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| GEOLOGIC ATLAS OF TH:

The Geological Survey is making a geologic atlas of the
United States, which is being issued in parts, called folios. -
Each folio includes topographic and geologic maps of a certain
area, together with descriptive text.

THE TOPOGRAPHIC MAP.

The features repi‘esent'ed on the topographic map are of
three distinet kinds—(1) inequalities of surface, called relief,
as plains, plateaus, valleys, hills, and mountains; (2) distribu-
tion of water, called drainage, as streams, lakes, and swamps ;
(3) the works of man, called ecullure, as roads, railroads,
boundaries, villages, and cities.

Relief.—All elevations are measured from mean sea level,
The heights of many points are accurately determined, and
those of the most important ones are given on the map in
figures. It is desirable, however, to give the elevation of all
parts of the area mapped, to delineate the outline or form of all
slopes, and to indieate their grade or steepness. This is done
by lines each of which is drawn through points of equal eleva-
tion above mean sea level, the vertical interval represented by
each space between lines being the same throughout each map.
These lines are called confour lines or, more briefly, contours,
and the uniform vertical distance between each two contours is
called the eontfour inferval. Contour lines and elevations are
printed in brown. The manner in which contour lines express
altitude, form, and grade is shown in figure 1.

FiraurEg 1.—Ideal view and corresponding contour map.

The sketch represents a river valley between two hills. In
the foreground is the sea, with a bay that is partly closed by
a hooked sand bar.  On each side of the valley is a terrace.
The terrace on the right merges into a gentle hill slope; that
on the left is backed by a steep ascent to a cliff| or scarp, which
contrasts with the gradual slope away from its crest. In the
map each of these features is indicated, directly beneath its
position in the sketeh, by contour lines. The map does not
include the distant portion of the view. The following notes
may help to explain the use of contour lines: 4

1. A contour line represents a certain height above sea level.
In this illustration the contour interval is 50 feet; theretore
the contour lines are drawn at 50, 100, 150, and 200 feet, and
so on, above mean sea level.  Along the contour at 250 fect lie
all points of the surface that are 250 feet above the sea—that is,
this contour would be the shore line if the sea were to rise 250
feet ; along the contour at 200 feet are all points that are 200
feet above the sea; and so on. In the space bt ween any two
contours are all points whose elevations are above the lower
and below the higher contour. Thus the contour at 150 feet
falls just below the edge of the terrace, and that at 200 feet lies
above the terrace; therefore all points on the terrace are shown
to be more than 150 but less than 200 feet above the sea.
The summit of the higher hill is marked 670 (feet above sea
level); accordingly the contour at 650 feet surrounds it. In
this illustration all the contour lines are numbered, and those
for 250 and 500 feet are accentuated by being made heavier.
Usunally it is not desirable to number all the contour lines.
The accentuating and numbering of certain of them—say every
fifth one—suffices and the heights of the others may be ascer-
tained by counting up or down from these.

2. Contour lines show or express the forms of slopes. As
contours are continuous horizontal lines, they wind smoothly
about smooth surfaces, recede into all reentrant angles of
ravines, and project in passing around spurs or prominences.
These relations of contour curves and angles to forms of the
landseape can be seen from the map and sketch.

3. Contour lines show the approximate grade of any slope.
The vertical interval between two contours is the same, whether
they lie along a cliff’ or on a gentle slope; but to attain a given
height on a gentle slope one must go farther than on a steep
slope, and therefore contours are far apart on gentle slopes
and near together on steep ones.

A small contour interval is necessary to express the relief of
a flat or gently undulating country ; a steep or mountainous
country can, as a rule, be adequately represented on the same
scale by the use of a larger interval. The smallest interval .
used on the atlas sheets of the Geological Survey is 5 feet.

This is in regions like the Mississippi Delta and the Dismal
Swamp. For great mountain masses, like those in Colorado,
the interval may be 250 feet and for less rugged country con-
tour intervals of 10, 20, 25, 50, and 100 feet are used.

Drainage.—~Watercourses are indicated by blue lines. Fora
perennial stream the line is unbroken, but for an intermittent
stream it 18 broken or dotted. Where a stream sinks and
reappears the probable underground course is shown by a
broken blue line. Lakes, marshes, and other bodies of water
are represented by appropriate conventional signs in blue.

Culture.~The symbols for the works of man and all letter-
ing are printed in black.

Seales,—The area of the United Btates (exclusive of Alaska
and island possessions) is about 3,027,000 square miles. A
map of this area, drawn to the scale ‘of 1 mile to the inch
would cover 3,027,000 square inches of paper and measure
about 240 by 180 feet. Each square mile of ground surface
would be represented by a square inch of map surface, and a
linear mile on the ground by a linear inch on the map. The
seale may be expressed also by a fraction, of which the numer-
ator iz a length on the map and the denominator the corre-
sponding length in nature expressed in the same unit. Thus,
as there are 63,360 inches in a mile, the scale “ 1 mile to the
inch ™ iz expressed by the fraction .

Three scales are used on the atlas sheets of the Geological
Survey; they are sgm, s, and gy, corresponding approxi-
mately to 4 miles, 2 miles, and 1 mile on the ground to an
inch on the map. On the scale of w3 a square inch of map
S[II."EEI(‘!_‘ ]'{"I}]I‘.‘S-L"TIIH J'Ihnl.li. 1 ﬁ-l.]'l,]:ll'i_‘: 'I'I'Ii_l.{] ﬂf. {'ﬂl'il] EL'II"EEH_’E} 011 I]lﬂ
scale of yi5m, about 4 square miles; and on the scale of T »
about 16 square miles. At the bottom of each atlas sheet the
seale is expressed in three ways—by a graduated line repre-
senting miles and parts of miles, by a similar line indicating
distance in the metrie system, and by a fraction.

Atlas sheets and guadrangles.—The map of the United States
is being published in atlas sheets of convenient size, which
represent areas bounded by parallels and meridiang, These
areas are called gradrangles.  Each slieet on the scale of o
represents one square degree—that ig, a degree of latitude by a
degree of longitude; each sheet on the seale of i represents
one-fourth of a square degree, and each sheet on the seale of
@i one-sixteenth of a square degree. The areas of the corre-
gponding quadrangles are about 4000, 1000, and 250 square
miles, though they vary with the latitude.

The atlas sheets, being only parts of one map of the United
States, are not limited ]r}' pnﬁl:ir:!l ]muml:lt'_v |ilu~$:I such as
those of States, counties, and townships. Many of the maps
represent areas lying in two or even three States. To each
sheet, and to the quadrangle it represents, is given the name of
some well-known town or natural feature within its limits, and
at the sides awd corners of each sheet are printed the names of
adjacent gquadrangles, if the maps are published.

THE GEOLOGIC MAPS.

The maps representing the geology show, by colors and
conventional :-xi;.__{n:?. prilltud on the lﬁpﬂgl'alpi]ic base 1, the
distribution of rock masses on the surface of the land and, by
means of structure gegtions, their underground relations, =o far
as known and in such detail as the scale permits.

KIND:s OF ROCKES.

Rocks are of many kinds, On the geologic map they are
distinguished as igneous, sedimenfary, and metamorphie.

Lgneous roeks—Rocks that have cooled and eonsolidated
from a state of fusion are known as ignesus,  Molten material
has from time to time been forced upward in fissures or chan-
nels of various shapes and sizes through rocks of all ages to or
nearly to the surface. Rocks formed by the consolidation of
molten material, or magma, within these channels—that is,
below the surface—are called infrusive.  Where the intrusive
rock occupies a fissure with approximately parallel walls it is
called a dike; where it fills a large and irregular conduit the
mass ig termed a slock. Where molten magma traverses strat-
ified rocks it may be intruded along bedding planes; such
masses arve called sills or sheets if comparatively thin, and laceo-
liths if they occupy larger chambers produced by the pressure
of the magma. Where inclosed by rock molten material cools
slowly, with the result that intrusive rocks are generally of
crystalline texture. Where the channels reach the surface
the molten material poured out through them is called lava,
and lavas often build up voleanie mountains. Igneous rocks
that have solidified at the surface are called extrusive or effusive.
Lavas generally cool more rapidly than intrusive rocks and
as a rule contain, especially in their superficial parts, wore or
less voleanie glass, produced by rapid chilling. The outer parts
of lava flows also are nusually porous, owing to the expansion of
the guses originally present in the magma. IExplosive action,
due to these gases, often accompanies voleanic eruptions,
causing ejections of dust, ash, lapilli, and larger fragments.
These materials, when consolidated, constitute breccias, agglom-
erates, and tuffs.

Sedimentary rocks.—Rocks composed of the transported
fragments or particles of older rocks that have undergone
disintegration, of voleanic ejecta deposited in lakes and seas, or
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of materials deposited in such water bodies by chemical precipi-
tation are termed sedimentary.

The chief agent in the transportation of rock débris is water
in motion, including rain, streams, and the water of lakes and
of the sea. The materials are in large part carried as solid
particles, and the deposits are then said to he mechanical.
Such are gravel, sand, and clay, which are later consolidated
into conglomerate, sandstone, and shale. Some of the mate-
rials are carried in solution, and deposits of these are called
organic if formed with the aid of life, or chemical if formed
without the aid of life. The more important rocks of chemical
and organic origin are limestone, chert, gypsum, salt, iron ore,
peat, lignite, and coal.  Any one of the kinds of deposit named
may be separately formed, or the different materials may be
intermingled in many ways, producing a great variety of rocks.

Another transporting agent is air in motion, or wind, and a
third is ice in motion, or glaciers. The most characteristic of
the wind-borne or eolian deposits is loess, a fine-grained earth;
the most characteristic of glacial deposits is till, a heterogeneous
mixture of bowlders and pebbles with clay or sand.

Sedimentary rocks are usually made up of layers or beds
which can be easily sepurated. These layers are called sfrafa,
and rocks deposited in such lavers are said to be stratified.

The snrface of the earth iz not immovable; over wide regions
it very slowly rises or sinks, with reference to the sea, and
shore lines are thereby changed. As a result of upward
movement marine sedimentary rocks may become part of the
land, and most of our land areas are in fact occupied by rocks
originally deposited as sediments in the sea.

Rocks exposed at the surface of the land are acted on by air,
water, ice, animals, and plants, especially the low organisms
known as bacteria. They gradually disintegrate and the more
soluble parts are leached out, the less soluble material being
left as a vesidual layer. Water washes this material down
the slopes, and it is eventually carried by rivers to the ocean or
other bodies of water. Usnally its journey is not eontinuous,
but it is temporarily built into river bars and flood plainsg,
where it forms alluwivm. Alluvial deposits, glacial deposits
(collectively known as driff), and eolian deposits belong to
the mcrje'r:[ai class, and the residual layer is commonly included
with them. Their upper parts, occupied by the roots of
plants, constitute soils and subsoils, the soils being usually
distinguished by a notable admixture of organic matter.

Metamorphic rocks.—In the course of time, and by various
processes, rocks may become greatly changed in composition
and in texture. If the new characteristics are more pro-
nounced than the old such rocks ave called melamorphic. 1In
the process of metamorphism the constituents of a chemical
rock may enter into new combinations and certain substances
may be lost or new ones added. A complete gradation {rom
the primary to the metamorphic form may exist within a
gingle rock mass. Such changes transform sandstone into
quartzite and limestone into marble and modify other rocks
in various ways. -

From time to time during geologic ages rocks that have
been deeply buried and have been subjected to enormous
pressures, to slow movement, and to igneous intrusion have
been afterward raised and later exposed by erosion. In such
rocks the original structures may have been lost entirely and
new ones substituted.. A system of planes of division, along
which the rock splits most readily, may have heen developed.
This structure is called eleavage and may cross the original
bedding planes at any angle. The rocks characterized by it
are slafes. Crystals of mica or other minerals may have grown
in the rock in such a way as to produce a laminated or foliated
structure known as sehistosity. The rocks characterized by this
structure are scliists.

As a rule, the oldest rocks are most altered and the vounger
formations have escaped metamorphism, but to this rule there
are many important exceptions, especially in regions of igneous
activity and complex structure.

FOREMATIONE.

For purposes of geologic mapping rocks of all the kinds
above described are divided into formafions. A sedimentary
formation contains between its upper and lower limits either
rocks of uniform character or rocks more or less uniformly
varied in character, ag, for example, an alternation of shale and
limestone. Where the passage from one kind of rocks to
another is gradual it may be necessary to separate two contigu-
ous Ib:{mlti{ms by an arbitrary line, and in some cases the
distinetion depends almost entirely on the contained fossils.
An igneous formation containg one or more bodies of one kind,
of similar occurrence, or of like origin. A metamorphic for-
mation may consist of rock of uniform character or of several
rocks having common characteristics or origin.

When for scientific or economic reasons it iz desirable to
recognize and map one or more specially developed parts of a
varied formation, such parts are called memdbers, or by some
other appmp\riate term, as lentils. '

AGES OF ROCKS,

Geologic time.—The time during which rocks were made is
divided into periods. Smaller time divisions are called epochs,
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DESCRIPTION OF THE LEAVENWORTH AND

SMITHVILLE

INTRODUCTION.
GENERAL RELATIONS.

The Leavenworth and Smithville quadrangles lie between
parallels 39° 15" and 39° 30" and meridians 94° 30" and 95°
and include an area of 461.7 square miles in northeastern
Kansas and northwestern Missouri, comprising parts of Leaven-
worth and Atchison counties in Kansas and of Platte, Clay, and
Clinton counties in Missouri. (See fig. 1.) Leavenworth, the
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Froueg 1.—Index map of a part of Missouri and Kansas,

The lecation of the Leavénworth and SBmithville q.undmugh:a {No. ad) la shown by the darker
ruling. Fublished follos describing other quadrangles, indicated by lighter ruling, are Nos
1%, Cottonwood Falls; 148, Joplin distriet; 159, Independengs,

prineipal eity in the area, is on the west bank of Missouri River,
in the southwestern part of the Leavenworth quadrangle.

GENERAL GEOGRAPHY AND GEOLOGY OF THE
REGION.

TOPOGRAPHY.

The region in which the Leavenworth and Smithville quad-
rangles are situated includes two main topographic divisions—
the Glaciated Plains and the Osage Plains—which have char-
acteristics that bear important relations to past and present
conditions in the quadrangles. (See fig. 2.) The Great Plains
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FraureE 2 —8keteh map of Missouri and sarronnding region, showing the
major topographie divisions and the southern limit of glacial drift.

The Leavanworth and Smithville quadmnglés are in western Missourd and sastern Kansas, as
ghown o figure 1.

on the west and the Ozark region on the southeast have some
features that ave also related to the geology of the quadrangles.

! Geologic mapping was done in cooperation with Missonri Burean of
Geology and Mines

By Henry Hinds and F. C. Greene,!

Glaciated Plains—The Glaciated Plains is a very large
region, including most of the United States north of Ohio and
Missouri rivers and extending westward to the Great Plains.
It consists in greater part of more or less featureless plains.

In late geologie time glaciers which moved across the country
in a southerly direction deposited great quantities of unconsoli-
dated materials, filling many previously existing valleys and in
this and other ways greatly modifying the topography of nearly
all of the (zlaciated Plains. The southern limit of the ice inva-
sions may be roughly placed at Ohio and Missouri rivers,
though it lies some distance beyond the present position of
the Missouri in northeastern Kansas, eastern Nebraska, and
the Dakotas. After the retreat of the ice much of the invaded
territory was a nearly level plain in which the drainage was
poor because of the obliteration or obstruction of many of the
old valleys. In the area reached by the later glaciers, including
much of Minnesota, lowa, Wisconsin, Illinois, and other north-
ern States, the drainage is still poor, and there are numerous
lakes and ponds and broad stretches of level prairie. North-
eastern Kansas, Missouri north of Missouri River, southern
and western Towa, and eastern Nebraska, though covered by
the older glaciers, were not reached by the younger ones, and
sufficient time has elapsed since the last ice retreat to permit
the development of more extensive drainage lines. Iast of
Chariton River, in Missouri, there are many broad, flat divides,
but the uplands west of that stream are rolling and less of the
surface remains as it was left by the ice.

The sarface of most of the Glaciated Plains lies 500 to 1,500
feet above sea level. The local relief is slight, being less than
100 feet in many places and more than 500 feet in only a few.
In northern Missouri and northeastern Kansas the maximum
altitude 1s a little more than 1,200 feet and the local relief is
cenerally less than 300 feet; the greatest local relief is along
the ezcarpment formed by the limestone beds at the base of
the Kansas City formation and along Missouri River, where
the river bluffs rise to a maximum of about 3350 feet above the
flood plain.

Along the southern margin of the Glaciated Plains glacial
drift was never very thick and much of it has been removed
by posiglacial erosion. In an irregnlarly shqped area bordering
Missouri and Kansas rivers on the north the drift does not
materially affect the topography, and the character of the sur-
face is much like that of the unglaciated region farther south
and west. Iscarpments are only slightly less conspicuous,
divides are not much broader, drainage is well developed, and
extensive flat upland prairies are exceptional. The Leavenworth
and Bmithville quadrangles lie chiefly in this bordering transi-
tional area.

Osage Pleins.—In southwestern Missouri, eastern Kansas,
central Oklahoma, and northeastern Texas the surface is
unglaciated and is called the Osage Plains. The northern
part of this area consists of a series of plains separated by
escarpments produced by the erosion of gently dipping strata
of unequal resistance, belonging to the Pennsylvanian series.
The plains commonly conform to the dip of a resistant stratum,
s0 that the combination of plains and scarps is like a huge stair-
way with each step sloping gently west or northwest, and the
top of each escarpment only slightly higher than the top of the
one next east of it. As thick limestone beds are more resistant
than most of the other rocks exposed each escarpment comprises
limestone at or near the top, with less resistant rocks below.
The plains are 5 to 30 miles wide and the escarpments 100 to
300 feet high. The principal escarpments from southeast to
northwest are those formed by the Henrietta formation and
the overlying Hertha to Winterset, Plattsburg to Stanton, and
Oread limestone members; several others are only locally devel-
oped and hence separate plains that are not so well defined.
Many of the characters of the Osage Plains may be seen in
the sonthwestern horder of the Glaciated Plains, which ineludes
most of the Leavenworth and Smithyville quadrangles.

Greal  Plains,—DBetween the Glaciated Plains and Osage
Plains and the foot of the Rocky Mountains lie the Great
Plains, whose eastern border extends north and south through
eastern Kansas and Nebraska, not far from the Leavenworth
and Smithville quadrangles. The Great Plains are character-
ized in general by smooth outlines caused by extensive tabular
or rolling areas traversed by the broad shallow valleys of the
larger streams. As a whole they slope to the east, away from
the mountaing, and are higher than the Glaciated Plains and

QUADRANGLES.

the Osage Plains. The s#mooth outlines are not universal,
however, for lateral drainage has cut many deep, narrow
valleys, and in places long escarpments, areas of badlands,
and sand dunes have been formed. The relief ranges from
6,000 feet above sea level at the foot of the Rocky Mountains
to much less on the eastern border of the province.

Ozark region.—Structurally as well as topographically the
Ozark region is a low dome of elliptical outline, oceupying
much of southern Missouri and northern Arkansas. It is
characterized by higher altitude, greater relief, and older out-
cropping formations than neighboring aveas on the west and
north. The northeastern part of the region includes the Salem
Platean and the St. Francis Mountains and containg only small
patches of Carboniferous rocks; the northwestern border is a
smoother aren in which Mississippian rocks outcrop. The
Ozark region culminates topographically at the south in the
Boston Mountains, a long, narrow plateau 2,000 feet abhove
sea level. The part of the region that lies in Missouri, which
is less than 1,700 feet in maximum altitude, borders the
Gilaciated Plains along Missouri River, one of its lowest parts.

DRAINAGE,

Nearly all of the Glaciated Plains lie in the basins of
Missouri, upper Mississippi, and Ohio rivers and the Great
Llakes. The southern part of the Osage Plains iz drained
chiefly by Arkansas and Red rivers. The surface waters of the
northern part of the Great Plains are tributary to the Missounri
and those of the southern part to the Arkansas and other
streams. The drainage of the Ozark region is to the Missouri
and the Arkansas and through these and smaller streams to
the Mississippi. Northern Missouri is drained chiefly by
Chariton, Grand, Platte, and Nodaway rivers, all of which
flow south into the Missouri. Northern Kansas lies chiefly in
the basin of Kansas River, which empties into the Missouri
at Kansas City. Southern Kansas lies in the basin of the
Arkansas. A small area in east-central Kansas and west-
central Missouri is drained by Osage River, which flows east
and northeast across the northern border of the Ozark Plateaus
to join the Missouri below Jefferson City.

STRATIGRAPHY AND STRUCTURE.

The dominant structural feature of the region is the Ozark
uplift in southern Missouri and northern Arkansas, in which
the older rocks lie at relatively higher levels than in surround-
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ing territory and from which they dip away on all sides, The
rocks exposed are chiefly Cambrian and Lower Ordovieian lime-
stones, with intercalated sandstone and shale, Pre-Cambrian
igneous rocks outcrop in a comparatively small area in the St.
Francis Mountains. Small patches of Carboniferous strata are
scattered over all parts of the Ozark region, and Silurian and
Devonian rocks outerop at a few places in narrow zones around
its border. Mississippian rocks, chiefly limestone, oceupy con-
siderable tervitory in southwestern and northeastern Missouri,
in the southeast corner of Kansas, and in a narrow strip near
Misszouri River in central Missouri. (See fig. 3.)

The older Paleozoic formations dip gently away from the
main part of the Ozurk region and pass beneath Carboniferous
formations on the north and west. The Pennsylvanian series
of the Carboniferous system, which contains all the important
coal deposits of the region, onterops in much of northern and
western Missourd, in southern Towa, and in adjacent parts of
Kansas and Nebraska. In north-central and northeastern Mis-
souri the beds, broadly considered, lie nearly horizontal, being
distarbed only by low anticlines trending northwest and south-
east. In west-central Missouri they dip northwest; in north-
western Missouri, west: and in southern Towa, southwest.
These dips, which are commonly less than 10 feet per mile,
are continued into Kansas and Nebraska, and the Pennsyl-
vanian passes beneath younger rocks—DPermian and Creta-
ceous—a short distance west of Missouri and Towa.  Cretaceous
rocks also cover the Pennsylvanian in part of western Towa.

The Pennsylvanian series has been divided into several
units. The Cherokee shale—the chief coal-bearing forma-
tion—is at the base and is overlain successively by the Hen-
rietta and Pleasanton formations of the Des Moines group and
the Kunsas City, Lansing, Douglas, Shawnee, and Wabaunsee
tormations of the Missouri group. Owing to the nature of the
general dip the Cherokee outerops in a fairly broad zone
around the outer edge of the Pennsylvanian area and dips
beneath younger formations to the north and west. In a
similar manner each of the other formations outerops in an are
around the next younger and passes beneath it on the north-
west, The Wabaunsee, the youngest formation, appears in
Missouri only in Atchison County, in the extreme northwest
corner of the State.

In parts of the region the consolidated rocks are covered by
unconsolidated glacial deposits, consisting chiefly of clay con-
taining numerous pebbles and bowlders that were brought in
from the north by the moving ice. Similar glacial drift covers
most of the United States north of Missouri and Ohio rivers.
In northern Missouri, near the Towa boundary, the drift is
400 feet thick in a few places, but as a rule it is much thinner
and is less than 100 feet in most parts of Missouri and Kansas.

A mantle of wind-blown loess covers most of the region near
Missouri River, especially east and south of that stream.
Near the river the loess covers nearly all other formations, but
it thins notably within a few miles and is inconspicuous in the
greater part of the region. The loess is a sandy =ilt that lends
great fertility to the lands on which it lies.

CLIMATE AND VEGETATION.

The annual rainfall at Kansas City is from 24 to 50 inches,
and the average for a number of years during which accurate
weather observations have been made is 36.4 inches. The
precipitation is fairly well distributed throughout the year but
is greatest between April and October, the period when it is
most needed. The soils of the region retain moisture well,
and droughts are rarely so prolonged as to cause serious
damage. The average growing season—the period between
the last killing frost in the spring and the first in the autumn—
is 181 days. Observed temperatures have ranged from 106°
F.in July to —22° F. in February, the mean temperature
being 76° during the three summer months and 31° during
the winter.

Vegetation is abundant and is essentially the same as in the
rest of the famous “corn belt” of the central part of the
United States. A very large proportion of the total acreage is
under cultivation. Various grasses grow luxuriantly in the
pasture lands and the principal farm crops are corn and wheat.
There are no extensive forested areas, trees being confined
chiefly to the rougher valley slopes and to small “wood lots”
that furnish fuel for local use.

