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The Geological Survey is making a geologic
g of the United States, which necessitates the
preparation of a topographic base map. The
two nre being sssed together in the form of an
atlis, the parts of which are called folice.  Each
foliv consists of a topographic base map and
geologric maps of & small are of country, together
with explanatory and descriptive texta,

THE TOPOGRAPHIC MAP.

The features represented on the topographic
are of three distinet kinds: (1) inequalities

uiﬂ.n’.!mu,ﬂllndrﬂfupllmu.plmu valleys,
hills, and mountains; (2} distribution of water,
ealled drrinage, s streams, Inkes, and swnimnps;
(8) the works of man, called ewftwee, ns ronds,
milromds, boundaries, villages, and cities

Felisf —All elovatidng are measured from mean
sem levell  The Hgilt of many points are scen.
I'llﬂr Eﬂdtﬂl‘hﬁ.l, those which ame most
iy t mre given on the map in figures
It is desirable, however, to give the elevation of
all parts of thé aren mapped, to delineate the
horizontal outline, or contour, of all slopes, sl to
il ionts ﬁﬁrgﬂkﬁdwdm This
in done by lnes conneeting points of equal eleva.
tion above mean s level, the lives being down
at regular vertical intervals. These lines are
called comfonrs, nud the wniform vertienl space
betwoen each tws contours is called the contour
intervnl.  Contours and elevations are printed in
brown, ;

The manner in which contours sxpress sleva.
- tiom, formy, and grade is shown in the following
sheteh and corresponding eontour map:

Fig L=Ideal sketeh and sorreapond ing s00bOnr .
The sketch represents a river valley between
ia the sea, with & bay
which ia partly elosed by a hooked sand bar. On
each wide of the valley is & terrace.  From the
termée on the right a hill nﬂp‘ldlﬂllf while
* from timt on the left the ground sscends steeply
in m precipice. Contrasted with this precipice is
the geatle descent of the slope at the left. In the
map each of these features in indicated, directly
beneath its position in the sketch, by contours,
The following explnation may make clearer the

' manner in which contours delineate elevation,

form, and grade:

1. A contour indicates spproximntely a certain
height above sea Jevel In this illustration the
contour interval is 50 feet; therefore the con:
- tours are drawn at B0, 100, 150, 200 fuet, and 50 on,
above sea level,  Abong the contour at 250 feet lie

of the surface 250 feet above sea; and
ly with any other contoar. In the space
between any twe contours are found all elevasions
abore the lower and below the higher contour.
Thus the contour at 150 feet falls just below the
edge of the terrace, while that at 300 feet lies
above the terrsce; therefore all points on the
~ terrace are shown to be more than 150 but less
than ‘200 feet above sen. The summit of the

_ higher hill is statod to be 670 feet above sea;

necordingly the eontour at G50 feet sarrounds it.
Im this illustration nesrly all the sontours are
pumbersd.  Where this is not possible, cerfain
contours —say every fifth one — are scoemtunted
-nnd nambered ; the lei of others may the

“be ascertained by counting up or down from a
 pumbered s :

cuntolr.

EXPLANATION.

2. Contours define the formsof slopes.  Sice

rontonrs sre sontinuons horizemtal lines sonform. |

'mg to the surface of the g;.nn:\ntrml.| t]:-n:' wind
smoothly about smooth surfaces, recede into all
reentrank l.ng]rsl of rlvinn., ||.|1|."| '|_1mju¢l. n |u.|qiug
abont promiprpess,  The relations of contour
carves and sangles to forms of the landseape can
be traced in the map apd sketeh.

3, Contours show the approximate grade of
any alu[hr The vertical space betwesn two con.
tours is the sme, whether thoy lie along a il |
or on'a gentle slope; bat o rise & given height
on a gentle slope one must go farther than on a
storp slope, and therefore contours are far apars
on gentle alopes and near together on steep abes,

For a flat or gently unduolating country a small
comntour interval is used ; for a steep or moastain-
s oountey o large interval is necensary. The
l:l!l.l:ﬂtﬂ. imterval ussd on the atlns sheets of the

Survey is 5 feet.  This is used for |

h!gim like the Hl.mlanPl delta and Ilu.- Dismal
Swnhrp. In mapping great mountain ||m1=,]||-cl:
thee in Colomda, the interval mny L= 250 feot.
For intermedinte relief contour ill.tén'n]i of 10,
a0, 26, M0, and 100 feet nre uged,

Dm;mg\-.—wmer conrrses are ndientd 1!:' il
lines. If the streams flow the year rouml the
line is dmwn onbroken, buat if the chansel is dry
u.l:-.ri-nf the yenr the lne is broken or dottel. |
Where a stream sinks and reappears at- the sur
face, the supposed underground courss is shown
by a broken Blue line. Lakes, marshes, amd other
bodies of water are also shown in blse, by appro-
priste conventional signs.

Cultwre—The works of man, such as rosds,
railroads, and towns, together with boundaries of
townships, counties, and States, amd artificial
details, are printed in black.

Boalen—The area of the Unitad States (exelad-
ing Alaska) is about 30206000 square miles. On
u map with the scale &l 1 mile to the inch this
woukl cover 3025000 square inches, and to
sccommodnte it the paper dimensions woull need
to be about 240 by 180 feet. Esch square mile
of groupd sarface would be represented by a
square inch of map sarface, and ooe lisear mile
an the SI'WIIII would bhe mprrm-nh-ﬂ Ilj' n linear
inch on the Ilhlllb, This relation between distance
im nature and eorresponding distanes on the map is
called the seale of the map.  In this cose it is =1
mile to an inch,” The senle may be expressed alse
by & fraction, of which the numerator is & longth
on the map and the denominator the correspond.
img length in nature expressed in the same upit, |
Thus, as there are 63,360 inches in & mile, the
seale of ¥ 1 mile to an inch * is expressed by gle
Both of these methods are used on the maps of
the Geological Burvey.

Three scalos are used on the atlas sheets of
the Geological Survey ; the smallest :uwﬂn
intermedinte i, amd the Jurpest gl Thess |

approximately to 4 miles, 2 miles,

the sides and corners of each sheet the names of
naljncent sheots, if published, are printod,

Llets o the topographic dheet—Within the limits
of scale the topographic sheet is an sccurste and
charmeteristio dolineation of the relief, drinsgze,
and culture of the districs represented.  Viewing
the landseape, map in had, every charastoristio
feature of sufficient magmivade should be resog.
nizable, It should guide the traveler; serve the
imvestor or owner who desires to ascertain the
posation and surroundings of© property to be
hought or solil; save the engineer |n-eli|ui|um
surveys in boeating roads, milways, amd jrrigation
ditehes; provide educational material for sehools
| and bomses; and serve many of l,l'uu purposes of

lllﬂi.l‘ rUl' ]ml tdl‘m

THE GEOLOGIC MAP.

The maps wpresenting areal geclogy show by
colors amld comventional signs, on the topogrmphic
base map, the distribution of rock formations on |
the sarface of the sargh, and the strectum-seetion
| map shows their underground relations, as far as
| knvwn and in such sdetail as the seale permits,

KINDS OF RisKS

Rocks are of many Kinds. The -mg-lun] orust
of the earth was probably compesed of dgneons
rooks, and all other rocks have been derived from
them in one way or another.

J\.lluuﬂllhuﬁc HE'I:IH!II"I gmlnnll}' hireal up i.gnp
| ous rocks, forming superficial, or sueficid, deposits
af ri‘u._l,', annd, sml g'rl.'l.'rl. Dr|m-|i1:; of this class
have been formesd on land surfaces sines: the
earliest peologic time, Throagh the transporting
n.g\'mi.ﬂ. of streams the surficial materials of all
nges awil origine ape carried o the soea, whers,
along with materin] derived from the land by
the action of the waves on the coast, they form
seimentary rockt, These are vsually hardewed
inte conglomerate, umiubann. shale, and limestons,
bt they may remain w lidated and still be
ealled * pocks ™ hy the geolagist, tbclug]t pogailardy
kmown as gravel, sand, and clay.

From time to tine in geologio history igmeons
aiid sedimentary rocks have beon deeply buried,
consolidated, and raised in above the surface
of the water. In these processss, throogh the
.lgléuﬁeu afl [rreasiire, ovement, and ehemiesl
sction, they are often greatly altered, and in this |
dombition they are eallel metmmonpdic rocks,

fgml.rl rooks—Theas are rocks which have
conled and conselidnted from o liquid siate, As
]L.u leen |.:|n]u:nud lled:mlmh.r:. rocks  wore
deposited on the originnl igneons rocks,  Through
the igmecus and sedimentary rocks of all ages

upward to or near the surface, and thum consoli-
dated, When the channels or vents into which
this molten material i forced do pot reach the
| urfsce, it may consolidate in cracks or fissures

meolten material has from time 6 Gme been fopeed '. o

and 1 mile on the proamd to an inch on the map, | crossing the beading planes, thus forming dikes,
On the scale gl o square inch of map surface | or spresdd ont betweon the strata in large bodies,
represents apd eorresponds nearly to 1 square | called shests or lsecolithe, or form largo irregular
mile; on the scale gl to about 4 dquare miles; | cross-cutting masses, called stocka. Such rocks nre
ool on the seale gl to about 10 square miles | called fafensive. Within their rock inclosures
At the bottoin of each .atlas abeet the seale s | they cool slowly, and henes are generlly of crys-
expressed in three different ways, one being o [ talline texture. When the channels reach the
grodusted line representing miles amd parts ul' surfaee the lavas oftem flow out and build up
miles in English inches, anither indicating dis- | volonnoes. These lavas ooal rapidly i the air,
tance in the metrio system, and a thind giving the | scquiring o glssy or, more often, o partinlly crys-
fractional seale. i talline comlition. They are usually more or les

Atles aheets and fmﬁrﬂkgﬁm-—-m :mﬂ.l.‘l ™ TS, The .E:l:"ﬂ.ﬂ.llll rocks thuas formed upsn thas
being published in atles sheets of convenient size, | surface are called eefruafoe.  Explosive action
which are boundel ll:," ln:rl]]eh sl meridians, :-od"ﬁ'n mml.'l.nu_iﬂ volenmie rmlltilmu., cAusing
The corresponding fourcornerad portions of ter- | ojections of dust or ssh and larger fragments,
ritoey are cnlled guadrangles,  Fach shoot on | These materinls when comsolidated constitute
thie seale of contains one squan: 1|rgm|, i oo a | hewecins, lﬂlﬂlﬂl.'l‘lb!ﬂ.' and taffs, The ash when

degres of lntitude by o degree of longioude ; each |

shest on the seale of L7, contains snequarter of
& squart degree; each sheet on a seale of
contains ope-sixtemth of o sqoare degree.  The
areas of the corresponding quadrangles are about
4000, 1000, and 250 square miles, respectively.
The atlas sheets, being only parts of one map of
the United States, ane laid oot without regard to
the houndary lines of the States, counties, or town:
ships. To each sheet, and to the quadrangle it
represents, is given the name of some wellknown

carriel into lakes or seas may becons stratified, so
| 48 to have #he strocture of sedinwntary rocks,

The age of an igneous rock is often diffienlt or
inpossible to determine, When it culs across a
sedimentary rock it i= younger than thai rock,
amd when a sedimentary rock is deposited over
it the igneous rock is the obder.

Under the influenes of dynamic and chemieal
forees an igeeous rock may be metamorphosed,
The alteration may involve only a mirrangenent
of ita minute particles or it may be accompanied
by a change in chemical and nineralogic composi-

town of natural feature within its limits, amd st
# 5
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| tiom,  Further, the strocture of the rock may be

changed by the development of planes of divi
sio, s that it splits in one direction more easily
tham in others. Thos n gragite way pass into s
gﬂm, amil from that into o miesschist,

el Freenfary rovks,—These comprise all rocks
which have been deposited onder water, whether
in sen, I"J‘-"v or sfream, T']1||-..l.' form o vory :Ilugq
part of the dry Innd.

When the materials of which sedimentary rocks
are composed are carried ss solid | particles by
water and deposited as gravel, sand, or muad, the
deposit is ealled o mechanical sediment. These
mny become hardened into conglomerate, sund.
stone, or shale, When the material is carried in
salution by the water and is deposited without
the aid of life, it is called a chemical sediment ;
if l?q'mhd with the aid of life, it is called an
organic sediment.  The more important rocks
formed from chemical aml orgnnic deposits sre
|imul.mm chert, gy psum, aalt, iron are, iuull..
lignite, and eoal. Any ope of the above sali.
mentary deposits miy Le separtely formed, or
the different materials may be intermingled in
many ways, prodicing o grent variety of rocks,

Bedimentary rocks are llm.l.l]IJ.' male up of
lnyers or beds which ean be ensily separated,
| These lnyers are callsd atrate.  Kocks deposited
il =iceessive lu.:.'m are anid to be strmtified,

The surfsce of the earth is not fixel, &= it seems
fo be; it very slowly rises or sinks over wide
expanses, sl a5 it rises or subsides the shore lines
of the ocean are changed : areas of deposition may
rise above the water aml become land areas, and
land arcas may sink below the water and becoms
areas of deposition. [T North Amerien were
gradually to sink a thousand feet the sea would
flow aver the Atlantic cost amd the Missisippi
andl Ohio valloys froms the Gulf of Mexico to the
Great Lakes; the Appalachian Mountains would
become an archipelage, and the ocean's share
woubd traverse Wisconsin, Lowa, and Kansas, and
extend thenoo to Texas. More extensive changes
than this have repeatedly cocurred in the past.

