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GEOLOGY OF MISSOURI 

PREF,-\CE 

ln recent years 111qu1r1es concerning the geology of Missouri have 
come to the geological department of the University of Missouri in con-
stantly increasing numbers. In replying to these inquiries it has become 
evident that a bulletin outlining the main facts of the geology of the 
state in such a way as to be intelligible to the general reader would be 
of service to the people, and it is the writer's hope that he is supplying 
this service. Three classes of readers have needs that have been espe -
cially considered during the writing; those interested in the development 
of mineral resources; students, who should know the geology o [ Mis-
souri as they know its geography and history; and geologists who want 
to know the general facts of our geology but can get at th em only after 
laborious search through the literature. The language used is nontech-
nical in so far as possible to make it so without sacrificing scientific ac-
curacy. For the benefit of those unfamiliar with the 5ubject a brief 
outline of geological principles is given. 

The greater part of the work wa s compil ed from all available 
sources of information, but th e parts on tung sten, nickel, cobalt, si lver 
and barite were written by my colleague, Dr. W. A. Tarr, and are 
largely from his personal observations, and the part on oi l and gas is 
based on the observations of the writer. 

The maps showing the distribution of the various formation s were 
made from the geologic maps published by the State Bureau of Geology 
and Mines and from the personal knowledge of the writer and of Mr. 
D. K. Greger, who has worked on the yarious formations of the state 
for some twenty years . They are generalized and it will not be possible 
to make them accurate until a great deal of detailed mapping has been 
done. The paleontologic part is largely from the observations of Mr. 
G, eger and the writer. 

The li st of references given at the end of each chapter is by no 
means exhau stive but includes the more significant articles on the sub-
jects treated. The larger part of the published data for the bulletin has 
been gathered from the reports of the Missouri geological surveys and 
the reports of the present State Bureau of Geology and Mines. Many 
reports of the United States Geological Survey treat largely or entirely 
of Missouri, and hundreds of articles in scientific journals have for 
their subjects some phase of Missouri geology. The State Bureau of 
Geology and M ines at Rolla, Missouri, and the Department of Geology 
of thr University of iVIissouri are at the service of the peop le of the 
state and furnish information on details of geology wherever they are 
able to do so. 
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GEOLOGY OF MISSOURI 

PART I 

CHAPTER I 

AN OUTLINE OF GEOLOGIC PRINCIPLES 

It is not the purpose of this chapter to attempt to explain various 
geologic phenomena, but rather to state some generally accepted fact s 
and to fnrnish .the reader with references that contain more detailed in-
formation. 

Geology is a science that deals with the history of the earth and its 
inhabitants. It considers the materials that make up the earth and the 
arrangement of these materials; the modification of the earth's sur-
face and the earth's interior by various forces; the formation and de-
struction of rocks; various changes of areas of land and seas; the in-
troduction of life, and the evolution of life from that introduction to 
the present. 

As the materials treated are extensive and widely varied many di-
visions of the science have gained recognition. Mineralogy, petrology, 
economic geology, physiography, paleontology, historical geology, and 
astronomical geology are some of the more important. Mineralogy 
deals with minerals; petrology with rocks; economic geology with the 
mineral deposits of economic value; physiography with land forms and 
their modifications; paleontology with the past life of the earth; astro-
nomic geology with the relation of the earth to other heavenly bodies. 
The above list is not complete but covers the main parts. Meteorology 
is inciuded under geology by some writers but seems more properly to 
belong to geography. The branches listed may be grouped into physical 
geology, which includes mineralogy, petrology, economic geology, physi-
ography, and astronomic geology, and historical geology, which makes 
use of the data of physical geology and deals with earth history and life 
history. 

The processes that are now going on fnrnish the key for the study 
and interpretation of geologic history. The geologist observes that 
streams carry sands and muds and deposit them in layers, and concludes 
that old rocks of the same composition and structure were formed in 
much the same way. He observes water causing ripples in the sand, 
finds that such ripples are formed only in rather shallow water, and 
concludes that the same sort of markings on old rocks were formed in 
the same way in relatively shallow water. He notes that streams are 
continually carrying materials, which they remove from the sides and 
bottoms of their valleys, and concludes that given time enough streams 
would form the valleys in which they run. 

(11) 



12 THE GEOLOGY OF MISSOURI 

ELEMENTS 

The parts of the earth, rock, water, and air, are composed of chemi-
cal elements existing singly or in combinations with other elements. An 
element is a form of matter that can not be changed to two or more 
forms by any known chemical means. More than eighty elements are 
recognized and they constitute all of the matter of the universe. Though 
so many elements are known, the eight listed below make up some 98% 
of the mass of the earth. 

Oxygen 
Silicon 
Aluminum .. . . .... . . . . 
Iron, .. 

47.07 
28.06 

7.9 
4.43 

Calcium . . . . . . . . . . . . . . . . . 3.44 
Magnesium 
Sodium .. . .. 
Potassium 

2.4 
2.43 
2.45 

Hydrogen, sulphur, carbon, titainium, barium, manganese, phosphorous, 
and chlorine are important but their combined mass is less than half 
that of potassium. Oxygen is present in air and water and makes up 
nearly half of most minerals and rocks. Silicon, aluminum, and oxy-
gen are the main constituents of clays and muds; calcium, carbon, and 
oxygen make up the greater part of limestones; silicon and oxygen are 
the main elements in sandstone; carbon, associated with other elements 
as impurities, constitutes coal. 

Many elements that a re of great importance to man do not make 
up as much as 1/100 of 1 per cent of the earth's crust. Copper, lead, 
zinc, silver, and gold are so small in amount in proportion to the total 
that their percentage is not even estimated. 

MINERALS 

Most of the rocks of the earth are made up of minerals, and most 
minerals are compounds of two or more of the elements, but some ele-
ments, as copper, gold, and silver, occur in nature uncombined with 
other elements, and constitute minerals. A mineral is an inorganic sub-
stance occuring in nature, having a definite chemical compos1hon 
and, if formed under favorable circumstances, having crystalline form. 
Qnartz is one of the commonest minerals and consists of silicon and 
oxygen. Calcite, a common mineral which makes up most of the lime-
stones, consists of calcium, carbon, and oxygen. Galena, the main lead 
ore of Missouri, consists of lead and sulphur. The commonest minerals 
in Missouri, together with some of the properties and uses of these 
minerals are given in a table on pages 159-163. 

"The Data of Geochemistry", by F. W . Clarke, Bulletin 616 of the United 
States Geological Survey, is an extensive treatise on geological chemistry and may 
be obtained free by applying to the director of the Survey at ·washington, D. C. 



IGNEOUS AND SEDIMENTARY ROCKS 13 

ROCKS 

The geologist has to deal primarily with rocks, and he consider5 
rock as any part of the earth, whether the material be loose or firmly 
consolidated. The three main classes of rocks, igneous, sedimentary, and 
metamorphic, are dependent for their classification upon the way in 
which they originated. 

I gneoits Rocks 

Igneous rocks originated by the consolidation of lavas. They are 
glassy, stony, finely crystalline, or coarsely crystalline, depending on 
whether they cool rapidly or slowly. Granite is one of the commonest 
of igneous rocks and is made up of crystals large enough to be easily 
made out with the naked eye. Quartz and feldspar are the main min-
erals composing granites, but micas, hornblende, and many other min-
erals may occur in minor amounts. Porphyries are igneous rocks which 
contain large crystals in a ground mass of smaller crystals or crystals of 
any size in a non-crystalline ground mass. Granites and porphyries oc-
cur in Southeastern Missouri, and a dark-colored, finely-crystalline igne-
ous rock penetrates them in narrow bands or dikes. Basalt is a general 
name for such dark-colored, finely-crystalline rocks, but most of the 
basalts of Southeastern Missouri are called diabase in technical classifi-
cation. Many other kinds of igneous rocks are known ( See page 164) 
but the three mentioned are the only ones that occur in place in Missouri 
though boulders of other kinds are scattered over the northern part of 
the state. 

Sedimentary Rocks 

Most sedimentary rocks are composed of particles derived, mainly, 
from the breaking up of other rocks, though some are made of mate-
rials furnished by organisms or dissolved from other rocks. The rock 
fragments range in size from large boulders to pieces too small to be 
distinguished under the microscope, but sands, clays or muds, and lime 
arc' the most important. Sand grains range from the size of garden peas 
to smaller than the fine grains of granulated sugar and are usually 
m;;de of quartz. Clay and mud particles are so fine as to retain no 

· gritty feel. though sand mixed with them furnishes grit. Lime is gen-
erally carried in solution and is deposited on the evaporation of the 
w~.ters which carry it, or by organisms removing it to make shells and 
other hard parts. P articles larger than peas make up rock masses of 
scientific importance but of relatively small amounts. 

The sediments are carried away and redeposited by· winds, waters, 
glaciers, and organisms, and each of these agents makes rocks which 
indicate their origin by various details of structure and composition. 

Stream deposits.-Most of the sedimentary rocks were formed of 
materials transported by water. Moving water carries the materials, 
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sorts them, and deposits them in layers, and because they are in layers 
the rocks are said to be stratified. Nearly all. of the rocks of Missouri 
are of this type, excepting the igneous rocks in the southeastern part of 
the state, and most of them were formed in shallow seas. Running 
water may deposit materials on land, in stream valleys, in lake basins, 
and in the sea, but deposits in large bodies of water are of greatest ex-
tent and thickness. Streams, entering still water, deposit the sands first, 
because they sink to the bottom much more rapidly than the finer ma-
terials, and carry the clays farther from land and spread them over 
wide areas. The sands are separated from the clays and both form in 
nearly horizontal beds. 

Glacial wind and organic deposits.-Glaciers carry materials and de-
posit them in a mixed-up mass of boulders, gravels, sands, and clays. 
Many of the boulders have flattened, scratched faces and are almost 
angular. Most of the deposits are not stratified. Winds carry dust 
and sand and form extensive deposits, which are not well stratified. 
Organisms form limestones, coals, and some deposits of silica. Materials 
carried in solution by streams are constantly added to the supply in 
the sea waters and have caused them to become highly charged with 
mineral matter. Lime is the main material carried in solution by 
streams, but sea animals use it in building their shells and thus keep 
down the amount in the ocean. The animals die and the shells fall to 
the bottom and accumulate in deposits that finally form limestone. Some 
pl;;nts use lime in forming hard parts and help in limestone accumula-
tions. 

Chemical p1-ecipitates.-If animals and plants ceased to remove lime 
from sea waters, the streams, working at their present rate, would bring 
in enough lime to saturate the sea waters in about 65,000 years. Great 
amounts of limestone seem to have been precipitated from solution iu 
past geologic history. Salt and gypsum are deposited from solution by 
inland seas drying up and the salt and gypsum in the water precipitat-
ing out. 

Consolidation or sedinients.-After sediments are deposited they 
change from loose to solid rock by the particles being cemented to-
gether by lime, iron, silica, or other materials deposited from solution 
by ground water, and by compression from the weight of overlying 
sediments. Clays become shales, sands become sandstones, shell beds 
become limestones, and gravel and boulder beds become conglomerates. 

Metamorphic Rocks 

Igneous and sedimentary rocks may change their characters if they 
are subjected to great heat or great lateral pressure or to a combination 
of these. The presence of large amounts of water also aids changes. 
Shales changes to slates and finally to crystalline rocks called schists; 
granites, crushed into layers, recrystallize, and form gneisses ; limestones 
become compact and crystalline and are called marbles; sandstones are 
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re-cemented to form quartzites. Quartzites differ from other sandstones 
in having their grains cemented together with silica rather than with 
some other substance, but many of them are not metamorphic but had 
the silica as the original cementing material. 

EROSION 

Erosion includes all activities that break up rocks and move them 
from place to place. The main processes of erosion are weathering, 
transportation, and corrasion. Weathering is the breaking up of rocks 
by any means excepting frictional wear; transportation includes the re-
moval and deposition of the weathered rocks ; corrasion is the abrading 
o, removing of rocks by friction. In this bulletin weathering is treated 
separately but the other parts of erosion are taken up where th eir main 
agents are discussed. 

Fie. 1-Conta,t of residu al mantle rock and solid rock. The upper part 
of the figure represents rock that has weathered and has not been 
carried away by some transporting agent. 

Weathering, or Breaking Up of Rocks 

Solid rocks, such as granites anJ sandstones, appear to be un-
changeable under ordinary conditions, especially when they occur in 
very large masses, and this has led to the r,hrase, "the unchangeable 
hill s." But careful observation shows that even the granites are under-
going changes. Discoloration appears on the surface as a result of slight 
chemical change, water and oxygen unite with rnrre of the iron in the 
rock, and the surface becomes ru sty. Rust is loose material, easily re-
moved, and tends to cause the granite to break up into smaller piece5. 
Water freezing and thawing in the cracks in the granites tend s tr- dis-
rupt them. Many chemical and physical changes take place, aud the 
final result is the crumbling of the granite to a powdery mass, ready to 
be carried away by the winds and waters that move over it. The feld-
spar minerals are important constituents of granite and one of the feld-
spars contains lime, aluminum, silicon, and oxygen. \Nith chemical de-
composition the aluminum, silicon, and oxygen separate from the lime. 
The lime is carried away in solution by streams, and some of the rest of 
the material becomes clay. The quartz grains of granites are left loose 
by the crumbling of the feldspar. In some regions thousands of feet of 
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granites have crumbled and furnished lime, clay, and sand to the 
streams. All other rocks are crumbling on exposure to the weather, 
some rather rapidly and others very slowly. Thi s breaking up of rocks 
is called weathering. 

Wark of Streams 

In most regions the main features of the earth's surface are either valleys 
or hill~ between the valleys, and in every valley a stream flows during 
some part of the year. It is a well-established fact that the streams 
have made the valleys in which they flow and therefore that the main sur-

FrG. 2-Contact of transported man.tie rock and solid rock. This repre-
sents a clear-cut contact between materials that have been transport-
ed and the rocks on which they were deposited. The contact is 
one of unconformity. 

face features of the earth are due to the action of streams. The Mis-
sissippi River carries to the Gulf of Mexico every year three times as 
much material as was removed in the excavation of the Panama Canal. 
This material, if spread over the entire area of the Mississippi Valley, 
would make a layer about 1/5000 of .a foot in thickness. The Mississippi 
River and its tributaries are lowering its basin at the rate of 1/5000 of 
a foot a year, or one foot in 5,000 years. The materials so removed are 
the ones that are forming the new sand stones, shales, and limestones in 
the sea basins. Streams may continue to cut down and carry away the 
rocks of the land until the surface has only very gentle slopes and 
these toward the streams. When a region is thus reduced it is said to 
be baseleveled, and the topography is old . Though streams are the most 
effective agent in sculpturing the surface of the earth, other agencies 
have supplemented or modified the stream work. 

Work of Glaciers 

In some of the mountains of Wyoming, Colorado, Montana, Wash-
ington, Oregon, and California masses of ice occupy the high valleys 
and are in constant but slow motion. Such masses are called glaciers 
and form only in high mountains in the latitude of Missouri, but in high 
1atitu,les thick ice sheets cover some very large areas at low elevations. 
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G1 eenland is cove red by an ice sheet that moves outward in all direc-
tions from the middle. Ice sheet s like that of Greenland are known as 
continental glaciers, while those in the mountains are called valley gla-
C1ers. 

Valley glacier s and the Greenland glacier deposit materials at their 
edges and beneath them. They do not sort the coarser and finer ma-
teriaL as the streams sort them but deposit them mixed up together, and 
some of the deposits contain boulders weighing hundreds of tons. Many 
boulders in glacial deposits have flattened su r faces which are scratched 
.and gouged. The scratches were formed by the boulders having been 
rnL,bed over the underlying rock surfaces or against one another. As 
gi::icicrs move over the bed rocks they scratch, scour, and polish them. 

FIG. 3-Glacial deposits on a scoured surface. Note the mixture of 
coarse and fine materials. 

Valley glaciers make their valleys U-shaped in passing through them, 
while narrow valleys formed by streams are V-shaped. Glaciers scour 
out great amphitheatr e-like depressions, open at one side, near the tops 
of mountains and develop the ruggedest of mountain topography. 

\ i\lhere glacier s move over rough surfaces they scour off the rough-
er angles and fill up the deeper depressions, but where they move over 
level areas they are likely to leave deposits of different depths and thus 
make the region rougher than it was before. 

At the end s and sides of glacier s thick depo sits of boulders, gravel, 
sand, and clay accumulate, and a fter the glaciers melt back these de-
posits are left as ridges or belts of ridges. Many deep narrow depres-
sions occur among the ridges and these become lakes after the ice re-
treats. Great numbers of lakes, irregularly distributed, are characteristic 
of regions that have been covered by continental glaciers. The lake ba-
sins of Michigan, Minnesota, Wisconsin, New York, and Canada origi-
nated from glaciation. 

As continental glaciers pass over regions they partially fill valleys 
aud fo rce streams to take new courses. After the glaciers retreat the 
st reams retain their new courses, and parts of wide old valleys are 
sometimes left without streams, and some streams have wide valleys in 

,some places and very narrow ones in others. 
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Work of Ground Water 

·when rain falls on the surface of the earth it either runs off, sinks 
into the ground, or is re-evaporated into the atmosphere. That whic_h 
runs into the groun<l penetrates first the loose materials at the surface 
and then the porous, solid rocks. Son;e solid rocks have more than 30 
per cent pore space, and a cubic foot will contain more than two gal-
lor.s c,f water. Nearly all of the rocks from a few feet below the sur-
face to more than two miles down in the earth are saturated with water, 
and this water is in slow motion. The top of the saturated zone is 
called the ground water level or table. Shallow wells tap the surface 
of the zone of water-filled rocks, and deep wells may penetrate to waters 
that .:re under pressure. These waters moving slowly through the rocks 
dissolve out some kinds of materials, and if they emerge they furnish 
dissolved materials to streams, which finally furni sh them to the oceans. 
Tlte Mississippi River carries 2lout or;e-third as much material in solu-
tion as in suspension, and is lowering its basin alout one foot every 
15.0C0 years by solution work. In limestone areas solution is sometimes 
concentrated in cracks and the cracks enlarge to form caves and under-
ground channels for w·ater. Most of the caves of the world were formed 
in this way. As the materials are ren:ond from the caves by solution, 
waters trickling in from the roof n'a>· rec!erosit other substances, form-
ing t!1e familiar stalactytes ancl stalagmites . In some cases caves are 
entirely filled with such rraterials. 11 (' tcp of ca\es n-ay fall in and 
lea,·e openings to the surface. l\fan, 0 '•.-k hok o- arc formed oy such 
cavinµ-, but others are forrnd c'ircctly : : · cit ticn of the limestones. 

/,Fork of Winds 

\,\ ' inds pick up loose n:aterials ;:re: tr; 1·s ort them from one place 
to another. Deserts are part ,ally en --~cl , ith sand dunes, many coasts 
have 1.elts of dL,nes sever;d 1 ics ,_;, , , ,u: l;i;g-e stream valleys may 
furni ~h sands for dune fer ,,__. /._.,,,, as River has carried 
sands irom tl:c l ccky M ct 1 t : i1 ; 1 c' , r re; cl them over its flood plain 
in Kansas, and , 0. incls have 1 · , ,' tl, c:.•. r:ds in forming numerous dunes 
along the river. I .round ti,. , cnh n ' u :d ;•nd along the east side of 
Lake ~Iichigan large sane! 1 -, e accumubted. Winds have de-
posited dust widely over ti c ·, t l;, ti, cly sn- coth regions, and these dusts 
ar~ not infrequ ently the -oil s, thol!gh they have not modified 
topography to any apprecia, le- , tcPt. Dust deposits, called loess, occur 
along the Mississippi River :nrl its tributaries in Nebraska, Kansas, 
Iowa, and 1Ii55omi, and .ilcr,g the Mississippi and its tributaries in Illi-
nois, Iowa, Missouri, Tenncs 0 ee, Arkansas, and Alabama. Loess de-
posits range up to EO feet in tl1ickness but in most areas are 2 feet to 
20 feet thick. 



FrG. 4-Sink holes south of Stolle, Ill. 
holes are particularJj, well developed on 
Surv., Bull. 438.) 

Sink holes of this type occur at various places m Missouri. Sink 
the St. Louis limestone southwest of St. Louis. (From U. S. Geo!. 
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Work of Lakes and Seas 

Lakes and seas take part in modifying the form of the surface of 
the earth, mainly by their waves wearing back into the land and shifting 
materials into the deeper waters. They form settling basins in which 

FIG. 5-Ripple marks in St. Peter sandstone. 

the main sedimentary rocks are formed. They modify climate and thus 
influence the inhabitants of the lands. Lake basins furnish wide areas 
in which flood waters may spread out, and as a consequence rivers with 
large lakes along their courses are not subject to destructive floods. 
The St. Lawrence River is an example of lake-controlled flood waters. 

STRUCTURES CHARACTERISTIC OF SEDIMENTARY ROCKS 

The stratification of sedimentary rocks has been discussed in an-
other place, but several other structures are as characteristic of such 
rocks as the stratification. 

Ripple marks.-The surfaces of many layers of sandstone and of 
some limestones show ripple marks like those that are formed in shal-
low water that is slightly disturbed. Ripple marks are formed in sand 
by the action of the wind but when formed in that way they seem rarely 
to be preserved. 
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JYlud cracks.-Clays and sands that are exposed to the air before 
consolidation become cracked in various directions on account of shrink-
age due to drying. It often happens that winds or waters shift materials 
into the open cracks and that the sediments themselves and the filling 
in the cracks are of different substances or are different in structure. 
When these materials harden into rocks the filled cracks remain as dis-
tinctive structures in the solid rock. Such cracks indicate that the sedi-
ments were above water during part of the time of their formation . 

FIG l:r---Mud cracks in the deposits of the flood plain of the Missouri 
River. (Photo by W. A. Tarr.) 

Footprints and raindrop impressions.-Animals walking over ex-
posed mud flats leav<:' t,acks which usually are destroyed, but sometimes 
become filled with a material that preserves the form of the track. All of 
the muds solidify and the fossil tracks may show up distinctly when the 
ro-:k is broken open millions of years after its formation. Where rain 
drops fall on expost"d mud flats they make impressions in the mud 
which are sometimes preserved in the solid rock. 

Crossbeddin_g.-While sediments are being deposited in shallow 
water currents may shift them about so that the layers lie with different 
angles to the regular bedding planes, and a structure known as cross-
bedding results. Crossbedding, scarcely distinguishable from that form-
ed in water, is formed in sand dunes. 

Fossils.-The presence of fossils in sedimentary rocks is discussed 
on page 34. 

Concretions.--Rather symmetrical masses of material foreign to the 
surrounding rocks are common in some sedimentary rocks. On break-
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ing one of these foreign bodies open it is found to consist of concentric 
layers about some central nucleus. These structures are known as con-
cretions and may consist of iron, lime, chert, and other substances. The 
commonest concretions in Missouri rocks are chert in limestone. Lime 
concretions are common in the loess, and iron concretions in shales. 

FIG. 6a-Limited mud crack filling adhering to a lower sandstone, Rolla, 
Mo. Courtesy of the Missouri Bureau of Geology and Mines. 

Numerous varieties of shape result from shapes of nuclei. Deposition 
about a long slender object forms long slender concretions that are often 
called fossil snakes by those who have no knowledge of geology. 
Spheres, flattened discs, compound forms of curious shapes, some re-
sembling compound potatoes and others mannikins, a re common. One 
flat type that has been affected by numerous cracks which have been 
refilled by deposition from solution is often called fos sil turtle. Con-
cretions are usually harder than the rocks in which they occur, and ero-
sion processes may leave them perched on slender pedestals . 

Oolites.-Some rocks are entirely made up of concretions smaller 
than peas, and are known as oolites or egg stone rocks. Oolites are 
common in Missouri in the J efferson City limestone, the Edgewood for-
mation, the St. Louis limestone, and the Pennsylvanian limestones. 
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Geodes.-Geodes resemble spherical concretions but are usually hol-
low and may have crystals of some mineral projecting inward from the 
walls. 

FIG. 7-Footprints in a Mississippian limestone of Virginia, ½ natural 
size. 

FIG. 8-Cross-beddecl sandstone. Red beds near Lander, Wyo. 

Unconfonnity.-Many rock formations have undergone erosion and 
ater have had sediments laid down over the eroded surface. The rela-
ion thus formed between the eroded rock below and the newly-deposited 
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rock 1s known as an unconformity. Some unconformities are made 
more striking by the underlying rocks having been folded, so that the 
beds lie at different angles from that of the overlying bed . Figure 14 
represents both types, and figure 49 shows the unconformity between 
the Cambrian and Pre-Can,trian in Missouri. In most cases the over-
lying rocks were deposited 111 an advancing sea . 

FIG. 9-Cross-bedded Salem limestone. Meramec Highlands, Mo. 

Dip, strike, anticline, syncline.-When rocks are folded the beds are 
inclined at some angle to a horizontal plane, and the inclination from 
the horizontal is called the dip. A line at right angles to the dip, drawn 
where the dipping rock cuts a horizontal surface, is called the strike. 
Where the rocks are folded they frequently lie in a series of crests and 
troughs. The troughs are known as synclines, and the crests as anti-
clines. In some cases the folds may be several miles across and a great 
many miles in length, while in other cases the dimensions are only a 
few inches. In some folds the rocks have steep dips, while in others 
dips are gentle. These various structures are illustrated in figures 
15, 16 and 17. Anticlines and synclines do not necessarily have any re-
lation to surface features. In some regions the mountains are syn-
clinal and the valleys anticlinal, as shown in figure 17. (See discus-
sion on page 25) . 

MOUNTAIN MAKING 

Streams, glaciers, winds, and waves are continuously cutting, break-
ing up, and carrying away the rock materials and depositing them in 
the ocean basins, and it is only by periodical uplift of the lands that 
they remain above the sea. Where the rocks are folded the land has 
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been upli fted more than in other places, and mountains have resulted, 
but mountains owe the main details of their topography to the work of 
streams or the ·work of glaciers in sculpturing them. 

The sedimentary rocks in the great mountain ranges of the world 
are folded and the main elevations are generally in more or less 

Frc. IO-Concretions. 

parallel ranges. The folding ex tended from the surface to a depth of 
several miles, ,mcl the lateral pressure which produced the folding must 
have bern very great. In the folding of the Appalachian Mountains, 
which occurred at the close of the Paleozoic, the crust of the earth was 
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shortened about seventy-five miles. As mountain folds begin to rise 
streams attack them and may cut away the rocks about as fast as they 
are uplifted, and the height that mountains attain depends upon the dif-
ference between the rate of rise and rate of down-cutting. 

In some regions, notably the plateau region of southern North 
America and the Tibetan plateau, large areas have been uplifted to a 

FIG. 11-A n oolite F1G. 12-A greatly magnified section of 
an oolite. Note the banded structure 
of the central grains . The oolite grains 
are really small concretions. 

height of several thousand feet. Streams attack these areas and may 
finally reduce most of the land nearly to sea level but leave some 
places with elevations almost as great as the original. The elevations 
thus left as erosion remnants are mountains, made up of nearly horizon-
tal strata. Th e Catskill Mountains are remnants o E nearly horizontal 
strata. 

In some regions where the sedimentary rocks are not thick large 
areas have been domed up without close folding, and streams have re-
moved the sedimentary rocks and cut into the igneous rocks below. The 
igneous rocks, being harder, have worn down less rapidly and now stand 
out as the main elevations. The Ozark Mountains and the Black Hills 
are examples of mountains originating in this way. 

Along great fractures in the earth the rocks have moved downward 
on one side and upward on the other. This is known as faulting, and 
if the amount of movement is large may cause mountains to form. The 
eastern slope of the Sierra Nevada Mountains was formed by the land 
at the west rising several thousand feet while that to the east went 
down. Many mountains of the Great Basin area of western North 
America owe their origin to faulting. It is often the case that the rise 
is so slow that stream erosion keeps the rising part at practically the 
same eleYation as the sinking part. 
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Hrom the interior of the earth lava, dust, ashes, and cinders are 
extruded to the surface and often form volcanic mountain s. Lava is 
sometimes intruded between layers of rock in such quantities as to how 
up the overlying st rata, and if the bowing-up is sufficiently high, moun-
tain s result. The Henry Mountains of , outhwestern North America an'. 
examples. 

FIG. 13-Unconformity between Grand Tower limestone and Jefferson 
City limestone at the mouth of Cow Creek on Aux Vasse 
River, Callaway County, 1fo. The Jefferson City beds were folded 
and the tops of the folds cut off before the Grand Tower seas ad-
vanced and dep osited the Grand Tower limestone. Three to five 
million years elapsed between the time of the deposition of the 
Jefferson City and the Grand Tower. 

In geologic time great mountain ranges have existed in places that 
are now nearly level. The Appalachian Mountains after their uplift 
were cut practically to base level and were later re-elevated. Southeast 
of Hudson Bay a great mountain range ex isted early in geologic history 
where there are no mountains at present. The Ozark region is the only 
part of Missouri that was ever mountainous, and the mountains there 
seem never to have been high. 

VULCAN ISM 

The effects of highly-heated rocks in the interior of the ea rth are 
evident at many places on the earth's surface . Probably the most com-
monly observed phenomena are those associated with volcanoes, or the 
extrusions of lavas. Active volcanoes are widely di,trilmted but more 
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of them occur along the borders of the Pacific Ocean than any place 
else. The region north of the Mediterranean Sea, Iceland, and the West 
Indies are other volcanic areas. At some place, probably not many miles 
belo,v the surface of the earth, lava is present and occasionally it fuses 
or pushes its way upward and flows out on the surface. Usually it 
comes through small openings and the escaping lava forms volcanic 
cones, but in some places it comes through long fissures or series of 
fissures, and it may then spread out over large areas. In Oregon, 
Washington, and adjacent states more than 200,000 square miles are 
covered with lava with an average thickness of more than 1,000 feet. 
In the Lake Superior region lava accumulated to a depth of more than 

FIG. 14-Unconformities. In 1 the rock a was folded and subjected to 
long continued erosion that formed deep valleys in the surface. The 
seas then advanced and deposited the sandstone b on the eroded 
surface. The seas again withdrew and the eroded surface at the 
line 2 was developed. The seas re-advanced and formed the rock c. 
In the unconformity shown at 1 the underlying beds are folded, 
while the overlying beds are horizontal. In the unconformity shown 
at 2 the underlying and overlying beds are horizontal. 

20,000 feet in Proterozoic time. In the Connecticut Valley great lava 
flows occurred during Triassic times. 

But the materials that escape from the interior of the earth are not 
always in the form of lava. The estimated amount of dust thrown out 
by Krakatoa in 1883 would cover the state of Missouri to a depth of 
four inches. In Kansas, Nebraska, and some of the Rocky Mountain 
states deposit s of volcanic dust several feet thick cover thousands of 
square miles. Torrents of rain sometimes accompany volcanic erup-
tions and if the eruptions are dust, masses of mud may flow down the 
mountain sides. The village of Herculaneum in Italy was buried, in 
part, by mud flows from Mount Vesuvius. In all volcanic eruptions 
gases of various kinds escape and some of the gases are poisonous. In 
the eruption of Mount Pelee in 1902 all of the inhabitants of St. Pierre 
were killed by gases coming from the volcano. 

