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GEOLOGIC ATLAS OF TH]

The . .ogieal 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 deseriptive text.

THE TOPOGRAFPHIC MAP.

The features  represented 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 eulfure, 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 indicate 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 briefiy, conlours,
and the uniform vertical distance between each two contours is
called the contour tnlerval. Contour lines and elevations are
printed in brown. The manner in which contour lines express
altitude, form, and grade is shown in figure 1.

(T

Fravrg 1L.—Ideal view and corresponding eontoir 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 sketch, 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:

1. A contour line represents a certain height above sea level.
In this illustration the contour interval is 50 feet: therefore
the contour lines are drawn at 50, 100, 150, and 200 feet, and
g0 on, above mean sea level.  Along the contour at 250 feet lie
all points of the surface that are 250 feet above the sea—that is,

this eontour would be the shore line if the sea were to rize 250

feet ; along the contour at 200 feet are all points that are 200

feet above the sea; and so on. In the space between 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.
Usnally it iz 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 confinuous 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 liff 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.
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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.

Dirainage.—Watercourses are indicated by blue lines. Fora
perennial stream the line is unbroken, but for an intermittent
stream it is 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.

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

Seales—The area of the United States (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
scale may be expressed also by a fraction, of which the numer-
ator is a length on the map and the denominator the corre-
gponding length in nature expressed in the same unit. Thus,
as there are 63,360 inches in a mile, the secale “1 mile to the
inch” is expressed by the fraction .

Three seales are used on the atlas sheets of the Geological
Survey; they are sam, mox, and gm, corresponding approxi-
mately to 4 miles, 2 miles, and 1 mile on the ground to an
inch on the map. On the scale of w0 4 square inch of map
surfice represents about 1 square mile of earth surface; on the
seale of 5555, about 4 square miles; and on the scale of s,
about 16 square miles. At the bottom of each atlas sheet the
scale is expressed in three ways—by a graduated line repre-
senting miles and parts of miles, by a similar line indieating
distance in the metric system, and by a fraction.

Abias sheets and guadrangles.—The map of the United States
1s being published in atlas sheets of convenient size, which
represent areas bounded by parallels and meridians, These
areas are called quadrangles.  Each sheet on the scale of s
represents one square degree—that is, a degree of latitude by a
degree of longitude; each sheet on the scale of i represents
one-fourth of a square degree, and each sheet on the scale 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 by political boundary lines, 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 gquadrangle it represents, is given the name of
some well-known town or natural feature within its limits, and
at the sides and corners of each sheet are printed the names of
adjacent quadrangles, if the maps are published.

THE GEOLOGIC MAFPS.

The maps representing the geology show, by colors and
conventional signs printed on the topographic base map, the
distribution of rock masses on the surface of the land and, by
means of structure sections, their underground relations, so far
as known and in such detail as the scale permits.

EINDE OF ROCKS,

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

Tyneous rocks—NRocks that have cooled and consolidated
from a state of fusion are known as igneons.  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 dite; where it fills a large and irregular conduit the
mass is termed a stock. Where molten magma traverses strat-
ified rocks it may be intruded along bedding planes; such
masses are called sills or shects if comparatively thin, and laceo-
fiths if they oceupy 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 voleanic mountains. Igneous rocks
that have solidified at the surface are called exfrusive or effusive.
Lavas generally cool more rapidly than intrusive rocks and
ag a rule contain, especially in their superficial parts, more or
less volcanic glass, produced by rapid chilling. The outer parts
of lava flows also are usually porouns, owing to the expansion of
the gases originally present in the magma. Explosive action,
due to these gases, often accompanies volecanic eruptions,
cauging ejections of dust, ash, lapilli, and larger fragments.
These materials, when consolidated, constitute breccias, agglom-
erates, and tuffs.

Sedimentary vocks.—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 be mechanical.
Such are gravel, sand, and clay, which are later consolidated
into conglomerate, sandstone, and shale. Some of the mate-
rials are earried 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 wp of layers or beds

which can be easily separated. These layers are called strala,
and rocks deposited in such layers are said to be stratified.
' The snrface of the earth is 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 residual layer. Water washes this material down
the slopes, and it is eventually' carried by rivers to the ocean or
other bodies of water. Usually its journey is not continuous,
but it is temporarily built into river bars and flood plaing,
where it forms alluvium. Alluvial deposits, glacial deposits
(collectively known as driff), and eolian deposits belong to
the surficial 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 are called melamorphic. In
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 from
the primary to the metamorphic form may exist within a
single rock mass. Such changes transform sandstone into
quarizite and limestone into marble and modify other rocks
in varions 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 igncous intrusion have
been afterward raised and later exposed by ercsion. 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 been developed. -
This structure is ecalled ecleavage 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 az to produce g laminated or foliated
structure known as sehistosity. The rocks characterized by this
structure are sehists,

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. 1

FORMATIONS.

For purposes of geologic mapping rocks of all the kinds
above described are divided into formalions. A sedimentary
formation contains between its upper and lower limits either
rocks of uniform character or rocks more or less uniformly
varied in character, as, 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 formations by an arbitrary line, and in some cases the
distinetion depends almost entirely on the contained fossils.
An igneous formation contains one or more bodies of one kind,
of similar occurrence, or of like origin. A metamorphic for-
mation may consist of reck of uniform character or of several
rocks having common characteristics or origin.

When for scientific or economie reasons it is desirable to
recognize and map one or more specially developed parts of a
varied formation, such parts are called members, or by some
other appropriate term, as lenfils,

AGES OF ROCKS,

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



DESCRIPTION

INTRODUCTION.

GENERAL RELATIONE OF THE QUADRANGLES.

The Galena and Elizabeth quadrangles are bounded by
parallels 42° 15" and 42° 30" and by mu'n:luns 90° and 90° 30",
Together they include one-eighth of a “square degree™ of the
earth’s surface, an area, in that latitude, of 441.56 square
miles. They are in the northwest corner of Illinois (see fig. 1),
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FrourE 1,—Index map of northern 1Minois and portions of adjacent States.
The location of the Galena aml Elizabeth quadranglea (Mo, 200) {8 shown by the darker ruling,

FPublished folios describing other quadrangles, indicated by lighter ruling, are Nos, 81,

Chicago; 140, Milwankes; 145, Lancaster-Mineral Point,
their northern borders being only half a mile south of the
Wisconsin boundary, and they lie wholly within Jo Daviess
County, except the southwest corner of the Galena quadrangle,
which extends across the Mississippi and includes parts of
Jackson and Dubuque counties, Iowa. The city of Galena is
in the northwestern part of the Galena quadrangle, and the
town of Elizabeth is in the southwestern part of the Elizabeth

quadrangle. The quadrangles are named from these places.
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Frauek 2 —Geologie map of Illingis and surrounding regions; shows also
physiographic provinees,
Theé indefinita boumlary between the Ozark and Appalachinn pi‘tﬂ'!llli'cs colnclides approximatsly

with the eoutheast boundary of Mlinods. Geologle mop copied from map of Horth America,
11, 8. Geol, Burvey Prof. Paper 71, 1011,

18urveyed in c—mpamﬂnn with the State of Hlinois, Mr, Shaw represent-
ing the Federal Survey and Mr. Trowbridge, assisted by B. H. Bchockel,
representing the State Survey, The text of the folio has been written
ehisfly by Mr. Bhaw. In its preparation free nse has been made of pre-
vions publientions dealing with the digtriet, especially those of 1. €. Cham-
berlin and R, D, Balisbury, of 7, 8. Grant and E. F. Burchard, of H. Foster
Bain, and of G. H. Cox.

OF THE GALENA

QUADRANGLES.

By Eugene Wesley Shaw and Arthur C. Trowbridge.!

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

Aren eoverad by Pleistocense glaciers and now largely coversd by glacial Lill is shown by
the dot pattern.

GENERAL GEOGRAPHY AND GEOLOGY OF THE GLACIATEI
PLAINS.

Relief.—The Glaciated Plains, a broad rolling tract lying
in general 500 to 1,500 feet above sea level but presenting in
its different parts considerable diversity in the form of its
surface, ranges in altitude from aboui 300 feet above sea level
in the Mississippi River channel at the southern extremity of
the provinee to about 2,000 feet along its western border and
iIl t.].].C 111'}'[]{_‘,'1' ]]{_‘,‘Ilillslll':l ﬂl[‘ h[iﬂ:]ligﬂ]’l. l-ll BOIE Pﬂ]'lﬂ ﬂ{b t]'l{_’,'
province the relief—that is, the height of the hills above the
valley bottoms—is less than a hundred feet; in othersit iz several
hundred feet. The valley of the Mississippi within the prov-
ince is fairly regular in shape—from 3 to 6 miles wide and 200
to 400 feet deep—but most of the tributary valleys are irregular
in width and depth and have indirect courses. In general the
basin of the Gireat Lakes is forested and that of the Mississippi
is not. Thus about half the provinee is prairie.

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

AND ELIZABLTH

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

The average discharge of the Mississippi at Quiney, Il1., just
above its confluence with the Missouri is estimated at 72,900
second-feet. The area of the drainage basin above that point
is 135,500 square miles, and the run-off per square mile is thus
(0.538 second-foot. Many careful measurements show that the
river carries annually past Quincy about 8,540,000 tons of
sediment, in suspension, and about 14,630,000 tons of matter
in solution. The surface of the basin above Quincy is thus
being lowered at the rate of 1 inch in 1,100 years.

Stratigraphy.—The rocks underlying the Glaciated Plains
range in age from pre-Cambrian to Recent, or from the oldest
known rocks to the youngest, but many geologic epochs are
not represented by {]F]‘.IGEITE-, for the region hﬂ‘i been at several
times for long pmmda above water, g0 Th.lf many of the forma-
tions overlap much older ones. The province emerged from
the sea in late Paleozoie time and has since been a land area
almost if not quite continuously.

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

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

The lowermost division of the Ordovician system in the
provinee is a series of dolomites or dolomitic limestones con-
taining some arenaceous beds and sandstone and is generally
about 100 feet thick, but in places it reaches a thickness of 600
feet. This dolomitic series, commonly known in the early
literature as the “ Lower Magnesian,” but more recently named
Prairie du Chien group, is overlain, generally unconformably,
by the St. Peter sandstone, which has an average thickness of
about 100 feet. The next overlying formation is the thin-
bedded fossiliferons limestone known in Wisconsin, Minnesota,
Towa, and Illinois az the Platteville limestone. Tt iz about 50
feet thick and is overlain in at least part of the region by the
Decorah shale, upon which rests the massive, |1|51]1I3 (-Hst.ﬂ]m{‘
Galena dolomite, 200 to 400 feet thick, containing Trenton
fossils.  An IITILI:]IIflJi'IIIitj' at the top of the Galena is suggested
by the peculiar sharp lithologic contrast between it and the
overlying beds, which are shale with thin layers of limestone
and which are several hundred feet thick. Owing to uncer-
tainty in correlation these beds have at different localities been
called by different names, the exact synonymy of which has
not yet been worked out, thongh the interrelations of many of
them are known. The better-known names that have been
applied to parts of the strata between the Galena (Trenton)
formation and the overlying Silurian system are Cincinnati,
Hudson River, Richmond, Utiea, and Maquoketa. In Ohio
this part of the section has been divided, in ascending order,
into Utica, Eden, Maysville, and Richmond. Recent writers
have classified the rocks in Indiana, from oldest to young-
est, as Utiea or Eden, Maysville or Lorraine, and Richmond.



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

The upper surface of the Ordovician rocks seems to have
been considerably eroded and perhaps slightly warped before
the Silurian beds were laid down, =0 that there is a great
unconformity between the two systems. Throughout most of
the province, as in the quadrangles here considered, the lowest
Silurian formation is the Niagara limestone or dolomite.
In Ohio and Indiana, however, there are older Silurian beds of
limestone antl shale which are regarded as the probable equiva-
lent of the upper part of the Medina of New York. The
Niagara is widely distributed and was probably once present, in
whole or part, in all the province except a district near Lake
Superior. Probably none of the older formations above the
Cambrian was so extensive. It appears, however, that the
Niagara was developed to its full thickness in only a part of
the provinee, for in many districts certain beds found elsewhere
and recognizable by their fossils are lacking. The Niagara in
places reaches a thickness of nearly 500 feet and is overlain in
the eastern part of the provinee by other strata of more or
less dolomitic limestone. The overlying beds in Ohio and
Michigan are called the Monroe group. Beds in the same
position in Indiana and a part of southern Illinois, though
perhaps not of exactly the same age, have been called the
“Waterlime” and “Lower Helderberg.” Generally there is
an unconformity at the top of the Silurian, and perhaps the
beds overlying the Niagara and even the upper part of the
Niagara itself were removed by erosion from large arveas before
the succeeding Devonian strata were laid down. The Niagara
dolomite is the youngest hard rock found in the Galena and
Elizabeth quadrangles.

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

The Carboniferous system is divided into three series, the
lower and the upper carrying little or no coal and the middle
containing much valuable coal. In the eastern part of the
provinece the lower, the Mississippian series, consists of shale or
sandstone, but in the western part there are great bodies of
limestone with which are interbedded lenses of shale and sand-
stone. The series in Ohio has been subdivided into the fol-
lowing formations, beginning at the base: Bedford shale,
Berea sandstone, Sunbury shale, Cuyahoga formation, Black
Hand formation, Logan formation, and Maxville limestone.
In the States along Mississippi River the Carboniferous beds
thai are in general equivalent to these formations fall more
naturally into four major divisions, known as the Kinderhook,
Ogage, Meramee, and Chester groups.

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

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

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

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

Structure—~The structure of most of the Paleozoic strata
beneath the Glaciated Plains is comparatively simple. The
strata lie nearly flat, and their regularity is broken only by
small faults and low, broad folds. The pre-Cambrian rocks
that outerop in Minnesota, Wisconsin, and northern Michigan
are, on the other hand, so complexly folded and faulted that
their structure can be worked out only with difficulty. The
major structural features consist of (1) a low broad arch known
as the Cincinnati anticline, which lies in part in the Appa-
lachian province and which is divided into two branches north
of Cincinnati, where it is highest, one branch extending toward
Lake Erie and the other toward Lake Michigan; (2) a shallow
basin that is practically coextensive with the lower peninsula
of Michigan; (3} another basin, which occupies most of
Illinois and southeastern Indiana; (4) a still broader depres-
gion, which extends westward from the Mississippi across Towa
and Missouri into the Great Plains; (5) an uplifted area lying
in Wiseonszin and Minnesota.

