
partly oxidized and is yellowish buff. 

The distribution of the different forms of drift in this 
sheet-terminal moraine, ground moraine, drift masking the 
buried valleys, kames, outwash deposits, lake silts, and lake 
beaches-corresponds notably to the surface features, many of 
which owe their form and position directly to such distribution. 

Terminal momine.-The drift of the tract east of Erdahl 
and of Chippewa RhTer, which is mapped as terminal moraine 
and which includes many knolls and basins (}f different forms 
and sizes, is characteristically heterogeneous. Some knolls are 
all till; others contain more or less gravel, sand, silt, or clay. 
The till is of irregular thickness, but it covers the surface of 
the knolls and nearly everywhere underlies the basins. The 
number of boulders in the till differs greatly from place to 
place but as a whole is great. "\Vhere the assorted drift is 
exposed in cuts it has been warped and crumpled and in part 
mixed into the till. The till sheet and boulders were deposited 
directly from the ice while it was melting, whereas the assorted 
drift was spread out in ho~izontal beds near the front of the 
glacier by small temporary streams that flowed from the ice. 
The irregular knolls and crumpled drift are the characteristic 
result of the oscillation of the ice front across the morainal belt 
as the result of the varying relation between the rate of the 
advance of the glacier and that of the melting back of its 
margin. 

The small knolls and basins are clearly due to irregularities 
in the deposition of the till of the moraine. The larger hills 
are also accumulations of till, and at least a part of their 
height is due to the piling up of Wisconsin drift, but the 
whole moraine may rest on an uneven surface of Kansan drift, 
either old terminal moraine or dissected ground moraine. 

Ground moraine.-The ground moraine of the quadrangles 
resembles the terminal moraine in being composed chiefly of 
till and in having boulders scattered over its surface, but it 
differs from it in having fewer and less abrupt knolls and 
ridges and wider, shallower basins and in containing fewer 
boulders. Beds of more 01' less crumpled assorted drift in the 
till indicate that it was deposited in part near the margin of 
the glacier in much the same manner as the terminal moraine, 
though it was as a whole overridden by the ice. The knolls 
were probably formed during a relatively short period when 
the ice was disappearing from the area. 

The amount of assorted drift in the till of the ground 
moraine is roughly proportional to the unevenness of its 
surface. Gravel and sand occur at the surface at very few 
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places except in the outwash plains and lake beaches which 
o\'erlie the till and which are described below. A few exca­
vated kn,olls now show gravel or sand beds, which, in greater 
part at least, lie within the till. Assorted drift within the till 
appears to be encountered in wells most commonly -and most 
abundantly at depths of 30 to 40 feet. In the level parts of 
the till plain many wells have encountered no gravel or coarse 
sand within 200 feet'of the surface but instead beds of silt or 
of quicksand. Stratified drift beneath the upper till is found 
most frequently in the low and rough belts that occupy the 
masked or buried valleys already described. 

In these masked valleys the till is in places as mueh as 40 
feet thick and generally rests on abundant gravel, which in 
turn rests on a lower deposit of older till that lies in what are 
evidently valleys cut in the surface of the Kansan drift before 
the "\Visconsin drift was deposited. The knolly surface is due 
not so much to unequal deposition of the till as to the uneven 
surface of the underlying gravel, which appears to have been 
thrust into knolls and ridges while a nearly uniform sheet of 
till was being laid down upon it. 

Karnes.-A small group of kames on the north boundary of 
Hodges Township (Morris quadrangle), at the corners of 
Fl'amnas and New Prairie townships, includes several steep­
sided knolls consisting of gravel and boulders. 

Glacial outwash.-The tracts of glacial outwash deposited 
during the recession of the margin of the Wisconsin ice from 
the region lie along the present river valleys in succession from 
south to north. Those along Mustjnka River and its tribu­
taries are isolated from one another, those along Ohippewa 
RiYer are partly joined together, and those along Pomme 
de Terre River form a continuous, more or less overlapping 
succession. The outwash lies on an uneven surface of till, 
so that although each deposit has a comparatively flat top, 
the thickness of the outwaeh is far from uniform and is 
in places at least 75 feet. The deposits lie not only in the 
bottoms of the valleys but also on the slopes of their sides, so 
that those that are piled highest are not necessarily thicker 
than the lower ones. 

These outwash deposits consist principally of gravel, but 
they everywhere contain sand, even where the gravel is very 
coarse. At some places, however, as in the tract 6 miles north 
of Chokio, the pebbles are so small and few that the deposit 
appears at first sight to be all sand. The deposit northeast of 
Herman is mainly sand on its: -west side but is coarse gravel 
and cobbles on its east side. At other places the coarse gravel 
and cobbles occur on the west side of a tract, as southeast of 
Hoffman, west of Hancock, and at Barrett and Sylvan lakes. 
At many places the gradation from fine to coarse material is 
regular between adjacent parts: and between successive beds. 
The outwash is in part well assorted and stratifi'ed or cross­
bedded, but it is in part also poorly assorted. 

Minor lacustrine deposits.-At a few places deposits of 
brown loam or of stratified silt and clay lie on the till plain. 
Such deposits are exposed on the road in the S. t sees. 15 and 
16, Erdahl Township; in the NE. t sec. 20, Elk Lake Town­
ship; north of the southeast corner of sec. 12, Morris Township; 
and in part of the SE. t sec. 24, Morris Township. They are 
only a few feet thick and of small extent and appear to have 
been deposited in temporary ponds at the margin of the ice 

, before the formation of Lake Agassiz. 
Silt of Lake Agassiz.-The area once covered by Lake 

Agassiz is underlain by a moderate thickness of till, in which 
~s included gravel, sand, and silt. It is like the ground 
moraine except that it has a more even surface and the 
till is in part overlain by lake deposits, consisting of sand and 
brown loam. Although a large part of the old lake bottom 
remains a ba,re till surface, large areas are covered by a. thin 
deposit of silt or loam, and along Fivemile Creek, in sec. 33, 
and alonp; the west side of secs. 28, 21, and 16, Logan 
Township, the silt is several feet deep. A narrow area 'which 
borders on the east the Herman beach deposits of glacial La.ke 
Agassiz is underlain by till that has a flat surface and is thinly 
covered with silt. This narrow belt is part of an area that was 
temporarily occupied by a lake that lay at the edge of the ice 
\vhen the ice sheet covered the northwest corner of the quad­
mngles, and is regarded as an early stage of Lake Agassiz. ,As 
shown on the geologic maps this belt passes south through the 
cell tel' of the Herman quadrangle, "'idening southward an'd 
spreading out into a broad area in the northwest'corner of tIle 
Chokio quadrangle. The soil in' this strip .is lo~my and in 
places also sand and loam lie between the soil and the till. 
In parts of sees. :31 and :32, Eldorado Township, the brown 
loam beneath the soil is several feet thick.' 

Herrnan beach of Lake Aga8siz.-The Herman beach, or 
"The Ridge," as it is' called, runs south'ward across the 
Herman quadrangle -west of Herman and across the northwest 
corner of the Ohokio quadrangle. It is continuous except 
where it is crossed by streams or other drainage lines, and 
even at some such places parts of the ridge overlap without 
le~ving an actual break 01' gap between the two sides of the 

stream. The beach stands It- few feet above the surface on 
either side but appears twice as high on the west or lakeward 
side as on the east or landward side, for the western slope 
includes both the thickness of the beach a.nd the dept~ to 
which the till :was exca vated by the wa ves of the lake while 
the beach was being made. At most places the beach deposit, 
which consists of gravel and sand, is more than 10 feet thick 
and is in general more than 300 feet wide. The gravel is such 
as would be formed by the washing and sifting out of pebbles 
from the till. South of Fivemile Creek the ridge is sandier 
than it is north of the creek. 

The beach forms either a single ridge or in places two, three, 
or four more or less distinct ridges, of which the outer or east­
ernmost one is highest. West of Herman, on the south line 
of sec. 15, Logan Township, the beach has two ridges. The 
lower one is of gravel about 10 feet deep and the higher is 
chiefly sand about 15 feet deep. On, the north line of sees. 
15 and 14, Logan Township, the beach is a single ridge 16 
feet high on the west side and 8 feet high on the east side and 
has a maximum thickness of 13 feet of graveL Where the 
ridge is cut through by the Great Northern Railway, near 
Herman, it consists of 6 feet- of grayel resting-on a low ridge 
of till. (See fig. 8.) The beach is there 300 feet wide. In 
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FIGURE B.-Section through the Herman beuch along the Great Northern 
RaHway near Herman. }finll. The beach gravel here .<;urmounh a l1ill 
of till. 

sec. 1, Logan Township, a well on the beach penetrated 18 
feet of sand and gravel overlying the clay 01' tilL 

Norcross beach of Lake Agassiz.-The Norcross beach is west 
of the Herman beach and roughly parallel to it. It is not 
continuous across the area and in other 'ways it is not so' 
strongly developed as the .older beach. At a point half a mile 
south of Norcross it is a prominent rounded ridge of gravel, 
8 feet high on the east side and 13 feet high on the west side. 
The ridge ends somewhat abruptly on the south, but another 
part begins a mile away. In the southwest corner of sec. 8, 
Logan Township, the beach is a gravel ridge 9 feet high. The 
ridge extends northward from Norcross to Mustinka River, 
and north of the river it is continued for 3 miles as interrupted 
low sandy ridges and farther north it is absent for 2 miles. 
Beyond this break there are isolated sandy gravel ridges, and 
at the north boundary of the quadrangle the beach is a well­
defined gra yel ridge. 