P1 obably a great deal more lava has been intruded in the earth than 
has been extruded on the surface; that is, it has cooled or solidified be-
fore breaking through to the surface. This is the only type that occurs 
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in Missouri, and the intru sive lavas were the ones that formed the g ran-
ites, porphyries, and basalts of the southeastern part of the state. 

Long after volcanic eruptions have ceased and other phenomena 
have d isappeared, hot springs occur in volcanic r egions. Yellowstone 
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FIG. 15-Dip and strike. The arrow at the left of the line labeled 
"Strike" represents the dip. 

Park is a region of recent volcanic activity, and the waters of the gey-
se rs and hot springs a re heated by hot rocks at some distance below the 
su r face. The Hot Springs of Arkansas and many other places occur 

FIG. 16-An anticline near Bull Lake, Fremont County, Wyo. The 
folded rocks are sandstones and a re more than 200 feet thick. 

fa r from known volcanic activity, but hot rocks mu st occur in the re-
g ion of ground water circulation. 

The different types of rocks formed by vulcanism were treated in 
an earlier chapter. 
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EARTHQUAKES 

Earthquakes, or earth tremblings, are generally caused by slips alon~ 
great fissures in the outer part of the earth. Billions of tons of rock 
move against other rocks, the friction sets up vibrations within the 
rocks, and the vibrations constitute the earthquake. The California 
earthquake of 1906 was caused by movement along a fissure that ex-
tends from northwest to southeast from near Cape Mendicino to near 
Monterey. Earthquakes are occasionally caused by explosions within 
volcanoes and by the falling of great masses of material into caves. 

FIG. 17-Synclinal mountains. Originally the land was higher above the 
valleys than above the hills but erosion has reduced the anticlines 
faster than the synclines. Compare the structure in the valley with 
that shown in Figure 16. The folds as represented in 17 involved 
thousand s of feet of rock while those in 16 involved hundreds of 
feet. 

It is tmu sual for earthquakes to occur far inland. The great earth-
quake zone of tlie world lies near the Pacific Ocean, extending from 
the southern end of South America along the western coast of South 
America and North America to the Aleutian Islands; along the islands 
of the eastern coast of Asia, and through the East Indies to Australia. 
Another earthquake zone stretches north of the Mediterranean Sea 
through southern Europe and southern Asia to the Indian Ocean. 

New Madrid Earthquake 

On Dece!llber 16, 1811, Southeastern Missouri experienced one of 
the severest earthquakes that have occurred within historical times in 
the United States. The region was sparsely populated and on that ac-
count property did not suffer great damage, but the people resident in 
the district ·were so greatly frightened by the quake and others that 
followed that many departed, leaving their property behind. One writer 
in describing the quake said: "The first shock came at 2 a. m., Decem-
ber 16, 1811, and was so severe that big houses and chimneys were 
shaken down; at half-hour intervals light shocks were felt until 7 
a. m., when a rumbling like distant thunder was heard and in abount an 
instant the earth began to totter and shake so that persons could neithe,-
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stand nor walk. The earth was observed to roll in waves a few feet 
high v.·ith visitle depressions between. By and by these swells burst, 
throwing up large volumes of water and sand. When the 

FIG. 18--Mountain produced by erosion of horizontal strata. Crowheart 
Butte, fifty miles northwest of Lander, Wyoming. 

swells burst fissures were left running in a northern and southern di-
rection and parallel for miles. Some were five miles long, four and a 
half feet deep, and ten feet wide." 

It was <bring this earthquake that the sunken ground of Southea1t-
ern Missouri, Arkansas, and Tennessee was formed. Reelfoot Lake in 
Tennessee, sixty to seventy miles long and three to twenty miles wide, 
was formed at this time. In some places this lake is SO to 100 feet deep, 
and tall forest trees disappeared beneath the water. 

Minor shocks succeeded the great shock of December 16, and on 
January 23 a shock as violent as the first one took place. Gradually 
the shocks became less and less frequent, but there is rarely a year 
without one strong enough to cause windows and dishes to rattle. St. 
Louis was affected by a small earthquake in 1857. In 1895 a shock was 
felt in seventeen states in the interior region. On April 9, 1917, while 
this chapter was in process of revision, a slight earthquake was felt in 
St. Louis and vicinity. 
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The Missouri earthquakes were not caused by faulting on a large 
scale, though minor faulting may have had some effect. Shepard be-
lieves that the local disturbances in the New Madrid region were due 
to pressure of underground waters which slowly undermined the overly-
ing beds, and a slight shock, perhaps due to faulting, caused the over-
lying beds to cave in. 

FIG. 19-A fault . Note that the beds at the left have moved down-
ward while the beds at the right have not moved. 
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ORIGIN OF THE EARTH 

Facts discovered by investigators in geology have led many of them 
to speculate concerning the pre-geological conditions of the earth, or 
earth origin. This type of speculation belongs more properly to the 
astronomer and physicist, but many data that are available only to the 
geologist bear vitally on the problem. Two hypotheses that have large 
numbers of scientific adherents are discussed in the geological literature 
of the present. One is known as the nebular hypothesis and the other 
as the planetesimal hypothesis. 

Nebular h·ypothesis.-The nebular hypothesis assumes that the solar 
system, that is, the sun and all the planets, was once in an intensely-
heated gaseou s state, forming a globe with its surface farther away 
from the sun than the orbit of the outermost planet, a globe 5,000,000,000 
miles or more in diameter. This globe was revolving and shrinking, 
and as it grew smaller the equatorial velocity increased until the outer 
part separated from the inner, as mud flies from a rapidly-moving car-
riage wheel, and a ring of gas formed around the main body. The pro-
cess of shrinking and throwing off gas rings continued until a ring was 
separated for each of the planets, and the inner mass became the pres-
ent sun. The gaseous rings accumulated into globes o f gas; the globes 
of gas contracted to molten liquid masses and finally cooled to solids. 

It was form erly supposed that the globes solidified on the outside 
first and that a crust was thus form ed over a liquid interior, but it is 
now known that the interior of the earth is very den se and is as rigid 
as steel. A liquid interior could not be so rigid. If the earth did form 
in the way postul ated, it solidified from the center outward. The satel-
lites of planets, such as the moon, were formed by rings separating from 
the smaller globes, as the large rings had separated from the central 
mass. 

Planetesimal hypothesis.-Within the last t wenty-five years many 
serious objections have been urged against the nebular hypothesis, and 
about fifteen years ago Chan::berlin and Moulton formulated the plane-
tesimal hypothesis. According to this hypothesis the planets g rew up by 
accretion, or adding to themselves of solid, cold particles. The original 
condition of the solar system was that of the spiral nebula of today, 
and the nebulou s matter was mainly made of cold particle s. In the 
spiral nebu!ae as they a re known today there are some large masses, 
which are known as nuclei, and it is assumed that these larger masses 
in revolving about the sun picked up the smaller particles and finally 
becarr.e the planets . The satellites are very large particl es picked up by 
the main masses. The planets had no atmosphere in their earlier stages, 
as they were not large enough to hold gases, but an atmosphere collected 
from various sources as the planets grew. There was no water on the 
earth in the early stages because it was not large enough to hold water 
vapor. According to this hypothesis the interior of the earth was never 
in a molten condition, but lavas formed in small masses near the exte-
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rior. Life may have begun when the earth was only half grown and 
thus have existed very much longer than under conditions postulated 
unde, the nebular hypothesis. 

The planetesimal hypothesis explains geological conditions more sat-
isfactorily than the nebular hypothesis. A geologist finds that the old-
est rocks with which he has to deal are sediments formed from other 
rocks. No rock that might be considered as part of an original crust 
has eveF been found . 

References on Earth Origin 

Chamberlin and Salisbury. Introduction to Geology. 
Henry Holt and Co. 1914. 

Pirsson and Schuchert. Textbook of Geology, part 2. 
_i ohn Wiley and Son. 1915. 

F. R. Moulton. An Introduction to Astronomy. 
Chamberlin, T. C. The Origin of The Earth. 

The University of Chicago Press. 1916. 

FOSSILS 

Geology has to do not only with the history of the earth but also 
of its inhabitants. The old inhabitants of the earth left their remains 
in the rocks, and the geologist works out the history of the rocks from 
these remains as the historian works out the history of ancient Egypt 
from the monuments and inscriptions that he finds there. The remains 
or traces of animals and plants that appear in the rocks of the periods 
before the present are known as fossils . 

In the sands and muds of river flats, lake beds, and ocean bottoms 
shells are buried, and in time they may become petrified by ground 
water dissolving out the original materials and replacing them with 
others. Shells usually fill with mud during the process of burying, and 
it often happens that the shell is dissolved out by ground water after 
the muds have changed to solid rocks, and moulds of the inside and 
outside of the shell are left in the rock. Tracks of animals and im-
pressions of plants may be preserved in the rocks. (See figure 7.) 

Soft parts of animals are rarely preserved, and soft parts never 
petrify,' but animals with no hard parts may make impressions in the 
muds and sands which may be preserved. Such impressions may be as 
characteristic of the animal as the human footprint is of man. Shell-
bearing animals have only the shells preserved, and vertebrates usually 
leave no remains but bones and teeth. Insects have been caught in re-
sins of trees and have remained in almost perfect condition for millions 
of years. Animals of the Pleistocene were sometimes frozen, covered 
with snow and ice, and even the flesh was perfectly preserved. 

1The stories, so often related, of human flesh turning to stone are not based 
on facts. 
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The study of fossils has shown that all animals and plants are m 
process of change, though the rate of change is very slow. The animal 
remains preserved in the oldest fossiliferous rocks are so widely differ-
ent from those of the present that one can scarcely see any relation-
ship between them. In the rocks next older than those of the present 
the animals resemble tho se living today, but there are some forms that 
were abundant then that are absent today. As one instance, several 
kinds of elephants lived in North America during the Pleistocene, but 
man and many other animals that are living today were not present in 
the Pleistocene. In the period preceding the Pleistocene the differences 
were still greater, and at no very remote period most of the species of 
animals of the present were absent. 

Fossils enable geologists to determine the age of rocks. As shown 
in another chapter (Page 82), the succession of rocks is determined by 
the way they lie, but periods and even eras are unrepresented in many 
regions, and this is determined mainly by the fossils. Every period con-
tains many animals that lived in that period only, and where remains of 
these animals are found in a rock the age of that rock is determined. 

As an instance, a few years ago in a bed of rock in Central Mis-
souri, marine fossils were found for the first time though the rock had 
been known for fifty years. The fossils were like those found in the 
Devonian of eastern United States and showed the rock to be Middle 
Devonian in age. Before the findin g of the fossils the age of the rock 
was not known. 

GEOLOGICAL SYSTEMS AND ERAS 

In a very early stage of the earth's history streams carried sedi-
ments to the seas, as they do at the present time, and deposited them in 
beds. The younger, or later, beds were always deposited above the old-
er, and geologists recognize the age of rocks by their position; that is, 
the rocks lowest in a given section are the oldest. In another 
chapter the Lamotte sandstone is considered as the oldest sedimentary 
rock in Missouri, and it is known to be oldest because it underlies all 
of the other sediments. 

It is convenient to divide the history of the earth into eras and to 
subdivide the eras into periods. The eras are closed by great mountain-
making movements and geographic changes, and the periods by geo-
graphic changes smaller than those at the close of the eras. The first 
column of the following table shows the eras and periods as recognized 
by Pirsson and Schuchert,' the second, those recognized by Chamberlin 
and Salisbury,' and the third, those used in this bulletin. 

1Pirsson and Schuchert. Text Book of Geology, part 2. 
'Chamberlin and Salisbury. Introductory to Geology. 
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Geologic E ras and Periods According to Schuchert* 

Psychozoic .. . .... . .. . { Recent 

Quaternary . . ........ { Pleistocene 

Cenozoic ....... . ... . l Pliocene 
· Miocene Tertiary . . . .. ....... . 

Mesozoic .. . . . . . .. . . . 

Paleozoic .. . . .... . .. . 

1 Cretaceous 
J Comanchean 
'l Jurassic 

Triassic 

Permian 
P ennsylvanian 
Mississippian 
Devonian 
Silurian 
Ordovician 
Cambrian 

1 Keweenawan 
Proterozoic. . . . . . . . . . J Animikian 

Archeozoic 

'l Hnronian 
Sudburian 

Oligocene 
Eocene 

*Pirsson and Schuchert, Text Book of Geology, pp. 442-445, (1917) , 
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Geologic Eras and P eriods According to Chamberlin and Salisbury* 

Cenozoic . . . . .. . . . ... . 

Mesozoic .. .. . ...... . 

Paleozoic 

J Present 
Quaternary· · · · · · · · · · 1 Pleistocene 

f Pliocene 
Miocene 

Tertiary............. Oligocene l Eocene 

( Cretaceous 
Comanchean 

. Jurassic 
l Triassic 

Permian 
Pennsylvanian 
Mississippian 
Devonian 
Silurian 
Ordovician 
Cambrian 

( Keweenawan 
. Upper Huronian Proterozoic .. . .. .. ... ) dd 

1 Mi le Huronian 
L Lower Huronian 

Archeozoic 

"Chamberlin and Salisbury, Introductory Geology.-p. 323, 1914. 



38 THE GEOLOGY OF MISSOURI 

Geologic Eras and Periods As Used in this Bulletin 

Cenozoic ............ . 

Mesozoic ....... . ... . 

Paleozoic .... . .... . . 

{ 
Recent 

Quaternary· · · · · · · · · · · Pleistocene 

( Pliocene 
Miocene 

Tertiary.. . ... • • • • • • ( >li5ocene 

( Cretaceous 
J Comanchean 
1 Jurassic 
l Triassic 

Permian 
Pennsylvanian 
Mississippian 
Devonian 
Silurian 
Ordovician 
Ozarkian 
Cambrian 

l Eocene 

Proterozoic .. . .. 
( 

. . . 

Keweenawan 
Animikian 
Huronian 
Sudburian l 

Archeozoic 

The older classifications include Ozarkian and Ordovician under 
Lower Silurian; Mississippian, Pennsylvanian, and Permian under Car-
boniferous ; and Comanchean and Cretaceous under Cretaceous. 

In the following pages a brief summary of the geology of each era 
is followed by an outline of the historical geology of Missouri. As it 
is impossible to differentiate the oldest rocks of Missouri into Archeo-
zoic and Proterozoic they are called Pre-Cambrian. 

The Archeozoic Era.-The Archeozoic was a time of great igneous 
activity. Lavas were extruded on the earth's surface and intruded into 
the deeper parts of the earth. Sediments were deposited in the seas, 
but the known sedimentary deposits are unimportant with the exception 
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of the Grenville series of limestones in eastern Canada. The era was 
brought to a close by great mountain making south of the Hudson Bay 
region, and this was followed by a long period of erosion. No fossil 
remains are known from the Archeozoic, but there are various evidences 
that life existed. 

The Proterozoic Era.-During the Proterozoic the seas covered parts 
of North America, and great thicknesses of sedimentary rocks were 
formed in the Lake Superior region, in the region north of Lake Huron 
and south of Hudson Bay, in regions near the Adiorondack Mountains, 
probably east of the A11palachians, and in various areas of the Rocky 
Mountains. Before the middle of the era there were large intrusions of 
lava south and east of Hudson Bay and later came great lava flows in 
the Lake Superior region. The era ended with mountain making in the 
region of the Great Lakes and northeastward. The first fossil remains 
of animals are from the Proterozoic, but the remains are rare and of 
few kinds. 

The Paleozoic Era.-A long period of erosion elapsed before the 
beginning of the Paleozoic, which was inaugurated by seas advancing 
over the lands. During the Paleozoic there were many extensive sea 
advances and retreats, and the era was brought to a close by the uplift 
of the entire North American continent and the formation of the Ap-
palachian Mountains. The Paleozoic saw the great development of in-
vertebrate animals, fishes, and of the fern-like plants. 

The Mesozoic Era.-The history of the Mesozoic is similar to that 
of the Paleozoic, but the main sea invasions were in the western part 
of North America, while those of the Paleozoic had been from the 
east. The Mesozoic was probably about half as long as the Paleozoic. 
The era saw the great development of reptiles and the appearance of 
birds, mammals, and flowering plants. The era was brought to a close 
by the uplift of the entire North American continent and the formation 
of the Rocky Mountains, and the elevation of the Appalachians and the 
Coast Ranges. 

The Cenozoic Era.-During the Cenozoic there were several sea in-
vasions but none of them covered more than 6 per cent of the conti-
nent. The most notable event was the advance of continental glaciers 
until they covered more than half of North America and Europe. Dur-
ing the era modem mammals and birds evolved. Cenozoic history is 
still in progress. 



CHAPTER II 

ANCIENT SEAS AND THE FORMATION OF THE SEDI-
MENTARY ROCKS OF MISSOURI 

PRE-CAMBRIAN 

Early geologic history, like early human history, is harder to deci-
pher than that of more recent time. The dawn of the geologic history 
of Missouri was probably more than 50,000,000 years ago. The land con-
sisted of rocks of which we have no remnants, into which lavas were 
being intruded. These lavas, cooled to solid rocks, constitute our only 
record of that time. We know that they were intruded by the coarse-
ness of their crystals. Extruded lavas cool to fine grained or glassy 
rocks. 

The next event in the history was the removal by erosion of all of 
the overlying rock and of a great deal of the igneous. The only evi-
dence of this period is a greatly eroded surface and the entire absence 
of the rocks into which the lavas were intruded. 

A landscape of this time was striking on account of the absence 
of vegetation and animal life. The hills were gray to brown rock-
piles devoid of the brighter colors lent by vegetable life. The winds 
swept away clouds of dust, and the streams removed the weathered 
materials cleanly for no vegetation detained them. In Missouri this 
earliest history is known as the Pre-Cambrian. 

The Pre-Cambrian may consist of Archezoic or Proterzoic rocks or 
both, but the term is used in those areas where separation of the rocks 
of the two eras is impossible or where it has not been determined to 
which era the rocks belong. The igneous rocks of Southeastern Mis-
souri have not been definitely identified as Archeozoic or Proterozoic 
but are known to be older than the Cambrian. 

In Southeastern Missouri, mainly in Iron, St. Francois, and Madi-
son counties, granites and porphyries, rocks formed by the consolidation 
of lavas, outcrop over about 500 square miles and form the cores and 
main rocks of the knobs and hills of the St. Francois Mountains. In 
the main the outcrops are in isolated patches, of which there are prob-
ably 500 or more. 

Between the knobs sandstone and dolomite constitute the surface 
rocks, but they rest on granites and porphyries. The igneous rocks are, 
then, continuous in this region and where they do not appear at the 
surface they are merely covered by thin layers of sedimentary rocks. 

South, west, and north of the main igneous rock outcrops, in Shan-
non, Wayne, Carter, Reynolds, Crawford, Washington, and Ste. Gene-
vieve counties, granite and porphyry outcrops are isolated from the 

(40) 
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main outcrops on account of the areas between being covered with 
sandstones and dolomites to a thickness ranging from a few feet to 
400 or 500 feet. 

In various places west and north of the outcrops drillings have 
penetrated to granites and porphyries and have shown that the entire 

FIG. 20-Boulders at Graniteville, Mo., resulting from the weathering 
of granite. (Photo by Tarr.) 

state is underlaid by igneous rocks at a depth ranging from 0 in some 
parts of the southeast to 3600 feet in St. Louis. At Carthage igneous 
rocks were penetrated by the drill at 2,000 feet; at Raytown, near Kan-
sas City, at 2,400 feet; in St. Louis at 3600 feet; and in the northwest-
ern corner of the state they are probably 3500 feet below the surface. 

The accompanying map and block diagram indicate the surface of 
the igneous rocks in relation to sea-level. This surface is not smooth 
but contains valleys and hills that are like those developed by stream 
eros10n. 

The depth to which the igneous rocks go is not known. In parts of 
Canada rocks of much the same types form the base on which all of 
the other rocks rest. No drilling, mine, or stream cutting has ever pen-
etrated to the bottom of them. 

These igneous rocks were intruded into other rocks and the overly-
ing rocks were bowed up into low mountains. A long interval of ero-
sion followed the uplift, and the rocks into which the granites and por-
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phyries were intruded were entirely removed. Weathering attacked the 
igneous rock and reduced much of it to clay and sand, while lime, 
potassium, and other salts were carried away in solution. 

Pre-Cambrian 
outcrops 

Stweture SeetA-A 

FIG. 21-Pre-Cambrian outcrops. The pre-Cambrian underlies all of 
Missouri but outcrops only in the small areas shown on the map. 
The section represents the old Missouri rocks as intruded by the 
igneous rocks that form the outcrops. Fig. 49 represents the pres-
ent structures and relationships of the pre-Cambrian rocks. 

THE p ALEOZOIC ERA 

The Paleozoic Era is divided into the following periods: 

Permian 
Pennsylvanian 
Mississippian 
Devonian 
Silurian 
Ordovician 
Ozarkian 
Cambrian 
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Each period was probably 2,000,000 to 5,000,000 years long and each 
contains sedimentary rock ranging from a maximum thickness of 6,000 
ieet to a maximum of 20,000 feet. The average thickness for each 
period is probably less than 1,000 feet. 

The Cainbrian of Missouri 

The Cambrian is the oldest pe1iod of the Paleozoic, and the follow-
.ing table gives the subdivisions in North America and the Missouri for-
mations of the only division that occurs in the state. 

Croixian 
(Upper Cambrian) 

Acadian 
(Middle Cambr:an) 

Waucobian 
(Lower Cambrian) 

Missouri Forinations 

Elvins . ... . .......... { 

Bonneterre 

Lamotte 

Doerun 
Derby 
Davis 

After a long period of erosion following the movements at the close 
of the Pre-Cambrian, the seas began to advance over the continent. 
Streams moved the sands and clays, resulting from weathering, outward 
from the lands and deposited them in the seas which were advancing to-
ward Missouri from the southwest, and as the Ozarks were higher than 
the surrounding regions they took part in furnishing sediments. 

Lainotte sandstone.-The clays from the Ozarks were carried be-
yond the boundaries of Missouri, but the sands were deposited to a 
depth of more than 800 feet in the southwestern part of the state, and 
50 to 250 feet in the southeastern. The sands are now cemented into 
solid rock and form the Lamotte sandstone, the oldest Cambrian rocks 
in Missouri. The lowest beds of the Lamotte contain many pebbles, and 
even boulders, many of which are pieces of granite and porphyry de-
rived from the Ozark igneous rocks. The lowest conglomerate is fol-
lowed by alternating beds of arkose and sandstone. The higher beds 
are fine-grained and well-bedded sandstones with some shale layers 
formed from the muds, and near the top, limestone beds alternate with 
sandstone. The maximum thickness of the sandstone seems to be about 
250 feet in the Ozark region, but such amounts occur only in the old 
valleys, and over the hills the thickness is much smaller. 
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In Vernon County near the Kansas-Missouri boundary a well was 
drilled for 850 feet in this sandstone, so that it is known that it thick-
ens to the southwestward. A well at Iola, Kansas, also passed through 
more than 800 feet of sandstone and stopped before reaching granite. 

Upper Cambrian s e as 
Upper Ca,mbrian 

ID!:!!!'!I outcrops 

FIG. 22-Upper Cambrian seas and outcrops. The outer margins of the 
Cambrian outcrops have been mapped in only a few places and this 
map is presented as an approximation of correctness for the guid-
ance of those who have no personal knowledge of the region. Mis-
sonri was land during the lower and middle Cambrian. 

In the extreme southwestern part of the state no deep wells have been 
drilled, and we do not know the condition of the underlying strata. 
When the seas had advanced over the Ozark region until only a few 
granite and porphyry knobs projected above the snrface there were no 
lands to furnish sands and muds and consequently their deposition 
ceased. 

The Lamotte sandstone forms the surface rock over an area of 
about 200 square miles, but in many places it seems to be absent and 
limes',one rests directly on igneous rocks. It is probable that knobs of 
granite and porphyry remained as islands in the sea of Lamotte time, 
and of course the sandstone was not deposited on these knobs. 



IG. 23-A sketch representing a Cambrian sea advancing on the Ozark center and forming the Lamotte sandstones. 

FIG. 26---A sketch representing th e St. Peter seas advancing on a sand dune area and reworking the wind-blown sand 
into marine deposits. 
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\jalena occurs in several places nea r the top of the Lamotte and in 
some places in the conglomerates at the bottom. Iron ore occurs m 
:Places in the lower conglomerates. 

Bonneterre formation.-When sediments were no longer furnished 
to the seas, lime deposits gradually accumulated on the bottom. Lime 
,s brought in very slowly by streams flowing into the oceans and after 
being brought in is diffused through all the water on the ocean basins, 
so that there is about as much lime in one place as another. Lime, then, 
furnished to the seas from Africa, Asia, Europe, and remote parts of 
N ortli America might finally come into the Missouri seas and be de-
posited as limestone. 

The limestones ( dolomites) that were forming at this time differ 
from ordinary limestones in containing about 40 per cent magnesium 
carbonate. Probably most of the limestones of the world were formed 
by animals taking lime out of solution, building shells of the lime, and 
finally depositing the shells on the ocean bottom, but the Cambrian dolo-
mite of Missouri only rarely contains fossil shells and probably was not 
formed through the agency of animal life . Though sands were no long-
'!r brought into the seas by rivers, alternation of dolomite and sand took 
place, for the strong storm waves would stir up the sand in the shal-
1ower places and spread it out over lime that had been deposited in the 
more remote places. The boundary, then, between the sandstone and 
the l•verlying dolomite is not sharp, but for 25 to 100 feet there is al-
ternation of sands and dolomite. 

The entire area of the state must have been gradually .sinking, or 
the seas gradually rising, for great thicknesses of dolomite were de-
posited above the Lamotte. According to Buckley' this dolomite, called 
the Bonneterre, ranges from 300 to 448 feet in thickness and varies con-
-;iderably within short distances. No sharp line of demarcation sepa-
rates the Bonneterre from the Lamotte but sandstones alternate with 
<lolomites near the contact. In general the lower beds of the Bonneterre 
~re ;, complex of shale, sandstone and crystalline dolomite, containing 
.:hlorite, pyrite, and galena. The lower part is much fractured, faulted, 
,md broken. The upper 250 to 300 feet of the formation consists of 
-dark and light gray dolomite. Galena occurs throughout the formation 
but is most important in the lowest 100 feet . 

£Ivins formation.-Fine sediments began to be brought into the seas 
from the lands, and shales formed above the Bonneterre dolomite. The 
new formation, known as the Elvins, consists of three members, the 
Davis, Doerun, and Derby. In the shales occur beds of conglomerates, 
many of which are of the edgewise type while others are made up of 
large limestone boulders. Beds of oolitic limestone, conglomerates, rip-
ple marks, and sun cracks indicate the shallow water origin of the rock. 

About forty feet of dolomites occur above the shales and limestones 
described in the last paragraph. They are fine-grained and crystalline, 

1Mo. Bur. Geology and Mines, 2d series, LX. Pt. 1, pp. 27. 
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and soft, porous beds alternate with those that are hard and brittle. 
Colors range from reddish brown, to yellow, to gray. Some of the 
beds a,re slightly magnesian limestone and not dolomite. 

The upper part of the Elvins, the Doerun of Buckley, consists of 
alternating beds of argillaceous dolomite, finely-crystalline dense dolo-
mite, and soft, finely porous dolomite. The average thickness is fifty 
to sixty feet. While the upper part of the Elvins was being deposited 
the seas were shallowing and finally they withdrew from the state, 
bringing the Cambrian period to a close and exposing the newly-formed 
rocks to erosion. 

The Bonneterre dolomite is the lead-bearing formation of South-
eastern Missouri, but there are no other valuable mineral products in 
the Cambrian dolomites. The dolomites make good building stones but 
owing to their location are not extensively used for that purpose. 

The Cambrian outcrop map (Figure 22) is only approximately cor-
rect, as the formation boundaries have been carefully mapped in only 
a few places. 

The Ozarkian of Missouri 

After a short period of erosion the seas again invaded Missouri, 
but as the time between the withdrawal of the seas and their return had 
been short, the land surface was not deeply eroded and they advanced 
over a nearly level plain. As the exposed Cambrian limestone had not 
endured vigorous erosion, there was little sand and clay on the surface, 
and limestones were formed in the advancing waters. The waters re-
mained over the state for two or three million years, and 600 to 1,000 
feet of dolomites were deposited. Though the rocks are mainly dolo-
mites, some beds contain little or no magnesium. Some beds are very 
cherty while in other s chert is absent. There are few shaly or sandy 
members. Evidence of near-lying land is lacking during most of the 
time of this sea occupation, but late in the period sands alternated with 
lime s, indicating sea shallowing or the presence of land at no great dis-
tance. After the deposition of the dolomites the seas again completely 
withdrew from the state and, perhaps, from almost all of North Ameri-
ca. 

Prof. G. C. Broadhead of the University of Missouri suggested the 
name Ozarkian' for this series of rocks, because of its great develop-
ment in the Ozark region, and recently, Mr. E. 0. Ulrich' of the United 
States Geological Survey has proposed that the Ozarkian take the rank 
of a period co-ordinate in value with Cambrian. 

As shown on the accompanying map, the Ozarkian dolomites form 
the surface rocks of Southeastern Missouri around the Cambrian and 
Pre-Cambrian outcrops. They dip away from the Ozarks in all direc-
tions and their summit is below sea level at the Kansas-Missouri line. 

1The Ozark series, American Geologist, vol. 8, pp. 33-35. 
'Geological Society of America, vol. 22. 



48 THE GEOLOGY OF MISSOURI 

The system in Missouri has been divided into formations as follows: 

Ozarkian ... . .. . .. . . . . . ............... · I ~:::::;de 
Eminence 
Potosi 

0' -300' 
0' - 60' 
O' - 300' 
0' - 300' 

Ozarkian seas 

FrG. 24-Ozarkian seas and outcrops. The boundaries of the Ozarkian 
have been mapped in only limited areas and the map represents only 
a rough approximation of correctness. 

Potosi formation.-The Potosi com;ists mainly of thick-bedded, sili-
ceous dolomite alternating with beds of chert. Many of the dolomites 
contain irregular masses of honeycombed chert. Weathered blocks fre-
quently contain chert with openings lined with crystals of quartz. The 
weathering of the Potosi results in the formation of a deep red to red-
dish-brown clay containing honeycombed masses of chert, and the pres-
ence of the underlying Potosi may usually be detected by the red clay. 
The formation is about 300 feet thick and is of rather wide distribution 
arnund the edge of the Ozarkian formations . Lead and zinc ore were 
formerly mined from the formation, and it is now the main source of 
barite in North America. 
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Eminence formation.-The Eminence formation is made up in the 
main of compact, medium to coarse grained, sometimes oolitic, cherty 
-dolomites. Most of the chert is light and porous, though some layers 
are white and dense. The Eminence is about 300 feet thick at its type 
locality in Shannon County. The Gasconade overlies the Eminence un-
,conformably in most of the places where the contact has been observed. 