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

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

Diriftless Area—The Galena and Elizabeth quadrangles lie
almost wholly in the Driftless Area, a high tract from which
streams show a general tendency to flow out in all directions,
thongh most of them run southward. Although all the sur-
rounding country suffered glaciation this area was not covered
by any of the great ice sheets, and its surface features therefore
present a marked contrast to those of the surrounding drift-
covered districts, Outside the Driftless Arvea the bedrock is
covered with glacial drift, composed of a mixture of clay, rock
flour, sand, gravel, and bowlders, in some places stratified but
cenerally unstratified; the bedrock beneath the drift is com-
monly seratched, smoothed, or polished, and is clearly different
from the overlying unconzolidated material; the surface of the
ground at some places is rough and hilly, at others it is rolling,
and at still others it is smooth; there is lack of system in the
arrangement of the topographic features; and the streams
wander about, in places in an apparently aimless way. More-
over, only the larger streams have well-defined valleys, and
swamps and lakes are common. The surface is topographically
young, at least in its minor features.

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

GEOGRAPHY.
RELIEF.

General features—The surface of the Galena and Elizabeth
quadrangles is hilly and is well dissected by streams, the relief
in almost every square mile being more than 100 feet. The
extreme range in altitude in the area, however, is only 590
feet, the lowest point being in the channel of the Mississippi
at the south side of the (Galena quadrangle, at an altitude of
580 feet above sea level, and the highest being the top of
Hudson Mound, at an altitude of 1,170 feet. Charles Mound,
the highest point in Illinois, which stands 1,241 feet above sea
level, is just without the northern margin of the area and just
within the State boundary.

Upland.—The general surface is maturely dissected, and the
slopes of the hills and valleys show a striking conformity to
the nature of the rocks out of which they have been ecarved

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

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

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

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

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

Mississippt Valley.—The most striking topographie feature of
the quadrangles is the flat-hottomed but youthful-appearing
alley of the Mississippi, a trench nearly 400 feet deep and
scarcely 2 miles wide except at the south side of the area,
where it widens to 3 or 4 miles. TIts walls are steep, in places
precipitous (see Pl IX), and its bottom is nearly flat, though
diversified by numerous long, shallow depressions—abandoned
channels of the river—many of which contain water. These
depressions are crescentic in shape and give the flood plain
an irregular, fluted appearance. Most of the bottom land lies
between 580 and 600 feet above sea level. At Bellevue, near
the south side of the area, the altitude of low water i1s 578 feet
and that of high water is 598 feet. At some places on the
flood plain sand dunes rise above the 600-foot contour, and
generally at such places a terrace also rises to a height of about
640 feet.

Tributary valleys—The upland is broken by valleys which,
like the divides, show the influence of differences in the hard-
ness of the rocks. The larger tributaries of the Mississippi
are bordered by narrow flood plains, and with the exception
of Galena River they flow in fairly divect courses. Along
many of them there are terraces whose height above the
streams is 50 feet where they enter the valley of the Missis-



sippi but becomes progressively less toward their upstream
ends. The terraces are well developed in and near (Galena
and Hanover. Plate VII shows a terrace and flood plain near
the mouth of Tete de Mort River, on the western horder of
the area.

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

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

DEAINAGE.

The quadrangles are well drained, swamps and standing
water being found at few places except in the Mississippi bot-
toms. The whole area is drained to Mississippi River, which
crosses the southwestern part of the Galena quadrangle. The
principal tributaries of the Mississippi in that quadrangle are,
on the Illinois side, Sinsiniwa and Galena rivers, Smallpox
Creek, and Apple River, which receives good-sized streams
from Snipe, Long, and Irish hollows. On the Iowa side are
Tete de Mort River and Spruce and Mill crecks. Most
of the Elizabeth quadrangle is drained by Apple River, the
principal tributaries of which in the quadrangle are Mill Creek,
Hells Branch, Coon Creek, and South Fork. The southeastern
part of the quadrangle drains into Big and Little Rush creeks,
Camp Creek, and Plum River, which discharge into the Mis-
sissippl at points outside the avea. About 2 square miles in the
eastern part of the quadrangle is drained through Yells Creek
to Pecatonica River.

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

The other streams in the quadrangles seem to have fairly
adjusted gradients, but show one peculiar feature—the lower
part of each, that part along which the terrace is developed,
has but slight fall. In the lowermost 8 miles of Galena River
the fall is only 17 feet, whereas in the next 8 miles above it is
nearly 100 feet. The lower part of Apple River falls only 44
feet in 16 miles, but in the next 16 miles above its fall is 240
feet. The significance of these differences is pointed out under
the heading “Geologic history.”

CLIMATE AND YVEGETATION,

The quadrangles lie somewhat west of the middle of a great
area in the northeastern part of the Mississippi basin which
receives from 30 to 40 inches of precipitation a year. About
two-thirds of this falls between the end of March and the first
of October, in most years affording a bountitul and well-dis-
tributed supply for agriculture. The mean temperature and
the range and variations of temperature are like those of the
adjacent North-Central States.

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

CULTURE.

The quadrangles are rather thickly though not densely
populated. Galena, the county seat of Jo Daviess County,
with a population in 1910 of 4,835, is in the west-central part
of the (Galena quadrangle. The other prineipal towns of the
area are Bellevue, Towa, and Hanover, Seales Mound, Eliza-
beth, Apple River, and Stockton, Ill., each of which has
several hundred inhabitants.

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

The area is well provided with lines of transportation.
Several railroads radiate from Galena: the Illinois Central
crosses the northern part of the district, and the Chicago Great
Western crosses the southern part; the Chicago, Burlington
& Quiney runs along the foot of the bluff on the east side
of the Mississippi, and the Chicago, Milwaukee & St. Paul
along the west side of the river. The Chicago & Northwestern
rung north from Galena along Galena River. Wagon roads,
generally on divides or in valley bottoms, are numerous.

Galonn-Ellznbeth,
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DESCRIPTIVE GEOLOGY.
STRATIGRAPHY.

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

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

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

ROCKS NOT EXPOSED.

PRE-CAMBRIAN ROCKS,

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

CAMRBRIAN SYSTEM.

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

ORDOVICIAN EYSTEM.,

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

The Prairie du Chien group was penetrated in an artesian
well in see. 16, T. 28 N., R. 1 E,, a short distance north of
Gialena, at a point where the surface is 600 feet above sea level.
The well is owned by D. A. Taylor, who furnished the follow-
ing record:

Section i well near Galenda.

Thickness, | Diopth,

Feed, ! Feet,
Burface wash _____ BL..1 Nl 25 | a5
[0 | e SRR s S L s x B vy B A Th: W 30 | &5
Limestone: water at base [Platteville] __________ (3] | 120
Bandestone [&t. Peter) ____ . .._..__. e g ]| &0 150
Dolomite [Prairie du Chien] ________ _______.___. | 103 ang

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

Resting unconformably upon the Prairie du Chien group
is a comparatively thin sandstone long known as the St
Peter sandstone, from its occurrence along the lower course
of 8t. Peter (now known as Minnesota) River. Its thick-
ness ranges from 35 to 175 feet and averages perhaps 100
feet. The differences in thickness are due mainly to irregu-
larities in the surface of the underlying formation. The
top of the sandstone likewise may have been somewhat eroded
before the Platteville limestone was laid down upon it, though
positive evidence of discordance of stratification has not been
observed.

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

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

ROCKS EXPOSED.
GENERAL SECTION.
The sequence, general character, and approximate thickness

of the exposed formations are shown graphieally in the accom-
panying columnar section (fig. 4).
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Elizabeth quadrangles.
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ORDOVICIAN BYSTEM.

PLATTEVILLE LIMESTONE.

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

The average thickness of the formation is 40 feet. Only
its uppermost part is exposed in the quadrangles in the valley
of Galena River, 3 to 4 miles above Galena. Because of the
small size of this outcrop it is mapped with the overlying
Decorah shale.

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

Foszils and corvelation—The formation is nearly everywhere
highly fossiliferous, more so than any other in the area except



possibly the Maguoketa shale. The following species arve
common and are characteristic of the formation: Thaleops
ovalus Convad, Leperditia fabuliles Conrad, Protowarthia
reelangularis Ulrich, Orihis deflecta Conrad, Orihis tricenarin
Conrad, Orthis pervela Conrad. The first four are, so far as
at present known, confined to the Platteville, the others are
not found below the Platteville in this area but extend up
into and are found in small numbers in the lower part of the
(zalena.

The Platteville is regarded as equivalent to the Lowville
limestone of New York, a formation whose fossils are recogniz-
able throughout a large area in the eastern States and
places in the Mississippi basin.

DHECORAH SHALE.

Definition and occurrence, — The Decorah shale consists
largely of greenish clay shale interbedded with limestone, which
generally oceurs in thin beds and which greatly resembles the
basal limestone layers of the Galena dolomite above. Hence
it is difficult to draw the boundary between the two formations
on purely lithologic eriteria. With the aid of fossils, however,
which are generally abundant, the beds above and below the
contact may commonly be distinguished. A long-hinged
variety of Orthis (Dalmanella) submquata, which is broadest in
a 3-foot layer somewhat above the middle of the formation, is
very abundant in the Decorah and appears to be confined to
it.  Steloporvella frondifera and §. angularis are also found in
almost every outerop of the Decorah but not in formations
above or below it.

The Decorah shale is named from the town of Decorah, i
Winneshiek County, northeastern Iowa, where the i:}rnmlmn is
well developed and mueh thicker than it is in these quadran-
gles. In its type locality the formation consists |nnlt=:pulh' of
shale, but in the area Imm considered a part of it is limestone.

The Decorah presumably underlies the entire area of the
(Galena and Elizabeth quadrangles except a small tract along
(Galena River, though the formation is generally more or less
deeply buried beneath higher formations. It outerops in only
one small district, along Galena River north of Galena, where
it is mapped with the Platteville limestone, the best exposures
being on the west side of the stream at the base of the valley
side in sec. 3, T. 28 N, R. 1 E, and in sec. 34, T. 29 N,,
R. 1 E. The formation appears to range in thickness from 1
to 10 feet, but is nowhere completely exposed. The freshest
and most extensive exposure is on the Chicago Great Western
Railroad at a place 1} miles north of Furnace School.

Beetion of Decorah shale and associated beds 1) miles north of Furnace
Sefioold, near Galend,

Galena dolomite: Feot,
Massive dolomite . oeee 2
Thin-hedded, fossiliferons limestone inclosing T:-nws of
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Decorah shale:
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late.colored, fine grained; breaks with conchoidal
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The most characteristic part of the formation is composed of

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

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

Analysis of glass rock.
LBy E. T. Sweet, Geology of Wisconsin, vol. 2, p. 681, 1877,

Bilica (Bieie s o S : pstir . i sian

Alumina (Al.0,) . Ee T L L e 2, 240
Ferric oxide (Fe,0,)_ UG - LA s e LT . 50
Caleinm carbonate [Cm’“'{) ‘J S . 8, G40
Magnesinm carbonate ['\IECU', ___________________________ 3. 950
Water (H,O)___________ el A R E . 0
Phosphoric anhydride [P ﬂ ‘J - o S . 066

9. 875

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

Fossils.—The characteristic fossils of the glass rock and
interbedded chocolate-colored shale ave Buthograptus laxus and
other delicate plumose marine alge. The top shale, or Sticto-
porella zone, which is provisionally referred to the formation,

+

everywhere containg great numbers of a large and rather trans-
verse variety of Dalmanella minneapolis, which is confined to
that horizon. (See Pl. XII.) There are only a few other
species, but one or both of the bryozoans Sticloporella fron-
difera and 8. angularis, which occur only in the shale bed,
may usually be found wherever that bed is well developed.
These fossils therefore furnish a criterion by which the forma-
tion may be easily separated from the main body of the over-
lying Galena dolomite—a eriterion which is of use in geologic
mapping as well as in locating a horizon that is important in
mining. The fauna indicates that the Decorah shale should
be correlated with late Black River beds of New York.

GALENA DOLOMITE.

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

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

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

joints, which trend and dip at different angles.

The accompanying analysis of a composite sample of the fresh
rock from several Wisconsin localities gives a general idea of its
compogition. As the sample ineludes no nodules of chert and
practically no clayey partings nor nondolomitic basal mate-

rial, the average (Galena rock contains a larger proportion of

alumina, silica, and caleium carbonate than that shown by the
anal ysis;
Analysiz of Galena dolomite from Wisconsin.
[By W. W. Daniels, Wisconsin Geol. and Nat. Hist. Burvey Bull. 8, p, 15, 1908,]

Caleinm earbonate (CaCO,). ok Sl S LS Y )
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An analysis of Galena dolomite from eastern Towa is given
below:

Analysiz of Galena dolomete (vsed for brndng info fime) from Bagle Point
qrarey, fhibugre, fowa.

[By J. B. Weams, Iowa Geol. Survey Ann. Rept, for 1800, vol 10, p 567, 19007
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Carbon dioxide (0] o coae e o . 44, 91
Ferric oxide (Fe, O _______ B2
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Divisions.—The formation can be separated into five divi-
giong, shown in the following generalized section :

Generalized seetion of Galena dolomite.