Alluvium.-The alluvial deposits along streams consist of 
thin beds of sand, alluvial soil, or muck, only 2 or 3 feet 
thick except where the streams flow through ponds or former 
lake basins and where, as a rule, there is a thicker deposit of 
muck or loam. The smaner streams have correspondingly nar­
row alluvial borders. 

Alluvial fans have been formed at the mouths of rayines 
along steep slopes, but most of them are too small or too thin 
to be mapped. Such fans occur, howeyer, notably on' the east 
side of the Mustinka Valley, in sec. 14, Elbow Lake Town­
ship; on the east side of the Pomme de Terre Valley for a 
mile north of Barrett Lake; and for 3 miles north of the south 
margin of the Morris quadrangle. They are more numerous 
in the Pomme de Terre Valley than elsewhere but are not 
noted there at many places where they might be expected, 
owing to the dominance of erosion along streams. , 

Lncusb'ine deposits.-"\Vherever the lakes or sloughs are 
bordered by dry banks these are wa:ve-cut and lined bY'sandy 
or gravelly beaches, and the beds' of those that have been 
drained show a foot or more of clay or muck. The numeroils 
marshes contain deposits of muck and iu some places a growth 
of plant roots that rpsembles peat. Peat does n0t '·occur in 
notable amount, however, and most of the marsh€s' might be 
considered merely patches of very thick wet .soil. 

GEOLOGIC HISTORY. 

PRE-CAMBRIAN t~ME: 

The earliest e'lent, recorded- ,"in' ,t.he tocks'ot -thi~ 'area ~was 
the irruption of _ the' bodies.'of',granific, rock that .are bel~-¢'€d 
to underlie the whole region and to'be@f Archead' age. 'NOth­
ing is known, howeyer, ,of th~.,conditions under which they 
wer.e formed or of their relation to the la.nd smface of that 
time. Pre~umably they sblidifh';d, at so~e depth below' th~ 
surface and were afterward' laid bare through '.t~e, ero~~n: of 
the overlying rocks, whatevel' those tuay have been. How­
ever, they appear to have been",'_'considerablj' defb'rnl~d ahd 
more or less metamorphosed." . ' 

During a: -part of Algonkian' time the region was ·pro15ably 
submerged beneath the sea and received sedimel!t deri\Ted from 
the neighboring land, as the present distribution of the 



Algonkian rocks of Minnesota indicates that they probably 
once covered this area. In the region on the northeast, south 
of the area now occupied by Lake ~uperior, great sheets of lava 
were poured out on the old land surface. The lava did not 
extend far west into Minnesota, but the irruption of igneous 
rock seems to have extended to the general region in which 
the area lies, and some of the~ dikes of dark volcanic rock 
exposed in the Minnesota Valley were probably intmded at 
that time. Dikes of the same age presumably cut the granitic 
rocks underlying the area. At the close of pre-Cambrian time 
the region seems once more to have been dry land and under­
going subaerial denudation. 

PALEOZOIC ERA. 

The area here considered appears to have been land during a 
large part if not the whole of the Paleozoic era, as is shown in 
the accompanying tgble, which gives the relative age of the 
existing formations and of those, that were perhaps once pres­
ent but that have been removed by erosion if they were 
present, thus indil.'ating the submergence and emergence of 
the area. Marine sedimentary formations of Upper Cambrian, 
Ordovician, Silurian, and Devonian age are found in south­
eastern Minnesota or in adjacent States and also north of th'e 
region, in Canada, but none are found in central and south­
western Minnesota, a region which appears to have been a 
peninsula extending into the Paleozoic sea. Whether the 
peninsula was at any time submerged and strata were deposited 
over it can not now be determined. 

RdatifJe age of e:ciating .drchean and Quaternar1f formations and the inur· 
cening fO'l'motiofill probably 01lce preBeflt but remofJed by eroBion in the 
Herman, Barrett, Clwkio, and MorrU quadrangle8. 

.... Sedlrnent:a.ryforrna.t1ODS . 

Quaternary perIod. Depollited aDd still ex· 
isting. 

Cenozoic era. 

Tertial·y period. None deposited. 

Upper Cretaceous epoeh. Deposited but eroded. 

Mesozoic era. Lower Cretaceous epoch. 

J uraliBic period. 

Trlassicperiod. 
Probably none depos· 

ited. 
CarbonIferous period. 

Devonian period. 

Bilurian period. 

Paleozoic era. --------

OrdovlciaD period. Probably deposited 
and eroded. 

Cambl'ia.n period. None deposited. 

Algonkian pt!r1od. Deposited bot eroded. 

Proterozoic era. 
Archean period. Formation still exist· 

Ing. 

---~--~------------.-----

In late Cambrian time the sea. on the south extended as far 
north as Taylors Falls, Rush City, Monticello, and Cambria, 
as shown by the exposure near those places of what are evi­
dently shore deposits. The shore lill<l gradually shifted its 
position and in early Ordovician time appears to have been 
near Shakopee and Mankato, though during part of that period 
the sea may have extended to St. Cloud and Redwood Falls. 
Afterward the land rose, and the sea retreated south ward. In 
Silurian time the shore appears to have been far to the south­
east, outside the limits of the State, but in Devonian time a 
slight subsidence again allowed the sea to encroach ·on south­
eastern Minnesota. During the Carboniferous period the slow 
rise of the land drove the sea southward once more, until it 
finally disappeared from the upper Mississippi basin. Owing 
to the overlap of the Cretaceous strata, and to the thick cover 
of glacial drift nothing is known of the position of the western 
and northwestern shores of the peninsula during the era. 

It}s barely possible that the region may have been covered 
by the sea, at least as far as this area, at some time during 
either the Ordovician or· the Devonian period, for in a well 
drilled for the railway at Herman a bed of limestone 7 or 8 
feet thick was encountered before the granite was reached. 1 

N. lL Winchell, however, believes that this limestone is only 
a Klass of bould-e1'B in the drift, brought presumably from 
Manitoba, and his belief is supported by the fact that no lime­
stone Bft'9 been encountered in other wells at Herman. 

MESOZOIC ERA. 

The uplift that brought the Carboniferous deposition in the 
Mississippi Basin to a close affected a large part of North 
America. Rnd left Minnesota in the interior of a great land area 
and probably at an altitude of 1,000 to 2,000 feet or more 
abo"9"e sea. le~el. The surface, however, must have been 
smooth or gently rolling, much like that of the present Great 

1 Upha.m, Warren, Minnesota Geol. and Nat. Hlst. Survey Final Rept., 
vol. i, p. 508, 18S8". 

6 

Plains. Throughout the Triassic and Jurassic periods and the 
early part of the Cretaceous period the surface of the area was 
being reduced by subaerial denudation. The surface was thus 
lowered several hundred feet at least, and, in common with 
that of a great surrounding region, it was probably at least 
once reduced neatly to base-level and thus again formed a low­
lying, nearly featureless plain. The ~limate was probably 
rather moist, and the surface of the granitic rocks was deeply 
weathered and decomposed into a clay containin~ scattered 
angular grains of quartz. 

In Lower Cretaceous time the region on the west, now the 
Great Plains, was depressed, and a new interior sea occupied 
that area. The streams of the Minnesota region then flowed 
westward into that sea, and the waste of the land was carried 
out and spread over the Sf'..R floor. Subsidence continued into 
Upper Cretaceous time, and the sea advanced into western 
Minnesota, spre!lding over the older rocks a thick sheet of 
sand and clay that now forms the Dakota sandstone and the 
Benton shale. Some fresh-water sediments were deposited 
along the courses of the streams or in small lakes, and some 
brackish-water sediments were deposited in lagoons and estu­
aries. At and near their margins the Upper Cretaceous depos­
its were therefore probably rather irregular both in thickness 
and in character. 

No such strata have been encountered in wells in the 
aw.a here considered, though patches of them may exist beneath 
the drift in places where wells have not been sunk to bed­
rock. Whether the entire area of the quadrangles was sub­
merged beneath the Upper Cretaceous sea and received such 
deposits can not therefore be certainly determined, but what 
is known of· the occurrence of remnants of the Cretaceous 
strata in neighboring al'eas indicates that it was probably sub­
merged. It seems fairly certain that such strata once covered 
at least that part of the bedrock surface which now lies less 
than 1,100 feet above sea level and that these strata have been 
largely or wholly removed by later erosion. 

The Upper Cretaceous submergence was brought to a close 
by renewed uplift, and the sea withdrew westward and finally 
wholIy disappeared. By the close of Cretaceous time the 
area was again far inland and subaerial erosion was once more 
actively reducing its surface. 

CENOZOIC ~RA. 

TERTIARY PERIOD. 