Proctor formation.-The Proctor consists of thick beds of medium 
to coarse grained, crystalline to granular, gray dolomite. On its weath-
ered surbces it is deeply pitted. Chert is entirely absent in many re-
gions but occurs here and there in some of the outcrops, though it is not 
an important constituent. The estimated thickness of the Proctor is 
about sixty feet , but it is rarely exposed in such a way as to allow ac-
<:urate measurements to be made. 

Further investigation may show that the Eminence and Proctor are 
the same formation. The Eminence occurs in the southeastern part of 
the state on the eastern flank of the Ozarks, whereas the Proctor occurs 
on the western flank of the mountains. 

Gasconade formation.-The Gasconade is made up of beds of cherty 
and non-cherty dolomite, chert, and sandstone. The dolomite is com-
pact, medium to coarse grained, sometimes oolitic, and contains lime-
stone and conglomerates interbedded. The Gunter sandstone ranging up 
to twenty feet in thickness forms the bottom of the formation, and 
-other sandstone beds, usually less than four feet in thickness, occur at 
several levels. The maximum thickness of the Gasconade is about 300 
feet . 

Galena, sphalerite, and barite are common in the formation and have 
been mined profitably in some places. 

The Gasconade outcrops are widespread over the northern and 
northeastern parts of the Ozarks and are best exposed along the larger 
streams. During the upper part of the Gasconade the seas were shal-

lowing, and they finally completely withdrew from the state, exposing 
the newly-formed rocks to erosive action. 

The Ordovician of Missouri 

The period of sea withdrawal at the close of the Ozarkian was 
short and consequently the amount of erosion suffered by the newly-
formed Ozarkian rocks was small. The seas again invaded under con-
•ditions similar to those in the Ozarkian, and the rocks from the begin-
ning were, in the main, dolomites, though sandstone lenses and sand-
stone beds of considerable extent are common in the first deposits. 

The following table gives the subdivisions of the Ordovician of 
North American and the formations present in Missouri : 
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Cincinnatian . ......... . ...... . 

Champlainian .... . .. ..... .. . 
( Mohawkian) 

Canadian ... .... . . . ... . .. . . .. . 

} 
Maquoketa 
Thebes 
Fernvale 

{ Kimmswick 
Plattin 

Joachim 
St. Peter 
Jefferson City 
Roubidoux 

FIG. 25-Roubidoux and Jefferson City seas and outcrops. The Ozark-
ian-Roubidoux boundry has not been mapped over most of the 
area and the map represents only a rough approximation of cor-
rectness. 
Roubidoux formation.-The first rock formed in the Ordovician was 

the Roubidoux, 100 to 200 feet thick, consisting of alternating beds 
of dolomite and sandstone, the dolomite being about three times as 
thick as the sandstone. Chert is abundant and of many varieties. Most 
of the dolomite is coarsely crystalline, like that of the Gasconade, but 
some is soft and finely crystalline and is called cotton rock. 
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The top of the formation is distinguished from the overlying Jef-
ferscn City with difficulty, and the line separating the formations is ar-
bitrarily drawn. 

The Roubidoux sands furnish artesian water over wide areas 
as pointed out on page 118. Its distribution has not been worked out 
fully enough to warrant a separate map of its outcrops. It seems to 
thin out in the western part of the state. 

Jefferson City formation.-The Jefferson City, which lies immedi-
ately above the Roubidoux, maintains a thickness of 200 to 300 feet ex-
cepting in the southern part of the state, where it thickens to 1,000 
feet. It consists of beds of gray, crystalline dolomite, with or without 
chert, which alternate with soft, white to buff, fine-grained, thin-bedded 
dolomite ( cotton rock), and soft, finely-crystalline, bedded, non-cherty 
dolomite. The members of shale and sandstone and beds of oolite, both 
of chert and dolomite, are numerous. The formation resembles the 
Roubidoux, but the cotton rock is thicker and the sand beds are incon-
spicuous. Chert sometimes occurs in the cotton rock. Beds of brecci-
ated chert occur here as in the Roubidoux. Ripple-marks and sun-cracks 
are common and associated with the oolites furnish strong evidence of 
shallow-water deposition. Either very little life was present in the seas 
or the conditions for the preservation of shells were not favorable, for 
fossils are rare in both Roubidoux and Jefferson City. 

St. Peter sandstone.-With the close of the Jefferson City the seas 
again retreated, and new shore conditions appeared. Wind-blown sand, 
such as is found along the eastern coast of North America and around 
the southern short of Lake Michigan, piled up to a considerable depth 
over the surface of the freshly-exposed Jefferson City. The readvanc-
ing seas, for the retreat of the seas was only temporary, worked over 
the wind-blown sand and made a sandstone formation which ranges in 
thickness from a few feet to 150 feet . This is the St. Peter sandstone 
that is exposed in many places in Missouri. It is sometimes called 
Crystal City sandstone and it is from this that the main glass works of 
Missouri get their materials. The grains of sand are mainly white, 
small, and rounded. The first geologists writing about the formation 
called it the Saccharoidal sandstone, because it looks like sugar. Formed 
as it was, it filled the valleys in the Jefferson City limestone, and it 
varies in thickness within short distances. Its main outcrops are north 
of the Missouri River from Callaway County east to St. Charles and 
southeastward from St. Charles County to the Mississippi River. It un-
derlies Northeastern Missouri and is one of the main water-bearing sands 
of the region, but it thins out in Western Missouri and seems to be ab-
sent over most of the southwestern part of the state. 

Joachim formation.-The St. Peter was almost entirely removed by 
erosion in central Missouri before the seas readvanced and deposited the 
Joachim dolomite, the First Magnesian limestone of the early geologi-
cal reports of the state. The lower part of the Joachim consists of al-
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temating beds of dolomite, sandstone, and sandy dolomite, which con-
tain little or no chert. The sandy dolomite contains evenly distributed, 
perfectly rounded grains of quartz. The formation is generally thick 
bedded and yellowish to gray in color. 

FIG. 27-St. Peter seas and outcrops. It is possible that the St. Peter 
seas did not cover all of the area represented and that part of the 
sandstone was depo sited by the winds. The section below the map 
shops the continuous deposits of St. Peter in the east and the patchy 
nature of the remnants of the formation farther west. 

The Joachim rests unconformably on the Jefferson City and St. 
Peter, but from Montgomery County westward the St. Peter occurs only 
in old valleys in the Jefferson City and the Joachim and Jefferson City 
are in contact. The formation is best developed in Franklin, St. Louis, 
and Jefferson counties, where it ranges up to 150 feet in thickness. It 
thins westward to Boone County, where it dips under the younger for-
mations and does not reappear to the northwest. In Boone County 
where the top was deeply eroded before the deposition of the overlying 
rocks, it occurs only in patches, and its greatest thickness is not more 
than ten feet. It seems to be absent over the western part of the state 
from Moniteau County southward. The deposition of the dolomite was 
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interrupted by the withdrawal of the seas, and the Joachim was deeply 
eroded and in the central part of Missouri almost completely removed 
before the seas readvanced. 

FIG. 28-St. P eter sandstone on the right, with Jefferson City dolomite 
on the left. The St. Peter is massive, shows no bedding planes, and 
occupies an old valley in the J effer son City. Near Sedalia, Mo. 

Plattin forniation.-Following the Joachim a sea advanced from 
the southeast and covered a narrow area from Cape Girardeau to near 
St. Louis. In this sea a thin formation of compact thick-bedded lime-
stone was depo sited. It was named P lattin by Ulrich' from its outcrops 
on P lattin Creek, J efferrnn County, Mo, near th e mouth of which it is 
well exposed. In the olde r geological 1eports of Missouri the Plattin 
is called Trenton or Lower Trenton. Ulrich correlates it with the Stones 
River group in central Kentucky and Tennessee. 

Kimmswicl, limestone.-After the deposition of the P lattin, th e con-
ditions in the sea changed slightly and pure white limestone formed . 
This was fi r st described by Broadhead' from its outcrops in Warren 
County, Mo., and called by him the Charette limestone. In the typical 
locality it is thirty-four feet thick and consists of a coarsely crystalline 
gray to white limestone. Westward from Warren County it thins rapid ly 

1Mo. Bur. Geo!. and Mines, 2d series, vol. 2, p. 111. 
2Geol. Surv. of State of Mo. 1855-71, p. 49. 
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and is entirely absent a short distance west of the Callaway County line. 
The Kimmswick is known as the Receptaculite limestone because it con-
tains the fossil sunflower coral Receptaculites in abundance. In Eastern 

f;-';7:1 Kimmswiek and 
Plattrn seas 
Kimmswick and 

· ) Plattrn outerE>pS 
,-, f<irnmswicl< aria 
L._J Plattin land 

FIG. 29-Kimmswick and Plattin seas and outcrops and a structure sec-
tion from the Mississippi River to the Missouri River along the 
line A-A. The Plattin seas were much smaller in extent than the 
Kimmswick and most of the outcrops occur from the Missouri 
River southward to St. Genevieve County. 

Missouri Ulrich1 has named the limestone equivalent to the Charette the 
Kimmswick. He speaks of it as a more or less crystalline limestone 
which is quarried in Graysboro, .Cape Girardeau, Glen Park, Kimmswick 
and other localities in Southeastern Missouri. Ulrich considers the Kim-
mswick as equivalent to the top of the Black River group of Tennessee. 

Fernvale formation.-The seas advanced over the eroded surface of 
the Kimmswick limestone south of St. Louis, and a limestone two to 
five feet thick constituted its first deposits. Ulrich' correlates this lime-
stone with the Fernvale which is a widespread formation in Tennessee, 

1 Mo. Bur. Geol. and Mines, vol. 9, Pt. 1, p. 64. 
'Ulrich, Bull. Gcol. Soc. Am., 22, p. 305, 1911. 
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Kentucky, Indiana, and Illinois. The Fernvale sea invaded Missouri 
from the southeast but covered only a small area. 

Maquoketa shale.-With the further transgression of the seas, muds 
were brought in in large amounts by the inflowing streams and a wide-
spread mud deposit, which finally changed to shales, resulted. The 
shales were named Maquoketa from their outcrops in Iowa. They over-

Maquoketa seas 
Maquoketa outcrops 
Maquoketa lands 

FIG. 30-Maquoketa seas and outcrops. The extension of the sea on the 
west southward toward Kansas City is not based on strong evidence. 

lie unconformably the Fernvale and Kimmswick south of St. Louis and 
the Kimmswick in Lincoln, Pike, and Ralls counties. For the most part 
they are light blue in color. Near Cape Girardeau only the base is of 
shale whi le the middle and upper parts consist of arenaceous shale and 
sandstone which Ulrich' refers to the Thebes formation. In Pike County 
the Maquoketa is about one hundred feet thick, but south of St. Louis 
it ranger from O to 20 feet thick. 

The Atlas Portland Cement Company of Hannibal uses Maquoketa. 
shale as an ingredient of its mixture for the manufacture of cement. 

The Silitrian of Missouri 

A long period of erosion succeeded the withdrawal of the Ordovi-
cian seas before the first advance of the Silurian which was, in the 

'Missouri Bureau of Geology and Mines, vol. 2, second series, p. 111. 
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main, from the Gulf region. The western shore of the sea was formed 
by the eastern flank of the Ozarks in Southeastern Missouri and prob-
ably was as far west as Mexico and Kirksville in Northeastern. The 
rocks deposited were mainly limestones and where they are best devel-
oped, in Pike County, they are less than fifty feet thick. By the mid-
dle of the Silurian the seas covered more than one-third of the North 
American continent, but they had withdrawn from Missouri at the close 
of the lower Silurian and did not re-enter the state during the period. 

Middle Silurian was brought to a close by widespread withdrawal 
o f the seas, and in the Upper Silurian the only parts of the continent 
covered with water were in Ontario, New York, New Jersey, Pennsyl-
vania, Ohio, and Michigan. The climate became very dry in the north-
eastern part of the United States, the inland seas dried up, as Great 
Salt Lake is now drying up, and large salt deposits were formed in the 
enclosed basin. Missouri was above water during all of Middle and 
Upper Silurian and was undergoing erosion. 

The following table gives the subdivisions of the Silurian in North 
America and the formations representing the period in Missouri: 

Cayugan 
(Upper Silurian) 

Niagaran 
(Middle Silurian) 

Oswegan 
(Lower Silurian) 
(Alexandrian of Savage) 

Sexton Creek limestone 

Edgewood . ... { 
Bowling Green limestone 
Noix oolite 
Cyrene limestone 

Girardeau limestone 

Girardeau limestone.-The Girardeau limestone was described ar i 

named by Shumard in 1855,' fr 0 :u its outcrops about two miles north ,f 
Cape Girardeau. Its northern limit seems to be a few miles north of 
Cape Girardeau, and the total extent of its outcrop is small. Savage 
says, "The rocks .... consist of dark, fine-grained, hard, brittle lime-
stones in layers two to four inches thick, thin lenses of hard, calcareous 
shale occurring between the layers of limestone ; both the limestone and 
shaly partings in places contain numerous fossils. The total thickness 
of the formation is 35 to 40 feet."' In some places the Girardeau lime-

1Mo. Geo!. Surv., Report 2, 1855, p. 154. 
'Bui. 23, 11, State Geological Surv., p. 15. 
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stone rests unconforrnably on the Thebes sandstone of the Ordovician 
and in other places it overlies shaly members of the Thebes. 

Good building stone is quarried from the Girardeau limestone near 
Cape Girardeau. 

B. Sect10n from Bowling Crt!en 
to Louisiana. -

A Colurnnor section in Pike !?aunty 0 
Noix oo1ite • .24 Bowling Green. 

FIG. 31-Lower Silurian seas and outcrops and a structure section through 
the northeastern outcrops. The eastward dip in the section is great-
ly exaggerated. Middle and Upper Silurian seas were not present 
in Missouri. 

Edgewood formation .-The Edgewood of Northeastern Missouri is 
the next younger Silurian formation but does not come in contact with 
the Girardeau . Savage' says: "It will be convenient to subdivide the 
Edgewood formation into three members as follows: ( 1) The Cyrene 
member, which will include the lower, fossiliferous limestone phase of 
the formation, below the Bowling Green member, exposed one to two 
miles east of Cyrene and Edgewood in Pike County, Missouri, and about 
two miles north of Thebes in Alexander County, Illinoi s; (2) The N oix 
oolite member which will refer to the local oolite facies of the forma-
tion, which is the equivalent of a variable portion of the upper part of 
the Cyrene member; and (3) the Bowling Green member, which will 
embrace the buff or brown mostly unfossiliferous limestone in th e up-

1Savage, T. E., Bull. 23, Ill. State Geo!. Surv., p. I 9. 
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per part of the formation, corresponding to the strata outcropping near 
Bowling Green, Missouri." 

The Cyrene member is usually brown in color, ranges up to twelve 
or fourteen feet in thickness, and is fossiliferous. 

The Noix oolite, a local phase of the Cyrene, wedges in between 
the typical Cyrene and the Bowling Green. It ranges up to eight or ten 
feet in thickness and occurs nowhere in Missouri excepting near Loui-
siaPa. As is usually the case in oolites the fossils are smaller than those 
of the same species in other rocks. 

The Bowling Green limestone is brown to yellow in color and 
ranges up to thirty-five feet in thickness. It is more widespread than 
the other members of the Edgewood in Missouri. The middle and up-
per parts contain few fossils but fossils are more abundant in the lower 
two feet. 

Limestone is quarried from the formation near Bowling Green. 
Sexton Creek liinestone.-The Sexton Creek limestone overlies the 

Bowling Green in Pike County. Professor Savage of the University of 
Illinois kindly furnished the following data :-"The best exposures o•f 
Sexton Creek limestone I have seen in your State are in the hills in 
the vicinity of Kissinger and Clarksville in Pike County. This forma-
tion is here the uppermost bed of the Silurian and immediately overlies 
the brown magnesian Bowling Green limestone member of the Edge-
wood formation. It consists of light gray limestone in layers 6 to 14 
inches thick. The greatest thickness I have seen in Missouri is 18 to 
25 feet, which is somewhat less than is exposed in the opposite bank 
of the Mississippi River in Illinois from above Pleasant Hill to below 
Hamburg. But the limestone in Illinois is of similar character and con-
tains similar fossils."' Savage correlates the Sexton Creek with the 
Brassfield east of the Cincinnati arch. 

The Devonian of Missouri 

The period following the Silurian is known as the Devonian. It is 
not well represented in Missouri though it occurs over much larger areas 
than the Silurian. The recognized divisions of the period and the for-
mations in Missouri are given in the following list : 

U D . { Craghead Creek shale pper evoman .. 
Callaway limestone 

Middle Devonian• • { Grand Tower limestone-Cooper limestone 

Lower Devonian .. { Clear Creek chert 
Bailey limestone 

'Quoted from a letter dated October 16, 1917. 
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Bailey f ormation.-The Ozark region was the highest area in the 
state, when the seas came back in early Devonian, and formed the 
western shore of a bay that advanced northward from the Gulf of Mex-
ico. Only a small area in Missouri was submerged as is indicated in 
Figure 32. The fir st deposits in the seas of the Missouri Devonian were 

h':'i,)1 Upper Devoniar< 
Sea& E3 Lower Devonian seas 

l~I Callaway outcrop, 

1~1 

Section in Callaway County. 0 Ordovieian.ZOG.rand Tower . 
50 Callaw11y. 25 Cragheail Creek. ? Sylamore 

Craghead 
outcrop:; 

Lower Devonian 
outcrops 

FIG. 32-Upper and Lower Devonian seas and outcrops. As the upper 
and lower Devonian seas did not overlap, they are presented on the 
same map. The northward extension of the upper Devonian sea is 
hypothetical. 

limestones and sandstone s, which have been named the Bailey formation. 
The maximum thickness is about 120 feet, the larger part of which is 
dark, bluish-gray, slightly cherty limestone. The sandstone members ap-
pear not to be continuous but on Saline Creek in Ste. Genevieve County 
sand stone makes up a conspicuous part of the formation. The lime-
stone is highly fossiliferous but the sandstone seems to be barren of 
fossils. The Bailey may be roughly correlated with the Helderberg of 
New York state. 

Clear Creek formation.-The Clear Creek formation which consists 
of cherts and limestone was deposited above the Bailey but is now dis-
continuous, probably owing to erosion before the deposition of the next 
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younger formation. A few patches of highly fossiliferous limestone 
have been found and the fossils indicate the Oriskany age of the forma-
tion. The seas withdrew southward and eastward and terminated the 
deposition of the Clear Creek. 

f:;::.-· .. :J Middle Devoniarn seas 

D Middle Devonian 1and 

C.rand Tower 
seas 

FIG. 33-Middle Devonian seas and outcrops. The Cooper sea at the 
west and north, the Grand Tower sea at the south and east. Sec-
tion A-A represents the relationships of seas and land when the 
seas were separated by only a narrow neck of land. The outcrops 
of the middle Devonian in Iowa are small and few in number and 
the map possibly represents too great a width of the sea at the north. 

Grand Tower limestone .-Many shiftings of the seas followed and 
in early Middle Devonian the western margin of a gulf occupied Souths 
eastern Missouri and a narrow bay projected westward as far as Calla-
way County. As the sea advanced westward a thin sandstone and con-
glomerate was formed in the margin but limestones began forming where 
the water became deeper and were the main deposits of this time. The 
rock is coarsely crystalline and in some places is made up largely of 
crinoid stems which has led to its being identified as Burlington. Its 
best development is in Illinois but it makes up the top of the Grand 
Tower rock at Grand Tower, Missouri, and is extensively developed in 
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Ste. Genevieve County along the Saline River. In this region it is a 
compact, bluish gray, highly fossiliferous limestone ranging up to fifty 
or sixty feet in thickness and is overlain by a thick bedded, massive 
sandstone. It is rarely more than 15 feet thick where it occurs in Mont-
gomery and Callaway counties and is absent in many places. Many of 
the species of fossils are the same as those in the Onondoga limestones 
of Ohio and Indiana. The Grand Tower and Onondoga were formed 
in a sea that extended from Missouri through Illinois, Indiana, Ken-
tucky, Ohio and New York. 

Cooper limestone.-While the sea was invading from the Gulf of 
Mexico a great bay was advancing from the Arctic Ocean southward, 
and one part of it extended through Iowa into Northern and Wes tern 
Missouri as far as Boone County. The main deposits of this sea in 
Missouri were 5 to 30 feet of very compact limestone, known as the 
Cooper marble. A narrow neck of land extended through Central Mis-
souri separating the eastern, or Gulf sea, from the western sea. The 
western sea advanced eastward in northern Illinois and finally joined 
the eastern sea, but the seas retreated from Missouri before the close 
of Middle Devonian. Some of the species of fossils from the Cooper 
are identical with those from the Otis beds, the lowest Devonian of 
Iowa. 

The Callaway limestone lies disconformably over the Grand Tower 
in central Callaway County and on the Cooper in eastern Boone County. 
The Grand Tower is a part of the eastern middle Devonian and the 
Cooper a part of the western middle Devonian and the eastern and 
western seas were separated by a neck of land less than twenty miles 
wide in Central Missouri. 

Upper Devonian.-In Upper Devonian time the seas reinvaded Mis-
souri from the north and deposited the Callaway limestone and the 
Craghead Creek shale. The only outcrops of these formations are in 
V/arren, Montgomery, Callaway and Boone counties, and the sea inva-
sion is known to have come from the north by many species of fossils 
of the formations in Missouri and Iowa being identical. 

Callaway limestone.-The Callaway limestone was named by Keyes' 
from its occurrence in Callaway County, where its best exposures show 
forty to fifty feet of thin-bedded, dary gray limestone, followed by nine 
feet of shaly concretionary limestone containing pyrite. The formation 
is abundantly fossiliferous. The westernmost outcrops appear in Boone 
County near Providence, where it is three to four feet thick. It is dis-
continuous from there to near the boundary of Callaway and Boone 
counties, attains its greatest thickness in Callaway County, thins east-
ward into Montgomery County, and finally pinches out in Warren 
County. The distribution is shown imperfectly in figure 32. 

'Keys, Mo. Geo!. Survey, Vol. IV, pp. 40-43 , 1894. 
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Craghead Creek shale.-The Craghead Creek shales lie conformably 
on the Callaway limestone. The lower ten to fifteen feet consist of 
dark blue to drab, sandy shales with thin calcareous partings. The for-
mation becomes lighter in color upward and terminates in soft, yellow 
to gray, siliceous shales. The total thickness is approximately twenty-
five feet . These shales have their best development in Callaway County, 
thin out eastward in Montgomery County, and are not known to extend 
beyond the eastern boundary of that county. The Craghead Creek shale 
is the topmost formation of the Devonian in Missouri and is equivalent 
in age to the top of the Devonian in Iowa. The most typical fossils 
are figured in Plate III. 

Gallaher applied the name Snyder Creek shale to an Upper 
Devonian formation in Callaway County but he did not describe 
the shale or designate the type location (No Snyder Creek is listed on 
the maps of Callaway County) . As Greger' described the shales and 
listed their fauna, his name of Craghead Creek is adopted in this bul-
letin. 

Devonian history after Craghead Creek time.-The seas in which the 
Craghead Creek shales formed withdrew from Missouri and left the 
Devonian rocks exposed to erosion. Some writers include black shales 
of Northeastern and Southwestern Missouri in the Devonian and postu-
late a Devonian sea advance after the Craghead Creek withdrawal. The 
age of the black shales is still an open question but they are classed as 
Mississippian by the writer on account of their overlap on formations 
of several periods. 

The Mississippian of Missouri 

After the withdrawal of the Devonian seas the Missouri area was 
eroded for a long period, perhaps a million years, before the seas read-
vanced, inaugurating the Mississippian period. Part of the early advance 
came into Missouri from the south and southwest, and early in the 
period the state was submerged with the exception of the Ozark region 
( See figure 34). Sands, muds, and limes made up the early deposits, 
but the seas soon cleared and through the rest of the period limestones 
were formed. The period closed with a widespread withdrawal of the 
seas. 

The Mississippian gets its name from the rocks that constitute it 
being well developed in the Mississippi valley. The main divisions of 
the period and the representative Missouri formations are given in the 
following table: 

1Mo. Geo!. Surv. Vol. 13, p. 153. 
'Am. Jour. Sci. Vol. XXVII, pp. 375, 1909. 
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Chester group. . . . . . . . . . . . . . . . Okaw formation. l Carterville formation. ( Southwestern 
Missouri) 

Cypress sandstone ( Southeastern Mis-
souri) 

Ste. Genevieve group. . . . . . . . { Ste. Genevieve limestone. 

{ St. Louis limestone 0-375' Meramec group .. ........... . 
Salem limestone 0-

{ 
\il/arsaw formation 0-75' 

Osage group. . . . . . . . . . . . . . . . . Keokuk limestone 0-20' 
Burlington limestone 0-150' 

r Formations of northeastern Missouri. 
I Chouteau limestone 0-50' 

Kinderhook group• • .. • • • • • • • • Hannibal formation 0-70' 
I Louisiana limestone 0-40' 
l Grassy Creek shale 0-100' 

Kinderhook group. . . . . . . . . . . . Chouteau limestone 0-70' { 
Formations in central Missouri. 

Sylamore sandstone 0-60' 

Kinderhook group .. .. .. .. . . . . 

Kinderhook group ...... . .... . 

(Averages 1'-2') 

r Formations of eastern Missouri. 
I Fern Glen formation 0-30' I Bushberg sandstone 0-14' (Sylamore) 
l Glen Park limestone 0-1' 

r Formations in southwestern Missouri. 
I Pierson limestone 0-40'-(Top of 
I Chouteau) 

Northview formation 0-70' 
I Chouteau limestone 0-20' 
I Sylamore sandstone 0-2'-(Phelps 
l sandstone) 

Glen Park limestone.-The Glen Park limestone seems to be one of 
the oldest Mississippian formations in Missouri. It was described by 
Weller from a locality just below Glen Park station, in Jefferson County 
about twenty-five miles south of St. Louis ( See figure 34). It is a 
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"light colored, oolitic, fossiliferous limestone," 1 foot 3 inches thick. 
The bed appears as lenticular limestone masses in shale and is discon-
tinuous. Above the limestone a layer of sandy shale about four inches 
thick thickens where the limestone thins and leaves the impression that 
the limestone is embedded in shale. The Glen Park is not known out-
side of the type region. 

Sylamo,-e sandstone.-While the Glen Park was forming in Eastern 
Missouri the advancing seas in the western part of the state were work-
ing over residual materials and depositing the Sylamore sandstone. The 
outcrops of the Sylamore occur against those of the Chouteau on the 
side of the older rocks (See figure 34), south of the St. Louis barrier 
·but do not extend north of the barrier. They extend south of the 
Chouteau from St. Louis County through Jefferson and Ste. Genevieve 
counties. 

In its most typical development it is a yellow to brown, well indu-
rated sandstone, but in some places it is a conglomerate, and in several 
places it is green in color and highly calcareous. W om teeth of Ptycto-
dus calceolus and small black nodules are of wide occurrence in it. 

Above the Glen Park in Ste. Genevieve County the Sylamore is a 
yellow fine-grained sandstone fourteen feet thick and has been called 
the Bushberg. In Warren County it varies up to sixty feet in thick-
ness but is usually one foot or less. In Montgomery County it varies as 
in Warren County, but in the western part beds two to ten feet thick 
outcrop over considerable areas. In Boone and Cooper counties the 
green sandstone phase is common, but in many places the entire forma-
tion is conglomeratic. At one place near Providence and one near Wil-
ton a shale three to four feet thick occurs beneath the sandstone, and 
about four miles north of Jefferson City along the Chicago and Alton 
Railroad a shale more than ten feet thick comes in below it. In South-
western Missouri it is called the Phelps and is similar to the green 
sandstone phase in Boone and Callaway counties. 

The formation seems to have be.en deposited in an advancing Mis-
sissippian sea, as it re ts unconformably on Ordovician formations, Cal-
laway limestone, Craghead Creek shale, Cooper limestone, and other 
formations. 

Grassy Creek shale.-In Pike and adjoining counties the Grassy 
Creek shales were being formed at the same time as the Sylamore sand-
stone south of the St. Louis barrier. The seas had advanced from the 
east and were shut off from the southern seas by the St. Louis Barrier. 
The shales rest unconformably on Sexton Creek, Bowling Green, Cooper 
limestone, and Grand Tower formations. The shales are usually bluish 
to black in color, thin-bedded, sometimes sandy, and range in thickness 
from a few inches to sixty feet . The outcrops are limited in extent 
compared to those of the Sylamore sandstone. 
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The Sylamore is sometimes known as the Bone bed, because it bears 
a large number of teeth of a spook fish, and the Grassy Creek shale 
carries the same fish fossils. The only places where other types of fos-
sils have been found in the Sylamore are near Montgomery City in 
Montgomery County, but the species are all different from those in the 
Grassy Creek. The Grassy Creek forms are all Lingulas and indicate 
very shallow muddy water conditions while the Sylamore species are 
normal, shallow water, marine forms. 

The seas in which Glen Park, Sylamore, and Grassy Creek were 
formed were patchy, perhaps resembling those of the Arctic Archipelago 
north of Hudson's Bay. 

Louisiana limestone.-In Northeastern Missouri the clearing seas 
produced a rapid transition from the Grassy Creek shales to the Louisi-
ana limestone, sometimes called the Lithographic limestone because of 
its being compact and homogeneous. The limestone is thirty-five to 
forty feet thick along the Mississippi River from Hannibal to Clarks-
ville. Westward it thins out to two or three feet within twenty-five 
miles. All of its outcrops occur in Lincoln, Ralls, and Pike counties. 

Hannibal shales.-For some reason the seas began to receive more 
mud in upper Louisianian time and this resulted in the formation of the 
Hannibal shales, which are fifty to seventy feet thick in the vicinity of 
Hannibal. "The low1er beds of shale are of a peculiar indigo blue color 
when freshly exposed but weather to a pale blue-green ne;ir the bottom 
dnd a decidedly yellowish brown near the top.' The upper part of the 
Hannibal shales is very sandy and has been called the Vermicular sand-
stone because of peculiar worm borings that occur in it in large num-
bers. The Hannibal shales probably occur throughout the northeastern 
part of the state but they come to the surface only in Macon, Pike, 
Ralls, and Marion counties. The Vermicular sandstone contains many 
fossils but the underlying shales are almost nonfossiliferous. Shales in 
Southwestern Missouri have been referred to the Hannibal, and they 
may be of the same age, but as they overlie Chouteau deposits and con-
tain no fossils in common with the Hannibal, the name should not be 
applied to them. 

In St. Clair County a sandstone similar to the Vermicular underlies 
part of the Chouteau limestone but data have not been collected to war-
rant positive correlation with the Vermicular. 

Chouteau limestone.-The seas were spreading and by the close of 
Hannibal time the patchiness had disappeared, though a barrier extend-
ing northwestward from St. Louis separated the northern seas from the 
southern. Limestones, known as the Chouteau from their outcrops near 

'Rowley, Mo. Bur. Geology and Mines, TOI. 8, p. 32. 
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Chouteau Springs in Cooper County, formed above the Hannibal in 
Northeastern Missouri, but south of the St. Louis Barrier the Chouteau 
began to be deposited on the Sylamore sandstone at about the same 
time that the Louisiana was forming above the Grassy Creek shales in 
the northeast. 