The charscter of the original sediments may be
changed by chemical and dynamie sction so as to
.-pmulm Iill!hmutl.ﬂ.ﬁc rocke, Tn the metamor.’
phism of & :l.-ﬁull.-n!..lrr rock, just na in the meta-
morphism of an igueous rock, the subatanses of
which it is nolulu.m] may enter Inte new som-
| binations, or wew sulstances may be added.
| When these processes are complete the m!lmon
llur_!f rock becomes erystalline,  Such
trnsform sandstone to quartzite, lin n t.u:l
marhle, and mnﬂif}' other rocks Mmrd'ing [71]
their composition. A system of paralle] division
planes is often produced, which may eross the
riginal ‘beds or strata at amy angle. Hocks
divided by such planes are ealled slates or schists,

Rocks of any period of the earth's histary may
be more or bess altered, but the younger forma-
tions have geserally escaped marked metamor.
phism, and the oldest sediments known, thongh
generally the most altered, in somse localitics
remain sssontially unchanged,

Surficial rocke—These embracs the soils, cluys,
sands, gravels, and bowlders that cover the surface,
whether derived from the breaking up or disinte
gration 'of the underlying rocks by atmospheric
agencies or from glacinl action.  Burficial rocks
that are dae lu:rlﬂn.l.l.ll.q,ﬂ'n.huum ||n.u]ucﬁ.:| r]11rﬂy
by the action of air, water, frost, animals, and
plnla. T]wy ooREst |n.uih|f of the least soluble
parts of the rocks, which remain aftor the more
aaluble parts have been leached out, and henoe »
are kpown s residual larw[u{:u. Botls apd suls
scils are the mwost important, Residual accumu-
Intions are often washed or blown into valleys op
other depressions, where thiey lodge and form
depusits that grade inte the - sedimentary class,
Surficinl rocks that are dus to glacial action are
| formed of the products of disintegration, together
with bowlders and fragnwonts of rook rabled from
the surface and growdd together. These are
sproad  irregularly over the territory oceupied
by the ice, and form a mixture of cluy, pebbles,
and bowlders which is kmown as till. It may
oocur a8 & sheet or be banched - into hills wnd
ridges, forming moraines, drumling, and other -
special forma,  Much of this mixed materinl was
washed away from the iee, assorted Ly water, and
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DESCRIPTION OF THE OLIVET QUADRANGLE.

GECGRAPHY,
GINER AL RELATIONS,

Eastern Bouth Dakota lies on the Great Plains
in the broad, indefinite zone in which thise plaiis
marge into the proiries of the Mississippi Valloy.
It = comprised within the o of glscintion snd
maost of its surfsce features show the characteristios
of a drift-coversd region.  The country is mostly
level or prscats bow, rolling slops raing out of
broad cxpanses of plaine.  The principal clements
of relief are long mnges of low hills doe to
mominal sccumulations left by the ice along lines
marking variows passes of glacial advance snd
retreat.  Further diversity of topography lss been
prosduced by the excavation of the valleys, specially
that of the Missouri, which has cut & trench sev-
eral handred foet deep, mostly with steeply sloping
mides. Betwoen the meomsings there are rolling
plaing of till and very level plains due to the Rlling
up of glicial ke, The upper James River Val-
ley presents n ootable example of this lnkebed

topagriphy.
LOCATICON,

The (livet quadrangle is located between longi-
tude 97" 30 and 08 west, amd between latitude
43" and 43° 30° porth. It embraces portions of
Hutchinson, Bowhonme, and Yankion countics,
Houwth Dakots, its morthern line being also the
nortlern boundary of Hutchinson County, and has
an ares oF about 871 square miksm. 1t lios maostly
within the dminage basin of James River, which
enters the quadmngle oear the conter of its north-
ern boundary, and, sfter an irregular course, leves
the gquadrngle in the southestern portion. A
conshlemble area in the sowthwestern eomer dmins
directly into Missouri River.

TOFHIRAFHY,

The region i in general flat, and it fatuns are,
with few those of very subdued
topography, the basing being shallow and widely
separted, and the swells very low,  Roughor ars
ooenr in the mominic regions, which are shown on
the Areal Geology sheet. At some points the swells
rise into hills from 15 to 25 feet high, which ane
more fully deseribed under ihe heading “Moraines."
‘Thee: surfance varies in altitade from 1175 1o 1625 feet
nliove pom bevel, the average being abaut 14080 foot,

By neglocting the channels of the less important
strenma, it may be sid that the lower portion of
the plain follows James River as an axis, and &=
broader near the center-of the quadmngle, whene
it s o width of at least 12 miles and i very little
more than 1300 feet above sm,  From this plain
there iz 0 very gradual rise 1o the est, the nonthern
half of the estern border of the qusdmngle being
maore than 1400 feet above s level,  There is a
similar gredusl riso toward the soathwest, w0 the
Clatean Creek Hills, which rise to 1630 feet abave

s abong the southern half of the western bonder |

of the quadmngle.  Extending eastwand from the |
Chotesn Creek Hills there is & low swell nearly |
1500 feet in altitwde st the west and declining |

toward the east. [t comtinues nearly to Tamoen |

Ridge in the southenst corner of the quasdmngle, |
which, just heyond the eastern margin of the qu-rl-
ranghe, rises abruptly to more than 1500 foet.

There are no important elevations wholly within |

the quadrangle, ihe Choteau Creek Hills being the
st conspicnous.  They are largoly of mominie
origin, though they doubtles owe their lomtion
un ebevation on the proGilscin] surfue, They have
s nearly north-sonth axis and an ill-defined out-
line, the country rising gradually towand them.
They present two distinet members in the (Hivet
quasdrangle, 0 higher central nucleas and an outer
rims, soparsted by 0 corved wlley which contsins the
headwaters of Emanuel Creek.  The rim is best

By J. E. Tdal,

James Ridge is & moch more distinet bat less
extensive nnd less elevated divide than the Chotesa
Crock Hills,  Its axis extends northwest and
southenst. The ridge is about a mile wide, and its

1550 fiet above s level, or 180 feet above the
surrounding  country,  Only the northwestern
third lies within the quadmngle. Its extreme
northern ewd is separated from the higher and
prineipal mass by & valley which dmins o the
sonth on one side gl to the st on the otler.
The principal valley is that of Juws River.
Its aversge width is & little meore than half o mile,
and its average depth a little more than 100 fret.
It & bounded by abript sides having an average
slope of about 35%  The sloge of the fload plain
i nbout 25 foeet in the distanee of about 55 miles
trwversed in croming the quadmngle.  Tts altitude
at the northorn boundary is alout 1300 feet above
the s,  This valley & joined by those of the
tributaries, which are, lowever, much narrower,
and most of them extend but o few mils back

loys are thase of Twelvemile Croek (which is
divided into two pringipal branches), Wolf Creck,
Lonetree  Creck, Dawsom Creek, and rairio
Creek.  In the extreme sowihest corner the valley

corner, i broader, and shows abrupt banks for only
# few milés north of the pouthern boundary of the
qnlﬂrluglr.

GENERAL GEOLOGY,

The surface of mstern Boath Dakota s in lange
part covered with a manile of glackal deposits con-
mating of gravel, sand, silt, and clay, of varying
thickness, which are described in detnil below,
under the heading  Fleistocene deposits.”

The voderlying formations of the region ane
seldom exposed cast of Mimouri River, though
they outerop in some of the hills where the drift is
thin, and = few of the strewms afford oatorl
exposures.  The numerons deep wells throughout
the region have, however, furnished much infor-
mation as to the underground structure.  There
are extensive shewts of clays and modsoms of
Cretscoows nge lying on an irregulsr foor of gran-
ite and quartzite of Archean and Algonkian age.
Unaber mest of the region this floor of b rock™
i over a thousamd feet below the surface, but it
rigew gradually to the surface to the porthest.
There i nlso an undergroumd quartzite ridge of
considersble prominence, which extends sonthwest-
wanl from outcrops in southwestern Minnesotn to
the vicinity of Mitchell, 8, Dak.

The lowest sedinentary formation above the
quurtzite is & don of sl and shaks
of wide extent termesd the Dakota formation,
which fornizshes barge volomes of water for thoos
mnds of wells, Tt rosches n thickness of 300 feet
ar more in portions of the region, bat thine out

sides are abrupt, and its grenest aliitade is about |

from the muin river. The principal trbutary val- |
| ping in the quadmngle, belongs to a formation |

| type locality along Big Sioux River. This Iimlwl
of Beaver Crock leads outward and joins James |
River boyond the boundaries of the qundmngle. |
The valley of Emanuel Crock, in the southwest |
I-:\-;'Puﬂd i few mibs north of the 1'||.|l|:|rlr|j;'|r, lsath

portions of the anticlinal uplift above referred to.
It was mo doubt onee comtinous over the entin: arm,
but was J'Ibt'rlﬂ-'l‘l"1}' rensvenl |'|_1' T Fﬁut 117}
the Cilacinl epoch,  Donbtles the Fox Hills and
Larsmie formations onee extended sast of Misouri
River, but they alsa have sndergone widesprend
ermion and few trsces of them now remain in the
extreme northern portion of the Biate.  Tertlary
dequmits nleo appear to have beon laid down over
part of the region, ss i shown by snmll remnants
atill remaining in the Bijou Hills and other higher
ridges,

The Olivet quadmngle i covered with glacial
drift, with the exception of the allovial flats along
the stremmas and o few exposures of strutifisd rocks
which appear in the base of the river bluffs.
Numerous borings made in sinking artesisn wells
have farnished many data concerning the under-
lying strata, which have a nearly horizontal att-
e,

ALGONKIAY SYSTEM.

Sipur guarizite—The oldst rock known in this
quadrangle, reached in borings though not suterop-

which his boen enlled the Sioux quartzite, from its |

tHon, which & of Algonkian age, consista for the
mavst part of red or purplish quartzite of intensely
compact und durable charmeter. It is extensively

on Waolf Creck and on Jumws River, s las been
siruck in borings st perhaps & score of localities
within the quadmngle. It sema fo underlie the
Dukaotn formation throughoot the quadrangle, and
is wanlly termeed “bed. rock™ by well drillens,
It is stratified, the layers being froquantly 2 or 3
feet thick, but not uncommonly they thin tn 2 or
& inches.  While it k= weually perfectly comsoli-
datedl, ut some points the graing of snd have
[ -onl}- imlwrﬁ'ﬂl;r semented.  On Walf ﬂ:wi:,
sowthwest of Bridgewnter, just outside the quad-
rangle, the quarizite is locally s loosely cemented
that it & easily worked with a spade aml is used as
plistering sand.  Associsted with this quartzite is
a metamorphic clay known as pipestone.  This
i bwwt known at Fipestone, Minn, but a weathered
form of it has boon foand woar Bridgowater and in
# boring 2 miles est of Elmspring, where it is
reportiad to have a thicknes of 12 feet and to be
-I'If n . hﬂl‘]""' 1'4]“"' TII' quurl::llr ]“ 1.&!!
trated to w depth of 145 foet ae Milllown, and to
a depth of about 85 fect ut FElmspring, At Ellrl.-l
epring the rock is reported 1o be thin bedded, so
that the boring was carried on rapidly.

The configurntion of the upper surface of the
quartzite is represented on the Artesinn Wﬂ.l.ﬂ'u]'nﬂ_
hj' :r[hp-,-i.l.l contour lines which indsmte the hr;g;ht
above s level of the surfsce of the rock as
doterminsd by the deeper wells.  In a number
of places deep borings have been made without
striking the rock.

gle, where the formetion comss noarer the |

und dois not continue over the underg d rwdge | g
ahave referred to. It 18 overlain '|.r'lr soveral hun-
dred fiwt of Benton sholes, with thin sindstone
and limestone layers, and o widely extended sheet
| of Niohrara formation, consisting hrgel_'r of chalk-
stome o the south and merging into limy clays
| to the north.  Where these formations appear at
the surfice they rise in an apticlinal arch of con-
gidershle prominence along the undergrowmd 'mlgr

aml west and lie several humdred feet deep in
the norh-central portion of the State.

ity of Sioux City and southward, The Piere

In the |
Missouri Valley they rise gradually o the n]ul!l!-I of rocks of Paleozoic age, which is indicated not |
wist -n\d rﬂd‘l. t]'u;l “rﬁﬂ- in mlutuu'nm. I]ur |:|r||1'r |:|1'|.' the lu.'ln':lg,u within the qLII-l]I'I.DH]EI Tt hj'_
Dakots muwdstone fipally outeropping in the vicin- | ohservations made in the adjoining regions, for the | first separated by F. Y.
Pabeozoic formations that ane exposed on the estern |

nl.'rﬁue.
mation is indiwted as extemding southwestwand

from Wolf Crock., This nepresentation is besed on |

the reported striking of the formation southost of

Tripp, together with evidences of uplift of the over- |
Iving mndetonms so that they are exposed near the |

mauth of Wolf Creck.
denee will apper in o sulsequent setion. Thse |

| the borings are not nUmERORE
This arca i= remarkable for the entire shsence

defined at the north end, near Trpp, and declines | shale extends in o thick mantle into eastern Soath | flank of the Bocky Mountins do not appear at
in prominence and diverges from the main mass | Dukota, lying under the drift in the greater portion | any point around the suteropping Algonkian and | development near Fort Benton, Moat; the upper
| af the region, except in the vicinity of the higher | Archean areis in estern Soath Dakota and central | is composed largely of chalkstone, and i ealled

toward thi south.

Naturally the localities at which |
the -|_1|.lr|:r.i.1.n his been memsched are muoch more |
numerous toward the northestern cormer of ﬂ'ﬂu|

It will be noticed that a ridge of this for- |

| Tep——

Minnesota, Borings a= far west s Missouri River
have not clearly mevenled any formations intervens
ing between the Sioux quartzite (or in sonwe cases
the Archean grnite) and the Duken sndstone,
Doubtles, thorefore, this quadmngle snd the sur-
roanding region were dry land throughout the long
ages during which the coal fells of the easiern
United Seatis nnd the grent linwstone bids in the
central States were forming.  This is further nttested
by the uneven surface of the quartzite, which, so
fir 58 reveabed, is deeply trenched, indicating long
exposure above s level.

CRETAROIR SYSTEN,

Apparently only the Upper Creticosns s repre-
sented in the Olivet region, bat it is possible that
there are also prisent the equivalents of the Lakotn
smdstone and underlying shabes of the Black Hills
region, which are of Lower Cretacosus age,  The
Jurnssic is nlmast cortninly sbsont, for s ares of
deposition was Bar to the west,

DAEGTA FORMATION.

The Dakotn formation consists mainly of fine
gruined, soft mndaoms in thick shests, each
nsally capped by a few foet of harder rock and
separated more or less completely by strutn of clny
or ghale, the modstoms g'n'u.1.|.'r |m-:|-:|min||ling in
et porticns of the aren.  The formation doss
nat outerop in the region, but lies from 250 10 S0
fieet below the surface, the depth incressing gradu-
ally to the southwest because of both the dip of
the formation and the rse of the land in tha
direction. [t is absent in the northest comer of
the quadrngle where it sbuts agrinst the Sioux
quarizite along an old shore line which extends
fromn mear Mabel post-office soutlusstwand 10 noar
w:m'nbﬂx |ul-ufﬁtu', erosers James River n short
distunee south of Waolf Crock, and thenee passes
northeast,  Along this worthern limit it lies at a
depth of from 250 to 350 feer.  The sandstones
shown on the geologic map as Dakota have reeotly
been found to belong within the Benton formation,
This determination was made on the evidence of
fossils undd strusture in the sdjoining regions, sfter
the map was printed and therefore too late to be
mdifbesdl.