TOPOGRAPHY.
RELIEF.

General features—The Leavenworth and Smithville quad-
angles are deeply digsected near Missouri and Platte rivers
but contain extensive rolling uplands. The maximum relief in
he quadrangles is about 400 feet, the altitude above sea level
ranging from less than 740 feet (at low water) where Missouri
River crosses the southern boundary of the Leavenworth quad-
rangle to more than 1,140 feet on the ridge southwest of
Leavenworth. The upland surface, broadly considered, slopes
slightly to the east, some of the highest points being on the
bluffs along the Missouri, one of which (near the center of sec.
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33, T. 54 N., R. 36 W.) rises about 340 feet above the flood
plain and has the distinetion of being one of the highest in
northern Missourl, The uplands and the smaller valleys
include about 400 square miles and the flood plains of Missouri,
Platte, and Little Platte rivers about 62 square miles.

Uplands.—Erosion of the consolidated rocks both before and
after glaciation produced more or less conspicuons escarpments
capped by limestone and rolling plains on nonresistant rocks.
The Oread escarpment, which is a strong topographic feature
150 to 340 feet high in the west third of the Leavenworth
quadrangle, forms steep glopes bounding Pilot Knob Ridge and
other narrow, irregularly shaped ridges west of the Missouri
and the exceptionally high ridge north of Bear Creek and east
of the river. Beantiful views of the city of Leavenworth and
of the broad valley of the Missouri may be obtained from the
tops of these ridges. The escarpment was formed by erosion
in the nonresistant shale of the Lawrence shale member, which
is protected by the overlying resistant Oread limestone member,
Fast of Bear Creek the escarpment is in part masked by glacial
drift. The Plattsburg-Stanton escarpment, which is in places
the next conspicuous one southeast of the Oread, 18 not con-
spicuouns in the quadrangles, because the limestone members at
the top of the Lansing formation, which are the resistant beds
that govern its position, are topographically low. It is marked
by rather steep slopes, however, in the lower part of some of
the valleye. The Hertha-Winterset escarpment, the next con-
spicuous one on the southeast, lies a short distance southeast of
the quadrangles. In the part of the south third of the quad-
rangles in which the highest indurated rocks are massive sand-
stones in the lower part of the Lawrence shale member the
uplands are slightly higher than those that border them on the
north.

The topography of a part of the uplands is controlled or
considerably modified by the drift. Areas that lie chiefly west
of the Missouri and east of the Platte, however, resemble the
neighboring parts of the Osage Plains, the small upland
streams flowing throngh shallow valleys with gently sloping
gides that grade imperceptibly into the rolling well-drained
upland prairies, Most of the triangular area between the
Missouri and the Platte has more of the characters that typify
the Glaciated Plains. Along the southern border of this area
hills of drift rise 100 feet or more above the general level and
are prominent features. At no place in this region are flat
uplands or tabular divides so common as in northeastern
Missouri.

The topography of the territory adjacent to the flood plains
of the Missouri owes its character in part to the thick accumu-
lation of loess along the bluffs. The loess east of the river,
where it is thickest, forms a ridge which runs parallel to the
flood plain and is generally highest within a mile or less of the
edge of the bottoms. A similar ridge lies along the bluffs
west of the Missouri in places, but it is not so pronounced.
Away from the bluffs the ridges are progressively lower and
have the appearance of “giant swells of a stormy sea which
has been suddenly fixed.” Some of the ridges are several
miles long and their crests, as seen in profile, are slightly
wavy.

The topography, outside of the area of thick loess near the
Missouri, has not been affected by loess accumulations, except
that it has possibly been made slightly more rolling. A not-
able feature is the tendency of the roads to wear down to the
underlying till where the loess is thin and to make miniature
canyons where the loess is thickest.

Valleys.—The valley of Missouri River is by far the largest
in the quadrangles, the width of its flood plain ranging from
2% to 3% miles and averaging 27 miles. Along this part of its
course and as far south as Kansas City the river has carved a
valley that is exceptionally deep in proportion to its width.
Above the Leavenworth quadrangle and below Kansas City
the valley is wider becaunse there is less resistant limestone in
the valley walls and more nonresistant shale.

Bluffs rise abruptly from the edge of the bottom lands
except at the mouths of tributaries and near Leavenworth.
The bluffs are highest where the valley cuts across the Oread
escarpment, rising 340 feet above the flood plain in an eighth
of a mile in Missouri and 380 feet in half a mile in Kansas,
The bluffs on the east side of the river are in general higher
than those on the west side, and their bases, especially those
on the east side, have a remarkably straight alignment. Woest
of the river the bluffs are low and inconspicuous from a short
distance above Fort Leavenworth south to the mouth of Five-
mile Creek. The city of Leavenworth and Fort Leavenworth
are built on a rolling plain lying only 50 to 100 feet above the
flood plain and bounded on the west by a steep-sided ridge
rising about 200 feet higher.

The flood plain of the Platte averages less than a mile wide;
the valley is much more irregular than that of the Missouri;
and the outline of the bluffs is extremely ragged, more so than
in most of the valleys of northwestern Missouri. The Platte,
like the Missouri, is earving most of its valley in the quad-
rangles in resistant rocks. In a few places, however, it has
eut across the drift filling of preglacial valleys and broadened

its valley considerably. A typical illustration of such broaden-
ing is afforded by the Little Platte southeast -of Trimble, in
the Smithville quadrangle. At two places isolated rock-
capped mounds rise in the flood plain. Along the Platte,
its larger tributaries, and Bee Creek the stream banks are 10
to 30 feet high, and in many places are bordered by low
terraces, locally as many as three.

The smaller valleys, of which that of Bee Creek is the
largest, closely vesemble the valley of the Platte and exhibit
many of its characteristic features, such as the ragged ountlines
of the flood plains, the isolated mounds, and the moderately
high and steep banks. They contain more terraces, however.
The smallest valleys, those in which water flows during only
part of the year, are commonly steep sided and are carved
chiefly in drift and loess, Their chief characteristic is the
number and distinetness) of the terraces which horder them
and slope toward the outlet. These terraces are by no means
continuous from the heads to the outlets of the ravines, and
those which originate near the heads of the hollows commonly
merge into the irregularities of the valley sides. Some of the
hollows show in profile as many as five or six terraces.

DEAINAGE.

The Leavenworth and Smithville quadrangles lie entirely
within the Missouri River basin.  Most of their drainage enters
Missouri River above its junection with Kansas River, but that
of the gouthwest corner of the Leavenworth quadrangle reaches
the Missouri through Kansas River by way of Little Stranger
and Stranger creeks, and that of the southeast corner of the
Smithville quadrangle flows into the Missouri below Kansas
City.

Missouri River flows approximately S. 30° L5 across the
Leavenworth quadrangle with a gradient of only 0.8 foot per
mile. The estimated mean discharge between October 4, 1906,
and October 21, 1907, above Kansas River at Kansas City, was
71,030 cubie feet per second, and during the same period the
suspended matter passing a given point was 567,500 tons per
24 hours. The channel frequently shifts, and the river often
cuts across the necks of meanders and leaves oxbow lakes,
sloughs, and marshes to mark its former course. Horseshoe
and Dueck lakes, as well ag the other small bodies of water in
the flood plain, lie in abandoned meanders of the river, and the
line between Missouri and Kansas marks the site of the channel
at the time when the State boundaries were surveyed. The
general tendency of Missouri River along the western border
of Missouri is to hug its right or west bluff. The water is not
deep at normal stages of the river and is given the appearance
of boiling by numerous small whirlpools and eddies. The
ange between high and low water at Leavenworth is 23.8 feet
and at Fort Leavenworth, 26.2 feet,

Platte River and its chief tributary, the Little Platte, rank
next to the Missouri in importance. Bottom lands are mod-
erately wide and well marked but are rarely marshy, even
below Platte City, where the stream gradient is low. The
stream banks are 10 to 30 feet high and steep. Numerous
meanders have been formed by the Platte and the Little Platte
and are very intricate in places. One bend brings water How-
ing in the main river toward the mouth of the Little Platte
within a few feet of water that has alveady left the Little Platte.
At present, the Platte enters Missouri River near Farley, but
formerly it did so mearly 12 miles below, near Parkville,
When the Missouri is in flood, water is backed up the Platte
for many miles. k

The principal tributaries of the Missouri are Plum, Sali,
Fivemile, and Sevenmile creeks in Kansas, and DBee, Pedee,
Bear, and Brush creeks in Missouri. The chief tributaries of
Platte River and the Little Platte are Jowler, Prairie, Todd,
First, Second, Wilkerson, Dick, and Grove cresks and Camp
Branch. All these streams are small and contain very little
water during part of the year. Some of them, especially Bee,
Plum, and Salt erecks, have fairly well developed alluvial flood
plains and small but complex meanders in the lower parts
of their courses.

CULTURE.

The Leavenworth and Smithville quadrangles are thickly
though not densely populated. Leavenworth, with a popula-
tion of 19,363 in 1910, is the largest city. Fort Leavenworth
with 2,000, Soldiers Home with 4,281, and Lansing with 712,
might be properly considered part of Leavenworth. Weston,
with a population of 1,019 in 1910, is the only other place
with more than 1,000 inhabitants. Outside the towns the
population is evenly distributed except on the flood plain of
Missouri River, where few people take up permanent residences,

The region is exceptionally well supplied with railroads, -
hoth steam and electrie, which are so distributed that every-
where in the quadrangles there is at least one within a few
miles. The wagon roads follow land lines in the smoother
areas and ridges and valleys in the rougher districts near the
rivers. At present few of the country roads are graded or
macadamized, and the others are not all that could be desired
in wet weather. There are splendid roads on the Military



Reservation, and a paved street extends from Leavenworth to
Lansing. The Interstate Trail, which crosses the Smithville
quadrangle and connects Kansas City with 8t. Joseph and Des
Moines, is also a good road and iz an example of what can be
done with moderate expenditure.

Agriculture is the principal industry in the quadrangles, but
there is considerable manufacturing and coal mining at Leaven-
worth and at Lansing. The United States penitentiary, the
military post, college, and prison at Fort Leavenworth, and
the United States Soldiers’ Home are within a few miles of
Leavenworth. The Kansas State penitentiary is at Lansing,
The other towns are chiefly agricultural trading and shipping
points.

DESCRIPTIVE GEOLOGY.
STRATIGRAPHY.
GENERAL CHARACTER OF THE ROCKS,

The rocks of the Leavenworth and Smithville quadrangles
consist of indurated strata of Pennsylvanian age, overlain in
most places by unconsolidated till and wind-blown loess of
Pleistocene age and in many places by alluvium of Recent age.
Beneath the rocks exposed at the surface there is, as shown by
deep borings, a great thickness of older Paleozoic strata resting
on a floor of granite. The general character, thickness, and
sequence of the formations, both those exposed and those
beneath the surface, are shown diagrammatically in columnar
and structure sections. (See figs. 4, 5, and 7.) The forma-
tions will be deseribed in their order of age, beginning with
the oldest.

ROCKS NOT EXPOSED
SECTIONS,

Many wells that range in depth from 300 to more than 1,100
feet and three wells more than 2,000 feet deep have been du]Iu.l
in or near the qnmlmnglea Of the three deep wells one at
Leavenworth, Kans., is 2,116 feet deep; another at Bonner
Springs, Wyandotte County, Kans., is 2,150 feet deep; and a
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third at Raytown, Jackson County, Mo., near Kansas City, is
2,400 feet deep. (See fig. 4.) No direct paleontologic evi-
dence iz available to show the age of the pre-Pennsylvanian

strata encountered in the borings, and the lithologic evidence
Leavenworth-Smithville.
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which can be derived from drill records is not commonly
sufficient for the differentiation of beds that have no easily
recognized characteristics.  Correlation of several beds, how-
ever, can be made from well to well throughout large areas
with a fair degree of accuracy.

The rocks penetrated by the boring near Raytown, Mo.,
not far from Kansas City, inelude all of the Paleozoic section
present, as well as some of the underlying pre-Cambrian erys-
talline rocks. The record of the drilling is as follows:

ftecord of diamond drilling near Roylown, Mo,

Thick-

ness, | Dopth,
Carboniferons system: Feel. | Feel
Pennsylvanian series:
Kansag City formation:
Limestone and shale ____________ CEREE, o dk Cateial | n 112
Pleasanton and Henrietta formations and Cherokes |
shale:
Bhale, sandstone, limestone, and conl - ___________| G38 a0
Missizsippian series:
Keokuk and Burlington limestones:
Limestone, shelly in places, with shale partings___| 75 825
Limestone, light colored, flinty layers. ... | 260 | 1,085
Kinderhook (7) group:
Limestone, dark, with shelly layers._____________. 100 | 1, 185

Sand, dark reddish. . ______________ : 15 | 1,200

Carboniferons  (Mississippian), Devonian, or GHIUIII inn
EAY ELTTH

(=)
=]
=]

Limestone, blaish, fine grained, shelly in plases.__________| 57 | 1,
Ordovician system :
Ht. Peter sandstone:
Sandstone, white at top. reddish at bottom___________| 64| 1,821
Ordovieian and Cambrian systems:

Limestone, gray and brown _______________________________| 129| 1,450
Limestone, shelly and elayey_____________________._______| 10| 1,460
Limestone, light, coarse, porous. . oo 160 | 1, 630
Lilmestone, shelly ..o e 2| 1,040
Sandstone, white . . il il i 16 | 1,656
Limestone, light, Ilmty porons; water illbﬂ.}.‘rp-euﬂil I N T )
Limestone, gray, clayey and sandy. ..o ooooeeenoaeeoaa| 20| 1,750
Limestone, gray, hard, fine grained _______________________ 0 1, B30
Sandstone, gray, hard, fne grained _______________________ 16 | 1,885
Limestone, gritty, porous, erystalline, white m:! flinty in

places ______. S T Y L i s TR Pt P cemns] 215 | 2,060
Sandstone, hard, coarse _______ . oeomonn. :* G0 | 2,100
Limestone, with seams of gray and brown hhll.ll’ ______ | 40| 2,140
Limestime, dark and light, fine grained _____ cmmmmmmns| 110 | & 250
Bandstone, hard, coarse _______.____.... D B o e S 08 | 2,848

Pre-Cambrian:

Granite, determined by microscopic examination of part

of t]led..urub\- Ehie atitHiors s g ¥ s L r s w v r o e bi | 24N

A prospect drilling for oil and gas was made in 1887 at the
north ‘edge of Leavenworth, due south of the United States
penitentiary and a few rods south of the road which marks the
boundary of the penitentiary reserve. The drilling was con-
tinued to a depth of 2,116 feet, and a careful record of strata
penetrated is said to have heen preserved.! As the beds of the
Pennsylvanian series were noted in greater detail in the shafts
and boring at the North mine, a mile distant, only the coal
beds in that series are given in the following log:

Log of deep weall at Leaventcorth, Kans.

[Altitwle at surface, about 560 feet.]

Thick- | peptn
Quaternary system: Fecl. | Feel.
Loam and clay ___ : et e g L el T e 20 20
Carboniferous system:
Pennsylvanian series:
Bhale and limestone, some sandstone _________________| 700 T20
LV Sy 10 ) bl S o T T R T R | 722
My amid elwale = L animag O S ogl B e e 25 T4T
RS C e B o, e S M S CWTa Rt S S 2 T49
Shale and sandstone, some elay. e R R 058
Ll ) R e Pl A T o it . g LA i Tl R 2 ]
Bhale and sandstone, some olay_ .. ________________ 185 | 1,175
Mississippian series:
Keokuk and Burlington limestones:
Reported as **hard white sandrock” [probably
limestone of Mississippian age]. ... ____________| 875 1, 550
Kinderhook (1) group:
Ldmestone, brown_ ..o 201 1,570
ol T e b e B S AR RS SR il 5| 1,075
PN Ada I bat: £ £ S g SRR 75| 1,650
Limeastone, brown._ .. _________________ L il 1, 650
Ordovician system:
Joaehim (f) limestone:
Limestone, Ught gray _ oo ieeeeeeeee | BO| 1,710
Bt. Poter sandstone:
Bandstone, gray, haed_______________________________..| 102]| 1,812
Bandstons, “sharp,” soft.. .. o 15 1, B8O
“Pebble sandrock,” white ___________________.........] 40| 1,870
Ordovician and Cambrian syvstems:
“ Rocek,” white, hard [limestone¥] ________ Loy S 5 1, 020
Bandstone, blue to white, soft. ... o __...__ 9| 200
T mieebome. o sh S b 100 00 ket tuk BTy SR wia ol WO e [1 ] ' 2 116

tJameson, E., Geology of the Leavenworth prf.m;[mut W l."" Kansas Acad.
Bei. Trans., vol. 11, pp. 87-38, 1880,

The very accurate record of the strata penetrated by the
hoisting shaft of the Kansas State Penitentiary coal mine at
Lansing, in somewhat condensed form, is as follows:

Log af hodsting shafl aof Penitentiary mine af Lansing, Kons.

[Altitnde at surfaee, about 850 feot. ]

Tllft'kuwmf Dpth,

Huoisting house floor to top of stone carbing B g 2
Quaternary system :
Burface elay and débris_____________________________| 22 8 #0 b
Carboniferous system :
Pennsylvanian series:
Lansing formation:
Btanton limestone member:
Shale and yellow elay. ... ... 5 0| 85 5
Limestone, gray. oo oo 12 0 iT &
Ehale, blaek, slaty . ________________ [ & 11 Bl 4
Iimeetoneg, bloe ... _______._ | 2 b .

Vilaz shale member:
Ehale, light drab, elaty .___ ._____________| 28 @& ™ 8
Plattsburg limestone member:
Limestone, gray, hard; two wvery thin

clay partingesnearbase ________________ | 1% & e 11
Clay, green, and green “marlite” con-

taining limestone nodoles__ . R | B3 3

Lane shale membar:

Shale, green; contains fossil plante______| 18 8| 118 11
Limestone and shale in thin beds__ _____. 20 115 11
Limestone, brown and grav; two thin

shale partings in npper half __________ 14 6| 180 &
Hhale, light drab; contains thin layer

of golt Hmestons oo oo ceccacaccaaeaa| 8T O 167 &

Kansas City formation:
Tola limestone member;

Limestone, chiefly light gray, brown at |
top, dark gray at bottom, hard and

[y SR SR S TV et B s 1] 188 3
Channte ghale member:

Bhale, black _______.._.. Pty il el 138 [ 180 - 196 11
Limestone; 4 ineghes of 3Imh= near I:r-lwe-- 4 10 201 9
Hhale, gray at top, ].'I-IMI-L and bitumi-

nous at base .. - T et I R 8 2| 24 11
Limestone, brown, imn‘: ............ 1 1| 208 0
Bhale, gray at top, pur[riu below; con-

tains Tossil plants .o oeeo .| 8 0| 214 0
Limestone, gray: has 15 inehes of green

ghale in lower balf_______________......|] 10 4 24 4
Bhale, gray and purple, verysoft.__.....| 15 @ | 230 10

Do limestone member:
Limestone, drab, cherty; has 3 :Ilmht"i

of shale near bottom. ... J 10 2| 206 0
Cherryvale shale member:
Shale, gray at top, black below_ ... 18 4| 268 4
Limestone, gray, hard and compact .. ... 2 6| 270 10
Bhale, gray at top. black at base; has
f inehes of limestone in lower half____ 4 B| 27 1
Limestone, dark gray__. EER R AT T 1 1 2T 0
Shale, dark gray____ . .. e mmes e RN BRI
Limestone, light gray, soft_ ... i 1 T 84 &
Bhale, grayand black ________o...... | 1 &| 285 1M
Winterset limestone member:
Limestone, gray, blue, and buff; has
mockets of chert and two 4-inch part- |
ings of shale _. T T e 1| 1 e I
Galesburg shale member: :
Shale, black and Hlnt:.r at top, gray at
L e (N O I T

Bethany Falls limestone 1::(-1::':31‘:1 -

Shale, gray, hard, mixed with large |
nodules of limestone_ . _...... St | 5 ol 321 0

Limestone, light, Rl:-rous and mrul:;,i
dark graoy and hard at base; salf

spring at contact of two beds__________| ap 4 841 1
Ladore shale member: l
Shale, black, bitnminous; salt spring |
flowing &0 gallons per hour . __________ g 7| 43 8
Limestone, drab; has 8 inches of shale
T A L e e g i e
Bhale ... mmmmemmm s e 1 Yl R A
Hertha limestone member :
Limestone, light gm]r, soft, shaly: has
oley SeAmE . o s g 0| B54 B
Limestone, blue, hard and eompact ..--! 6 8| 860 11
Pleasanton formation:
Shale, drab, blue, purple, and black.____.__.| 110 0| 450 11
Limestone, gray todark. soft___________.___.| 5 o 4% 11
Shale, draly to black; has two 6-inch lime- |
gtone layersand 1inch of coal.___...._.._.| 83 0| 611 11
L e e e s 2| B2 1
Clay, underlain by cirn.h ) [ e, g 2| mm
Henrietta formation:
Limestone, light brown, top shaly, bottom
T o e e SRt e N LT e | ol I T D e B X
Shale, blue and blaek _______________________. £ o o300 O
Limestone, gray, hard_ . _____________._______ 1 O B3l O
Fhiale, Mlasdo s om TN o e SRS AT 00| Al 0
Limegtone, gray, very hard _______.________| & 2| 585 2
Hhale, bine, deab, and 'Irluulr. BTt T 5| 543 9T
Limestona, light gray: has 6 nm-he Hur hlzwk |
ghale in lower half_ . Erain 5 11| 548 6
Sandstone, gray and hmwn s'ha'[}r at top
a0 o TR R s N A T ST B 3| 056 9
Bhale, black, soft .. ___ ... 3 RS 12 0| 588 9
Limestone, hrown, very hard, ﬂru.- grained__| 8 3| 573 0
Shale, black, bitominows __________________ . 2 6| 074 G
Coal, good qualiby_ ... .. ____.__ 8| 76 2
(0] T e a2 S f - W S o R i b el i D G| 676 8
Sandstone, gray; contains fossil plants__ 4 0| 50 8
Shale, drab, bufl, and black ; fossil rurm-___. b 7| B8y 3B
Limestone, light gray, very hard _____ __ 4 0| 580 3
Shale, drab and green, soft ______ .. ... 9 6| 598 9
Limestone, light gray, hard. .. _.._. el Yty N 2 2 | GO 11




Laog of hoisting shafl of Penitentiary mine at Lansing, Kons.—Continued.

| Thicknesa| Depth,

Ft. in Ft. in.
Carboniferous system—Continned,
Pennsylvanian serieg—Continned.
Cherokee shale:

Bhale, black; has 4-inch ]a}er of mft lmn?

gtone near mid dle S0 o 4 9 G058
Coal (Lexington); burns 1.1.1-'!]] T LEWEY X e 7 (i1 - 1
Clay, drab _______ ... ( Rl i 535 5 1 611 4
Limestone, gray . ¢ b D £ B B6ld 7
Bhale, deab _____________. e i SO P O P i 1)
Limestone, light gray, in t“u Iu} ors, sepo-

rated by thinshaleparting______________..| 4 90| &1 7
Fhale, black at top, light colored below; |

has soft limestone at bottom . B 20 11 651 6
Shale. dark drab to black: has t.hm Ia'- ers |

of limestone in upper half umi mummtlnns

in lower; much gas B . 12 7| 60 1
Coal; burns well ... ot f | 10 | 670 11
Handstone, black, hard; tmmh 0T R R | 6 2| 8m 1
Zhale, drab and black, slaty; 2 inches ::1' |

coal at base; much gas _______... 3 [ 7 & 08384 4
Shale, drab and black, slaty; contains fossil | |

ghellz and ferns . - 21 B | 712 0
Caoal (Bevier, the Ijedlmnul: Db 3 Wi ks | 713 9

The top of the hoisting shaft of the North mine at Leaven-
worth is 24 feet above the top of the Lansing formation, and
the Bevier coal bed is 709 feet beneath the surface and there-
fore 71 feet above sen level. The rocks penetrated differ only
slightly from those shown in the Lansing record. A prospect
shaft was sunk in this mine to a depth of 290 feet below the
Bevier coal bed, and a boring 172 feet deep was made in the
bottom of this shaft. The record is as follows:

Record of shaft and boring from bottom of Novth mine, Leavenwoorth, Kans.