Chouteau seas 

Chouteau Jana 

Chouteau outcrops 

FIG. 34--Chouteau seas and outcrops. The eastern margin of the Chou-
teau sea is fairly well outlined from the outcrops of the Chouteau 
limestone. The Sylamore sea was of practically the same extent as 
the Chouteau south and west of the St. Louis barrier. The Grassy 
Creek sea occupied the area north of the barrier as far as the dot-
tted line. AA-Structure section showing the general structure in 
southwestern Missouri. 

The Chouteau outcrops intermittently from Lewis County in north-
eastern Missouri to McDonald C aunty in the southwest. The outcrops 
are generally in a belt less than half a mile wide and for long distances, 
where they are in the sides of bluffs, their width is only a few feet 
The width of outcrop shown on the map is greatly exaggerated. 

In many places the Chouteau consists of two parts, which can be 
readil,· distinguished. A brownish-gray or buff, fine-grained, sandy 
limestone in thick massive beds makes up the upper part. The stone is 
so highly magnesian that it gives little or no effervescence with cold 
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acid, and it often contains calcite, pyrite, and concretionary iron ore. 
The lower part is made up of a light bluish-gray or drab, homogeneous, 
brittle limestone, which breaks with a shelly fracture. In many places 
the lower part is abundantly fossiliferous, but in many other localities 
fossils are almost entirely wanting. The upper beds are sparsely fossil-
iferous. The weathering of the lower beds gives them a peculiar hackly 
surface, as illustrated in figure 

The formation is seventy feet thick at Chouteau Springs, about fifty 
feet thick in southern Boone County, nothing to twenty feet thick in 
Callaway County and usually only a few feet thick in Montgomery and 
Warren counties. 

At Osceola in St. Clair County the formation consists of fifteen 
feet of limestone at the bottom, followed by fifteen feet of vermicular 
sandstone, which is in turn succeeded by twelve feet of typcial lime-
stone. In Greene County a shale comes in below the sandstone and a 
typical section shows Chouteau at the base up to eight feet thick, N orthc 
view shale and N orthview sandstone, ten to ninety feet, Pierson lime-
stone equivalent to the upper Chouteau limestone in the Osceola section, 
three to thirty feet. 

In Northeastern Missouri the Chouteau ranges up to fifty feet in 
thickness, though only the top part is present. The top resembles the 
Burlington of that region, and there is no definite line of separation. 

In the area south of the St. Louis barrier the Chouteau generally 
overlies the Sylamore sandstone with perfect conformity, though in 
places the Sylamore is absent and it rests on Ordovician or Devonian 
unconformably. In Northeastern Missouri it lies conformably on the 
vermicular sandstone phase of the Hannibal shales. The formation over-
lying the Chouteau is almost always the Burlington, and local evidences 
of unconformity are common. However, the best evidence of uncon-
formable relationship is the thickening and thinning of the Chouteau. 

The southern Chouteau seas were separated from the northern 
through most of the epoch by a barrier that extended from St. Louis 
in a northwesterly direction. In upper Chouteau the seas crossed this 
barrier probably as far eastward as Audrain County but were not con-
nected from Pike and Lincoln counties to Montgomery and Warren 
counties ( See map of Chouteau seas and outcrops, page 66). 

In Central Missouri, where the Chouteau lies conformably on the 
Sylamore, it represents the entire Kinderhookian epoch, excepting the 
short t'me in which the Sylamore was forming, but in N ortheastem Mis-
souri, where it lies on the Hannibal shales, it represents only the upper 
part of the Kinderhookian epoch, the Grassy Creek shales, the Louisiana 
limestone, and the Hannibal shales all occurring below it in the Kin-
derhookian. 

The Chouteau is rarely used as a building stone but makes fair road 
material and has been quarried rather extensively near Easley and Lu-



68 TffE GEOLOGY OF MISSOURI 

pus for riprapping the banks of the Missouri River. Quarries near 
Sedalia and Osceola furnish stone for road and concrete work and rail-
road ballast. 

1:.-:-,·::J 8-urlington seat: 

Bu-rlin':5ton outcrops 

land 

F1G. JS-Burlington seas and outcrops. Outliers of Burlington, and Bur-
lington chert occur near to the Ozark center and the seas are there-
fore represented as covering all of the state excepting the granite 
peaks. 

Bul'lington li1nestone.-The seas in which the Chouteau formed re-
treated and exposed the unconsolidated limes to erosion and in places 
the formation was entirely removed, but the waters soon readvanced and 
became deeper than at any time during the Kinderhookian and the Burl-
ington limestone began to be deposited over most of Missouri. It ranges 
from O to I 50 feet thick and contains only a small amount of impuri-
ties other than chert which in sorr.e places makes up 20 per cent of the 
rock. It is often called the encrinital limestone on account of its being 
so largely made up of crinoid sterns. Outside of the margin of its con-
tact with older rocks as shown in figure 35, the Burlington is con-
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tinuous over Missouri ar:d does not vary greatly in thickness excepting 
on account of erosion. The Ozark region was probably once covered by 
the Burlington, but it was eroded away before the deposition of rocks 
of the next period. As shown l:,y numerous outcrops of Burlington, it 
extended southeastward miles beyond its present margin and the inter-
vening limestones have been removed by stream erosion. The Burling-
ton outcrops are more extensive than those of all of the other Mis-
sissippian formations combined and their extent is exceeded by no other 
formation of any period. 

In Southwestern Missouri the Burlington is called the Boone. The 
Burlington makes up rr:ost of the Mississippi limes that constitute a ref-
erence group in drilling for oil, gas, and water. 

The Burlington is extensively used as a building stone, and hundreds 
of quarries occur on its outcrops. The well-known quarries at Carthage, 
from which stone for the State House came, are the largest. The pure-
ness of the Burlington makes it excellent for the manufacture of cement 
and lime and for use on sour soils. In Southwestern Missouri lead and 
zinc deposits of the Joplin district are in rocks of Burlington age. 

Keokuk limestone.-With the close of the Burlington, the seas with-
drew to the St. Louis area and a new formation began to form in the 
restricted area; but no well-marked unconformity, and in places no 
sharp line of demarkations separate the new formation from the Burl-
ington. Limestones continued to form but they contained more mud 
and thin layers of shale formed between the limestone beds. The lime-
stones are bluish in color and contrast strongly with the white Burling-
ton. The cherts are also darker colored than those of the Burlington. 

Though there were several fauna! changes from Burlington to Keo-
kuk, none of them were important. The most numerous animals in the 
Keokuk seas were crinoids and brachiopods but blastoids became abund-
ant, bryozoans were numerous, and fishes decreased in numbers. 

1,Varsaw shales.-The withdrawal of the seas at the close of the 
Keokuk left a large area of land exposed to erosion and the streams 
brought a great deal of mud to the newly-formed St. Louis bay and 
started the formation of the Warsaw shales. Lime continued to be de-
posited but the amount of mud was equal to the lime and the resulting 
rocks were alternating muds and limes, r,ow consolidated to shales and 
limestones. The basal part which varies from 10 to 20 feet in thickness 
consists of cherty limestone and shale with limestone predominating. 
The limestones resemble those of the Keokuk and may possibly belong 
to that formation. The chert is generally of a dark-red color and dif-
fers from the dark-gray chert of the Keokuk. 

The body of the formation is soft shale, mainly bluish in color but 
yellowish near the top, but it also contains thins beds of limestone. The 
entire formation is fossiliferous with Spirifer keokuk and Archimedes 
wortheni as the best index fossils. The average thickness in Missouri 
is about 75 feet. The formation has not been recognized in Missouri 
outside of ti',· St. Louis region. 
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Salem liinestone.-The seas became clearer and a limestone formed 
«bove the shales, with a rather abrupt transition from one to the other. 
The most characteristic phase of the formation is thick-bedded, in 
places crossbedded, granular, fossiliferous gray limestone. This phase 
represents the well-known Bedford building stone of Indiana. Other 
beds are much finer grained and more compact while others are oolitic. 
Shale lenses are often continuous for long distances. Chert is rare or 
absent. The coarse-grained limestones bear the same fauna as the Sper-
gen Hill limestone of Indiana and for that reason Ulrich' called it the 
Spergen formation. Cumings' had applied the name Salem in the same 
sense three years before. 

The Salem seas seem to have spread widely but to have been patchy. 
Salem fossi!3 occur in Southwestern Missouri, in central Missouri near 
Boonville, and in the northeastern part of the State. These patches of 
Salem have usually been identified as Keokuk. 

St. Loiiis limestone.-Following the time of the deposition of the 
Salem limestone, the seas withdrew to the eastern margin and south-
western corner of the state and the St. Louis limestone was deposited 
in them. This formation forms the country rock of a considerable area 
near St. Louis and its thicknesss averages about 325 feet. It is almost 
all limestone but contains some thin beds of shale. Most of the lime-
stone carries a little magnesium carbonate, which in a few beds runs 
as high as 30 per cent. Rocks that break with almost glassy fracture, 
that are close-textured and dense, are characteristic of the St. Louis but 
this phase is rarely seen in the lowest third of the formation. Most 
of the limestone contains nodules of chert but some beds are locally free 
from chert. Some of the chert is black, some gray, and some banded 
like agate. Nodular limestone with spherical conceretions of limestone 
bedded in a matrix of the same material is another peculiarity of the 
formation. While the St. Louis limestone is thick in the St. Louis re-
gion, it does not appear forty miles west of St. Louis, where the Burl-
ington limestone in many cases rests directly on Ordovician limestones. 
Great numbers of sink holes are developed in the limestone and sink 
hole topography may be said to be characteristic of the St. Louis for-
mation. 

The St. Louis is not as highly fossiliferous as the Salem and the 
fossils are not so well preserved. 

Ste. Genevieve limestone.-The St. Louis closed with the withdrawal 
of the seas from Eastern Missouri and a short period of erosion was 
followed by a readvance of the seas and the deposition of the Ste. 
Genevieve limestone. At its typical locality near Ste. Genevieve the 
limestone is less than 100 feet thick but in Kentucky its thickens to 245 

1U. S. Geo!. Survey, Prof. Paper, 24, p. 90 (1904). 
'lour. Geo!., 9, p. 232. (1901). 
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feet.' The Ste. Genevieve is mainly limestone, some of which is sandy 
and strikingly cross-bedded. Some of the limestones are oolites, and 
some thin beds are entirely made up of sand. 

The life of the Ste. Genevieve was not greatly different from that 
of the St. Louis. Weller' says :-"The fauna of the Ste. Genevieve lime-
stone is in part a recurrent fauna from the Salem limestone, but asso-

St.Lours outcrops 

FIG. 36-St. Louis seas and outcrops. St. Louis fossils have been found 
in weathered materials in southwestern Missouri but no St. Louis 
rocks have been found in place in that region. 

ciated with these recurrent forms are certain others which are character-
istic of the Ste. Genevieve. The best index fossil of the formation is 
probably Pugnoides ottumwa, originally described from the Pella beds 
of Iowa, which are to be correlated with these Ste. Genevieve lime-
stones. Another good index species, but less common than the last, is 
Girtyella indianensis, which is also typical of the Pella beds of Iowa." 

Carterville forination.-While the Warsaw, Keokuk, St. Louis and 
Ste. Genevieve were forming in the St. Louis region, the Burlington and 
Salem were undergoing erosion over the rest of the state. In the J op-
Jin region many sink-holes resulted from the solution work of ground 

'Ulrich, E. 0., U. S. Geo!. Surv., Prof. Paper 36, p. 39. 
'Ill. State Geo!. Sun., Monograph 1, p. 23. 
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waters. In late Mississippian time, after the withdrawal of the Ste. 
Genevieve seas, a bay advanced in Southwestern Missouri and filled the 
sink-holes with rocks of various kinds which are called the Carterville. 
The seas seem to have occupied the region for only a short time and 
the areas between the sinks seem to have had little or no sediments de-
posited over them. 

"The Carterville formation occurs in isolated patches and has a most 
heterogeneous character. It consists of shaly, lumpy, somewhat con-
glomeratic, and usually oolite limestones, calcareous shale, light to dark 
argillaceous shale, arenaceous shale and shaly sandstone, massive unin-
durated sandstone, massive hard sandstone, and quartzite; in short, the 
whole category of sedimentary rocks, with the exception of chert and 
quartz conglomerate. The limestone is in some places shaly, but in 
others is firm and lumpy, the lumps ranging in diameter from a few 
inches to several feet. These lumps occur embedded in calcareous or 
argillaceous shale, and their rounded shape seems due not to water ac-
tion, but to the circumstances of their deposition or consolidation. Where 
embedded in a calcareous matrix, the lumps are usually light gray in 
color, and the spheru les are large, up to one twenty-fifth of an inch in 
diameter, or large and small mixed, some elongated, but most of them 
spherical, having a white shell with a darker filling. Some of the more 
solid chunks are rounded and smoothed as if waterworn, and clinging 
to them is disintegrated oolite material which breaks away easily, leav-
mg a continuous rounded surface. In places these harder oolitic cen-
tral chunks are more or less fractured, probably owing to mud cracks 
in the original deposition, and these interstices are filled with fine-
grained calcareous or clayey material. Where the matrix is argillaceous 
the limestones are very dark and the spherules are smaller and for the 
most part flattened or elongated. The limestones, particularly the cal-
careous shales, and here and there the sandstones, contain an abundant, 
well-preserved, and characteristic fauna. The limestones occur with cal-
careous and argillaceous shale, and the sandstones with argillaceous 
shale, but in one or two instances both limestones and sandstones have 
been found in the same outcrop or deposit. In such cases the sandstone 
and arenaceous shales occupy lower stratigraphic positions than the 
limestone."' 

Cypress sandstone.-While the Carterville was forming in South-
western Missouri the seas invaded from the east between St. Louis and 
Cape Girardeau and in their western margin the Cypress sandstone was 
deposited. The Cypress was called the Ferruginous sandstone by some 
of the earlier writers, the Aux Vases sandstone by Keyes, and has been 
divided into the Brewerville and Renault formations by Weller. "The 
formation consists of massive beds of fine-grained sandstone, which as 

1U. S. Geo!. Surv., Folio 148, p . 5. 
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a rule exhibit much cross-bedding. In its unweathered condition the 
sandstone is a light yellowish-brown, locally nearly white, but upon the 
exposed edges it is more or less reddish-brown." 

The Cypress rests nonconformably on the St. Louis limestone and 
the Ste. Genevieve limestone. In many places a basal conglomerate forms 
the bottom of the formation. 

Okaw forination. -A thin series of bluish shales with interbedded 
limestones known as the Okaw formation overlies the Cypress locally. 
The maximum thickness of the formation in Missouri is probably less 
than thirty feet. Some of the beds contain a large blastoid, P entremites 
sulcatus, in great abundance. 

Mississippian after the Carterville.-The Mississippian seas after 
the Salem were limited in extent and the greater part of the rocks of 
the state were exposed to erosion. The Mississippian rocks were re-
moved from most of the Ozark region before the sea of the next period 
advanced. Where the Mississippian now outcrops against the older rocks 
the strata are reduced to a thickness of less than 25 feet in many places 
though normally they are 200 feet thick. Near Bolivar they were en-
tirely removed and Pennsylvanian rocks rest on Ordovician. Probably 
200 to 300 feet of rocks were eroded from the Ozark area. 

Some of the materials removed were, doubtless, redeposited in the 
later Mississippian seas of Missouri, but after the withdrawal of the 
Carterville sea they were carried outside the state by the streams. Mis-
sissippian seas lingered to the south, southwest, and east long after 
Missouri was land. 

The Pennsylvanian of Missouri 

In the Pennsylvanian the seas advanced from the Gulf of Mexico 
across Arkansas, Oklahoma, and Kansas and entered Missouri north of 
Kansas City. ( See figure 37). Gradually the waters spread over the 
state until all of the land excepting in the Ozark region was submerged. 
Old valleys were filled with gravel, sand, and boulders that had resulted 
from the weathering of the older rocks, but over most of the state mud, 
sand, and mud mixed with sand were deposited. The sedimentation seems 
to have been rapid and therefore more than kept pace with the deepening 
of the waters, for the state was soon covered with great swampy areas 
in which there was vigorous plant growth. In these swamps ( See page 
78) grew the vegetation that later formed coal. Advances of 
the sea finally stopped the growth of plants in the swamps and 
streams brought in sediments to cover them. Several times the waters 
were clear enough for thin limestones to form on the sea bottoms, but 
before a large amount of lime could accumulate the streams always 
brought in muds and sands to stop the lime deposition. A total thick-
ness of nearly 2,000 feet, mainly muds and sands, was deposited over 
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much of N 01 th western Missouri and probably several hundred feet over 
the rest of the state excepting the central Ozarks. In some places four 
or five thin beds of coal formed with the other rocks. One-third, or 
possibly more, of the Pennsylvanian rocks were not formed in the seas, 
but in alluvial fans, flood plains, and nonmarine parts of deltas. 

The Missouri Pennsylvanian is subdivided into the Des Moines 
group and the Missouri group. The Des Moines consists mainly of 
shale and sandstone but contains several thin beds of limestone and a 
number of coal beds. The Missouri group has a maximum thickness of 
a little more than 1200 feet and consists mainly of shale and subordin-
ately of sandstone and limestone. The subdivisions of the Pennsylva-
nian are as follows: 

Formations 

Missouri group ..... . 

Des Moines group .. { 

Wabaunsee, 100 feet 
Shawnee, 350-475 feet 
Douglas, 200-300 feet 
Lansing, lC0-140 feet 
Kansas City, 200-225 feet 

Pleasanton, 100-225 feet 
Henrietta, 25-110 feet 
Cherokee, 75-710 feet 

Des M oin.es Groiip 

The Des Moines group outcrops in a belt from a short distance 
north of the southwestern comer of the state northeastwardly to the 
northeastern comer, as shown in figure 37. The area of its outcrop is 
about 16,COO square miles. The group is composed of shale, sandstone, 
limestone, clay, and coal and the shale constitutes at least half of the 
entire thickness. Where complete measurements have been obtained, 
the thickness ranges from 585 feet in Trenton, Grundy County, to 895 
feet in Forest City, Holt County. 

Cherokee slwle.-The lowest formation of the Des Moines is main-
ly shale, but several beds of limestone are present, and in Johnson, 
Henry, and Bates counties there are exceptionally thick limestone beds. 
Coal beds form a small proportion of the total thickness but are scat-
tered through the entire formation. The Cherokee rests, in the main, 
on Mississippian limestones, and the surface of the Mississippian lime-
stone is irregular. Outside the outcrops of the Cherokee, numerous out-
liers of sandstone and shale occur. Pockets of Cherokee shale that in 
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many cases contain coal are of rather wide distribution near the main 
Cherokee outcrops and are known to near the center of the Ozarks. The 
pockets are usually sub-circular in outline, are rarely more than a few 
hundred feet in width and are often as deep as wide. Some of these 
pockets contain coal thirty to ninety feet thick, though the total amount 
of coal is small. Coal and shale seem to have slipped into the pockets 
from overlying beds. 

Henrietta f ormation.-The Henrietta formation overlies conformably 
the Cherokee shale and consists of interbedded shales, sandstones, and 
limestones. The main areas of outcrops are indicated on the map of 
the Pennsylvanian system. In the southern part of the area of outcrop 
the formation is nearly half limestone. The entire formation thins from 
the south toward the north, but the limestone thins faster than the 
shales and sandstone. The Henrietta bears coal in only a few places. 
In Vernon and Bates counties the Henrietta is 90 to 100 feet thick. It 
thins to IS feet in Macon County, and increases in thickness from Ma-
con to the northern line of the state, where it is 40 to SO feet thick. 
There is more sandstone in the formation in the southern part of the 
state than in the other regions. 

Pleasanton forniation.--The Pleasanton is mainly shale, but sand-
stone is abundant and is thicker than the shales in some places. Lime-
stone is absent or represented by one or two thin beds. The Ovid coal 
bed occurs near the top and the Mulberry bed near the bottom. The 
latter is an important coal producer in Bates County. The character 
of the formation is extremely irregular. The Pleasanton varies in thick-
ness from 100 to 200 feet . It is 200 feet thick in Bates County and 
thins northwestward to 100 feet in Adair and Putnam counties and 120 
feet in Clay and Clinton counties. 

Missouri Group 

Rocks of the Missouri group cover most of the northwestern part 
of the state, west of a line extending from Mercer County on the north 
to Bates County on the south. The group is similar to the Des Moines 
but contains only small amounts of coal and a much larger proportion 
of limestones. Hinds says1 : "Shale and sandstone strata constitute 
nearly three-fourths of the Missouri group, which is a series of alter-
nating beds of shale, sandstone, and limestone, with a few thin beds 
of coal and clay. The limestones, being more resistant to the processes 
of weathering, are more prominent than the beds of shale and sandstone 
both in outcrop and in influence on the topography and have, therefore, 
produced an erroneous impression that the Missouri lithologically dif-
fers g reatly from the Des Moines." Though the coal resources of the 
Missouri group are unimportant, the shales furnish an unlimited amount 

1 Mo. Bureau of Geo!. and Mines, vol. 13, second series, p. 108. 
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of materials for brick n::anu facture, the limestones are valuable for the 
manufacture of Portland cement and quick lime, and for land plaster, 
and the sands where covered with three hundred feet or more of shales 
and limestone offer some chances of oil and gas development. 

FIG. 37-Pennsylvanian seas and outcrops. The black represents the 
Des Moines group outcrops; the horizontal lines and dots represent 
the Missouri group outcrops; the white represents the Pennsylvanian 
land areas. The extent of the Pennsylvanian seas in the Ozark re-
gion is uncertain and the shore line shown on the map is, there-
fore, largely hypothetical. Pennsylvanian outcrops occur southeast-
ward from the line but the rocks were not formed in the seas. The 
map represents maximum extent of seas and throughout much of 
the period only a small part of this area was submerged. The dot-
ted area at the left represents the extent of the sea that first enter-
~d Missouri in lower Pennsylvanian time. The white line in the 
black is about the eastern limit of possibility of getting oil in pay-
ing quantitites from the Pennsylvanian. 

Kansas City f ormation.-The lowest formation of the Missourian 
consists of alternating members of limestone and shale named as fol-
lows: 

Iola limestone l'-43' 
Chanute shale 20' -45' 
Drum limestone l'-18' 
Cherryvale shale 13'-25' 
Winterset limestone 25' -40' 
Galesburg shale 5'-20' 
Bethany Falls limestone 15'-25' 
Ladore shale 6' -30' 
Hertha limestone 4'-18' 
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At Kansas City more than half of the formation is limestone, but 
the proportion of shale increases to the north. The shales are sandy or 
limey but several beds a re black and practically free from lime and sand. 
The thickness of the formation varies from less than 200 feet to more 
than 225 feet. The Drum member is oolitic. 

Lansing f ormation.-The Lansing formation consists of shale, sand-
stone, and limestone bu t unlike the Kansas City, the limestones are 
mainly in the upper half and the shales and sandstones in the lower 
half. 

The following members are recognized in Missouri: 
Stanton limestone 20' -40' 
Vilas shale 3'20' 
Pl att sburg limestone 5'-20' 
Lane shale 50'-80' 

The formation thins from southwest to northwest. The shales are 
mostly sandy or limey but some of the beds are black and slaty. Most 
of the limestone is bluish in color though the middle part of the Stan-
ton is gray. The limestones contain some clay. A thin coal bed is 
present in some sections of the Vilas shale. 

Doiiglas formation.-The Douglas consists mainly of sandstone and 
shale though the top member is a limestone. The following members 
are r ecognized : 

Oread limestone 35' -75' 
Lawrence shale 130'-200' 
Iatan limestone 2'-22' 
Weston shale 60'-100' 

The limestones in the Douglas are lenticular, that is, they thin out 
laterally from the thickest part, and this factor makes the whole forma-
tion irregular in thickness. It closely resembles the Cherokee in litholo-
gical character s. Two coal beds occur in the L awrence shale. 

Shawnee formation.-The Shawnee formation is predominantly 
shal es, but several bed s of limestone occur in it. Some of the shales 
are sandy and micaceous while others are calcareous. Beds of black 
shale and thin coal seams alternate with the other beds. At the Iowa-
Missouri line the form ation is 350 feet thick and it thickens to 475 feet 
at its southern exposures. 

The followin g members have been recognized : 
Scranton shale 200' 
Howard limestone 8' -12' 
Severy shale 30' -10' 
Topeka limesto!le 25' 
Calhoun shale 20' -25' 
Deer Creek limestone 20' -26' 
Tecumseh shale 30'-60' 
Lecompton limestone 20'-30' 
Kanwaka shale 30'-S0' 



Fie. 38-A Permocarboniferous landscape . Characteristic vegetation of scouring rushes, club mosses, and ferns; two 
figures of an amphibian about seven feet long on the land; t\VO reptiles in th e water; a large dragon fl y in the air. 
(After Dr. S. W. '\Villiston. Courtesy of the University of Ch icago Press) . 
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The Severy member contains the Nodaway or Quilman coal which 
ranges up to 30 inches in thickness and has been mined more exten-
sively than any other coal in the Missourian. 

vVabaimsee fon'llation.-The Wabaunsee formation is mainly sandy 
shale and sandstone, Lut it contains three thin limestone members and 
one irregular coal seam. Only the lower part of the formation is pres-
ent in Missouri and it outcrops only in Atchison and Holt counties. 

Close of the Pennsylvanian 

Gradually the seas filled with mud, or retreated from the state 
on account of the rise of the Ozark area and they have never 
returned. A period of erosion lasted from that time to the present 
over all of the state excepting the southeastern corner. Over more than 
half the state the Pennsylvanian rocks have been entirely removed by 
erosion and over the rest probal>ly more than half of them are gone. 

The Permian Period 

The Pennsylvanian was followed by the Permian, but though the 
seas came as far as central Kansas, they probably did not enter Mis-
souri. In the Kansas region the climate was intensely arid and the 
great interior seas dried up and left thick beds of salt. Over large areas 
of the world the climate of the Permian was cold enough to bring on 
widespread glaciaticn. This glaciation reached to within the tropics in 
South America, India, and Africa, but no Permian glaciation has been 
positively identifed in North America, though some deposits in eastern 
Massachusetts may have originated at this time. During the Permian 
there was widespread uplift of all of North America, and the Appala-
chian region was folded, faulted, and uplifted into mountains. Lateral 
pressure was so great in the Appalachian region that the crust of the 
earth was shortened seventy- five miles in some places. The Ouachita, 
Arbuckle, and Wichita mountains seem to have been formed at this 
time, and there may have been a greater doming of the Ozark region. 
To the westward the present Rocky Mountain area remained low. The 
Permian lasted two to three million years. 

THE MESOZOIC ERA 

The era following the Paleozoic is called Mesozoic or middle life-
time. It is divided into four periods as follows: 

Cretaecous 
Comanchean 
Jurassic 
Triassic 

The main sea invasions of the North American continent were 
,ram the Gulf of Mexico and the Pacific Ocean, and the invasions cul-
minated in the Cretaceous in a sea that stretched from the Gulf through 
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F1cs. 39 and 40.-Generalized structure section from St. Louis to Kansas C ity. The horizontal scale is 1 inch to 22 miles and the 
vertical scale is 1 inch to 2.000 feet. As the vertical scale is so greatly exaggerated the dip of ·the rocks appears much greater 
than it is. The Sylamore sandstone in both diagrams is nearly continuous below the Chouteau and is represented by alternating 
bl ack and white rectangles. In Figure 39 the St. Peter is represented in black above the Jefferson City, and the dotred area in 
which the black occurs represents sandy Jefferson City. In Figure 40 the St. Peter is dotted. In Figure 40 the Craghead shal_e 
is represented in solid black. The fine horizontal line about midway between top and bottom of the section represents sea love!. 
Owing to the limited thickness of many formations it was not possible to represent them in the proper scale. The Sylamore sand-
stone, as cne example, would rarely show thicker than a thin line. For greater detail consult the columnar sections, page 81. 
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FIG. 41 - Generalized geologic colum1. in E:istem Pike Coun-
t,·, N ortheastern Mi ssouri. Below the K.1 m,,1swi, k th e 
data are genera lized from St. Louis well sectio ns The 
total thi ckness to the Lamotte is known ;, t St. Louis 
but the lines between the formation s are c1 rbi tra ru_1 
placed. 

FIG. 42.- Generalized geologic column at Columbia ( Central 
Missouri). W ell s at Columbia go to a depth of 800 
fee t and at New Franklin 25 miles from Columbia, a 
well goes to a depth of 1400 feet . Formations from 
Cherokee to J efferson City are exposed ·within twelve 
miles of Columbia. The data from the J effer son City 
down are taken from wells and the boundaries between 
formation s are arbitrarily drawn. The 1400-foot well 
at New Franklin does not penetrate the Lamotte sand-
stone. 

FIG. 43-Generalized geologic column of Southwestern Mis-
souri. The data for thickness of strata are taken from 
a deep well in Vernon County. The well is a little more 
than 1800 feet deep and penetrates 800 feet of ~andstone 
at the bottom without reaching granite. From well data 
it is impossible to differentiate Gasconade, Proctor, Po-
tosi, and Elvins and the lines separating these forma-
tions are arbitrarily placed. 

(80 
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the Rocky Mountain region to the Arctic Ocean. At this time an ex-
tension of the Gulf seems to have reached to Southeastern Missouri. 
In Kentucky, just opposite Missouri, Cretaceous rocks occur but none 
are known in this state. The great interior sea may also have reached 
to Northwestern Missouri, as Cretaceous rocks occur in Eastern Kansas, 
Eastern Nebraska, and Western Iowa; but if any rocks were formed in 
Missouri, they have been removed by erosion. The estimated length of 
Mesozoic time is 10,000,000 years, and in some areas 25,000 feet of rocks 
were deposited. Missouri was undergoing erosion all of this time and 
furnishing sediments to form rocks in other places. In the Ozark region 
two or three thousand feet of sandstone, limestone, shale, and granite 
were cut away, while in the western and northwestern parts of the state 
the amount of material removed was much less. It is probable that by 
the close of the era the state was in an almost peneplained condition; 
that is, it had been cut down to gentle slopes by stream erosion. 

The Mesozoic was brought to a close in North America by the fold-
ing and uplifting of the Rocky Mountains, the uplift of the Appalachian 
Mountains, and a general emergence of the continent. 

The climate of most of the Mesozoic was mild ; subtrupical 1fants 
grew as far north as Greenland, and coal formed on the grea~A~tarc-
tic continent. 

In the closing period, the Cretaceous, extensive coal deposits formed 
in Montana, Colorado, Wyoming, North Dakota, South :Yakota Ari-
zona, New Mexico, an_d British Columbia. In the Rocky M')untai~ area 
and some parts of Texas oil and gas are obtained from Me5ozoic rocks. 