The sections of the Dakota formation given in
fige. 1 mnd 2 are those which show mest completely
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Frii. |.—8ection of town well al Seotlaml

the natore of the Duketn formation in this quad-
rangle.  The section nt Beotland includes & formn-

“The foree of the last evi- | tion doubtless older than the Dakots, probably part

of the Bioux quartte imperfecaly consolidaged,

of quartzite, but they dip away to the north | | contour lines are lingely conjectural in areas where | The averlying Benton and Niobrara fornestions ane

by ropresented.
COLORADD GROCT.

This group inchuls two formations which wers
]i'l;l.':il,'n. The lower i=
comiposed mostly of shale and elay with thin mnd-
stone layers and is named Benton, from its great



rx ‘----‘l--“'f-l\!f:-'!-""TF i

Niobrara, These two nbd!mm though wsually I
differing considerably in lithologic charscters, are |
grouped on the Aral Goology sheet bscnuss

Fra. & —8esthom of well st Tripp. Fommbshed by Adam
mulm mmtlbuu-d'l.h

Ty i

1080 Fiel oF inire
Hmumpmhnm Hmuuuml This
woih] harmonilas this seetbon @ith obse.

the line between them i not easily mapped, the
chalk in many places grading inte clay and shale,
amdl somsetimes lmving n Wuish tint resembling that

P 3. —Bectbon of well sbout T miles northwest of Milliown,
Im BW. eor. see. W T. 000 N,. B 80 W.

of the shale. It is very difficult 0 recognize thess
subadivigions in the reports furnished by well borers,

LA

Fra. & —Haction of well on Lonetres Creak, in BE § me. 5,
T, ® N.. R 3 W.

(e will report that within & given mgion he has
struck w0 chalk, only shale and eloy; another will

jigh between the chalk and clay, recognizing
the difference between the former and the bloe shale
or “soapstone;” while a thind may record the chalk
san fine mnd.  Practienlly the distinction which
is most obvious to the well borers is that chalk is

.
Fra. & —8eatlon of well st Waoll Creck

not plastic when wet, bat scts mare liteﬂmnnd.g
O the other hand, the shale, or “soapstone,” as it |
ie frequently oalled, becomes ie and sticky, |
and i not ensily distinguished from the clay, |
except by its hardoos.  Typical sections of the |
Colorsdo group are shown in fige 1-5

The Colorsdo group is exposed in this quad-
rangle along James River from Elmspring to Mill-
town aml below the mouth af Wolf Crock, on the
north and south forks of Twelvemile Croek, on
the next creck 1o the south, on Wolf Creek about 6
miles wbove its mouth, on the creek 24 miles south-
east of the village of Waolf Creek, and, still more
prominently, in the vicinity of Scotland.

Benton foemation.—In this region this forms-

2

tion includes thick deposits of dirk shale and |
Mastic clay with a2 lest one wideproml stratum of |
snidatons near its top, which fir o time was looked
upon a8 the top of the Dakots and is so repreented
onm the Areal Geology sheet, < Above this sand-
stone thers & often & strium of clayey material
which varies much in consdstency and thicknes,
In places it i wet and plastic ol in consesquence
uﬁpg down the elopes, B0 that uulu“}r it e mod well
exposed even when the drift above it has been
removed by erosion. A ease of this sort was
observed in sec, 5T, 100 N, K. 50 W,  In some
arvas it s loclly much hardeoed, but oot in this
quadrangle. It is absent in many plsces and ot
these localities the chalkstone lies directly on the
underlying sandstone bed,

The mndstone bed & genemlly fine grained,
though it sometimes shows considerable eoarse
rnllrri.l], oVen [whhlnl an ioch or two i dinoseter.
It is often obliquely laminated and wsually friable
eovcepd where it is consolideted by iron oxide
which is more prevalent in the upper portion. It
varis much in thicknes; in some places it may
e biss than 10 'Fﬂ'l, and in others over 50, a2 in
the well st Tripp. It seems also in places to be
subdivided by shale intercalations snd locally o
e replaced by shale or shaly swdstone. It fire-
quently contains sharks” teeth, but no other fos-
sils were found in it in this quadmngle.  Near
Mitchell fossil womd @8 soneetimes foond im &, noald
thin lnyers of lignite have been reported from
apparently this horizon.

In the northwest samer of T, 100 X, K 59
W, the b af the Benton formmtion rses S or G
feet above Jumes River, and the sandstone bed
formss low cliffs in places along the stream,  Helow
it there is doubtless shabe, which, though not dis-
tinetly shown, &= indieated by the sovurmence of
springs, amd is penetrated by borings in the
vicinity. The areas marked Dukota on the geo-
logic map are all exposures of this sndstone of
the Benton formation, It appears along Twelve-
mile Creek, and on the James above Milllown and
below the mouth of Wolf Creek, where it seems
1o b the summit of a low anticline rising to the
northeast as if overlapping o ridge of underlying
quarizite,

The lower shale of the Benton, which intervenss
between the sandstone _jI.II- deseribed and the top
of the Dakots, is also of indefinite thicknoss,
Toward the south snd west it seem= 0 ntinin n
thickness of 200 foet or more, while toward the
northesst it may be les than 75 feet thick. Its
lower limit, the top of the Dakota, is ill defined at
some bocalitics in this quadmngle, owing to the
:inrmnplch- data furmished 'J}' well rcords

With the limitations defined above, the Colo-
mdo group may thicken from 25 feet at the north-
east comer o possibly 400 feet in the Chotenn
Creek Hills.

At Eh‘ruqu'i:ng, in lruriug i well on the top of
the blnff, the following section was obtained ;

Bection af Flwaprisg,

Tallow and blas till, witk
] 0 L e

Handsions and leregpalar]
HHI:II'LH ....E‘.’ ............ 5‘ 1] &3]

=e 0

.
= e
=

o slraks of T

L B quartelbe. ,.....cooonrvunni ™
All except No. 1 and No. 6 belong to the Benton
formation of the Colomdo group.  The sandstone
bed outcrops in the side of the bluff only a few
rods from the well. A similar section was obiained
in a well 2 miles east.  The following section was

mengured in the river bank:

Beofisn of river bank 1) miles sl of Elmipring,

{.

'bmwn sandstone, Isrogalarly strail-
pebbles | partian,
wl;ﬁmlnmu g
-DII!' elay, o Jovel ut

The Beotland and Tripp well logs, shown in
figa. 1 and 2, alsa give good pections of the Benton
formation.

Nishreara _ll"urmal'r"url.—l"mm i !Illd}' af the far-
mntions nlong Missouri River it is infereed that the
Niobram chalkstone is evenly stratified and com-
pact, with some of its layers forming a hand lime-
stong, bat frequently the clayey material iz more
I.m'.lln'll:ll'rll:. T!IL" I.":I:lumun'l u.llul:ls ljl.f 1'i'l-'\ﬂ' E’!hihil
n thicknes of from 150 to 200 feet.

At Beotland and near Milliown the stone has
bisen quearriedd for boilding.  'When first taken ot
it is enwily cut with & knife and shapsl to any
form dssired. When IIMI“IIJ_R}II"F sensined 1F st
wenthering =0 that buoildings formed of it have
sdood twenty-five or thirty years.  When exposed
upon & slope it crombles under the action of st
and becomes & white, earthy mems.  The protoxide
of iron, which stains it blee or light gy, when
exposisl (o the weather beeomes a yellow oxide or
n carbonnte which is leached out so that near the
enrface the rock presents a light-vellow or pare
white eolor. It containg the fossils that have been
found in it cleewlere in the Missour Valley, viz,
Ostrea comgeata, different specis of  feoceramas,
somie of them rmiher large but seldom perfoct, o
large abell which apparently is a species of Pinma,
and numerms aabem and teth of fehes, both of
u]urlhi -ﬂll I mEnan I'HIII}' fuhll l'j.l"‘u]m 1']""
bomas of barge reptiles have been found in this for-
mation, but as yet not in this aren.  The chalk
rarely shows noticeable shells of Foraminifera, but
the mns of the deposit s found, by micrecopic
examinntion, 1o be Nmtpmﬂl of eorealiths anad
other minute orgnnisms found in the chalk else-
where, At some points the chalk passs lnterally
into a light-gray clay, anad it wonld seem that chalk
and elay might have been formed contempors-
nn.m.ut_'r in different parts of the sa bottom.  The
difficulty in determining the thickness of the chalk
in this 'n;'g'inn nriss from the fict that well borers
do mot readily distingnish it from the overlyimg
and umberlving clays and shales.  In no case has
ite thickness been reported o be graater than 200
foot except at Tripp, where it is said to be pearly
00 fewt, but probably this etimate inchuded some
of the yellow drift clay st the top.  The chalk
probably varies in thicknes in different localities,
though in gemeral Bt appears 0 inerease towand
the southwest, for not =0 much of it hos been
remvil by crsion in the region lving in that
dirocticn,

FIELHE SMALN.

This formation follows next in suecession the
Calamdo. .-'lhmg Missour River it &= very tEil;'kI_lf
Jow]u_pmd above the Niobrmm, and there is no
question that it overlies that formation to some
extent in the soathwestern part of this quadrangle;
bt from fiuct that it is beavily coversd with drift,
we have VeTY little evidence of its extent.  Ti 18
not improbable that in the Chotean Creek Hills
it may have a thickness of 50 feet or more above
the chalkstone. From its outerops elsewhere it
may be sl that in its generl appeampce it reem-
bl closcly the Benton, which is o dark-colored
ehale or clay contaiming ooeasional remaing of
marine animals and & rther large proportion of
caleareons  material, which s sometimes concen=
trabex] i large concretions.

TEETIARY

No distinet expoenres of the Tertiary deposits
have been discoversd in the quadrangle, though it
s not unlikely that in the Chotean Creek Hills
thene sy b froshewater |:|r:|'mm'lu uirnihr o thum

DEMSITSE,

Bection in see, §, T 08 N, B, 57 W,
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No. 2 is of uneven thickness, becanse of the
irregularities of the eroded surface of No, 3.

FLEISTOCEXE DEPOSITS.

Erlend and olowrification—The Pleistornes man-
the 1= very |'m;|u1i|1|;'|1l in the r|u.||r]nr1|g|r. mwriug
practically the whole surfice, as shown on the Arel
Geology sheet.  These deposits may be enumeraiel
(im chronologial onder) as follows: (1) Cinum-
glacial s and grvels; (2) glacial dll or bawhier
l'h_", Eml“‘l‘ﬂ‘ nn III'II'H'r. }'E.I.ﬂ'. HI'I':I " t“-'ﬂ', IFIIIP‘
portion; () momines, which include those of two
distimct epochs with minor subslivisions; (4) termess
and apcient channels, which may be reforral
thres or foar stages of the glacial scenpation af the
country; amad (6] allavinm,

Cirenmglarial deposits,—The pre-Cilacial surfie
was probably coversl with silt and clavs resembling
those found in the region west of the Missouri,
The surface there, however, i probably being
Emh' hﬂl‘f mivw l'ul.ll mE TJ'I.I! tiIIH"., fﬂr t'lll" e
levels controlling drsinage channels were  rela-
tively much higher then than now, Consequently
the valleys wers probably much brosder awd of
genther grade.  The hillside wash nmad allovium
were perhaps more marked than now in the trans-
Mimouri region, but as the ice sheet, which
resemblod that of Gireenland at the present time,
alowly advanced from the north, there was spread
before it almast everywhere an apron or fringe of
formentin] dclmhﬁ. }I{ITI sl mmdd p;nu.'fl hars
accumulnted sbong the channels of the principal
sireams leading from it. A smaller amount of
gimilar deposite was  sccumulated in all water
courses s their upper portions bogun 1o be sop-
plied from the melting ie. Hence much of the
surfice would be coversd with a nearly continuous
layer of smmd and gravel over which the iee
advanced, and as the result of the proces we
to-day find wearly everywhers below the till or bloe
clay of the mgion stratum of sand and gravel con-
tmining in most cases abandant water.  The finer
portions of preGlacial soll amd surficial depesits
of that tinse seem to have been washed away, lov-
ing the snd clean and porons.  This deposit of
sd, which may be compared to a blanket, lies
over the uneven surfice of the Cretacoous clays,
mantling the upland as well as the lowland. It
is generally thinner, probably, upon the higher
points, where its seenmulntion may be due in part
i the action of winds, The sands of this deposit
contain, like the bowlder clay above, pebliles of
granite, greenstone, and limestone, The deposit is
rarely exposed, bat there are a few places along the
base aof the bluffs of James River where it sppers,
The more notable ones are about & mile below
Milltown and in & stretch extending for 2 or 3
miles above the mouth of Wolf' Creel. Tt nmny baz
mecogmized nt other points by the sppeamnce of
springs near the lovel of the stmiom, It apgesrs,
usually with less thickness, sbove the older rocks
wherever they are exposed,  In these places, how-
ever, it is not so frequenily ihe soarce of springs,
bersuse such points are more elevabed and leomose
the bowlder clay has crept down and maore fre-
quently covered it than where it has been recemtly
exposed by the sction of the stream.  In some
places this deposit may attain a thickness of 100

ohwerved in Turkey Ridge and st sorresponding
levels neroes Missouri River in Nebrasks. It is
unlikely that the White River deposits extend so
far east, but possibly an outlier of the Loup Fork,
and, more likely, some deposits of the Plioeene,
may eventunlly be found in the Chotean Cresk
Tegion,

& deposit of doubtfal sge and erigin, whish
may prove to be Pliscens, or possibly very aarly
F[viﬂtln-ilr, has bewr notid between the rhn]l:lboqa
amd the drift.  The best exposure of it within the
squadmngle is in the side of & rvine in see. 4, T.
08 N., B. 57 W. I is a cream-colored boam, sug-

| greting & secondary formation from the chalkstome,

and yet partaking more of the chamscer of Lo
The section at the exposure is s follows:

feet, but commonly it & much thinner.  In other
localitien it &= entirely wanting, s that the well
borer passen from the bowlder clay into the Creta-
coous clay without recognizing the transition. This
formation plays an important part in the water supe-
My of the region, and will be further described
under that head.