| Thickness | Dapth,

| Ft in. |  Fi dn.
Coal (Bavier, the bed mined)______. 2 0] 50810
L o s bt e S e sl b 2 2 0| 71010
Limestone _ SRS F RS T ot 2 6 . 13 4
Bhale, dark, slaty, 'l.'l.[tll 2 inches of eoal. _ i 9 T8 1
Limestone ... ___ I T R e 4 1 T22 10
Shale S e i Cetal i 4 T2T 2
Coanl e G wi e ks Mo SRR (i Sk o 1 4 T28 B
=hale, dark; hag 8 inches of clay at top T 8 T8 8
Sandstone .. _____ el B 8 0 TR0 3
Limestone SRt Lol i g har et T el Sl 740 9
Sandstone, light, micaceous_ 14 & To3 &
Shale P e 1 0 ThG &
Limestone, very ha]-l R T S e 2 0 TR 8
Clay; has red streaks e AL £ b @ LI
Shale: contains irvon pyrites ___________________ 16 & T8O 3
Sandstone, lizht A b TS e N St ok g 5 & THG 8
Limestone, white . ______ _____ ORI E NS 4 10 TH0 6
Sandstone, variegnbed £l b 8 2 THs 8
Shale, light at top, BIha ST RS ek et S i i 817 10
Sandstone, white, soft EUNN Sy TR L oy ST I e 7T B 825 8
Bhale, in part slaty SNt e P 4 0 80 B
Sandstone, gray, dork; has bliu:'.k S]‘.m]u near l.r[tasa um- |
tains gas and “atar_.._..__._..... AR A o P 14 ’."; 42 10
Shale, black __________ Ld T 9| 881 7

Sandstone, very hrm:l at tx]p dﬂ.rk nt b-ottmn Gy o BT
Bbale, black, laby - o] | 888 &
R | e e e e e L L e R PR : 5| 88811
6 11| 895 10

-]
- =
[
[
=

Handstone, hard, seu!lwd with e
Shale, black, slaty; contains I’errug]lmus cnncrct.inna

near top; bears streaks of conl. .. ceeenoano oo [ 19 11 015 9
BT [ S R o e S L 4 ge 1
Shale, dark. ... SRR — 1 98| o7 8
B e e e LT e L 6| 917 9
Parting of iron pyrites e e e ' 2 I M7 11
Glonle Lo Wi, 3| @18 3
Sandstone, soft. g e 2 SRR e o MY QS TERIY CE N 11 0 2o 2
FShale, black, %a.nd} .................. 2 2| o081 4
Bandstone, gray at top, dark ut bn-t.mm, micaceous;

containg many plant impressions: bears gas and water.| 45 4| 070 8
Bhale, hlaek, slaty; contains fossil plants B S 13 &) 981 10
By (e (e RS 2 .. S e By ook R 10 92 B
Bandabore-re S xS e ety - 4 & M7 1
Ginaic Sinat G ACIu R 22 e e S R
Ry e e W s LRSI il L ot i e SR ADI B T 1 41,000
Sandstone, mieacsons; mntmna fmmlp]anth nt bottom__| 21 3 | 1,021 10
Bhalathlank - . grr e o s e D - 6 71,088 G
Coalldmpnre 2. ol iocii o T Bl rmmemea] 34| 1,080 9
(11 [ e S N e ey : : o | 10| 1,081 &
Shale, black, Elut:, e T e il .____.______i 10 31,041 9
Handstons, w]ﬂtish fine grained ; hrer!.ka euslly S ot e | 1,047 &
Shale, Hlaek, BROAY & roe  Si e e T e g2 al1000 7
Sandetone, white, micaceous, p-eppere:t with black

specks; contains much water _____ 2 S e R 16 2 | 1,085 10
Coal _____._. EPad P LT o 1 01,028 10
Handstone, r]pple mH.r'ked J.:r-wdeu dﬂwn into dark

sandy shale. SRR T BSOS D (Nt Tl ] (9 0L
ol ool e e e T bt 4 1,008 10
Sandstone, white; .'r_mu SEATn l:}f "'ﬂmt.” Adip pebeide D TR 4+ 1| 1,100 11
Bhale, in part black and slaty and in pu.rt sandy,

paaaed wibh A e e 21 8§ 1,122 2
Sandstone, black: contains iron pyrites__________________ 1 2|11 4
Ehadalaels; Blaty Lot et Dhioyh L R e e f]1,124 1
Bandstone; contains green fossils ________________________ | 2 61,186 7
Bhale, blaek, slaty___. T bl u | 4 | 1,136 11
BT [N A e e Lo o . ET O (L Ve d | 611,127 &
Shale, black, E]Flt‘l." Imrna readily SRR R T e L | i R
Shale, black, sandy, seamed with “flint™; fossil plants__| 16 7 1,146 0
Sandstone, seamed with flint; has shale partings; con- |

taing great volume of water .| ¥ B|1170 §

4

The sandstone at the bottom of the boring is stratigraphically
near the top of the “hard white sandrock” reported in the
Leavenworth deep boring and probably lies near the base of
the Pennsylvanian series.

A test boring for oil and gas by the Tiffany Springs Oil Co.,
a short distance south of the southwest corner of the Smithville
quadrangle, showed the following strata:

Lag af well on the Higgins form (88, § see. 8, T\ 51 N, R. 8§ W.), Platte
Cownty, Mo,
[Altitude nt surfnee, about 930 fect.]

Quaternary svatem:
Hoil, red, soft. LR, SR TR WS 15 15
Carboniferous system:
Pennsylvanian series:
Lansing formation
Stanton limestone member:

Limestone, white, hard ... ___..........| 18 24

Bhale;, Bolt Blaty oot ol fact e e eeme st ] B 33

Limestone, gray, hard. ____ Py J 5 HH
Vilas shale member:

Shale, blaek at top, gray below_____. . _______ 12 | B0
Plattsburg limestone member : ;

Limestone, groy, hard ._________ _____________| 18 [
Lane shale member: |

Bhale, soft, gray ____________ ______ AR (| a5

Limestone, gray, hard [Fﬂt‘]l"\" |.'H‘1’]!I T R | 115

Ahiale blnok mod b o e e e R 85 | 1540

Kansas City formation:

Iola limestone member:

Limestone, gray, hard . ____ . _____.._. Ao AL 185
Chanute shale member: e

Bhale, gray, soft. ... ... SN SRR PO 20K

Limestone, white, soft [let.uwn ]JLd}.. 2 el i3 205

Hhale, grayesofbe CLarro il bt gl i g 00 St el 15 Q)

Limestone, gray, hard (Cement f ity bed) . ___. 10 230

Hhale, black, soft_ . ___ b N R il o ¥ aiy an0
Drum limestone member:

b

Limestone, gray, hard L i ) 5 an
Cherryvale shale member: |
Bhale, hlack, soft_ ... PCTRE Toahte 15

| om0
Winterset limestone member: i
Limestone, white, hard ___. ._____ . _____._______ ) 200
(ialesburg shale member: I
Shale, brown, 800 oo e e e | B Bip5
Bethany Falls limestone member:
Limestone, white, hard a5 /)
Ladore shale member:
Shale and coal, black, soft i 4
Hertha limnestone member:
Limestone, gray, bard. .o oo 1] 385
Pleasanton and Henrietta formations and {"hawrkwl
shale:
Hhale, gray, soft - 100 430
T I e e T e PRl Tl 12 447
Shale. gray, soft A 10 . 45T
Sand, gray, soft.. o 13 | 470
Bhale, gray... - S 20 | 40
*0il sand ... e | el 600
Shale, gray, soft_________. Bt e | B 1]
il sand,” brown, hard =5= < 14 Oy
“Water sand,” gray, soft . : 5 560
Bhale, gray and black | 180 T80
Bandstone, bard.. ... oo o 3 15 T45
Bhale, gray and black, soft . - i 815
Limestone, gray, hard a| 817
Aandstone, dark at top, gray below, ]mr:l rpmb
ably near base of Cherokes). i 28 S0

At Bmithville a churn drilling for oil and gas was made to a
depth of 804 feet. Coal that seemed to warrant further pros-
pecting was found, and a second well was drilled a short distance
from the first, the upper 450 feet with a churn drill and the rest
with a core drill. The record of the second well is as follows:

Log of second well in the SW. 1 8K 1 see. 25, T\ 58 V., R. 38 W., near
Smithville, Mo.

[Altltnde at surfmce, 837 foet, ]

Thisknees ! Dapth,
Feet. | Feck
Quaternary system: '
Horfacematerial oo L e 45 | 43
B s e e S R e L b ! a0
Carboniferons system: i
Pennsylvanian series: |
Kansas City formation: :
Chanute shale member: I
Limestone (Raytown bed) .. 10 | 6]
e e S o L i Y 10 70
Limestona (f‘ulnunt f_.-lt}" bed) .. 15 85
Bhale, black at base________________ ... _. 15 1640
Drum limestone member :
1A R T e R e A D B e 10 110
Cherryvale shale member:
HERLGE b Th s SO e el o T TR S [ 10 120
AT EOT RS SR Gy e TR T i H] 125
[ T i Tl ey W i Rl 0 T Iyt 1] 130
Winterset limestons mmnbcr
Tineabome . e 1 160
(ralesburg shale member:
Shale, black, slaty._ ] 1455
Bethany Falls limestone member:
Limestone_ . __._ ol Lo W 20 185

Log of second eweell fn the SW_ 3 88, 3 aee, 23, T 58 N, R. 83 W, near
Smitheille, Mo, —Continued.

Thickness.  Depth,
Carboniferous system—Continued. e L
Pennsylvanian series—Continned.
Kansas City formation—Continued.
Ladore shale member:
Shale, black, slaty_____. S ey 15 200
Hertha limestone member:
Limestone. ... - ocococaa-. e 5 | 205
Pleaganton formation:
ShRlasttet e | ettt e e B 110 &5
Henrietta formation:
Limestone . gt e St 10 b
Shale ___. R et T e L e b a0
Limestone . s s e B T B 10 340
Bhale_ .. . ceee-. i e L 2] 20 360
Limestone ________.. Ny v i = L RN C | 10 870
Bhale_______. - 15 485
Limestone _______ e DY i o 10 G
Cherokee shale:
Hhale o o - - .. i 45 438
Bandstone it B R 4 442
Bhale_________ A el S PR . 16 | 458
Limestone 2 S, S S & 460
Shale, light at top, black at baw L 114 4714
o] e T e Ly LR ] T4l
Fire elay, sandy A’ BT s 2 4 4784
Shale, sandy ___. _. R | [ 2 0y 488

'ki a depth of "5f} feet thL I|r¢.=.l well at Smithville reached
the top of a light-colored sandstone and continued in it for 74
feet, probably to a point near the base of the Pennsylvanian.

PRE-CAMBRIAN ROCKS.

The core of the Ravtown boring has at the base a rather
fine grained crystalline rock, composed chiefly of quartz, micro-
cline, biotite, muscovite, and apatite, of the general type that
undoubtedly underlies all the sedimentary rocks of this region.
Under the microscope it appears to he a granite, possibly some-
what gneissoid.

CAMBRIAN AND ORDOVICIAN SYSTEMS.

The Raytown boring passed through the St. Peter sandstone
(Lower Ordovician) and 1,027 feet of limestone and sandstone
beneath it. The limestone is probably chiefly dolomite and
predominates over the sandstone. Several hundred feet of
strata beneath the St. Peter are probably also of Lower Ordo-
vician age. According to the opinion recently expressed by
Ulrich, that the lowest sedimentary rocks in this general
region are of Upper Cambrian age, the Lower and Middle
Cambrian are not represented in the Raytown record.

In the three deep wells in and near the quadrangles there
is a sandstone 48 to 160 feet thick that corresponds to the
widely distributed St. Peter sandstone in thickness, character,
and stratigraphic relations. Its color is reported as gray and
white in one well and as white at top and reddish at bottom in
the other two. The sandstone is ordinarily composed of loosely
cemented, rounded grains of clear quartz, the reddish color
being caused by a small amount of iron oxide.

In the Raytown well a 57-foot limestone above the St. Peter
sandstone may also be of Ordovician age, though it is possible
that it is Devonian or even early Mississippian. In the other
two deep wells 30 to 228 feet of limestone overlies the St. Peter,
and it may be that at least the lower part of these beds is Ordo-
vician and that the upper part includes younger rocks.

CARBONIFEROTUS SYSTEM.

MISSISSIPIIAN SERIES.

Along the northwestern flank of the Ozark region no Silurian
and only a thin series of Devonian rocks outerop, but the Mis-
sigsippian series is nearly everywhere present and is represented
by both the Kinderhook group and the Burlington and Keokuk
limestones. All three of the deep wells show 100 to 115 feet
of sandstone, shale, and dark limestone of possibly early Missis-
sippian age. The limestone at the top of these beds is prob-
ably Kinderhook, but the underlying shale and sandstone may
be either Devonian or Kinderhook, probably the latter. It is
possible that some of the strata questionably correlated with the
Ordovieian may be of Devonian or Mississippian age.

The interval between the rocks tentatively referred to the
Kinderhook group and the Pennsylvanian series is occupied
by 300 to 375 feet of light-colored cherty limestone that corre-
sponds well to the Burlington and Keokuk limestones of the
Ozark horder. In the Leavenworth deep well a thick stratum
that was described by the driller as “hard white sandrock™
is probably chiefly cherty limestone, like that usually found at
the top of the Mississippian in this region. If, however, the
driller’s description be correct the “sandrock” would form the
lower part of the Cherokee shale, and this shale would be much
thicker than in any of the many other borings in neighboring
parts of Missouri and Kansas. In several drill records in Mis-
souri, near the quadrangles, the boundary between the Penn-
sylvanian and the Mississippian series can be easily determined,
but in the deep well at Leavenworth and in that southeast of
Atchison, Kans., the base of the Pennsylvanian is apparently a



hard light-colored sandstone that drillers have sometimes con-
fused with the cherty M ississippian limestone below, making
the determination of the boundary difficult.

PENNSYLYANIAN SERIES,
CHEROKER SHALE.

The Cherokee shale consists of shale and sandstone, with a
few thin strata of limestone and several coal and clay beds.
It ranges in thickness from 476 to 580 feet, averaging a little
more than 500 feet, and lies unconformably on the uneven
surfuce of the underlying Mississippian series. The formation
is important economically, as it contains the most valuable coal
deposits of the region. No coal has been found below its hase.

The portion of the Cherokee shale above the Bevier coal
horizon contains several rather persistent beds at its outerops
in north-central Missouri. Rocks that mark the horizons of
the Summit and the Mulky coal beds have been identified in
many parts of an area of several thousand square miles. In
the records of the shafts in the Leavenworth quadrangle these
beds can mot be identified with certainty, for the section is
somewhat different in detail from that in the nearest district in
which the Cherokee outcrops. As shown by borings in and
near this part of the Missouri Valley, however, the beds pene-
trated near Leavenworth are fairly persistent throughout rather
large areas, and this persistency applies to beds even lower

than the Bevier coal, which is about 115 feet below the top of

the Cherokee and is well marked by the 30-inch bed of char-
acteristically nodular limestone upon which its underclay rests.
Although it can not be identified with certainty in the Smith-
ville borings, the Bevier coal and the characteristic beds just
above and below it are much the same at and near Leaven-
worth as in north-central Missouri.

Many fossil plants have been obtained from these beds in
the shaft of the Penitentiary mine at Lansing, and the follow-
ing species are recorded by White and Sellards; presumably
they are from the roof shale of the Bevier coal bed.

Eremopt eris solida.
Eremopteriz missouriensis.
Psendopecopteris obtusiloba.
Pﬂ*lltln]m:-uptu ris s0uamosa.
Mariopteris oecidentalis,
Sphenopteris dentieulata,
Sphenopteris pinnatifida,
Pecopteris vestita
Pecopteris squamosa.
Pecopteris villozsat
Peeopteris unita.
Alethopteris serlii.
Alethopteris serlii missouriensis.
Callipteridinm sullivantii.
Odontopteriz papilionacen.
Neuropteris rarinervis,
Neuropteris vermicularis.
Neuropteris ovata,
Neuropteris missouriensis,
]\'-Z'll't‘uptsriﬁ cOorineen.
Neuropteris eaudata.
Neuropteris schenchzeri.

Neuropteris gilmani.
Neuropteris clarksoni.
Linopteris obligua.
Calamites suckowii.
Asterophyllites equisetiformis.
Annularia sphenophylloides,
Annularia stellata.
Calamostachys broevifoliaf
Sphenophyllum emarginatum var.
minor,
Sphenophyllum cuneifolinum?
Macrostachia infundibuliformis.
Lepidodendron seutatum.
Lepidodendron elypeatum ¥
Lepidostrobus cultriformis.
Plintheotheen angularis.
Ehabdocarpos mammilatus.
Rhabdoearpos ef. multistriatus.
Trigonocarpum schultzianam.
Cordianthus ovatus,
Cordaicarpon cinetim.

According to White, this list includes several species not
known above the upper Pottsville in other regions. Other
species are found only in the lowest Allegheny beds of the
Castern Interior coal field and the Appalachian trough, and
still others have a higher range. The flora evidently is not
younger than the Brookville flora, the lowest in the Allegheny
formation.  On the other hand, it might be regarded by some
paleobotanists as older.  According to the Old World classi-

lication, it would upppm' to fall in the Middle Coal Measures of

Gireat Britain and in the uppermost zone of the Westphalian
in Continental Europe. Recent paleohotanic work by White
in Missouri has shown that the Bevier coal bed marks approx-
imately the boundary between the Pottsville and the Allegheny
formations of the Appalachian basin.

The invertebrate fossils in the following list were collected
from the roof shale of the Bevier coal in mines at Leavenworth :
Pustula nebraskensis.

Marginifera muricata.
Epirifer cameratus.
Composito subtilita,

| Avieulipecten rectilaterarius,
Peendorthoceras knoxense,

Lingulidiscina missouriensis,

Chonetes mesolobus.

Chonetes mesolobus var, decipi-
2ns,

Chonetes vernewilinnus.

FProductus semiretionlatus,

|
1
L

HENRIETTA FORMATION,

The Henrietta formation, like the Cherokee shale, underlies
a large arvea in northwestern Missouri and eastern Kansas,
including the Leavenworth and Smithville quadrangles, Tt is
distinguished from the Cherokee shale and the overlying
Pleasanton formation by the number and persistency of its
limestone members, though shale and sandstone form about
half its thickness, which in this region is 40 to 80 feet. The
character and stratigraphic relations of the formation are essen-
tially the same as those which it possesses in outerops in north-
ern Missouri.

The Henrietta rests conformably on the underlying Chero-
kee shale and in most places is overlain conformably by
the Pleasanton formation. Erosion that took place during
the Pleasanton epoch, however, removed the lower part of the
Pleasanton formation in a few places and, less commonly,
the upper part of the Henrietta, so that beds of the upper
Pleasanton rest unconformably on the Henrietta.

Leavenworth-Smiihville,

o

The Henrietta has been divided into three members, which
are, beginning with the lowest, the Fort Scott limestone, the
Labette shale, and the Pawnee limestone. All three subdivi-
sions can be recognized in most of the borings in these quad-
rangles, but shale partings in the limestone and limestone
lentils in the shale make it difficult to define their limits acen-
rately. The Henrietta is nearly equivalent to the Appanoose
formation of the Iowa Geological Survey and is the lower part
of the Marmaton formation of the Kansas University Geolog-
ical Survey.

PLEASANTON FORMATION.

The Pleasanton formation consists chiefly of shale, some
sandstone, thin lenses of limestone near the middle, and a few
rather lenticular and thin coal beds. In thickness it ranges
from 110 to 200 feet and averages about 150 feet. Tt thins
toward the northwest.

Lithologically and stratigraphically the formation here termed
the Pleasanton closely resembles the outeropping beds origi-
nally grouped under that name in Kansas.! The restriction
of the name to the upper part of the formation by some geol-
ogists appears to be unjustified, as it has been used for years
in its original sense in both Missouri and lowa. As mentioned
in the description of the Henrietta formation, there is an
unconformity within the Pleasanton, so that sandstone of late
Pleasanton age, which is absent from many places, rests in
other places on beds of early Pleasanton or even of Henrietta
age.

ROCKS EXPOSED.

CARBONIFEROUS SYSTEM.
PENNSYLVANIAN SERIES.

KANBAS CITY FORMATION.

Distribution—The Kansas City formation outerops along
the creeks near Smithville and on the headwaters of Shoal
Creek, in the southeast corner of the Smithville quadrangle,
Only the upper half of the formation is exposed at these places
(see fig. 5), but the whole of it has heen penetrated by several
shafts and drillings in other parts of the quadrangles. Between
the Leavenworth quadrangle and the vicinity of Kansas City
there are many fine exposures of the formation along Missouri
River.

Character and thickness—The formation rests conformably
on the underlying Pleasanton formation. It consists essen-
tially of limestone, although it contains much shale and in
places some sandstone, The shale is prevailingly blue but in
some beds is reddish or greenish. Most of it is of the com-

In the detailed log of the Kansas State Penitentiary coal shaft
at Lansing, where the formation has about the average thick-
ness, 1053 feet of the total of 193} feet is limestone. The
thickness of the whole formation ranges from 175 to 228
feet in this region and averages about 194 feet.

Subdivisions.—The formation is subdivided on lithelogic
grounds into the following nine members, in order from the
base up: Hertha limestone, Ladore shale, Bethany Falls lime-
stone, Galesburg shale, Winterset limestone, Cherryvale shale,
Drum limestone, Chanute shale with Cement City and Ray-
town limestone beds, and Tola limestone. All these members
are persistent and vary only slightly in detail from place to
place. The following is a generalized section of the members
that outerop in the quadrangles:

feneralized section of Kansas City formation in Smithville quadrangle,

Tola limestone member: Feat.
Limestone, gray, thin bedded _ R 8-14
Bhale, bloe orgray. . i oL S -1
Limestone, even layer; contains fossil sponges . 1

Chanute shale member;

Zhale, blue, argillaceous, caleareons at top in places 320
Limestone, thin bedded, has shaly partings; a
coarse-grained erinoidal layer at base (Raytown
|« [ P e e e A N LN N S LNt SO 4
Shale, black, slaty uhem thin but Lunta]nlm_: dark
clayey shale above slaty portion where thick . 1-7
Limestone, evenlayer_.___________________________ -1
Shale, blue or bufl; eontains a hard layer ur mica-
ceous gandstone in placges_ .. ___________.__. 10-15
Limestone, gray (Cement City bed)________________ bt
Bhale, greenish__________________.. et 5-10

Drum limestone member:

Limestone, gray, oolitic in places____. -5

Cherryvale shale member:

Bhale, blue s S S B | Ry R DR R 94

The log of the Penitentia

ry coal shaft at Lansing (pp. 3-4)

shows in detail the character of the formation in the Leaven-

worth quadrangle, where it 1
Fossils—The following

Kansas City formation in

identified by G. H. Girty:

Fusulina secalica?
Heliospongia ramosa.
Lophophyllum profundonm.
Conularia crostula?
Cryelotrypa barberi.
Fenestella tenax.

Crania modesto?

Chonetes vernenilianus.
Produectus semireticulatns.

ies below the surface.
invertebrates, collected from the
the Smithville quadrangle, were

Pustula nebraskensis,
Marginifera splendens,
Amboeoelia planiconvexa.
spiriferina kentuck yensis,
Cliothyridina orbieularie.
Cowposita snbtilita.
FHehizodus sp.

Grifithides sp.

Correlation.—The Kansas City formation is the lower part
of the Pottawatomie formation of the Kansas University Geo-

Character of rocks.

Bulf “I'IIFII'.‘HIT"

Zhale, with sundy shals or sandstons st top and
i thin limestonds in lower half.

Four beds of limestone separatad by shale. The
thiak wipgeer limestons contning chert nodubes,
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FIGURE 5
Beale

mon argillaceous type, but three layers are of the black slaty
variety. The limestones are light gray, blue, and buff, mostly
fine grained, and nonerystalline. They range from thin bed-
ded to massive and oolitic, and a few of them are cherty,
particularly those in the upper part of the Winterset member.

! Haworth, Fl ASIIE, T]u-.' strat l*fm[:h} of the Kansas Coal Measures:
Kansas Univ. Quart., vol. 8, p. 274, 1595

Limestone, gray, mps=sive,

“Shale,

| L1mml;m1-.~. gray, thin bﬂdﬂl:ﬁ..

| Bhale, with Cement ity and Raytown limestons

Limestons, grwy ; oalitic in places,

Over most of the area shale, chicfly drab and
sy, and thin beds of sandstone, liméesbome,
mnad eoml, T thas gonth thivd of the guadrmngbes,
whizra it is 300 fiset or more thick in places, the
lower half is chicfly sandstone und very sandy
shale, and in thess pluees it rests uneonformably
on the Westan shale membor or the Stanton
limestons membor of the Lansing formation.