Fisit
Dolomite, sarthy, thin bedded _ 30
Dolomite, coarsaly li'l"'rf-.lt-'1.|]IHL, massive to t-Inek hmldf_-d
noncherty _______ i T
Dolomite, thick to tlun Ibeihhl-ti rnamal:. Lr}};m]hm'- chert
bearing ... Fol e W T TR E i B 10k}
Trolomite, thick 'Iw{l:'lad 1::-:Lrau|3— :r}-ﬂ-l‘nllme nnnfn.-m] far-
oug, noncherty _________. TR S R, S L I
Limestone, thin bedded, wnth llrghly fOSS““ErUtIh uml
part at l:-.mf carbonaceons H]!IJI]:F llltﬂ‘lngﬂ, Q{matltnhng
the oil rock of the miners ________________________________ 20
ano

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

of Galena, (See PL. I.) A characteristic part of this division
is the “oil rock” near its base, and just above this oil rock
most of the lead and zine ore is found. A typical exposure
of the next highest division—the 40 feet of dolomite—which
occurs in the valley of Apple River, is shown in Plate III.
The overlying dolomite (100 feet thick) is coarse grained, por-
ous, and thick bedded and contains nodules of chert ranging
in diameter from a few inches to a foot, many of them lenticu-
lar. The chert is ordinarily distributed in layers and at some
places is so abundant that layers 1 to 3 inches thick may be
traced for considerable distance through the dolomite. The top
bed consists of thinner-bedded earthy dolomite and limestone.
The beds are usually separated by shale partings that range in
thickness from 2 to 12 inches, the thinner being near the top.
This member is found only at some places, particularly in the
north-central part of the area. It is the most easily differenti-
able member of the formation and is doubtless the same as the
stratum called by Sardeson the Dubuque limestone.

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

Seafion of the Galena dolomite epposed near Golena.

Feat.
Limestone, in part magnesian: beds 8 to 12 inches thick,
earthy, nonerystalline; upper part in places shaly _____ a0
Dolomite, beds 1 to 2} feet thiek, nonresistant, in places
CAVErnOus _ i 5 Slrms ool
Dolomite, 41Item.|tmg thick and thin hﬂhs few fossils_._. 25
Dolomite, single resistant bhed, ecommonly making bench on
i {1 T e e T S i O, L) R M S ]
Dolomite, thin beds with Rerep!'ur arfites owend 4
Dolomite, beds 6 inches to 3 feet thick, jmnru:s1stul1t ol
tains scattered chert nodoles. | 40
Dolomite, single resistant bed, cmmnml[}' nmkmg hem'h
on hillside; no apparent chert _. ..o L
Dolomite, 2 inches to 1 foot thick, nmlre‘usmnt e 20
Dolomite, 2 to 10 feet thick, with seattered Receploculites
oreni and a little chert. . ... 20
Dolomite, beds 2 inches to § feet thick, with many clu*:t.
nerdules Fr PG o R W a0
Dolomite, beds 2 fu -i I'ut-t thlck wntmlung generally
Receptaculites owent _ IS - gt [aasr T 1
Dolomite, beds 2 inches t{: .!- qu,tt Hurl-: xer}- luw fnu:!.l.]s sl
Limestone, in part magnesian, in thin irregnlar beds, u.=r5"
fossiliferous, shaly, blaish, interbedded with one or more
lavers of choeolate colored carbonaceons shale known as
[ er] - S B i T, R e U P e iy S i
241
Section of Gelene dolomile eppoged near Scales Motnd,
k Faial,
Limestone, thin bedded, argillaceons, in places magnesian,
fossiliferous, one of the most common forms being Lin-
gl fowengis | oDl a2
Dolomite, thick bedded (a few he:lﬂ 1 foot or ]Ea-h thick),
without chert, upper part nonresistant _ o e 40
Dolomite, thick bedded to inassive, coarse g.,r:u:m.,d with
Receptaculites oweni________ (1]
Dolomite, thin bedded, unnl:uuu]} :lu.rh nunnmstmut 20
100

Kection of Galena dolomile eeposed within 5 miles sonth of Apple Hiver.

Feat,
Limestone, impure, thin bedded, and fossiliferons _________ 25
Dolowite, beds of mediom thickness, fairly aniform, with
seattered specimens of Receplaculiles owent. 41

Dalomite, mostly heavy bedded, hard, and erystalline, wﬂh
mueh chert in places, few fossils, and nmmerons small
irregular cavities ! SR ks e ] A

Dolomite, beds 6 to 24 inches, somewhat cherty and differ-
ing in appearance with amount of weathering: a few
specimens of Reeeptactlifes owend . ... LT

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

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

Analysis of gases derived from o rock of Galena dolomite.

[ By Itollin Chamberlin.]

Heavy hydrocarbons________________ i b s e € L S g s o]
Mathane (CH e e e e e . 5, 08
Hydrogen sulphide (H,8) . cccicciccamaiaoo-- fi. 70
Carbon dioxlde (00 ) e e e e - 18. 12
Carbon monoxide (CO)________._ B o e 8 40
iy T O I e SRR e L R e e R « 2
Hydrogen (Hy). - ovoeeoomccmcmaoeeae TS . 18.18
Nitrogen (N,). ... B g W =R a2
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When the shale is leached with ether it yields a thick, heavy
oil, which is doubtless the most abundant element in the
volatile matter and which contains an appreciable amount of
sulphur.

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

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

Fossils—Some beds of the Galena contain abundant organic
remains, but the main body of the formation contains but few
recognizable fossils.  However, the bhasal limestone and shale
are highly fossiliferons and contain a number of brachiopods
and pelecypods, the more important of which are Orthis trice-
naria, 0. peetinella, O. testudinaria, Plectambonites sevicea,
Leplaena charlotla, certain varieties of Rajfinesquina allernala,
and Strophomena  incurvata, Clenodonta astartiformia, and
Vanuzemin niola. Most of these species are common and,
except the first, which occurs also in the Platteville, are highly
characteristic of this horizon. Judging from its fossils these
basal beds are more closely allied to the Decorah shale of Towa
and the “Upper Blue” of the Wisconsin section than to the
Galena proper. Their stratigraphic position corresponds to
that of late Black River beds of New York State.

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

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

Relations. — As already stated (see p. 4), it is difficult to
draw the boundary between the Decorah. shale and the Galena
dolomite on purely lithologie criteria. The separation is par-
ticularly difficult in the basin-like areas (corresponding to the
productive mineral areas) in which thin beds of limestone and
shale are most fully developed both above and below the con-
tact. In the anticlinal areas between the productive basins
there is less shale. Here and there a thin layer of “oil rock”
ocenrs in the Decorah, but the trne oil rock belongs in the
basal beds of the Galena.

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

Topographic expression.—The beds in the 70 and 100 foot
divisions of the generalized section (see p. 4) constitute the
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characteristic part of the formation. The hard, massive beds
of dolomite stand so far above the Mississippi base-level
throughout most of the area that erosion has produced in
them the rugged walls, erags, and “towers™ that are prominent
about midway up the bluffs. The precipitous sides and sharp
angles of these striking produets of erosion are due to the
breaking down of the rock along joints.

MAQUOKETA SHALE.

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

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

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

abundant in the southern and southeastern parts of the area.

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

Character.~The formation is much less uniform in charac-
ter than any other in the area. Its lower part generally
consgistz of drab and blue soft shale, its central part of inter-
bedded soft shale and argillaceous dolomitic limestone and
some thick beds of shale, and its upper part of soft shale,
coarse fossiliferous limestone, and thin beds of compaet dolo-
mite. Marcasite and sphalerite oceur in places. Individual
beds can not ordinarily be followed far, thmlgh there seems to
be a similarity between certain sections in separate parts of
the area and a dissimilarity between those sections and other
intervening ones. No definite statement can be made on this
point because of the lack of good exposures and of trust-
worthy and complete records of borings. The following
sections show the character of the formation at several places:

Sectivn of Maguoketa shale near Galena,

Faat.
Clay shale interbedded with thin layers of limestone and

dolowite, most of whieh are compaet, though some
eontain lenses of coarse fossiliferouns limestone. 'This
membar has been removed by both pre Ningaran and
post-Paleozoie erosion from all but very small arveas near
(& T B e 8 TR 1 0
Clay shale, soft, blae, IIUIIE{JhHI!]fLrUuE, moﬁtl} rnl her L=
give but in places finely laminated and darker and
harder than elsewhere: also contains local lenses of lime-

stone and dolomite SRR Y- Sy n et
Clay shale, with a & to 12 Inﬁh Inyer uf |:|mrtmml|(iutud
waterial of sandy texture, loose fossils, considerable iron
oxide, and particles and pellets of variable composition __ a
157

Section of Maguoketa shale in the southwest corner af the Galena
g angle.

Feot,
Shale, soft, blue or grayish blue, nonfossiliferous, weath-
ering into irregular small blocks . ill]
Dolomite, discontinuouns bed, wery [malllﬁ_muu i |n!'g-e
eephalopod being most abundant 1
Bhale, blue, soft, with earthy clu]m:ut-e lenses in some
o] [T DR AT ST e ol W T e SR 45
Bhale, soft, mmi; w:tll pellets of phosphate -md a rw.
fossils, particularly Ctenodonta ... .. .... 1
)
Seetion of Maogquoketa shale exposed in Hanover distriet.
Ft. In.
Clay shale, yellow, very fossiliferous._______ ___________ ¢ 0
Limestone, eoarse, cryvstalline, very fossiliferous. . 1 0
Shale, blue, flaky, and hard____________.__. TEI i
Limestone, hard, bloe, fossiliferous_____________________ 1 @

Bections of Maguoketa shale exposed in southeast corner

Ft. In
Bhell rock, dark brown, porous, interbedded with blue
shale; shells poorly preserved . _____ .. 20
Shale, blue [}
Limestone, fnaﬁll:rernua-..-.-_.-_. o Mt ol T sl
Yellow elay wash, shale!?, weathering to 31-”:1.“ ish elay. 10 0
Limestone, coarse grained. fossiliferons; contains a large
and small Orthis, Strophomena, and Lingulepis ... 1 0
Coneealed. Washed material is vellow and blue clay,
eontaining bowlders of coarse-grained erystalline lime-
stone, which is highly fossiliferous._ . 3 0
Shale and fossiliferons limestone H]tem&tm: shale :.etv
low or blue; limestone in 1-foot beds 2 or § feet apart,
containing orthids, Rhynehotrema, and bryozoans . 11 0
Clay shale, yellowish. . __.__.__._. _____ LSk b 10 0
Limestone, eoarse grained, mnta.minﬁ hr\rmunns,
orthidg, and Rhynchotrema 1 0
Shale?, weathering to yellow clay and contalmng m‘gllla
eeons limestone bloeks and laminated sandstone from
higher ap .. __.cccucas o e, AP L 45 0
Coneealed . b 15 0
Clay shale, 'l:-hw, ‘I.’i'lﬂt BOTIE tlnll l:n Brs nf "Lrp;:lllnwnuu
limestone; shale weathers to a stilf vellowish clay;
limestonea ]t-mg than 6 inches thick. ________. 43 0
Limestone, impure, open, porous, hut rea:ﬁt:mt. rnulr.
made up largely of fossil remains; lamellibranchs,
grastropods, Orthoceras_ _ By i S L]
Clay shale, thin bedded, fine nramorl sh'ght.l}' ATENA-
eceons, chocolate-colored, weathering to slate-colored ;
containg egg-shaped nodular masses of shale 1% feet
lomgsete -l Tl TR L0 el R D a o
Coneealed __ BN L =ke. Sy 1L B0
190 0
Hection of Maguoketa shale exposed noar Elizabeall.
Feet,
Clay shale, with thiek, coarse grained, fossiliferouns lime-
gtone layers and many bryozoans. (This member jg not
fonnd at & few land places north of Elizabeth) ........ &3
Timestone, thin, somewhat magnesian; containg some
chert and a few fossils: includes in places soma shale, but
is gonerally resistant, making benches on valley sides,
like those & miles southeast of Elizabeth_________________ 40
Clay, weathering yvellow, containing bisenit-shaped bryo-
FOAME .t oo o S R 48 o S Rt v L
Shale, hard, bluish, p:mrh H;:—nﬁm'l RN BTN )
Shale and argillaccons dolomite alterrmtlng. not fossilifer-
oy T e M DS b XS0 PO T S BN TR TR LD ST TR #
Mostly coneealed, bt small Etpu_lmrea 1udlc.n.h_ solt lrluﬂ
shale ___. bt e or SR L e it}
Tneonsolidated f‘ﬁrrur;llmua :‘md Iosmllramua hed {thEn or
wanting at a place éast of Schappville).. o s e L -
178
Seotion of Maguoketa shals expoged near Seales Motind.
Ft. in.
Clay shale, with several beds of coarse-grained, fossilif-
arons limestone and other fossiliferons layers, also fine-
grained compact dolomite; bryozoans abundant in
central part. (These beds absent except northeast of
Seales Monnd) T S SOM TR e ]
Clay shale alte rnu.tmg with thin beds OI' :'ﬂuumct cnrﬂ:y
dolomite e S o il i L et Al
Clay shale, goft, with a l‘aw lmlscu of nm.gm:-sinn liluc
B e e e ) A )
Clay shale alternating with compaet brlttle dolomite in
beds 1 ineh to 12 inches thick. oo 2 0
Clay shale, soft, blae______ . ccccennn.. o e L B
Clay shale with a few thin beds of compact, Ilnc gminc:l
dolomits. ... .o eemaa. L Edore oo Bl ST
Clay shale, hhnnh ETAY, sort conmmmg i few hard
conoretionaryt bodlea_ e e BE O
Clay shale, reddish, with graptolites at hn.m v S 4 s 1D
Unconsolidated, ferruginons, fossiliferous bed having
a sandy texture (many lamellibranchs)________________ 11
Clay shale, soft, gray_________ 8B P
Unconsolidated ferruginous Iusal]i:‘urous bm! hnvlng a
gandy texture and containing loose particles and
pellets of indefinite composition (no lamellibranchs). i}
201 2

Section of Maguokela shale exposed in district north af Stockton.

Dolomite and limestone, thin bedded, yvellow._ ..
Ahale, enleareous, with beds of blue shale and yellow
limestone, fossiliferons________________.
Limestone, dolomitie, thick bedded, coursn. hﬂ.ﬂ'l :I'Bﬂ
dish, fossiliferons._...... he M
Shale lens ...
Limestone, massive, coarse, crystalline; some lnrgu cul
cite erystals; fossiliferous. .. _....
Limestone, massive, ervstalline, hard and sllghtl}r doln
mitic, base eherty, fossiliferons___ .
Limestone, thin, shaly, blue and r}u.rth]r, geparated by
layers of blue shale, fossiliferovs _______ ________ ____ _
Clay, containing numerons biscuit-shaped bryozoans. .
Coneenled FRRAE
Hhale and Iu].lestune‘? waathermg to suud:f', mlmmous
elay chal il | e, NG e B LR
Conesaled ____.
Clay, weathering }ellu“ with L-inch layers of fraglls
shaly limestone 1 foot apart.
Coneealed -....