Till or bowlder elay.—The till presenta the
frmbures thnt are found in similar regions elsewhens,
a8 in central Minnesota, Towa, and Illinoks. Tt i
an unstratified mixture of clay, mnd, aml worn
peblles and bowlders, the litter sometimes hav-
ing a dinmeter of several foet.  In this formation
are found local developments of stratified sand,
sometimes merely pockets, sometimes portions of
channels of conaiderable lemgth, and somsctimes



shoets that locally sepamte the bowlder clay into
two or more members,  The Gl of this region is
much more elayey than ni points farther st
Terinise for m bong distance the e maovsd over amd
deeply eroded the dark-colored Cretaevous eluye
For this reison the ermticd are perlaps o= fre
quently sriated snd planed.  The bowlders most
widely elistributed are gy and reddish’ granites
anil pecalinely compact and fisegrained lmestones
of & straw color or clear white,  The Initer coniain
Frvosites nnad cup corals, with scrmsionnl brachio-
pods, indicating their Paleoaoic origin.  Next in
prominenoe e bowlders of a fne-grained tmp or
groenstone. Besides these, in some portions, a
large percentage of the erratis, usually of sneller
size, consists of frogments derived  from g red
quartzite ridge a fow miles farther north.  The dis-
tribation of fluse will be mentioned in connection
with the deseription of the momines. ;

The till varies in thickivess at differcat Jocalities
from S0 o 250 foct.  In genemal it i thicker on
higher elevations, ns for example, the Chostenn
Creek Hills and Jomes Hidge,  Near the expo-
sures of the older rocks, which may be sapprosed
to reprosent. points thai have resisted pre-Gikicial
erosion, &0 that they are relatively more covated,
the till s thickness of 80 feet, 22 near Seotland
and Elmspring, but over the even surfsce betwern
Parkston and (Hivet it has a depeh of from 135
to 150 feed.  Beiween the Choten Creck Hills
nnd James Ridge the thicknes is frequently 300
feot, It is probably wot very uniform, as
within short distances it vories greatly, The sur-
est evidence that the bottom of the till has been
reached i the fict that the water when struck rises
promptly and o n consideralle beight,  Well
Iorers revagnize this fact more distinetly than any
difference of materials, for pebbles aml bowlders
arg found in both the il amd the sand below.  Not
infrequently two neighlors sink wells snd one is
obliged to.go ton depth of 250 or 800 fiet before
oluaining water, while the other obtaine it within
150 or J00 foet.  This evidenss is not always deci-
sive, though, as hos alresdy been sid, there ane
sometimes bocal developments of snd within the
till which afford a copious water supply.  How-
ver, in many cases the wells have gone farther nnd
demonstrated the fact that in such cases no till i
found below the sand.

It has beon noted in other rygions that the till
consdsta of two or more members belonging o dif-
ferent epochs, and it woubd seem not improbable
that such corurrences may be discoversl in this
quunsdrangle, but s far they have not boen founsl.
This is the mor: remarkalle when we consider the
number of borings that have extendsd not only
thirough the till, but to the Dakota formation below,
However, since well borers are ot discrimiiting
in this matter, more careful observations may even-
tually revenl the fact that such & division of the
till really exists, st st in the vicinity of momines.
In this eonnaction should be mentionsd a singalar
th mn‘ils absoiat 5 miles east of Walf
Creeke,  In the extreme northosstern corner of T,
08 N, K. 57 W., and in the sections adjoining,
are three or four flowing wolls that obtain water
nt depths of from 55 to 63 feet, while 13 miles far-
ther west no water & obdained until s depth of
about 150 foot is reached, and then it has not saf-
ficient head to flow. This would suggest o separa-
tion of the till into two members, with a snd
depesit between, which docs mot extend 1o the
socond locality. It may prove to be s sepamtion
of the earlier and older deposit of till, which may
extonil farther mst, cansed by the recession wd
reaclvamer of the iee, corresponding to the gravel
betwern the Almmont and the Gary momines,
Another explanation may be equally eatisfactory,
viz, that at one time there existesl in the region of
the flowing wells s subglicial channel which depos-
ited a sheet of sand on the 6l aledy laid down
by the ghiers. This snd deposit woold be
strictly subglacial, while the till above would be of
englacial origin, baving been laid down wpon the
larsd duposits of the strem during the fnal mokt-
ing of the iee gheet. Tl sme hypathesis may
explain gimilar Aowing wells both north amd south
of the ares deseribed, nmd also st of Parkston,

The upper part of the till wethers to o light-
baff ar yelbowish color, which is so provalent that

it is only nt nnuswlly recent aataral exposuns, or

in the digging of deep wells, that the blue

ilived.
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unwenthered (il appiare, | An-imprission’ provails
that the Wee Gl diffors moterially in chamcter
froms the yellow ], which contains water, aften
in considernble quantity, and supplics the shallow
of surface wells, Tt s a generl e that if suffi-
cient water is not streck before the bloe clay s
reachesd, no meore should be cxpected until that
formation 1 completely penetrate.  The blue till
is frequently called joint clny, from the fict that
it b= wnnlly dividal into polvgonal mases by
irregular joints erossing one snother.  These joints
permit slight motion wherever the formation lie
upon & slope, s that, though it is less plastic than
the Cretaceons clays, in the vicinity of strenms it
i sljeet 1o landslides which ennse it to cover the
underlying sands.

The surfice of the till in this wrm, a8 elsewhere
wiitside of the quadmngle, abounds mare o liss
in shallow basing, which in the wet smson nay be
filbeal with water.  Inosomse localities these Dasins
are s deep that vear after yenr they contain several
fect of water; but more frequently ey dry up in
summer, and ane {';plhlr of tillage. . Since min-
water is their only sonroe of supply, even the deep-
ot are likely to become empay after n suecssion of
dry years.

Marainee~Thme are hweal developments of the
till in the form of elovated ridges, nsally with o
rougher surfice than elsewhere.  In other wonds,
thi slopes rise into abrpt ridges or knolls, perhaps
to Tevights of 25 or 30 foet, though the best exam-
phi= of such topography are not found in this
quadrangle.  The intervening dopresions aml
basing are also more oumerous than they ane in
the surroanding areas.  Moreover, the momines
W.-“_'l' present more bowlders and heds of ﬁrB\'l'L
aml benr other marks of abandant and fre-fowing
water. They are generally looked upon ns mark-
ing an arm where the alge of the ice sheet
remained stntionary for a considerable length of
time. While the iee gmdually brought materinls
tor that point, the proves of melting prevented its
sdvance, and the elay and grovel contained i it
were dropped alang its edge.  With this explana-
tiom we ean easily understand how some ares ane
much more abundanily supplied with muterial thai
aitlwirs beanse of difference in velocity amd in load
af thse iee, omd its relation to sttendant wabers.
We rrely find the edge of the i sheet cloarly
marked for any great distunes by morainie deposita,
The moraines are wmally best developsl at higher
levels,  Whens the edge of the ioe sheet rsted in
atill water, whether ima lake or o sluggish strom,
the material bronght by the e would be widely
distributed by the water, and o comparatively level
smrface would be formed,  Agin, where the edge
of the ice was washed by s stream fir some dis-
tanee, material contrbuted by the iee would be
carried mwny, instend of being deposited as an
acoumn lation.

In this quadmngle ire portions of two systems
of moraines, with probably representatives of three
or four subulivisions of ach. This is shown not so
mauch by the ficts prosented in this quadmngle a=
by the relations of the mominal deposits o those
in sdjscent aress. The guadmngle lis wholly
within the are occapied by the e shoet during
the sdvanee known as the Wisonsin stage, s
name] bevause the deposits of that stage are bt
reprsented and were first distinetively studied in
that Hente. Thiz was one of the more meent of
the principal advances of the ice sheet, and, onlike
earlier sdvunees, marked ite different stnges by the
formation of conspievows momines.  Thise, how-
ever, are not s well marked in this quadmngle s
in Wiseonsin or in the northern part of SBouth
Dnkata,

The obdest, or first=formed, mommine, is called the
Altameont, from its development near the town of
that name in South Dakots, The earlist member
of this momine is found in the higher portions of
the Chotenn Creek Hills, in the extreme western
portion of Te §6, 86, and 97 N, R 0 and 61
W. This member was formed fret, or ws the
firet bare ground uncoversd npon the recession of
the iee from this quadmngle, Portions of & second
member of this mormine are reognized in & con-
spienous ridge west of Tripp, forming the rim of
the Chotean Creck Hills, and lying eest of Eman-
uel Valley, nnd in the higher and older portion
of James Ridge #s it is found developed from sec.
&6, T- 06 M, B 67 W, southestward.

oAm ey development of the second or Gary
moraine, =0 called from the town of that name in
Dued Connty, 5. Dak., is reprsaented by a broken,
irnplhl.r rislge around il north cml of James
Ridge, by the hills north of Lesterville, by the ele-
vations in sece. 855 nnad B4, T2 06 N, I 58 W, by
the stony hill in the northern limits of Scothand,
and by sattors] clevations west of Ofivet. A
later member of the Gary momine is meeognized
in the systens of bvw rilges forming n strp 2 or &
miles in width extending scross the neardy bevel
phain, from the northwest comer of T, 100 X, K.
B0 W., to James River albove (livet,  The ontline
of the strip is not sharply defined, there being a
very gradual transition from the nndulation of the
surronnding plain to the rougher portions which
mark n distinetively mominic amm.  There are
alan slight ridges northesst of Junes River, lying
along the river bluffs from near Millown to Walf
Creck, amd another rdge, which enter the quad-
ringhe at Elmspring.  As determined in the Alex-
andrin quadrangle, the ridges northest of James
River are part of a thind mominal belt, and the
one at Flmspring i the end of a fourth belt
A diseusion of the forution of these ridges
and the correlation of the different phenomena
attending it are given under the heading “Gealogic
histary."”

The hills forming the earlicr members of the
Giary momine near Lesterville snd ot Jomes Ridge
rise 25 or B feet abave the intorvening valleys,
amil somse of the basing in them contain permn-
pent lakes, In the luer member the ridges are
rurely more than 10 or 15 feet in height, and are
much more pemode from one another.  They may
b from & half 1o thres-foarths of o mile apart.

(N Pervace aod channel i‘flspﬂlllf-!-'-'l"mm thee
deseription nlrendy given, and from o consider-
athom of the joe sheet, it & evident that ot different
stagis in its oceupation of the region there must
have been lines of deinage different from  those
oenpiod by the present stronms.  The channels
oecapiod by the present streams, especially by
James River, could not have been utilised freely
until the iee had entirely withdrmwn, It follows
alsi that each stage in the oo sheot would have its
peenliar avennes of dminage, so that we may recog-
pize, acconling to the minuteness with which we
investigate the deposits, many or fow of the diffie-
ent systems, A geoem] diseussion only will be
attempted.  The channels herein reforred to ane
represented on the Areal Geology sheet and the
chronolagical order of their occupation is indicated
by nunibers associmbod with the better symbala,

Daring the formation of the Choten Creek Hills
the while quadrangle was coverad by the boe sheet,
aml the m1'|:.' drimage was west andd sonth from the
Il of the Chotean Creek Hills into some of the
open branches of Chotsiia Creek.  As the e
melted away and nneovered arms firther east, & stage
wis romelis] when the dminage was quite firee down
the valley of Emanuel Creek. At il same time,
probably, the lvwer end of Jumes Ridge was begin-
ming to b uneoverd, @ that the witer fram that
region dmined southesstward by the lower part of
Beaver Creck.  As the melting of the ico heeane
more rapid and limited still more the extent of the
iee sheet, a stage was rosched when the ice edge by
agninst the outer vim of James Ridge and along
the morthern sides of the hills near Lesterville, and
extended thenee northwest and north to the vicinity
of Beatlal, At that time the drainsge channel
just west of Lasterville probably cerried awsy from
the e lange quantitis of water, and not uslikely
i channel farther west drined a large, shallow, and
comparatively temporary Inke covering the region
northwest of Seotland,  The ontline of this chian-
nel have not been distinctly observed, and it is
prohahle that the water which aceumulated along
the western side of the foe lobe very scon found its
way southenstwarnd bemwnth the joe, down the preent
channel of Janses Hiver, At the same time water
was escaping in considerable volume to the south,
along the west sisle of Junws Ridge, and also to
the southesst, between the ridge and the edge of
the ice. Bever Creck Valley wos  whally
uncovered, and probably was full of wuter.

The course of the drinage during they formas-
tion of the later portion of the morine is plainly
defined. It is especinlly marked along the lower
course of Lonetroo Creck, and can be treced up
the eneck 1o the southern bend of Dy Croeek.
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Bhallow deposits of grvel and snd abouml in
this channel and cover the terrsces thai rise
from G to B0 fiet above the wlley of Lonetree
Creck nnd from 80 to 100 feet above James Biver.
The brosd sren oceupying the upper wmlley of Dry
Creak exhibits the peenliar topography of a shallow
lake I partislly filled, and contains only clay
amild aile, with fow or no ermtios, aml has meore
alkali than ks fosnd elsewhere in the region. A
less alistinet champel close along the outer mangin
of the momine and between the mominal rdges in
the northwest cormer of the qusdmngle pessibly
existed.  Farther northwestward it is evident that
at one time the dminage from the west side of the
e ok which n-r-"upim] Jumes River Valley dis-
charged, for the most part, down such 2 marginnl
channel, for it ia well marked st of Plankinton
and northward up the valley of Firesteol Creek.