Absont in placea

Shale, Mue or drah, argillveeons ; thickest at the
north, Absent in places in the soath third of
the quadrangles,

Thred bids oF limestons separmted by shale,

blug, in places ;ﬁntﬁhlﬁf-lhiﬁ"sﬁiiuumnu
Imyers.
Limestone, Mulsh gray, eherty ; ghaly in middle.

Bhale, nrgillneeous ot base, sandy and with some
mn.:l-:mm.'. i 1|11Lu-r hmlf, Ths Fﬂrlrv liFmsatons
bed in the middle is very irregular in thickness
nmnil lithologie charnetsr.

el

Shale, blue,

1 ingh=100 foot.

Cnps small esearpment of Orend limestone in

Churncter of topograph
(Obscured in places by g'lm lrli 1Ir|l't. %]

northwest corner of Leavenworth qumdrnngle.

Forma, with the underlying shale,
escurpment in the region.

the highest

The thiek sandstons at the base in Uhe south thied
af the qundrangles forms & high uplnnd helL.

The Intan and the Weston form an escarpmont
nenr Platte City and Camden Point,

Form an escarprment where sufficiently high nhove
thi vallays.

an _egearpment in which
o10s form SEepa OF LarrRees,

The Iols limestone ca
the underlying limes

~—Generalized rnlmlmar section of the consolidated rocks c.uu:nlcd in the Leavenworth and Smithville guadrangles.

logical Survey and includes the upper part of the Coffeyville
formation, the Drum formation, and the lower part of the
Wilson formation of Schrader in southeastern Kansas. As the
result of recent cooperative geologic work in Missouri by the
authors it became apparent that the Pottawatomie formation is
naturally divisible, both lithologically and paleontologically,
into two units, the lower of which was named the Kansas City



limestone and the upper the Lansing formation.! In a sub-
sequent publication? the name of the lower unit was changed
to Kansas City formation, and the reasons for its segregation
and for the names applied to its members were fully explained.
The other major and minor subdivisions of the Pennsylvanian
geries, as used in this folio, were similarly discussed in the
game report.

LANSING FORMATION.

Distribution. — The Lansing formation has a wide surface
distribution in the two quadrangles. It outerops on most of
Platte River drainage, on Bee Creek to Woodraff, and on the
Missouri to points near Weston and Leavenworth. In other
parts of the quadrangles it underlies the younger Pennsyl-
vanian formations.

Character and thickness.—The formation is 120 to 146 feet
thick, averaging about 130 feet. It lies conformably upon the
Kansas City formation and consists chiefly of alternate beds of
shale and limestone, the limestone being a few inches to 40
feet thick and comprising less than one-third of the whole.
(See P1. I.) The lower half is known as the Lane shale mem-
ber and consists of argillaceous shale at the base and sandy
ghale and sandstone at the top, the whole being about G0 feet
thick., Between the two phases, near the middle of this mem-
ber, lies the Farley limestone bed of highly variable thickness
and character.

The upper half of the Lansing formation contains thick beds
of limestone and is subdivided into the Plattsburg limestone
member at the base, the Vilas shale member in the middle,
and the Stanton limestone member at the top, The Plattsburg
limestone member is a blue or bluish-gray limestone in regular
beds with a few thin partings of dark shale and scattered nod-
ules of chert, the whole being 15 to 25 feet thick. (See Pl I.)
The Vilas shale member is a blue sandy micaceons shale with
thin layers of sandstone in places. It is 4 to 24 feet thick, the
most common thickness being 20 feet or more in most of the
area but decreasing toward the southeast. The Stanton lime-
stone member is about 30 feet thick and is composed of three
beds of limestone separated by shale. The lower limestone is
a dark, even-bedded rock 2 to 4 feet thick, locally called the
“dimension rock;” the lower shale is about 5 feet thick and
is in part black and slaty; the middle limestone layer is 10 to
16 feet thick, gray at the base to buff in the upper 3 to 5 feet,
and thin bedded and is the ledge usually exposed in bluffs
(PL IV); the upper shale is 2 to 20 feet thick, argillaceous
where thin but sandy where thick; the upper limestone is a
gray thin-bedded sandy fucoidal limestone, seldom seen in
natural outerops. Except the upper shale layer, which thickens
notably to the southeast, each of these divisions is remarkably
uniform over large areas,

Sections.—At Lansing, the type locality, the limestone bed
at the top of the formation is 3 feet thick, and the shale which
underlies it is 7 feet thick and includes a caleareous sandstone
layer near its middle. The rest of the formation is shown in
the log of the Penitentiary coal shaft at Lansing, in which the
highest limestone stratum is the middle bed of the Stanton
limestone member. The Farley limestone bed, which includes
practically all the limestone in the Lane shale member, is
exceptionally thick in this locality.

The railroad cuts near the Platte River bridge of the Kansas
City, Clay County & St. Joseph Railway have furnished
exposures in the upper half of the formation that differ some-
what in detail from the section at Lansing,

Bection of wpper half of Lansing formaetion ¢ miles west of Smithville, Mo.

Stanton limestone member: Ft. im,
Limestone, gray; has thin shale parting near base_.. 2 8
Shale, greenish and argillacecus at base, sandy above 6 8§
Limestone, buff and argillaceous at top, gray and

thin-bedded below; buff shaly partings____.._..___ 15 0
Shale, black and slaty in lower half, blue above.... & 0
Limestone, blue, eveén bedded and in foor or more

T e s e 3 0

¥ilas shale member:
Ehale, blna eandy o5 e A E

Plattsburg limestone member:

Limestone, banded gray, wavy laminae, weathering

T A e e e L P 8 1 4
Shale, builf; contains layers and nodules of limestone 8 7
Limestone, bluish gray; has three thinghale partings 12 10
EShale, blue-black at top; contains layers and nodules

of limestone in lower half _____ . ... g2 4
Limestone, blue __.

g L e L e BT e A

61 3

Owing to the exceptional development of the Farley lime-
stone bed near Lansing, the section of the Lane shale member
at that town is hardly typical for most of the quadrangles. The
following section, measured in a road near Crows Creek (SE. 1
sec. 30, T. 53 N, R. 32 W.), shows the normal phase of the
member in this region. As the Plattsburg limestone rests upon
the highest stratum of the section and the lowest stratum rests
upon the Tola limestone, all the Lane shale is known to be
represented.

’Hlndsjlﬁf}:_ﬁoal deposits of Missouri: Missouri Bur. Geology and
Mines, 2d. ser., vol. 11, p. 7, 1912,

* Hinds, Henry, and Greens, F. C., Stratigraphy of the Pennsylvanian
gories of Mizsouri: Missouri Bur, Geology and Mines, 2d ser., vol. 13, 1915,
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Section of Lane shale member £ miles southecst of Smithville, Mo,

Plattsburg limestone. Ft. in.
Bhale, sandy; has 3 inches of limestone near top____. 21 8
Limestone, gray, massive; composed of eomminuted

tosgils (Farley limestone bed). ... St |
Shale, argillaceous at basge, sandy and with thin sand-
sbone beds Near boP.. ccmcevcaemcemm e e am e meene G0 O
Iola limestone.
7t I

Fossils.—Large collections of invertebrates were obtained
from the Lansing formation in both quadrangles. The fauna
is remarkably varied, including an unusual number of speci-
mens and species from most of the larger zoologic groups.
The following list, prepared by G. H. Girty, is not complete,
hut it shows to some extent the variety of the fauna and some
of the more interesting and abundant species. In addition to
the species listed, the fauna includes most of the common types
of Pennsylvanian brachiopods.

Pseundomonaotis kansasensis,
Myalina ampla.

Myalina kansasensis.
Myalina subguadrata,
Myalina swallowi.
Deltopecten cccldentalis.
Euphemus earbonarios,
Bucanopsis meekanda.
Bucanopsis bella.
Goniospira lasallensis.
Metacoecoras ineonspicunim.
Phillipsia major.

Bairdia beedei.

Heliospongia ramosa.
Lophophyllom profundum.
Fistulipora earbonaria.
Cyelotrypa barberi.
Enteletes hemiplieatus.
Derbya bennetii.
Derbya crassa.
Chonetes verneuilianns.
Productos inginnatus.
Edmondia ovata.
Nucula anodontoides.
Leda arata.

Monopteria gibbosa.
Paandomaonotis hawni.

Correlation. — The Lansing formation corresponds to the
upper part of the Pottawatomie formation of the Kansas Uni-
versity Geological SBurvey and the upper part of the Wilson
formation of Schrader in southeastern Kansas. The reasons
for its segregation as a formation unit have been mentioned in
connection with the correlation of the Kansas City formation.

DOUGLAS FORMATION.

Distribution.—The Douglas formation outerops over a large
part of the Leavenworth quadrangle and in the northwest
corner of the Bmithville quadrangle. The thick sandstone bed
that stretches across the southern third of both quadrangles is
alezo a member of this formation. The Oread escarpment,
along which all or most of the formation outerops, stretches
southwest from Leavenworth across Kansas and is one of the
notable topographic features of the region.

Character and thickness—The Douglas formation is 280 to
340 feet thick, averaging about 300 feet. It rests conformably
upon the Lansing formation in most places. There is a local
unconformity within the formation, however, and in places the
oldest Douglas deposits and the top of the Stanton limestone

member of the Lansing formation were removed, and beds of

late Douglas age replaced them. In some places, therefore,
there is a slight unconformity between the two formations.

The formation consists chiefly of shale but has at the top a
persistent limestone member, thicker than most limestone heds
in the Pennsylvanian series of this region, and in its lower part
two limestone beds that are locally conspicuous; in part of the
region it contains considerable sandstone. A few thin and
rather impure coal beds are more or less regularly interbedded
with other beds. The Douglas is subdivided, on lithologic
grounds, into the Weston shale member at the base, the Tatan
limestone member next above it, the Lawrence shale member
above the Tatan, and the Oread limestone member at the top of
the formation.

The Weston shale member is as a rule a bluish or drab
argillaceous shale, containing ferruginous concretions composed
of concentrie shells that weather out on exposed surfaces. Its
thickness is 55 to 100 feet but appears to increase consistently
to the north, not being known to vary more than 10 feet in
any square mile of the area.

The Iatan limestone member is a light-gray limestone, in
many places filled with large brachiopod shells that are in
part replaced by crystalline caleite. (See Pl IL) In parts
of weathered ledges these shells resist weathering and project
beyond the matrix, giving the rock the appearance of a
cemented ‘“oyster bed”; in other parts the shells or the cal-
cite replacing them goes into solution first, giving the rock a
pitted appearance that has caused it to be confused with the
limestone conglomerate at the base of the Lawrence shale mem-
ber. The absence of well-developed bedding planes and the
presence of vertical joints canse large blocks to slip down over
steep slopes of the underlying shale wherever the Iatan forms
an escarpment. At a few places blocks several acres in area
appear to have been displaced in this manner. The thickness
of the Iatan ranges from 5 to 22 feet, but the change is gradual
from place to place. '

The basal bed of the Lawrence shale member is 9 to 20 feet
thick and resembles the Weston shale. Above this is a thin,
more or less lenticular coal bed overlain by a few feet of cal-
careous shale and shaly limestone that is exceedingly fossilifer-
ous. This is succeeded by thick argillaceous and sandy shale,
containing one or two thin beds of limestone, one of which
thickens to 22 feet near St. Joseph, where it is known as the
Amazonia limestone bed. In a zone 25 to 80 feet below the

top of the member one or more thin coal seams are interbedded
with shale and shaly sandstone. Above this zone there is
generally more or less sandstone and sandy shale to a horizon
within 10 or 15 feet of the top of the member. A persistent
bed of red clayey shale, grading to white or blue above, marks
the upper boundary of the formation. DBecause of its position
on the steep slopes of the Oread escarpment, the Lawrence is
rarvely well exposed, and the weathering out of the sand grains
in the shale has led some observers to believe that it contains
more sandstone than it does. The thickness of the Lawrence
member, where the Tatan limestone is present, ranges from 170
to 210 feet.

The succession outlined above for the Douglas formation
holds true in most but not in all parts of the quadrangles.
South of Onemile Creek in Kansas and of latitude 39° 20 in
Missouri a thick deposit of sandstone and sandy shale appears
in the lower part of the formation. In this southern area the
lower part of the Lawrence shale, all the Iatan limestone, and
all or part of the Weston shale were removed by erosion during
late Douglas time, and the broad valley thus formed was filled
before the deposition of the Oread limestone member with sedi-
ments that now form massive sandstones and sandy shales and
that locally carry lenses of brecciated limestone near the base.
This deposit is more than 100 feet thick in places. It forms
part of the Lawrence shale member and is shown on the maps
with the same symbol. At Tiffany Springs there are 100 feet
of massive brownish-buff sandstone, though ordinarily the mas-
sive phase is thinner and sandy shale is intercalated with the
sandstone. These beds rest on different parts of the Weston
shale in most of the Kansas area and on the thickest ledge of
the Stanton limestone in most of the Missouri area. (See Pls.
1, IV, and V.) The brecciated limestone consists of small
subangular fragments of reddish-buff limestone and shale, a few
clay balls, and fragments of fossils, the whole being embedded
in a calcareous matrix, 8 feet or less thick, and interbedded
with sandstone in places. Limestone of this type outcrops 29
feet above the Stanton limestone near the Santa Fe depot at
Leavenworth, 58 feet above the Stanton at the Soldiers’ Home,
and 15 feet above it near Fast Leavenworth. The same
deposit lies on the Stanton near Lansing, at East Leavenworth,
and 2 miles southeast of Nashua. In places there are large
concretions of firmly cemented, white caleareous sandstone at
the base of the massive buff sandstone. (See PL IIL)

At the top of the formation is the Oread limestone member,
30 to 60 feet thick. It closely resembles, lithologically, the
three upper members of the Lansing formation and has also
been confused with the Stanton limestone member. The low-
est bed of the Oread member is a blue limestone, 3 to 10 feet
thick, that weathers buff or gray. Just above it is a bluish
shale ranging in thickness from 7 to 16 feet and underlying
a dark, even-bedded limestone that is in two or three layers
and about 2 feet thick. (See Pl VI.) The shale above this
limestone is black and slaty in the lower part and bluish above
and is 5 to 16 feet thick. The highest bed seen in most
exposures of the Oread is a bluish-gray, cherty limestone in
lavers 3 to 12 inches thick that are separated along wavy bed-
llfll,ﬂ: planes by buff and shaly material. This limestone is 10
to 85 feet thick and is the “main ledge” of quarrying opera-
tions. Above the “main ledge” and separated from it by a
few inches to 3 feet of blue shale is the “Waverly flagging,”
a bed that has a maximum thickness of 4 feet in this region
and is a gray, eross-bedded limestone with a splintery fracture
and thin interbedded layers of * cone-in-cone.” The “Waverly
flagging” outerops in few places and was probably largely
removed by preglacial erosion. The lowest limestone of the
Oread also is genrﬂ-.i"}f concealed, but the “ main lﬂdgﬁu is eon-
spicnous and has had a marked effect upon the topography of
the region.

Seetions.—The following section was measured on the bluffs
northwest of Weston:

Section of Douglas formation 3} miles northwest of Weston, Mo.

Oread limestone mamber: Fh o
Limestone, gray, weathering buff, cherty, shaly; has
wavy partings (‘‘main ledge™) ... BT e e 10 0
LT T T A e o S i o, WL Wy S e el 1)
Limestone, buff, in one bed__________.. S R 5 6
Lawrence shale member:
Coneealed: probablyshale _______ . __________ 17 @
Shale, red at top, sandy in greater part____.....__.. 44 0
Concealed; fragments of shale and sandetone_ .. M 0
Limestone, sandy, with 1 ineh of shale at base.. .. ]
tonliratEariahalys bl ot el Fn T LR e T L
2] A o SRR Prae L RO R e b e 13 6
Tatan limestone member:
Tirneatone, graf. .o fi il i At s B s i TR D
Weston shale membaer:
Chiefly shale (base not reached)_ .. 40 0
268 1

The following nearly complete measurement of the for-
mation was obtained in the Fort Leavenworth Military
Reservation. The Oread limestone member was measured
at the United States Military Prison quarry on the north
end of Hancock Hill, the Lawrence shale and Iatan limestone
at the prison stockade half a mile south of Wade, and the
Weston shale at the Fort Leavenworth railroad station.



Section of Douglas formalion in Fort Leavenworth Military Reservation,
Hans.

Oread limestone member: Ft in.
Limestone, light-gray, cherty, irregularly bedded
at top, yvellowish impure layer at base { “main

ledga'™) ... e R o 8 10
Ehale, blue........ : S s i Bt el S
Cloneasled = - = % oo et e L 2 0
Limestone, dark brown to drab PN A a 0

Lawrance ehale member:
Interval, chiefly sghale; ineluding allowance made

e 03 R o M e S S il L deting e 8 1md 0
Bhale, daxk blue, plagtie . e B0
Limestone, in part ervstalline, in part suberystal-

line sand impuare .___.____.__... iyl 55 TN TN i 4 Al
Shale, indurated, calearcous bands near top. ... 11 o
fBhale, blue, slightly eandy ____ . .._.. B R S

Iatan limestone member:
Limestone, light gray, very fossiliferous and much

cerystalline ealeite associated with the fossils.. .. 12 0

Weston ghale member:
Shale, drab and light blue, only slightly sandy____. 35 0
Coneealed; probably shale, to top of Langing for-
TR 1T e e POl A S v R e e L R
208 10

Nearly complete measurements of the formation where the
Tatan member has been removed were obtained by combining
outerops from Leavenworth west to the Oread escarpment,
allowance being made for the dip. TIn the following section
the strata down to and including the 107-foot red and buff
sandstone were measured near the northeast corner of sec. 33,
west of the city, the next lower stratum was measured in the
NW. 1 sec. 34, and the rest of the section a short distance west
of the Santa Fe station at Leavenworth. The lower part of
the Lawrence shale is highly variable lithologically near the
city, and the base of the member lies at various distances from
the base of the Douglas formation.

Generalized section of Douglas formation west of Leavenwworth, Kons.

Ft. iIn.
Oread limestone member:
Limestona, light gray, cherty at top, mostly irreg-

ularly bedded (*“main ledge™)________________.___ 10 0
Bhale, drab at top, black and slaty at base_________ a 0
Limestons, blue, even bedded, compact (dimen-

C b ] POt B S L SO e R 1 10
Coneealed ; probably shale____ M B
Limestone, bufl, impure____________________________ 8 0

Lawrence shale member:

Bhale, argillassons ______ . _______ P b
Bandstone, gray, ealeareong, thin bedded_ _________ 3 0
Bhale, drab, slightly sandy___. ] . 8 0
oAl ieteia sty S Sl oy 2o i by, Bl ek P A &
SBhale, bluish drab, argillaceous .. ... 8 0
Sandstone, bufl, argillaceous, very thin bedded ___ T 0
Bhale, drab, sandy at top and bottom ______________ a0
Sandstone, red and buff, massive at top and bot-

tom, alternating with baff sandy shale in greater

AT SRS e R L o e e e e e TSR
Limestone, reddish buff, brecciated, ferrnginous,

fossiliferons, irregularly bedded with sandstone

and grading into sandstone above and below____ 1-8 0
Bandstone, red, thick bedded . ____ ik L e

Weston shale member:
Bhale, dark blue, argillaceous, to top of Lansing

formation - ... .oo.o. . &0

o8 3

Fossils. — The Douglas formation is perhaps the richest
faunally in the quadrangles. The collections are numerous
and include many species. The list below, prepared by G. H.
Girty, is intended to show their variety and some of the more
abundant or more interesting types. Many species have heen
omitted, and the fauna includes, besides those listed, all of
the common Pennsylvanian brachiopods. The Douglas fauna
closely resembles the Lansing fauna which preceded it and
shows the same rich variety of forms. Among the types not
yet obtained from the Lansing may be mentioned Chonetes
gﬂ'i‘ﬂ'iﬂﬂf—ﬂﬂ-“ﬁ, \"Fhill_’-i] iS :-I]'}i_'l]"l{li;l f'l1,, :T}.:Uf{i-f;fr’:’?'ﬁ, j}f:f;ﬂl'ﬂf}}l—ﬂﬂ- .}'I'rl"f'n!.-'l:'ﬁ?la'f‘-
anus, Orestes inlerterfus, and Trepospira sphaerulata.

Fusulina secalica.

Lophophyllum profunduam.

Hydreionosrinus acanthophorus.

Hydreionoerinug muerosping,

Fistulipora earbonaria,

Fistulipora zonata.
Cyclotrypa barberd.

Modiola subelliptica.
Allerisma terminale.
Astartella concentriea.
Bellerophon stevensianns,
Patellostinm montfortianum,
Enphemuns carbonarins,
Bucanopsis meekana.

Liopora subnodosa. | Pharkidonotus percarinatus var. tri-
Enteletes hemiplicatus. | earinatus.
Derbya bennetti. Goniospira Inenllensie.

Derbya broadheadi. Phanerotrema grayvillensa,
Chonetes geinitzianns. | Orestes intertextus.
Tegulifera kansasensis, | Trepospira sphasrulata,

Nuecula anodontoides.
Nuenlopsis ventricosa,
Leda arata,
Monopteria marian.
Myalina enbguadrata.

| Bchizostoma eatilloides,
Aclisina gquadricarinata.
Paendorthoceras knoxense,
Bairdia beedei.

Correlation.—The Douglas formation is the equivalent of
the “Buxton formation™ and the Oread (**Painterhood ™) lime-
stone of southeastern Kansas, the “Buxton”™ including the
Weston, Iatan, and Lawrence members of the Douglas. The
term Douglas has been in use as a Kansas formation name for
a long time, but the names applied to the members differ from
those most recently employed by the Kansas University Geo-
logical Survey.

SHAWNEE FORMATION.

General character—The Shawnee formation occupies only

a very mall area in the Leavenworth quadrangle, having been
Lenvenworth=Smithville.

f

identified in less than a square mile in the extreme northwest
corner. Only the lower portion of the formation remains, the
rest having been eroded prior to glaciation. It is probable,
however, that patches of the lower part of the formation are
eomeenaled beneath glacial drift in a few other places above the
Oread escarpment. That part of the formation represented in
the quadrangles is shown in the following section, obtained in
the hills northwest of Iatan:

Section of lower part of Shaienee formaltion northivest of Tatan, Mo

Lecompton limestone member: Ft. In.
Limestone, bufl ..... Sy ool o R IR i P Y
Kanwaka shale member:
Handstone and shale, formerattop ______ . _____.___.. 30 0
Limestone, blue, shaly, ferruginons; weathers buflf___ i3
Bhale, poorly exposed _______ .. eeeo..... 18 0

Dionglas formation. —

50 6
The Shawnee formation is conformable on the underlying
Douglas formation. The name Shawnee is that of a county
in Kansas a few miles southwest of Leavenworth and has
been in use for years. The sandstone in the Kanwaka shale
member is the equivalent of the Elgin sandstone of reports on

southeastern Kansas.

Fossils, — The following fossils were obtained from the

Shawnee in this area and were identified by G. H. Girty:

Fasulina secalica. | Fenestella tenax.

Fusulina sp. | Rhipidomella pecosi.
Lophophyllum ep. Chonetes granulifer,
Monilipora prosseri | Marginifera wabashensis,
Fistulipora zonata. | Spirifer cameratug

Tabulipora distans ? ! Composita subtilita.

QUATERNARY SYSTEM.

The deposits of Quaternary age comprise bowlder clay and
loess, with associated beds of sand and gravel, of Pleistocene
age, and alluvial deposits and rain wash of Recent age. They
form a blanket covering nearly the whole surface of the quad-
rangles and nearly everywhere at least partly concealing the
underlying indurated strata.

PLEISTOCENE SERIES.

AFTONIAN (1) GRAVEL AND SAND.