Ft.

1

4

17
42

[}

0

0

182 11

guadrangle.
Ft.

1. Shale, ealeareons shale, shaly limestone, some
sandstone, and & small amoont of chert; beds
average not more than 3 inehes thick ; shales ara
yvellow and deep blue, limestones are blue or -
black, and in places bard, compact, and ervstal-
line; where shaly they are soft and easily
weathered ; upper 35 feet is foseiliferous in cer-
tain layers, hoth yvellow shale and limestone____ 108

Float, and seattered exposares of elay, shale, and
soft ealeareous shale layvers .

Coneealad ...

Clay shale and ]mmnfnnf, cmnpnct urmllnﬂwus,
alternating; shale L‘uds m'emg& 2 feot thiek,
limestone beds average 2§ inches thick_________ 41

Clay shale, dark gray or {'huuolut.u colored, uni-
forin; breaks in flattish bits with conchoidal
fracture._ . T S 8

Conecealed __ LRl S A ) 1]

]
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Carbonaceous roclk, soft, black, porous, contain-
ing lamellibranchs, rounded pieces of rock
(waterworn pebbles?), gastropods and Ortho-
ceras; all small forma. ..o ... - h—
Clay ghale, compact, blue, stieky_____. . ___..___. 1+

184 HE S

11. 8hale and argillaeeons limestone interbedded

shale blue, blue-black, and yellow; weathers

to vellow sticky clay. Harder parts are shaly

and impure but some layers are white, compact,

and crystalline; limestone layers both fossilif-

erons and unfossiliferous; lossiliferois lavers

IWOre numerous near top.__ ... .. o6 L]
Bhale, bluish, and “soapstone™: all soft exeept

an oeeasional few inches of harder material

(well record) e LN v a0 0
Concealed ________. o s ol 0 g3 0
Shale, dark blue. with econchoidal fracture,

wenthering to thin brown layers
Conecealed .. .. - s 1 14
Zhale, dark h]uc, with conchoidal fracture,
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wenthering to thin brown layers____ . ________ &
Impure limestone?, gravizsh black, cemented by
iron; rusting of iron gives it a reddish eolor;
rock crumbles between hands, glving a coarse
cornmeal texture; is in very thin, shaly fissile
lnyers; some small iron nodules_ e G
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The shale disintegrates rapidly and is therefore largely con-
cealed by products of decay and by vegetation. Continuous
vertical sections of any considerable thickness are found only
along small streams that are vigorously scouring their beds or
undercutting their banks, or in gullies that have been cut
deeply into the shale,

Fossils and eorrelation.—Throughout the upper Mississippi
basin the formation is in general notably fossiliferous. The
shale at its base, measuring generally 2 to 5 feet, contains
rather abundant fossils, which remain after the rest of the
rock has weathered away. Among them are the following
species, all small and most of them preserved as casts of the
interior: a species of Orthoceras sp., Hyolithes parviusculus
Hall, Livspira micula Hall, Plewrotomaria depeuperaia Hall,
Cleidophorus negleetus Hall, and  Clenodonia  feeunda  Hall.
These are illustrated in Plate XIII, figures 1-8. (enerally
this horizon can be recognized with little difficulty.

Beds that lie at horizons in the upper part of the formation
and that are more extensively exposed also contain fossils, af
some places in great abundance. The thin plates of limestone
and apparently also the intercalated shale are here and there
highly magnesian, and the fauna they contain is altogether
different from that found at the base of the formation. (See
Pl XII11, figs. 9-19.) The following species, collected near the
iops of the mounds 3 to 5 miles northeast of Scales Mound,
are characteristic of the upper beds:

Monotrypella quadrata.  Dinorthis subguadrata.
Monotrypa restimoralis. Platystrophia acutilirata var.
Heterotrypa singularis, Rhynehotrema capax.
Plectambonites enxen. Hhynehotrema perlamellosa.
Leptena unicostata. Bhynechotrema neenah,
Pleetorthis whitfleldi.

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

Relations.—Conelusive evidence of stratigraphic unconform-
ity or of a break representing an interval of erosion has not
been observed at the base of the formation in the Galena-
Elizabeth area, but there is some indication of such a break.
The change from the dolomite of the Galena to the shale of the
Maquoketa is abrupt, some of the fossils and pellets in the
base of the shale seem to have been rolled and rounded, and
the fauna of the Galena is very different from that of the
Maquoketa, yet the sedimentation planes below and above the
contact are parallel as far as seen. The occurrence of phos-
phate may itself be an indication of an unconformity.

The Maquoketa shale is unconformably overlain by the mas-
sive Niagara dolomite, the shale having been considerably
eroded before the dolomite was deposited. Apparently the
Maquoketa was originally more than 200 feet thick and in
places where it is now thin its upper part was eut away before
any of the Niagara beds were laid down. The best exposure
of "the strata above and below the contact at a locality where
the Maquoketa is thin is at the Chicago Great Western Railroad
tunnel 8 miles southeast of Galena, where the Maguoketa con-
sists almost entirely of soft shale, 41 feet of which is well exposed
at the east end of the tunnel.
the tunnel showed 95 feet of soft material; a short distance to
the east the formation appears to be 108 feet thick; on Pilot
Knob, 4 miles to the northwest, it is 160 feet thick; in the
vicinity of Hanover its thickness is more than 200 feet, and
near Stockton it is 209 feet. The differences in lithologie
character from district to district make it impossible to say
positively that at some places certain beds were eroded away
hefore the sueceeding beds were laid down, for perhaps the
upper beds were never deposited at those places, but there
are strong indications of unconformity, not only in irregular-
ities of thickness of the formation but in the absence, wherever
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the formation is thin, of some of the coarse-grained fossiliferous
limestone beds that seem to be present wherever its thickness
is 130 feet or more. Still another indication of unconformity
is found in the character of the basal layers of the Niagara,
described below.

SILURIAN SYSTEM.
NIAGARA DOLOMITE.

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

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

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

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

Character.—The Niagara is mainly a light-gray to light-buff
fine to medium grained dolomite. It comprises hoth thick and
thin beds and at certain horizons includes considerable chert
in the form of nodules and layers of approximately uniform
thickness,
the rock from Sherrill Mound, northwest of Dubuque, Iowa,
represents fairly well its chemieal composition:

Anafysis of Niagare dolomits from Sherrill Mound, fowe,

[By.J. B. Weams, lowa Geol, Survey Ann, Rept, for 1850, vol. 10, p. 56T, 1900, |
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The following generalized sections show the character of the
formation in several districts:

Section of Niegare dolomite expoged near Galeneo.

Fieet.
Dolomite, light buff to dark gray bat light gray on weath-
ered surface, massive .. L]
Dolomite, thin bedded, light gray, containing -:Dn'ﬂ(h*]‘ubl{:
oherb it T et
Dolomite, light ;,m}, massive wher-e frvﬂh Irut “HLHK"I‘IIH';
to beds & or 4 inehes thiek ; weathered surfoee carions .. 25
Dolomite, compact, thick bedded, fine grained, buff, earthy.
with a 1-inch laminated laver resembling sandstone at
base in a belt running from Winston to Couneil ™ Hill;
maximum thickness abouat____ L RS |
150
Seotion of Niagara dolomite exposed in southivest corner of Galena
quaclirangie,
Foot,
Dolomite, thick bedded, gray, contains Pentaemerus
oblongus, Favosites, Halvsites, and other fossils 160
Dolomite, thin bedded, very cherty._ ... S B |,
Dolomite, bard, massive, gprayish, in thick layers, in places
cherty, containg a few fossils. e - B0
Dolomite, earthy, with a few uupremmta nr mp.frwm
rhomboidalis and perhaps other fossils_ g st b U
Daolowmite, bluish, weathers shaly . - 9

Dolomite, earthy, bluish where rrcsh. “mthcrm" 'hm“n
or buff and finally to o sandy clay, containg some chert
and a few indistinet fossila.______________..._. Sl s Pl

(See Pls. V and VI.) The following analysis of

Foat,

Dolowite, earthy, weathering into thin chips. . ____ b

Dolomite, laminated, yellowish, sandy. . S ik R ! 1+
254

The lowermost five members of this section are fonnd
only at =ome places,

Section of Niagare dolomite expoged about Oale Ridge School.

Feet.
Dolomite, cherty, thin bedded; chert in definite uni
form layers : R Sl
Dolomite, masgive, gray. har :i :;r:.-z-lnllum {n, t‘e\t I:'-.II
eite erystals,) bluff making. nonfossiliferous......___ 204
Dolowite, thin bedded, withont mneh cherr. liEF
direcily on Maguoketa; rock ranges from white and
erystalline to soft, vellowish, and argillaceous; beds
average abont an inch in thickness; penerally not
distinetly fossiliferons bot contains Atrgpe mar-
grivealis and Orthis elegantule Lt e ; = T0- 80
140=150
Section of Niegara dolomite exposed about Hanoter,
Ft. in.
Conecealed ... ___. ks Lo W i LN

Dolomite, cherty, thin bedded; |.'I31.!ti G inches to 1 foot

thick: chert in layers and lenses 1 inch to 6 inches

thiek : one-fourth of material is chert______ 0 0
Dolomite, thin beds, weathering to several beds to the

inch; vellow, soft. earthy, with shale partings. .
Dolomite, thin beds, hard, white, containing much L*-h:-srt.

in irrezular nodules; nonfossiliferous S e )
Dolomite, soft, yellowish, argillnceous, E\.iTt]i} with

shaly partings and dendritic markings; no chert, and

U]
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nonfossiliferons. ... .. ... Stk oy i 1]
Conceaded ..o oo o SR e S T 0
Dolomite, hard, yellow, thin hE'lllh’Il nunmm[h:‘emus__ i 0
Dolowmite, vellow, earthy, sandy______ e 4
Dolomite, hard, blue, nonfossiliferons. . ... 1 &
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Section of Niegara dolomite exposed in northern part of Elizabeth
quadrangle.
Foat.
Daolomite, hard, massive, with much chert, contains afew
specimens of Fentamertts ollongis, weathers to a red

I e T e e e L 40
Trolomite, g‘m\r massive to thin hD{l{lcﬂ not very resis-

tant, contains a fow silicifled fossils; considerable chert

DEeUrs I|'| |'| [‘t‘“"lll'l'l TN S_ o= Em
Dolomite, light gray, in nneven thin I!m €r's mth many

interbedded lavers of ehert. . A= 20
Dolomite, thick bedded, v{:m|mct-, li'tht!tlllr Mt.h GO

giderable chert .. L A A
Dolomite, light gray to buﬂ‘ h:trti fine grained ... 1
Dolomite, massive, nonresistant, earthy, largely con-

cealed _____________. il 1 rafSgh g
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Reetion of Niagara dolomite exposed near Stockion.
Feet
Dolomite, thin beds, interbedded with ten layers of chert

ranging in thickness from 1} to 2} inches.____ ... 11
Dolomite, thin bedded __ Pt e g g T N d 8
Dolomite. thick bedded g s g 2
Coneenled _ Ay R e S o ]
Dolomite, noneherty thin beds_ ]
Dolomite, massive beds averaging 1 foot -l nwheﬂ- in ﬂm l-i

Ness .. o = 2 e ey TEC S EUES UL XD ]
Dolomite, llun 'l'u_qta with a little Lhm‘t in dige Hllt!lllltllls

TR YATR S e et e B e S e AR e L
Dolomite. thin beds.. .. Fad o ek AN AR Sl e SR
Dolomite, thick bedded, gr: uimf; Jutenﬂh mtu- t]m! benls in
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Tolomite, hard, compact, thin beds__ S BINE L i
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Kertion of Niagara dolomite exposed in southeast corner of Hlizabeth
queadrangle.
Foet,
Dolomite, thin bedded, interbedded with seven layers of
chert that average 2 inches in thickness; dolomite layers
alzo contain a few noduales of chert. .. ... ... 11
toneealed ooo.. ... 24
Dolomite, 11 feat -:d‘ massive beds averaging 1 l'-.rnt- in ihm'li
neas overlain by 4 feet of thin beds containing a smill
amount of chert; rock bufl to white. ... .. : eyt )
Tt L e SR et
Dolomite, thin bedded, v E'“.O'L'l-l.sh goft, grading into whiter,
more crystalline dolomite in lower part; a little chert
orears in noduales: contains Orithis elegamiude ... 18

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

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



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

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

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

Fossils and ecorvelation.—Fossils are not abundant in the
Niagara formation, but three compound corals—Halysiles
calenulatus Linnweus, Favoesites favosus Goldfuss, and Fuavosiles
niagarensis Hall—oceur in it rather commonly, as well as many
casts of the brachiopod Penlamerus oblongus Sowerby. These
casts are found in the chert masses, which lie at a horizon
higher than that of the corals, but they are also found at some
places in the dolomite. These fossils belong to the true Niagara
fauna. The earthy dolomite that constitutes the lowermost
part of the formation contains very few fossils, Leptena rhom-
botdalis, Alrypa marginalis, Orthis elegantula, and Calymene
niagarensis being found sparingly. According to . O. Ulrich
these fossils, especially Alrype marginalis, indicate a late
Medina fauna, and it is therefore probable that the Niagara as
mapped in this area includes at its base here and there some
rock of late Medina age.

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

QUATERNARY SYSTEM.

Surficial deposits of Quaternary age cover most of the bed-
rock of the area to a thickness that varies from place to place
and that measures along the bottom of the valley of the Mis-
sissippi more than 150 feet. DBesides the residual elay, which
immediately underlies the surface of more than half the area,
these deposits comprise glacial drift, loess, dune sand, and ter-
race deposits of Pleistocene age and travertine and alluvinm
of Recent age. As the quadrangles lie almost wholly in the
Driftless Area, glacial drift covers only a few square miles,
Most of the drift is probably of Illinoian age, but a very little
material believed to be Kansan or older is found on the west
side of the Mississippi and in at least one place on the
east side. The loess, terrace deposits, and alluviom together
oceupy less than half the surface.