In early Tertiary time several brackish or fresh-water lakes 
still occupied parts of the area that were formerly covered by 
the interior Cretaceous sea, but they lay hundreds of miles 
west and southwest of this area. A progressive uplift of most 
of the interior of the continent that was going on affected this 
area in common with the surrounding region. The uplift was 
much greater on the west, and the land surface was thus tilted 
to the east, standing at altitudes ranging from 6,000 feet along 
the eastern base of the Rocky Mountains to less than 1,000 
feet in the Mississippi basin. A new system of drainage was 
developed everywhere in the region, and the new streams 
flowed not from east to west but rather in the general direc­
tion in which the present rivers run. Whatever strata had 
been deposited in the area during the Upper Cretaceous sub­
mergence were largely if not who~ly removed, and new valleys 
were cut to depths several hundred feet below the horizon 
of the base of the Cretaceous strata. Where the granitic 
rocks were exposed. they were still further weathered and cut 
into by erosion, and in all probability the present features 
of the bedrock surface in the quadrangles were formed chiefly 
at this time. From what is known concerning this area and 
Minnesota generally the Tertiary denudation evidently left 
the etposed granitic rock relatively fresh and not deeply 
decompbsed. 

QUATERNARY PERIOD. 

PLEISTOCENE EPOCH. 

PBB-XAN8AN TIME. 

The history of the earliest Pleistocene glacial stage in the 
area is obscure, as whatever record of it may exist is buried 
deeply under younger deposits. The pre-Kansan drift, where 
observed in Iowa and southern Minnesota, has, however, the 
calcareous nature and other general characters of the gray drift 
deposited by the Keewatin ice sheet, and the ice that left it 
doubtless crossed the quadrangles as it moved southward from 
the Keewatin center of accumulation west of Hudson Bay. 
The pre-Kansan ice sheet is believed to have been entirely 
melted away from the region, so that an interglacial stage-the 
Aftonian-preceded the advance of the Kansan glaciation. 
During the Aftonian stage, as well as during the Kansan 
glaciation, the record of the pre-Kansan glaciation was exposed 
to destructive agencies and was largely removed. 

Advance of the glacier.-As neither the Kansan or old gray 
drift nor the bedrock on which it rests is exposed in these 
quadrangles, the manner in which the Kansan ice sheet 
advanced and the length of time during which it remained 

must be inferred chiefly from the general relations of this drift 
to' that of the surrounding region. The general direction in 
which the ice moved is known, however, because the samples 
of the Kansan drift from well borings show it to be gray drift 
of the Keewatin glacier and because the direction of movement 
here must have corresponded in general to that of the ice lobe 
as a whole. Striations on the bedrock surface beneath the 
Kansan drift in southern Minnesota show that the general 
direction of movement of the ice in that region was east of 
south, and the extent of the drift sheet shows that a large 
tongue or lobe of the ice sheet covered the region. The thick­
ness and wide extent of the drift indicate long, intense 
glaciation. . 

Disappea.ra~ of the ice.-It is not known whether the 
margin of the Kansan ice sheet melted back steadily, leaving a 
more 01' less uniform drift sheet, or whether there were inter­
vals of read vance, so that thick terminal moraines were formed, 
but the latter is thought to have been the more probable pro­
cedure. The retreat of the ice front as a whole was doubtless 
in general northward, but the part that receded across this area 
is believed to have faced east rather than south and to have 
retreated westward. Such a north to south trend of the ice 
margin is suggested by the uneven thickness of the Kansan 
drift and by the direction of the interglacial valleys. 

The position of a Kansan terminal moraine may be inferred 
from the trend of a prominent elevation coinciding with the 
great thickness of the Kansan drift in a north to south belt 
extending through the Barrett and Morris quadrangles east 
of the Pomme de Terre Valley and including it. The differ­
ences in thickness of the Kansan drift are, of course, not all 
due to the formation of a terminal moraine but al'e due in part 
to erosion of the surface of that drift during the following 
interglacial stage and in part to irregularities in the bedrock 
surface. The present course of the Pomme de Terre Valley 
thus appears to have been determined by the establishment 
of a drainage line along the retreating margin of the Kansan 
ice sheet rather than by the direction of a preglacial valley 
in the bedrock. Mustinka and Chippewa valleys also appear 
to coincide with glacial border-drainage lines of pre-Wisconsin 
age. (See fig. 9.) 

INTEBeLAOLlL TIME. 

Between the Kansan and the Wisconsin glacial stages a long 
time elapsed during which the Kansan drift was exposed to 
weathering and erosion. While its surface was being dissected 
by streams so that its thickness was appreciably modified, its 
upper part was being leached by surface water, and soil was 
being formed on it by weathering. and the region was probably 
in general habitable for plants and animals. The depth and 
extent of the erosion and the deep leaching of the drift show 
that the interglacial time was long. 

Erosion of interglacial valleys.-The chief interglacial valleys 
are followed by existing streams and therefore may be con­
veniently called by the names of those streams. The main 
ones are only partly filled by Wisconsin drift, but some of the 
smaller ones are so nearly obstructed that no streams flow in 
them. As already stated, the excavation of the Pomme de 
Terre Valley was probably begun by a border-drainage stream 
of the Kansan ice sheet while that sheet was melting. In 
interglacial time the main valley was enlarged and deepened 
and tributary valleys were developed. That the Pomme de 
Terre Valley was' once deeper than it is now appears from the 
depth of the gravel deposit that forms the present floor of the 
valley. At Morris the city wells in the middle of the valley 
penetrate gravel for their entire depth-65 feet. This gravel, 
which is Wisconsin glacial outwash, is deep throughout the 
length of the valley. 

Tributaries of the Pomme de Terre were numerous in inter­
glacial time, and their courses are shown in figure 9. Those, 
on the east side of the river extended back scroes the present 
course of Chippewa River. From the north side of Barrett 
Lake eastward to Sylvan Lake one of the old valleys can be· 
easily recognized, though obstructed by Wisconsin drift. 
Where it is crossed by Chippewa River that stream is pre­
vented from flowing directly though Sylvan Lake to Barrett 
Lake only by a narrow dam of Wisconsin outwflsh gravel, as 
is shown on the geologic map of the Barrett quadrangle. 
When the interglacial stream followed this old valley to the 
Pomme de Terre the present course of Chippewa River was 
not a continuous drainage line. In fact, several tributaries of 
the Pomme de Terre hea.ded east of the present Chippewa 
Valley and controlled the drainage of that belt. The course 
of one such tributary is marked by the trough in which lie 
Turtle, Spring, Elk, and Lower Elk lakes, and thence it 
extended across the course of the present Chippewa to a point 
east of Hoffman. A tributary valley in the area east of 
Pomme de Terre Lakes drained the part of the Chippewa 
Valley ~etween the vicinity of Hoffman and a point south of 
Swan Lake Church. A.tributary near North Star Mill drained 
the tracts now occupled by Scandia and Swan lakes, and 
another extended from\ a point 3 miles southeast of Morris 
northeastward to the site of Long Lake and thence eastward 



along the railway. A branch of this valley extended south­
eastward west of Hancock. These tributary valleys' are still 
very distinct, although they are obstructed by '\Visconsin drift 
and are not occupied by streams. 

The interglacial Chippev,ra Valley within this area was not 
only greatly influenced but was probably for the greater part 
determined by drainage along the melting margin of the Kan­
san ice sheet. (See fig. 9.) It was thus made while the pres­
ent course of the POlllm8 de Terre was still covered by the 
Kansan ice. Early in the development of the Pomme de 
Terre Valley the Chippewa Valley was invaded by the develop­
ing tributari€i3 of the Pomme de Terre, and its drainage was 
diverted. 

FIGURE 9.-Sket.eh map of the Herman~Morris area ~howing the drain· 
age system at the border of the Kansan ice ~heet (ruled areas) and 
lltt.er interglacial drainage (dotted areas). 'rhe border·drainage stream 
down Chippew!l Valley was the first t.o fOl'lll as t.he Kansan ice sheet 
receded westward, t.hen the one down POlmne de Terre Vulley, and 
luter the one down r.fuatinka Valley. 

On the west side of Pomme de Terre Valley there were 
interglacial tributary valleys at Long Lake north of Barrett; 
at the north end of the Pomme de Terre Lakes, extending to 
the northwest corner of the Morris quadrangle; at 'Vintermute 
Lake; and at ~Iud Creek. The old course of the Mud Creek 
valley appears a mile north of the present mouth of Mud 
Creek and extends westwiud. It has several minor branches. 