Deposits of bowlders, gravel, and sand, found at a number
of places in the Leavenworth and Smithville quadrangles east
of Missouri River, have been mapped as probably Aftonian.
They outerop in the hills south of Weston, at several places on
Murray Branch west of Settles station, in the cuts for the Kansas
City, Clay County & St. Joseph Railway 2 miles northwest of
Hoover, at the mouth of Crow Creck northeast of Smithville,
and east of the Smithville quadrangle on the north side of
Camp Branch. (See PL VIL) Their distribution and altitude
sugwest that they were deposited in the bed of an eastward-
flowing stream and of one or more of its tributaries. Similar
deposits have been found in wells at a few other places in the
quadrangles notably 14 miles east of Trimble. These deposits
are apparently related and ave tentatively regarded as Aftonian,

No two detailed sections of these deposits are exactly alike,
but all resemble one another in character and general relations.
The section on the bluff near Weston is as follows:

Section af Pleistocene deposits at Weston, Mo,

Feot,

Toeas, abbop of Blal - e laaa ()
Gravel, waterworn and water-laid, with layers of fine

gravel and sand; containg many foreign pebbles____  4-6

Kanson stage:

Clay, blue, containing angular bowlders of loeal lime-
ptong—aome of tham 8 fest in diamefer—and many
bowlders and pebbles of foreign material ____________ 84

Aftonian(?) stage:

Bowlders and gravel and a fow thin layers of sand; the
bowlders are wall rounded, average about § inches
in dinmeter, and show no difference in size at differ-
ent levels; about 70 per ¢ent of them are limestons
and are derived chiefly from the Oread esearp-
ment; afew scattered bowlders are of foreign origin
and are so thoroughly weathered as to crumble at
the touch; the depozit is cemented and in places
overhangs, with an espeeially firm layer at the top;
at the basa it has a layer of yellow sand a few inches
TR ] S e S ST A Srl o e o At T

Pennsylvanian series.

The supposed Aftonian is not exposed between Weston and
the vicinity of Murray Branch, but the ahsence of outerops of
the Tatan limestone and the uppermost part of the Weston shale
in a belt extending from Bee Creek east to Quinn School indi-
cates the probable course of the stream in which the gravel and
bowlder bed was deposited. The bed outerops in a number of
places near Murray Branch, but the thickest exposure is in the
road north of the creek near the center of sec. 13, T. 53 N.,
K. 35 W., where there is 35 feet of material like that in the
bed of supposed Aftonian at Weston. The Aftonian (?) here
rests on the lower 5 feet of the Weston shale. The altitude of
its base is 846 feet.

In the railroad cuts northwest of Hoover several beds of
bowlders and associated gravel and sand outerop in what was
probably a small tributary of the main stream. Where the
road crosses the line between sees. 22 and 27 a bowlder bed
8 feet thick, closely resembling that at Weston, rests on the
top of the main ledge of the Stanton limestone at an altitude

of about 835 feet. The top of the bowlder bed slopes south

and is flanked on the south by a bed of gravel, composed chiefly
of firmly cemented foreign pebbles. The beds of the conglom-
erate dip south, parallel with the upper surface of the bowlder
bed. The whole is overlain by drift bowlders. The next cut
to the south shows 7 to 10 feet of stratified sand, orange and
yellow and with some black bands, resting on the main ledge
of the Stanton limestone at the same altitude as that of the
eravel in the first cut. Shale outerops in the northern part of
the next eut to the sonth but is flanked on the south by a bed
of partly cemented gravel that resembles that flanking the
bowlder bed in the northern cut. Here, also, the beds dip
sonth. The best exposure of the gravel seen in the region is
that east of Smithville, near the mouth of Crow Creek, where
the following section was measured :

Section of Pleistocene deposits at mouth of Crow Creelk.
Foat,
Eansan stage:
Clay, lower 2 feet sandy, has few pebbles, and is
reddish-brown; the rest is typieal blue, red, and drab

O AT Iy e e s e e i A TR b et )
Aftonian () stage:
Sand, yellow, very fine and powdery; has a few indu-
rated streaks and a 2-inch layer of blue clay § inches
above base . _...._... il L PSR, A Bt e

Bandstone, vellow, coarse to fine grained, slightly
wavy, in one or two layers about 2 inches thick.
Where two layers are present, they are separated by
10 inches or less of yellow sandy elay. ... —ccoo 4

Sand, mainly reddish brown; has some black streaks
and a 2-inch layer of fine white sand. The sand is
coarse as o rule and contains some pebbles; cemented
(T h L et e € e R R R M S

Gravel; contains many chert pebbles and much sand.. 3

Bowlders, rounded, mostly loeal limestone but a few
are deeply weathered foreign bowlders; the maxi-
mum diameter is a foot, but the average is probably
less than 6 ineches. This stratom forms an over-
haniging oS ot ic W L ARG LB T T AR

_

54}

In one place the half-inch sandstone layer and the beds
below form altrongh about a foot deep (see Pl. VIII), suggest-
ing erumpling that might possibly have been caused by an
overriding ice sheet.

The easternmost outerop of probable Aftonian bowlders and
oravel is in a road half a mile north of Camp Branch, in the
enstern part of see. 9, T. 53 N., R. 32 W, but the exposure 1s
poor and no details were observable.

Beds of possibly the same age as the bowlder deposits out-
crop 1} miles east of Trimble, where Little Platte River crosses
a pre-Kansan channel.  The following section was measured up
the west bank of the stream, where it crosses the line between
secs. 19 and 20:

Hection of Pleistocene depogits 1) miles east af Trimble, Mo,

Foot.
Soil, ash-gray; contains no pebbles; sharply defined
from the bed BaloW oo ccccmmsmmmmm e 1
Kansan stage:
Clay, brown, erambly, containg no pebbles..._____... 1}
Clay. gray; contains fow pebbles .. cocimmnaeoo- b
Bowlder clay, FolOW e oo oe cccmmm e mmmmm oo mmmmmae t B
Aftonian (7) stage:
Band, yellow, and brown clay, stratified: contains
many small pebbles - TR

Clay, like next lower stratum but banded entire length
of bank, nearly 100 yards; contains fine gray or yel-
low sand with deep orange or reddish iron-stained
blotehes; layers of sand half an inch to 6 inches
thick and very regalar .o ecccamnan 2
Clay, gray mottled with yellow, sandy; pontaing Iln,lies,
pipes, and coneretions of limonite and some foreign
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There is no paleontologic evidence to establish the age 1:.+f'
the supposed Aftonian deposits, but the fact that they invari-
ably lie at the very base of drift believed to be of Kansan age
and in fairly low topographic positions shows that they are at
least older than the main body of this drift. The coarseness of
the constituents and the abundance of limestones similar to
those outcropping in the vicinity indicate that the mafcrisl{ wig
transported in rapidly moving water for only f_-mnpm:e:twcly
short distances, and the presence of some pebbles of igneous
rock of northern derivation means that the streams had access
to glacial débris. These facts alone might be taken to show
that these deposits were laid down in waters pouring from the
front of the advancing Kansan ice sheet, and such may be
their origin. DBut the igneous rocks are so thoroughly decom-
posed that they were probably derived from a drift sheet older
than the Kansan, and the quartzite pebbles that are so charac-
teristic of the Kansan are very rare. The general character-
istics, moreover, are much the same as those of certain outerops
in Atehison County, Mo., that contain remains of animals that
lived in a warm climate. These facts have led to the tentative
suggestion that the deposits just described are of Aftonian age.

EANSAN DRIFT.

Distribution and thickness, — Overlying the Aftonian (?)
gravels and extending throughout nearly the whole area tlm}-{:
is a deposit of glacial drift which is believed to have been laid
down during the Kansan stage of glaciation. A covering of
drift was left by the glacier over the entire region but is nearly
everywhere concealed by the omnipresent mantle of loess. In



some places, especially west of the Missouri, much of the drift
has been removed by post-Kansan erosion, but a large part
of it still remains on the uplands and in the smaller valleys.
Ouly a few outerops of till were found along the bluffs of Mis-
souri River, though foreign bowlders are not uncommon.

The drift is thickest where the present divides coincide with
preglacial valleys, as in the northeast corner of the Smithville
quadrangle, where it is at least 130 feet thick. Elsewhere on
the uplands of the Smithville quadrangle it is 40 to 100 feet
thick, but it decreases westward and is more than 40 feet thick
in few places west of Missouri River. An exceptional thick-
ness was noted 3 miles north of Platte City, where drift appears
in place along a road from the top of a mound to the onterop
of the latan limestone member, a vertical distance of 120 feet.
In the present valleys drift is thin or absent, except in the
vicinity of preglacial valleys.

Till—By far the greater part of the drift is typical till com-
posed of ash-blue joint clay that weathers yellow and contains
irregularly distributed pebbles and bowlders. Most of the
pebbles and bowlders ave angular and consist of limestone and
other sedimentary rocks, obviously derived from strata like
those outeropping in the region, and igneous and metamorphic
rocks that must have been transported hundreds of miles from
northern ledges. The most conspicuous and abundant type
among these rocks is a red, brown, and varviegated quartzite of
the kind that outcrops in the vicinity of Sioux IFalls, S. Dak.
The largest bowlder seen is 9 feet in greatest diameter. The
till also containg much conecretionary caleareous material in
large irregular masses and in smaller nodules arranged along
the joints. On drying the clay divides into small angular
polyhedrons separated by narrow eracks.

Sand and gravel.—art of the drift consists of gravel and
sand beds—the gravel predominating. These beds and the
many isolated bowlders are the coarser components of the till
that were left by the erosive agents that carried away much of
the finer elay and sand. Their principal constituents arve Sioux
quartzite, chert, and other notably resistant rocks. The beds
are thickest just above and near paris of escarpments that are
capped chiefly by the Stanton limestone member in the Smith-
ville quadrangle and by the Iatan member in the Leavenworth.
These resistant limestones seem to have acted much like riffles
in hydraulic mining. West of Woodruff, above the Iatan
escarpment, the gravel beds attain a thickness of 35 feet.

Other beds of gravel and small bowlders lie at the top of the
drift on the uplands. They are not more than 6 to 12 inches
thick and seem to be confined to places where the Loveland (?)
clay and bluish-gray loess are absent and the yellow loess rests
directly on typical drift. It is possible that these beds were
formed by the removal of the finer material by the wind, much
as the “desert pavements” of arid regions are formed.

Loveland (?) elay.—A part of the drift consisting of reddish
and whitish elay containing few or no pebbles is found in many
|J|=I|:'L'$ on the uplands where the drift is thick and f,ani:.' at the
top of till that is overlain by loess. Such pebbles as are present
are very small and of resistant rock. A thickness of 20 feet
was observed near Nashua, Mo. (NW. } SE. 1 sec. 26, T. 52
N., R. 33 W.), but this is probably not the maximum. These
deposits correspond in every way with the Loveland clay, as
described by Shimek,! and are tentatively correlated with it.
They are probably still-water deposits formed in depressions on
the surface of the till.

LOESS.

General features—The formation having the greatest areal
distribution in the quadrangles is the loess, a sandy clay which
differs in texture and properties from the other clays of the
region. It is spread like a blanket over the entire area of the
quadrangles except the flood plains and the bare rock ledges.
It is thicker and more sandy on the bluffs of Missonri River
than elsewhere, and is thicker on the eastern than on the
western bluffs of the river. West of the river it thins notably
and is not at all eonspicuons above the Oread escarpment;
east of the river it thins considerably for 4 or 5 miles and then
more gradually to the boundaries of the gquadrangles. There
are two distinet phases of the loess, the lower thin and bluish
gray and the upper thick and yellow or buff-colored.

Bluish-gray loess—The lower loess appears to be absent
from many places near the larger sireams but is generally
present on the uplands. It is a bluish-gray clay mottled with
orange or brown ferruginous stains and contains much fine
sand and many vertical brown limonite pipes several inches
long and as much as an inch in diameter that were probably
formed in concentric layers around plant roots. The greatest

~observed thickness of this part of the loess is 6 feet, but it is

not improbable that it reaches 10 feet in places. At the top
it is commonly sharply separated by a thin ferruginous layer
or a limonite band from the overlying yellow loess, but at the
bottom it grades more or less completely into the Loveland (7)
clay, where this is present. Only where the Loveland (?) is
absent is its lower boundary fairly clear.

1 8himek, B., Geology of Harrieon and Monona connties [lowa]: lowa
Gieol. Burvey, vol. 20, pp. 371-355, 1910
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The l1|||{s-;||—;_{rz|}' loese seems to be the same as that termed
post-Kansan loess by Shimek.*  In these quadrangles it seems
to contain no fossils nor other decisive evidence of age, but its
stratigraphic relations, distribution, thinness, and weathered
surfaces are strongly indicative of a comparatively old age.

Yellow loess.—Overlying the bluish-gray loess or, where
that is absent, resting on Loveland (?) clay, Kansan drift, or
Pennsylvanian rocks, is the yellow or buft loess, the most con-
gpicuous surface deposit in most of the region. As it is
younger than all other sediments except the alluviom and lies
like a mantle over practically the whole area, it is in contact
with all older sediments, being separated from the drift in
places by a thin gravel zone and from the bluish-gray loess
by thin ferruginous bands.  Only the thicker deposits are
shown on the map by a distinet symbol, much of the thin-
ner loess being mapped with the Kansan drift and that
covering Pennsylvanian rocks on valley sides not being
represented at all.

This loess is a light-yellow or buft’ sandy eclay, sufficiently
coherent to stand in vertical faces in road, stream, and railway
cuts. It contains ealeareous white or cream-colored concre-
tions a foot or less in diameter, the larger ones being hollow,
with eracks radiating from the cavity into the walls.  In places
the vertical faces of the yellow loess show well-developed
('.H!LHIIIIHI' jﬂ;l!t-iﬂf_"' l:Il,'l{,’. "D H}Ir]“k“;_ﬂ“, I“Il]. | .rl,,'!‘l\" {':\'EH:HLIF(_'F} H]lfl“'
indistinet banding along lines that are apparently parallel to
the surface upon which the loess was deposited.  (See Pl X.)
Uil Sl(’!!_.‘l'i H].i‘il:ll"."} 'II{‘. jﬂi"ting Cuses il]{’! Il]{‘#‘"}- 'L‘F HIiI} llL'I"l.\']]‘l'i'Hl'lI.
or at least facilitates the process, giving hillsides a stepped or
terraced appearance.

The thickness of the yellow loess varies with its distance
from the Missouri River bluffs, being thickest on the bluffs
themselves, and thicker on the east than on the west side of
the river. In places east of the river it is thin or wanting on
the western slopes of hills and 10 or 15 feet thick on the east-
ern slopes, and even where farthest from the river is at least
4 or 5 feet thick., The thickness on the bluffs east off the
river, estimated along lines perpendicular to the surfaces on
which the loess rests, ranges from a thin film to probably 80
feet, the maximum being on the hilltops. On the western
bluffs, the maximum is pmhnlﬂy not more than 40 feet.

Origin—At one time there was much diversity of opinion
among geologists as to the origin of the loess, some contending
that it was dvpnﬁilml I]I\' winds and others that it was formed
by great floods resulting from the melting of glacial ice.
Unanimity of opinion has not yet been reached, though many
observers are now agreed that the loess is chiefly a wind
deposit and that water has plaved only a very subordinate
part, it any, in its last transportation and deposition. These
writers believe that it ]\E‘.lllIE]'t’.H a wide stretch of the Im;l;_{in;l-

tion to conceive-of conditions under which the vellow loess in
these quadrangles could have been laid down in water, whereas
there are many cogent reasons for believing that practically all
of it was deposited by winds.  Moreover, the distribution and
the differences in coarseness in different parts of the region
lead inevitably to the conclusion that at least a large part of the
vellow loess has a direct connection with Missouri River and
was blown up from its bars and alluvial plains by westerly
winds. The amount of silt available for distribution is almost
unlimited, ag the sediment-laden Missouri quickly replaces any
material taken from its shores,

Another problem about which there is much difference of

opinion is the age of the yellow loess. It overlies the Kansan
drift and is therefore later than Kansan. Its presence in
considerable quantity low down on valley slopes, much of it
in situations to which it was evidently blown, shows that at

least part of it was carried to its present position after most of

the present stream dissection had been accomplished. The
upland loess may, of course, have been deposited at an earlier
date. From evidence derived |)1‘il|n;!ip:1”_}' from localities in
eastern lowa it is believed that most of the loess, at least in
that region, was formed subsequent to the post-Kansan glacial
stage commonly known as the [llincian and before the advent
of the last or Wisconsin glacier. There are, however, deposits
of loess of several different ages, and even now loess is being
deposited in favorable loealities. It has been sugoested that
the dust storms that now often sweep over the Missouri River
flats result in the accumulation of loess near the river. The
determination of the time when the deposition of the loess
ceased in this region, or whether it has ceased, awaits further
study.

Fossils.—The loess is fossiliferous in many places, especially
near Missouri River, being rich in snails and other mollusks
that Shimek has shown?® to be largely land forms that prob-
ably lived in a climate very similar to that of the present.
The following were collected at Weston and identified by
W. H. Dall:

| Pyramiduln cronkhitei.
Pyramiduala alternata.
| Zonitoides arborens.

Buecinen linenta,
Puapoides procera,
Bifideria armifera.

e

# Idem, pp. 870380,
* [dem, pp. 805-308, 404-405,

RECEXT SERILES.

TERRACK DEIPOSITS AND WASH.

[n some abandoned meanders along Platte River and the
Little Platte there are terrace gravels covered at the surface by
deposits whose origin is probably to be referred largely to
riinwash. The principal areas of terrace and wash deposits
of this character are shown on the geologic map of the Smith-
ville quadrangle. They are probably composed of coarser
material than the neighboring alluviam, but as there are no
well records nor exposures that give the requisite information
their character and depth are not known. Other colluvial or
wash deposits occur throughout the arvea, particularly at the
bases of valley slopes, but their areal extent is small and their
boundaries indelinite.

ALLUWVILA.

Most of the larger streams have flood plains built up by the
deposition of silt and fine sand during flood stages. This
alluvium is of two more or less distinet types, one in the wide
bottom lands of Missouri River and the other along smaller
streams.  Both have been well described in the report on the
soil survey of Platte County,* as follows:

The alluvial soils of the area come from two principal sources.  The
first is wash from the loess mixed to a very small extent with wash
from the residual soils and deposited in the flood plains of all the
smaller streams, Soils formed from this material belong to the
Wabash series.,  When the alluvial soils come so directly from the
loess as they do in this area they often differ from the upland loess
but little in eolor, texture, or crop value. In places, however, the
sandier material has been sorted out and deposited, usually near
the stream channel, while in other places the clays and silt have been
deposited, thus forming heavy soils, which have often become more
intractable and apparently beavier on account of lack of drainage.

Alluvial soils of the second class are found in the flood plain of the
Missouri River and have been formed from materinl brought down
and deposited by that stream.  Like the Wabash soils, they vary in
texture from very light, fine sand to heavy clay. Their principal
distinguishing eharacteristic is the sandy or light silty character of
the subsoil nnderlying the heay ier surface soils, These soils l]l‘I(l]lg
to the Sarpy servies. Near the bluffs bordering the Missouri River
floed plain, and especially where small streams enter it'j considerable
areas are covered by soils which are a mixture of the Wabash and
Sarpy series,  The Wabash characteristics usually predominate at the
surface near the stream channel, while the Sarpy characteristics are
found in the subsoil. Farther from the streams the two materials
are more thoroughly mixed.

The difference between the two types is probably due to the
tact that the alluvium of any stream is derived from material
washed from the surface of its drainage basin and that only a
comparatively small part of the Missouri basin is coated with
loess, whereas the basins of small streams in these quadrangles
are almost entively covered by it. Under the loess-derived
part of the alluvium along many of the larger creeks there are
glabs of limestone and flattened pebbles. In the smaller creeks
and branches there is usually a stiff blue gravel-bearing clay
that once formed the stream bed.

The alluvium in all the valleys except that of the Missouri
lies in one or more benches, the lowest forming the stream
banks, which at one place are as much as 27 feet high. In
many places on the large streams there are two to four of these
benches and in the hollows there are even more—all composed
ﬂ‘{l 1.!"!' t'ﬁ!\\'ilﬁ]l{’lﬂ] ].HI!HH“I\'.(! ]!]Ell.l.‘-']';ill;

Borings in the valley of Missouri River commonly penetrate
a considerable thickness of valley filling. At St. Joseph bed-
rock was found at a depth of 53.4 feet in a boring that started
at water level. In South St. Joseph a number of wells have
been drilled to a depth of 80 feet before striking rock; and at
Atchison and Leavenworth borings 57 feet deep failed to
reach the bottom of the alluvinm. (See fig. 6.) At Quindaro,
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Fraurge 6.—Cross section showing thickness of alloviom deposited by
Missonri Hiver at Leavenworth, as determined by borings. After Mis-
sonri River Commission.

Kans., bedrock lies at a depth of 100 feet and near Randolph,
Mo., at 107 feet.® It is probable that bedrock is about 100
feet below the general level of the flood plain in the Leaven-
worth quadrangle. The flood-plain deposits grade in general
from coarse material at the bottom to finer sand and silt at the
top, though coarse sand and bowlders are found in the present
river channel in dredging operations.

tRweat, A. T, Dunn, J. K., and Vanatta, E. 8., S0il survey of Platte
County, Mo.: U. 8. Dept. Agr. Bur. Soils Field Operations, 1911, Advanes
sheets, p. 17,

*The authority for most of the data is Bingbam, Capt. T. A., Report on
borings in the Missouri River valley: Chief Eng. U0, 8 Army Rept. for 1504,
pt. 4, appendix 20, pp. S475-0390, 1591,



The Missouri received the drainage of the part of the last, or
Wisconsin, ice sheet that ocenpied northwestern Iowa, south-
western Minnesota, the Dakotas, and Montana, and also the
waters from numerous Rocky Mountain glaciers of the same
age, so that it probably brought down great quantities of sedi-
ment during and following that ice invasion. It is probable
that the deeper valley filling accumulated at that time, though
the upper part is probably recent, as the stream now seems to
be aggrading. Most very large rivers flow over considerable
valley-filling alluvium, however, because at a certain stage in
ordinary drainage development the tributaries carry more sedi-
ment than the main stream is able to transport.

STRUCTURE.

STRUCTURE CONTOURS.

Delineation.—For the delineation of structure by means of
contours an easily recognizable reference stratum, whose posi-
tion can be determined at many points by means of outerops
or borings, is chosen. The altitude and dip of its surface are
determined at as many points as possible, and points of equal
altitude are connected by lines on the map just as topographic
contour lines are drawn. In some places the altitude of the
reference stratum is observed directly in outerops, mines, or
wells, and in other places it is caleulated from observations on
some other recognizable stratum, for generally the layers of
stratified rock are approximately parallel and the average
interval between any two may be determined. Thus, if a
stratum above the reference layer is found, its altitude above
sea level at the point of discovery may be determined and the
altitude of the reference stratum or key rock at that point may
be calculated by subtracting from the altitude of the stratum
discovered the average distance (or the nearest measured dis-
tance) between the two. If the outecrop of a bed below the
reference stratum is found the average distance is added, thus
giving the approximate altitude at which the reference layer
would lie if it were present.

UJse.—On the geologic maps of the Leavenworth and Smith-
ville quadrangles structure contours are drawn at vertical
intervals of 20 feet on the base of the Plattsburg limestone
member of the Lansing formation as a key stratum. In order
to determine the depth from the surface to the base of this
limestone at any point crossed by a structure contour it is only
necessary to subtract the altitude shown by the structure con-
tour from the surface altitude shown by the brown surface
contours on the topographic base. Between structure con-
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Fiaurg 7.—A, Structure section across the Leavenworth quadrangle, passing northeast through Leavenworth and Platte City.
Qal, Alluvinm. Qi Loass. Qgd, Glacial deift. Cdo, Oread limestone ; cdi, Lawrence shale: Cdi, Iatan limestone ; and Cde, Weston shale.  (The last four are members of the Douglss formation.)  Chs, Lansing formation above the Lane shale member. C, Lane shale member of the Lunsing formation,

Cke, Knpaas City formation. Cp, Plessanton formution,

tours the altitude of the limestone is intermediate between that
gshown by the contours on each side. Similarly the depth or
altitude of any other stratum may be determined by adding or
subtracting the vertical interval between the limestone and that
stratum, this interval being taken from the stratigraphic sec-
tions and the discussions accompanying them.

In addition to showing the depth and altitude of any
sfratum structure contours necessarily delineate the main fea-
tures of the structure and the direction and steepness of the
dip in each locality. The dip in feet per mile can be read
directly from the map; the dip in degrees can be calculated
it is generally so small in this region as to be of no practical
value. Undulations of less amplitude than the contour inter-
val can not be shown.

Aceuwracy.—Errors in delineating structure may arise from
inaccurate determination of the altitudes of outerops, shafts,
and borings, from insufficient data, and from irregularities in
stratigraphic intervals.