THE CENOZOIC ERA 

The era from the end of the Mesozoic to the pres1fot is called the 
Cenozoic or the time of recent life. Its duration is Pfobably less than 
5,000,000 years, th_ough in some pla~es _it_ is r:prese1ted by more than 
20,000 feet of sediments. The era 1s d1v1ded mto t.\ .0 periods and six 
epochs, as follows: 

Periods 

Quaternary ....... 1 
Tertiary .......... I 

Epochs 
Recent 
Pleistocene (gl- . .:'ial peric ,i) 

Pliocen.."" ' 
M'· cene 
Oligocene 
Eocene 

In the Cenozoic .:ra there were slight sea invasions on the Atlantic 
and Gulf coasts -~d in the Eocene one of these invasions reached to 
Southeaster)n· Missouri, though no surface rocks of the period have 
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been identified in the state. The erosion history continued with the 
lands being cut lower and lower and worn nearly to a common level. 
In Pliocene time some rather widespread gravel deposits were formed on 
the lower lands in the southeastern part of the state. The e gravels 

,., .,.,,.~o ! 

f:.::<<I Glaciated Area 
D Non- Blaciated Area 

FIG. 44-The glaciated area in Missouri. The shaded area on the map 
was glaciated and is, in large part, drift covered. The southern 
boundary of the glaciated area has never been mapped and is drawn 
from incomplete data. Most o-f the maps showing the glaciated area 
of Missouri have the southern margin near the Missouri River, but 
glacial materials have been collected in Morgan and Miller Coun-
ties and nearly every county that touches the Missouri River, and 
further investigation may show that the glacier extended south of 
the River. (Modified from Todd, Missouri Geological Survey, 
Vol. X.) 

now cap Crowley's Ridge and outlying areas in the Missouri lowlands. 
In Middle Cenozoic time the climate of North America began to grow 
colder, and finally great ice sheets from the Labrador region and the 
region west of Hudson Bay moved southward as far as southern New 
York, Pennsylvania, Ohio, Indiana, Illinois, and central Missouri. The 
edge of the ice in Missouri was not far from the Missouri River valley, 
which it may have crossed in a number of places. Over the northern 



-

FIG. 45-N orthern Missomi during Pleistocene time. The ice is repr e sented as covering the ~tate to south of the 
Missouri River. The P ennsylvanian and other strata appear dipping northward beneath the glacier . 
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part of the state the glacier deposited a heterogenous mixture of 
ground-up limestones, shales, and sandstones derived from Northern Mis-
souri and Iowa, together with boulders and rock fragments that it had 
brought from the Lake Superior region. Boulders of granite, quartzite, 
schist, gneiss, and sandstone are numerous. The deposits in some places 
are 60 to 100 feet thick, but in most places they are less than 20 feet 
m thi ckness . 

When the ice withdrew it left a barren waste of material that must 

E<'rc. 46-Part of the terminal moraine of a valley glacier near Bull 
Lake, Fremont County, W yo. This is largely made up of boulders. 
The flat-topped hill in the background is Crowheart Butte, a hill 
produced by the removal of the surrounding rocks by stream ero-
sion. It is about twelve miles north of the moraine. All topo-
graphic evidences of glaciers in Missouri have been destroyed by 
the work of water and wind. 

have been attacked vigororusly by streams and much of the finer mate-
rial was redepo sited in the stream valleys. There were five different 
advances and retreats of the glaciers in North America, but only one 
advance came as far south as Missouri. With the withdrawal of the 
ice sheets came some re-elevation of the lands to the north, and the 
erosion history of the present period began. The glaciers had forced 
many of the larger streams out of their old valleys and had left them 
out of harmony with their surroundings. In Northeastern Missouri 
there is a wide stream valley occupied by a small stream, and in places 
near it the Mississippi runs through a valley much narrower than the 
one occupied by this small stream. 

The glaciers ground up large quantities of granites and other rocks, 
and when they retreated the streams silted up their valleys with these 
materials. The prevailing westerly winds moved the coarser materials 
about but left the sands in the deeper valleys and carried the dust and 
-deposited it far and wide over the leveler lands. The coarser dust was 
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dropped on the bluffs and the finer carried to the remoter areas. In 
some places the coarser dust accumulated to a depth of fifty to sixty 
feet along the bluffs and thinned out away from the streams. These 
coarser deposits are known as the loess. Loess soils are most wide-
spread in .1\orthwestern Missouri, but they occur along t he Mis-
souri River clear across the state, and finger back along the main 

FIG. 47-Glacial drift about 100 feet thick on Bull Lake Creek, Wyo. 
Some of the boulders are more than five feet in diameter. This is 
typical drift with large and small fragments in a heterogeneous mix-
ture. Bull Lake Creek has cut through the moraine leaving the sec-
tion as shown. Large numbers of cuts through drift occur in 
Northern Missouri, but the writer has not been able to secure a 
photograph that adequately represents it and hence the use of the 
photograph of the Wyoming drift. 

st reams; occur along the western side of the Mississippi in the 
northeastern part of the state, and cap some of the ridges in the south-
eastern part. The finer dust that makes up the soil covering farther 
away from the river constitutes soils that are not so porous and are not 
of as good quality for many purposes. 

With the renewed activity of streams brought about by land uplift, 
those in Missouri began to wear down into the peneplained sur-
face, and the larger streams have now cut 200 to 400 feet below that 
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surface . Along th e Missouri River all of the land has been reduced to 
steep slopes by the action of the Missouri and its tributaries, but in the 
northern part of the state some areas are still practically untouched by 
the post-glacial streams and remain nearly level. 

FIG. 48-A section of drift near Chillicothe, Missouri. (Photo by Tarr.) 



CHAPTER III 

MISSOURI INHABITANTS OF PREHISTORIC TIME 

CAMBRIAN LIFE 

In the first seas that invaded Missouri there was an abundance of 
animal life of types distantly related to the sea life of the present. The most 
numerous animals were trilobites, creatures distantly related to the crayfish. 
They seem to have appeared on the earth in the geologic period in 
which they migrated to the Missouri seas. Second in abundance to the 
trilobites were marine animals with bivalved shells, called brachiopods. 
Like the clam, they had a body covering of two shells, but, unlike the 
clam, the two shells had decided difference in shape and size. The ani-
mals fastened themselves to the sea-bottom by means of a pedicle which 
issued from between the shells at the hinder end. All other animals 
were rare in the first sea, and animals with vertebra, such as fi shes and 
reptiles, were absent. After the trilobites and brachiopods, manne 
snails were the most numerous forms. 

Minute plants must have been abundant as food for the animals, 
but they had no hard parts and left no remains in the rocks. On the 
land neither plants nor animals existed and the hills and valleys were 
as barren as they had been in the Pre-Cambrian. But though there 
were no plants, soils were being formed by the breaking up of the rocks 
by physical and chemical means and it only remained for some form to 
adapt itself to land living for the land to become clothed with vegeta-
tion. 

OZARKIAN LIFE 

Fossils are scarce in the Ozarkian of Missouri. The most com-
mon are seaweeds, but a few branchiopods and trilobites, much like 
those of the Upper Cambrian, occur with a larger number of snails and 
cephalopods with Ordovician relationships. 

ORDOVICIAN LIFE 

With the retreat of the Ozarkian seas from Missouri the state was 
left without inhabitants for a long time, and when the seas returned 
cephalopods came in in great numbers. These creatures are represent-
ed in the present day seas by the nautilus and the devilfish. But the 
Ordovician cephalopods were decidedly different from the modern . They 
had straight, chambered shells, that are preserved in great numbers in 
some of the Ordovician rocks. Most of these animals had shells less 
than two feet long but the largest forms were more than fourteen feet 
long, and one foot in diameter at the larger end. They were doubtless 

(88) 
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the rulers of the Ordovician seas. Brachiopods and trilobites were even 
more abundant than during the Cambrian, corals built reefs, and clams 
became numerous late in the period. Small animals, called bryozoa, that 
lived in colonies and built coverings of lime for their bodies became 
abundant. Crinoids, or sea lilies as they are often called, came into Mis-
souri seas but were rare, though in later periods they made up great. 
amounts of limestone. 

While the seas of the Ordovician were the home of the forms de-
scribed above, the rivers flowing into the seas furnished conditions un-
der which a new type of animal developed, one destined to give rise to 
the highest forms of life. Some animals that lived in the swift streams 
developed efficient swimming organs and the earliest of these were 
primitive fishes with cartilagenous bones. None of their remains have 
been found in Missouri, but they have been found in the Ordovician 
rocks in Colorado and Wyoming and doubtless also inhabited Missouri 
streams. 

SILURIAN LIFE 

The Silurian seas, which reached only the eastern part of the state, 
contained an assemblage of life decidedly different from that of the 
Ordovician. Trilobites were decreasing in numbers and crinoids were 
becoming more numerous. Corals became abundant and built reefs 
which are preserved today as coraline limestones. 

In the northeastern part of the United States the climate was arid 
and great inland seas dried up. Animals living in these seas were 
either killed off or adapted themselves to land conditions and to air 
breathing. The first air-breathers were spiders and they lived on the 
shores of the seas that were drying up. 

DEVONIAN LIFE 

The Devonian life of the seas differed from that of earlier periods 
in the presence of large numbers of fishes. Only a few fishes came 
into the early seas but these soon developed into many kinds. The old-
est fish-like animals had the front part of their bodies covered with 
bony plates, which formed a sort of armor. They did not have paired 
fins, and in many other respects they differed from other fishes. The 
first sharks appeared in the Devonian, but they were small. Lung fishes, 
or fishes that were able to live on land and breathe air, appeared and 
became abundant. Joint-neck fishes, or Arthrodira, were the dominant 
Devonian fishes. The lower part of their bodies was covered with 
heavy bony plates, heavy bony plates covered the back and joined the 
skull by two ball-and-socket joints, hence the name joint-neck fish. 
Some of the joint-neck fishes were twenty-five feet long and three or 
four feet wide. Their remains have been found in the Upper Devonian 
of Callaway and Montgomery counties, but they occur in greatest num-
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hers in the Upper Devonian of Ohio and New York. The most abund-
ant fish in the Missouri Devonian seas was the spook-fish, so called 
because of its peculiar appearance. Its bones were cartilaginous and 
were not preserved as fossils, but its teeth occur in large numbers. 

While the seas were teeming with these strange fishes, a few small 
and inconspicuous fishes, the ancestors of the modern fishes, appeared. 

With such great evolution taking place among the fishes, it is not 
strange that one change led to more important results. One form be-
gan to breathe air, to develop five-toed feet, and to assume a land 
habitat. This was an amphibian that was ancestral to our modern 
frogs, toads and salamanders. 

The head of this creature was roofed over with bony plates, and 
the under part of the body was also protected with heavy bony plates; 
in other words, it was armored and resembled the early fishes in 
this respect. The only amphibian fo ssils known from the Devonian are 
footprints, and even these are known only from Pennsylvania; but it is 
probable that amphibians lived on the lands in Missouri during the 
Devonian period. 

Until Devonian time no land plants left fossils in the rocks, but in 
the Devonian scraggly, primitive plants began to grow on the land, and 
before the close of the period they were locally numerous. The plants 
were decidedly different from those of modern times and will be de-
scribed in a later paragraph. 

MISSISSIPPIAN LIFE 

With the close of the Devonian, and the withdrawal of the seas 
from Missouri, sea life had a hard struggle to maintain itself in the 
restricted areas to which it retreated, and when the seas again invaded 
the state, few of the familiar Devonian forms returned. The trilobites, 
that had formed an important part in the Devonian life, were reduced 
to a few forms, and the joint-neck fishes lingered for a short time only. 
Brachiopods were among the most characteristic animals in the Mis-
sissippian seas, as they had been in all of the previous periods. Sharks 
were more abundant in the Mississippian seas than in any other seas of 
geologic time. Remains of some 300 species have been found in the 
Mississippian rocks, while only 150 species exist at the present time. Most 
of the sharks had crushing, rather than cutting teeth. Crinoids, or sea 
lilies, became very abundant and limestones about 200 feet thick that 
cover about 30,000 square miles in Missouri are made up almost en-
tirely of remains of these animals. (Three of the Mississippian crinoids 
are figured on Plate IV.) In the seas with the crinoids lived the blas-
toids, creatures closely related to them, and whose fossil remains look 
something like hickory nuts. These were particularly abundant in the 
Upper Mississippian and may be collected in large numbers near Hanni-
bal and Boonville. Very simple, one-celled animals must have been 
the first to exist in the seas but few were fossilized in the older periods 
on account of their lacking hard parts, but their remains are abundant 
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in the Mississippian rocks. Some beds of St. Louis limestone are made 
up almost entirely of their shells, almost microscopic in size. The only 
land animals that existed were amphibians, spiders, and scorpions and 
all of these were rare. Fishes may have been common in the streams. 

Land plants occurred in great profusion. Beds of coal several feet 
in thickness were formed from plants, though none of the coal occurs 
in Missouri. Most of the plants belong to the fern group and some of 
them will be described with the Pennsylvanian life. 

PENNSYLVANIAN LIFE 

In the early part of the Pennsylvanian, Missouri seems to have been 
above the sea, but the seas invaded during the first quarter of the period 
and the life assemblage was greatly changed from that of the Missis-
sippian seas. Trilobites were even rarer than in the Mississippian, and 
the Pennsylvanian rocks are the highest in Missouri that contain these 
animals . Blastoids that had been so abundant in the Mississippian did 
not come into the Pennsylvanian seas. Crinoids are rare, though in 
Kansas City and vicinity many specimens have been collected. Sharks 
were greatly reduced in numbers. Amphibians became very abundant 
on the land. Most of the amphibians were small but some of them 
reached a length of five or six feet and were armored. None of them 
have been found in Missouri excepting near Kansas City, where some 
tracks have been recovered, but there is no doubt that they existed on 
the Missouri lands in considerable numbers. Throughout much of the 
period Missouri was swampy or low lying and the seas advanced and 
withdrew several times. 

Great forests covered the lands and swamps of most of North 
America. The coal beds of Missouri were formed at this time from 
plant remains that grew mainly in swamps. As stated in a previous 
chapter the plants belonged mainly to the fem group. There were tree 
ferns as well as hundreds of species of smaller ferns. Scouring rushes 
related to the scouring rushes, or horse-tails, common in Missouri to-
day, grew to a height of fifty or sixty feet and a diameter of two 
feet or more. Club mosses were commonly forty to fifty feet high and 
some of them grew to a height of more than one hundred feet and a 
diameter of five to six feet . Some seed-bearing ferns appeared and 
some true seed-bearing plants, related to the conifers, were abundant. 
Some of these seed-bearers, called Cordiates, reached a height of ninety 
feet, a diameter of two to three feet, and had leaves five to six feet 
long by five to six inches wide. True cone-bearing plants and flower-
ing plants seem not to have been present. The smaller plants contributed 
more materials to the formation of coal than did the larger ones. 

Insects appeared for the first time, and hundreds of species have 
been collected. Nearly all of them belong to the groups which are rep-
resented at present by the grasshoppers, cockroaches, and dragon flies. 
Some of the cockroaches reached a length of five inches, and some of 
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the dragon flies had a spread of wings of twenty-nine inches. A strik-
ing feature of the Pennsylvanian forests must have been the lack of 
noise in them. No birds, squirrels, or other of the animals with voices 
lived at that time. Even the insects were of the silent types. 

While the amphibians were developing great numbers of different 
forms they gave rise to a new group of animals, the reptiles: that is, in 
their great differentiation one type progressed farther than any of the 
others, and that type formed the beginning of the great reptile group. 

PERMIAN LIFE 

The last period of the Paleozoic is not represented in Missouri. 
The state must have been land during the period and it must have been 
invaded by great numbers of strange reptiles that were developing in 
North America and whose remains have been found in abundance in 
Texas and New Mexico. As mentioned in an earlier chapter tempera-
tures decreased very decidedly during the Permian and glaciers appeared 
over many parts of the world, while in other areas there was intense 
aridity. These two factors greatly influenced the life of the period 
and tended to destroy most of it. Until relatively recently it was sup-
posed that all life disappeared from the earth during the Permian period, 
but we now know that many animals survived the cold and the aridity 
to restock the earth during the Mesozoic era. 

MESOZOIC LIFE 

The Mesozoic is known as the age of reptiles, and it is noteworthy 
also that mammals and birds appeared during the era. Another great 
advance of life was in the development of the flowering plants, such as 
walnut, maple, poplar, etc., that began about the middle of the Meso-
zoic. There is no positive evidence that the sea invaded any part of 
Missouri during the nine or ten million years of the Mesozoic, and the 
land must have furnished feeding grounds for large numbers of reptiles. 
Though no remains of these have been found in the state, we may be 
sure that they were once its inhabitants. With the beginning· of the 
Mesozoic, reptiles of many kinds appeared, most of them land livers, 
but some becoming fliers and other swimmers. By the middle of the 
era the great dinosaurs were at the height of their development. Some 
of these were eighty feet long, more than twenty feet high, and prob-
ably weighed forty tons. They were great, sluggish creatures of little 
brain power and must have found it difficult to get their food. Some 
of the dinosaurs were smaller, more active, and carnivorous, and made 
life precarious for their larger, clumsier neighbors. Flying r eptiles, 
called Pterodactyls, became abundant and some of them had a spread of 
wing of twenty-six feet. In the seas that invaded as near Missouri as 
central Kansas and perhaps even entered Missouri in the southeastern 
comer great numbers of marine or swimming reptiles existed . These 
were not as large as the land reptiles but some of them attained a 
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length of forty feet or more, and they fairly swarmed in the seas. On 
the land there were crocodiles, turtles, lizards, and snakes, though in the 
main these forms were inconspicuous, but with the close of the era aJI 
of the other reptiles excepting one primitive order disappeared. 

On the shores of the Kansas Cretaceous sea, peculiar birds made 
their homes and these birds must have come into Missouri and perhaps 
have been more abundant in Missouri than near the seas in Kansas. 
They were peculiar in that they possessed teeth like the reptiles. Some 
of them were more reptile-like than bird-like, with this exception, that 
they were covered with feathers. The Mesozoic birds were aJI toothed 
forms, but all of the toothed birds disappeared with the Mesozoic. 

The oldest mammals known in North America are from the Rocky 
Mountain region, and as the Rocky Mountain region was separated from 
Missouri by a sea several hundred miles wide during most of later 
Mesozoic, it is doubtful if they came into the state during the era. All 
of them were small and inconspicuous and their remains have been 
found ouly rarely in the rocks. 

The flowering plants originated in Comanchean time in New Jer-
sey, spread rapidly westward and were dominant in Missouri during the 
Cretaceous, or last period of the Mesozoic. Though there were walnuts, 
poplars, maples, etc., they were not of the same species that exist today. 
Instead of the black walnut, so familiar to Missourians, they were re-
lated to the black walnut about as the butternut is related to the black 
walnut; instead of being Carolina poplars, the poplars were as closely 
related to the Carolina poplars as the Lombardy poplar is related to it. 
No rr:odern species of plants of any kind appeared in the Mesozoic. 
Great land uplift and the forming of the Rocky Mountains profoundly 
affected the life of the closing Mesozoic. 

CENOZOIC LIFE 

Throughout the Cenozoic Missouri remained above sea level, as it 
had done during the Mesozoic, but once or twice during the era the 
southeastern corner of the state may have formed the margin of seas 
that advanced from the Gulf of Mexico. The life that lived in Mis-
souri was, of course, the life of the land, but no fossils are known frot1.1 
the state excepting from the very youngest of the Cenozoic. The 
Rocky Mountain area saw the beginning of the great development of 
early Cenozoic mammals; saw the emergence of the distinct carnivor-
ous, or flesh-eating, types of mammals; saw the rise of hoofed mam-
mals; saw a little five-toed animal no larger than a shepherd dog gradu-
ally become larger, lose all of its toes but one, develop into the modern 
type of horse; saw another group of animals, originally five-toed, be-
come larger, lose three toes, and develop into the modern types of 
cloven-hoof animals. Here also the several types of rhinoceras devel-
oped and died out. Camels evolved from other forms, migrated to 
South America and to Asia and finally disappeared from North Ameri-
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ca. Bears, dogs, weasels, cats of various types and many other kinds 
of animals developed from a few simple types that had appeared in the 
Rocky Mountain area early in the Cenozoic. Animals that evolved in 
Europe in the early part of the Cenozoic migrated to North America, 
probably across a Bering Sea land bridge in the middle of the era. ( The 
climate was mild over aU North America, Asia, and Europe.) The most 
conspicuous of these animals were the mastodon and mammoth. In late 
Middle Cenozoic the climate began to grow colder and the increasing 
cold culminated in the advance of glaciers from the northward to cover 
half of North America. In the deposits of the glacial period fossils of 
land life were again preserved in Missouri. Mastodon and mammoth 
remains have been found in several places. Several mastodon skeletons 
were recovered by Mr. Blair from a swampy area about seven miles 
south of Sedalia, and the remains are now preserved in the University 
of Missouri. Remains of horses, bison, peccaries, and many other ani-
mals of glacial time have been found in the river and glacial deposits 
of the state. The life of the glacial period in Missouri differed from 
that of the present most conspicuously in the presence of three or four 
species of elephants, of several species of horses, none of which is the 
modern species, and the absence of man. Man seems to have migrated 
to North America after the disappearance of the great ice sheet. That 
man lived in America during the later part of the glacial period, as he 
did in Europe, may finally be demonstrated, but the evidence thus far 
discovered is negative. After the close of the glacial period the ele-
phants and horses all died out. Horses were unknown to the inhabitants 
of North America and South America when the continents were dis-
covered by Europeans. The reasons for the disappearance of these ani-
mals are not known. 
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INDEX FOSSILS OF MISSOURI FORMATIONS 

Plates I to V contain figures of fossils from most of the geologic 
formations of Missouri. From some of the formations hundreds of 
species have been de scribed and several large volumes would be required 
to contain descriptions and figures of all fossils from the state. The 
fossils illustrated in this bulletin were selected on the basis of wide 
distribution, abundance in the formation, and ease of recognition. As 
the bulletin is intended mainly for those not familiar with paleontology 
the last mentioned quality was considered of prime importance. 

The figures were taken mainly from well-known works on paleon-
tology, but figure 11 of Plate II, figures 1, 2, 3, 7, 9, 10, 11, and 12 of 
Plate III, and figures 4, 7, 8, 9, 12, 13 and 16 of Plate IV were made 
from specimens in the collections of the University of Missouri. Dr. 
T. E. Savage of the University of Illinois kindly furnished prints of 
the Silurian species. 

Most of the species figured are confined to the formation mentioned 
in the description of the figure but some have a wider range. On find-
ing a fossil the collector should look up the formation maps to see 
what formation outcrops in his locality and should then compare the 
fossil with the figures of specimens from that formation. Fossils sent 
to the geological department of the University of Missouri will be iden-
tified without charge. 

The following works contain figures and descriptions of large num-
bers of fossils from Missouri. First and Second Annual Reports of the 
Geological Survey of Missouri, 1855 ; Missouri Geological Survey Vol. 
IV, 1894; Missouri Geological Survey, Vol. V, 1894; Illinois Geological 
Survey, Monograph 1, 1914; U. S. Geological Survey, Monograph 37, 
1899. (Fossil Plants) 

Hundreds of special articles on fossils of Missouri have been pub-
lished in various scientific journals and references will be furnished to 
those who care to write to the geological department of the University 
for them. 
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PLATE I 

Cambrian and Ordovician Index Fossils 

Figs. 1-11. FOSSILS FROM THE MAQUOKETA. 

Fig. I Rafinesquina alternata Emmons . A brachiopod common in 
the Maquoketa and occuring also in the Kimmswick. 

Figs. 2, 3, and 4. H ebertella occidentalis Hall. A common brachio-
pod. 

Figs. S and 6. Plectambonites sericeus (Sowerby ) . A common bra-
chiopod. 

Figs. 7, 8, and 9. Dalmanclla testudinari Dalman. A brachiopod 
abundant in both Maquoketa and Kimmswick. 

Figs 10 and 11. Rhynchotrema capax Conrad. A brachiopod which 
occurs also in the top of the Kimmswick. 

Figs. 12-15. FOSSILS FROM THE CAMBRIAN. 

Figs. 12 and 13. Obolus lamborni (Meek). A common brachiopod. 
Figs 14 and IS. Eoorthis remnicia (N. H . Winchell). The most 

abundant brachiopod of the Cambrian. 
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PLATE II 

Ordovician and Silurian Index Fossils 

Figs. 1 and 3. FOSSILS FROM THE GIRARDEAU LIMESTONE. 

Fig. 1. Rafinesquina mesicosta (Shumard) An easily recognized 
but not abundant brachiopod. 

Fig. 3. Ptychocrinus splendens (S . A. Miller) An abundant crinoid. 

Figs. 2 and 4-6. FOSSILS FROM THE EDGEWOOD FORMATION. 

Figs. 2 and 4. Atrypa premarginalis Savage. A brachiopod which 
occurs commonly below the Bowling Green member. 

Figs. 5 and 6. Whitfieldella billingsana (Meek and Worthen). A 
common brachiopod from the upper Edgewood of Illinois but 
not so common in Missouri. 

Figs. 8-12. FOSSILS FROM THE KIMMSWICK LIMESTONE. 

Figs. 8-10. Orthis tricenaria Conrad. A common brachiopod. 
Fig. 11. Receptaculites oweni Hall. One of the most characteristic 

fossils of the formation . Only a section of the entire fossil is 
shown. When complete the fossils are nearly circular in out-
line, range up to more than a foot in diameter, and the thick-
ness is 1 /5 to 1/10 the diameter. 

Fig. 12. Isotelus gigas DeKay. A common trilobite. 



1 2 

• ' 

4 5 



100 THE GEOLOGY OF MISSOURI 

PLATE III 

Devonian Index- Fossils 

Figs. 1-6. FOSSILS FROi\'1 THE CRAGHEAD FORMATION. 

Fig. 1. Stropheodonta callawayensis Swallow. An abundant bra-
chiopod. 

Fig. 2. A trypa reticularis Linnaeus. An abundant brachiopod. 
Fig. 3. Spirifer euryteines Owen. A large brachiopod, abundant in 

some places. 
Figs. 4-5. Schizophoria striatula Schlotheim. An abundant brachio-

pod. 

Figs . 7-10. FOSSILS FROM THE CALLAWAY LIMESTONE. 

Fig. 7. Syringothyris occidentalis Swallow. A characteristic bra-
chiopod. 

Fig. 2. Acervularia davidsoni .E. and H. An abundant coral. 
Fig. 9. Athyris fiiltonensis Swallow. A characteristic brachiopod. 
Fig. 10. Atrypa reticularis Linnaeus. An abundant brachicipod. 
Fig. 11. Fossils from the Grand Tower limestone, Nucleocrinus 

verneuili Troost. A blastoid. 
Fig. 12. Fossils from the Cooper limestone. Pleurotomaria provi-

dencis Broadhead. 

Figs. 6 and 13-15. FOSSILS FROM THE BAILEY FORMATION. 

Figs. 6 and 13. Delthyris perlamellosus. A common brachiopod. 
Figs. 14-15. Rhipidomella oblata Hall. A common brachiopod. 
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PLATE IV 

Mississippian Index Fossils 

Figs. 1-4. FOSSILS FROM THE BURLINGTON. 

Fig. 1. Spirifer grimesi Hall. A large and brachiopod. 
Fig. 2. Lobocrinus P:yriformis Shumard. An abundant crinoid from 

the Upper Burlington. 
Fig. 3. Dorycrinus un·icornis Owens and Shumard. Crinoid abund-

ant in the Lower Burlington. 
Fig. 4. Cryptoblastus melo Owen and Shumard. An abundant blas-

toid. 

Figs. 5-9. FOSSILS FROM THE CHOUTEAU. 

Figs 5 and 6. Barycrinits meekianus Shumard. One of the most 
abundant crinoids. 

Figs. 7 and 8. Shumardella obsolens Hall. The most abundant 
brachiopod. 

Fig. 9. Spirifer pecu.liaris Shumard. A common brachiopod. 

Figs. 10-13. FOSSILS FROM THE LOUISIANA. 

Fig. 10. Syringothyris hannibalensis Swallow. 
brachiopod. 

A characteristic 

Fig. 11. Spirifer marionensis Shumard. An abundant brachiopod. 
Figs. 12 and 13. Productella py:ridata Hall. An abundant brachiopod. 

Fig. 14 and 15. A CHESTER BRACHIOPOD. Reticularia setigera (Hall). 

Fig. 16. FossIL FROM THE SYLAMORE. Pytctodus calceolus Newberry 
and Worthen. A fish tooth which is the only common fossil in the 
Sylamore. It occurs also in the Grassy shales. 
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PLATE V 

Pennsylvanian and Upper Mississippian Index Fossils 

Figs. 1-11. FOSSILS FROM THE PENNSYLVANIAN. 

Figs. 1-3. Prodiictus nebrascettsis Owen. An abundant brachiopod. 
Fig. 4. Chonetcs 111esolobus N. and P. A characteristic brachiopod 

of the Des Moines group. 
Fig. 5. Spirifer carneratiis Morton. An abundant brachiopod. 
Figs. 6 and 7. Orbiculoidea missouriensis Shumard. One of the 

most comrr.on of Cherokee formation brachiopods in Missouri. 
Figs. 8 and 9. Enteletes hemiplicatus Hall. An easily recognized 

brachiopod from the Missouri group . 
Figs. 10 and 11. Fusulina secalica Say. A widely distributed pro-

tozoan. 

Figs. 12-20. FOSSILS FROM THE UPPER MISSISSIPPIAN. 

Fig. 12. Pentremites conoideiis Hall. A blastoid abundant in the 
Salem. 

Fig. 13. Archimedes wortheni Hall. A bryozoan abundant in the 
Salem. 

Figs. 14 and 15. Spiriferina spinosa Norwood and Pratten. A 
brachiopod common in the Chester. 

Fig. 16. Pentremites sulcatus Roemer. A Chester blastoid. 
Figs. 17 and 18. Pugnoides ottumwa (White). A characteristic Ste. 

Genevieve brachiopod. 
Figs. 19 and 20. Lithostrotion canadense Castelnau. Top and side 

views of a part of a coral abundant in the St. Louis limestone. 



1 5 

2 6 
7 

3 8 9 

1 0 

12 

17 

18 15 

20 

6 

( I 05 ) 



CHAPTER IV 

TOPOGRAPHY AND STRUCTURE OF MISSOURI 

SURFACE FEATURES AND THEIR ORIGIN 

General Topographic Divisions 

The surface of Missouri may be roughly divided into three types 
of topography; the rough or mature type, dissected by numerous deep, 
narrow valleys and consisting of steep slopes, the smooth type with wide 
valleys and gentle slopes, and the river plains. 