The development also of that part of the Mustinka Valley 
that trends from north to south was proboNy begun as a 
Kansan border-drainage COll1'se, and for this reason it runs 
transverse to the general slope of the land surface. The entire 
valley is older than the'Visconsin drift, which lies in it. The 
Mustiuka Valley, when traced· 15 miles northward from the 
place where it enters this area, leads to Otter Tail River. The 
_Mustinka drainage begins a short distance from the Otter Tail, 
but the valley in which it lies extends in fact beyond that 
stream as the valley of Pelican RiYer. The valley has the 
same general direction, depth, and width north of this area as 
it has for the first 10 miles of its length within the area. As a 
Kansan glacial horder-drainage course, this valley did not 
follow the present route of the Mustinka toward Norcross; it 
extended southward along the line marked by the basins of 
Burr, Johnson, Ohlsrud, and Niemakl lakes. (See fig. 9.) 
Whether it then joined the pre-Wisconsin valley of Mud 
Creek or whether it continued in a southwesterly direction is 
not determined. During the interglacial time, however, 
streams flowing in the direction of the Bois de Sioux Valley on 
the west appear to have eroded their valleys back to the 
border-drainage course of the Mustinka. and diverted the 
stream. (See fig. 9.) The western or lower part of the Mus­
tinka 'was in that way established nearly where it is now. 
The location of another interglacial valley is indicated by the 
chain of lakes extending north west toward Herman from 
Cotton wood Lake to Pullman Lake and thence continuing in 
the direction of Fiyemile Creek. Small interglacial tributaries 
of the Mustinka were located west of Elbow Lake; others 
extended southwest from the basin of Round Lake, also from 
Huset Lake, and from the south side of Cormorant Lake 
through Jones Lake. The main controlling valley is traceable 
'iyestward along the Mustinka for only a few miles, down to 
the plain that once contained glacial Lake Agassiz, where it is 
quite ohliterated within this urea. 
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Erosion and weathering.-Although the whole surface of the 
Kansan drift may have been dissected by erosion and its 
original thickness may have been appreciably modified before 
the end of interglacial time, the thickness of the material 
removed can not be determined. In one place the bedrock 
appears to have been swept bare, possibly because the Kansan 
drift on it was originally thin. North of Herman, as noted in 
the table on page 4, the bedrock is only 42 feet from the sur­
fa-ee, probably because no Kansan drift rema.ined at that place 
when the Wisconsin drift was deposited. The amount of ero­
sion there and elsewhere can, however, be only estimated from 
a general comparison of the pre-Wisconsin with the post­
Wisconsin valleys, on one hand, and of the depth of leaching 
of the old till with that of the young till, on the other. 

The Kansan drift was originally dark bluish gray, but the 
oxidized and partly leached part of it is brownish buff'. In 
borings there is frequently reported as much as 30 feet of 
oxidiz~d brownish till between the unoxidized bluish-grny 
till of the Kansan drift and the overlying Wisconsin drift. 
Apparently the old till was leached fully twice as deeply as 
the young till. As both the surfa-ee leaching of the till and 
the erosion of the valleys were deeper then than now, it is 
inferred that the surface of the Kansan drift was conespond­
ingly more eroded than the sm'face of the Wisconsin drift has 
been. 

WISCONSIN STAGE. 

Advance of the ice.-During the last glacial stage these 
quadrangles were again covered by an ice sheet. A long, 
narrow lobe of the Keewatin glacier, which has been variously 
designated as the Minnesota, the Iowa, or the Des Moines lobe, 
advanced southeastward up the Red River valley, through the 
:\finnesota Valley to southern Minnesota, and thence south­
ward to central Iowa. Its south western margin lay along the 
Coteau des Prairies escarpment in northeastern South Dakota, 
Hnd its northeastern margin lay along a curved line passing 
through the eastern halves of Wadena and Todd counties, 
Minn. The width of the lobe, measured on a line drawn 
southwest through these quadrangles at right angles to its axis, 
was 125 miles. The. lobe was narrow in proportion to its 
length, and the quadrangles were covered by)ts lateral rather 
than its central part. The geneml direction of movement was 
east of south along the axis of the lobe, but from the axis the 
ice spread laterally toward the margins, and the invasion of 
the area here considered, lying east of the axis) was probably 
from west to east. The margin of the glacier ascended gradu­
ally from the lower land on the west to the higher land on the 
east, covering successively the valleys of Mustinka, Pomme de 
Terre, and Chippewa rivers. 

Either during the advance of this lobe or during a retreat 
preceding a read vance gravel was washed into the eastward­
trending valleys that had been formed during interglacial time. 
The thickness of t.his gravel is so great that it is interpreted aR 
made up of successive accumulations by outwash during slow 
transgression or oscillation of the ice border rather than as 
interglacial stream deposits. 

The beginning of the last glacial invasion was in early 
'Visconsiu time and its end was in late "\Visconsin time. The 
work of this ice lobe is best expressed in features developed 
during its retreat, but there may have been considerable depo­
sition during its advance. The gladal lobe maintained for a 
long time an oscillating margin east of these quadrangles 
while it built the great terminal moraine, 10 to 20 miles wide, 
that extends from Fergus Falls and Glenwood to Minneapolis. 
A'small part of this moraine lies within the quadrangles, east 
of Erdahl and of Chippewa River. 

Retreat of the ice border.-After the building of the great 
terminal moraine east of Erdahl the south end of the ice lobe 
in Iowa alid southern Minnesota was melted away so that its 
margin receded northward - in this region to the divide 
between Minnesota and Bois de Sioux rivers. At the same 
time the lateral border appears to have receded westward, 
mpidly and without notable read vance, to and beyond the west 
border of the area here described. Various positions of the 
retreating ice front are shown in figure 10 (p. 8). The Chip­
pewa, Pomme de Terre, and ]\f ustinka valleys were thus suc­
cessively reopened to drainage. 

Glacial outwash deposition in Ohippewa Valley.-As the 
margin of the ice melted back from the terminal moraine, 
water began to flow between it and the moraine, and thus the 
course of Chippewa River was again established. From the 
beginning the drainage line consist€d rather of a chain of 
lakes along the ice front than of a stream valley. Into this 
border-drainage belt streams from the melting ice brought 
gravel and sand, which was deposited along it. These glacial 
outwash deposits are not continuous but lie in patches evi­
dently formed in succession along the valley. Those patches 
that lie wholly on the east side of Chippewa River are in 
general older than those that are crossed by it; those that lie 
wholly on the west side are, \vith one exception, still younger. 
The patch at Sylvan Lake is evidently the first one formed 
and its highest 01' eustern part is oldest. The other patches in 

succession down the valley'were evidently deposited in like 
manner, and the patch neal' Swan Lake Church, in the 
Morris quadrangle, is eyidently the youngest. 

As the retreat of the ice border uncovered the basins in front 
of it so that the stream could finally take the lowest course 
between them, Chippewa River formed its present valley. It 
flows in part over glacial outwash, in part between the out­
wash and the till surface, and in part oyer till. The effect of 
the ice front on the course of the stream appears from the 
circumstance that no very great obstruction would be necessary 
in several pla.ces to divert the stream from its present course. 
Obstruction by an ice wall on the west side of the valley must, 
in fact, account for the turning of the stream into Peterson 
Lake instead of through Sylvan Lake to Barrett Lake, or, 
again, for its not flowing through Blk Lake to the Pom~e d~ 
Terre. In the valley eust of Hoffman only the sweep of the 
border drainage prevented the entire obstruction of' the valley, 
which would later have turned the river's course into and 
through Elk Lake. The obstruction by the ice wall likewise 
explains why the drainage did not go by way of Swan Lake 
instead of eastward. p 

The outwash in the southeast cornel' of the Morris quad­
rangle is part of a great gravel plain of the Chippewa Valley, 
which as far as it lies in this area, was formed later than the 
outwa~h farther north. 

Glacial outwash deposition in P01nme de TetTe Valley.-The 
interglacial valley of the Pomme de Terre was not obliterat.ed 
by the Wisconsin ice lobe. although it was covered by the ICe 
for some time and received therefrom a deposit both of till and 
of outwash. The till sheet was not thick enough to fill the 
valley, and the depression was occupied by glacial drainage 
when the ice melted from it. and streams flowing from the ice 
washed gravel and sand into it. The history of the aban­
donment of the Pomme de Terre Valley by the ice and its 
partial filling by outwash deposits is somewhat different from 
the history of the Chippewa Valley. 

During its melting t.he ice withdrew first from the Chippewa 
Valley and later from the Pomme de Terre Valley. The 
general direction of marginal retreat was at first from east to 
west so that the trend of the ice margin was from north to 
soutil. Later, when the end of the lobe had melted back near 
this area, the ice front retreated more rapidly along the south 
border of the area than along the north border, so that the 
trend of the margin shifted to a point west of south-that is, 
ulthough the margin as a whole retreated most rapidly at the 
extreme end of the lobe on :Minnesota River, at the same time 
in this area that part which was nearer the end of the lobe 
retreated faster than that which was farther from it. The 
change in the trend of the ice margi.n greatly a.ffected the 
Pomme de Terre Valley. As this valley extenus from north 
to south and as the trend of the ice margin had diverged 
tmvard the west (see fig. 10), the yalley was freed from ice 
gradually from south to north, so that each part in turn 
received drainage and outwash from the ma.rgin of the ice. 
The bottom of the valley is therefore occupied by gravel and 
sand nea.rly continuously from south to north. 

The trend of the ice margin in successiye positions is shown 
by certain features of the deposit. Parallel ridges on gentle 
slopes show where the margin stood while each ridge was 
being formed. In secs. 26, 27, 34, and 35 of Darnen Town­
ship, near the south side of the Morris quadrangle, such 
riuges trend N. 30° E., and similar ridges as far north as 
Pomme de Terre Lakes show the same t.rend. Southeast of 
Barrett seven parallel marginal positions, shown by ridges and 
slopes of the outwash, trend S. 20° 'V., or in the same direc­
tion as the river flows at the railway bridge. North of Bar­
rett Lake the trend of the ice margin appears to have been 
nearly due north. 