- Another stage of the streams wis reachsd when
the ive withdrew from the second portion of the
Gary momine suffickently to permit the water to
esenpe down the conrse of Jamws River from Mill-
town o Wolf Creek.  This oocurnsl before the
excavation of the prosent trough of the Fiver. . A
witll=developel gravelly termee extends, at & height
of ™0 foet above James River, down,the lower
course of Twelvemile Creek, on the spar west of
Milltown, scross the lower valley of Dy Cresk,
and thence castward until it eoincides with the
present course of the river.  The lower portion of
this chanmel runs esstwand from Iy Creek to
Jumes River Valley, in the sonthern part of soe
11, T. ¥ N, K. 58 W,, where it forms a very
interesting fomture of the channel, merging at bath
ends into much ;‘ln'l'u'r valbeys,

Later stages of the dminage need no detailed
deseripiion, since they are comparatively animpor-
tant. (ko the retrest of the bee from the ares north
of Jame= River, Woll Creek borame s prominent
water conrse, and a well-defined termoe was Fornsed
1200 it nbove the prosent stream. - Deposits wery
also sprend over the shallow depressions to the west,
druining in part inte Wolf Creek and in part into
James River.  As the oo receded farther up Jumes
River Valley, the water gradually eroded the decp
trough which & mow ocapied by that river,

Alfurism—All of the streams that traverse the
rogion are sulject to sudden Aoods, coused not only
by oerasionn] exeessive rinfall but by the rapid
meliing of abundant snows duting certnin smsons,
The gravels of these ancient chapnels and lnke
Tasing, already rofirmd to, ane thickly covered with
fise silt, which is in part due to foods and in pari
tor the deposition of dust from the air.  The allu-
vinl pluin of James River is mhout half a mile wide.
Bomw portions of it are dry and are well adapted
to cultivation, other parts are marshy, and all are
mare or lis subject t0 sovasional foods.  The allu-
vial deposits are from 10 o 20 feet in thicknes,
the wpper 3 o 5 foet being usisally fine bhlack b,
the: lower portion sand.

GEOLOGIC HISTORY.

As the area exhibits no rocks older than the
Jater Abgonkian, the earliest phoses of the history
of the region of which this quadmngle is & part
may e stated very briefly. At some stnge pre-
eeding the formation of the Hioux quartzite a
bund surface composed of granite and schists oov-
pied central  Minnesota, and possibily  extended
tn the nerth and o the st of this quslmngls,
From that lond are material was derived, both .-I:I'
the action of streams and by wave crosion along
the shore, which was laid down over ithe region
oocapiod st present by the Sioux quartzite.  The
deposit was mainly in the form of strstified s,
althoungh cecastonally thin beds of elay accumulaged,
Puossilily the deposits were lnid down more thickly
tomand the conter of the nre, in the vieinity of the
undnrgmum] ridge of quartzite which now extends,
ns u broad peninsuals, in o southwest direction,
from the vicinity of Pipestone, Minn., and Bioux
Falls, 8 Dak. After such deposition there peems
io have been an epoch of slight disturbance and
jgneous introsion.  This is indicited by o dike
of olivine-dinbase ner Corson, 5 Dak., and
in borings at Yankton and Alexamlra, 8. Dak.,
and by a dike of quartz-porphyry near Hull,
Towan, Through silicification the sndsone wis
changed into an intensely hand and vitreous
quartzite, and the clay beds were transformd into
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pipestone and the more siliceous imto red slate,
o8 i Palisde, examination shows
that the silicifieation was elfocted by the crysial-
limation of quartz arcand the separate grains of
sand until the intervening spaces have boen entively
filled, The mnterinl of the quarizite wos lnid
down in the sea, and at first may have inclsded
poores, of even hundreds, of feet of material above
that which is now found. In time the region was
Lifted above the sem, aml during some part or all
of the long period of the Paleozoie it was a
poninsuls, It may ot tines hove beon submenged
and have received other deposits, but if s, they
have been eroded. That it was not far from the
ocvan, ai lest during a portion of the time, is
atteatedd by the ocourrence of Carboniferous rocks
under Ponem, Kebr.; and since rocks of severl of the
different nges of the Pabozoic wwd of the Jomssic
and Trisssic are found in the Black Hills, it is evie
dent that the shore line during those sges repoat-
ailly crossed the State some distance to the wet,

With the beginning of the Cretaceons period the
sw began 1o advance over the land; in other
words, this quirtsite amm began o subside rela-
tively, As the waters gradually wdvanced waves
und currents cnrried sway finer material and left
well-washed sands spread == more or less regular
shests extending from the estern shore line scros
the shallow sea to the Hocky Mountaine. From
time to time the activity of the erosion dininished,
and finer material, or mud, was deposited, or we
may suppose that both the snds and the mud were
being luid down contemporaneously in different
mrens, It is oot unlikely also that strong tidal cor-
renis sweeping up and down the shallow s over
the are mentioned may have played an important
pari in distdbuting o uniformly the mnds and
cliys,  Where the currents were vigorons, mnds
muinly would be lnid down; where thoy wers
abecnt or very gentle, clay would sccumulate, snd
wiet improbably, these tidsl currents would shift
from time to time by the variahle warping of the
s bottom amd the shore. Al any mie, we know
that several continuwons sheets of sand e over this
region and are more or s perfectly sepambed by
intervening shoets of clay.  The prooss loft behind
the Dakota formation.

The foesils foand in the Dakota formation are
some fresh-wnter shells and leaves of decidusus
irees, like the sasafrs, the willow, the tolip tree,
and the eaalyptus.

Thiring Colorsdo and still later Cretaceons times
marine gonditions prevailed and the region wos
further submerged until the shore line was probably
us fur wast a8 ceniral Minnesots and lowa. Dhuring
most of this time only clay was deposited in this
quadmngle, bt cabmreons deposits accumulated in
the form of chalk during the Niobrar epoch, when
the oowsn currents brought les mod inte the region,

Druring these epochs the sea abounded in swim-
ming reptiles, some of gigantic size, whose remains
have been found at several pointe; sbo sharks and
u great variety of other fish, although the remaing
of these are not shundant at mest poinis.

After the Uretaceons period the s seems to have
receded rapidly towarnd the northwest, and all eust-
ern Dnkeota again boeama dry lund.

Dring the early Tertinry, when, sccording 1o
the prevalent view, large rivers deposited wide-
spread sediments in the region to the westi and
southwest, this area received but licthe material and
profubly sbounded in vegetation and animal life
which exhibited featores not markedly different
from those of the present age.  Probably the cli-
mate was then much warmer and moister,

Later the strenms, which had slresdy become
locnted, eut deeper channels and found outlets
towsrd the south, somewhat as at present. At that
time James River Valley was oceupiod by a larger
river which receivedd from the west the verious
sireams that now join the Missourd, It had not,
however, cut to the depth st which we find Jamnes
River to-day, though the valley had been so long
oocwpied that its breadth was much greater than
thant of Missouri River,

Dhuring the Pleistocene period the great joe slest
moved down James River Valley, entering it prob-
ably from the north and northeast. It slowly
advanesd, preceded by waters from the melting ice,
which gradually sprend o muntle of sand and gravel
over nearly the whole pro-Gilacial surface. This ice
sheet flowed sccording o the slope of the pre-Gils-
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cinl surface, moving more mpidly on the lower and
more open portions of the valley, aml becoming
almost stranded on the higher elevations. It
cerininly extended s fir as the outer, or Altamont,
monwine.  Some geologists are confident that it
extended down the Missouri Valloy nnd homme
conflsent with the similar sheet fowing down the
Minnesotn and Ivs Moines vallevs, both shects
extending into Kansas and central Missouri, How-
ever that may be, during the formation of the
Altmmont momine the iee flled the whole Janses
m“‘r "III..II“}' Iﬂl‘l fltﬂ'“l.ﬂi 'M“l'd E 14 1Hﬂvn'|:|!
paints to the present channel of Missouri River,
noar Andes Lake, Bonhomme, snd Gayville, so
that the Altamont morsine forms an almost contin-
wois Fidge or aystem of stony hills aroand the edge
of the bee sheet of that epoch, except where it was
remaved or rermnged by eoaping waters. Mominal
dej.lﬂn'hs af this atage ane found in this r||.|.ir||'lr|j;]|.~
in omly the higher portion of the Chten Creek
Hills,

For some wnknown casuse or combination of
influences the ice bogan to recede, and st & later
stagn of what is considered part of the Alamont
moraine, morinic material was again laid down in
this quadrangle in the higher part of Janes Kidge
and near T‘r‘ipp. At that time the water was dis
charged copionsly down Emannel Crock, but other
lines of drainage in the quadrmngle were coverad by
the iow shest.

Afler this came a period of still more extensive
recession, which carried the edge of the jee an
indlefinite distance to the north. It & not onlikely
that it retroated considorbly within the line of the
Giary moraine.  As has already been suggested, it
ia probable that along the eastern side of the quad-
rangle it may have retired from the head of Tur-
key Risge into the mstern part of T. 85 N, R. 57
W. mml in the western portion farther oast than
the dminage channel from Iy Creck to Lonetree
Creek; bat there i little evidence on this point.
Then came a stage during which the edge of the
i was stathonary or advapced slightly antl it
resten] against Jamis Ridge west of Lesterville and
mear Seotlind.  About this time o shaollow,
fluctusting lako was formed by the waters which
rin down the western side of the ice lobe and
sccumulated in the region morthwest of Bewtland,
submerging the site of that pleee also. At tines
ithe kake apparenily overflowed throogh the chan-
nels west of Lesterville into the valley of Bover
Creek. At other tinss temporry outlets may have
been formed underneath the ice along the present
courss of James River. To the presence of this
lake is probably due the level surfice of the coun-
try in the region mentioned and the apparent
abeenee of morsinie aceumnlations lluug that pivr=
tion of the edge of the ice during the eurlier stage
of the Gury momine.  The Intter fact is diffienlt o
expluin, althoagh from a stady of this qusdrangle
alone the explanation seems clear; sines, however,
the mworainle sccamulitions of corresponding age
are from 150 o 220 feet higher along the mstern
alge of the jee lobe near Freeman and between
Marion and Parker, the solution is not so sppar-
ent.  There is apparently no adequate reson for
80 heavy a deposit along the eastern edge of the ioe
lobe at such an clevation, while along the western
edpe there & a broad sheet of nearly bevel gll. It
would seem that this lake, although =0 transient
that it appears to have beft no besches, was able o
renaler the englscin] till so plestic that it wes very
smoothly spresd.  Moreover, it mot improbably
causnd a bay to form on the western side of the joe
sheet, producing a distinet offsstiing of the monaine
toward the est, as shown on the geologic map,
Possibily aleo it may have started o transverss cor-
rent which rendered the action npon the eastern

wilge of the lobe less vigorous daring the later stages |

of the moraine. During the formation of the later
portions of the Gary momine aml in stages shortly
subsequent, the dminage changed mpidly from one
aystem of channels to another, as & indimted on
the Areal Geology sheet, and as has boen explained
i :E.Lu! under “(Hd termce and channel
deposits "

Eventually the joe again reosded, vacating the
whole area. 18 last cocupation of any portion of
the quadrangle was possibly east of Elmspring, and
ite fimal dissppearance was evidently attended by
unusesl foods, even for that time, during which
sbundant sands were laid down, forming a pitted

pluin, which is sssocistod with the western brunch
of Wolfl Ureek along the western line of T, 100 K.
B G7TW. The lake beds that aboumd mot only
in the morainic arma but here and there over the
whole surfice are due to the spevennes of the
depomition of the muterin]l included in the e
Bome of the rlﬂmwirml may be due to temporary
torrents plunging from the ice, others to blocks of
ie—detached portions of glaciers—which became
buried in the sccumubsting till or sand beda.  The
mndy region just meotioned is epecially marked
h"r sarh rlrprmn'nm;. but wnlike similar basins
elsewhere in the till, thise depressions mrely hold
water. It wonld seemn thai the smnd was so deep
and the elayey material s0 saroe that wherever
witer accumulated in them it was very promptly
mbworbusl.

Sinoo the retirement of the ice the besins in the
till have gradually hoen filling from the accumuls-
tion of dust and the wash from the sdjacent sor-
face.  In pome cases ersion has opened them so
that I'hl.'_'l.' are draimed, bat in most css rhuf have
been filled to a depth of several foet.  An intersts
i.ng; inalieniion vuf thae r'li:rrubu that has 'p'mnilnd
in this region st some time since the ice Anally
recedbind is the fact that hasins of similar nature and
age foand elsewhere are scvupled by lamamck
swamps in which pet has accumulatel, in some
s (G @ drpth il meveral inchis, and in some of
thess basins trunks of nmamek 3 inches in dinm-
oter hmve boen fonmed.  “The more notnhle e of
this sort are in northern Douglas County.

ECONOMIC GEOLOGY.

No mineral ores or heds of coal or lignite are
found in this quadrangle. The sty smdstones
along James River around Milllown may contain
lowsal thim beds of ligni.ir. but &= !Iu'g' have nat I'_r{wt
been discoversd either npon the surfice or in the
frequent borings, it is improbable that any lignite
buscdn o valwe occur in this seen.

HUILIMEG STOXE

The most abundant stone in the quadmngle is
that brought by the glaciers of the Pleistosene, It
i# in the form of bowldems, which are ssitored over
most of the country bat are much more abandant
in the mominic srms.  They consist mainly of
granite, limestone, and red quartzite.  They are
nod ensily preparal for ondinary building purposes,
bevmmse of their handnes and toughnes, and thos
far their use has been principally confined o the
lnying of foundations.

BANDETONE

Between Millbown and Elmspring the Benton
formeation containe & bed of moderately dumble
brown sandstone of irregular gmin which so far
haz hecn Ithpbﬂ‘l |m|.l_r o the Iluihling af mu;gh
wills, although by enrcful selection material of bet-
ter quality might be obinined, The color varies
from shades of sty vellow to black, due to the
iron which it containe. Loeally it has been nsed
for baikling parposes amd the 1|_1mrrin| wre indicuted
of the Arml Geology gleet.  Blocks of this stone
are found severl miles to the soath, in the drift
along Jumes River,

CHALESTONE,

This wck ocours alomg the South Fork of
Twelvemile Creek and also along Pony Creek, 2
or 3 miles from Milltown. The quarris ane shown
on the Areal Geology sheet.  Mome oxtensive expos-
ures are found near Scotland, where some years ago
the rock was used in the ercction of buildings of
considershle sizs which exhibit the durble char-
ncter of the stone when well sssoned. The blocks,
however, need 1o be carefully selected, else weather-
ing will sinse thim o crumble.  The slopes where

| the rock is oatumlly exposed show litthe besides

white enrth with small chips of stone. When
maist, if exposed to the frost, it seems to disin-
tegrte very mpidly, Bemuse of the difficulty of
selocting durable pieces, and of iis sssociation with
stratn unswited for cutting into proper shapse, it has
of late vears been little used. When fresh it ean
eﬂil_'rbr mwed or cut with & knife. H\mmtlr,
it gevems not impossable that quarries of considerable
importance may be openesd nesr Seotland and st

other points where the formation i exposed, for, |

much less broken than towsrd the surfice, and st
u number of points quarries of considerable extent

conld ensily be opened.
LINE.