PLEISTODCENE sSERLES,

PRE-ILLINOIAN DRIFT.

Seattered over most of that part of the Galena gquadrangle
that lies in lTowa are bowlders and pebbles of granite, quarte,
ereenstone, and other igneous and metamorphic rocks, which
indicate that an ice sheet once covered a part of the area here
considered,  Several quartzite bowlders are strewn along a
small northern tributary of Pleasant Creek, in sec. 6, Wash-
ington Township, and greenstone bowlders are numerous in
several ravines just north of Bellevue. A cubic yard or more
of drift covers a spot on a low and rather narrow divide in
sec. 12, a mile northwest of Bellevue. These materials may
have belonged to either the Kansan or an older sheet of till.
Only the most resistant materials now remain and they are
much weathered. An excellent exposure of this drift in a
railroad cut 15 miles southwest of the Galena quadrangle is
shown in Plate IT. The section shown is as follows:

Ealena-Elzmbotl.

fif

Section exposed in Chicago, Milwaukee - 8t Poul Roiliooy ent near
Delmar Junclion, about 15 mifes southeest of Galena guadrangle.

[By W. C. Aldon.]

Post-1llinoian, pre-Wisconsin: Frat,
. Bull loess, leached 10 feet or more 5-15
Ko an=an
{ Till, red-brown to rusty bufl: leached 6 to 7
i feat .. 15-18
b. 'I{ Till, dense, dark gray, caleareous; ruasty
| along joints........ b ek -}~
Aftonian:

e Gravel and sand. eross-bedded, partly clean
gray, partly orange to brown; cemented
Witk e &t bop e e e e s 410
Pre Kansan:
. Till, dense, slate-eolored, jointed, caleareous:
upper 1 foot lighter gray; much included

wood 8-12
Gray eand and glacial gravel in part of the
BRETEON 2 W S iy e e Tl 3

£,
onsg, much disturbed at top by overriding
of glacier, ineludes much wood 24
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The lettered units in the above section correspond with those
on Plate II. The horizontal bench shown in the plate is due
to railroad grading and is not structural. Some of the adjacent
cuts show an old soil in place of the Aftonian gravel, and at
one point an old tree stump is still rooted in this soil.

In a ravine 14 miles west-northwest of Hanover there are
small masses of an apparently old drift.

HIGH TERRACE (f) DEPOSITS.

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

ILLIXOIAN (Y) DRIFT.

In the eastern part of the Elizabeth quadrangle there is an
area of unassorted material, of various thicknesses, deposited
directly by glacial ice. The boundary of the drift-covered
area enters the east side of the quadrangle 4 miles north of
Stockton and runs thence irregularly southward to the ridge
1} miles north of Stockton, where it bends southeastward and
leaves the quadrangle half a mile southeast of the town. A
few scattered bowlders and small bodies of drift lie outside the
boundary, especially along stream courses that lead away from
it. A body of till made up of unassorted material, including
howlders of shale, occupies a small area in sec. 34, T. 27 N,
R. 4 E. Such bodies of drift, together with the seattered
howlders, indieate that, in some places at least, the ice extended
a few miles beyond the boundary indicated.

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

In an old valley about 3} miles north of Stockton the drift
is 90 feet thick, completely filling the valley. Elsewhere in
the Elizabeth quadrangle its thickness averages about 50 feet.
There is no well-defined terminal moraine, but the drift
thickens gradually toward the east and reaches its maximum
thickness some distance east of the quadrangle.

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

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

LOESS,

The uppermost unconsolidated material in a considerable part
of the area is loess, a porous silt or very fine sand of light-
buff color, which in places is claylike and difficult to distin-
guish from the residual elay. The loess in these quadrangles
appears to be of eolian origin and seems to have heen deposited

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

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

DUNE SANI.

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

LOW-TERRACHKE DEPOSITS.

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

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

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

Fossily colleoted in terrace depogit in the valley of Sinsinawo River, 2% miles
woest af Galenda.

1. Pyramidula cronkhitei Newe. var. shimeki Pile.

2, Vallonia eostatn Say.

3. Papilla museorum L.

4. Pupilla decora Gld.

5. Bifidaria of. B. corticaria Say.

. Sphyradinm edentulum Drap. ef. var, alticola Mg,
7. Euconulus fulvos A.

8. Suecinen campestris Say.

f. Bueccinea avara Say.

10, Lymnea parva Lea.

All these species except the tenth are land animals and
all but the first, fourth, and eighth live in the region to-day.
Perhaps all may be found, though these three species have not
yet been observed and reported. 'W. H. Dall, who identified
the fossils, says that most of the individuals are immature.

Another lot of fossils, collected in a dark silty low-terrace
clay near Bellevue, Iowa, contains the following species:

Fosgils collected 2 miles west of Bellevue,

Goniobasizs virginiea Ginelin.
Campeloma decisa Say.
Planorhis trivalvis Sav.

Planorbis bicarinatus Say.
i Physa heterostropha Say.
I 8phsrinm striatinum Lamarek.



RECENT SERIES.
RESIDUAL CLAY.

A residual elay overlies the bedrock throughout a large part
of the area—perhaps more than half of it. It is generally of a
light-buff color, but where it is overlain by drift or loess it is
commonly dark reddish buff. Tt is formed by the decomposi-
tion in place of the underlying rocks, chiefly the Galena and
Niagara formations, which have a greater lateral extent beneath
the surficial deposits than any others in the area. Those two
formations consist chiefly of dolomite—the double carbonate of
magnesium and caleinm—with which are mingled certain other
substances, chiefly caleite, flint, iron oxide (and perhaps iron
carbonate), and clay. The earbonates are dissolved and carried
away by water, but most of the oxides and silicates remain.
The mineral and chemical composition of the residual clay
thus differs materially from that of the rock. The residunal
clay contains much silica, which was derived not only from the
chert in the dolomite but also from the elay it contains.

The Galena dolomite contains nearly 96 per cent of soluble
matter (calcium and magnesinm carbonates), practically all of
which is carried away by weathering, and only 4 per cent of
other substances, most of which remain in the elay after the
carbonates have been removed. The samples analyzed con-
tained no nodules of chert, which are abundant in some parts
of the dolomite, and no noticeable clayey laming, so the average
rock of the formation probably contains much more silica and
alumina than the analysis indicates.

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

If the chemieal composition of the original rock is compared
with that of the residual clay and the thickness of the clay is
considered it is readily seen that the amount of clay at any
loeality represents a great thickness of rock—just how great it
is impossible to say without analyses, but the data at hand
afford ground for a general estimate. The ealeium and mag-
nesinm carbonates have practically disappeared from the elay,
yet they made up probably 90 per cent of the original rock,
and from some residual elays that have been carefully studied
more than 97 per cent of the original limestone has been
removed by solution. In other words, a present thickness
of 3 feet of residual clay represents an original thickness of at
least 100 feet of rock. As the numerous measurements already
presented show that the clay has an average thickness of 133
feet on the broad uplands, it is elear that a vertical thickness
of at least 100 feet of rock has slowly disappeared from the
area by weathering. Tt should also be borne in mind that the
residual elay still remaining is likely to be but a fraction of
the amount formed in the course of the long period of weather-
ing, for ordinarily erosion nearly keevs pace with weathering
on an area of uneven surface like that of these quadrangles.

TRAVERTINE.

Masses of ealeareous tufa or travertine (so-called “ Mexican
onyx”) are found at several places in the quadrangles, the larg-
est lying 1% miles northwest of the tunnel on the Chicago
Great Western Railroad in see. 10, T. 27 N, R. 1 E. The
rock is grayish or buff, finely erystalline, and generally compact
and clearly laminated. It was derived by solution from some
layer or layers of limestone, the solvent being water containing
carbon dioxide. It was deposited under conditions that per-
mitted the liberation of the carbon dioxide. The presence of
fresh-water algse has been suggested as one such condition,
and increasing temperature and evaporation of the water may
have heen another. The water of many of the springs of the

district is very cold.
ALLUVITM.

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

STRUCTURE.

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

1 Chamberlin, T. C., and Salisbury, R. D)., Preliminary paper on the
Driftless Area: T. 8 Geol. Burvey Hixth Ann. Rept., pp. 100-322, 1885,
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REPRESENTATION OF STRUCTURE.

METHODS,

Structure is commonly represented in two ways, by cross-
sections and by contour lines. Cross sections are well adapted
to zhow the structure of a region in which the rocks are
sharply folded and faunlted, not that of one in which the folds
are low and there is little or no faulting, for the structure of
such a region can be shown more clearly by contour lines,

ETRUCTURE CONTOURS.

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

In the (Galena and Elizabeth quadrangles the reference
surface shown by the contours on the strocture-section sheet
is the top of the Galena dolomite and the contour interval is
25 feet. At many places the altitude of this surface was
determined directly from outerops, wells, or mines by hand-
level traverse earried from near-by bench marks; at other places
it was calenlated from observations of zome other recognizable
stratum, for the layvers of rock in this region are approximately
parallel and the average interval between any two may be
easily determined. Thus where a bed known to lie a certain
distance above the reference surface was found the altitude of
the reference surface at that point was caleulated by subtract-
ing from the altitude of the higher bed the average distance or
the nearest measured distance between the two beds. Where
a recognizable bed known to lie a certain distance helow the
reference surface was found, the average distance between the
two beds was added to get the approximate altitude at which
the reference surface would lie if it were present at that
locality. A point of intersection of a surface contour with a
structure contour of the same altitude marks an outerop of the
top of the Galena dolomite.

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

FiguRE O.—Structural map of area around Pilot Enob, I, showing by
contour lines the structure of the base of the Galena dolomite. (From
Illinois Geol. Burvey Bull, 21.)

Contour lines Rhow elevation of the base of the Galena dolomite in feet above sea level.

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

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

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

The second factor is more likely to lead to mistake, because
the strata are not quite parallel. The most striking lack of
parallelism is seen in the irregularity in the interval between
the top of the Galena dolomite and the base of the Niagara
dolomite. The intervals between most of the other strata in
this area do not differ more than 20 feet. Another deviation
from regularity is seen in an apparently abrupt thickening of
the Galena dolomite in the vicinity of Pilot Knob, south of
(Galena. A comparison of the structure contours in figure 5
with those on the areal-geology map will make the abruptness
of this thickening evident.

Inaceuracies elassifiable under the third factor are thought
to be small, for thronghout both quadrangles the determined
altitudes of recognizable strata, nearly half of which are of
the reference surface itself, are numerous and comparatively
evenly distributed. Allowing for all possibilities of error, it
may be assumed that the structure lines are for the most part
correct within a contour interval of 10 feet, though in some
places the error may be considerably greater.

STRUCTURE OF THE GALENA AND ELIZABETH QUADRANGLE
FOLDS,

As shown in figure 6, the dominant structural feature of the
(Galena and Elizabeth quadrangles is the general southward or
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Fraurkr 6.—Ideal strueture section from sonth to north aeross the Eliza-
beth quadrangle, showing the general southward dip of the rocks.

The Niagara dolomite, now remaining only on the hilltops. was formerly continuous noross the
arca, ns Indicnted by the lne showing the former position of the top of the formation. 5s,
Ningarn dolomite; Om, Magquoketa shale: og, Galenn delomite.

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

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

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

Many of the lead and zine deposits of these quadrangles lie
in small basins or synclines. Such basins may have originated
in at least four different ways: (1) They may be due to origi-
nal inequalities that existed on the sea bottom when the sedi-
ments were deposited, for such inequalities were present at the
heginning of Galena time, as has been noted in the description
of the basal layers of the Galena dolomite; (2) they may he
due to irregularities of deposition, a lack of sediment in some
areas cansing slight local depressions, although in this distriet
such a cause is not probable, for the areas that exhibit lack of
sediments are really anticlinal; (3) vertical compression and
consequent slumping of the beds may have produced such
baging, and as they occur in areas containing thick deposits
of oil rock—a carbonaceous deposit which, in the manner of
coal beds, has undoubtedly decreased much in thickness—this
means of producing such basins has certainly been important;



(4) actual mechanical depression of the rocks by lateral pres-
sure may have and undoubtedly has taken place, especially in
some of the more marked and steeper folds.

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

JOINTS.

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

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

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

GEOLOGIC HISTORY.
PRE-CAMBRIAN TIME.

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

PALEOZOIC ERA,
CAMBRIAN PERIOD,

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

CGRDOVICIAN PERIOD.

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

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

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

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

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

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

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

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

depth of 100 feet.

BILURIAN PERIOD.

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

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

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

either was magnesian at the time it was deposited or became
g0 later and which accumulated until it reached a thickness
of 200 feet or more.

LATER PALEOZOIC TIME.

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

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

MESOZOIC ERA.

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

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

CENOZOIC ERA.
TERTIARY PERIOD.

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

A later and lower plain covers much of the northern part of
the area and also much territory in sonthern Wisconsin. This
surface may date from late Tertiary time, when a similar pene-
plain was being formed in other parts of the Mississippi basin.
It could not be ealled smooth, and it was probably so rough
that it could barely be called a plain, for it was broken in
places by remnants of the older plain, or monadnocks, which,
though now somewhat reduced in size, still stand as the hills—
commonly called mounds—capped by the Niagara dolomite.



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

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

QUATERNARY PERIOLD.
PLEISTOCENE EMOCI,

The events of the Pleistocene epoch, which profoundly and
widely affected much of North Ameriea, affected only indi-
rectly most of the Galena and Elizabeth quadrangles, where
the Pleistocene record is short and incomplete. Of pre-
Illinoian time the only record iz found in the remnants of
till in the southwest corner of the area and in part of
the residual clay. Both the pre-Kansan or Nehraskan and
the Kansan ice sheet approached at least within 15 miles of the
area. Possibly the thin edges of both sheets covered the part
of the district that lies in Towa, and one of these glaciers seems
to have crossed the river and advanced to the vicinity of
Hanover.