The drainage from the melting ice did not flood the whole 
valley, but the glacial river followed a narrow course, in places 
less than 500 feet wide, along the line of the present stream. 
Part of this course coincides with the trend of the ice margin 
at the back of the outwash, as near the south side of the 
Morris quudrangle; part lies between the front of the outwash 
and the east side of the valley, as neal' )lorris; and part lies 
across the outwash and through la.kes and the basins of 
former lakes now occupied by marshes and meadows. Some 
of the original course of the glacial stream was later aban­
doned. An old course that was occupied by at least -part of 
the glacial river runs 4 miles southward from the southwest 
end of Perkins Lake and joins the present riyer's course. 
It is obstructed now by an ice rampart at the lake shore, 
and some such obstruction probably caused the di yersion of 
the glacial stream to the COUl'se which the riYer now follo,,"s. 

Glacial outwash deposition in ]}Iustinka Valley.-As the 
edge of the ice retreated across what is nm.,· the subrontlnental 
diyide in this area-the watershed between the :J.lustinka and 
Pomme de 'rene valleys- and then gradually withdrew to 
lower altitudes in the Red River basin, standing water must 
have gathered in front of the ice, although for some time the 
area covered by it was not- great. Its drainage may at first 
have escapeu through Mud Creek to the Pomme de Terre, 



but later it passed westward along the margin of the ice. 
During the early part of this stage streams from the ice depos­
ited first the outwash that forms the plains southeast and 
northeast of Niemakl Lakes, next the deposits north of 
Ohlsrud and Johnson lakes, then the outwash along the 
Mustinka Valley, only four small remnants of 'which remain, 
and finally the larger areaB, one northeast of Herman and one 
5 miles north of Chokio. Much greater streams flowed at the 
same time from the ice north of this area into the Pomme de 
Terre Valley. 

The interglacial valley of the Mustinka had not been oblit­
erated by the deposits from the 'Visconsin ice, and as the ice 
margin retreated the valley reappeared. It received very little 
drainage until the ice margin north of this area had retreated 
from the head of the Pomme de Terre Valley to the place 
where the head of the Mustinka Valley intercepted Otter Tail 
River. Then, while the ice there still blocked the course of 
drainage toward the west, water from the ice and from Otter 
Tail and Pelican ri\"ers swept southward through the ]\fustinka 
Valley, which was distinctly eroded and terraced, especially in 
the northern part of the Herman quadrangle, where the 
stream occupied the entire width of the valley. It there left its 
bottom strewn 'with large boulders, showing that its current 
was swift. 

Early high stage of ioe-border lake.-Ponded waters began to 
form along the edge of the ice sheet as soon as it had melted 
back across the di vide betweel1 the Minnesota and Red River 
drainage basins, which crosses the Herman and Chokio quad­
rangles. Parts of these quadrangles and a considerable area to 
the west, extending nearly to Graceville, were thus covered by 
water. This ponding occurred while the front of the ice lay at 
the line marked "ice border (D)" in figure 10 and for some 
time before it had retreated tD that position. The presence of 
the water is shown by the smoothed-over topography and by 
thin deposits of silt loam on the till. These deposits occur up 
to an altitude of fully 1,090 feet, or about 20 feet higher than 
the Herman beach of Lake Agassiz, and the height of the water 
was controlled by that of the lowest available line of discharge 
across the divide into the Minnesota drainage basin. When 
the ice border had ret:eated sufficiently to open a passage to 
Lake Traverse the ponded waters of the Herman and Chokio 
quadrangles took that course and were drawn down to the 
level of the Herman beach of Lake Agassiz. 

~ 
Hancock 

FIGURE to,-Sketch map of the Herman-Morris area showing an early 
ice·border stage of Lake Agassiz at the time the ice border stood at 
Norcross, as shown by dashed line D, Earlier positioDs of the ice 
border in the area are shown by other dushed lines, and their relative 
ages are indicated by the letter~ A, B, C. The streams and lakes that 
probably existed at the saJlle tilile are also indicated, The i(~e border 
had receded far beyond thi~ area wIlen Lake Agas~iz built the Herman 
beach, 

The failure of the ponded waters of the Herman and Chokio 
quadrangles to form a definite beach at the higher level may 
be due to the shallowness of the water, which may have -been 
insufficient for wave development, and to the relatively short 
period that the watel'S were held at this stage. Silt deposition 
would naturally be rapid, as the waters from the melting ice 
were probably heavily silt-laden. 
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Herman stage of Lake Agassiz.-The Herman beach was 
formed during practically a. single stage of Lake Agassiz. The 
level of the lake fell repeatedly as the outlet was deepened, but 
it fell only a few feet, while the Herman beach was being 
formed. Farther north the beach di vides into two or more 
distinct beaches, the highest of which is the oldest. In the 
Herman quadrangle it has either one, two, three, 01' four c~ests. 
Where it has more than one crest, as it has for 4 miles north 
of Mustinku River, the outer (easternmost) one is the highest 
and eorresponds to the crest of the single beach, and the 
second, third, and fourth are each successively built upon 
the slope in front of the preceding one, thus l'!howing that 
the shore line had retreated slightly before the inner parts 
of the beach were formed. The beach as a whole is thus 
widened on its western or inner side. It is not, however, 
regarded as more than one, for all the purts grade into one 
another and are intimately connected. 

The effect of the gradual falling of the lake level or the 
rising of the shore is evident both where the beach is single 
and where it is multiple. West of Herman gravel is deposited 
down the slope of the beach, even on ground that had been 
eroded while the waves were making the crest of the ridge. 
'Vhere the beach is multiple, the successive decrease in height 
from the outer to the inner ridge is still clear evidence that the 
level of the lake was falling. The form of the beach was in 
fact everywhere influenced by the gradual retreat of the waters. 
Whether a single or a complex beach was made in this area 
was determined by the form of the surface on which the shore 
line rested and by the direction of storm waves, as is evident 
where one form of Bhore merges into another. For example, 
north of :Fivemile Creek, where one beach was built like a 
spit in front of the ot.her (see fig. 11), the two distinct ridges 
merge northward into one ridge having a double crest and still 
farther northward into a single ridge. 

_-,,=_"---,':::,OOOFeet. 
FIGURlI: 11,-Sections of the Herman beach at a spit in Becs 15, 22, and 27, 

Lyon Township; a, northern section, where the beaeh ill double crested; 
b, southern section, where the bea(',h and spit are separat.ed, The beach 
sand and gravel rest. on glacial drift. 

A differential uplift of the whole region also affected the 
form of the beach. Less than 10 miles north of this area 
the Herman beach separates into a higher and a lower beach. 
Farther north there is also a third one, and still farther north, 
east of Crookston, Upham has noted a fourth Herman beach. 
While the Herman beach was being formed differential uplift 
of the land took place, so that the position of the lake shore 
was changed more in the area to the north than in these quad­
rangles. The part of the beach in these quadrangles, however, 
is east rather than north of the outlet of the lake and the 
slight change in "yater level here while the beach was being 
formed should be ascribed to lowering of the outlet rather 
than to differential uplift. 

The present difference in altitude of the top of the beach at 
Collis, west of the Chokio quadrangle, and at Hereford, 2 
miles north of the Herman quadrangle, is 10 feet. The two 
points are 35 miles apart., and the uplift across these quad­
rangles has t.herefore amounted to nearly 1 foot in 3 miles, 
measured north-northeastward. This uplift took place after 
the higher p'art of the beach was made, but it had already 
begun while the lower parts were being formed. 

The Herman beach was interrupted 01' broken through by 
several inlets to the lake where the present drainage lines cross 
it. In fact, the beach in its earliest stage was merely a row of 
isolated shores, islands, and bars, until excavation neal' the 
shore, aided by alongshore transportation by waves, made a 
continuous beach. It still remained incomplete where inlets 
interfered with shore building, as on the south side of secs. 19 
and 31, Elbow Lake Township; between secs. 19 and 30, 
Delaware Township; in secs. 11 and 34, Logan Township; and 
in secs. 5, 18, and 19, Eldorado Township. The front of the 
beach, especially at the original inlets, shows that the prevail­
ing winds and storms came from the northwest. At the north 
side of the Herman quadrangle the beach is divided into th),ee 
parts, the second and third of which extend out from the first 
as spits. North of Fivemile Creek a second beach springs 
from the first one in the same manner. All the spits were 
built from north to south, evidently by waves driven obliquely 
along the shore by a northwest wind. For the same reason, 
where Mustinka River, Fivemile Creek" and other drainage 
lines crossed the beach, its divided e,nds overlap, the overlap 
being to the south. 

NorC'r088 stage of Lake Aga8siz.-The Norcross beach is 
much less perfectly formed than the Herman beach and repre­
sents perhaps half as much time in the duration of Lake 
Agassiz. It was formed only a very short time after the 

Herman beach. The highest part of the Norcross beach is 
10 feet lower than the base of the Herman beach, and the 
difference in altitude between the base of one and the base of 
the other is fully 20 feet. The subsidence of the -water and 
the retreat of the shore between the periods in which the two 
beaches were built was relatively so rapid that no intermediate 
beaches were formed. The reason for the rapid subsidence of 
the water was probably a change in the conditions at the out­
let of the lake. That it was not due to differential uplift is 
indicated by the relation of the beaches in the region north of 
these quadrangles, where the Herman beach separates into 
four beaches. The Norcross beach there like\vise divides into 
two beaches, and the vertical interval between the lowest 
Herman beach and the highest Norcross beach is no greater 
there than here. Measured by the rate of differential uplift 
the time that intervened between the fonnation of the Herman 
and the Norcross beaches therefore appears to have been short. 