The chalkstone and limstons howlders of the
drift were used in the early settbement of the coun-
try for the manufscture of lime, but with indiffer-
ent scoess.  The limestone bowlders are largely
mia g,

LAY,

Although the till is compeosed largely of clay, it
is po mixed with gravel, and especially with cal-
careous matier, that it has nowhere been spooess-
fully nsel for sconomic purpeses, not oven in the
manufacture of brick. Cretaceous clay is so lintle
exposed that there kas been no attempt o utilize
it. Considering the good quality of the lower part
of the Colomdo group near Mitchell, as has boon
shown experimentally, it woubd seem probabbe that
there wre similar vulunble deposits near the junction
of Pony Creck with Twelvemile Creek, in sec. 53,
T. 100 N, B. 58 W. No irial has been made of
meterial from this place, nor has it been cleardy
exposnd, bat, from the slipping of sarfue deposits
on the Ilol.us in that rim':rﬁl}' it may bix imferred
that the clay is of good quality.

BAND AND GHRAVEL

Plastering smnd and gravel snitable for ardinary
purposis an found at miny Pﬁrlbg, rv[wj'u.'ll;l.- R|Dl'l,ﬁ
the ancient channels and termces, snd in some of
the knolls in the morsinie areas.

WATER EESOURCES.

Under this head is included an scoount of the
mast important natural resource of this quadrangle,
water, which is readily divided inio surfice water
and nmlerground water.  Under the former ame
included lakes, springs, and strams, and ander
the latter the soursm which furmish shallow wells,
artesian wells, and tubalar wells,

HIRFACE WATERR,

Lakes.—Lakes receive their waters divectly from
the minfall, and endure mﬂmiing to the extent of
the drinage bosins, the depth of the resrvoims,
and the sfficiency or lack of precipitation. The
rainfiull of the region varies groatly in different sme
woms, but it averages about 25 inches a yeur,  The
lak e bids over the whobe district are filled with water
after & sucoession of wet years, nnd ususlly in the
spring, if there has boen moch snow during ihe
winter, but in the latter part of summer most of
the ponds bevome dry.  Some of the more promi-
nent are marked upon the map a2 lake.  Within
the last twenty-five vears some of these lakes have
e nia] Ihm;ﬁm & snmmer with 100 ar 15 feed
of water, while a fow years later they would be dry
envugh fior tillage.

Springs.—Permanent springs are rare, but o fow
oveur along James River amd its principal tribu-
(L1, T8 T]'H_'r Foodive thelr waters from the mrions
formations which are discussed mare fully under the
hemd of underground waters  Certain springs,
which perhaps are mot often recognized as such,
dorive their waters from the minfall that seeps
r.hmgh the WppET part of the drft into the water
oourses,  Binee their waler is contained in isolwted
basing or water holes ocewmrring in stromm  bixds,
many may not recognize the fact that the water is
supplied, to pome extent, from hementh the surface,
but this is doubtbss the fact.  The parity of the
witer of these springs is doe to its constant moves
ment a8 is more fully explained onder the hading
“Underground waters.”" Other springs derive
their water from the gravel and clay deposits cap-
ping the ancent termoms or lining the old drainage
courses of the Glacial epoch,  As an example of
this cliss may be mentioned a spring in the south=
wist corner of soe. 34, T. 100 N, B. 59 W, which is
supplicd from the gravel deposits in an old channel
of James Hiver about 100 feet above the prosent
stream. Another spring, less copions, nppears in sec.
&, where the same channel mects the docper valley of
Dey Creek.  Btill another, from these mume deposits,
appears in or noar see, 15, T, 990 N, R 50 W, It
is probable thot careful examination would reveal
others of similar origin.  Still other springs derive
their waters from the snds below the bowlder cluy,

doubitless deopor within the earth the blocks are | Theso fail to bring water to the surfico except
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in arens where underlain by clays, probably of
the Cretncoows  avaten, although this may ot
always be ensily demonstmble.  Springs of this
charmeter have been noded a8 the base of the bluff
along the right bank of James River ai a mumber
of pointe between the mowths of Dry Creek and
Wolfl Creek. It is probable that a further serch
waonkl discover many more,

A foarth clam of springs seems to e s pglied
from the mndsone of e Benton formation.
Hprings of this kind have bisen noted a mibe or two
woith of Elmspring, when: the water esenpes from
the base of the sandstone as it mests apon the shaly
clay below, Oiher springs believed to be supplied
from the mme stratum are foumd ner Olivet
'HI:'I_P are two in number, the m-“qu"'u;-ﬁus 10k
or 20 rods sowthesst of the lridge crossing Junses
River east of Olivet, the other about a quarter of 2
mile farther south, within a fow rods of the edge of
the bottom adjsining the river. Both of thess
springs, or pomls, s they may be callal, are of
circalar form awd are surrounded by bollrushes
The woter rises nearly to the level of the bottsm
Innd, which is 10 feet higher than the ondinary

stage of James River, mear by, Simce they am
meore than = balf mile from the base of the bluifs

on the eet, and gines the water is higher than that
found st ordinary ll.l.pm in James Hiver within
2 or & milee apstream, it seems evident that the

supply is dberived from an wmberl ying ﬂli‘l‘urn Df.

the Benton, and that we Lave hene

mate depths to the bottom of the drift in the Olivet | as dos the former. Tt should nof, however, be | ontside of this qusdrmngle, tubular wells appar-

quadringle ame shown in fig. 6.

The: arem in which flowing wuters are obtminalle
from this souree i shown on the Artesinn Wader
sheet.  Probably other nres may be found, especi-
ally ot moderate altindes remote from important
stronms,  In some enses in deep dopressions ihe
Il surface is low enough o afford a flow which
wonld not have sufficient head 1o rise 1o the surface
on the adjoining higher slopes.  Insome localithes,

comssders] inexhanstible, for i o tubuksr well &=
dmwn upsamn b l'lwl_'r the :i.|1|n|1l_:r may Fl'"ﬂllﬂ-“:i‘
firil, the failure being first apparent in an elevated
region.

The way in which the water emters the sands
within and below the Gl & not well nndembood.
In general, the till soems to be s perfectly imper-
viows that, especially at lower levels, it prevents
the esepe of the waters below; yet we have

welle. The larger one has o dinmeter of about lw:

fieet im the open arm, exclusive of that cconpied by
bullrashes. It i= probable that similar baks from
the artesinn stratam foed Jomes River below the
surface of the water. Home of the small marshes
that are found on the Aood plain may derive their
water from this source, although probably most
of them are supplied from the snd sheet below
th till,

Hippama—Jamses River ia the only stream that
can be depended wpon 1o contain water throughout
the yemr. Although the lower portions of Walf
Creck, Twelvemile Creck, and Lonetres Croek are
rarely entirely dry, in the ktter part of summer
the water seldom flows” continually more than =
mile or two above their mouths

UEDERGROUS D WATERS,

Waiter from the filf.—The most acossible onder-
ground water is that which fows near the surfaoe
of the ground, seeping through the yellowish upper
portion of the tll toward o water counse whenever
there are shallow aceumulations of snd to form
conduits for it. 1t flows sbowly through the lower
portion of thise sund seamnlations and sppers st
intervals in water holes along the upper portion of
the more prominent streams,  In these it rarely
camis forth in snfficient vilume to sttrct stton-
tion,  Where the slope of the surfice is towand an
undmined bagin, the water of the vellow till flows
out amd forms an open lake, so ihat the general
water lovel sinks, & condition which often exists,
It may then bo drwn spon by shallow wells, and
for a number of years may prove to be entirely
addequate for the demand of neighboring farms, but
in timwe of drouth it B grdually exhiustel.  Where
the sarfuce slopes toward a water course the water
accumulates in larger quantity, but it sl flows
away more quickly.  Shallow wells, therefore,
along  the ancient wuter courss which  were
oocapiad by stroams of considersble gize during
the prescnce of glaciers in the region, afford some
of the most copions water supplies in the quad-
mngle. In the carly settlement of il region these
shallow wells were the main dependence of the
farmeers.  In 1881 and a fow years subsequent,
water in them was abundant; but after & series of
dry years it became exhamstod, and farmers were
foreed 1o go desper for their sapply

The next lower water is derived from the smd
and gravel at the base of the drft.  These are
reached by penetriting the till by borings, usually
an inch or two in dinmeter, to 8 dopth of from 100
to 250 foet, or even 300 feet, bolow the sarface,
This depth would be o serious disadvantage were it
not in o measure compensted by & rise of the
water, which in many wells in this deposit stands
from & to 25 feet below the surface and in some
s produces flowing wells,  There are in the
quadrangle wells of this clas which have been
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be depilis bo Lhe bolbom of the drifl. Water

wenn ususlly b obdsined Mnl.ud:lndmmutmmot&rﬂuuﬂmnrrh-—n;huin

wells,

a8 in nrp-arlion of the Chotean Creek Hills, there |

i# mo water-bearing snd at the tase of the drift.
As already stabed under the heding “Clenerl
geology,” deposite of smnd aml gravel are not
infrequently lomlly develops]l in the dll fwelf
Thisas 1|.|l|.|l|l_'r furnisl m‘.chiullm m.lppuus of waber,
s that it i not necesary entirely to penetnate
the till. O the other hand, suuls bebow the il

mny b absent, and in such s oo water is likely

alresdy called sttention o the joints in the clay,
which in certain places amd of cortsin tines,
m‘plu.'i.u.]]}' in the more HIIHLFi ulop:v. of the sr-
fiace wnal after drought, are protably opened saf-
ficiently to permit somse wator to enter, [t B mot
improbable that the bottom of the ancient chan-
nels may ot some points cut through the G o
the lower Pleisiocene smnds in such a way s to
acdd materially to this supply. It is not unlikely

SO0 feei above sawn level

enily obisin their waler from s sandsione layer
underneath the chalkstone.  Moreover, there exisis
in soame places, although not certainly in this quad-
'I!I:Igh.i sratum of smndstone in the chalk for-
mation which affords water copionsly,
Miin ariestan supply,—It is universally agreed,
by those who hove stwdied the subject, that the
main artesinn supply & from the sandstone and
mml beds of the Dakotn formation (see fig. 7),
though smaller flows are obtained from sandstons
| in the Benton formation.  The Dakota sndstone
| owes its enpacity as o water storer to (1) its groat
extent, underlying, as it does, most of ihe Great
Plains from the Rocky Mountains esiward io
ahout the ninety-ffth weridian; (2) i bighly
clevated western  border, which is busbed in the
moist region of the monntains and is crossed Ty
DS mountain strems; (3) it being bargely
minilie] At itx castern l'u::gin h}' the nwrl.lpping of"
ahalis frhp} of the Colomde formation, and,
where that is not the case, by the gleeinl till sheet;
amdd (4) the denwdation of wide sreas by older
stremms, especinlly in North and South Dakota, so
as to bring the land surface below the bevel of the
pressane beight produced by the elevated souree of
the water at the western border of the firmation.
Wells supplied from ile Dakota and overlying
mndstones may b either pumping or flowing wells.
Im the former the water dies not rse to the srfio,
bst mmat b ].n.l.luprd. In flowing wells the wnter
runs ot al the surfees or mees above it, &8 in =
foantain. Some writers wonld confine the use of
the ward orfssien to the ltter cles of wells, in
which the water rises 0 or above the surface.
Orihers would extend it to all wells deriving their
supply from n like deep source, under pressure,
whether or not the presure were sufficient to rise
the: water quite to the surface.  The ars of prob-
ubly flowing wells within this quadrangle i shown
on the Artesisn Water sheed.  The distinetion
hetween areas that will yiell pumping wells and
thase that will yield Aowing wells depends wpon
mveral factors, which ane disenssed wnder the head-
ing “Artesian presure”  From n comparison of
the swctione of different wells it E[IpHITS I|1n.l lllr
ahweets of mndstone are more or less subdivided by
intercalatisl sheets of cluy, the permeable spdy
deposits extending out as wing-like sheets,  Thus
there are aut loast three wellmarked fows in the
quadmngle,.  The fist, or uppermost, probably
corresponads fo the stratum exposed above Milltown,
which of course can not hold water ander prosun:
sufficiont to prodwce fowing wells in the vicinity
of its exposure.  The second i that which supplics
maet of the wells northemst of Tripp.  The thind
| i probably that reached in the rl-ut']) well nt "l"ri.]:\]'n.
Presumably others occur still decper in the south-
eastern portion of the quadmngle

From a study of the sections of the wells it s
ovident that the saewsive flows rise somewhat
towand the north in the direction of the DX U
of quartzite, but the higher wuter-learing strata are
found to overlap vory considermbly these below,
In other words, the bwest sandstone of the Dakiots
does not extend so fir northesst, by several miles,
ms the higher mpdstones in the Benton formation.

The number of fows smd the distance between
thom becoms imporant questions o those nking
wells mear the margin of the ares, for if the water
in the uppermost waler-benring stmlum is not
umder pressure enough to bring it to the surface,

the drilling must be contineesd until o stmtom

Fra, T.—8ketah seetbon neross the Olivet q_udnululu'ihlu.ﬁ.-a.anlh Artelan Watir shiood, showing the arisslas wells in that vietuliy «rienl

ing to the Dakota water bearing snds

to be reached short of the main artesian supply. |
The decp wells supplied from sources in the till
are commonly known a8 tubular wella  Henee, |

we may conveniently spek of water within I||r:
|dﬂ|hlnlw is porous and water-bearing at sonso

Pleistocens sands as the “tubular well supply.”
It poema evident that the original source of this

supply is the local rminfall, the smme as that of |
shallow wells, but it is a more constant supply, |
because the water enters more gradually. It is |

flowing for more than twenty years. The approxi-
(ival.

more continuens and dies not waste in evaporation, |

A, BRI i
Ml‘lﬂﬂ* Terisoal mmbee 1 ich— |50 fas

that same of the fowing wells from the Pleistocene
east of DParkston are supplisd by lemkage from
| sandstomes in the older Grmations.