On the topographic maps of the Leavenworth and Smith-
ville quadrangles the interval of the surface contours is 20 feet,
and bench marks are numerous. With the aid of these maps
it is possible to carry hand-level lines from points of known
altitude to most of those whose altitude is desired, and errors
arising from inaccurate determination of altitudes are so small
as to be of minor importance.

Where there are few outcrops of indurated strata and few
wells, borings, or shafts that have penetrated beds whose strati-
graphic horizon is known, it is obviously impossible to delineate

Leavenworth-Smlthvills.
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the structure accurately. However, outerops are numerous in
all parts of both quadrangles, except in the Missouri River bot-
tom lands, and some information from wells and shafts is avail-
able, so that data of this character may be considered ample.

The most likely source of error in this region is variation in
the stratigraphic section. Except in districts in which the
Plattsburg limestone outerops or has been reached by borings
or shafts its altitude is estimated from that of strata outerop-
ping either above or below it, this estimation being based on
the stratigraphic intervals determined in localities as nearly
adjacent as possible. In most parts of the quadrangles outerop-
ping strata are not separated from the Plattsburg by long or
variable stratigraphic intervals, and consequently few errors
are apt to be made. Where the only outeropping rocks belong
in the upper part of the Lawrence shale member or in higher
stratigraphic units, however, the contours may be 20 to 50 feet
in error, for the thickness of the Douglas formation is rather
irregular.

STRUCTURE OF THE LEAVENWORTH AND SMITHVILLE
QUADRANGLES.

The dominant structural feature of the quadrangles is a
gentle dip of about 12 feet per mile in a direction slightly
north of west, modified by a series of very low anticlines and
shallow synclines, whose axes trend northwest and southeast.
(See fig. 7.) Dips are so slight in most of the region that
they can be detected only by comparing altitudes of strata at
points more or less widely separated, but in a few very small
areas of more marked disturbance they range from a few
degrees to as much as 20°,

The anticlines—arches along which strata are relatively
higher than on either side—are low and irregular; most of
them are short, and their axial lines, if projected, would pass
into territory without special structure, or even into synelinal
areas. A well-defined anticline crosses the northern part of
the Smithville quadrangle from Camp Branch northwest to the
Chicago, Rock Island & Pacific Railway west of Swamp
Hehool, where it dies out.  Another anticline extends from
Smithville north of west to Settles station and thence north-
west to the Platte Valley School, plunging to the northwest
and dying out near the bluffs east of the Missouri. Shorter
anticlines lie 2 miles south of Smithville, southeast of Nashua,
and south of Platte City. Broad, shallow synelines commonly
separate anticlinal areas, but few of them are strong. The
sharp, narrow synclines at East Leavenworth and southeast
of Farley are probably associated with faulting.

first described the mine workings passed around the end of the
fault across a narrow syncline about 30 feet deep. Evidently
this structural feature is a short fault which passes into a
syncline at each end. The only evidence of disturbances at
the surface are gentle southerly dips between the North mine
shaft and the mouth of Corral Creek and a shallow syncline
near East Leavenworth, which is probably in line with the
faulted zone in the mine.

The tensions to which the rocks have been subjected are
indieated by the jointing that is common in the limestones.
The most numerous and best-developed joints are those strik-
ing about N. 62° E., though others striking N. 3° W, are only
slightly less distinctive. There are also two minor sets, affect-
ing chiefly the thick beds of limestone, one striking approxi-
mately N. 45° K. and the other N. 45° W. Joints are most
conspicuous and most closely spaced in the thin, even-bedded
limestone members and are shown to best advantage in the
“pavements” in stream beds, where the top of a limestone
stratum has been swept bare by running water. (See Pl 1X.)

GEOLOGIC HISTORY.
PALEOZOIC ERA.

EARLY PERIODS.

At the beginning of the Paleozoic era the quadrangles and
neighhoring areas were part of a great land mass and probably
remained above sea level until after the middle of the Cam-
brian period, during which time the region was undergoing
erosion. The available data indicate that the resulting topog-
raphy was of considerable relief and that the general altitude
was somewhat greater than that of many neighboring areas.
As the Cambrian sea advanced over the region, the higher
lands at first remained as islands while sedimentation took
place about their borders.

Before the end of the Cambrian period the area included in
the quadrangles was almost wholly submerged, though the St.
Francis Mountains and perhaps other highlands in the same
general region still remained above the sea as islands. Through
the remainder of the Cambrian and well into the early part of
the Ordovician period intermittent sedimentation was going
on, the process being oceasionally interrupted by relatively
short intervals of emergence and erosion. During most of the
time conditions were favorable for the deposition of limestone,
but at the first submergence much coarse sand was deposited
and subsequently thinner beds of sand accumulated. The
widespread deposit which formed the St. Peter sandstone was
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The general westerly dip is interrupted in several structural
terraces where the strata lie nearly flat. One notable terrace
includes a large area in the southwestern and south-central
parts of the Smithville guadrangle, and a smaller one embraces
the territory south and southwest of Leavenworth.

Abnormally steep and irregular dips, probably closely
associated with faults that are not well exposed, were noted in
several small areas. The greatest disturbance is 2 miles south-
east of Farley, in the 8. § sec. 35, T. 52 N, R. 35 W., where
the strata dip as steeply as 20° from both sides toward a medial
line, and on Shoal Creek, near the south line of sec. 33,
T.52 N, R. 32 W. Dips are sufficiently strong to be evi-
dent to the eye in the small syncline between Iatan and Wes-
ton, in the NW. 1 sec. 33, T. 54 N, R. 36 W.

The Bevier coal bed commonly lies nearly level in the
Leavenworth coal mines but is slightly broken and otherwise
disturbed in a few short and narrow synclines. The largest of
these synelines was first encountered in the North mine many
years ago, at a point nearly under the middle of the river and
northeast of the shaft. The coal dipped from both sides at a
nearly uniform inclination of 1 foot in 4 feet toward a broken
and faulted zone, the width of the syncline being 750 to 800
feet and the depth in the center 100 feet. About 700 feet south-
east of this place an entry from the southwest encountered a
nearly vertical, slickensided fault face (see fig. 7, A) and was
driven horizontally across dipping beds for 167 feet. At the
end of this tunnel a boring was made, and the coal was found
at a depth of 43 feet. About 1,800 feet southeast of the place
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B, Strueture section across the Smithville guadrangle, passing through Smithville.

Harizontal seale saos as that of geologie maps, appreximately 1 inch equala 1 mils; vertien] seals 10 times the horlzontal.

laid down under conditions which are not certainly known
but which may have been due to a combination of the action of
wind and water.

How long after St. Peter time the region continued to
receive sediments is uncertain, the deposits that may have been
laid down from then until the Carboniferons period being now
represented by only a few hundred feet of strata. Tt is prob-
able, however, that the region was subjected to subaerial erosion
through a large portion of the later Ordovician and the Silu-
rian and Devonian periods. Beds that were deposited between
the close of early Ordovician time and the beginning of
Kinderhook time are exposed at only a few places on the
northwestern border of the Ozark region. Farther north, at
Nebraska City, Nebr., more than 1,300 feet of strata were
deposited during the same interval.

CARBONIFEROUS PERIOIN.

Mississippian deposition.—At the beginning of Mississippian
time, or possibly during later Devonian time, the sea again
invaded the region and remained more or less continuously
during the first half of the Mississippian epoch. Most of
the deposits of this interval now form limestones, but some
argillaceous muds were brought in at the beginning of the
submergence.

Late Mississippian and early Pennsylvanian erosion.—After
the deposition of a great thickness of limestone the sea with-
drew from a large district north and west of the Ozark region
at or near the close of the Mississippian epoch. The land thus



laid bare stood at least 200 to 300 feet above the level of the
neighboring seas, and agents of subaerial erosion soon began to
excavate valleys and lower the general surface. Krosion con-
tinued well into the Pennsylvanian epoch, until much of what
is now the central Mississippi basin was reduced to a more or
less featureless lowland covered with residual soils and chert
fragments and pitted with sink holes and shallow depressions
in the easily soluble limestones. When erosion ended in the
region near Leavenworth, there were comparatively high land
areas in what is now southeastern Nebraska and central Kan-
sas, in the Ozark region, and in a strip extending north from
the Ozarks into northeastern Missouri.

Pennsylvanian deposition.—While this erosion was taking
place, an arm of the Pennsylvanian sea was slowly advancing
from the southwest over the lowland in eastern Kansas and
northwestern Missouri toward central Towa. Residual mate-
rials left on the old land surface were washed away from some
places and concentrated in others, so that deposits of white,
red, or brown sand, angular fragments of chert, black elay, and
other materials accumulated in the shallow waters. Coal-
forming plants began to grow in favorable situations, only to
be covered by mud, silt, and sand in the shifting waters.
Later the irregularities of the old surface were smoothed ovel
and conditions became more uniform. Plant life existed simul-
taneously over wide stretches when the shallow seas temporarily
withdrew, and marine organisms flourished at other times when
the land stood slightly below sea level—the plants furnishing
the peats that are now coal and the marine organisms the shells
and tests that are now consolidated with caleareous muds to
form limestone. Such conditions existed only for short inter-
vals, however, for during most of the time sand and clay were
being brought into the seas or heaped in estunaries and on
coastal plains,

At some stage before the Pleasanton epoch, probably late in
Cherokee time, the Pennsylvanian seas reached their maximum
extent and covered much of the present Ozark region. Late
in Pleasanton time differential warping raised the Ozark region
and shifted the seas back to the northwest. During the
remainder of Pennsylvanian time warping continued inter-
mittently, interrupted by intervals of general stability, at first
prolonged but gradually becoming shorter. During the inter-
vals of stability widespread shallow seas favorable to animal
life existed in the region now forming parts of Kansas, Mis-
souri, Jowa, and Nebraska. Plants grew in relatively small
swamps, which disappeared before very thick masses of peat
had time to accumulate. During the intervals of warping,
conditions were similar to those during the first invasion of
the Pennsylvanian sea. At times, especially during the
Douglas epoch, the sea withdrew far enough to allow sub-
aerial erosion to act more or less vigorously on the soft, newly
formed sediments, in which it eut shallow channels, which were
filled with sand and mud when the sea again advanced. The
exact conditions under which the channels were made and
filled are, however, imperfectly understood.

The sea finally retreated beyond the region here considered.
The land covered with Pennsylvanian sediments was subjected
to erosion and was probably tilted to the northwest near the
end of the Paleozoic era.

MESOZOIC ERA.

Erosion by streams and other denuding agents continued
throughout most of the Mesozoic era. In other regions pro-
longed erosion base-leveled large areas and was followed by
earth movements that rejuvenated the streams, but such phe-
nomena have left no definite record in the area under dis-
cussion. Late in the Mesozoie, in the Cretaceous period,
deposition took place in western Jowa and farther west, but
there is no evidence that sediments were then deposited in
western Missouri and northeastern Arkansas.

CEMOZOIC ERA.

TERTIARY PERIOD.

The erosion which characterized the Mesozoie era continued
during the Tertiary period. In other areas there are evidences
of earth movements that resulted in the retardation or acceler-
ation of erosive processes, but in this region little remains to
show the details of the geologic history. The topography
which had been developed at the end of the Tertiary was prob-
ably not essentially different from that which existed at the
beginning of Kansan time and which has been largely pre-
served heneath deposits of glacial till. This topography was
much like that of the plains of southwestern Missouri and
southeastern Kansas at the present time, and though the
escarpments were not very high the contrast between them and
the intervening plains was much more marked than it is now.
The Oread escarpment lay slightly east of its present position
and the Iatan escarpment a short distance east of the Oread,
extending south nearly to the upland formed by the sandstone
in the Lawrence shale in the southern part of the quadrangles.
East of the Iatan escarpment and north of the sandstone
upland an extensive plain occupied most of the Smithville
qundmng]e and was traversed by at least two eastward-flowing
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streams. The valley of one has been identified as far west as
Weston, and traces of it that may be seen at intervals across
the quadrangles indicate that its gradient was greatest just
east of Weston and averaged 5 feet to the mile. The other
preglacial valley erossed the northeast corner of the Smithville
quadrangle and seems to have been wider and deeper than the
one near Weston. (See fig. 8.) There were other small val-
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FigurgE 8.—8ketch map of the Leavenworth and Smithville quadrangles
ghowing present strenms and probable preglacial valleys (dotted areas).
The arrows indicate probable directlon of preglacial dralnage,

leys. in the quadrangles, but their exact positions are not defi-
nitely known. Kansas River was probably at that time a large
stream that occupied a valley on or near the site of its present
channel and that of Missouri River east of Kansas City.

There is no evidence that a large valley occupied the site of
the present Missouri River valley above Kansas City before
the Kansan ice invasion. The small eastward-flowing pre-
Kansan stream at Weston, nearly 150 feet above the present
Missouri River, and the character of the alluvial material depos-
ited in it seem to prove the nonexistence of a deep Missouri
River valley in Tertiary time. The recession of the Oread
escarpment near Kansas River, compared with the narrow
gap through which the Missouri crosses the same escarpment,
indicates that Kansas River is older than that part of the
Missouri. The high, straight bluffs and lack of well-developed
lateral drainage lines in the Leavenworth quadrangle may
also mean that this part of the Missouri Valley is compara-
tively young.

QUATERNARY PERIOD,

PLEISTOCENE EFPOOH.

Pre-Kansan time—During the Pleistocene epoch a series of
remarkable climatic changes caused at least four great conti-
nental glaciers to invade the northern States from centers of
accumulation in Canada. The ice invasions were separated hy
intervals during which the climate was fully as warm as it is
at present. Iach great glacier transported quantities of clay
pebbles and bowlders which it left behind when it melted and
which now form the greater part of the surficial deposits of the
glaciated area. Only the second glacier, that of the Kansan
stage, is thought to have reached the Leavenworth and Smith-
ville quadrangles.

Although the first great ice sheet, that of the pre-Kansan or
Nebraskan stage, may not have reached the quadrangles, peb-
bles derived from the drift it left in neighboring areas were
carried in by streams and mixed with bowlders and pebbles
from local limestone ledges to form the gravels referred to the
Aftonian (?) interglacial stage.

Kansan time—The warm climate of Aftonian time gave
place to a prolonged cold interval during which the Kansan
glacier advanced across the quadrangles well into Kansas in a
direction shown by rock striae to have been slightly west of
south. This ice sheet also covered nearly all the region north
and east of Missouri River and considerable adjacent territory
west of that stream. When the Kansan glacier finally melted
it left great accumulations of bowlder clay that largely filled
the valleys and formed a plain of slight relief sloping to the
southeast. Depressions in the surface of the drift that filled
with water became ponds or lakes in which may have been
deposited the fine silt and clay now known as the Loveland
clay. Other continental glaciers invaded part of the north-
ern States after the Kansan stage, though the Leavenworth
and Smithville quadrangles were never again covered by gla-
cial ice.

Luvess accumulation.—Before erosion had dissected the sur-
face of the Kansan drift to any extent a thin blanket of bluish-
gray loess was deposited thereon by winds, This was followed
by an interval of erosion in which much of the present drain-
age was developed. It is probable that some wind-blown mate-
rial was deposited more or less continuously while post-Kansan
erosion was in progress, but much of the upland yellow loess
may have been accumulated during a comparatively short
interval. A maximum accumulation of loess may have imme-
diately followed or accompanied one of the glacial intervals,
for transportation by wind would be particularly efficacions
when vegetation was sparse and winds exceptionally strong.
Late in the Pleistocene and even during the Recent epoch

loess continued to be blown from the Missouri River flats and
deposited on higher lands and that previously deposited was
shifted from place to place,

Development of present topography.—The great quantities of
drift spread over the region by the Kansan glacier filled up the
valleys and destroyed most of the old drainage system. A new
system began to develop after the retreat of the ice and was
coverned in its initial stages by the slope of the drift surface,
which in northern Missouri was generally to the southeast. In
the region near the limit of Kansan glaciation, including the
Leavenworth and Smithville quadrangles, the escarpments were
not completely obliterated, and the preglacial sandstone upland
in the southern part of the quadrangles was sufficiently high to
cange the young Platte River to swerve to the west, It is pos-
sible that the Missouri assumed its present position during a
temporary halt of the retreating ice front, when the river,
swollen by great volumes of water from the melting ice, may
have flowed along the margin of the glacier and eroded rapidly.

RECENT EPOCH.

From the end of Kansan glaciation to the present the deep-
ening and extension of the valleys has been continuous, though
hastened or retarded at intervals by slight regional earth move-
ments and by climatie changes, especially those accompanying
the later ice invasions in regions not far distant. Missouri and
Platte rivers, Bee Creek, and other fairly large streams cut
through the drift and into solid rock, making relatively larger
valleys where unconsolidated deposits are deepest.

After Missouri River had cut nearly 100 feet below the level
of its present channel it began to fill the bottom of its valley
by dropping part of its load. The river probably began to
agerade near the end of the Wisconsin glacial stage, when the
areat volume of water derived from the melting glacier on the
north decreased and the amount of sediment earried in suspen-
sion was great. After this the normal extension of the upper
part of the river’s basin continued to add to the load to be
transported. There are strong indications that the Missouri is
now not only depositing the ordinary flood-plain alluviom
during high water but is also actually raising the level of its
channel by ageradation. Within the last 50 years Missouri
River has become an almost unnavigable stream, with rapidly
shifting bars and shallow channel. The fertile loess on its
borders is being stripped of its forest and sod covering by the
ax and the plow, and the rapid erosion of the loess which soon
follows is adding an extra load of sediment to the already over-
burdened river.

The erosion of many of the valleys has resulted in the for-
mation of some incised meanders, which may not have been
inherited from an old peneplain. It is possible that the expla-
nation is to be sought in the effects of alternating layers of
unequally resistant rock. Where a stream flowing on shale
or drift ents down to a resistant limestone, erosion is checked
and a local reduction to hase-level takes place above the lime-
stone outerop. The stream crosses the limestone as a small
waterfall or rapids, and beyond it cuts rapidly into the under-
lying shale. As the cascade or rapids works its way upstream
along the meandering course developed in the shale an incised
meander is developed and is strengthened as the valley is
lowered by continued erosion. This action is illustrated by
the profile of a stream of this character which is shown in
figure 9.

Frgure 9. —Disgrammatie profile of stream bottom showing rapids or emall
caseade (b) below outerop of thin resistant limestone bed and low gra-
dient (a) abowve it.

By recession of rapids at b meanders which hnd develeped in the stream on the low-gradien
gection above the cascade are cut below the gonaral surface nnd become incised meanders,

Loess accumulation has only slightly modified the topography
developed by erosion, its chief effects being to soften the out-
lines of hills and slopes near the Missouri and to increase the
height of the river bluffs, especially those east of the stream.
Loess has also appreciably narrowed the mouths of the valleys
of very small streams flowing into the Missouri, o that several
of the small valleys resemble amphitheaters with narrow out-
lets through the river bluffs. The slumping of loess on valley
slopes has given a few of them a stepped or terraced appearance,
and the contours of some slopes have doubtless been slightly
affected by the washing of loess toward their bases.

ECONOMIC GEOLOGY.

The mineral resources of the Leavenworth and Smithville
quadrangles include coal, shale and clay, building and road
stone, limestone and cement material, sand and gravel, surface
and underground water, and soils. Oil and gas oceur also, at
least in small quantities.

COAL.
Outeropping coal beds.—The only coal heds that appear at

the surface are thin and comparatively unimportant layers in
the Douglas formation. A persistent coal bed, 12 to 20 feet



above the Iatan limestone member, is less than a foot thick
where exposed on lower Plum and Salt ereeks, in the United
States military prison stockade, and in the bluffs above
Kickapoo. Two miles below Iatan (NW. 1 NW, 1sgec. 33,
T. 54 N., R. 36 W.) it is 14 inches thick. On Salt Creek, a
mile west of Sentinel Hill (SE. 1 SE. 1 see. 17, T. 8 8.,
R. 22 1)), it consists of about a foot of clean coal and 6 inches
of very dirty coal. A short slope marks the spot where it was
formerly mined a little for local trade. A zone of thin coal
beds lies 25 to 80 feet below the Oread limestone member, but
all of those exposed are less than a foot thick. There is some
coal in the Douglas formation in the sandstone area of the
south third of the quadrangles. A 10-inch coal bed that out-
erops 24 miles southeast of Farley (southwest corner sec. 36,
T. 52 N, R. 35 W.) led to the sinking of a shaft that is said
to have penetrated 2 feet of coal dipping at a high angle.
Some coal was onee mined for local sale from a 14-inch bed 2
miles northwest of Nashua [HI‘]{ BE. 1 sec. 17, T. 52 N,,
R. 33 W.).

The exposed eoal beds arve too thin to be of much economic
importance, but slightly thicker deposits may lie under cover
in the Douglas formation. More than 50 years ago at least
10,000 tons was taken from a bed 18 to 24 inches thick on
Little Stranger Creek below Boling, not far from the south-
west corner of the Leavenworth quadrangle. More recently

considerable coal has been mined about 2 miles south of

Atehison from a bed of good guality 16 to 20 inches thick that
lies 25 feet below the Oread limestone member.

Coal beds beneath the surface—As a result of his geologic
work in Missouri Maj. . Hawn became convineed that a coal
bed mined extensively in that State lay about 700 feet beneath
Leavenworth. He organized a company and began drilling in
1860 in the southeast corner of the Fort Leavenworth Military
Reservation, but the bed now mined at a depth of 707 feet
was not reached until 1865. In 1870 the shaft of what is now
known as the North mine was sunk and operations began.

The bed mined occupies the same stratigraphic horizon as
the one from which a large output is obtained in Macon,
Randolph, and other counties in Missouri and to which the
name Bevier bed is applied in reports of the Missouri Geolog-
ical Survey.  As shown by mining operations at Leavenworth,
Richardson, Lansing, and Brighton, the Bevier bed has a
remarkably uniform thickness, averaging 22 inches. (See fig.
10.) The same bed is 22 inches thick south of Atchison, only
8 miles northwest of Tatan: 21 inches at Saxton, near St.
Joseph; 23 inches at Stewartsville, 19 miles north of Mecea:
and 21 inches at Randolph, 11 miles south of Nashua. The
Bevier bed therefore has a wide regional distribution and
probably underlies the greater part of the Leavenworth and
much of the Smithville quadrangles. It was not found in
churn drilling at Smithville and may be wanting or very thin
in other places, especially in the eastern part of the region.
The Bevier bed lies at an average distance of 620 feet helow
the base of the Plattsburg limestone member of the Lansing
formation at Leavenworth and Lansing, and its altitude in any
locality ean be approximately determined by subtracting 620
feet from the altitude of the Plattsburg shown by the structure
contours on the geologic maps. Its depth below the surfice
can then be caleulated by subtracting the altitude so determined
from the surface altitude indicated by the brown surface con-
tours on the topographic maps. The interval between the
Plattsburg limestone and the Bevier coul is not uniform, how-
ever, owing chiefly to differences in the thickness of the
Pleasanton formation. In the drilling at Atchison this inter-
val is only 535 feet; a mile north of Weston it is about 600
feet; and 2 miles southwest of Platte City it is 645 feet.

In the Lansing shaft (see p. 3) and the North shaft at
Leavenworth six and five coal beds, respectively, were found
above the Bevier bed, chiefly in the Cherokee shale, but the
thickest measured only 14 inches. Shafts were sunk at the
North mine to a total depth below the surface of 999 feet and
a boring made to an additional depth of 172 feet, until the
entrance of great volumes of water caused it to be abandoned.
(See p. 4.) A deep well at Leavenworth south of the United
States penitentiary was carried below the top of what is
undoubtedly pre-Penngylvanian limestone, so that it is certain
that all the coal-bearing strata have been explored. (See p.
3.) A summary of the coals follows:

Summary of conl beds in Leavenworth shaft and borings.
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Sumnary of coal beds in Leavenworth shaft and borings—Continued.
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The total thickness of coal found in beds at least 14 inches
thick at Leavenworth was 108 inches. As shown by actual
experience in Furopean and American fields bituminous coal
beds as thin as 14 inches can be profitably mined under favor-
able market and mining conditions at depths even greater than
those at whieh coal will be found anywhere in this region.
One coal bed was 18 inches thick and 25 feet below the Bevier
coal bed in the Home mine sump, 16 inches thick and 30 feet
below the Bevier in the Brighton sump, and 12 inches thick
near Atchison.  Although beds below the Bevier horizon
thicken and thin somewhat irregularly, the results of the
Leavenworth prospecting operations may be taken as a fair
index of the coal resources of at least the Leavenworth quad-
angle. The following coal summary of the boring made 2
miles south of Atchison, only a few miles northwest of the
northwest corner of the Leavenworth quadrangle, also has a
bearing on this region:?