At the north side of the Herman quadrangle the ~ orcross 
beach is only a mile from the Herman beach, but at Norcross 
it is 3 miles and where it leaves the west side of the quad­
rangle it is 4 miles from the other beach. The divergence in 
trend was of course determined largely by the difference in 
slope of the lake bed, but at Norcross the beach lies somewhat 
farther out than the general slope might have determined, 
because of the presence of a slight morainic ridge, which 
appears to be crossed by the Herman beach near the north 
side of the quadrangle and which appears again at and beyond 
Norcross. This moraine probably marks the position at which 
the ice margin stood during the highest stage of the lake. 
Moreover, the beach is most prominent at N o)'cross because of 
a low till ridge on which it rests. The till there Ims been cut 
from 3 to 5 feet deep up to the shore, and gl"d vel and sand 
from it have been thrown shoreward from 1 t.o 10 feet high 
over the original surface. The gravel is cross-bedded and 
shows that the storm waves swept landward over it. 

The' Norcross beach in this area represents a single stand of 
the lake, which was not held long enough 01' else the slope 
of the lake bed along parts of the shore was not steep enough 
to permit erosion by storm waves to build a continuous beach. 
Where the beach crosses the northern boundary of this area 
there was a clearly marked shore, now shown by a narrow 
gravel ridge and a sand-covered flat about 40 rods wide in 
front of it. That shore ended a mile farther south. St.ill 
farther south, although two short, low sandy ridges were built 
and the sandy flat extended southeastward for 8 miles, the 
shore was like the reed-grown borders of recent lakes. It was 
evidently marshy for a stretch of more than a mile where there 
is no trace of a shore. For 3 miles north of l\Iustinka River 
sand is spread oy'er the flat., and there are three disconnected 
strips of sandy beach, like the shores of t.he present lakes that 
are clear in winter find reed-grown in summer. From the south 
side of the river through Norcross there was a high, clearly 
defined shore with a gravel beach. South of Korcross the 
gravel beach ended abruptly in an area that -was probably 
occupied by a marsh that bordered the lu.ke for a mile. 
Thence a low gravelly shore continued southwestward. 

Mustinka RiYer had the same relation to the Norcross beach 
that it had to the Herman beach. It flowed into the lake and 
interrupted the building of the beach, although the force of 
the waves formed by the prevailing northwest winds extended 
the beach southward somewhat against the direct course of the 
river. 

Disappearance of the lake.-After the ~orcross beach had 
been formed the level of Lake Agassiz fell rapidly to the level 
of the Tintllh beach, which lies just outside the area. While 
the shore of the lake was receding still farther northward 
several more beaches were made, each representing a stage in 
the lake level during the gradual lowering of its outlet, until 
the end of the Pleistocene epoch, ,vhich is marked, in this 
region, by the disappearance of the lake because of the final 
melting a way of the ice barrier north of it. From the time 
when the lake withdrew its shores from these quadrangles the 
record of changes here is not distinguishable from that of 
the Recent epoch. 

REC;ENT EPOCH. 

Since Lake Agassiz and the glacial rivers disappeared from 
this 'region the surface has undergone slight changes. The 
tDP of' the drift has been lowered everywhere at least a fe\v 
inches, bec!use of the dissolving away of limestone pebbles in 
the formation of subsoil and soil by weathering. Weathering 
and land wash together have also reduced slightly the knolls 
and slopes. Along certain drainage lines and around lakes 
and ponds the results of erosion are notable. 

The rivers have changed their valleys very little in Recent 
time. For example, the course of the ~Iustinka west of the 
Norcross beach is almost wholly Recent. Its channel there is 
20 to 30 feet wide, and its banks stand only about 5 feet a,bove 
the water, and it affords a measure of t.he erosion that has 
occurred since the lake disappeared from thDt area. East of 
the Norcross beach the Mustinka, meanders in'the channel of 
a glacial river, which, east of the Herman beach, lies in an 



interglacial valley. Only the glacial channel of that valley 
has bep.n lowered a few feet by the work of the Mustinka 
in Recent time. Pomme de Terre River has likewise eroded 
a channel about 5 feet in depth within the limits of the chan­
nel of a glacial river, and outside that narrow erosion valley 
the Recent stream has had no effect on the great interglacial 
valley in which it flows. Chippewa Ri\"er has made slight 
though somewhat unequal reduction along its course. The 
deepening of the three valleys by Recent erosion is small 
compared to that effected by glacial and interglacial streams. 
Mud Creek has an erosion valley 150 feet wide and 15 feet 
deep in places, as on the line between secs. 22 and 23, Darne~ 
Township. In contrast with the interglacial valley in which it 
flows its own yaney is small. Perhaps less than 5 feet of the 
depth of this valley has been cut in Recent time. Fivemile 
Creek, in Logan Township, and Twelyemile Creek, in Eldorado 
1~ownship, have small erosion valleys from 1 to 12 feet deep. 
The probable average depth of erosion in them is 5 feet. 

Certain drainage lines that are due to Recent erosion 
between basins in drift-filled valleys in this area have been 
cut in a few places to a ma,ximum depth of 20 feet. The 
sides of the large valleys are bordered by spurs formed by 
erosion between glacial knolls to a depth of 5 to 10 feet. In 
sec. 18, Darnen Township, a very distinct lake basin has been 
drained by a ravine leading to Mud Creek. 

The cut bank on the east shore of Elk Lake is 40 feet high, 
and the banks on the southeastern and northwestern shores of 
Barrett Lake are 30 feet high. Worm Lake has banks 20 feet 
high, and nearly all the lakes show much cutting along the 
shores. The effect of wave erosion is even more evident from 
the rounded form of the basins in which the lakes and sloughs 
lie than from the height of their banks. 

ECONOMIC GEOLOGY. 

MINERAL RESOURCES. 

The mineral resources of the qnadrangles consist of road 
materials and building materials obtained from the boulders, 
gra\'el, sand, and clay of the glacial drift, and, more important 
than these, of the water resourres and the rich soil. 

ROAD MATERIALS. 

Gravel suitable for use as road material is found in abun~ 
dance in the glacial outwash along Pomme de Terre, Chippewa, 
and Mustinka rivers, near Ohlsrud and Cottonwood lakes, and 
in some parts of the Herman and N orcroBS beaches. Small 
beds of gravel occur in t.he glacial till in many places. On the 
shores of Lake Hattie and of Cottonwood and Fish lakes there 
are extensive beds of gravel, and many small deposits occur 
on existing lakes 01' on the sites of former lakes. . 

The largest gra vel pit now developed is that of the Great 
Northern Railway, on the east side of Pomme de Terre River 
in the ~'V. t sec. 18, Erdahl To\vnship, where many ~cres 
have been stripped and a thickness of gravel measuring 10 to 
20 feet has been removed down to ground-water level. The 
gravel is covered by 2 or 3 feet of soil and subsoil and gener­
ally consists of the imperfectly assorted mixture of pebbles and' 
sand that is commonly found in such deposits. In this pit, 
howeyer, the material is coarse-that is, the proportion of 
sand is sruall and some pebbles are 2 inches in diameter. Near 
this pit there are other extensive deposits of glacial outwash, 
some of which contain coarse gravel or cobbles and others con­
sist chiefly of sand. Large gravel pits on the Minneapolis, 
St. Paul & Sault 8te. Marie Railway, near Barrett, and on 
the Great Northern Railway, below Morris, appear· to have 
been used at one time by the railways. Large gravel pits east 
of Morris are owned and worked by the town. 

The glacial outwash gravels afford an inexhaustible supply 
of road material a,nd are suitable for use without crushing or 
screening. The gravel differs in fineness from place to place, 
but there are usually many acres of one kind in one place. 
Along the Pomme de Terre Valley the ground water, whi.ch 
stands 'at nearly the same height as the river, submerges a large 
part of tile gravel. Dredging can not profitably be employed, 
however, ex('ept to obtain material of high grade that lies con­
yenient to a railway. Most of the coarse gravel deposits, such 
as those along l\Iustinkft Hiver, near S,lvan Lake, north of 
Barrett Lake, below the Pomme de Terre Lakes, and in sec. 
26, Darnen Township, are not conveniently situated for rail­
ways. Numerous small pits supply all necessary material for 
surfacing wagon roads and streets, nearly all of which are on 
clay ground and need such surfacing. 

The sand deposited in Lake Agassiz, except that in the 
beaches, is too fine for use in making roads. Some of it is 
quicksand. Good sand may be obtained by screening any of 
the gra yels. 

BUILDING MATElUAIS. 

Stone.-Boulders from the drift may be employed as build~ 
ing stone and are generally used for making foundation ·walls 
in the region. Most of the boulders are of light-colored lime­
stone and red 01' gray granite, though some of dark-colored 
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crystalline rock are also found. The granitic and other crys­
talline boulders and cobbles are suitable for 'making orna­
mental walls. There is not a great variety of stone among 
them, however, imd the supply is rather small. 1\1ost of the 
boulders are about a foot in diameter; a few are as large as 
6 feet in diameter. The granite and fine-grained crystalline 
boulders are generally well rounded, but ml;tny of the limestone 
boulders are flat. 