Waler from the older srate.— The Niohmm

localities; in fact springs are ccomsdonnlly found
flowing from it, as at Seotlandl. It water appoams
not b have moch hed wherever it lis immsdintely
beneath the drift, and it must be regurded =s part
of the tubular well supply,  In some: sreas, mainly

: Ed. Dakota formation ; Ke, Colorado groap ; P, glaslsd £,

with sufficient head is renched.  The depths to the
water-hearing beds shown on the Artesian Water
ahoet do not always agree with ihe depths given by
the well rocords, These discrepapcies can be
mewignod Inrgely to the fact that different horisons
are tipped by different wells, bat they may be
prouced by other fsctors, vie: (1) the altitude
of the surface; (2) the pressiares in the il ying
water-hearing strata, which in general decrense in
the direction of frest leakage, and which inerease
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with the depth of tho sirata below the sarfecs; (3) | cwses it s evident that the wells wre supplied from

the dip of the stratn, which i not great, but in this
quadrmngle is usually towsed the south: (4) the
number of underlying water-bearing strata, which
is usaally three or four; and (5) the vertial dis-
tanee  bedween  micoissive  waler-bearing  strta.

ing to reports on wells in the vicnity of
the lower James River Valley the more important

stengn nre from 75 to 100 fect npart.  This appears |

from the following data:  Flowing water was
resched inon well in the N'W, ¢ of see. 84, T, 97
N, R 57 W. at S00, 40, amwd 475 fect; in the
Excelsior Mill well at Yankton flows at 300, 375,
and 450 Feet; in a well in soc. 30, T, 24 N, K. 54
W, at 230 and 300 feet; and in & well in the
southern part of T, 006 N, K. M W.at 200 and S00
fioot, with o faint flow between,  The cement com-
pany west of Yankton reports flows at 575, S50,
05, 4393, and 450 foet, indicating either 0 subdi-
vision of the usual flows or 0 confusion of the
facts.  Meost wells show fewer than three fows,

ANTRRIAN FREw=URE

Fiariatioi of pressre,—From & saiperfoal sudy
af arbesian wells may be obtained the idea that the
witer, cepecinlly that in any one artesinn basin, s
everywhere the sune bead, or woald rise to the
e plane.  Bach, bowever, is ot the e with
the wells of North and South Dakots,  In general
the presure declines towand the margin of the

img stratn.  This is resdily explained, a
alrndjmwd.iu ihe alialbow th.h;r nn:u.n'.nF
that the water & moving as o sbvw current townrd
heks loreg the margin of the formation, whes it
Jjoins the older rocks or where fisunes may con-
nect it with the bottom of streams,  In general
ach flow shows this mme decline in presure
toward the northeast,

Moreover, from what loes been mid about the
relation  of the Ihakota formation to ithe Sioux
aquanizite and the Colomdoe clays, it oo easily be
understood Ih?thelmﬂwuhmlhuhw
prossurcs, for their lakage is moch ks, On the
Artesinn Water shect are contoars representing the
“artesinn hoend,” which muy be mgarded as a
hydmulic gradient.  From the nafure of the o
it i impossible to represent on the map the pre-
sare for each water-bearing stratum, and therefore
the data from the more important wells have bom
s, [‘ﬂdl]ldl"lﬁlﬂi,lhtm.hur]ilmwt.
the presure in the more available and socssible
stratum. [t is not unlikely thot the sinking of
wells to greater depths, or to decper and additionsl
fhows, may incrosse the prossure considerably, It
will be obeerved that the contours have o distinet.
eurve toward the south snd esst,  This nay be
sscribed, especislly in the case of the 1400-foot
contonr, to bakage from the water-bearing stnuta
along James River.

The prosir: in ooy & few of the wells of this
aren his boen noted.  Many of the wells sre small
unil intendedd simply for frm supply, so that the
prossure hos not been an important cossideration.
The following prossures were taken soon after the
different wells were finishied, but some of them
have since declined pearly 1o zero: Ph.rhhqm
pounds; Tripp, 10 poands; ndﬁmlhnd,puhp
4 or & pounds. A number of wells southenst of

Parkston are reported to have 0 prosure of 40

pounds. At proent the wells ot Tripp and Soot-
land do mot flow.

Vartafions of pressure in adjmornd weils, = [n-
stanom are wob infroquent, although pot notable in

this quadmngle, where wells at nearly the sme |
| roparted to have a larger flow than 150 gallons

point have widely different presure. In some

6

| & minibe, which was obtained from a 2-isch well

differont sowrces, or Aows; nnd this may be trus,
even when the water i from the sune depth.  As
hefre stated, the water-bearing strata branch; amd
they do not alwavs have the sme level.  More
ﬂ'iqmllf, however, the vardations pn:uehll:d I.I_'I-'

| mpply.  The water frou arbesian wells miy simi-

in e, 7, T 060 N RB0 W, A Geinch well at | barly be retained, the geathe slops of the muntry

Tripg for u time deliversd 700 mllons o minute,
and n flow of G glu“mu n muinarte wis obEnimed
froms & well in the northwest comer of see, 20, T,

|98 N, B 60 W. The others sapply from 30 to

wells of this class are expluined by subter
leakngr, while the pressure from the stronger Bow
s u::p(u'uling iteeli’ outmide of the Fri]u- upon o
strtum of less pressure,

Variations of preaswre in the some well af difiee-
wnd aepthe —This need wot be dwelt wpon, for it
has been explained already that bower strata are |
mare perfectly sealed on their enstward mn;m |
and therefore display higher prossure,

Variationa of pressure lnﬁauﬂawﬂ&wh
draughis on neighboring well—"The extent of the |
influence of the soape of water from the well may |
ronsonably be supposed to be directly proportional |
to the smount of water discharged. 1t may be con-
cvived that the fow of the well produces a degres-
aiom im the s snrfmes, or *ld,"” s 1.l|.ru||ﬂ|:.
progortional to the amount of water led
lI:IIIIE‘I'l'-tlI.IE ll'l.rrlnrn!' nmn nwnmp; in lluh:lnh
tom of a pworvedr. I the flow is rpid, the
depression may be great, so that if the well ke
chosed its pressure st first will be perhaps several
prumls below the original presure; but as the
willer flows in, the prossure will gradually metom |
to it former state.  IF, therefore, two wells are |
near ench other, it should not be expicted that the |
closed pressure of one will approach very closely
the ariginal pressure if the other be beft open, |

Effeet of warying barameter on presuse,—NAa the
prossure is taken with o gge which i affected by
the presure of the air, it follows that when the |
tarameter is high the presure of the fluid within
will be correspondingly diminished. This influenee
i of mowrse .l]lg;ht. aned will b overlooked wmbss
the pressure in the well is very weak, in which case,
howgver, an increnss in the pressure of the air may
sometimes be sufficient to stop the flow: and, con-
versely, a low barometer may increse the Sow,

Periodic varinfions in presuere.—In a number of |
the weaker wells there has been not only a decline | I
in pressure, but from time to tme an incrense s |
well.  This inermss: Lis i some mes heen relnded
to the season, the spring being sometimes marked
by n stromger flow.  This, again, varies acconling
o yemrs; and it is helieved to be most mtisfactorily |
explained by supposing that the water is obtuined
from the melting of snows of From sirmms sabjoct
o Aoods,

Ejfect of leakage on presswre—This has been

river is high the prosar in the wells increses, Tt |
is emsily explained by supposing that there ih.-l
points of leaknge beneath the surface of the river, | ,
unl that the inerese of hydrstatic prossune from |
| ithe siream cheeks ithe leakage to such an extent
(that it increases the presure in sdjaoent wells, |
Alllsvagh this has not been noted in this quad-
nngle. it B nat impﬂﬂ.ﬂ: that mmp'ln af this
kind ooeur near James River.  This variation is of
course slight, and would be unnotics] except in
very woak wells

AMGUNT OF FLow,

The flow depends not only on presure but on
il Freedom with which the water is delivered to
| the bottom of the well from the porous stratom.
| The coamer the deposit the les the friction.  Most
of the wells in this are sre small, varying in
diameter from 1 inch to 3 inches.  None of them

b pallons a minwte.  These all receive their sip-
ply from the Dakota®formation.

Of the wells from the Plostosene, ile ]lrguﬂ
flow reported is frmn a Z-inch well in the north-

enst cormer of see, 1, T, 98 N, B 60 W, 20 gul- |
| lonz a meinte 'Iwins il rthl walmie, '.:lﬂlll]}'

| the flow s much less,
PFREOBABILITIES OF GETAINLES ADBMTIGNLL FLOWE

The water-learing strata, which seem to be at
Bemst three in mumber, Vary el T e, The
| well ut Tripp protmbly dmws from the thind fow;
the wells farther northenst from the second ; while
the higher water-biaring strata of the Dakota, or
first flow, do not affond Bowing wells in this region,
It = probable that the wells norheast of Tripp

may be sunk to a deeper Bow, which very likely |

extends ul:u!l.-mnd'l, but it 1= douldfinl whether it
extends much farther northenst, for it seoms to
be eut out, sa to speak, by the rising sbope of the
quartzite,  Moreover, i the quartzite continaes in
a rilge towand the southwest, as is represented on
the Artismn Water u]'uﬂ. it 18 somewhat denbiful
wlhether even the thinl fow extends much st of
Tripp. The possibility of deeper flows in the

| sothemstern comer of the qu.m!nngh BOEINS ST,

CONSTRUCTION OF WELLA

Although the practial application of the fallow-
ing suggvstions belongs to the well bares, and may

j be disensssd maone 4.'ﬂ'n'ti1.'|.'!1r fram the mm]poinl

of the engineer, yet somse of them are chosely related
to the geology, snd for that messon they sre pre
senied here:

{1) Binee the pressure in tho apper flows is bews
than in the lower flows, by scores of pounds to the
inch, it is very important that communication
bobween the lower and. B higher flows should he
{\-ntl'n"tr eut of.  Otherwise the foll prossre from
the lower strntnm will mot be observad st the mouth

:od'l]m well, but will be partially expended by lek-
| ing into the higher strata,  The well borer, in his

ibisire 1o keep his pipe locse, i ofien tempeed o
lemvee thie baome oo |.l|1qr.. and this ahould be gumreled
mgainst,

{2) It is very disirable that the lrger pipe lin-
ing the hare should be firmly fixed in the hard
stratum above the water-bemring rock, for if the

observed in wells mar Misouri River; when the | pipe is left locwe and the opming in the rock is |

not completely stopped, water is likely 1o esmpe
around the pipe, and will eventally, if not checkeod,
destroy the well. In most localitien this can be |
done bevanss such & compact stone is found just
above the porous sinls which condoet the waier,

bwen reached. Otherwise, the great pressure of the

water may cauwsed it to erode an irregular opening. |
,q:tmm{lf dr: nnd hot sowthesst winds, The

BETEXTIEN F RAIEFALL

From the diseussion of the underground I-'l.lflltl

it 1 evubent that both shallow wells and tubular
wella are replenished by the percolation of min- |

fall. Hemeo, it is advissble, where practicable, o |
bawild slams ncposs shallow water eourses in such a |
way o prsloce ponds, the water of which will |
::I'Iul'l.i:l'bﬂt. there are troem of moderste sime which

gradually sink into the groond and reach e wells
refermsd to.  The advantagis of this are obvious
in the reenforeement of the nndﬂgmumi winter

and the shallowness of the wator sourses being
favorable to the cretion of artificial bodies of
wuter, The only dissdvantsge is the occapation
of otherwise valuable ground: bat thi=s would cor-
tainly be more than compensstesl by the inerosed
valwe of adjacent lands, doe to irrgntion.

A0TLE ANIF VEGETATION.

Thse il of this quadrngle may be sid o be gen-
erally very uniform, and o have the chancteristics
that are eommon bo U soil of all drift regions, Ttis
a black 1uIrl, feriile and m.u.i]}' tilbed.  Thee sabenil is
sufficiently clayoy to keep the moisture from lav-
ing the surfice, nmd vet loamy enough 1o prevent
caking under ondinary treatment.  In some aras
particularly along the barger strems and some of
the terraces at higher levels, the sofl is decidedly
mndy, notably on the general wplamd level ooen-
pring considerable portions of T 100X, K, 58 W,
around the head of and between the channel lead-
ing inte James Kiver near Milliown, and on Walf
Creek nwnr its mouth.  Here the sand seems 1o be
s aloep ns in places 10 produce barren ground.  In
the lake basing which sre scattersd over the sur-
faoe, ﬂllu:ln'.a"_'r in ihe i-lr;l.-l' one, the il = Yoy
clayey, and is apparently guthensd by washing,  In
th luwv:r Tasins this t'lu._r'i.l w0 mbumndant amd a0
pure that it interferes with tillage.  There is an arem
st of Parkston, sround the upper portion of Iy

| Creek, which has boen described a8 an old lnke

bsl, of which this ststemsent is particulary true.
Abkals soile—The sil in drifk fggons = likely o
show scenmulations of alkali, which sometimes inter-
feros with the growth of vegetation.  This, however,
4||,1Prm|.u i the emsonnt of motstare, When the
moisture is abundant the alkali seems mther 1o be
a fertilizer.  The composition of alkali varies
gromtly, buat it i borgely carbonate amd sulphate of
s, Gravelly soils are found at a few points
along the higher termoes and in the momins,
where bowhibers also are troublesome,
Vegelmtion—The provalent nntive grases ane
those kknown ns buffaloe TR {Mr’ﬂ:lml Foaifen
feue), having the eommon charmcter of being very
short and thick set, and forming a mat upon the
ground, the alkali grss, which abounds in the more
elayey spots, and the “hlue-joint” | Andropogon),
of two or three IPEI"L'B, which during wet years s
genenully alundant.  Alang the streams ondinary
marsh griss (Sparfina) aboonds,  There are no
trees except along Jaumes River and the lower
courses of its larger tributaries, AL several points,
more particularly on shaded and n]irillﬂ.' banks,
considerable groves of elm, ash, cottonwood, and
willow were found 'I:g' tha: nr]}- sctilers of ihe
country.  They have largely boen removed, bat

| with s litthe core mny eusily b replaced by new
| groves eonsisting of trees of these or other specie.