Cocl beds 1f fnches or more thick i Alchison deep boring.
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The total thickness of coal in the Atchison boring, including
thin beds, was 177 inches. The top of the Mississippian series,
below which there is no coal, was reached at a depth of 1,315
feet, 1,359 feet below the base of the Oread limestone member
of the Douglas formation. The 3-foot coal bed at a depth of
1,126 feet is the same as an impure 28-inch bed at a depth of
1,031 feet at Leavenworth and is the one in which mining
operations were conducted at the Atchison deep shaft.

The only deep prospecting in the Smithville quadrangle was
made with a churn drill at Smithville to a depth of 804 feet,
nearly to the base of the Pennsylvanian series. Coal beds and
other strata were not carefully noted and the chief economic
value of the drilling lay in a reported discovery of coal that
cansed a second hole to be made with a churn drill to a depth
of 450 feet and with a core drill to a further depth of 488 feet.
Three feet of coal are reported found in the second drilling at
a depth of 474 feet. (See p. 4.) This coal bed lies at an alti-
tude of about 363 feet, 457 feet below the top of the Kansas
City formation, the upper member of which outerops near
Smithville, and 517 feet below the horizon of the Plattsburg
limestone member of the Lansing formation, indicated by the
structure contours on the geologic map. This bed appears to
be in the upper part of the Cherokee shale, but its exact strati-
graphic position is not clear. It does not seem to be correlated
with thick coal beds in other parts of this general region and
its reported thickness may not be maintained under a large ter-
ritory. The discovery is an important one, however, as the
depth of the coal is by no means prohibitive and the locality is
close to excellent markets.

Borings in neighboring territory, some of which have been
mentioned, throw some light on the probable coal resources
of the Smithville quadrangle. One boring 6 miles west of
Kearney, only 2 miles east of the Smithville quadrangle,
reached the Mississippian at a depth of 1,022 feet, 941 feet
below the Plattsburg limestone. Coal beds were not carefully
noted, but what is apparently the Bevier was found 554 feet
below the Plattsburg limestone. Several borings at Randolph
penetrated an average of 100 inches of coal, of which 50 inches
were in heds 14 to 21 inches thick and the remainder in thinner
layers. All carefully recorded drill logs in this part of Mis-
souri show at least two or three coal beds 14 to 36 inches thick
in the Cherokee shale, and these will undoubtedly become of
considerable economic importance in the future.

Mines and mining condilions.—Five large coal mines have
been in active operation in the Bevier bed at Leavenworth,
Richardson, and Lansing, and another was worked for a time
at Brighton. The three mines of the Home-Riverside Coal Co.
are on the banks of Missouri River. The North mine, or No. 3,
is at the southeast corner of the military reservation, north of
Leavenworth. The shaft was sunk in 1870 and the mine was

! Detailed record published in Mineral Resources of Kansas for 1900 and
1901, pp. 84-44, 12, and in Kansag Univ. Geol. Burvey, vol. 9, pl. 1046, 1908,

not abandoned until July, 1913. The Home mine, or No. 1,
is in the southeast corner of the city, three-quarters of a mile
below the Terminal Bridge. The shaft of the Riverside mine,
or No. 2, is a mile south of the Home shaft. At these mines
the coal lies 707 to 713 feet below the tops of the shafts. The
Carr shaft at Richardson (NW. } SW. } sec. 18, T. 9 5., R.
23 E.) is 685 feet deep. The mine on the north side of the
penitentiary at Lansing, operated by the State of Kansas with
convict labor, is 713 feet deep. The mine at Brighton, where
the Bevier bed is 811 feet deep, has not been operated for
several years but may be reopened.

All the mines are large, the total annual production being
about 300,000 tons, and are equipped with powerful steam hoist-
ing engines and improved machinery of other kinds. The Pen-
itentiary and the Home-Riverside mines are exceptionally well
managed and equipped. The Penitentiary mine is a model of
cleanliness, having whitewashed brick walls and brick pave-
ments near the pit bottom, and is brightly lighted with 100
incandescent and a number of arc lights. Owing to the long-
continued activity of the mines in operation, all except the
Carr shaft having been sunk previous to 1890, the working
faces are half a mile to a mile from the shaft bottoms. The
Home-Riverside workings have been driven under and beyond
the Missouri and a large part of the product is now obtained
in Missouri. The long-wall 1_1.]:::1 of mining is followed, but
the roof is not sufficiently strong to permit the use of a face
track. Mining machines have not proved a success; the coal
is cut by hand and need seldom be wedged. Props are placed
3 to 4 feet apart and at the same distance from the face. Few
timbers are required in the entries, as the roof arches itself and
remains firm even after many years of exposure. Gas is
sufficiently plentiful to necessitate careful inspection of working
places but not to prohibit the use of naked lights. Many of
the entries are so dry as to need oceasional sprinkling, but a
few thousand gallons of water accumulate in the sumps daily.
As much as 40,000 gallons were removed daily from the North
mine, most of it coming from the old shaft and drill hole that
was made near the pit bottom. This abundance of water in
the lower Cherokee shale would be a serious handicap in
attempting to mine beds much below the Bevier bed.

The Bevier bed consists of alternate bright and dull streaks
of hard bituminous coal, with irregularly placed streaks and
lenses of pyrite (“sulphur”) and a little white gypsum scale in
thin plates. Its average specific gravity is 1.283, so that 1
cubie foot yields 80 pounds 3 ounces, or a trifle more than
1 bushel. Where the bed averages 22} inches thick, therefore,
it contains 3,256 tons to the acre. There are no persistent

partings of noneombustible matter, though
in some workings a very thin layer of
pyrite or of mother coal lies 10 to 14
Shale. inches above the bottom of the bed.
There is no well-defined vertical cleavage
except that governed by the position of
== the working face. “Bells” and “horse-
backs" interrupt the regularity of the bed
in a few places, and there is one large
fault with accompanying steep dips in the
North mine. (See p. 9.) The greater
part of the roof is a firm dark-drab shale
(“slate”) of excellent stability, but two
L other types of material overlie the coal
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iferous shale full of shelly sandstone layers,
FI.-.ﬂfu:::nﬁ,;aﬁﬂ:iﬁi:: very hard when fresh but slacking quickly
at Leavenworthand ©on exposure. The other, termed *“sand-
Lansing, Eans. stone top,” is a caleareous sandstone gen-
erally lying about 17 feet above the coal and approaching it
only along ancient channels; where it is only a short distance
above the coal the intervening. “slate” will not stay up.
Under the coal are 2 to 18 inches of clay, averaging 9 inches,
beneath which is a limestone with a characteristically uneven
upper surface. (See fig. 10.) In many rooms the underclay is
taken up and the limestone affords an excellent foundation for
props and gob walls. As a whole, mining conditions are good.
Markets.—The Leavenworth and Smithville quadrangles
occupy an enviable position so far as coal markets are con-
cerned. With the exception of a little coal obtained near
Atchison no mining of importance is prosecuted along Missouri
River between North Dakota and the Lexington and Rich-
mond districts in Missouri. Indeed, no mining is carried on
in Nebraska, northern Kansas, or northwestern Missouri that
is more than barely sufficient to supply the local needs of very
small districts. No coal outerops that is likely to become a
strong competitor of the thicker and more persistent beds in
the Cherokee shale, which are nearer the surface in the
Leavenworth and Smithville quadrangles than they are farther
north and west.
Much of the product of the mines now being operated is
used in the large public institutions at Leavenworth or is sold
to the city trade; the rest is shipped to points north and west



About one-fourth of the output is nut
and slack and the rest lump and mine run.  All coal from the
Penitentiary mine is used by Kansas State institutions. Dur-
ing recent years the demand for coal in Kansas and neighbor-
ing States has been lessened by the large supplies of natural
gas piped to the larger cities, including Leavenworth., The
supply of gas is rapidly decreasing, however, and the coal
industry is receiving a corresponding stimulus.

Coke is made from Bevier coal in a small beehive oven at
the Kansas State Penitentiary. The product is rather light
and uneven in quality and containsg considerable sulphur. It
is used in the prison for cooking and at the State brick plant
for dryving brick.

Chemieal analyses—Two mines at Leavenworth and one at
Lansing were sampled by Mr. Albertson in 1911, vertical
channels being cut across fresh faces and the product ground,
quartered, and hermetically sealed in the mine, according to
the methods adopted by the United States Geological Survey
and the Bureau of Mines. The following table contains the
analyses of the composites of three samples from each mine:

and to Kansas City.
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A clay shale 6 feet thick, lying at a depth of 540 feet in the
penitentiary shaft, is said to have made good fire brick that
were used in the kilns. The penitentiary brick plant was at
one time supplied with material from an outerop of the Vilas
shale member, 23 feet thick, in a pit half a mile northeast of
the prison. This shale is said to produce a fine buff-colored
brick.

Paving bricks were formerly made from shale lying a few
feet above the Stanton limestone member in a pit near the
power house at the Soldiers’ Home. This shale produced a
wood brick, but Hay states that the linear dimensions coniracted
one-eighth in burning, necessitating considerable care.

The shale pit in the hillside in the western part of the United
States Penitentiary Reserve (SE. | SE. 1 sec. 22, T. 8 8, R.
22 EK.) is in 47 feet of drab to blue plastic clay shale, lying
in and 70 feet below the top of the Lawrence shale member.
There is 5 inches of coal near the top, and the whole is capped
by a thin ecaleareous sandstone. Thin sandy streaks furnish
the proper proportion of sand for excellent brick. The mate-
rial is burned within the prison walls and the red brick and

Chemical analyses of Bevfer coal from Leapvenworth guadrangle,

Lalsora- | Adr- Form
Mine, | tory | drying | of anal-
o, ! doet. | yeiz, Moisture,
1
SR !
Penitentiary mine, Lansing _ 12844 | 8.0 A 11.1
B 2.9
C )
n £
North mine, Leavenworth ... ... ______ 12848 9.0 A 12,1
B a8
C
L] o e,
Home mine, Leavenworth __________ 124852 9.1 A 12, 0
| B 8.2
o
o |

A, As received:; H, air dried; C, moisture frea;

SHALE AND CLAY.

Shale suitable for drain tile and building and paving brick
is abundant and well distributed in the quadrangles but has
been commereially developed only on the west side of Missouri
River and chiefly by public institutions. Sewer pipe, terra
cotta, and other elay produects could also be made from some
of the shale. The Weston shale member of the Douglas for-
mation and the Vilas shale member of the Lansing formation
appear to afford the best material, and the Weston is well sitn-
ated for advantageous stripping at a number of points along its
eastern outcrop and near Missouri River. The Lane shale
member of the Lansing formation and the lower part of the
Lawrence shale member of the Douglas formation ean also be
used in many places, and the upper part of the Lawrence mem-
ber is available where not too sandy. Fairly good common
red brick and tile could be made from loess that can be easﬂy
obtained on nearly all the uplands and slopes, and certain
products can be improved by mixing loess with shale from the
Pennsylvanian formations named above. The gumbo clays of
the river bottoms are available for burnt-clay ballast, though
quantities of elinker, shale, and stone suitable for road beds
can also be obtained from the huge dumps of the coal mines.
Much of the shale in the Cherokee and other Pennsylvanian
formations does not outcrop but could be mined from the coal
or other shafts.

The only privately owned shale pit is that of the Leaven-
worth Vitrified Brick Co. in SBouth Leavenworth. At the top
of the section in the pit there is 20 feet of very sandy shale
lying on 10 to 15 feet of reddish-buff massive micaceous
sandstone. Below the sandstone iz 24 feet of dark-blue to
drab shale containing two S-inch layers of ferruginous lime-
gtone and a few small concretions. Nine feet of material,
probably shale, lying between this and the top of the Stanton
limestone member of the Lansing formation, is concealed. The
shale, mixed with a little sandstone, is burned to a light-yellow
or dark-red paving brick, natural gas being used for heat.
The product is sold locally and the production follows the
demands of the market.

The Lane shale member is mined at a depth of 115 feet at
the Kansas State Penitentiary at Lansing and is hoisted through
the air shaft of the coal mine. The mine gection includes 15
feet of shale at the bottom, overlain by 2 feet of sandstone
and this by 3 feet of clay and limestone nodules. The roof
is a strong, thick limestone. Rooms are made 20 to 25
feet square. The lower 8 feet of shale is mined first, the
upper shale staying up until the pillars are pulled and all
falls. The limestone nodules are removed at the peniten-
tiary brick plant and the rest of the material is mixed and
made into red building brick, pavers, and hollow building
blocks. The eight down-draft kilns are said to have a daily
capacity of 40,000 bricks.

|Bamples taken Ly M. Albertson in 1911, Analyses made by the Burenn of Mines. ]

Proximate, Ultimate, Hent valun
| i |
v o T | | L | Mitro. | | | British
mﬂu]?l!:l.l‘.-lll. icﬂtﬁ% | Ash. iSqull.hr_ ]I;‘?L:Iﬂr.n i Carbon t,li;r | Oxygen. i Calories. ; 1.]|:L;E:t|:ﬂ
i' | b= | : —
855 | 40,7 | 12,70 | 8°00 | 5.80 | 8072 118 16.16 | 6,145 | 11,070
8.0 | 445| 1200 486! 475 | e6. 4| 194 0,82 | 6,725 | 12,110
809 | 458 | 1490 440 4.58 | 6330 | 1.27 .07 | 6,015 | 12450
48.8 | 534 |... 524 | 5.34| 70.00 | 1.48 B.25 | 8070 | 14,520
, {
s5.4 | 86.4| 16.07| 477 516 S6.054 | 1.07 | 16.89 | 5,675 | 10,230
B3¢ | 40.1| 17.86 | 5.24 | 407 6215 | 1.18 23 0§, 085 | 11,280
408 | 41.4| 1897 | 5.42 | 4.84 | 6429 | 1.99| 6.46 | 6,455 | 11,620
40.3 | 30.7 | G638 | 4581 78.66 1.49 781 | 7.805 | 14,210
| |
35, 2 49.1 : 13. 70 4. 41 L | 38, 04 1,09 16,55 | 3,955 10, 520
a8, 7 48.0 | 1507, 4.85 | 4.78 | 8484 1,20 0,31 i i, a5 | 11, 7
40,0 | 44. 4 15,566 | 5,01 | 4.52 | B6 04 1,24 8,74 I 6, 705 12, 180
47 4 3 5.835 | 7928 | 1,47 787 [ 8, 010 14, 420

i i ..... 3, 05

I, moisture and ash free,

paving brick produced are used at the institution. The
plant contains a complete outfit for the manufacture of stiff-
mud brick, including dry pan, pug mill, auger machine,
automatic cutter, re-press machine, and waste heat drier.
Two kilns for pavers are said to have a capacity of 120,000
bricks each.

At the United States military prison stockade, half a mile
below Wade, a blue, slightly sandy clay shale, lying between
the latan limestone member of the Douglas formation and
the coal bed 18 feet above it, and 12 feet of blue clay shale
under-lying the latan are made into red brick, which are
used in the prison buildings. The brick plant is complete
though small.

STONE.

Crushed stone suitable for road material and for conerete can
be easily obtained in the quadrangles. The Oread and Iatan
limestone members of the Douglas formation, the Stanton and
Plattsburg limestone members of the Lansing formation, and
the Iola limestone member of the Kansas City formation—all
furnish abundant material. Good building stone is not 80
common, though all these limestone beds commonly contain at
least one building ledge 1 foot to 3 feet thick. The thick
massive sandstone outcropping in much of the southern third
of the quadrangles is rather soft but might be sufficiently
strong when properly seasoned. The best ledges for build-
ing stone are the two “dimension rocks,” one forming the
lower division of the Stanton limestone and the other a part
of the Oread limestone. These beds split along one or two
planes to form thin, even pieces that are excellent for founda-
tions, sills, curbing, and walls. Parts of the old walls of the
United States military prison were made from blocks obtained
from the outcrop of the Iatan limestone in the vicinity and
appear to be durable.

Outerops of thick limestone beds are so extensive that the
location and operation of quarries is governed chiefly by loeal
fluctuating demand. Quarries have been opened at many
points along the outerops of the limestone beds. Much of the
rock is broken by hand, though there are a few small erushers.
Nearly all the upper part of the Oread limestone has been
removed from parts of the ridges on the United States Peniten-
tiary and Fort Leavenworth reservations. The chief produe-
tion recently has been from the Oread limestone on Pilot
Knob and the hills west of Leavenworth, the United States
Penitentiary Reserve, Government Hill, and Hancock Hill;
from the Iatan limestone at the United States military prison
stockade and near Weston; and from the Stanton limestone
west of Lansing, at Tracy, and at Platte City. The Wyan-
dotte Construction Co. has opened two large temporary quar-
ries 8 miles west of Smithville, where a 15-foot ledze of the
Stanton limestone is crushed for use on the roadbed of the
new electric line.

LIME AND CEMENT.

Nearly all the limestone beds are sufliciently pure to yield a
good grade of high caleium lime. The chert in some beds
must be removed before they can be used, but it is not abun-
dant except in the upper part of the Oread member. The
main ledge of the Stanton limestone is burned in a small kiln
at the Kansas State Penitentiary, and the Oread limestone iz
used at the United States military prison stockade.

Many of the limestones and shales of the region could he
combined in sunch proportions as to make a good grade of
Portland cement, and they occur in many places where the
stripping would not be excessive. Moreover, this region,
especially along Missouri River, is well sitnated as regards the
very important factors of cheap fuel, good transportation facili-
ties, and adequate markets. The following analyses ! show
the suitability of the Stanton and Iatan limestones and the
intervening Weston shale for the manufacture of Portland
cement. Analyses of the Stanton limestone from Lansing and
Soldiers’” Home are essentially the same as those cited below,
though slightly lower in magnesium carbonate,

Analyses of lHmestones in the Leavenwrorth quadrangle.

| Alumina g | ¢
oo |k AR I e | o
1 s B 2,77 | L7 90.70 | 4.20 0.11 0. 48
PR 980 | 402| oves| awse|____.__| oome
3 . 6. 56 .85 | 87,08 4 ) R | o908
| 2. 49 .95 93, 59 .25 | 8| 99.30
5 6,22 1.20 90, 86 < Ay e Y
8 (.75 1.7 91.98 | 2.96 |_.... 99, 84
7 1.94 *1.28 91,75 L5 ... o9, 49
8 5190 1 120 |oecaaaae]  100-78

L4 a5, 05

Ladge at base of blull at Weston, Mo, (Stanton limestone membar),
. Laxdge 18 feet thick at Weston, Mo, (Iatan limestone member).,
Cherty ledge at top of hill at Tatan, Mo, (Oread limestone member).
. Lodge at baze of blull north of depot at Intan, Mo. (Intan limestone
metnhear),
. Leedge at base of bluff & mile sonth of latan, Mo, (latan limestone
e ber).
6 Lower & fect exposed in ledge at base of bluff 2 miles south of Iatan,
Mo. (latan limestone member).
Ledlre at basa of blufl 2 miles south of Iatan, Mo, (3 feet of stone above
No. 6, Iatan limestone member).
8, Upper 7 feet of ledge at base of blufl 2 miles south of Iatan, Mo. (Iatan
limestone member),
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Analyses af shale from Weston shale member of Dowglas formation near

Tatan, Mo.

e 2
...... s e R | ST gt
AIER TN N TS, i ees . P e e L i aee | B1.54 | 60.20
Aloming (Al Og) oo oo i 20,83 | 20,05
157 o [ TN T O e S S Ll iy ey e T | 405 | 405
Lime (Cat)________ R R P Yl W R 5 | .85 L69
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Alkalies ______ 5 e SO O Wy 5 o R e AR R I R LT T .28 |ama--
'\ () T e e N PRI e e e TR e e R e L B wena| 1.B%
Losson fgnitlon.____________._ _______.._. E S R RO WL Tl B
100, 56 | 98, 06

1, 2. Beds underlying the lower ledge of limestone at Iatan, Mo.

SAND AND GRAVEL.

Only a little sand can be obtained from the beds of the
crecks and small streams, and few of the scattered deposits at
the hase of the Pleistocene are so sitnated as to be available.
A cut on the new electric railroad, 6 miles west of Smithville
(SE. 1 sec. 22, T. 53 N., R. 34 W.), exposed 6 to 10 feet of
sand that could be obtained by moderate stripping.

The Dresser Sand Co. dredges a clean, fairly even grained
quartz sand for general building purposes from the bottom of
the Missouri near Leavenworth. The constant shifting of the
deposits necessitates frequent moving of the dredge, so that
sand of the required degree of fineness may be obtained. At
times the river bed is swept clean of sand for considerable dis-
tances, and the dredge must be taken several miles up or down
river.

Little gravel in the region is suitable for road metal or eon-
crete work. Small deposits lie in some stream beds, and parts
of the glacial till are very pebbly, but the cost of obtaining
gravel in quantity would be prohibitive. Most of the pebbles
and bowlders in the Aftonian (?) beds are too large for use.

OIL AND GAS.

Since the discovery and exploitation of oil and gas in the
Kansas and Oklahoma fields some attention has been turned
to the possibilities of northwestern Missouri and northeastern
Kansas. The greater part of the output of the producing fields
comes from the Cherokee shale in places where its stratigraphic
relations, lithologic character, and structural features differ very
little from those that characterize it in the region of the Leaven-
worth and Smithville quadrangles.  Drilling that has already
heen done in this region has not yvet resulted in the discovery

! Buehler, H. A., Lime and cement resources of Missouri: Missonri
Bur. Geology and Mines, vol. 6, 24 ser., pp. 188-180, 1907,




of very large accumulations of oil or gas, though enough has
been found to encourage prospectors greatly.

With the possible exception of structural terraces that
interrupt the general westerly and northwesterly dip in the
southern part of the Smithville quadrangle and the southwest-
ern part of the Leavenworth and of small anticlines there are
no structural features in the quadrangles that are particularly
favorable to the accumulation of oil and gas. As the deep-
lving formations are saturated with water, any oil or gas that
may be present is most likely to gather in structural terraces
and anticlines, aveas in which the upward passage of oil or gas
in dipping porous beds is interrupted. These features are
indicated by the structure contours on the geologic maps and
are briefly described under “Structure of the Leavenworth and
Smithville quadrangles.” Analogy with the producing fields
of Kansas indicates that accumulations are most apt to lie above
the top of the Mississippian series.

In 1915 a boring was made to a depth of 1,033 feet about a
mile north of Weston (EW. 1 NE., 1 sec. 2, T. 53 N,
R. 36 W.) and another to a depth of 955 feet about 2 miles
southwest of Platte City (N. § sec. 3, T. 52 N,, R. 30 W.).
Neither well produced oil or gas, and both were located near
the end of the axis of an anticline. These results do not neces-
sarily condemn other parts of the anticlines.

A well 2 miles southeast of Tiffany Springs (SE. | SE. | sec.
1, T. 51 N., R. 34 W.) was abandoned at a depth of 480 feet.
Another 25 feet distant was continued to a depth of GO0 feet,
and several barrels of oil are said to have been baled from a
depth of 590 feet, apparently from the lower part of the Pleas-
anton formation. A well 2} miles southwest of Tiffany Springs
(SE. } sec. 8, T. 51 N, R. 34 W.) was completed in 1911 after
penetrating 840 feet of Pennsylvanian rocks. At depths of 530
to 545 feet, in either the lower part of the Henrietta forma-
tion or the top of the Cherokee shale, a powerful flow of gas is
reported to have been found in a sandstone. Two wells were
then drilled to the same sand a short distance farther south
(NE. 1 gec. 17) and a powerful flow of gas resnlted. It is
reported that the gas is to be piped to Parkville. These wells
are all on a large structural terrace, other parts of which appear
to offer equally favorable conditions, so far as structure is con-
cerned. A little oil and considerable gas are reported from 540
to 815 feet at Maywood station, halfway between Leavenworth
and Kansas City, and gas has been found at a number of other
places farther south of the quadrangles.

No oil or gas is reported to have been found in the first
Smithville well, which was abandoned at a depth of 804 feet
in white sandstone that probably lies near the base of the
Penngylvanian. Some oil and gas are said to have been found
in the second Smithville well at depths less than 500 feet. The
deep well bored for oil near the United States penitentiary at
Leavenworth in 1887 did not furnish conclusive information,
as precautions were not taken in time to shut off the great
quantities of water encountered. The rope is reported to have
been saturated with petrolenm when drilling was progressing
in the Ordovician system at a depth of 1,802 feet, and gas
was present in small quantities, as the well would overflow for
several minutes after being agitated with the sand pump. The
shafts and borings at the North mine at Leavenworth pene-
trated nearly all the Cherokee shale without finding notable
amounts of gas or oil. Here, also, great quantities of salt
water gave much trouble.