Rough or Mature Topography.-The rough, steep-slope type fingers 
back into the rolling type, and the types are rarely sharply differentiated. 
The largest area of rough, or mature, topography is the Ozark region 
with its outer boundary in the area of the Burlington limestone outcrops 
( See Figure 35.). Here the valleys, 200 to 500 feet deep, are steep-
sided and have narrow flats at the bottoms. This type continues to the 
Mississippi River on the east, to a few miles north of the Missouri 
River on the north, and to the Burlington limestone on the west. Along 
the Missouri River it fingers back to the northwestern comer of the 
state, though between Kansas City and Glasgow the topography on 
either side of the Missouri is not as rough as it is up river and down 
river. Northward along the Mississippi deep narrow valleys and steeply-
sloping hills are characteristic. In Iron, St. Francois, and Madison coun-
ties the surface features are determined largely by the outcrops of ig-
neous rocks. In very early geologic time the rocks of this area were 
cut into a series of knobs which projected above many of the Paleozoic 
seas, and at present the knobs form the main features of the topography. 
They are not sharp and rugged like the hills carved from igneous rocks 
in the Rocky Mountains and other places, but are rounded and steep. 
The tops of the hills lie more than 1,000 feet above the valley of the 
Mississippi, though they are little more than 500 feet above the valleys 
that dissect them. Outside of the area of hills formed of igneous rocks, 
the topography is no less rugged, but it is different in type. The hills 
are even steeper than in the area of igneous rocks and the region is dis-
sected by more numerous small streams. The summits are ridges rather 
than isolated knobs, though the ridges are cut to pieces by many cross 
valleys. \i\Testward from the most rugged part of the topography the 
valleys are not so deep and the hills in most cases not so steep sided. 
Along the Osage River the rugged country fingers back into the smooth-
er. The ruggedest part of the topography terminates near the edge of 
the outcrops of the Burlington limestone. 

(106) 



FrG. 49-Stereogram of northern ¼ths of Missouri showing relief. Geologic sect ion from P erry County to Vernon County. 
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Marbut has named the break between the rough and smoother to-
pographies, which is determined largely by the margin of the Burlington 
1:mestone, the Burlington Escarpment. The Burlington rocks do not 
form the entire escarpment Lut are supplemented by Chouteau, Louisi-
ana, Devonian of variou s formations, and Ordovician. North of the 
Missouri River the older rocks form the base of the escarpment, and 
south of the river the younger rocks take part in it. The escarpment, 
as a distinct bluff, is highest and steepest from Polk County southward. 
In most places the escarpment is steep and high only where it forms the 
bluffs of the larger streams, and its height and steepness are exagger-
ated in figure 49. 

The rough type of topography is not continuous over all of the 
area of the Ozarks but is separated in some places by upland flats sev-
eral miles wide and is interrupted on the north by the flat of the Mis-
souri River. 

Old plains.-South of the Missouri River and west of the Burling-
ton Escarpment the outcropping rocks are Burlington limestones and 
Pennsylvanian shales and sandstones. The topography of the Pennsyl-
vanian shale and sandstone area is ihat of a gently-rolling plain. The 
highest places in the area slope toward the larger valleys, and the slopes 
may be miles long and so gentle that the grade is scarcely detectable. 
The inner parts of the main valleys are shallow and without steep 
slopes. At the places most remote from the valleys occasional, rather 
stee-sided, hills, capped with limestone or sandstone, appear. Near the 
eastern edge of ·the topography developed on the Pennsylvanian steeper-
sided, narrow valleys finger back from the Burlington limestone area. 
Between the margin of the Pennsylvanian and the Burlington Escarp-
ment the topography is of somewhat the same nature but with more 
pronounced vaJleys. Near th e Mi ssouri River short, narrow vaJleys have 
dissected the Pennsylvanian rocks and made the topography much more 
rugged and similar to the steeper topog~aphy of maturely-dissected areas. 
A portion of the northern part of this old topography area may have 
been glaciated, but there are no topographic remnants of the effects of 
glaciation there. 

Old plains modified by glacial de posits.-N orth of the Missouri from 
the northwestern corner of the state to near St. Louis a belt of mature-
ly-dissected topography with steep hiJls and narrow vallays parallels the 
vaJley, but it is only a few miles wide. Much of the area north of the 
Missouri is characterized by very -wide vaJleys with well-defined mar-
gins that may rise 50 to 100 feet above the floor of the vaJleys. Most 
of the r egion lacks the steep slopes of the maturely-dissected part of 
the state, but the highest areas between the valleys may partake of the 
mature topography characteristics. The valleys are numerous and dis-
sect aJI of the uplands in the western part of the area, but in the east-
ern part much of the upland is flat and streams have cut narrow, shal-
low valleys in the general surface. In a belt 20 to 40 miles wide in the 



FIG. SO-An erosion remnant of a peneplained surface. The hill is capped by a nearly hori-
zontal limestone. Such hills are typical of the old topography regions of western Missouri. 
(From Vol. XIII, State Bureau of Geology and Mines.) 
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western part of Missouri there are no level upland areas and the hills 
are of goodly height though not steep. The valleys have been cut in 
glacial and windblown deposits and few of the hills contain rock out-
crops. The topography developed by a great continental glacier deposit-
ing drift over various kinds of surfaces, grading from the mature type 
to the gently sloping, old type, and by streams cutting new valleys or 
removing the drift from the old valleys after the glacier withdrew. 

From Scotland County on the east to near the Missouri River on 
the west the streams of the northern part of the state flow almost di-
rectly to the south and mair,tain r emarkably parallel courses, though all 
of them meander within narrow limits. 

River plains.-An important, thou gh small, area of nearly level land 
occurs along the Missouri and Mississippi rivers and the smaller rivers 
of the state. By far the widest part is the Southeast Missouri lowlands, 
some 20 miles in width and with an area of 1,000 square miles. These 
lowlands are a part of old flood plains of the Mississippi River and are 
made up of alluvial deposits. North of the Lowlands the flats along the 
Mississippi and Missouri Rivers are rarely more than five or six miles 
wide. The Mississippi flats are wider than those of the Missouri. Of 
the smaller rivers the Grand and Chariton have the widest plains. The 
lower fifty miles or more of these valleys are several miles wide and 
rival the Missouri valley in width. The river plains make up the most 
uniform topographic division of the state. 

Inflitence of imderlying rock on topography.-The underlying rocks 
have exercised a great influence on the topographic development of the 
state. The smoother topographies of the north and west are developed 
largely in shales, rocks much less resistant than the limestones of the 
rest of the state. On account of the softness of the rocks the streams 
have cut more rapidly and reduced the shale regions to gentle slopes, 
while the limestone regions still have maximum slopes. The central 
Ozark granites and porphyries are so much harder than the surround-
ing rocks that they have withstood the erosive agents for a much longer 
period than the other rocks and still remain higher. As stated in an-
other paragraph the Mississippi and Missouri have tended to move down 
dip away from the Ozark igneous rocks. 

The inclination or dip of the beds has been of only minor importance 
in topographic development. Streams have gradually moved down dip 
but the total result in most valleys is negligible. 

The topography of the rough areas has probably passed the climax 
of roughness and will become smoother, but so slowly as not to be per-
ceptible in periods as long as historic time. The smoother areas are al-
so having their slopes gradually reduced excepting in the nearly level 
uplands which streams will probably dissect and reduce to slopes. 
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GEOLOGICAL STRUCTURE 

The geologic structure of Missouri is relatively simple. The 
main feature consists of the Ozark uplift in the southeastern part 
of the state, away from -vv hich the rocks dip m all directions. 
The dips away from the Ozark center are shown in figure 49. 
In general the dips are gentle, averaging only a few feet per mile, 
but occasionally steep dips are found. The stratified rocks are highest 
in Madison, Iron, and St. Francois counties, where some of them reach 
an elevation of 1,600 feet . The westward dip carries the same rocks 
more than 1,000 feet below sea level at the western line of the state, a 
total dip of about 2,600 feet in about 200 miles, or 13 feet per mile. 
The greater dip is near the Ozarks, and in the western part of the 
state it probably averages less than t en feet per mile. Eastward from 
the Ozarks the dips are nw,h steeper and northeastward the rocks as-
sume a basin-like structure. lr, St. Louis strata are 3,100 feet Lelow 
sea level ihat are 1,600 feet above in the OLark center. The greater dip 
comes nearer St. Louis, beginning at a'.out the place where the St. 
Peter sandstone crosses the Missouri River. ( See fig. 27). 

Local anticlines of some importance occur in several localities. One 
of the largest and most pronounced of these stretches through the north-
ern part of Boone County and is known as the Brown's Station anti-
cline. A prominent doming brings the Lower Ordovician rocks to the 
surface in the midst of Mississippian rocks near Mineola in Montgomery 
County. Gentle folds with a general northwest-southeast trend a re com-
mon in the northwestern and western counties. Southward from the 
Ozark center the steeper easterly dips grade into the gentler westerly 
ones. 

In Lincoln County the Cap au Gris fault, with a throw of several 
hundred feet, st rikes in a general northwesterly-southeasterly direction. 
At places in the eastern part of the state, in Ste. Genevieve and ad-
joining counties, local faulting is prominent but in general faulting is 
not of much consequence. 



PART II 

ECONOMIC GEOLOGY OF MISSOURI 

CHAPTER V 

NON-METALLIC PRODUCTS 

:Missouri contains a large variety of deposits of valuable mineral 
products but only a few are important. It leads in the production of 
lead, zinc, and barite and its supply of clay, coal, and building stones is 
large. Its most valuable and necessary mineral resource is its soil, 
and next to soil, its water, though neither is listed in the statistics of 
mineral production. 

SOILS 

Definition.-Soils are the upper part of the mantle rock, which 
furnishes the substances for plant growth. The lower, generally coarser, 
materials are classified as subsoils. Generally there is no line of demar-
cation between soil and subsoil but one grades into the other. All soils 
originated from the decay of rocks but they, like clays, are classed as 
either residual or transported. The residual soils are formed by the 
breaking up or decay of the underlying rocks, while the transported soils 
consist of broken up rocks that have been carried away and redeposited 
by one of the agents of erosion. 

Residual soils.-Residual soils depend for their composition, to a 
large extent, on the composition of the parent rock, but some of the 
constituents of the rock may be dissolved out s1nd carried away, leaving 
the soil deficient in that particular thing. For instance, soils residual 
from limestone may sometimes be deficient in lime. Residual soils 
usually show a complete gradation from the fine materials at the top 
through the coarser materials of the subsoil into the partially broken 
rocks below and finally into the solid rock ( See figure 1). Soils resi-
dual from limestone are generally rich, while soils residual from sand-
stones and shales are generally poor. Soils residual from igneous rocks 
may be either rich or poor. 

At no place in the state are there extensive purely residual soils, 
though in many places the mixed type of residual and windblown is 
dominant. This is true particularly of the uplands of the Ozark re-
gions and of some of the western part of the state. 

Wind-blown soi/s.-Transported soils are deposited by winds, 
glaciers, or waters. Probably the wind-blown soils of Missouri are more 
important than those of any other origin. The best-known wind-blown 

( 112) 
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Most of the loess particles are coarser than those of clay and finer 
than sand, and the largest give it a slightly gritty feel if rubbed be-

FIG. 51-A bank of loess exposed along the road about one mile south 
of St. Joseph, Mo. The vertical walls of the bank are characteristic 
of typical loess deposits. ( Courtesy of Prof. M. F . Miller of the 
soils department of the College of Agriculture, University of Mis-
souri.) 

tween finger and thumb when it is wet. Small quartz fragments make 
up a large part of the loess and the rest is largely composed of frag-
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ments of minerals not chemically decomposed,-fragments of feldspar, 
mica, hornblende, calcite, etc. A striking peculiarity of the loess is its 
ability to stand with almost vertical walls when streams cut it. This 
quality may be seen in many places along the bluffs of the Missouri 
rivers and along the little streams and roads that pass through or over 
it. Another peculiarity is its looseness. Unlike most soils it is almost 
the same in quality from top to bottom, sometimes for a depth of fifty 
to sixty feet, though the top layers are likely to be darker, owing to the 
presence of organic matter. It forms a very rich soil, particularly well 
adapted for the growth of fruits. 

As stated in the preceding paragraph, the soils over most of Mis-
souri north of the Missouri River are made up of fine wind-blown 
materials. By some all such deposits are called loess, but most writers 
restrict the term loess to the coarser materials and it has not been 
generally recognized that the wind is the most important agen.t in the 
formation of soils over extensive level areas. The northern Missouri 
soils are several feet deep, in most places unmixed with fragments as 
coarse as sand. Below the unmixed, fine materials, rounded, flattened, 
and angular pebbles in many cases become important constituents and at 
the base fragments of the rock of the region make up most of the 
mantle rock. Occasionally boulders of granite or other igneous rock are 
mixed with the other materials in the zone of coarse materials. 

Such soils originated from the deposition of wind-blown materials 
over glacial deposits and the mixture of glacial and wind-blown by the 
action of rain, running water, wind, burrowing animals, etc. The top 
soils are of an almost pure wind-blown type, and doubtless some of the 
materials came from as far west as the Rocky Mountains. On "Febru-
ary 6 and 7, 1895, dust fell in Missouri which must have come from 
Western Kansas and Nebraska, since all the intervening country was 
covered with snow and ice."' Dust, presumably from the Sahara Desert 
of Africa, often makes the atmosphere hazy 300 to 400 miles west of the 
African coast. Dust believed to have come from the Sahara has been 
identified in England and Germany, more than 2,000 miles away. Vol-
canic dust from a single volcano has been known to travel several times 
around the world. Over Europe the average dust fall is at a rate of 
about two inches per thousand years. 

The soils of the Ozark region are of a mixed type, a combination 
of residual water-washed and wind-blown, but on the gentle slopes the 
residual predominates and on steep slopes the wind-blown materials are 
inconspicuous. In the old topography area of Western Missouri the soils 
are also a mixture of residual and wind-blown, but the wind-blown 
materials seem to predominate. 

1Grabatt, Principles of Stratigraphy, p. 59. 
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Alluvial soi/s.-Alluvial, or stream deposited, soils are of great im-
portance though they are not of wide areal extent. They occur in the 
flats of the Mississippi and Missouri rivers and in the valleys of the 
smaller streams. They probably are the best soils in the state, but 
owing to their location in stream bottoms crops are more uncertain on 
them than on some of the other soils. They range in texture from 
coarse gravel to the finest-grained clay, but in the main they are sandy 
loams. 

Glacial Soils.-At one time most of the area north of the Missouri 
Rive r was covered with glacial soils. The character of glacial deposits 
-is discussed on page 85, but glacial soils need not be discussed here as 
they have been washed away or covered with other types of deposits 
and are no longe r of importance in Missouri. However, in Illinois, In-
diana, Ohio, Pennsylvania, Wisconsin, Minnesota, New York, and many 
other northern states they are highly important. 

It is well to recall that all of the fine materials were originally de-
rived from the hard, resistant, igneous rocks and it was only through 
long periods of weathering and chemical changes that soils suitable for 
plant growth were developed. After such soils formed they were greatly 
improved by the growth of plants on them and the addition or organ-
ic matter to them. 

The soils of the state are discussed in various bulletins of the Mis-
souri Soil Survey and these bulletins may be obtained free of charge 
by applying to the Director of the Missouri Soil Survey at Columbia. 

General References 

Merrill, G. P.-Rocks, Rock-Weathering and Soils. Marbut, C. F.-
Soils of the Ozark Region, Research Bulletin No. 3, University of 
Missouri Agricultural Experiment Station. 

WATER RESOURCES 

Water resources are of two classes, surface and underground, and 
both are of great importance. Both are supplied by rainfall but neither 
is entirely dependent on local precipitation. The amount of surface 
water which flows away in streams depends upon the rainfall, the slope 
of the land, the character of the mantle and solid rocks, and the amount 
and character of the vegetation. The rainfall of Missouri is between 
thirty and forty inches a year and averages about thirty-nine inches, and 
the run-off is about ten inches. The water that does not run off sinks 
into the ground, is evaporated, or is used by plants and animals. The 
uses of surface waters need not be considered here, but it may be worth 
while to discuss floods. 

The floods of the larger streams destroy much valuable property 
and make bottom farming and landownership uncertain. The Missouri 
or Mississippi may cut away thousands of acres in some places and 
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build m others. The control of flood waters has been undertaken in 
many ways, one of the most common being the building of levees along 
the sides of the streams subject to overflow, but the levee remedy is not 
permanent as it is only a question of time until streams break them. 

A proceedure that promises better results is the allowing of flood 
waters, under control, to cover some large areas and deposit their fine 
sediments before withdrawing. In this way the areas flooded are made 
more valuable and destructive floods are prevented. This has been put 
into practice successfully in Illinois, opposite Hannibal, Missouri, and 

· one man has built up his farm of 400 acres 4 to 10 feet in 23 years. 
W ells.-The waters that sink into the rocks become ground waters 

and are the source of supply for springs and wells. Ordinary shallow 
wells penetrate to and below ground water level (See figure 52) and if 
the rocks are porous a good supply of water is obtained, but if they 
have little pore space, the supply is small. Wells dug on hills where the 
mantle rock is thin must penetrate solid rock for their water supply. 
Many of the solid rocks of Missouri have insufficient pore space to al-
low waters to flow freely through them and though wells go to ground 
water the supply is inadequate. It is for this reason that in the up-
lands of most of the state it is difficult or impossible to get a good 
water supply in shallow wells. 

· In artesian wells water rises under pressure. The diagram ( See 
figure 53) showing the way in which Columbia is supplied with water, 
illustrates this point. The water enters the ground near Versailles, 
where the Roubidoux sandstone outcrops. The sandstone dips north-
ward at a rate of about fifteen feet per mile and at Columbia is about 
700 feet lower than at Versailles. Water entering at Versailles moves 
downward along the sandstone layer and is under pressure from the 
waters coming in behind, so that at Columbia it is under pressure equal 
to a column of water about 700 feet high. But between Columbia and 
Versailles there is some loss of pressure, due perhaps to friction of the 
waters in passing through the sandstone, and the waters rise less than 
700 feet in the wells and do not flow out to the surface. In the Mis-
souri River valley nine miles south of Columbia the surface is about 200 
feet lower, and waters from the Roubidoux flow out of the tops of wells 
drilled to it. The Columbia wells are as truly artesian as those drilled 
in the Missouri River valley, though they are not flowing wells. Many 
artesian wells are flowing, and in the original u se of the term flowing 
and artesian wells meant the same thing. Over nearly half of Missouri 
artesian waters may be obtained by drilling less than 1,000 feet, and in 
some places wells at a depth of 100 to 200 feet get artesian water. The 
artesian water conditions of the state have not been fully worked out. 
McCoy's paper, listed in the bibliography, covers the artesian water con-
ditions in N0rthem and Western Missouri, and Shephard's paper gives. 
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FIG. 52-Conditions for sp1 ings and sh allo w wells Ground wate r flows through the sandstone ove r the impervious shale (black) and 
eme rges where the stt eam has cut through the overlying rock. \Veil No. 1 furnishes a large water supply on account of the porous 
nature of the s trata which it pen etrat es. W ell No. 2 barely reaches the groun d water level and has an uncertain supply. W ell No. 
3 does not reach ground water lev el and is dry. The black s tratum docs n ot outcr op on the right bank and no spring occurs th er e. 

FIG. 53-Structure section sh owing artesian water conditions from Versailles to Columbia. The Roubidoux sandstone which outcrops at 
Versailles is 700 feet below the surface at Columbia. Surface water enters the Roubidoux in the vicinity of Versailles and moves 
down ward through the sandstone toward northern Missouri. Where the sandstone outcrops at V ersailles, the elevation above the sea 
level is about 800 feet. The elevation at Columbia is about 740 feet. If there were no loss of h ead due t o friction, water would 
flow out at the surface at Columbia from a well drilled to the Roubidoux. \ Yell No. 5 at Columbia reach es the Roubi4oux, but 
the water docs n ot rise to the surface. The top of well No. 2, located at McBaine, is about 200 f eet lower than the top of well 
No. 5, and the water flows out of the top of the well. Wells Nos. 1, 3, and 4 get their supply from ordinary g-round water. 
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the data at hand in 1907. The State Bureau of Geology and Mines is 
engaged in collecting data on artesian waters in Missouri, and the De-
partment of Geology and the Engineering Experiment Station at the 
University of Missouri are securing and tabulating well data. Drillers 
could be of great help by furnishing well samples and data to the State 
Bureau of Geology and Mines and to the University. 

The St. Peter sandstone furnishes artesian water in the northeast-
ern part of the state in the area roughly sketched on the map of the 
St. Peter (Fig. 27). In Clark County the St. Peter lies about 400 feet 
below sea level and dips gradually westward to about 2,000 feet below 
in Atchison County. Along the Mississippi from Clark County south-
ward it rises until it is more than 200 feet above sea level in Ralls Coun-
ty, and thence dips southward to 800 feet below sea level in St. Louis. 
The rocks dip northward and eastward from the outcrops shown in fig-
ure 27. In Missouri most of the wells penetrating the St. Peter have 
obtained salt water, but in Iowa St. Peter waters are soft and fresh. 

The Roubidoux is a water-bearer from west of a line from Calla-
way County on the east to the southwestern comer of the state and 
southward from the Wabash Railroad ( See figure 25). Wells at Col-
umbia, Mexico, Fulton, New Franklin, Montgomery City, Moberly, Ne-
vada, Clinton, Sedalia, Centralia, Springfield, Carthage, and many other 
towns obtain their water from the Roubidoux. vVestward from a line 
drawn through the westernmost cities listed above water from the 
Roubidoux is generally salt. In the northwestern part of the state some 
of the Pennsylvanian sandstones are water-bearers, but the waters from 
deep wells are salty. 

The Gasconade sandstone furnishes water in the eastern part of the 
Roubidoux area and eastward from there to about a line drawn from 
Oregon County on the south through Shannon, Dent, and Crawford 
counties. Where Ordovicion, Ozarkian and Cambrian rocks outcrop 
( See figures 23-26) artesian wells are supplied by water of good quality 
from the Roubidoux, Gasconade, or Lamotte, one of which is likely to 
be within 400 to 1,200 feet of the surface. 

In the Southeastern Missouri Lowlands artesian water from deep 
sources may be secured, but in most cases an ample supply is obtained 
from shallow wells. 

In an area extending forty to fifty miles from St. Louis north, 
west, and south salt water is obtained in deep wells. The geologic sec-
tion of the state (Figure 49) illustrates the way in which the different 
water-bearing strata overlap and the variation in depth of wells in 
reaching the strata. 

Waters, sufficient for domestic use, may be obtained within 100 to 
300 feet of the surface on nearly every farm in Missouri. 

Artesian waters generally contain a considerable amount of mineral 
matter in solution, and in some cases they contain so much that they are 
not fit for boiler use. They are free from germs when they are first 
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brought from the well and furnish an ideal water supply. Shallow wells 
are easily polluted from surface filth if the drainage is toward the wells, 
and extreme care should be taken to keep out surface drainage. Water 
from shallow wells located in thickly populated districts should not be 
used for drinking. In drilling or digging for surface waters or artesian 
waters it may be worth while to write to the Geological Department of 
the University of Missouri, or the State Bureau of Geology and Mines 
for information, unless the water conditions of the region are well 
known. The use of a water witch is waste of time and money, as the 
man with a willow switch can tell no more about the location of water 
than the man of the same experience without a switch. No instrument 
has been devised that gives aid in locating underground water. 

Springs.-Where ground water is contained in porous strata and 
these strata outcrop on the sides or in the bottoms of valleys, springs 
are likely to occur. Springs differ from wells in that streams have cut 
down to the water-supplying strata and the water has found some very 
porous place or crack out of which it flows. The most favorable con-
ditions for springs are the presence of a porous stratum overlying a 
r.on-porous, as represented in figure 52. Springs furnish a healthful 
supply of water in regions that are sparsely populated, but shallow 
springs should not be used in densely-populated regions. Springs are 
most likely to occur in sandstone or limestone rocks. In sandstone the 
water flows through the pores in the rocks, whereas in limestone it is 
likely to flow through small solution cavities. The large springs of 
Southern and Eastern Missouri are, in the main, in limestones. Some 
of these large springs originated by water dissolving underground pas-
sages in the limestones and surface waters penetrating to the limestones 
and using these passages. The entire drainage of considerable areas 
may run underground and most of it emerge in one place, constituting 
a large spring. In other cases streams may plunge underground and 
flow for miles in 11nderground caves and then re-emerge as springs. 

Missouri is well supplied with large springs in the areas where Cam-
brian, Ozarkian, and Ordovician rocks outcrop, but a complete list of 
springs has never been prepared. Some of the mineral springs are men-
tioned in the paragraphs on mineral waters. 

Mineral ieaters.-Waters are classed as mineral if they contain a 
considerable amount of mineral matter in solution or if they contain 
some unusual mineral in solution. A small amount of sulphur or salt in 
solution classifies a spring as mineral, whereas a large amount of lime 
in solution is considered as ordinary. Spring and deep-well waters that 
contain minerals supposed to be of medicinal value are put on the 
market as mineral waters. Many mineral waters contain carbonic and 
other acids or minerals in solution that give them peculiar tastes, some 
pleasant and some unpleasant. Many of the large springs in Missouri 
are classed as mineral. In Volume 3 of the Missouri Geological Sur-
vey, Mr. Paul Schweitzer of the University of Missouri discusses at 
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length the mineral waters of the state and furnishes many chemical 
analyses. He groups them under brines, alkaline waters, sulphatic 
waters, chalybeate waters, and sulphur waters. 

Brines.-The salt for the brines was derived originally from the 
seas that covered this region, being either left behind as brine in the 
rocks or re-dissolved from salt deposited by evaporation of sea water. 
Salt springs are common in Saline, Howard, Randolph, Jefferson, Ben-
ton, St. Clair, Pike, and Ralls counties. Artesian wells that furnish 
brines have been drilled in Saline, Howard, Chariton, and many other 
counties of the western and northwestern part of the state. 

Saline waters are not mineral waters in the sense that they are of 
medicinal value but in that they contain a large amount of dissolved 
mineral matter. 

Alkaline waters.-Alkaline waters contain sodium carbonate or 
magnesium carbonate or both in solution and are relatively unimportant. 
Schweitzer lists springs in Henry, Camden, Howell, Barry, Clinton, Sa-
line, Jackson, Johnson, and McDonald counties. 

Sulphate waters.-Sulphate waters contain one or more sulphates 
in solution, and the waters are known as epsom salts waters, Glauber's 
salt waters, alum waters, and vitriol waters. The B-B Spring near 
Bowling Green in Pike County contains epsom salts in solution. Other 
springs in the same locality contain more or less epsom salts. Springs 
containing alum and vitriol occur in Pettis and Morgan counties. 

Chalybeate waters.-Chalybeate waters contain iron carbonate in 
solution, are often rich in carbonic acid, and sometimes contain lithia 
and other constituents. Chalybeate springs occur in Nodaway, Jackson, 
Henry, Clay, Madison, Howell, Perry, Johnson, Cedar, Randolph, Clin-
ton, Platte, Gentry, Livingston, Worth, Vernon, and Daviess counties. 

Sulphur waters.-Sulphur waters contain sulphur in solution. The 
McLelland Spring water of Cass County is of this type, and sulphur 
springs also occur in Vernon County. 

The list of springs given above is taken almost wholly from 
Schweitzer's paper, previously cited. It is manifestly incomplete and out 
of date, as the work on that paper was done in 1890 and 1892, but no 
data of importance on the mineral waters of Missouri have been pub-
lished since that time. 

Production.-The production of mineral waters in Missouri from 
1912 to 1915 was as follows: 

1912, 
1913, 

$81,114 
$84,316 

1914, 
1915, 

List of References on Water Resources 

$74,793 
$83,363 

Buehler, H . A., Biennial Report of the State Geologist (Mo.) to the 
Forty-ninth General Assembly. 1917. 
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Norton, W. H ., and others. Underground Water Resources of Iowa. 
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Iowa Geological Survey, Vol. 21. 1912. 

Schweitzer, Paul. Report on Mineral Waters. Missouri Geological Sur-
vey, Vol. 3. 1892. 

Shepard, Edward M. Notes on the Wells, Springs, and General Water 
Resources of Missouri. United States Geological Survey, Water-
Supply Paper 102. 1904. 

Shepard, Edward M. Spring system of the Decaturville dome, Camden 
County, Missouri. United States Geological Survey, Water-Supply 
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Shepard, Edward M. Underground waters of eastern United States: 
Missouri. United States Geological Survey, Water-Supply Paper 
114. 1905. 

CLAYS 

Definition.-Clay is an earthy substance of fine texture, which is 
plastic when wet, and becomes rock hard when heated to a temperature 
of redness. On the basis of origin clay deposits are classed as residual 
or transported. 

Residi,ial.-Residual clays result from the decomposition of rocks 
and the formation of the clay in the place where the rock went to 
pieces. A section through a residual clay deposit shows the finest clays 
at the top, clays mixed with coarser material below, and finally parent 
rock at the bottom. The extent of a residual deposit will depend upon 
the amount of rock that has decomposed and the amount that has been 
removed by erosive agents. 

Transported.-Tran sported clays are classed as aeolian, or wind de-
posited; flu via tile, or stream deposited; glacial, or glacially deposited; 
lacustrine, or lake deposited; marine, or sea deposited. Winds shift fine 
materials and deposit them in beds, sometimes several feet in thickness. 
The loess of Missouri was wind transported, and much of the fine ma-
terial over the uplands of Northern and \Vestern Missouri is clay that 
has been deposited by the winds. The glaciers of North America de-
posited extensive beds of clay in some regions. Glacial clay, or boulder 
clay as it is sometimes called, differs from ordinary clay in that the 
fine fragments resulted from the rubbing of pieces of rock together 
rather than from the chemical decomposition of the rock. Glacial clays 
are patchy in their distribution and irregular in composition. In many 
lakes and ponds clays cover the bottom to a depth of several feet. These 
clays are brought in by streams and form only when the streams bring 
fine material. Clays similar to the lake clays are deposited on the floor 
of the ocean, and where the ocean floor has been unlifted these clays. 
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form large available deposits. In the valleys of streams clays are de-
posited during flood times and are known as alluvial or floodplain clays. 
Such clays usually contain a great deal of sand, and therefore are not 
of the best quality. 

Uses.-Clays are used for a great variety of purposes: in the manu-
facture of brick, tile, terra cotta, doorknobs, fence posts, sewerpipes, 
foundation blocks, closet bowls, sinks, pottery of various grades, garden 
furniture, crucibles, glass pots, portland cement, railroad ballast, water 
conduits, food adulterants, paint filler, paper filling, electrical insulations, 
scouring soaps, pumps, chemical apparatus, emery wheels, etc., and they 
are often grouped according to the uses made of them. 

Qualities.-The qualities that determine for what purpose a clay may 
be used are plasticity, or the property that allows the clay to be moulded 
into various shapes; tensile strength, or the resistance which a mass of 
clay offers to breaking; shrinkage, or the decrease in size that comes 
about during air drying and kiln burning; fusibility, or the temperature 
at which clays melt . On this basis they may be classed as brick and 
tile clays, fire clays, and pottery clays. 

Pottery clays.-Several grades of clay are included under this head, 
kaolin being the purest and best suited for the manufacture of high 
grades of pottery. Most of the pottery clays in Missouri may perhaps 
more properly be included under the head of stoneware clays. 