The boulders are found in the till, and in some places where 
the land has not been cultivated they remain sparsely strewn 
over the surface. In other places they are either piled in 
heaps for use or, where the fields are most cultivated and 
houses are most. numerous, they have in large part been used 
and are scarce. 

Sand and gravel.-The abundant gravel and sand have 
already been mentioned under "Road materials." When 
properly screened they are also used with cement in making 
concrete. The sand consists largely of good" sharp OJ or rough 
and angular grains of quartz. The gravel, on the other hand, 
consist.s in large part of pebbles of limestone, which, except 
where the material has been leached, are fresh, hard, and 
strong. A few pebbles of gteenish shale that occur in the 
gravel are objectionable, as they tend to swell and finally to 
split oft' or break out in spots on the surface of the concrete. 

Brick clay.-Bricks ·were formerly made at a clay pit on 
the north side of the road in the NE. t sec. 24, l\forris Town­
ship, 3 miles northeast of Morris. A laminated or water-laid 
till is now seen in the pit. The bricks formerly made there 
are said to have been cream-colored or slightly red. At Elbow 
Lake bricks are made of the same kind of clay. The kiln is 
between the Minneapolis, St. Paul & Sault Ste. Marie Railway 
and the east end of Worm Lake. The bricks are light red, 
porous, and of low weight. The presence of limestone pebbles 
in the clay causes some of the bricks to effioresce if they are 
exposed to the weather too soon after being made. 

WATER RESOURCES. 

SURFACE WATER. 

Water power. - Pomme de Terre River falls 110 feet in 
crossing the area. At the outlet of Barrett Lake it is held by 
a dam that gives a head of 4 feet of water, and the pow~r 
deyeloped is used in driving a flour mill. The water power of 
the North Star Mill, on the Pomme de Terre 6 miles above 
Morris, is not now in use. The former dam was 6 feet high. 
Another dam, about 6 feet high, near Morris, in the N\V. i­
sec. 12, Darnen Township, is also not now used, the flour mill 
that ·was formerly run by the power developed there having 
been burned. The water power at all these mills has been 
supplemented by steam power. Although no data are avail­
able on the stream flow in the quadrangles, the records from 
adjacent areas, together ,yith the fall, indicate that the avail­
able water power amounts to less than 500 horsepower. 

The Chippewa mill, on Chippewa RiYer, formerly stood on 
the north side of sec. 1, Elk Lake Township, but no water 
power is used there now. At that place the river has a fall 6f 
30 feet ill a short distance. Chippewa and Mustinka rivers 
are both small within these quadrangles and are not now used 
for power. 

Quality of water of lakes and streams.-All the water in the 
lakes and streams is more or less hard and alkaline because of 
the chemical compo~i~ion of the clay in the gray drift. The 
quality. of· the water in each one :varies because of freshening 
in seasons of heavy rainfall and concentration at times of 
excessive evaporation. The water of the rivers and of the 
lakes through which the rivers flow is the best, but even this 
,vater i~ somewhat discolored because of the growth of vegeta­
tion in it and because of drainage from meadows. However, 
the streams and ponds are not used or needed for supplying 
drinking water, except for animals, and are valued less as 
sources of water supply than for the wild fowl and fish that 
inhabit them. 

GROUND WATER. 

General featuTe8.-By ground water is meant the water 
intermingled with soil and rock in tile ground, and by ground­
water table is meant the level at which this water stands in the 
ground or to which it rises in wells. The ground-water level 
is highest in the northeastern part of the area and lowest in 
the northwestern part, as shown on the geologic maps. It 
conforms broadly to the general surface and is not much 
influenced by local hills and valleys. Hence, in parts of the 
Chippewa, Pomme de Terre, and Mustinka valleys and of the 
basin of glacial Lake Agassiz the water from the deeper parts 
of the drift will rise a little above the surface. In these val­
leys, therefore, flowing wells have either been drilled or could 
be obtained, as shown on the geologic maps. 

Most of the lakes and sloughs are higher than the level to 
which the ground water will rise in wells. For example, the 
leyel of the ground-water table in the region about Cormorant 
Lake is 25 to 50 feet lower than the surface of the lake. Such 
lakes and sloughs are filled by the rains, and their water is 
kept from sinking into the ground by impervious beds below 

them. Hence they supply very little water to neighbori,?g 
wells, most of the water that is caught in the lakes being 
returned to the air by evaporation. The artificial draining of 
the lakes should therefore not affect the wells unfavorably. 
On the contrary, as the lake beds are commonly broken up 
and made pervious when they are drained, the supply of 
ground water should be increased by drainage. 

The water that percolates to the ground water below passes 
slowly downward, generally through the nearly impervious 
clay, bnt wherever local lenses or layers of p~rvious sand or 
gravel are included within the clay the course of the water is 
influenced by them, and at some places where gravel. beds 
exist water no doubt flows directly or obliquely downward, 
or even rises again under certain conditions. Most of the 
gravel and other pervious beds lie nearly horizontal or rather 
they dip slightly in the direction of the slope of the land and 
may give a very oblique course to descending water, which is 
prevailingly in the direction of the slope. Below the general 
plane of ground water the flow is slow from places where the 
plane is high to those where it is' low. The sheet of water as 
a whole flows slowly, but beds of gravel doubtless give mo:r;e 
speed as well as oblique direction in many places, so that there 
is movement of water also in the lower water-bearing zone. 

Few notable springs occur in this region, and all are 
evidently seepage springs, being supplied by ,vater that has 
entered' the ground and has found an outlet before reaching the 
general water table. A series of small springs on the east side 
of the Mustinka Valley in the ~. t sec. 14, Elbow Lake 
Township, are just at the height to which. artesi~n water rises 
in neighboring wells (1,110 feet above sea level). A spring 
near the east shore of Barrett Lake (S, t sec. 6, Elk Lake 
Township), which flows 5 gallons a minute, is also at a low 
altitude. Springs were noted in the bottom of ravines in the 
SE. t sec. 19, Erdahl Township; in the NE. t sec. 25, 
Sanford Township; and larger ones near Mud Creek in the 
NW. t sec. 16 and in the NW. t sec. 29, Darnen Township. 

SUlface wells.-Many wells in this area that depend on sur­
face water were once used but have been abandoned because 
they often failed in seasons of drought or were not equal to 
increasing demand. Some such wells, however, are still in 
use. In many shallow wells there is liability to contamination 
of the water, and some have therefore been abandoned. 

Distinction may be made between shallow wells in gravel 
and those in till. The glacial outwash gravels that lie at the 
surface in the Pomme de Terre Valley are filled with water to 
a level controlled by the river, and wells sunk into th~m find 
an adequate supply of water. As the ground is porous all 
these wells may be liable to contamination, especially from 
areas that lie upstream. Besides the wells at the farmhouses 
on the glacial outwash deposits that are shown on the maps, 
the wells at Barrett and those at the Morris ·waterworks draw 
their supply from grayel beds in the Pomme de Terre VaUey. 
Wells at farmhouses along the Chippewa Valley likewise 
penetrate glacial outwash gravels which are satllrated below 
the level of Chippewa River and which yield abundantly. 
The anrient shore gravels of the Herman beach also contain 
water near their base and supply several shallow wells dug 
near houses on the beach. 

Practically all the wells in the till draw water from irregular 
and discontinuous bodies of gravel, sand, or silt that are inter­
bedded with the till. Most of the water-bearing beds are 
underground reservoirs that are filled more or less directly 
with rain water. Such beds 'may be pumped dry in time, or 
they may become empty because of flow from them to lower 
beds or to the dried-out till around them. As the water 
descends or flows off fro~ one gra\'el bed to another, some 
shallow wells that penetrate water-bearing beds that are con­
tinually replenished may be practieally inexl~austible. A few 
wells are supplied from flowing underground streams. For 
example, a well at a house in the NE. i sec. 17, Erdahl Town­
ship, ''I'hich is 45 feet deep and contains 2 feet of water, is 
supplied by a stream that flows neal' the bottom of the well. 

Because of the conditions described some wells that fill 
nearly to the surface of the ground may be easily pumped dry, 
though others which rontain but a few feet of water yield an 
adequate supply. . 

Wells drawing f1'orn levels below the wale1' table.-Many ·wells 
in this region draw water from beds of gravel, sand, or silt in 
the glacial till. All the clay'of the till below the ground-water 
table is saturated with water, bnt as it is very fine grained and 
close textured it yields little 01' none to wells. The deep 
beds of gravel and sand yield water, ·which rises in the wells 
to the ground-water table and therefore has artesian head. 

The water table everywhere lies above the bedroek, and 
therefore there is everywhere a zone of saturated drift. :\fore­
over, beds of gravel 01' sand of sufficient extent to yield ... "ater 
are so abundant that failure to find water in the drift is excep­
tional. However, these .beds are so irregular in distribution 
and size that two or more deep wells sunk only a few rods 
apart may strike different ,vater-bearing beds and obtain very 
different quantities of water. For this reason the depth to 
which a well must be sunk to find an adequate supply of 



wa~er can not generally be predicted. The bedrock is nearly 
everywhere too impervious to be ,vater bearing, but in some 
places it may have open joints, which serve the same ,purpose 
as a bed of gravel in carrying water or .collecting it from the 
till. In a well in the SW. f sec. 5, Everglade Township, 
water was found only after the drill had passed 8 feet into the 
granitic rock 'under the drift. 