A long interglacial stage (the Yarmouth) succeeded the Kan-
san stage and was followed by the Illinoian ice invasion. The
earlier ice sheets had approached the area from the west or
northwest, but the Illinoian ice advanced from the east, though
its general movement was southward. It covered several
square miles along the eastern side of the area and brought
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Fraurg 7.—Cross sections of the Mississippl gorge, showing profiles of the
old valley eut in the hard rocks, the valley fill, and the bordering terraces.

Beetion . at mouth of Galens Kiver; b, opposite Pilot Knob; o, nt Yeager Creek § o, below Bprices
Creck ; e, b Bellavae.

Gal, aliuvium; Qds, dune sand ; GQud, local stream terrace deposit and valley fill; Qgzo. glueial
outwash deposits: QI, thick loess: Se, Nlagarn dolomite ; Om, Maquoketa shale: O, Galena
delomite ; Op. Flatteville limestone and Decornh shale; Owp, St. Peter sandstone ; Ope, Pralrie
du Chilen group.

Harigontal scale = 1 inch = about 2 miles; vertienl scale, 10 times horizontal.

large quantities of stones, more or less finely ground, and
clay. Northeast of Stockton the ice and its deposits filled the
ralley of a strenm which may originally have drained south-
eastward into Stephenson County along the course of Yellow
Creek. The headwaters of the stream were here dammed and
held until the lake formed by the dam rose high enough to
overflow a low place in a divide south of Millville, which sepa-
rated the valley of the stream from what was then the head of
Apple River valley. The water flowing across the divide
eradually carved a trench, and the drainage basin of Apple
River was thus extensively and permanently enlarged. This
trench, which connects the old Apple River valley with the
new valleys in the vicinity of Apple River and Warren, is one
of the most striking topographic features in the area. (See Pl
XI1.) The Pecatonica Valley, northeast of these quadrangles,
was also dammed, and probably its water overflowed into
Apple River, but no traces of its channel have been found in
the area under discussion. Indeed, there is surprisingly little
foreign gravel along Apple River.
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After the Illinoian ice sheet had disappeared there was
another time of genial climate, during which the loess was
deposited. The origin of the loess has been much discussed
and the consensus of opinion now seems to be that most of the
material which has received that name wag deposited by wind,
although possibly a small part was deposited by water. Per-
haps it would be well to restriet the nse of the name loess to
the wind-deposited part of the material. The fossils which it
contains are the shells of air-breathing gastropods such as now
inhabit forests in climates not very different from that of the
region to-day.

The Wisconsin ice sheet oceupied the valley of the Missis-
sippi no farther sonth than a short distance below St. Paul, but
while the ice margin lay there the valley was probably flooded
and the water was loaded with detritus, The valley was filled
to a depth of 125 feet or more, possibly by this material alone,
but possibly in part by material brought in after the ice
melted, by streams which cut new valleys in the drifi. The
arrangement of the drainage systems during Wisconsin time
seems to have been essentially the same as now. Flooding
and filling of the Mississippi channel caused back water in the
tributaries—to a greater degree, of course, than at present—
and their lower courses were accordingly filled with closely
laminated fine silt or clay of loeal derivation. Figure 7 shows
the amount of valley filling and the form of the glacial gorge.

RECENT EIMMH.

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

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

The wind has here and there perhaps formed fresh deposits
of dust or loess and has shifted somewhat the positions of the
deposits already made, but the principal producis of its work
in Recent time are sand dunes along the edges of the river

valleys. (See P1. VIIL)

ECONOMIC GEOLOGY.

The geologic resources of the Galena and Elizabeth quadran-
ales include ores of lead and zine, sulphur, building stone, clay,
cement materials, lime, sand, road materials, water, and =soils,
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LEAD ANTr ZINC ORES.
OCCURRENGE,

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

The deposits occur in all the divisions of the Galena, but the
most valuable ones—that is, the peculiar “Hats and pitches™
and the disseminated deposits—lie at or near the base of the

formation. Some of the crevice deposits, rarely in the form of

flats and pitches, reach as high as the upper half of the Galena
and a few lie even close to the top of the formation. A little
mining for zine ore has been done in the Maquoketa shale
northeast of Scales Mound, but apparently with no very
encouraging result,

ORE MINERA LS.

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

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

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

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

Anglesite or lead sulphate (PbSO, ; sulphur trioxide, 26.4
per cent; lead oxide, 73.6 per cent; lead, 68.3 per cent; sp.
gr,, 6.3), which has been mentioned in some of the earlier
reports on the district, is of rare occurrence. The so-called
anglesite seems to be selenite or gypsum, and, in fact, it may
he questioned whether trne anglesite has been found in north-
western Illinois, althongh no reason is known why it may not
oceur there.

Sphalerite ov zine sulphide (4nS; zine, 67.15 per cent; sul-
phur, 32.85 per cent; sp. gr., 3.9 to 4.1), known also as zine
blende and by the miners as “black jack,” or simply as “jack,”
is the original zine mineral and is by far the most valuable ore
of the district. As it usually lies below the level of ground
water it was not discovered in the early explorations of the
distriet and was not utilized for some years after its discovery.
Tt ranges in color from light straw-yellow through brown to jet-
black, the black color being due to impurities, especially iron.
[t oceurs most commonly in sheets that line the sides of crevices.
On free surfaces it occurs in small and rather poorly formed
crystals. At some places small nodules of sphalerite, an inch
or less in diameter, are embedded in clay, especially in the elay
bed that marks the base of the Galena dolomite. This form of
sphalerite is frequently spoken of as “strawberry jack.” The
other zine minerals of the district have been formed by the
alteration of sphalerite.

Swithsonite or zine earbonate (ZnCOy ; earbon dioxide, 35.2
per cent; zine oxide, 64.8 per cent; metallic zine, 52.06 per
cent; sp. gr., 4.5 to 4.4), is known by the miners as carbonate,
or more commonly as “dry bone,” a name suggested by its
light, porous structure, which roughly resembles the inside of
a bone. It generally oceurs in brownish or yellowish porous
masses which have a decidedly earthy appearance. It is also
found, though less commonly, in more compact and irregular
masses, most of which are white. Next to sphalerite it is the
most valuable zine mineral in the region. It generally oceurs
above the level of ground water, but at some places extends a
short distance below that level. In the early lead mining in
the district it was neglected, and in the early period of zine
mining it was abount the only ore of zine mined, sphalerite not
being then used, but it is now produced in considerably less
amounts than formerly and in decidedly smaller amounts than
sphalerite. Most of the smithsonite now mined is burned into
zine white at Mineral Point, Wis.

Hydrozineite (a basic hydrous carbonate of zine; sp. gr.,
3.58 to 3.8) is known also as zine bloom. Pure hydrozincite
contains 60 per cent of metallic zine. It is generally associated
with smithsonite and is diffieult to distinguish from that
mineral in the field. In fact, it is rarely recognized in the
district and no definite statements ecan be made as to its
ocCurTence.

Calamine or zine silieate (H,ZnSi0; silica, 25 per cent;
zine oxide, 67.5 per cent; water, 7.5 cent; metallic zine, 54.23
per cent; sp. gr.,, 3.4 to 3.5) is common in some distriets, but
has not been certainly recognized in the upper Mississippi
Valley. In one of its forms it closely resembles the massive,
nonporous variety of smithsonite and may therefore possibly
have been overlooked.

MINERALS ASSOCIATED WITH THE ORES,

Mareasite and pyrile (FeS,; iron, 45.78 per cent; sulphur,
54.22 per cent; sp. gr., 4.67 to 5.2) are intimately associated
with sphalerite and galena, especially sphalerite. Marcasite, or
white iron pyrites, crystallizes in the orthorhombic system,
whereas pyrite crystallizes in the isometric system and ordi-
narily in cubes, pentagonal dodecahedrons, or octahedrons.
Mareasite is the most common form of iron sulphide in the
district, and in the following descriptions it is assumed that all
the iron sulphide is in the form of mareasite. Pyrite is much
less common, though it is found at some places, as, for instance,
near Pilot Knob, where the two minerals oceur side by side.
Marcasite is associated with sphalerite and is a detriment to the
ore, because the two are hard to separate in milling. Above
the level of ground water marcasite is generally altered to
limonite.

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

Claleite or ealeium carbonate (CaCOy; carbon dioxide, 44
per cent; lime, 56 per cent; sp. gr., 2.7), is widely known as



cale spar or simply as spar, and the miners unsually eall it
“tiff.” It is the most common mineral in the distriet, and is
almost everywhere associated with the lead and zine ores. At
many places it lines the interior of the erevices, having been
deposited after the metallic sulphides already mentioned. It
ocenrs also in'veins or in any kind of cavity in the dolomite
and limestone of the quadrangles, especially in the Galena and
Platteville formations.

Dolomite (MgCaCO,; carbon dioxide, 47.9 per cent; lime,
30.4 per cent; magnesia, 21.7 per cent; sp. gr., 2.8 to 2.9},
though the principal constituent of most of the Galena forma-
tion, rarely oceurs in large erystals and does not seem to have
been deposited in the crevices.

Selenite or hydrous ealeium sulphate (CaSO,2H,0; sulphur
trioxide, 46.6 per cent; lime, 32.5 per cent; water, 20.9 per
cent; sp. gr., 2.3), occurs in small erystals, but is not very com-
mon. It undounbtedly owes its origin to certain chemical
reactions that take place between the ealeium earbonate of the
rocks and the sulphuric acid produced by the breaking down
of the marcasite or other sulphides.

Barife or barium sulphate (BaSO; sulphur trioxide, 34.5
per cent; baryta, 65.7 per cent; sp. gr., 4.3 to 4.6), commonly
known as heavy spar, is found at some places near the oil rock,
but also lines cavities, being the last mineral deposited. 1t is
not common in the distriet, though in some of the mines it is
abundant. 1t is highly undesirable commercially because its
specific gravity is so nearly that of sphalerite that the two
minerals are very difficult to separate during concentration.

Sulplur (%; sp. gr., 2), though not abundant, oceurs here
and there in the lead region in a pulverulent or minutely
erystalline form in crevices or small cavities in the mines. Tt
is undoubtedly produced by the decomposition of the iron
sulphides, marcasite and pyrite, It is nowhere found in sof-
ficient abundance to be economically important.

Quartz (Si0,; oxygen, 53.3 per cent; silicon, 46.7 per
cent; sp. gr., 2.6) oceurs chiefly in the form of chert, which is
abundant in parts of the Galena dolomite. Notwithstanding
the large amount of silica in the ore-bearing rocks it is rarely
found in crystalline form.

FORMSE OF DEIFOSITE,

(Mlassification.—The lead and zine ores are at many places
associated, and both occur in the same kinds of formations and
at the same horizons. The deposits may be grouped into two
divisions based upon their form, those that oceur in eracks or
crevices in the rocks, including both vertical crevices and the
flats and pitches described below, and those that are disseminated
in small particles thronghout the rock.

Yrevice deposits.—The deposits in eracks or fissures and along
joint planes, many of which have heen enlarged by solution
before the ore was deposited, were formed in open cavities, and
not by replacement.

Most of the crevices trend from east to west or from a little
north of west to south of east and are essentially vertical. They
are crossed by many other crevices, the main series of which
runs a little east of north and west of south, about at right
angles to the major set. To the first series of crevices the
miners apply the term “east and wests,” and to the second,
“north and souths.” In addition there are smaller fissures,
called quartering crevices, that cross the main fissures at various
angles, and to these the names “two o’clocks,” *ten o’clocks,”
ete., have been applied by the miners, as their direction eoin-
cides with that of the shadow cast by the sun at 2 o’clock or
10 o’elock, or at other times, Most of the ore mined has come
from the east-west erevices, but particularly rieh deposits ocenr
at the intersections of crevices.

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

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

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

Many of the flats and pitches are connected with vertical
east-west crevices. The crevices as a rule do not extend below
the horizon of the oil rock, although at some places the main
glass-rock beds contain numerous fractures filled with ore.
A series of flats and pitches may be 100 feet to 200 feet

Galena-Elizabeth,
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across, and in a flat that runs back from a pitch into the foot
wall there may be a considerable mass of mineralized rock,
which extends from one pitch to the other, and which can be
mined out. In general the pitches in any one mine are
approximately parallel with one another and also parallel with
a vertical crevice, but at some places there are secondary pitches
which contain ore and which trend in a direction very different
from that of the main system of pitches.

Associated with the erevice deposits are others to which the
nagme “honeycomb” deposits has been applied, but these are
not genetically different from the ordinary crevice deposits,
They occur in connection with the creviee deposits at places
where the rock has been breceiated, semibrecciated, or strained,

b a

Figurk 8.—Diagrammatic eross gection of the ore-bearing flats and pitehes
in the Galena dolomite.
s, Flats alnog bedding planes; b, pitches ; ¢, vertieal erevice.

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

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

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

Most of the flats and pitches and the vertical erevices contain
notable amounts of mareasite, which at some places oceurs in
oreat abundance. As a general rule less marcasite is found
in the disseminated deposits than in the flats and pitches or the
vertieal erevices.

RELATIONS OF THE ORES,

Order of deposition.—As has been already stated, the ore in
the crevices was deposited in the open fissures. The usual
order of deposition of the minerals, from the wall to the
center of the vein, is as follows: (1) marcasite, (2) sphaler-
ite, at some places containing galena, (3) galena, (4) calcite,
(5) barite. Each of these minerals appears in a characteristic
band, but all five of these bands are not observable in every
deposit. Practically everywhere, however, the wall rock is
coated by a layer of marcasite, either thin or thick, and out-
side of this lies sphalerite, which may or may not contain a
little ;;".11(-.“;} and which may or may not have galena outside of
it. The richest ore of the district, an ore that is very plentiful
in the flats and pitches in some of the larger mines, is this
second layer, which is made up essentially of sphalerite with
here and there a little galena. At some places the layer of ore
on each side of the open erevice is 5 to 6 inches thick.

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

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

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

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

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

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

Relation of ore deposits to strueture.—Attention has already
been called to the fact that the crevice deposits oceur ‘n joints,
and more commonly in joints that have been enlarged by solu-
tion. These joints bear a more or less close relation to the
warping that the rocks in the district have undergone, the
principal joints running nearly parallel to the main axes of
warping.