Kaolins are pure white clays that are derived from the weathering 
of the mineral feldspar. There is only a small output in the United 
States, and the best grades sell for $10 to $12 per ton at the main 
pottery factories. Three hundred thirteen tons, valued at $2,217, were 
used in Missouri in 1914. Deposits said to be kaolin occur in Cape 
Girardeau, Bollinger, Powell, Morgan, Cooper, and Lawrence counties. 
Some of these deposits that have been called kaolin are probably white 
clays that have been wrongly identified. Kaolin is used mainly in the 
manufacture of pottery and is mixed with other clays to give them the 
right composition. 

Stoneware clay is too fusible for refractory purposes, and stone-
ware, earthenware, terra cotta, etc., may be manufactured from it . 
Usually it does not possess enough iron for red brick or paving brick, 
though buff brick may be manufactured from it. The term stoneware 
means common earthenware, as jugs, milk crocks, fruit jars, and similar 
utensils. Missouri contains an abundance of stoneware clay, but the in-
dustry of stoneware manufacture is undeveloped. Wheeler' says "The 
stoneware clays of Missouri occur principally in four geological forma-
tions: ( 1) in pockets in the Paleozoic limestones in the southern half 
of the state; (2) as seams of so-called fire clay in the Coal Measures 
in the northwestern half of the state; (3) as beds in the Tertiary in 
the southeastern corner of the state; and ( 4) as local beds or pockets 
in the glacial drift in the northern part of the state." The clays of the 

1Mo. Geo!. Surv., 1st series, vol. 11, p. 304. 
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first class are limited in extent, though the deposits are widely scattered 
over the areas of Cambrian, Ozarkian, and Ordovician rocks. The sec-
ond class contains the largest deposits and the clays are known as fire 
clays in some places. A fire test is usually necessary to determine 
whether a given clay is refractory or not. The Tertiary clays occur in 
the Missouri lowlands, are extensive and of excellent quality. The gla-
cial deposits are unreliable in quality and quantity, and the extent and 
quality of any deposit should be thoroughly tested before a plant is lo~ 
cated on it. Wheeler's report, quoted above, gives an account of the• 
pottery clays in each county in the state. His report was published in, 
1896 so the data on the manufacture of pottery are far out of date. In 
1915 stoneware clay was produced in Henry County and no production 
was reported from other counties. 

Brick and tile clays.-N ear the Missouri River and its tributaries 
and near the Mississippi River the loess furnishes an inexhaustible sup-
ply of materials suitable for the manufacture of common brick and tile. 
This is more easily obtainable than the shales, but the supply is not as 
large, though the loess may be fifty to eighty feet thick. It is uncon-
solidated and may be shoveled out without the use of blasts. Wind de-
posits of finer texture than the loess occur in most of the counties north 
of the Missouri River, and in many places they are extensive enough 
for use in large manufacturing plants. 

Shales, mainly the consolidated clays of the Pennsylvanian period, 
furnish an inexhaustible supply of brick and tile materials. These oc-
cur in every county underlaid by Pennsylvanian rocks ( See figure 37), 
and in nearly every county the selection of a place for the location of 
a brick plant may be made on the basis of transportation facilities. In 
the northern part of the state the shales are ordinarily covered with an 
overburden of glacial drift, loess, or residual materials, but in most 
cases the overburden may be worked with the shales. 

Alluvial clays suitable for brick and tile making are present in the 
floodplains of the larger streams but are not worked extensively. Resi-
dual clays are present in nearly every county in the state but do not 
occur in thick deposits and ordinarily are of poor quality. Glacial clays 
are present in every county north of the Missouri River but the de-
posits are not large enough to be important. 

Within the last few years the manufacture of hollow tile for con-
struction purposes has become an important industry, and the shales and 
clays that are used in the manufacture of common brick are suitable 
for the fanufacture of this kind of tile. Hollow tile are used exten-
sively in building partitions, fireproof floors, silos, and hou ses. When 
used for wall construction the walls are either stuccoed or veneered with 
brick, and this type of construction has the advantage of being fire-
proof and cheap . 

Cement clays.-In the manufacture of portland cement about 
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twenty-five parts of clay or shale are used to seventy-five parts lime-
stone, and most of the ordinary brick and tile clays and shales are suit-
able for this use. 

Fire clays.-Fire clays are those that fuse only at very high tem-
peratures, and are suitable for the manufacture of wares that must re-
sist high temperatures, such as furnace linings, crucibles, etc. The fire 
clay deposits of Missouri are extensive and most of them occur near 
the contact of the Mississippian and Pennsylvanian rocks and become 
available after the Pennsylvanian rocks, excepting the fire clays them-
selves, have been removed by erosion. These clays contain few impu-
rities and are nearly white in color. They are not in continuous beds 
but in pockets ranging from a few feet to a few acres in extent and 
from a few inches to thirty or forty feet in thickness. The deposits 
most easily available occur in St. Louis, Audrain, Montgomery, Gas-
conade, Morgan, Warren, and Callaway counties, but deposits that are 
worth working are widely scattered along the_ margin of the Pennsyl-
vaian outcrops. Most of the fire clay products of Missouri are manu-
factured in St. Louis, where fire clay of good quality outcrops at the 
surface. Fire clay from Warren County has long been shipped to St. 
Louis, and recently plants for the manufacture of fire clay products 
were established at New Florence in Montgomery County, and at Van-
dalia and Mexico in Audrain County. A plant, located in Columbia, 
that formerly manufactured common brick and tile, is now turning out 
fire brick exclusively. 

References on Clays 

Wheeler, H . A., Clay Deposits. Missouri Geological Survey, First se-
ries, Vol. l 1. 1896. 

Ries, Heinrich, Clays, Their Occurrence, Properties and Uses, 2d ed., 
Wiley & Sons, New York, 1908. 

Beyer, Williams, and Weems, Ia., Geo!. Surv. XIV., 1904, discusses the 
classification, origin and properties of clays, and manufacture of 
clay wares. 

Valiie of Missouri Clay Products, 1911-1915' 

1911 1912 1913 1914 191 5 
Common brick 1,309,164 1,243,070 1,270,581 1,157,852 898,446 
Front brick 330,332 264,375 414,778 411,943 335,767 
Vitrified paving brick 488,299 342,930 275,164 424,170 (a) 
Ornamental brick 24,269 19,838 18,734 19,473 16,360 
Drain tile 164,393 141,297 130,661 168,053 134,690 
Sewer pipe 1,156,626 1,178,482 1,213,889 1,236,236 1,012,373 
Terra cotta (a) 654,163 480,372 478,006 259,662 

1Biennial Reports of the State Geologist, Missouri, 1915 and 1917. 
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Fireproofing 123,499 75,551 104,073 (a) (a) 
Fire brick l ,763,54S 1,941,347 2,138,368 1,554,431 1,922,738 
Miscellaneous (b) 909,015 548,293 552,044 483,875 695,958 

6,269,145 6,409,346 6,598,664 6,077,284 5,428,403 
(a) Concealed under "Miscellaneous". 
(b) Includes silica brick, enameled brick, tile other than drain tile, stove 
lining, chimney tops, etc. Tables do not include pottery products. 

COAL 

General Facts 

Origin.-Most coal has originated from vegetation which grew in 
swamps. Resins, spores, leaves, bark, and trunks fell into the swamps 
and were prevented from completely decaying by preservative properties 
of the water. These materials accumulated until the swamps were filled 
or muds were brought in by streams and stopped the plant growth. 
Plants growing near the margins of large swamps strained out most of 
the sediments brought in by streams and allowed the plant remains in 
the swamp interiors to accumulate free from sediments. Such accumu-
lations formed coal deposits free from sedimentary ash, while near the 
swamp margins muds mixed with the vegetation and formed coal high 
in ash. It is estimated that twenty to forty feet of plants are required 
to form one foot of true coal, and it probably requires 100 to 200 years 
for the accumulation of that amount of plant materials. 

The first change from leaves, bark and trunks is a sort of macera-
tion or fermentation of the materials, which results in the formation of 
peat. But coal does not form unle ss muds are deposited above the peat 
to a thickness great enough to compress it, produce some heat, and 
start chemical changes. In Missouri more than 1,000 feet of muds and 
sands were deposited above most of the peat beds, and such a thickness 
exerted a pressure of about 125,000 pounds per square foot. Along with 
compacting occurred los s of gases and water and finally, after hundred s 
of thousands of years, the bituminous coal stage was reached. 

Classification.-The main kinds of coal are lignite, cannel, bitumi-
nous, and anthracite, but several intermediate grades have been named. 
After peat has been compacted by pressure and has lost some of its 
volatile gases and water it becomes lignite, or brown coal. Lignite has 
low heating value, and burns readily with a long smoky flame. The 
higher grades of lignite, sometimes called sub-bituminous coal, are black 
in color and have higher heating values than the brown lignites. Lig-
nites are the youngest coals and none occur in Missouri. 

Bituminous is the next higher grade of coal than lignite. It bums 
readily with a yellow, smoky flame and has a higher heating value than 
lignite. Cannel is a bituminous coal that seems to be made up largely of 
the spores of plants. It ignites easily and burns with a long yellow 
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flame. Anthracite coal is black, hard and brittle and represents the last 
stage in coal formation. It burns with difficulty but has a high heating 
value. 

Heating value.-The heating value of coals is stated in calories and 
British thermal units. A British thermal unit is the heat required to 
raise one pound of water one degree Fahrenheit. A calory is the 
amount of heat required to raise one kilogram of water one degree Cen-
tigrade. To find calorific value when British thermal unit value is given, 
divide by 1.8. 

An extensive series of tests showing heating values and chemical 
analyses of Missouri coals is given in the Missouri Bureau of Geology 
and Mines Bulletin, volume 11. These tests show the heating values to 
range from about 10,000 British thermal unites per ton to nearly 15,000 
British thermal units per ton, with an average a little below 12,000 per 
ton. This is about an average for bituminous coals but anthracite coals 
range 1,000 to 2,000 B. T. U. higher. As an argument for burning an-
thracite it is often stated that it furnishes twice the heat of bituminous 
but as a matter of fact it furnishes only 10 to 20 per cent more than 
bituminous. 

Ash.-All of the coals in Missouri are bituminous and have good 
heating values but run 2 to 5 per cent higher in ash than the better 
grades of Pennsylvania and West Virginia coals. Ash results from three 
sources. First, the vegetation from which coal forms contains some 
mineral matter, which forms part of the ash of the coal. Second, while 
vegetation was accumulating in the swamps some mud and sand were 
washed or blown into the swamps and accumulated with the vegetation. 
Third, ground Water, circulating through the coal after the coal and 
sediments above and below consolidated, depos·ted mineral matter in the 
coal. In Missouri coals, iron pyrite, marcasite, and gypsum are min-
erals deposited by ground waters. Pyrite and marcasite furnish much 
of the sulphur of the coals. 

Anthracite.-In Eastern Pennsylvanian the coals and rocks occurring 
With them were closely folded and much broken after the coals formed. 
A considerable amount of heat developed with the folding, most of the 
volatile gases were driven off, and the coal became anthracite. An-
thracite makes an ideal fuel but most of it in the United States oc-
curs in a small area in Eastern Pennsylvania and will be exhausted in 
less than 90 years at the present rate of mining. A small amount of 
a thracite is found in Arkansas and Colorado. 

Original extent of coal in Missouri.-More than half of Missouri was 
once covered with coal deposited during the Lower Pennsylvanian, and 
in many areas the conditions for coal deposition occurred five or six 
times, resulting in five or six coal beds. Probably the entire state was 
not covered with water at one time, but swamps existed over perhaps 
half the area while the other half was islands in the swampy part. Seas 
advanced and retreated from the swampy areas several times during the 
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Pennsylvanian and most of the 1,000 feet of muds and sands above the 
coal were deposited in these seas. After the seas withdrew the south-
eastern part of the state was uplifted, and streams cut away all of the 
sediments and coals of the Ozark region. The area in which coal oc-
curs in Missouri is practically co-extensive with the area of the 
Pennsylvanian rocks, as shown in Figure 37. The thickest workable 
coals occur near the surface, mainly in the area of outcrops of the 
Cherokee, Henrietta, and Pleasanton, but thin beds come to the surface 
in every county of the Pennsylvanian area. 

Coal beds are likely to continue only short distances; that is, they are 
lenticular in shape and thin out laterally, so that most of them are less, 
rather than more, than 100 square miles in area, but some of the coal 
beds in Missouri are remarkably persistent. Hinds1 says, "Several beds 
have been traced diagonally across the state from Kansas to Iowa with 
hardly a break." Of course these beds thicken and thin from place to 
place, but their persistence is remarkable. The lower beds in the 
Pennsylvanian are less persistent than the higher. The many coal beds 
in Missouri are named from localities where they are well known and 
some of the more important are the Bevier, Mulky, Lexington, Mul-
berry, and Tebo. 

Bevier coal.-The Bevier furnishes 56 per cent of the coal output of 
Missouri and has a larger coal reserve than any other bed in the state. 
It varies up to six feet in thickness but averages less than three feet 
and probably occurs in nearly every county that is underlain by the 
Cherokee shales. Its average ash content is 13.08 per cent and its 
average heating value 11,154 British thermal units per ton. Its high 
heating value compensates for high ash content. It usually lies directly 
on a limestone bed and is overlain by twenty to forty feet of shales and 
sandstones. Its position is 100 to 150 feet below the top of the Chero-
kee shales. It is mined at Leavenworth, Kirksville, Novinger, Milan, 
Bevier, Huntsville, Higbee, Columbia, Fulton, Sutherland, Rich Hill, 
New Home, Minden, Liberal, and other places. 

Tebo coal.-The Tebo bed lies fifteen to fifty feet below the Be-
vier and is the lowest persistent bed in the state. The coal is usually 
thirty inches or less in thickness. Its average ash content is 11.28 per 
cent and its average heating value 11,197 British thermal units per ton. 
It underlies much of the area of the Pennsylvanian outcrops, though it 
is not continuous, and contains a large coal reserve that will be drawn 
from after the thicker and more easily accessible beds are exhausted. 
The mines at Trenton, Brookfield, Marceline, and Lewis are in the Tebo. 

Coal beds below the Tebo.-The coal beds below the Tebo are 
patchy and it is not possible to correlate them from one area to another. 
In Harrison and Mercer counties the Cainesville bed lies about 180 feet 

'Hinds, Mo . . Bur. Geo!. & Mines, 2d scr., vol. 11, p. 9. 



128 THE GEOLOGY OF MISSOURI 

below the Bevier. It is about four feet thick and is being mined at 
Cainsville. There are other coal beds below the Cainsville in Harrison 
and Mercer counties that may be utilized after the more easily accessi-
ble coals have been used up. In Southwestern Missouri several beds 
occur below the Tebo, but little coal has been mined from them and 
they do not seem to be of much importance. 

The Eureka bed lies at 85 to 150 feet below the Bevier in Macon 
and Linn counties. The bed is four feet thick where it is mined west 
of Macon City. In Lafayette County a coal bed three to four feet thick 
occupies about the same horizon as the Eureka bed. 

At Atchison and Leavenworth, Kansas, a bed about three feet thick 
occurs 320 to 325 feet below the Bevier, and two other beds occur near 
the lower bed. In Henry, St. Clair, Cedar, Dade, and Barton counties 
irregular, trough-shaped deposits of coal lie 50 to 120 feet below the 
Bevier. The troughs are of limited extent. The average ash content of 
the coals below the Tebo is 13.31 per cent, and the average heating value 
11,104 British thermal units per ton. These coals vary widely but analy-
ses are not available for the different beds. 

The coals below the Tebo are mined at Cainsville, Waverly, Wind-
sor, Deepwater, and Sylvania. 

Coals above the Bevier.-Above the Bevier, the Mulky coal bed, two 
to three fee t thick, is rather persistent but is of greatest importance in 
Montgomery, Ralls, Audrain, Macon, Randolph, Chariton, Carroll, John-
son, and Lafayette counties. It is mined at Macon, Rennick, Martins-
burg, Vandalia, and Perry. Its average ash content is 11.3 per cent and 
its average heating value is 11,459 British thermal units per ton. 

About twenty-five feet above the Mulky the Summit is a persistent 
though rather thin coal. It is usually fourteen to twenty inches thick 
and is worked in Howard and Boone counties. 

The Lexington bed.-The Lexington bed lies within a few feet of 
the top of the Cherokee shales and is one of the most persistent beds 
in the state. In Putnam county it is about three feet thick, though in 
most of its extent it is less than two feet in thickness. Its average ash 
content is 12.53 per cent and its average heating value is 10,615 British 
thermal units per ton. It is mined extensively in Lafayette, Ray, Put-
nam, and Adair counties and produces nearly 30 per cent of the Mis-
souri output. Mines are located at Mendota, Stahl, Richmond, Camden, 
Lexington, Higginsville, Corder, Napoleon, and Missouri City. 

Above the Cherokee, coals are generally thin and patchy. In Bates 
County the Mulberry bed, which is less than three feet thick, is mined 
to a small extent, and the Ovid bed is mined locally in Sullivan County. 

In the Missourian group the coals are too thin to be of importance, 
though they furnish some coal for local consumption. 

Coal pockets.-Peculiar, pocket-like deposits of coal occur in large 
numbers over the areas of Mississippian, Ordovician, and Ozarkian out-
crops. In some of these pockets the coal is more than fifty feet thick, 
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and it is reported that one shaft was in coal for ninety feet. The coal 
seems to have formed in sinkholes in formation older than the Pennsyl-
vanian. Much of it is canoe! and usually it is high in ash. Few of the 
deposits are more than an acre in extent. Though these pockets do not 
form important deposits of coal for extensive mining they are valuable 
for local use. 

Future Development 

The largest deposits of good coals in the United States are in 
Pennsylvania, West Virginia, and Ohio, but they are being rapidly mined 
nd their yearly production must decrease within the next twenty-five 

years. With this decrease the production in Missouri should increase. 
Much coal is shipped into Missouri from other states because the 

mmmg industry is not well developed here. The imported coals are 
usually lower in ash but are of little or no higher heating value. 

Coal Reserve 

Hinds has estimated that the total original tonnage of coal in Mis-
souri was about 80,000,000,000. About 110,000,000 tons have been mined 
and perhaps 50,000,000 tons have been lost by mining operations. This 
leaves more than 79,000,000,000 tons in the ground. About 60 _per cent is 
recovered in mining operations, so that Missouri may still furnish about 
48,000,000,000 tons, which would supply the United States with coal for 
about 100 years at the present rate of consumption. 

Coal Production 

The following table gives the production and value of Missouri coals 
and the coals of the United States from 1910 to 1915: 

Missouri United States 
Tons Value Tons Value 

1910 2,982,433 $5,328,285 501,596,378 $629,557,021 
1911 3,836,107 6,603,066 496,371,126 626,565,211 
1912 4,339,856 7,633,864 534,466,580 695,606,071 
1913 4,318,125 7,468,308 569,960,219 760,416,079 
1914 3,935,980 6,802,325 513,525,477 681,490,643 
1915 3,811,593 6,595,918 531,619,487 686,691,186 

References on Missouri Coals 
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BARITE DEPOSITS OF MISSOURI 

w. A. TARR 

For a great many years Missouri has been the chief producer of ba-
rite. There are two principal producing areas, one in Washington and 
adjoining counties, and the other in the central counties just south of 
the Missouri River. The Washington County deposits are by far the 
more important. 

The barite has the following modes of occurrence: ( 1) in veins, 
(2) as disseminated deposits, (3) as cave deposits, and ( 4) as residual 
deposits. At the present time the residual deposits furnish practically 
all of the production. They were derived from the other deposits by the 
weathering of the associated rocks and the consequent concentration of 
the very insoluble barite. The main deposits occur in the Potosi dolo-
mite of the lower Ozarkian but some small, disseminated deposits are 
found in the Proctor dolomite above the Poto5i. The residual barite 
occurs in sticky, red clay mingled with a considerable amount of drusy 
quartz and chert. 

The barite is mined by means of pits, four to twenty feet in depth, 
which are sunk until the level bearing the mineral is reached and then 
enlarged to a width of eight or ten feet or until all of the barite in that 
area has been taken out. As the barite is usually covered with a con-
siderable amount of the red, sticky clay, it is piled on the surface and 
allowed to remain there for two or three days. The clay dries in thi5 
length of time, the material is put in a rockered box with holes in the 
bottom, and the clay removed by rocking the box. The product is then 
hauled. to the nearest railway station and shipped to the mills. 

The producing area in the central districts is in Cole, Moniteau, 
Morgan, Miller, and Camden counties. The barite occurs as veins, cave 
deposits, and residual deposits either in Ordovician dolomites or in resi-
dual clays derived from them. All three types of deposits are producing 
barite but the major part of the production comes from the cave de-
posits. The residual barite is mined in much the same way as in Wash-
ington County but the barite in the veins is associated with zinc blende 
and is saved as a by-product in the mining of the zinc mineral. 

The production from the VVashington County area in 1916 was 
45,572 tons and from the central area 12,631 tons. 

The writer believes that the barite deposits of Missouri were formed 
by hot solutions rising from their source in the igneous rocks underly-
ing the sedimentary formations of the state. The barite was deposited 
in fissures, solution cavities and small openings in the rocks and also 
replaced the dolomite in some places. Some investigators believe that 
the barite deposits were formed in much the same manner as postulated 
by Buckley for the lead of Southeastern Missouri. ( See page 150). 
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BUILDING STONES 

Building stones are used for ordinary construction purposes, flag-
ging, roofing, and ornamentation. Some of their most important prop-
erties are color, changes of color during weathering, texture, resistance 
to frost, changes under intense heat, and strength. 

W eathering.-Stones that weather spotted are not as desirable as 
those that weather evenly. The color changes during weathering may be 
observed in old buildings or if there are no old buildings of that stone, 
a railroad cut, an old quarry, or a bridge may furnish the needed ob· 
servation place. 

Resistance to heat.-Rocks subjected to intense heat during the burn-
ing of buildings undergo various types of changes. Some increase in 
volume and do not shrink to their original size, some crack and crum-
ble, some change chemically and become weaker. Rocks that change Ft-
tie when subjected to great heat make walls that are good after interi-
ors of buildings are burned out. 

Resistance to frost.-Granites, quartzites, and many limestones are 
little effected by frost action because the amount of water that the~-
contain is small. Most rocks that contain a large amount pore space 
break up readily under fro st action. This is due to the expansion of 
the contained water on freezing. 

Strength.-For the construction of ordinary dwelling houses almost 
all stones have the requisite strength, but cap rocks above windows and 
doors need to be selected with care even in buildings two stories high. 
In many large buildings cap rocks above the windows break and the 
walls of the building weaken. 

Do not lay rocks on edge.-Many important buildings in Missouri 
are constructed of stones laid on edge rather than on the bed. This type 
of construction gives water a chance to get into the bedding planes and 
by freezing and thawing to pry off the outer surfaces and finally to 
leave the buildings unsightly. Such weathering is not likely to occur 
within fifteen or twenty years, or until long after the responsibility of 
the contractor has passed. For best construction all sedimentary rocks 
should be laid on the bed. 

Missonri B1.1ilding Stones 

Missouri has an inexhaustable supply of good granites, limestones 
and sandstones but is not producing in proportion to its population. The 
production for the last four years for which statistics are available was 
as follows: 1912, $2,895,015; 1913, $2,843,030; 1914, $3,583,133; 1915, 
$2,941,858. 

Gra.nites.-Granites are among the most valuable of building and 
monumental stones, and Southeastern Missouri is the most easily avail-
able source for them in the central Mississippi valley. The Arbuckle 
Mountains of Oklahoma, the Rocky Mountains of Colorado, the Black 
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Hills, Wisconsin, and the Southern Appalachian Mountains are the near-
est sources of granites in various directions. 

Granites of excellent quality are quarried in Iron and St. Francois 
counties, and occur in Madison, Wayne, Ste. Genevieve, Washington, and 
Reynolds counties. Most of the granite is reddish in color, though it 
grades through various shades to light gray. It is composed mainly 
of the minerals orthoclase and quartz, though biotite mica, hornblende, 
and other minerals occur in minor amounts. Most of the rock is made 
up of small crystals but large crystals are often associated with the 
small, constituting a porphyrite granite. 

Missouri granites have been shipped in carload lots to California, 
Canada, Massachusetts, and even to Vermont, the state that leads in 
granite production. Twelve polished columns in the Flood Building in 
San Francisco are from Graniteville, Missouri. One slab weighing 
forty-two tons forms the Thomas Allen Monument in Pittsfield, Mas-
sachusetts. 

The largest local demand in recent years has been for crushed 
granite for paving and concrete, but when our interior cities begin to 
construct more permanent buildings Missouri granites should be m 
great demand as building stones. 

Porphyries.-The porphyries of Southeastern Missouri outcrop over 
wider areas than the granites, but they are not used as ex-
tensively. In color they range from black through various shades of 
red and brown. The main mass of the rock is made up of fine crystals 
bnt large crystals occur with the others. 

The porphyries are of the same chemical composition as the gran-
ites, and the differences in appearance of the two rocks are due to dif-
ferences in the rate of cooling of the parent lava. 

The porphyries are so closely jointed that much waste occurs in 
quarrying, and it is impossible to get out blocks large enough for monu-
mental work. The rock would be excellent for buildings and monu-
ments if it could be taken out in blocks of the proper size. 

Limestones.-Limestones outcrop over nearly half of Missouri, and 
they are more extensively quarried than any other rock. Some lime-
stones are excellent fo1 building purposes, while others, on account of 
impurities or structure, are worthless. Good limestone may be quarried 
in more than half the counties in the state. 

Burlington lime.1tone .-The Burlington is the most important of 
Missouri limestone (See outcrop map for distribution) and is more ex-
tensively quarried than any other. The best quality of Burlington stone 
occurs in the southwestern part of the state, and the largest quarries 
are at Carthage . The new State House at Jefferson City is built of 
Carthage stone. The Burlington of Southwestern Missouri compares 
favorably in strength and appearance with the best limestones of the 
United States. Most of the Burlington quarries produce stone for local 
use, and an illustration of this type of production is furnished by Col-
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umbia, where three local quarries furni sh most of the rock used in the 
town, but more than thirty quarries have been worked at one time 
or another. Near every large town located on the Burlington 
outcrops numerou s quarries have been opened. Near H annibal quarries 
may be seen in every valley and some large quarries are now being 
ope rated. The rock is used for the manufacture of lime, for paving, 
and for building purposes. Three miles south of Hannibal the Burling-
ton is extensively quarried for the manufacture of portland cement. At 
Joplin the Burlington is quarried for local building purposes . The four 
cities mentioned are used as illu strations of quarrying in th e Burlington, 
but many other towns would furnish as good examples. 

Parts of th e Burlington in many regions are unfitted for building 
stone on account of containing a large amount of chert. Another 
quality of the Burlington that frequently unfits it for building purposes 
is the presence of stylolitic jointing. The edge of a rock shows lines 
like that in the illu stration, and water circulating more readily along 
these lines than through the general body of the rock causes weather-
ing and di scoloration. Rocks wi th stylolites more than a quarter of an 
inch from tip to tip should not he used for walls. Care should be taken 
to lay rocks containing stylolites of any size on the bed and not on 
edge. If placed on edge weathering will remove the rock outside the 
stylolite and leave it unsig htly. 

Most of the Burlington contains few impurities besides the chert 
and makes exceller t cru shed rock to be used as fertilizer, and most of 
it is pure enou gh to use in the manufacture of quick-lime and portland 
cement. As cru shed rock for street paving it is not of hi ghest qu ality 
on account of it s softness, but nevertheless it is used extensively for this 
purpose. 

St. Louis liniestone.-The St. Louis limestone outcrops in the vici-
nity of St. Louis and furnishes the larger part of the limestone used in 
that city for buildings, macadam, and co crete. Qua rries are worked 
along the bluffs of the Mississippi and within the city of St. Louis. 
Some of the quarries in St. Louis have reached a depth of 125 feet. The 
areas in which the St. Louis limestone outcrops are outlined in Figure 
36 and good building stone may be taken from the formation in any of 
these areas. 

Choitfea1t liniestone.-The Chouteau limestone is, in most cases, not 
suitable for building stones . I t has been quar-ied at Easley and Lupu s 
for riprapping the Missouri, and near Sedalia, particularly at Sweeney 
on the M. K. & T . railroad, for ballast and other crushed stone. Small 
quarries in the Chouteau are located at various places in Warren, Mont-
gom ery, Boone, Cooper, Benton, and St. Clair counties. 

L o1tisiana liniestone.-The Louisiana limestone is suitable for road 
materials but is too thin and contains too many joints to be u sed in 
construction work. 
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Pennsylvanian limestones.-Good limestone is widely distributed in 
the Pennsylvanian in many beds and is extensively quarried in the north-
western part of the state. In the main the Pennsylvanian limestones 
are not as pure as the Burlington, and in many places do not furnish as 
good materials for the manufacture of lime and portland cement and for 
fertilizer. The most ex tensive quarries occur near Kansas City, and 
this is due, of course, to the greater local demand. The larger part of 
the rock is used for rubble and street paving. Limestone quarries in 
the Pennsylvanian are located at Kansas City, St. Joseph, Bethany, 
Birmingham, Breckenridge, Brookfield, Butler, East Lynn, Gallatin, 
Hamilton, Harrisonville, Higginsville, Independence, Jameson, Kahoka, 
Maysville, Milan, Mooresville, Nodaway, Parkville, Plattsburg, Prince-
ton, Richmond, Savannah, Trenton, ando other towns. 

Siliirian limestones.-Owing to the small extent of the outcrops in 
Missouri (See outcrop map, Fig. 31.) and to the thinness of the Sil-
urian rocks, they are not of great importance as building stones. How-
ever, at Cape Girardeau and Bowling Green there are important quar-
ries in the Silurian limestone, and quarries might be opened, if the rocks 
were needed, in various other places where the Silurian rocks outcrop. 

Ordovician limestones.-The Plattin and Kimmswick limestones 
( See outcrop map, Fig. 29) are Ordovician in age but the rocks are 
not dolomites. The extent of outcrop is small but the Kimmswick fur-
nishes a high quality rock for buildings and for lime and cement manu-
facture and several quarries have been opened where the stone is used 
for local purposes. 

Dolomites.-N ext to the Burlington the dolomites of the Cambrian, 
Ozarkian, and Ordvvician are the most important limestones in the 
state. They are quarried extensively for local use in the areas where they 
outcrop (See maps) though they are not of as good quality for build-
ing purposes as the Burlington. They are quarried in considerable 
<1mounts at Jefferson City and are used in local buildings and to some 
extent in street paving. As good quality of stone as that at J effe. son 
City may be quarried in almost any county within the dolomite area. 
The dolomites are not suitable for the manufacture of cement, but 
many of them may be used for the manufacture of lime and fertilizer. 
Two rather distinct types of dolomite are quarried; one type, known as 
cotton rock, is soft, white, and of rather even texture, while the other 
type is more irregular in texture, varies in color, and is harder. 