WATER RESOURCES.

Surface waters—Systematic studies of the flow of streams
and the collection of hydrometric data in the Missouri River
basin have been conducted by the United States Geological
SBurvey since 1888. Records obtained at the gaging station on
Missouri River near Kansas City, Mo., from April 1 to Decem-
ber 31, 1905, show that during that period the flow of the
Missouri at that point varied from 16,200 second-feet in
December to 236,000 second-feet in July, and that the total
run-off’ for the period was 38,900,000 acre-feet.! No records
of the flow of Platte River and other streams in the Leaven-

iU, 8. Geol. Burvey Water-Supply Paper 172, p. 85, 1006,
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worth and Smithville quadrangles have been collected by the
Survey. Power was formerly obtained for small gristmills on
the smaller streams in this area, but low stream gradients and
insufficient flow during periods of low water seem to have
precluded the installation of large water-power plants.

Miszouri River is important both as a gource of water supply
and as a receiver of sewage. The city supply of Leavenworth
is pumped from the river, passed through three settling basins
containing graded fragments of crushed limestone, and then
forced to a distributing reservoir on Pilot Knob. Though the
water supply of Fort Leavenworth is taken from the Leaven-
worth city plant, it is purified by sand filtration before being
used. Water for the Kansas State Penitentiary is forced from
the river to a reservoir back of the bluffs by a pumping plant
a mile east of the institution and is filtered through sand.
Complete removal of the great quantity of suspended matter
carried by the river water renders filtration difficult and expen-
sive. The water when freed from its mud is hard and high in
sulphate and can be distinctly improved by softening before
being unsed in boilers. The following figures show the aver-
age composition of the river water at Kansas City, Kans., above
the entrance of Kansas River and only a few miles below
Leavenworth:

Average chemical composition of the weater of Missouri River at Kansas
City, Kans., 1006.%

[Parts per million.]

Suspended mabber_ . __ e e 2,082
Billica (SiCe) - oo eeeee a : a7
1o R 3] ieauhinel SR St TP N, (e R e T ]
L F [Oro I () e o e St e O A e L i
R T k) TP e e i B S 18
Bodinm and potasgiom (Na and K)______________ : 44
Carbonate radiele (OO0 oo ccccccana- 0,0
Bicarbonate radicle (HCO ) oo 202
Bolphate radiele (80 ) ... s 185
NWitrate radlele (0, - . o v micaceenaae. . 2.2
G o 0, | e S S Dl i & S T ) 0 e g 13
Total dissolved salids ___________.__ . 426

Ground waters—Small springs of clear cold water are com-
mon thronghout the sandstone area in the southern part of the
quadrangles and at many points along the base of outerops of
the Stanton limestone member of the Lansing formation and
the Iatan limestone member of the Douglas formation. A
peculiar perennial spring issues near the top of the small
mound a short distance southeast of Fairholme. Several min-
eral springs that flow from the sandstone in the Douglas for-
mation in the southern part of the Smithville quadrangle have
aroused interest among health seekers, those at Tiffany Springs
being the best known.  According to Schweitzer,? these waters
are chalyhbeate and deposit iron on exposure to the air and
the escape of their free carbon dioxide. They contain also
much ealeium and magnesinm. The flow of Crystal Spring
(NE. 1 gec. 3, T. 51 N,, R. 34 W.) is said to be 100 gallons
an hour.

Good water of moderate mineral content can be obtained at
moderate depths in most parts of the region, and very hard,
highly mineralized water is very abundant at greater depths.
The average depth of 156 farm wells about which data were
collected in the Leavenworth quadrangle is only 43 feet. It
is somewhat difficult to obtain water on the hills bordering
Missouri River, especially east of the stream, where the loess is
exceptionally thick, and many farmers in that district use rain-
water cisterns. Water is most abundant near the base of the
unconsolidated surface deposits and in the limestones and sand-
stones, Wells in shale (“*soapstone”) are not reliable.

Shafts and wells that have penetrated deep-lying strata find
much water. A small flow, now used for drinking on the
premises, comes from the Vilas shale member of the Lansing
formation at a depth of 60 feet in the Home coal shaft at

11, 8. Geol. Sarvey Water-Supply Paper 236, p. 79, 1909,

* Behweitzer, Poul, Mineral waters of Missouri: Missouri Geol, Survey,
vol. 3, pp. 132, 188, 150, 1892, Analyses of the Rogers Spring, in the
sontheastern part of the Smithville guadrangle, are given on p. 145, and
of the Crystal Spring at Tifany Springs on pp. 106 and 233, Analyses of
Crystal Spring and the neighboring Artesian Spring are also given in 1. 5.
Geol. Barvey Water-Supply Paper 102, pp. 437-438, 1904,

Leavenworth.?
found in the Cherokee shale in the shafts and boring at the
North mine at Leavenworth, especially in sandstone strata
lying 757, 853, 1,000, and 1,084 feet, respectively, below the
FPlattsburg limestone member of the Lansing formation, the
altitude of which is shown by the structure contours on the
geologic map.  As this water contains much common salt, it
is termed “ocean spray” and was used for several years in a
large swimming pool in Leavenworth. It contains 15,717
parts per million of chlorine, 9,296 of sodium and potassium,
541 of caleium, 232 of magnesium, 43 of silica, 36 of sulphate,
and 8.4 of iron.1

Great quantities of strongly mineralized water were also
found in the Leavenworth oil boring. The first flow of salt
water was from a depth of 550 feet (above the Bevier coal
horizon), and a stronger flow came at 1,150 feet, in the lower
part of the Cherokee shale. Five streams within the next 500
feet brought the water within 100 feet of the top of the well.
A strong flow at 1,700 feet, probably in Ordovician rocks,
contained so much sulphur that it destroyed 500 feet of hemp
able.  After penetrating the St. Peter sandstone, the base of
which was at a depth of 1,870 feet, 1,755 feet below the Platts-
burg limestone member, there was so much water that the well
was abandoned at a depth of 2,116 feet. For a week 200
gallons per minute were pumped out of the well without
reducing the level of the water 5 feet.?

(Great qu:mtitim of mineralized water were

SOILS.

The soils of the guadrangles constitute a very important
mineral resource and may be separated according to origin into
three broad divisions—glacial and loessial soils, alluvial soils,
and residual soils.

The glacial and loessial soils cover by far the greacer part of
the area, and, as the material of glacial derivation is covered
by at least a thin layer of loess nearly everywhere except
above the Oread escarpment in Kansas, their character is
determined chiefly by that of the loess. These soils range
from light yellowish brown to brown or almost black and are
smooth to the touch. They are of almost uniform texture,
both in vertical section and over large areas, thongh some-
what coarser and more sandy near the Missouri River bluffs
than elsewhere. The distribution and thickness of the loess
has already heen described (p. 8). Loess soils are among the
most productive in the United States, and the present pros-
perity of this region is largely due to their presence.

The alluvial soils are confined to the flood plains of the
principal streams and, next to the loess soils, are the most
fertile. As already mentioned (p. 8), these soils are of two
types—one found along the smaller streams and differing only
slightly from the loess soils from which it is chiefly derived,
and the other forming the surface of most of the Missouri
River flood plain. The second type has a considerable range
in color and composition, comprising sand, sandy loam, and
considerable dark-gray to vellowish-brown silty clay that is
heavy and tenacious and difficult to handle, Under favorable
conditions, however, most of the alluvium gives fair yields of
corn and wheat.

The residual soils are confined to the areas in which Penn-
sylvanian rocks outerop. They result from the weathering of
the Pennsylvanian formations upon which they lie and derive
their character from them. Where the Lawrence shale mem-
ber outerops in the southern third of the quadrangles it con-
sists of massive sandstone and sandy shale and has produced a
soil of rather low fertility. Soils derived from weathering of
shale and limestone are more productive, though in places too
stony for cultivation. Not all the area mapped as Pennsyl-
vanian is characterized by typical residual soils, however, for
considerable loess and some glacial till cover them in some
places and have modified them in many others.

May, 1915.

* Analyses published in T. 8. Geol. Survey Water-8opply Paper 278, p.
25, 1811, and in hansas Univ. Geol. Survey, vol. 7, pp. 152, 204, 1802,

b Jameson, E., Geology of the Leavenworth prospect well: Kansas Aead.
Sei. Trans., vol. 11, pp. 87-38, 1850,
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U. S. GEOLOGICAL SURVEY ILLUSTRATIONS MISSOURI-KANSAS

GEORGE OTI1S SMITH, DIRECTOR LEAVENMWORTH—SMITHVILLE QUADEAMNGLES

PLATE Il.=IATAN LIMESTONE MEMBER OF DOUGLAS FORMATION.

Very thin bedded shaly limestone in railroad cut at latan. Mo

PLATE |.—LANSING FORMATION, INCLUDING PLATTSBURG LIMESTOME MEMBER, WHICH
APPEARS IN TWO LEDGES IN MIDDLE OF CLIFF.

Mear mouth of Ninemile Craak, |.:'|."..\"'>{. Kans.

PLaTeE IV.—MAIN LEDGE OF STANTON LIMESTOME MEM-
EBER OF LANSING FORMATION OVERLAIN UNGOMN-
FORMABLY BY BRECCIATED LIMESTONE BEDS AT
BASE OF LAWRENCE SHALE MEMBER OF DOUGLAS
FORMATION (ABOVE HAMMER!.

Two miles southeast of Nashua, Mo.

PLATE IIl.—MASSIVE SANDSTOMNE AT BASE OF LAWRENCE SHALE MEMBER OF DOUGLAS PLATE V.—BASAL SANDSTONE OF LAWRENCE SHALE MEMBER, WHICH HERE RESTS
FORMATION. UNCONFORMABLY ON WESTOMN SHALE MEMBER OF DOUGLAS FORMATION.
Concretions at stream level are characteristic of the basal part of the sandstone, One mile southeast of Pit of Leavenwaorth Yitrified Brick Co., Leavenworth, Kans.
I..lllll.'lll .- 19 Hi:l.

PLATE VI.~-LOWER PART OF OREAD LIMESTONE MEMEER OF DOUGLAS FORMATION,

In road cut on Government Hill, northwest of Leavenworth, Kans,

Prate VII.-INTERGLACIAL BOWLDER BED OF PROBABLE AFTONIAN STAGE.
Near YWeston, Mo.

PLaTe IX.—JOINTING IN FARLEY LIMESTONE BED IN LANE
SHALE MEMBER OF LANSING FORMATION.

Exposed in bed of brook in southwest corner of Smithville guad-
rangle, Mo,

PLaTE VIILL—CRUMPLED AFTONIAMN (1) INTERGLACIAL DEPOSITS DISTORTED PROBABLY PLATE X.—CLIFF OF LOESS SHOWING CHARACTERISTIC COLUMNAR JOINTING AND
BY BEING OVERRIDDEN BY KANSAMN GLACIER. INDISTINCT HORIZONTAL BANMDING.
Crow Creek, east of Smithwille, Mo, Railroad cut near Beverly, Mo,



and still smaller ones sfages. The age of a rock is expressed
by the name of the time interval in which it was formed.

The sedimentary formations depogited during a period are
orouped together into a system. The principal divisions of a
system are called series. Any aggregate of formations less
than a series iz called a group.

Inasmuch as sedimentary deposits accumulate successively
the younger rest on those that are older, and their relative
ages may be determined by observing their positions. In
many regions of intense 1hannh=m{9 however, the beds have
heen overturned by folding or superposed by faulting, so that
it may be difficult to determine their relative ages from their
present positions; under such conditions fossils, if present,
may indicate which of two or more formations is the oldest,

Many stratified rocks contain fossils, the remains or
imprints of plants and animals which, at the time the strata
were deposited, lived in bodies of water or were washed into
them, or were buried in surficial deposits on the land.  Such
rocks are called fossiliferous. By studying fossils it has
been found that the life of each period of the earth’s history
was to a great extent different from that of other periods.
Only the simpler kinds of marine life existed when the oldest
fossiliferous rocks were de 'posited.  From time to time more
complex kinds developed, and as the simpler ones lived on in
modified forms life became more varied. But during each
_ period there lived peculiar forms, which did not exist in earlier
times and have not existed since; these are eharacteristie types,
and they define the age of any bed of rock in which they are
found. Other types passed on from period to period, and thus
linked the systems together, forming a chain of life from the
time of the oldest fossiliferons rocks to the present. Where
two sedimentary formations are remote from each other and it
is impossible to observe their relative positions, the character-
istic fossil types found in them may determine which was
deposited first. Fossil remains in the strata of different areas,
provinees, and continents afford the most important means for
combining local histories into a general earth history.

It is in many places difficult or impossible to determine the age
of an igneous formation, but the relative age of such a forma-
tion can in general be ascertained by observing whether an
associated sedimentary formation of known age is cut by the
igneous mass or is deposited upon it.  Similarly, the time at
which metamorphie rocks were formed from the mv-uml MmaE2es
may be shown hy their relations to adjacent formations of
known age; but the age recorded on the map is that of the
original magses and not that of their metamorphism.

Symbols, colors, and pailerns—Each formation 1s shown on
the map by a distinetive combination of color and pattern and
is labeled by a special letter symbol.

Patterns composed of parallel straight lines are used to
represent sedimentary formations deposited in the sea, in lakes,
‘or in other bodies of standing water. Patterns of dots and
circles represent alluvial, glacial, and eolian formations. Pat-
terns of triangles and rhombs are used for igneous formations.
Metamorphic rocks of unknown origin are represented by
short dashes irregularly placed ; if the rock is schist the dashes
may be arr mtrml in wavy lines parallel to the structure planes.
Suitable combination patterns are used for metamorphie forma-
tions known to be of sedimentary or of igneous origin. The
patterns of each class are printed in various colors.  With the
patterns of parallel lines, colovs are used to indicate age, a
particular color being assigned to each system.

The symbols consist each of two or more letters. If the age
of a formation is known the symbol includes the system sym-
bol, which is a capital letter or monogram; swotherwise the
svmbols are composed of small letters.

The names of the systems and of series that have heen given
distinctive names, in orvder from voungest to oldest, with the
color and symbol assigned to each system, are given in the
subjoined table.

Symbals and colors assigned to the rock systems.

IH,'.'||1-| Color for sedi-

Bysbom. ‘ Serles. tl. | mentary rocks,
e b v P S =
I =
rlen-rnnry B Lt b :5;:;%5!}&:;'56':: I- @ | Brownish yellow.
Canazale | ;’ilil:ﬂ.'t-lm....... 4
g 1 5 inoemne . ... . - . .
| ToOTtIMCY . eovmeee e cocesammanmmmnnnanreratns !ﬂlimulm.....:{ T | Yellow ocler.
| | EOSBIM ouvawan 4 .
[ Cretacesud ... . . wnme | j E‘::n[‘:’!;ﬁrl‘xh.
Maanmnd Jurmasio. avlan | U E BT
ol 1 TEEASEIE s e s il = 4 | Peacackiblie.
[ Perminn ...... | |
[l_",.mhm.ltﬂ.:.us:..................__..__....  Pennsylvnninn || ¢ | Blue
1 | Mississippinn. . | |
Puledwoie | 1Ii}_v.|wn|n'im| -z S:- mgz-ﬁm{m
atlaran ... q :
l:]-|'1|u1.'|i,-iu||. e e g :::..Iniﬂ:-;:_l‘rlj;lq,.
smmbrian .. ke,
i?;l?.r:ll. ﬁr. ..... e A Brownizh red.
S Tty s R " E s M| Gray-hrowa.

SURFACE FORMSE.

Hills, valleys, and all other surfuce forms have been produced
by zeologic processes. For example, most valleys are the result
of erosion by the streams that flow through them (see fig. 1},
and the alluvial plains bordering many streams were built up
by the streams; waves cut sea cliffs and, in cooperation with
currents, build up sand spits and bars. Topographic forms
thus constitute part of the record of the history of the earth.

Some forms are inseparably connecied with deposition. The
hooked spit shown in figure 1 is an illustration. To this class
belong beaches, alluvial plains, lava streams, drumlins (smooth
oval hills composed of till}, and moraines (vidges of drift made
at the edges of glaciers). Other forms are produced by erosion.

The sea cliff is an illustration; it may be carved from any rock.
To this elass belong abandoned river channels, glacial furrows,
and peneplains. In the making of a stream terrace an alluvial
plain is first built and afterward partly eroded away. The
shaping of a murine or lacustrine plain is usually a double
process, hills being worn away (degraded) and valleys being
filled up (aggraded).

All parts of the land surface are subject to the action of air,
water, and ice, which slowly wear them down, and sireams
carry the waste material to the sea. As the process depends on
the flow of water to the sea, it can not be carried below sea
level, and the sea is ther t‘fn’JI‘L called the base-level of erosion.
IJEl]{l_‘ﬁ or ].E“':_:G ]'i YiEIrE Iliil:r' {i{‘:t{.‘]'ll][ﬂ{‘: lll}ﬁ_'il] Ih'l:i{'-]l."'l'(']ﬁ 1:{}1" {_‘ﬁ'l‘f:]ill
regions.  When a large tract is for a long time undisturbed by
uplift or subsidence it is degraded nearly to base-level, and the
fairly even surface thus produced is {':IH{‘:! a peneplain,  1f the
tract is afterward uplifted, the elevated peneplain becomes a
record of the former close relation of the tract to base-level.

THE VARIOUS GEOLOGIC SHEETS.

Areal geology map.—The map showing the areas occupied
by the various formations is called an areal geology map. On
the margin is a legend, which is the key to the map, To ageer-
tain the meaning of any color or pattern and its letter symbol
the reader should look for that color, pattern, and q:,mlml in
the lcgulcl where he will find the'name and description of the
formation, If it is desired to find any particular formation, its
name should be sought in the legend and its color and pattern
numl; then the arveas on the LAY Lﬂrrmpnm[ing in color and
pattern may be teaced out. The legend is also a partial state-
ment of the geologic history. In it the names of formations
are arranged in columnar form, grouped primarily according
to origin—sedimentary, igneous, and erystalline of unknown
origin—and within each group they are placed in the order
of age, so far as known, the youngest at the top.

Liconomie geology map.—The map representing the distribu-
tion of useful minerals and rocks and showing their relations
to the topographic features and to the geologic formations is
t[‘TI]I!_'{i '[]I!_‘ -!"{"{J'N‘I'JTJ‘.E-:U yr:t.lfﬁy‘ff .i‘.ilﬂ'li.]. jl‘]lﬁ 'I.lfll'lll'rllill'}]"ll'ﬁ_ I]'l:IE'. ﬂ]ii]t‘a’l]'
on the areal geology map are usually shown on this map by
fainter color patterns and the areas of productive formations
are emphasized by strong colors. A mine symbol shows the
loeation of each mine or quarry and is accompanied by the
name of the principal mineral mined or stone guarried, If
there are hu]mrt:mr mining industries or artesian basins in the
area special maps to show these additional economic features
are included in the folio.

Structure-section sheel,—In clifls, canyons, shafts, and other
natural and artificial cuttings the relations of different beds to
one another may be seen, ,"Lu_w. L.|.|1.1|I]g that exhibits those
relations iz called a seefion, and the zame term is upp] ied to a
diagram representing the relations. The arrangement of rocks
in the earth iz the earth's struefure, and a section exhibiting
this arrangement is called a struclure seetion.

The geologist i not limited, however, to natural and arti-
ficial enttings for his information concerning the earth’s
structure.  Knowing the manner of formation of rocks and
having traced out the relations among the beds on the surface,
he can infer their relative positions after they pass beneath the
surfice and can draw sections representing the structure to a
considerable depth. Such a section is illustrated in figure 2.

Fraure 2 —Sketch showing a vertical section at the front and a landseape
beyond.

The ﬁgnrn represents a ]:mq]sﬁ:_':llm;! which i1z cut off 5]1;11"]}]_‘:'
in the foreground on a vertical plane, so as to show the
underground relations of the rocks. The kinds of rock are
indicated by appropriate patterns of lines, dots, and dashes.
These patterns admit of much variation, but those shown in
figure 3 are used to represent the commoner kinds of rock.

Samulstoned and con-
glomearates.

Schists. Massive and bedded igneous recks.

FiouRE 3. —Symbels used in seetions to represent different kinds of rocks.

The plateau shown at the left of fizure 2 presents toward
the lower land an escarpment, or front, which is made up of

sandstones, forming the cliffs, and shales, constituting the
slopes. The broad belt of lower land is traversed by several
ridges, which are seen in the section to correspond to the out-
crops of a bed of sandstone that rises to the surface. The
upturned edges of this bed form the ridges, and the inter-
mediate valleys follow the outerops of limestone and ealeareons
shale. ;

Where the edges of the strata appear at the surfice their
thickness can be measured and the angles at which they dip
below the surface can be observed. Thus their positions
underground ean be inferred. The direction of the intersec-
tion of a bed with a horizontal plane is called the strife. The
inclination of the bed to the horizontal plane, measured at
right angles to the strike, is called the dip.

In many regions the strata are bent into tronghs and arches,
such as are seen in figure 2. The arches are ealled anficlines
and the troughs synelines. As the sandstones, shales, and
limestones were deposited beneath the sea in nearly flat sheets,
the fact that they are now bent and folded is proof that forees
have from time to time caused the earth’s surface to wrinkle
along certain zones. In places the strata are broken across
and the parts have slipped past each other. Such breaks are
termed faulls. Two kinds of faults are shown in figure 4.

Fravre 4. —Ideal seetions of strata, showing (2) normal faults and (b) a
thrist or reverse fanlt.

At the right of figure 2 the section shows schists that are
traversed by igneous rocks. The schists are much contorted
and their arrangement underground can not be inferred.
Hence that portion of the section delineates what is probably
true but is not known by observation or by well-founded
inferénce.

The section also shows three sets of formations, distinguished
by their underground relations. The uppermost set, seen at
the left, is made up of sandstones and shales, which lie in a
horizontal position. These strata were laid down under water
but are now high above the sea, forming a platean, and. their
change of elevation shows that a portion of the earth’s mass has
been uplifted.  The strata of this set are parallel, a relation
which is ealled eonformable.

The second set of formations consists of strata that have heen
folded into arches and troughs. These strata were once con-
tinuous, but the crests of the arches have been removed by
erosion. The beds, like those of the first set, are conformable.

The horizontal strata of the plateau rest upon the upturned,
eroded edges of the beds of the second set shown at the left of
the section, The overlying deposits are, from their position,
evidently younger than the underlying deposits, and the bend-
ing and eroding of the older beds must have occurred between
their deposition and the aceumulation of the younger beds.
The younger rocks are unconformable to the ﬂ]dm', and the
surface of contact is an wnesnformily.

The third set of formations consists of erystalline schists and
igneous rocks. At some period of their history the schists
were folded or plicated by pressure and traversed by eruptions
of molten rock. DBut the pressure and intrusion of igneous
rocks have not affected the overlying strata of the am‘}ml set.
Thus it is evident that a considerable interval elapsed between
the formation of the schists and the beginning of deposition of
the strata of the second set. During this interval the schists
were metamorphosed, they were disturbed by eruptive activity,
and they were deeply eroded. The contact between the second
and third sets is another unconformity; it marks a time
interval between two periods of rock formation.

The section and landscape in figure 2 are ideal, but they
illustrate actual relations. The sections on the structure-
section sheet are related to the maps as the section in the
figure is related to the landscape. The profile of the surface
in the section corresponds to the actual slopes of the ground
along the section line, and the depth from the surface of any
mineral-producing or water- btumg stratum that appears in
the section may be measured by using the scale of the map.

Columnar section.—The geologic maps are usually accom-
panied by a columnar seefion, which contains a concise
description of the sedimentary formations that occur in the
quadrangle. It presents a summary of the facts relating to the
character of the rocks, the thickness of the formations, and the
order of accumulation of successive deposits.

The rocks are briefly described, and their characters are
indicated in the columnar diagram. The thicknesses of for-
mations are given in figures that state the least and greatest
measurements, and the average thickness of each formation is
shown in the column, which is drawn to scale. The order of
accumulation of the sediments is shown in the columnar
arrangement—the oldest being at the bottom, the youngest at
the top.

The intervals of time that correspond to events of uplift and
degradation and constitute interruptions of deposition are
indicated graphically and by the word * unconformity.”

GEORGE OTIS SMITH,
May, 1909. Director.
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