Recent detailed work in the Upper Mississippi lead and zine
district has shown that many of the lead and zine deposits of
the region lie at or near the bottoms of synclinal basins,
especially the disseminated deposits, the flats associated with
the main oil rock, and the thin beds of oil rock that lie just
below the glass rock of the Decorah shale. Many and perhaps
all of the deposits in the flats and pitches also lie in synelinal
hasins, but sufficient data are not at hand to show positively
that all of them oceur in such basins.

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

ORIGIN OF THHE ORE DEFPOSITS.

It is now commonly believed by geologists that the ore
deposits of the district were derived entirely from the country
rock, and mainly from the (Galena dolomite. The views here
get forth are in accord with those of Chamberlin and Bain.
There is no evidence that the ores or the ore-bearing solutions
were here brought up from great depths, as they were in many
metalliferous deposits elsewhere. In fact, it is doubtful whether
such solutions could have passed through the Decorah shale,
which underlies the dolomite. The ore-forming substances
might have come from above the present ore hodies, but they
could scarcely have heen carried down through the Maguoketa
shale, and if they were carried down over its eroded surface
they must have been deposited in Pleistocene time. More
probably, however, they were brought in solution from the
erystalline rocks that lay farther north and were precipitated
by some means, possibly by the agency of plants, in the Ordo-
vician and Silurian seas, as a part of rocks that were afterward
uplifted. The ore bodies as they exist to-day were derived
from these rocks and deposited by water that circulated in the
Ordovician rocks. The waters dissolved the minute particles
of the ore materials that were scattered through the rocks and
redeposited them in the main ore bodies at the base of the
GGalena dolomite and in the seattered particles of ore in the
upper part of this formation and in other formations. The
percentage of lead and zine in the country rock required to
form valuable ore deposits is very small indeed. I. M. Buell,
at the suggestion of T. C. Chamberlin, made an estimate of the
degree or amount of metallic impregnation of the rock that
would exist if the entire quantity of ore taken from the Potosi
distriet, in the Lancaster guadrangle (in Wisconsin, Towa, and
IMinois) were uniformly distributed through the adjacent rock.
In determining the limits of the district, a margin outside the
outermost crevices was allowed equal to half the average dis-
tance between the crevices—that .is, the outer crevice was sup-
posed to draw only as much ore-forming mineral from the
territory outside of it as from the territory between it and the
neighboring crevice. As the basin occupied by the district is
large this is a reasonable assumption. Furthermore, it was
assumed that, in the deposition of the ores, the rock had been
leached to a depth of only 100 feet, althongh probably twice
that amount of rock originally lay above the base of the
deposit. The estimate showed that the lead and zinc content
of the rock under this hypothesis would amount to 4 of 1
per cent of the mass of the rock.

[t has already been stated that many of the ore deposits
seem to lie in structural basins. These basins, or at least such
of them as oceur in the Galena dolomite, are floored with prac-
tically impervious layers—that is, by the oil rock and Decorah
shale—and aré now generally above the ground-water level. It
iz therefore thought by some investigators that these basins



have acted as channels for water that deseended to the imper-
vious tloors and then flowed down the pitching synelines form-
ing the basins. The disseminated deposits and those in the
lowest part of the flats and pitches suggest that the organie
matter found in the oil rock was among the agencies of the
precipitation of the metallic substances held in solution by
the circulating water, and that the volatile materials given off
from the oil rock may reasonably be supposed to have aided
materially in precipitating the ore in creviees higher up in the
formation.

There is evidence that the ore minerals are continually
migrating downward along the crevices to become arranged in
the horizontal zones already described. Sphalerite, which is
readily altered to smithsonite, is dissolved and carried down-
ward to be precipitated close to the water level as smithsonite,
or carried still farther down and reprecipitated as sphalerite.
(ialena is not so easily dissolved and does not travel downward
so rapidly. A large part of the galena lies close to the surface
and travels downward about as fast as the surface is lowered by
erosion. The lead ore that is dissolved and carried downward
is commonly reprecipitated near the level of ground water, and
this precipitation gives rise to the large erystals of galena that
line the veins in the upper part of the lower ore zone at many
places.

MINEE AND PRODUCTION.

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

The Elizabeth district is sharply defined, being separated
from other producing areas by a wide belt of barren territory.
Many of the mines in the distriet were a few years ago abandoned
but have since heen reopened.

Most of the mines are 100 to 200 feet deep, but the extreme
range in depth is 50 to 300 feet. The production of lead con-
centrates in 1914 was 640 -short tons, valued at $28,778, and
that of zine concentrates was 16,725 short tons, valued at
$520,012, The maximum production of lead was reached
between 1840 and 1850 and that of zine between 1900 and
1914. The total amount of the ore of each metal produced
is about 500,000 tons, the lead having been sold for about
#50,000,000 and the zine for about $10,000,000. The early
prices of zinc ore were very low and practically no ore was
mined hefore 1860. The relation of surface to underground
workings 18 well shown in figure 9, redrawn from a report of
the Illinois Geological Survey by G. H. Cox.

LECGEND
@ Deill holes
&= Old surfnce workings

3 Underground workings

0 108 200 ap0 400 Facr

) '
e E——

Section B—B Section ':--nC-

Frgurg 9.—Map showing the old surface workings and the extent of deep
mining at Vinegar Hill, 111., in September, 1910,
{Redrawn from Tllinois Gesl. Survey Bull, 21,%

The surface workings were in small ore pockets in the upper part of the Galena dolomite, The
deap mings are in ore at the base of the Galena, The shape of the ore body as determinad by
drilling and mining is shown in the cross sections below the map, which represent sections
along tha linea A-A, B-B, and C-C on tha map.

PROSPECTING.

The ranges and the distriets that in early days produced lead
or lead and zine in large quantities close to the surface are, other
things being equal, the most favorable locations for prospecting.
The chances are that a range which has borne considerable
quantities of rich ore in its upper part will bear large quan-
tities in its lower part, the main difference being that below
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the level of ground water there will be less lead, practically
no smithsonite, and probably more sphalerite. In prospect-
ing, however, only those areas should be selected in which
there is below the level of ground water a considerable thick-
ness of the Galena dolomite—that is, a considerable thickness
of rock that may carry ore—for the deposits are in most places
limited by the base of the (Galena and in practically all places
are limited by the oil rock. Tt should be added that a range or
a series of ranges or a district that lies in a synelinal basin is a
more favorable place for prospecting than one not so situated,

BEULFPHUR ORES.

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

BUILDING STONE.

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

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

CLAY.

The clays of these quadrangles, though widespread and of
excellent quality, have not yet been extensively utilized. Most
of those that have been used were derived from three sources—
(1) loess and alluvium, (2) residual clay, and (3) elays in the
Maquoketa shale, all being suitable for making ordinary bricks.
Alluvinm and sandy loess taken at low levels are used at
Dubuoque for making common building bricks, and such bricks
are also manufactured in a few small kilns in the Galena and
Elizabeth quadrangles, The demand for brick and other clay
products, however, is slight, for an abundant supply of ordi-
nary building stone is everywhere available.

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

Analysis of Maguoketa shale from Kdder, Towa.

[J. B. Weoms, analyst, Iown Gool. Survey Ann. Rept. for 1800, vol. 10, p. 606, 1000 ]

B b s ) e e et C- o Tl el [
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Aloming (ALO,______ . 2 16, 83
Caleiom oxide (CaO). ... ... 0. G
Magnesiom oxide (MgO) .. _______..... 4.8%
Potasginm oxide (K, 0y ____________ 8.70
Sodium oxide (NayD).cceees iivece recnmans e eees 410
Combined water______________________ Jegicea L Reat-l 4 TIEN 15, 76
Undetermined ____ S S L

100, ()

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

LIME.

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

SAND.

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

ROAD MATERIALS.

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

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

OIL: OR GAS ROCK.

The oil rock closely resembles the torbanite of Scotland,
central France, and New Bouth Wales. These foreign depos-
its are a source of certain illuminating gases—particularly of
gases desirable for train service and other uses requiring com-
pression — and of oil for enriching ordinary gas. Some
experiments intended to diseover whether the oil rock of the
upper Mississippi distriet can be used as a source of gas have
been made, but the work is not vet completed.

WATER RESOTRCES.
SPRINGS.

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

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

WELLS TO GROUND WATHR.

The position of the top of ground water in this area ranges
from the surface to a depth 10 feet helow the surface in the
valleys and reaches a depth of 100 feet or more on some of the
high interstream areas. At most places it lies =0 far below
the surface as to make the sinking of open dug wells inexpe-
dient, so that wells are generally sunk by the churn drill,
especially on the broad uplands. The Galena dolomite is
sufficiently porous to furnish adequate domestic supplies to
wells sunk a few feet below ground-water level. At some
places the water is “let out” of the rock through erevices, and
it is necessary to drvill beyond the ordinary depth. The water
of wells in the Galena iz somewhat hard but is of excellent
quality for domestic use.

DEEF WELLS.

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

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

The quality of the water is shown below:

Analyses of waler from deep welis in the Galena and Blizabeth
griadrangles.

[Parts par million.]
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80, . ) P A 1.1 ag ' m 13 425
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A. From 1,M00-foot well of J. M. Sharp, at Stockton, Jo Daviess County ;
collected Oet. 11, 18038, Water from sandetone.

E. From 100-foot well of B. W. Hicks, at Warren, Jo Daviess County;
eollected May 9, 1809, Water from limestone.

C. From 130-foot well of E. Hermon, at Woodbine, Jo Daviess County ;
eollected Apr. 2, 1000, Water from limestone,

v, From 137-foot well of B. Hermon, at Woodbine, Jo Daviess County;
collected Apr. 3, 1900, Water from limestone.

Analyses A-D by Illinois State Water Survey: K. W. Stark, analyst;
pablished in Illinois Univ. Bull., vol. §, No. 3, 1808,

E. Average of ten samples from Clinton County, Iowa, of which the
analvees ara published in U, 8. Geol. Survey Water-Supply Paper 293, 1912,



STREAMS AND WATER POWER.

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

S0IL.

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

That part of the soil of these quadrangles that was derived
from the formations which outcrop at the surface shows at any
locality a character corresponding to that of the underlying
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rock or deposit, though it may be modified somewhat by
surface wash.

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

The soil that lies upon the Maqguoketa shale is generally
very fine grained and uniform, though the Maquoketa contains
s0 much dolomite that the soil derived from it does not differ
greatly from the soil on the Galena and Niagara dolomites
except that it is rarely either reddish or deep black.

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

particles somewhat modified by weathering. It is compara-
tively open and porous and consists of very fine sand or silt
with which more or less clay is mixed.

The soil developed by the weathering of glacial till differs
from the soils described above prinecipally in being somewhat
gravelly. It is more compact than the soil in the loess areas,
and more heterogeneous in composition than the soil on the
hard rocks. It covers only small areas on the eastern and
western sides of the area.

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

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

December, 1914,

FOSSILS SHOWN IN PLATES XII AND XIII OF ILLUSTRATION SHEET.

FIGURER
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3. Tviptoceras lambi,

G, Plalystrophia biforala var,

7. Lingula d{owensis,

. Dalmanella

Prare XII.

coral.’?

view.

lites ** zone,

formation.

to-day.

shale,
ville limestone,

Prate XIII.

Cast of inside of shell,

A small nndetermined species.

Ventral valve,

A common but undeseribed species,
Imperfect pygidium of a trilobite,
A hisenit!! bryozoan.

Receptaculites owend,  The most characteristic fossil of Figure 1. Plewrolomaria depauperafa,
the Galena dolomite, This supposed sponge is radi- 2. Liospiva micula,
ate in structure and is popularly called “sunflower 3. Cleidophorus neglectus,
It i most commonly seen in the rock in 4, Cleidophorus neglectus,
section, as ghown in figure 2. Figure 1 is a surface 4. Crtenodonta obligua,
Two zones in the Galena formation, in which G, Zygospiva sp,?
these forms arve abundant, are known as the “upper 7. Dalmanella sp.? allied to D. testudinaria.
Receptaculites zone’™ and the “‘lower Receptacu- &, Orthoceras sp.?
9. Plectamboniles saxea.
From the npper part of the Galena 10, Platystrophic acutilirate var.
A few serments of a large cepbalopod 11. Orthis whitfieldi, Dorsal valve.
now extinet but related to the chambered pantilus of 12, Rhymcholrema capax.
13, Rhynchotrema perlamellosa.
minneapoliz (N, H. Winchell), Two 14. Hebertelln inseulpta. Tlorsal valve.
valves of large specimens abundant in the Decorah 15. Hebertella aff. H. oceidentalis,
Closely resemble D, subwquafa of the Platte- 16, Rafinesquina.
17. Isotelus n, sp.
From the upper thin beds 18. Monolrypa rvectimuralis.
of the Galena dolomite. The species occurs also in 19. Heferofrypa singularis,

the Maquoketa shale,
Characteristic of the
This is a more primitive brachiopod

uppermost
Galena beds,
than the others, as is indieated by its flatness, its
lack of plications, and its lack of an articulate hinge
between the valves of the shell,

A bryozoan.
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[LLINOIS-IOWA

GALENA AND ELIZABETH QUADRANGLES

U. S. GEOLOGICAL SURVEY JLLUE;-WI-:!}E-I‘IBH\'IS

GEORGE OTIS5 SMITH, DIRECTOR

PLATE IIL—SECTION OF GLACIAL DEPOSIT IN CUT ON CHICAGO, MILWAUKEE &
ST. PAUL RAILWAY MNEAR DELMAR JUNCTION, ILL., ABOUT 15 MILES
SOUTHWEST OF GALENA QUADRANGLE

i, Post-llhnoian loess |r.l_ Kansan t ¢, Aftonan sand and grave i, pre-Kansan t #, pre

Kansan sand, gravel, and silt Detailed section 1% given in the

PLaTE |- LOWERMOST THIN-BEDDED PART OF GALENA DOLOMITE AT BRIDGE OVER

SINSINAWA RIVER, WEST OF GALEMNA ILL PLATE IIl.-TYPICAL EXPOSURE OF GALENA DOLOMITE IN BLUFF OF APPLE RIVER NEAR

MILLVILLE, ILL.