More than half the deep wells now in use get water 
from beds of gravel or coarse sand that yield freely, but 
many wells are stopped in beds of fine sand or silt, either to 
save the cost of 'sinking them deeper or because they have 
struck bedrock without finding grave1. A screen is commonly 
attached to the casing of such wells to prevent the silt or sand 
from entering with the water. These screens may beco,me 
coated with calcareous deposits and in a few years may thus 
become entirely clogged. 

'When an old well is sunk deeper and reaches a water~ 
bearing bed at or below the ground~water table, the head of 
water' generally falls nearly to the lower water level, even if 
the water from the higher beds is admitted to the well. If the 
deep water-bearing bed is relatively weak the height to which 
the water rises in'the well may fluctuate greatly with alternat.~ 
iug wet and dry periods. 

There is reason to believe that good wells are more com~ 
monly obtained in high than in low places, for the height of a 
tract may be due to some extent to underlying lenticular beds 
of gravel and sand, which bear water, as shown in figure 12. 

FIGURE 12.··-Ideal s!:lction showing underground conditions that favor 
succes~!ul wel1~ on high ground. The hlgheJ:" ground is believed to be 
more genetll11y underlain by grav('l deposits (darker lenses in the 
figure) thun the lowlands, and most of the gravel beds are water 
bearing. 

Municipal 8Ilpplies.-All the towns of the area have deep 
wens except Morris and Barrett, where the wells are shallow. 
A well 450 feet deep supplies the entire town of Elbow Lake, 
yielding 40;000 gallons a day without notable lowering of its 
head. Herman is supplied in the same way by wells 140 feet 
deep, and Donnelly by one well 125 feet deep. The town 
well at Hoffman is 75 feet in depth, that at Chokio 80 feet, 
and that at Norcross 150 feet. The waterworks at Hancock 
is supplied by a well that is sunk to a depth of 480 feet but 
that receives no water below the depth of 117 feet, where there 
is a strong inflow. 

Flowing wells.-Wells flow because the surface of the land 
on which they aTe sunk stands below the plane of artesian 
head, or below the height to which water rises in wells from 
the pervious beds within the till. The water which is derived 
from rainfall on a neighboring high catchment area passes 
through pervious beds with a movement as fast as friction 
permits toward lower land. It passes almost horizontally from 
tracts where the water table is high to where it is lower, its 
flow being most rapid through the pervious beds, to which it is 
in large part confined by the nearly impervious beds of till. 
The water thus flows horizontally under certain surface depres­
sions, although it has artesian head enough to overflow the top 
of a well sunk to the water-bearing beds. 
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Where the bott~1n of the Mustinka Valley enters the 
Herman quap.rangle it is a l~tt1e belo,Y the level to which the 
artesian water rises, the water in the only ~eep well in the val­
ley there standing 1,110 feet above sea level, or 10 feet above 
the level of the water in the river. The same condition occurs 
on the Mustinka east of the Herman beach, where the water 
in a deep well swnds 1,076 feet above sea level, or 25 feet 
above the river. There are no deep wells in the Pomme de 
Terre Valley, but flowing wells could perhaps be obtained in 
some parts of it. A flowing well that has a head of 1,085 
feet above sea level was drilled on the south side of sec. 20, 
Elbow Lake Township. 

In certain districts in the northwestern part of t~18 Herman 
quadrangle all the deep wells overflow. One of these districts 
is north of Mustinka River, in Gorton and North Ottawa 
townships, and extends several miles north of the Herman 
quadrangle; the other is south of tlle river, in Gorton and 
Logan townships, and extends westward a short distance 
beyond the Herman quadrangle. In the northern district 
there are more than 20 flowing wells, which range in depth 
from 20 to 165 feet and have 1 to 10 feet head above the 
ground; in the southern district there are 5 flowing wells, 
which range in depth from 100 to 150 feet and have 1 to 3 
feet head. The head of the flowing wells in the two districts 
ranges from 1,012 to 1,042 feet above sea level. The best 
wells have a flow of about 10 gallons a minute. Some of 
them have been flowing without restraint for 10 to 20 years, 
but the rate of flow is said to have decreased somewhat in 
that time. A few wells that barely overflo,ved at first have 
lost head, and the water level in them is now 1 to 4 feet 
below the surface. 

SOILS. 

General character.-The soil of the region is derived wholly 
from materials of glacial origin. The differences in the soil 
are chiefly those that have resulted from original differences in 
the drift and from subsequent drainage. The chief differences 
are in the proportion of clay and sand, the amount of humus, 
the surface drainage, the underground drainage, the thickness 
of the subsoil, and incidentally the presenee of alkali. 

The drift contains a great variety of mineral subsw,nces.and 
makes a rich soil. The present rich soil was obviously formed 
by the weathering and decomposition of the surface of the 
drift and by the addition to it of vegetable mold or humus. 
The underlying drift is a like source of future soil. At many 
places there is a distinct subsoil of weathered drift, which is 
like the soil except that it contains no humus. The soil and 
subsoil have together an average thickness of 2 feet. The 
most notable difference between the subsoil and the fresh drift 
is that the fresh drift contains an abundance of calcium 
carbonate. Wherever the surface drainage is rapid the soil 
and subsoil are thin and the carbonate-bearing zone lies near 
~he top of the ground and may in certain small tracts be 
turned up by the plow. At the foot of the slopes and in 
uumerous small sloughs the soil is generally thick and the 
carbonate-bearing drift lies 3 to 6 feet or more below the 
surface. 

Where water percolates through the soil from below and 
eYaporat8S' at the surface, a concentrate of "alkali" is left in 
the soil and alkali land is formed. 'Vherever an excess of 
alkali has long interfered with the growth of vegetation the 
soil may be ,poor from lack of humus. The alkali may, how~ 

ever, appeal' in thick mucky soils ,,,,here the conditions of 
drainage have been changed. It disappears likewise where 
tiling, deep plowing, and the addition of coarse fertilizer have 
allowed rain water to lea,ch the soil downward. No attempt is 
made to represent the distribution of the alkali land on the 
accompanying maps, as the alkali spots are of irregular shape 
and small extent, though widely distributed. 

Loam on gravel and sand.-The soil on the glacial outwash 
plains and the glacial lake beaches is a mixture of sand and 
clay and rang!?s from light to heavy loam. It has been formed 
from. weathered gravel and sand, such as it now rests upon. 
The clay came from the weathered gravel, especially from 
limestone pebbles but in part also from grains of calcite, dolo­
mite, hornblende, feldspa.r, and mica, in the sand. The soil is 
black from its content of humus and is 6 to 18 inches thick. 
Even where this soil is on flat ground it is well drained except 
in low meadow land along rivers. The soil itself is good, but 
where it is thin the porous ground under it makes it dry in 
times of drought j where the soil is thick and the amount of 
humus in it is great such dryness is much less apparent. 

Loam on till.-In the part of the area once covered by Lake 
Agassiz that lies west of the Herman beach there is loamy soil 
in places where the lake deposited fine sand. This soil is 
mostly rich in humus. It rests either immediately on till or 
on 1 to 6 feet of very fine silt aboye the till. rrhe black soil is 
6 inches to 3 feet deep and ranges from light loam to muck. 
As the till is rather clayey and the surface of the land is flat 
much of this area req\lired drainage by ditches. The part that 
needed artificial drainage is in general occupied by the better 
soil. 

Loam and clay soil on tilt.-The soil of that part of the bed 
of Lake Agassiz that lies outside or east of the Herman beach 
is variable from place to place. The most characteristic soil of 
this part of the lake bed is a. thick black loam that rests on 
till, but at some places the soil rests on sand or loam that lies 
above the till and in other places it consists of clay formed in 
part or wholly of weathered til1. 

Clay soil on till.-The soil of the greater part of the old bed 
of La.ke Agassiz in the Herman quadrangle and the soil of 
nearly an the till surface in all four quadrangles consists of 
clay formed of weathered till containing much humus, and it 
differs according to the topography. On a steep slope it may 
be only a few inches deep and the protruding boulders and the 
pebbles that are turned up by the plow may make the land 
look stony. At the foot of the slope, however, the soil may be 
several feet deep. The prevailing or ordinary till surface, on 
which knolls and low, broad swells are interspersed with 
kettles and sloughs, has a rich black soil, which is about a foot 
deep on well-drained land but from 2 to 6 feet deep in the 
kettles and sloughs. The beds of drained lakes have a rich 
mucky soil of uneven depth. 

As the till under the soil is nearly impervious artificial 
drainage is needed to prevent the flooding of crops in the 
bottoms of old sloughs and kettles in wet 8easons, and as the 
soil of the sloughs is fertile such drainage is becoming more 
common. Although the bottoms of most of the sloughs and 
lakes stand above the level of ground water, the till or clay 
of which they are formed prevents the water from sinking. 
Vertical draina1lie has not yet ~een successfuny employed; 
the only effective methods of drainage are surface ditching or 
tiling close under the soil. 

March, 1916. 
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