(3} A well should be sunk as mpidly ns is con- |
mistent with good work, specinlly nfter water las |

Trees do wt foarish on the upland Jevel exceps
with Jupm':idl care,  The ].d'hbn'pll hindmnee to their
growth is the long, dry smeon of the latter part of
the summer, which & likely o be ntiended by

groves in this megion have shwn luxurisnt growth
for s fow yeurs, during 8 peried of moksture, thea
the gradual dying cut of the larger trees during a
| moceeding period of aridity, generally extonding
over several years. Dhespite this drawhback, over
mawch of the clevated conntry oo James Biver, and
more particularly near some of the lnkes smd

havve beoon grown within the lnst twenty years.
Muy, 19503,
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o thus forming anather

of samd

o

mentary formations of any one period, excepting
the Pleistocene and the Archean, am distinguisbed

AT,
eposited Ly the boe §a callald glacial
rift; that washed from the foe onto the adjacent

AGES OF ROCKS,

Rocks are farther distinguished scconling to-

their relative ages, for they were pot formed oll
at one tine, bat from age to age in the carth’

\bistory. Classifieation by age is independent of
origin; igneous, sedimentary, swd surfidinl rocks
may be of the ssme nge.

The rocks comprsing 1
system amd the tine taken for its deposition are
given the same nsme, ss, for instance, Canibrian
syetern, Cambrian period,

- As selimentary deposits or strata nccumulato
the younger rest on thoss that are older, and the
relative ages of the deposits way be discoversd
by obeerving their relative, positions, This rels.

! tionship holds except in regions of intense

disturbanes ; sometimes in such reglons the dis

~ turbance of the beds has beon so great that their
rilinn in reversed, amd it s often diffienlt to
eterming fhe relative ages of the beds from their

0 positions then foseils, or the remning of plants

y anid animnls, are guides to show which-of two

- Birata often contain the remains of plants and
animals which Nved in the sea or were washed
from the lamd into lnkes or seas or wers buried in
surficial deposits on the lind, Rocks that con.
tain the remming of life are ealled fossiliforous,

in called ‘modified drff. Tt b nausl also to| -

from ome another by different patterns, msde of
parallel straight lines. Two tints of the period.
color are used : o pale tint is printed evenly over
thie whle sitface representing the period ; a dark
tint brings out the different patterns representing
formations.  Each formation is furtherore given

" Pavan.

Srmem |
Plolsbooras . , , . . P Any setors
= & " !'.‘Ibwru- : ’ " Tulls.,
Eovme, [eseluddng |
¥ ' £ [H - b wmes.
§ Crlaomons . | K (Rl e Tt
ek il.T-ur-nh:;J“"": I | Mloe geoens.
[ Carbmniferons, el |
L F
Puleos Devonlan 0 | Bluepurple.
1|' Salurian, meludisg |
| Aedowician ;. . . . . 5| Rk purples
|\ Caambrian . .. ... € | Pinks
Abgoniian Cee e A | Orsnge browss
Ambean ., ..., ., | & | Any esloes

a lettersymibol composed of the period letter com-
bimed with small letters standing for the formn.
Mtion nome.  In the cass of o sedimentary formation
of uncertain age the pattern is printed on-white

farmation is su to helong, the lettersymbol
of the period being omitted.

The sumber and extont of surficial fornmtions,
chiefly Pleisfocne, render them so inportant that,
to distinguish them*from those of gther periods
amd from the igneons rocks, patterns of dots and
circlés, printed in any oolors, are wsed.

The origin of the Archesn rocks is not folly
settled, ‘Many of them are certainly igneous,
Whether sedimontary rocks are also incloded is
not determined. The Archean rocks, and all
metamarphic rocks of unknown origin, of what-
éver age, are represerted on the maps by patterns
consisting of short dashes irrregularly  placed,
These are printed in any color, and may be dorker
ar lighter than the backgronnd, If the rock is a
schist the dashes or hachures may be armnged in
wavy paraliel limes, If the metamorphic rock is

ground in the color of the period to which the |

principal mineral mined or of the stone quartied,
Strwoluressction a’ml‘.TThll sheet exhibits tho

relations of the formatiochs beneath the surfacs,

| In cliffs, eanyons, shafts, and other natural and

| artifiein] outtings, the relstions of different bods

| to one another may be seen,  Any cutting which

exbibits thoss relntions is ealled & seetion, and the

skt faie is applied to s disgram representing

l

-| the relations  The arrangement of mocks in the

carth is the sarth's sersfure, nod nsection exhibit-
ing this armngement is called o structore seetfon.

The geologist is not limited, however, to the
natural and artificin] enttings for his information
comcerning the earths structum. Knowing the
manner of the formation of rocks, Ild'l]l’\'illg
traced out the relations among beds on the sar.
face, be can infer their relstive positions after
they puss bementh the suorface, dew sections
which represent the strocture of the earth toa
considerable depth, and construct a diagrma
exhibiting whot would be seen in the side of a
rl.ltlil:ls nsany miles ]n:mg aml poveral thousand feet
deep.  This is illustrated in the following figure:

| Fig, f.=8keteh showies o verthoal seciion in the front of the
| pheture, with a landscags boyoad

The figure represents a landscape which is cot
i off sharply in the foreground by & vertical plane,
#ona to show the undergronnd relations of the
rocks,

The kinds of rock are indicated in the section
by appmprim u_'rrubdu of lines, m and dashes,
Thess symbiols slmit of much varistion, bat the
fﬂ“uwhlg nre Fuﬂm"y q!.nl,l in sections to repre.
sent the commoner kinds of rock:

known to be of sedimentary origin the hack
patterns may be combined with the parillelline
patterns of sedimontary formations.  If the rock
in recogmined as having been originally igneons,
the bachures may bo combined with the ignesus
pattern. I

By studying these remains, or fossils, it has boon

Kuown igneons formations are represented by
patterns of triangles or rhombs prioted in any

fourd that the species of each pericd of the earth's | brillinnteolor.  If thi formation is of known g

history have to n great extont differsd from those
ricls.  Only the simpler kinds of
L existid when the oldest fossiliferons
¥ lﬁﬂHMWL From time to time more
_uﬂlﬂiﬂ:’nﬂldﬂﬂmﬂ.m a8 the simpler anes
'i'r-l' i ol

i

; in modified forms life became more
varied, But during ench period there lived peeul-

inr forms, which did not exist in earlier times |-

£

ve nob exiated since; these are ol

the lettersymbol of the formation i preceded by
the capital lettorsymbol of the proper period,
It the nge of thd formation is unknown the
letteraymbol consists of small letters which
sugrest the nume of the rocks,

THE VARIOIS _ﬂuuumm HHEETE,
Arval goology sheet,—This sheet shows the

areas

15

pes, and they define the e of any bed of |
in which they are found. Other ty pes
on from pericd to period, and thos linked
systems together, forming a chain of life from
time of the oldest fosiliferous rocks to the

i

'i?!'

" When two formations are remots ome from the
other and it is impossible to ohsorve their relutive
positions, the characteristic fossil 1 found in
 thom may determing which was ited firat
 Fossil remains found in the rocks of different

© areas, provinees, and continents afford the mest

" important means for combining local histories

~ into & geneml earth history,
- Colors and patterna—To
~ of strata, the history of the sedimentary rocks is

- - livided into periods. The names of the pericds
i proper order (Trom new, to old), with the colors
o and symbol assigned to ench, aro given'in the
table in the next column. The names of cortain
subidivisions and groups of the periods, frequently
used in geologic writings, are bracketed against

names,

rll:l;ﬂarf.ha relative ages

the
To distinguish the sedis formations of
any one pericd from those of snother the patterns

fur the formations of each period are printed in
the , with the exéeption
of the one at the top of the colomn (Flefstocens)

picd by the varions formations On
the margin is &

eolored pattern and its bottersymbal on the map
the reader should look for that solor, pattern, and
symbaol it the ]lgﬂﬂl‘l_,. where he will find the nnme
and déscription of the formation. 17 it is desined
to find any given formation, its name should be

poted, when the sreas on the map correspanding
in color and pattern may be traced oot

The legend is aleo o partisl statement of the
pgeologie b . In it the symbols and names
are armnged, i calumnar form, scconling to the
origin of the formations — surficial, sedimentary,

anil st — and within cach group they are
 the arder of age, =0 fay a8 known, the
youngest at the
- shoet,—This sheet represents
the distri useful minerals, the cccurrence
of artesian other facts of ceonomis inter.
ent, showing relations to the features of topo.

graphy and to the geologic formations. Al the
formations which appear on the historical geology
oot -ﬁ{}nﬁunm this sbet by fainter color pat-
RErms, e arenl peology, thus printed, affonds a
subdued background wpon which the nress of pro.

e

and the one at the bottom (Archesn). ‘The sedi,

sought in the begend and its color and pattern |

Fig 1.

| The pl:m in fig. 2 presents townnd the lower
| land an escarpisent, or front, which is mads up

M inad v macl b e i
Kimls of mock.

sl 80

fogendd, which is the key to 't!lq..: of samlstones, forming the eliffs, and shales, con-
mup. ‘To ascertain the mesning of any particalir | stitoting the slopes, as shown at the sxtreme left

| of the section.

| - The broad belt of lower land is traversed by
several ridges, which are seen in the seetion to
correspond o heds of sandstone that rise to the
surfnce.  The upturned edges of these beds form

the owterops of limestone amd ealearesns shales,
Where the edges of the strata appear at the
surface their thickness can be measured and the
| angles at which they dip below the surfiace san be
observed, Thus their positions undergrownd can
be inferred,  The direction that the intersection
| of n bed with o horizontal plane will take is called
the atrile.  The inelination of the bed to the hori-
| momtal plane, messured at right angles to the strike,
is called the dip.
When struta which are thos inclined are traced
underground in mining, or by inferenes, it is fre
| quently observed that they form tronghs or arches,
sach na the section shows, The arches are ealled
anticlines and the tronghs symolines.  Bub the
sandstones, shales, and limestones were deposited
benesth the sen in nearly flat shests. That they
| are now beot and folded is regarded as 'pm.d‘th..i

dustive formations may be emplasized by strong . forees exist which have from time to time consed I
< A symbol for mines is introducsd st éach | the carth’s surface to wrinkle along certaln zones, |
sccompanicd by the mame of the |In places the strata are broken soross and the Révieed January, 1902,

the ridges, and the intermediate valleys follow |

parts slipped past one another,  Such breaks ary'
termmed _feniis. )

On the right of the sketch the section is eom.
posesd of achists which are traversed by mnsses of
igneoas rock.  The schists are much contorted
aml their armngement undergrowsl ean ot be
| infernesd.  Henes that portion of the asotion
| delineatel whnt is probahly tree but is not
- kmown by observation or well-founded inforence,

In fig. & there are thres sets of fomations, dis
tinguished by their underground relations.  The
first of these, seen at the beft of the ssetion, is the
sot of sandstones and shales, which lie in n hori.
zontal li—i!ilm- Theso seHmentary stmta are

| now high above the s, forming o platens, uod
their change of clevation shows that a portion
of the eapth's mass has swelled upward from 5

| lower to n higher lovel, The strata of this set are
parallel, o relation which s called oonformable,

i The second set of formations consistg of straty
which form arches and tromghs. Thess sirnis

| were once continuows, but the crests of the arches
have been removed by degmdation. The beds,

likie those of the flrst set, are conformablbe,

The horizonal strata of the platenn rest upon
the uptarned, erded odges of the beds of the
second set at the lofé of the section. The over.
lying deposits are, from their positions, evidently
younger than the under]ying formations, and the
bemaling and degradation of the older strata must
have oocurred betwesn the deposition of , the
alder leds and the nccumulation of the younger,
When younger strata thus rest upon an eroded
surfnce of alder strata the relatita between the
two I8 an wroonformabl one, and their sarfaco
of contact is an wmoon Feeaity,

The thind set of formations consists of erystal.
line sehists and fgneous rocks, At some pericd
of their history the schists were plicated by pres.
sure and traversed by eraptions of molten roek.
But this pressure and intrasion of ignesus rocks
Lhaves mot -affected the overlving sirta of the
secomd set. Thus it is evident that an interval of
considernble duration elapsed between the forma.
tion of the schists and the beginning of deposition
of the stmta of the sccond set.  During thia
interval the schists suffered metamorphism; they
were the soepe of emp‘t'u.'n activity ; and :bu}-
wore deeply eroded. The contact between the
sevond and  thind sets, marking & time interval
between two periods of rock formation, is another
unconformity.

The section and landscaps in fig. 2 are ideal,
bt ghey illastrate relations which actually ocear,
The sections in the strueturesection sheet are
related to the maps as the section in the Brure is
rulated to the ldscape,  Thé profiles of the sur

S | tace in the section correspond to the actnal slapes

| of the ground along the section line, and the depth
from the surface of any mineral producing or water.
bearing atratum which appears in the section Hiay
bo measured by using the seale of the map,

Colwemnar asotion sheet.—This sheet containg a
concise description of the rock formations which
occur in the quadrdngle. Tt prosents & summsary
af the facta relating to the character of the rocks,
the thicknesses of the formations, ind the order
of accumulation-of succmssive deposits,

Thie rocks are deseribed updor the correaponid.
ing heading, and their characters are indicated in
the columnar dingrams by appropriate symbala.
The thickpesses of formations are given in figures
which state the lesst nnd greatest measurementa,
The average thicknes of sach formation is shown
in the solumn, which is drwwn to s sealo — nsually
100} fewt to 1 inch. The onder of sccumulation of
the sediments is shown in' the columpar ArTADZE-
lment: tho oldest formation is placed st the baottom
of the column, the youngest at the top, and igne-
ous rocks or surficial deposits, when presmt, are
indicatedd in their proper relations,

The formations are combined into systems
which correspond with the periods of goologio
history. Thus the ages of the rocks are shown,
and also the tatal thickness of each wystem,

The intervals of tme which correspond o
events of uplift and degradation and constitnte
Iil:llﬂ'l'l.lplimﬂ of deposition of sediments are indi-
eated graphically and by the word “unconformity.”

CHARLES Ir WALCOTT,
iertor,




it

PUBLISHED GEOLOGIC FOLIOS

Hm*l

il

;sii#::iizszaatﬁ:ﬁazsﬂsé;ui‘

P

BB EE R E R R RN RN R RSN RERERE RS

S¥322322222285828828828

NESBPEBCZEEIRRIER

BEEEBEEEEREERRERSRREERERRERERRR s naEnkesnsnesef |

i lhj_-h-bh--—gulu’uhu‘
th&n-d‘qﬁ.

ﬂﬂlﬂm

m#ﬁimw’iﬂ hnﬂhmhnﬂ-mmw“ﬂﬂﬂmﬂ hmh may b

Mmmmsm Washinghes, O, C.

A