The lower Receptaculites tone occurs in the lower rocks eaposed

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

PLaTe VI.-TYPICAL EXPOSURE OF THIN-BEDDED CHERTY MNIAGARA DOLOMITE, ON CREST OF
RIDGE JUST SOUTH OF ELIZABETH, ILL.

PLATE IV.—MOUND NEAR GALENA, ILL., CAPPED BY NIAGARA DOLOMITE.
Mear view of outcrop shown in Plate V.

Shows dis ntegration of the dolomite outcrops and the concave slope developed on the underiying Maguoketa
shale.

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

L=t

2k

PLATE IX.—LAKE PESCHAMG, AN OXBOW LAKE IN THE MISSISSIPPI BOTTOM
2 MILES NORTHWEST OF BLANDING, ILL.

Precipitous Mississipp bluffs in distance composed of Galena dalomite.

PLATE X, TERRAGE DEPOSIT NEAR MOUTH OF SINSINAWA RIVER, WEST OF GALENA, ILL.
Shows irregulanty of bedding and character of materia

PLATE YIIl.—SAND-DUNE TOPOGRAPHY 1 MILE NORTH OF BLANDING, ILL.

The sand dunes are old and covared with vegetation,

PLATE XI.—POSTGLACIAL GORGE OF APPLE RIVER FROM A POINT NEAR MILLVILLE, ILL. PLaTeE XIl.—TYPICAL FOSSILS FROM GALEMA DOLOMITE AMD DECORAH SHALE. PLAaTE XIIl.—TYPICAL FOSSILS FROM THE MAQUOKETA FORMATION.
View look ng south wiEsiward. Matural size. The spongelike fossil (f 40 I and 2) is common throughout the Galena dolomite, Matural saze F gures | o B show the more common species in the conglomeratic ““lamellibranch rone  at the
Figures 3, 6, and 7 show brachiopods characteristic of the uppermost thin-bedded layers basa of the Maguoketa shale. Figures 2 to 19 show forms from the upper part of the Maquoketa shale.
of the Galena dolomite. Figures 4 and 3 represent a brachiopod commonly found in the List of fossils is given at end of text (p. 13)

Decorah shale List of fossils is gpiven at end of text (p. 13)



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 deposited during a period are
grouped together into a system. The principal divisions of a
system are called series.  Any aggregate of formations less
than a series is 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 disturbance, however, the beds have
been 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 jfossils, 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 fossiliferons. 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 deposited. 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 characteristic 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 fossiliferous 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 loeal histories into a general earth history.

[t is in many places difficult or imnossible 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 metamorphic rocks were formed from the original masses
may be shown by their relations to adjacent formations of
known age; but the age recorded on the map is that of the
original masses and not that of their metamorphism.

Symbols, colors, and patterns—Fach formation is 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. at-
terns of triangles and rhombs are used for igneous formations.
Metamorphic rocks of unknown origin are represented by
ghort dashes irregularly placed ; if the rock is schist the dashes
may be arranged 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, colors are used to indicate age, a
particular color being assigned to each system.

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

The names of the systems and of series that have been given
distinetive names, in order from voungest to oldest, with the
color and symbol assigned to each system, are given in the
gubjoined table.

Symbols and colors assigned to the rock systems.

| . Sym-| Color for sedi-
Systom. ! Saries. | Bol, | mentary rocks,
!I'RL il e B | : 3 2
QUEALEFTATY ... ccunscmnnnnnssnsssnanmunes i 11t:‘1i:w"mm e "-i Q Brownish yellow.
¥ | Pliomana. ... %
Cenozola Miocone |l -
TertaTY <. n mee e e """""""""'-!|flll#m.'ene-. ErfileT Tellow ocher,
| | Eocena ... =)
(T O L i e et | i e ' e f i I Olive-groemn,
Mesorole « Jurassie. ... e N | Flusgreen.,
Trimssie ... e e | & | Pencock-hlue,
Permian ...... | |
Corbonilerpms. ... ...coevamnnn s 1 1};1;"11:\.5 nnian ¢ | C | Blue.
Paleomole { Devonidn - ..qqcoxcamnnnns ] | Blue-gray.
BIIOTIAD - . cocvnnnn 5 Hlue-parpie,
Ordovicial ...... O | Red-purple.
Cambrian ....... € | brick-red.
Alprakian. ... s i s i | S e i i = [ W e DO TR
P Ty TR B R R LT |eemesasssnannasssna A | Grony-brow.

SURFACE FORMS.

Hills, valleys, and all other surface forms have been produced
by geologic processes.  For example, most valleys are the result
of erosion by the streams that flow through them (see fig. 1),
and the alluvial plains hordering many streams were built up
by the streams; waves cut sea cliffis 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 connected 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 (ridges 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 class belong abandoned river channels, glacial furrows,
and peneplains.  In the making of a stream terrace an alluvial
pluin is first built and afterward lHl]‘I]:!." eroded away., The
shaping of a marine 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 streams
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 =en
level, and the sea is therefore ealled the base-level of erosion.
Lakes or large rivers may determine local hase-levels for certain
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 called a peneplain. 1If 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 ascer-
tain the meaning of any color or pattern and itz letter symbol
the reader should look for that color, pattern, and symbol in
the legend, 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
noted; then the areas on the map corresponding in color and
pattern may be traced 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 crystalline of unknown
origin—and within each group they are placed in the order
of age, so far as known, the youngest at the top.

Lieonomic 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
termed the cconomic geology map. The formations that appear
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
location of each mine or quarry and is accompanied by the
name of the principal mineral mined or stone quarried. If
there are important 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 eliffs, canyons, shafts, and other
natural and artificial cuttings the relations of different beds to
one another may be seen. Any cntting that exhibits those
relations is ecalled a secfion, and the same term is applied to a
diagram representing the relations. The arrangement of rocks
in the earth iz the earth’s sfruecfure, and a section exhibiting
this arrangement is called a struclure section.

The geologist is not limited, however, to natural and arti-
ficial cuttings 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. Buch a section is illustrated in figure 2.

Fravre 2. —8ketch showing o vertical section at the front and a landscape
beyond.

The figure represents a landscape which is cut off sharply
in the gforeground 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,
Thege patterns admit of much variation, but those shown in
figure 3 are used to represent the commoner kinds of rock.

Sandatones and con- Calearsous sandstones,

Bhaly sandstones.
glomarates,

Massive and bedded Igneouns rocks.

FiraUrE 8. —Symbols used in seetions to represent different kinds of rocks.

The platean 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
glopes. 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 caleareous
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 ean be observed. Thus their positions
underground can be inferred. The direction of the intersec-
tion of a bed with a horizontal plane is ealled the strike. 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 troughs and arches,
such as are seen in figure 2. The arches ave called anticlinies
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 forces
have from time to time cansed the earth’s surfice 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.

Fraune 4. —Ideal sections of strata, showing (a) normal faults and (b) a
thrust or recerse fault.

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 ean not be inferred.
Hence that portion of the section delineates what is probably
true but is not known by observation or by well-founded
inference. :

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 eartl’s mass has
been uplifted. The strata of this set are parallel, a relation
which iz called eonformable.

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

The horizontal strata of the plateau rest upon the upturned,
eroded edgzes 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 accumulation of the younger beds.
'l‘llﬂ }'ﬂlli]:_._"’[_"[‘ l'f}E'kE are '!-I'-H{.'I'J.I'l"fl"_.l'.i'.l‘ﬂl'.fr!?.ﬂrﬂ to “]l:,'! l:ll].l:[ﬁt', i“l{] t]le
surface of contact is an wnesnformly.

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. But the pressure and intrusion of igneous
rocks have not affected the overlying strata of the second 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
intervil 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
fizure is related to the landscape. The profile of the surface
in the section corresponds to the actual slopes of the ground
along the seetion line, and the depth from the surface of any
mineral-producing or water-bearing stratum that appears in
the section may be measured by using the scale of the map.

Colwmnayr section.—The geologie maps are usually accom-
panied by a columnar secfion, 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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BTl Danilla v o B e e Illincis-Indiana 5 ll168 | Jamestown-Tower . ... .. Morth Dakota . . .. . . ... B
BB s| e Walsenbunebas s . s e s GOlDrRd 0 W e 5 1169 | Watkins Glen-Catatonk ... | Mew York . . . . .. .. 5
69 [ Huntington . .. ....... West Virginia-Ohio . . . . . . 5 1170 | Mercersburg-Chambersburg . | Fennsylvania . ... ... . 5
o o Waehingtan s -z « 2 a e | DECENaMd S O, S 1121 | Engineer Mountain. . .. .. e T [ e R SR R - 5]
171 | SpanishPeaks ........ e s [ i gl I 172 Warren. . ... SRR R Pennsylvania-New York . . 5
Bl Gharlagton - . o ok . s s West Virginia . . .. ..... |123 | Laramie-Sherman . ... .. WRODOE™ ool i 5
TTET Cops Bamss. Sl sy ETREON . s e 174 | Johnstown ... ... ..... FPepnsylvania . . . ... ... B
T ] CoRlgAEE . & a e e s e oo [ OEIARGATDAE). . 5 %7175 | Birmingham . ....... L WL T e LS s 5
76 | Maynardville . ........ TENOEssas . . - . . -« v - o . 5 I Fe S S emricklay . - A R Ponngylvania .. . .. oves 5
R L A s, R e SR Texas R 5 %1177 | Burgettstown-Carnegie ... | Pennsylvania ......... 5}
Frae Balalotli g A e A - West Virginia . . . ... ... 5 l128 | Foxburg-Clarion ....... Fennsylvania . .. ... . e 5
T T g e T o e B Georgia~-Alabama . . . . . . . B 1179 | Pawpaw-Hancock ... ... Md.-W. Va-Pa . ... ... 5
i L ol e R R e TR S Oklahoma (Ind. T.) . . . . . . 5 I IE0 - Glayayills % . . ot oS0, » Pennsylvania . ........ g
0| ST orfolle - ey e e T e T Virginia-Morth Carclina . . . B | = 0 (=5 W A R Morth Dakota . . . ... ... 5
TEUALC BhloRgo, u b v o Ak & llinois-Indiana .., ..... . 182 | Choptank . .......... Al T A R ¢ 5
182 | Masontown-Uniontown Pennsylvania . ........ [|183 | Llano-Burnet . . .. ..... Texas LR - 5
185 | Mew YorkGity . ....... Mew York-New Jersey [REBE S BLONE ©. ) . e Rk Ey-W. Va.-Ohio . ...... 5
Bt | DIneTE s s L TR LT i Sk - e el M B §186 | Murphysboro-Herrin . . ... | Illimois . . ... ........ 25
85 | JOelrohs’ . . . o oL | South Dakota-Nebraska . . . 5 ETRE I EDIEREDa s » i s L s COINTHOON ot . . i = 5
86 | Elensburg...........| Washington . ......... 5 Saore | RN S T L R, oIy, B-Tenn . .~ . s 25
87 | Camp Glarke. ... ... sy 2| Mebhraskagetart . s : 5 §188 | Tallula-Springfield . . . . .. T S T s 25
88 | ScottsBluff . . . .. ... .. Hebraglowr s i . .o 5 ff 189 | Barnesboro-Patton. ... .. Pennsylvania . . ....... o8
B2 | PortOrford . ......... (BT 7o e = o T S 8 £190 | Niagara O AR AN .0 | T A PNy 50
80 | Cranberry . . . s v voa s Morth Carolina-Tennessee . . 5 Zi e IS Earitan <hes S S e e Maw Jarsey . . . v vs v« 25
91 EATELIa 0 oot v n e o ks Wohaing . = 2. 5 192 | Bastpork . . . .. ... .... Majneg . .2 . n e 95
Sl GRInEE™ ., s L | Pennsylvania-MNew York. . . 5 2195 | San Framcisco ........ (LA T M, & e i
9% | Elkland-Tioga . ... .. ... | Pennsylvania . . ... .. .. 5 TUfs R IR - D R R T R | 1 TR o 25
194 | Brownsvilla-Connellsville . . | Pennsylvania . ........ || 195 | Belleville-Breese ...... | lllinois ............. 98
BB | Columbise.: Tena Rt | Tennesses . ... ....v . 5 | 196 | Philipeburg " .. . 0. 5. . .. BOOERNA S e i R 25
DGR LA TIVEtE st R L B . South | B e I 5 | 6197 5| S halxmbie: ..k . - o Ohige:, T a1 S RS NEE 25
6T | A AT IR 5 S b o e A | SouthDakota ... ....... 5 i1 adeas i BaetleiRonk e . S e gl Beloradott L L 25
98 | Tishomingo . ... ...... | Oklahoma(Ind.T.). ..... sl | 189 | BilwerdBiby.. oL Lt oL MNew Mexico Lo L2 25 |
ol | URTTEAEI L e b R 0. | SouthDakota ......... 5 | =200 | Galena-Elizabeth ....... | Ilinois-lowa.......... 25 |
100 | Alexandria. . ......... R VT IR, 2 e v o B | $201 | Minneapolis-St. Paul . . . . . Mmnesota . .......... a5
TO1 S e Toia Sfeie o o o i | Galifornia .......... |ieet8 I |

* Ordar by number.

4 Payment must be made by money order or in cash.

t These folios are out of stock.
® Thea texts and economic-geology maps of the Placerville, Sacramento, and Jackson folios,
which ars out of stock, have been reprinted and published as a single folio (Folio reprint Nos. 5, 6,

and 11), the price of which is $1.

FOLIOS

| Octavo editions of thesa folios may be had at same price.
% Octavo editions only of these folios are in stock,

£ These faolios are alss published in octave form at 50 cents sach, except No. 193,
which is 75 cents.

Owing to a fire in the Geological Survey bullding the folios in stock were slightly damaged, but those that were saved are usable and will basold at 5 cents each. They ars priced accord-
ingly in the list above. Circulars showing the location of the area covered by any of the above folios, as well as information concerning topographic maps and other publications of the Geological

Survey, may be had on application to the Director, United States Geological Survey. Washington, D. C.
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