Sandstones.-The sandstones of Missouri are limited in extent com-
pared to the limestones. The principal sandstones are the Lamotte, Gun-
ter, Roubidoux, St. Peter, and those of the Pennsylvanian. Reference 
to the map, page 44 will show that the outcrops of the Lamotte cover 
only about 200 square miles, and no important quarries are located in it. 
The Gunter and Roubidoux sandstones do not outcrop in areas where 
they are likely to be extensively quarried, though they are quarried lo-
cally for building purposes and for use in sidewalks. 
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The St. Peter sandstone is extensively quarried at Pacific, Crystal 
·City, Klondike, and Grays Summit and sold to glass manufacturers. 
Though the outcrops of the St. Peter are not extensive the stone occurs 
in unlimited quantities, and its purity makes it excellent for the mana 
facture of glass. It is used to only a limited extent as a building ~tom,. 

The most important sandstones of the state are those of the 
Pennsylvanian. Some large and well-equipped quarries are locateu on 
these sandstones. Two of the largest of these are at Warrensburg. l'he 
Warrensburg stone is used for building purposes and for the manu-
facture of grindstones. Some of the stone is sawed and used for side-
walk purposes. Several important buildings in St. Louis, Kansas City, 
Omaha and Lincoln, Neb., and other places have been constructed of 
sandstone from the Warrensburg quarries. 

The Pennsylvanian sandstones are of various qualities, and weath-
ering may so affect the rocks near the surface as to render them value-
less, while those deep in the quarries are in excellent condition. 

The following are a few of the towns near which Pennsylvanian 
sandstones are quarried: Butler, Clinton, Collins, Kahoka, Lamar, Lib-
eral, Marshall, Miami, Montrose, Rich Hill, and Warrensburg. 

References on Building Stones 

Buckley and Buehler. Quarrying Industry of Missouri. Missouri Bu-
reau of Geology and Mines, Vol. 1, 2d series, 1904. 

Pirsson, L. V. Rocks and Rock Minerals, John Wiley and Sons, New 
York, 1909. 

Merrill, G. P. Rocks for Building and Decoration. 

SAND 

Sand is an important though not a highly valuable mineral product. 
Most of the sand deposits of Missouri were formed by stream trans-
portation and they generally occur in stream valleys. Sands are used, in 
the main, for building purposes, in mortar, plaster, and the manufacture 
of concrete. It is desirable that sands for these purposes should be 
angular and should be free from impurities that are likely to injure plas-
ter or mortar. River sand is likely to be well rounded and much of it 
is too fine for ordinary uses. Much of the sand along the Missouri 
River contains small fragments of coal which makes it undesirable for 
plaster, but stream deposits seem to be about the only available source 
for sand in Missouri. The last biennial report of the State Geologist 
g ives the following location of sand-pumping plants: Canton, Hannibal, 
Louisiana, St. Louis, Crystal City, Cape Girardeau, Jefferson City, St. 
Joseph, Kansas City, Lexington, Glasgow, Boonville, St. Charles, Val-
ley Park, Hermann, Drake, Pacific, Osage, Poplar Bluff, Mills Spring, 
and Noel. 

Sand for the manufacture of glass is obtained from the St. Peter 
sandtone at Crystal City, Festus, Silica, Pacific, and Klondike. A good 
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glass sand must be free from impurities that will discolor the glass, and 
the St. Peter is the only formation utilized for this purpose in Missouri. 
The distribution and formation of the St. Peter are discussed on page 

Some sands are used for molding purposes in connection with the 
manufacture of iron articles. Such sand must have the quality of pack-
ing and retaining its form in spite of jars. The grains should be 
angular and the sand should contain some materials to cause the mass 
to hold together. The loess in many places has the right composition 
for molders' 5and. 

Missouri Sand Production, 1911-1915 

1911 1912 1913 1914 1915 
Tons 2,206,893 1,232,466 
Value $783,411 $829,793 $876,402 $763,076 $443,968 

GRAVEL 

Gravel consists of fragments larger than BB shot and mostly small-
er than six inches in diameter. Missouri gravels are found mainly in 
stream beds and are composed, for the most part, of chert which comes 
from the weathering of cherty limestone. Chert gravel is used for road 
metal though it is not first-class for that purpose. It may be improved 
by mixing it with crushed limestone. In many states glacial gravels fur-
nish first-class road metals but in Missouri they are unimportant. 

Tons 
Value 

Missoiiri Gravel Production, 1911-1915 

1911 

$259,263 

1912 

$253,911 

CHATS 

1913 

$271,510 

1914 
1,321,839 
$257,827 

1915 
1,656,745 
$226,716 

Chats are the mill tailings from the lead and zinc mines of South-
western Missouri and are used for railroad ballast, road building, and. 
concrete. 

Tons 
Value 

Missouri Chat Production, 1911-1915 

1911 
1,503,603 
$225,540 

1912 
2,723,403 
$408,510 

TRIPOLI 

1913 
2,028,889 
$304,333 

1914 
2,270,771 
$340,616 

1915 
2,309,191 
$346,358 

The so-called tripoli which occurs in Missouri is a very light, por-
ous variety of decomposed silicious rock which resembles weathered 
chert. Tripoli is mined near Senaca and Racine in Newton County and 
is known to occur near Neosho and Rolla. Doubtless systematic search 



CEMENT MANUFACTURING 137 

would reveal many other depo si ts in the state. It occurs in the weather-
ed surfaces of the Boone formation of the Mississippian. Bodies of 
tripoli range up to twelve feet or more in thickness and are overlain by 
chert, gravel, and red clay. The rock is very porous and on that ac-
count is used mainly for filter purposes. It is also used for blotter 
blocks and scouring bricks. The waste materials from mining are 
ground into tripoli flour, which is used as an abrasive and for general 
polishing and burnishing. The production from 1913 to 1915 is given 
m the following table: 

1913 .... l89,312 1914 ... .. $81,434 1915 ..... $68,451 

Reference on Tripoli 

"Tripoli Deposits near Senaca, Missouri".-Siebenthal and Mesler. Bul-
letin of the United States Geological Survey, No. 340, pp. 429-437, 
lrn7. 

CALCAREOUS CEMENTS 

The manufacture of portland cement is an important industry in 
Missouri and may become much more important. The cement is pro-
duced by burning a mixture of limestone and clay or shale, in propor-
tion of about 75 per cent of the former to 25 per cent of the latter, to 
the clinkering stage and then grinding the clinkers to a fine powder. 
Other mixtures than limestone and clay are u sed but not in Missouri. 
·Most of the limestones in Missouri above the Joachim and nearly all of 
the shales are suitable for the lime-clay mixture. The Atlas Cement 
plant near Hannibal uses Burlington limestone and Maquoketa shale. 
The limestone is quarried from the surface and the shale is mined from 
below the limestone. A cement plant at Independence uses Iola lime-
stone and Thayer shale from the Pennsylvanian. Dolomites do not make 
good cements when burned with clay and for that reason the Cambrian, 
Oza rkian, and Ordovician areas of outcrops shown on the maps do not 
furni sh good cement materials. Outside of these areas the place of lo-
cation of cement plants may be determined, largely, by market and trans-
portation facilities. Most of the counties contain limestone and clay 
or shale near enough together to be suitable for cement manufacture. 

The value of the cement produced in Missouri from 1912 to 1915 
was as follows : 

1912 
1913 

$3,700,776 
$4,556,822 

1914 
1915 

$4,485,747 
$4,007,679 

Reference on cement and lime in Missouri.-Missouri Bureau of 
Geology and Mines, Vol. VI., 2nd series. 
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LIME 

Lime is manufactured by burning a pure or nearly pure limestone .. 
The Burling~on, Kimmswick, and Ste. Genevieve furnish most of the· 
stone for lime manufacture in Missouri but other limestones from the 
Kimmswick to the Pennsylvanian are suitable. The dolomites are not 
suitable for burning lime. 

The value of lime produced in Missouri from 1912 to 1915 was as 
follows: 

1913 
1912 

$734,009 
$721,896 

1914 
1915 

GEOLOGY OF OIL AND GAS 

$686,051 
$573,442 

Definition.-Petroleum is a liquid consisting of a complex mixture 
of volatile and solid hydrocarbons, the latter in solution. On evapora-
tion of the volatile parts, paraffin or asphalt or both, are left as a resi-
due. Some petroleums contain only a small amount of these while 
others contain as much as 60 per cent. In general, the oils of the east-
ern part of the United States have a paraffin base, those of the west-
tern have an asphalt base, while the mid-continent oils contain both 
paraffin and asphalt. Petroleums vary greatly in the amount of various. 
products that they yield on refining. Pennsylvania oils yield napthas 
25 per cent, illuminating oil 45 per cent, lubricating oils 28 per cent .. 
Average Oklahoma oils yield naptha 8 per cent, illuminating oils 38 per 
cent, lubricating oils 26 per cent, fuel oil products 27 per cent. 

Origin.-Most investigators believe that petroleum forms by the de-
composition of the fatty matter of marine plants and animals and is 
kept from escaping by the deposition of mud. Natural gas was pro-
duced at the same time and in much the same way as the oil. Oil may be 
produced inorganically but in the main oil and gas deposits show little 
evidence of inorganic origin and many evidences of organic. 

Mode of occurrence.-Oil and gas usually occur together though oil 
is sometimes found without gas and gas is much more frequently found 
without oil. They usually occur in porous sandstone, but in some fields 
the main productive rocks are limestones, in other shales, having many 
cracks and fissures, form productive reservoirs, and in a few places ig-
neous rocks carry oil in open pores and cracks. The productive sand-
stones are usually only a few feet thick, though some range above 100 
feet. One cubic foot of sandstone of ordinary porosity may hold eight 
to ten pints of oil, though some rocks contain much more than this. 
Fine-grained rocks with small pore space hold only a small amount of 
oil and yield it very slowly. An oil pool is not an underground lake of 
oil but a porous bed of rock containing oil. 

Oil and gas are widely distributed in sedimentary rocks but they 
occur in commercial quantities in only limited areas, and it has been 
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dc :nonstrated that in rr.ost such areas they are associated with dipping 
rocks. Figure 54 illustrates one way in which oil and gas occur in 
folded rocks. Such folds are called anticlines, and the oil and gas of 
Oklahoma and Kansas occur, mainly, in their tops. But oil and gas 
are present in the anticlines, or tops of the folds, only where the fo ld s 
are overlain by rocks with such a small amount of pore space that the 
oil and gas cannot escape readily through them. Shale makes the best 
cap rock over the anticlines. 

Though the oil and gas in the Mid-Continent field (Kansas, Okla-
homa, and part of Texas) usually occur at the summits of anticlines and 
in many other fields the occurrence is mainly of this type, exceptions 
to this mode of occurrence have been found to be so numerous that oil 
geologists prefer to speak of the structural theory rather than of the 
.anticlinal theory. Mr. F. G. Clapp' summarizes the present status of 
the structural theory as follows: "The improvement in the ,alue of 
geology to oil development was largely due to the evolution of the 
'structural theory' . This term seems preferable to the 'anticlinal theory', in 
order to explain definitely the relations which accumulations of oil and 
gas hold to geology within certain limitations, even where no definite 
anticline or syncline exists. The structural theory, as understood by 
the writer of this paper, is as follows: 

''Through some means, by organic or inorganic agency or agencies, 
the petroleum and gas have come into or been generated in the 
porous formations in which they are found. The oil, gas, and water in 
the formations (assumed to have been approximately horizontal at the 
time the substances entered them) were at first widely diffu sed in the 
porous formations of contiguous strata. They have remained in their 
diffused condition to the present time in many parts of the world, where 
only small quantities of oil and gas, too slight for profitable develop-
ment, have been found and where the dip of the rocks is very slight. 

''Where the beds have been folded, however, as in the greater part 
of the Appalachian region and in most oil field s throughout the world, 
the oil, gas, and salt water have been enabled to separate out according to 
thei r relative specific g ravities. This separation and concentration may 
have been assisted by rock pressure, diastrophism, hydraulic pressure, 
seepage, capillarity, molecular attraction, internal heat, and other causes; 
Lut whatever causes prevailed for the movement of the oil, gas, and 
,Y ater, the law of gravitation, being ever operative, must be considered 
of most importance in determining their arrangement; hence the ac-
cumulation was in the order of the densities of the substances. 

"The structural theory agrees with the anticlinal theory, .of which it 
is an outgrowth, in acknowledging that on a stated anticlinal, mono-
clinal, or quaquaversal structure gas lies nearest the top, oil lower down, 

'Bulletin of the Geological Society of America, Vol. 28, pp. 556-557, 1917. 
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and still lower is the salt water, when present. Whether the pools oc-
cur at the top of the anticlines, lower on their slopes, or in the syn-
clines, is determined by factors of secondary importance." 

It is because of the occurrence of oil and gas in association with 
dipping rocks that a geological examination of a region is needed to 

Fie. 54-The drawing represents an oil-bearing anticline that occurs near 
Lander, Wyo. the well at the right is 900 feet deep and is a strong 
producer. The . well in the center is 1200 feet deep and is a sm oll 
producer. The well at the leit would strike the oil sand at 3,000 
feet but would not be a producer. A is a porous sandstone that 
bears oil, gas, and water. B is an impervious shale \':hich seals in 
the oil and gas. The closely dotted part of stream A bears gas; the 
solid black part bears oil; and the part below the black bears only 
water. 

determine the best locations for drilling. This is illustrated by figure 
54, where \/\Tell No. 1 taps the oil sand at 900 feet; Well No. 2 taps 
the sand at 1,200 feet, and does not furnish as much oil as Well No. 
1; while Well No . 3 taps the sand at 3,0C0 feet, but is too low on the 
limb of the anticline to get producing sand. This drawing was made 
from an oil field near Lander, Wyoming, where the structures are so 
plain that a geologist was able to work out the best location for all the 
wells in one day. The structural theory does not postulate the occur-
rence of oil and gas in every anticline, and there are many non-produc-
tive anticlines to one that produces. In the non-productive cases, either 
oil and gas were never formed in the region or they have escaped and 
left the rock barren. 

Age of oil-bearing rocks.-Rocks older than Ordovician in age have 
not yielded oil in paying quantities in North America. The reason for 
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this is not known but it may be that the conditions of ongm were not 
favorable previous to Ordovician. Because commercial accumulations 
have not been found below the Ordovician, geologists advise drillers 
not to spend money in drilling into the older rocks. They do not say 
that oil does not occur in the older rocks but that so far as the ex-
perience of geologists goes no occurrences are known. A great deal of 
money ha s been spent in drilling for oil and gas in Missouri, and prob-
ably in every state, where geologic conditions were entirely unfavorabl e 
.and where the chance to get oil was so small as not to be 
worth anything. The geological maps in this volume show the areas 
underlain by rocks of different ages in Missouri. Within the areas of 
Pre-Cambrian, Cambrian, and Ozarkian outcrops there are no rocks as 
young as those that have produced oil in paying quantities, and most of 
the Ordovician rocks are older than the Ordovician rocks that have 
been productive. The Silurian rocks are of very small extent and 
should be omitted from a list of those in which there is a likelihood of 
oil occurring. The Devonian rocks in Missouri are not of the kind 
to favor oil and gas accumulation. The Mississippian rocks are nearly 
all limestone and contain no shale beds that might act as cap rocks, and 
drillings in Missouri have shown no indication of oil in the Mississip-
pian. In Illinois some oil has been recovered from the top of the Mis-
sissippian rocks, in Oklahoma some productive wells have been brought 
in from the Mississippian and in Pennsylvania, West Virginia, and 
Ohio the Mississippian sandstones are productive. The chances are very 
small of any oil wells being brought in from the Mississippian of Mis-
souri. 

The Pennsylvanian rocks are the main producers in Oklahoma, Kan-
sas, and Illinois, and it is in these that any oil prospecting in Missouri 
should be done. However, there is little likelihood of oil occurring 
in paying quantities where the bottom of the Pennsylvanian rocks is less 
than 200 feet below the bottoms of the deepest valleys. A heavy white 
line drawn on the Pennsylvanian map indicates the margin of likeli-
hood of occurrence. In the area of best chances for oil in Missouri the 
sands are not as thick as they a re in Oklahoma and though drilling has 
been done over rather wide areas few paying wells have been brought in 
and only a few wells have produced either oil or gas. 

In the western part of the state from Barton County on the south 
to near the Missouri River, sands ranging from one or two feet thick 
up to fifty feet thick are saturated with asphalt where they outcrop. It 
is probable that these rocks once contained oil and that the more vola-
tile parts have escaped, leaving the asphalt residue. vVhere these rocks 
a re near the surface, so that streams have cut into them, most of the 
oil and gas has escaped, but where there is a capping of 200 or 300 feet 
of shale and an anticlinal structure in which the oil and gas may ac-
cumulate, it may be that paying quantities are still present. 
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The first thing, in prospecting is to go far enough away from 
the sandstone outcrops to insure a covering of 200 feet or more of rocks, 
and then to find anticlinal structures of considerable size. If such an-
ticlinal structure is found it is probably worth drilling in, though the 
prospector should bear in mind that the chances are perhaps 20 to 1 
against bringing in good wells. From the evidence of the asphalt-im-
pregnated sandstones in \Vestern Missouri it is probable that if any oils 
are found they will have an asphalt base. 

Geological advice.-The investor who desires geological advice on an 
area should seek it from competent consulting geologists. He should 
guard against the man who tells him that he will be sure to get oil in 
any given locality, who tells him that the country in Missouri contains a 
great many domes and anticlines, that the Mississippian limestones are 
too hard to be penetrated by a drill, or who is willing to give an off-
hand opinion on details in the field. All that a geologist can do is to 
locate the best place for drilling and to say whether the rocks are fa-
vorable or unfavorable. The person who goes farther than this is not 
giving sound advice. The great demand for oil geologists that has de-
veloped recently has brought many fakirs into the field, whose advice is 
worse than useless. These quack geologists tell the promoter the things 
that will please him. The fakir who uses a mysterious instrument or 
divining rod is probably not so dangerous as the quack geologist for 
most intelligent people place no faith in him. But he is still abroad in 
the land and obtaining money from the credulous. The United States 
Geological Survey has made an extensive investigation of the history 
of the use of the divining rod and Mr. E. 0. Meinzer who made the 
investigation says: "It is difficult to see how, for practical purposes, 
the entire matter could be more thoroughly discredited, and it should 
be obvious to every one that further tests by the United States Geologi-
cal Survey of the so-called 'witch' for water, oil, or other minerals 
would be a misuse of public funds. As anything that can be 
deeply veiled in mystery affords a good opportunity for swindlers, there 
can be no reasonable doubt that many of the large group of profession-
al finders of water, oil, or other minerals who take pay for their 'ser-
vices' or for the sale of their 'instruments' are deliberately defrauding 
the people, and that the total amount of money they obtain is large." 

"To all inquirers the United States Geological Si:rvey therefore 
gives the advice not to expend any money for the services of any 
'water witch' or for the use or purchase of any machine or instrument 
devised for locating underground water or other minerals."' 

Those desiring preliminary geological advice on oil and gas pros-
pects may obtain it free of cost by applying to the Geological Depart-
ment of the University of Missouri, Columbia, Missouri, or to the Di-
rector of the State Bureau of Geology and Mines, Rolla, Missomi. 

'Ellis, The Dividing Rod, U. S. Geo!. Survey, \Vater Supply Paper 416, Wash-
ington, 1917. 



FrG. 55-A section of the Brown's Station anticline twelve miles north of Columbia, Mo. This anticline 1s not a prob-
able producer of oi l fo r the following reasons: 
The geologic section consists of Burlington and Chouteau limestones for about 150 feet from the top. These lime-

stones contain no porous rocks to act as oil reservoirs and ar e not capped by impervious rock to hold in the oil if any 
were present. The Sylamore sandstone, below the Chouteau is only abou t one foo t thick and does not form a good 
reservoir. The Devonian lim estone below the Sylamore is th in and impervious. The Devonian rocks rest on rocks of 
lower Ordovician age and no rocks as old as these are yielding oil in paying quantities in North America. In the 
rocks below the Devonian as well as in those above there are not shales of sufficient thickness to have afforded 
place of origin for large quantities of oil. 

As this bulletin goes to press a well is being drilled on part of the structure adjacent to the Brown's Anticline, but 
it is the writer's opinion that the chances of obtaining oil in paying quantities are not as good as one to one thousand . 
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References on Oil and Gas 

Thousands of papers have been published on oil and gas. The fol-
lowing are listed because they bear on areas near Missouri, or because 
they are easily accessible. 
Johnson, R. H. and Huntley, L. D., Principles of Oil and Gas Produc-

tion, 1916. 
Snider, L. C., Petroleum and Natural Gas in Oklahoma, Harlow-Ratliff 

Company, Oklahoma City, Okla., 1913. 
Clapp, Frederick G., Arnold, Ralph, Fuller, Myron L., Kay, Fred H., 

BownocKei-, J. A., Pack, Robert W., Gardner, James H., Miller Willet 
C., White, David, Papers in the Bulletin of the Geological Society of 
America, Vol. 28, no. 3, September, 1917. These papers are 
timely and give the latest data on various fields. 

Shannon and Trout, Petroleum and Natural Gas in Oklahoma, Bulletin 
number 19, Oklahoma Geological Survey, 1915. 

Halworth, Eramus and others, Special Report on Oil and Gas, Geologi-
cal Survry of Kansas, Vol. 9, 1908. 

Hager, Dorsey, Practical Oil Geology, McGraw-Hill Book Company, 
1915. 



CHAPTER VI 

ORE DEPOSITS 

Definition.-Ore deposits a re masses of mineral matter which con-
tain enough of some metal to make them worth mining. The valuable 
metal s were originally widely distributed in the rocks and only in a 
very few cases was the concentration great enough to be called an ore-
deposit. Ore deposits originate by the valuable metals segregating or 
concentrating in considerable amounts wten lavas cool or by waters or 
gases disso lving the metals and redepositing them in la rger proportions 
but smaller space. All of the Missouri deposits originated in the latte r 
way. 

Ore deposits consist of valuable ore minerals associated with 
other minerals, called gangue, which in mo st cases make up the larger 
part of the ore. Iron ores must contain above 30 per cent of iron to 
make mining profitable; zinc ores may contain only 3 per cent zinc and 
still be mined with profit; the Lake Superior copper ore s, which are 
extensively mined, contain less than 1 per cent copper; and gold is mined 
from o res which bear le ss than one-five-hundredth of 1 per cent of gold. 

The more important gangue minerals are quartz, calcite, pyrite, bar-
ite, and dolomite. 

The main metals contained in the ore deposits of Missouri are lead, 
zinc, iron, tungsten, copper, and silver. Zinc and lead depo sits occur in 
Southwestern Missouri in the Joplin di strict, lead deposits in Southeast-
ern Missouri, iron deposits widely scatte red over the state but mainly 
in the southeastern part, and copper, tungsten, nickel, and silver all in 
the southeast. 

ZINC AND LEA D OF SOUTHWESTERN MISSOURI 

( See figure 56 for location of various lead and zinc areas.) 
Ore Bodies.-The zinc and lead deposits of Southwestern Missouri 

and ad j acent a reas in Kansas and Oklahoma are of great importance, 
particula rly for their zinc. The ore minerals occur in broken-up masses 
of Burlington and Carterville limestone and chert, just below the 
Pennsylvanian shale s, in ore bodies known as runs and sheet ground. 

Runs are irregular bodies of ore that are sometimes nearly circular 
but are usually elongated. 

The ore minerals form the cement material and fill cavities in 
masses of broken-up chert and limestone. Such broken masses of chert 
may be observed in filled caves of recent formation in the Burlington 
limestone of various localities. The ground plans of the deposits sug-

(145) 
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gest those of caves and sinks and it is probable that the bodies occupy 
old cayes and sinkholes. 

The ores consist of chert, limestone, shale, jasperoid, dolomite, cal-
cite, pyrite, marcasite, and quartz as gangue materials, and sphalerite 

FIG. 56-A map of the lead and zinc producing areas of Missouri with 
a rough approximation of the total production of each county. The 
production of zinc is given in thousands of tons. The production 
of lead is given in thousands of tons enclosed in a circle. No sta-
tistics for the central area are available. vVritten at the right mar-
gin of the map is a large production of lead from near the boun-
dary of Madison and St. Francois Counties, which is credited to 
the two counties in published statistics. 

(jack), galena (lead), smithsonite, calamine, and cerusite as ore miner-
als. Several other minerals of lesser importance may occur in the mix-
tures. 

Sheet Ground.-The sheet ground deposits occur in the Grand Falls 
chert member of the Burlington (Boone). They range up to seventy 
feet in thickness and some of them are several acres in extent. The 
cherts were greatly fractured and the ores occur in the cracks or along 
the bedding planes. The ores are mainly sphalerite and galena and the 
gangue minerals are like those in the runs. 
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Origin .- Several theories for the origin of the ores have been pub-
li shed. All agree that the deposition was from ground water or from 
magmatic water which bore the metals and gangue minerals in solution. 
Siebenthal' says: "The. large-quantity analyses made by J. D. Robertson 
show that the pre-Cambrian crystalline rocks of the St. Francis Moun-
tains, the Cambrian and Ordovician dolomites, and the Mississippian 
limestone all contain notable proportions of lead, zinc, and copper. 
Waters charged with carbon dioxide dissolve the sulphides of the metals 

FIG. 57-Generalized section of an ore deposit in the Joplin district. 
The lead and zinc ores are roughly repre sented by the white streaks. 
The black represents the gangue minerals, and the cross-banded 
parts represent chert masses. The wall rock is the Boone (Burling-
ton) limestone and the overlying formation is the Cherokee shale. 
The barred lines represent the surface boundaries of the deposit. 

as bicarbonates with the evolution of hydrogen sulphide, according to 
this reaction : 

ZnS + 2H,O + 2CO, = Zn(HCO,), + H,S 

The underground water in the Cambrian and Ordovician rocks 
charged with carbon dioxide, coming in contact with the disseminated 
sulphides, dissolved them and liberated hydrogen sulphide. The solu -
tion containing the dissolved metals and the free hydrogen sulphide 
moved on down the sides of the dome to the inner margin of the 
P enn sylvanian shales, where it rose to the surface. In the open, broken, 
cave rnous ground in the Mississippian limestones at the base of the 
P ennsylvanian shales the solutions came nearly to rest and the carbon 
dioxide escaped from its union with the metals, which were precipi-
tated as sulphides by the hydrogen sulphide yet remaining in the solu-
tion. Though this was one of the simplest and probably the chief 
method of solution, tran sportation, and deposition of the metals, they 

1U. S . Geo!. Survey, Bulletin 606, p. 13, (1915). 
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may have been carried in part as sulphates, chlorides, sulphides, hydro-
sulphides, or carbonates, and the zinc may have been carried as zincate 
or sulphozincate. The metals were in some places precipitated as car-
bonates, and the zinc may have been carried as zincate or sulphozincate. 

Frc. 58---A filled cave in Burli1:gton, Chouteau, and Copper limestones. 
Some of the ore deposits o f Southwestern and Central Missouri 
m ay have formed in caves of this typ e. The cave filling is sand 
and mud, which were brought in while the Pennsylvanian sea cov-
ered the region, and fragments of limestone which fell in from the 
top and sides. 

The metals were in some places precipitated as carbonates or silicates 
by reaction with the wall rock. Some ore has doubtless been segre-
gated from the Mississippian lime stone, but for reasons stated below it 
is believed that the greater part of the metals was drawn from the Cam-
brian and Ordovician rocks." 

Distribution and production.- Zinc and lead are widely distributed in 
small amounts in various rock formations of the state, but the rocks 
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should contain about 3 to 4 per cent of sphalerite or galena to make 
tl1e deposits worth wurkmg. A crystal of sphalerite or galena found 
here and there in the rocks gives no indicatiou of the presence of valu-
able zinc and lead deposits. The depo~its of Southwestern Missouri dis-
trict yield more zinc per year than any other deposits in the world. Zinc 
is the main metal obtained but lead is recovered in minor amounts. The 
production for the last three years is given in the following table and 
compared with the total production of me United States: 

Missouri United States 
Year Tons of metal Value Tons of metal 
1914 105,809 $10,792,518 343,418 
1915 135,928 $33,710,144 458,135 

*1916 155,960 $52,687,728 

The valu e of the lead produced in Southwestern Missouri in 1916 
was $6,240,222. 

ZINC AND LEAD DEPOSITS OF THE CENTRAL DISTRICT 

The zinc and lead deposits of the Central district have been of 
small importance as producers as compared with the Southwestern and 
C,outheastern districts. The principal ore minerals are galena and spha1-
trite. The ore occurs mainly in circles, and residual deposits, but chim-
neys, sheets, and disseminated deposits have been found. The circles 
re semble fill ed caves or sinkholes; the residual deposits have been con · 
cer.trated by the weathering of the country rocks; the chimneys seem to 
have formed where joints crossed at right angles and solution enlarged 
the cavities; the sheets formed in joints or along bedding planes; and 
the disseminated deposits consist of dolomite with small amounts cf 
galena and sphalerite scattered through them. 

Most of the deposits are in the Jefferson City and Roubidoux dolo-
mites, but some occur in the Gasconade and Burlington, and small 
amoum.s ot sphalente a re not uncommon in beds of Pennsylvanian age, 

The Central district deposits are described by Winslow in Volume 7 
of the Missouri Geological Survey and in references 1, 3, and 7, given 
m chapter IX. 

The extent of the Central district is outlined in figure 56. 

LEAD DEPOSITS OF SOUTHEASTERN MISSOURI 

General description.-Lead production began in Southeastern Mis-
souri as early as 1719 but was intermittent until after the opening of 
the nineteenth century. The region now produces more lead than any 

*Statistics for 1916 are from the Press Bulletin of U. S . Geo!. Survey. 
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other in the world. A small amount of zinc is mined with the lead, and 
copper, nickel, and cobalt occur in some mines in small quantities. 

The earlier mining was mainly from deposits near the surface of 
the Potosi and Bonneterre dolomites of Washington and St. Francois 
counties. Galena occnrs in the Potosi of Washington County associated 
with clay, chert, barite, Iimonite, sphalerite, smithsonite, anglesite, cerru-
site, and calcite. The ore bodies seem to be in joint planes and bedding 
planes enlarged by solution and are extremely irregular. 

FIG. 59-Generalized section of a disseminated ore deposit in St. Fran-
cois County, Missouri. The rock represented is about 300 feet thick. 
The convention of parallel lines with cross bars between represents 
limestone of the Bonneterre formation and the closely spaced broken 
lines represent thin beds of shale of the same formation. The dis-
seminated lead is represented by black dots. The black dots occu-
py far more space compared to the total amount of rock than the 
ore actually occupies. The diagram attempts to represent the oc-
currence of a small amount of ore in veins as well as disseminated. 

The main ore deposits of Southeastern Missouri occur in the Bonne-
terre formation of St. Francois and Madison counties. About 75 per 
cent of the ore mineral, galena, is disseminated, or scattered in small 
amounts through the dolomite, and about 25 per cent occurs in small 
veins and as cavity fillings . The ore minerals occur chiefly in dark-
colored dolomite and in beds of black or greenish shale, associated with 
calcite, sphalerite, and sometimes pyrite and chalcopyrite. 

Origin of the ore deposits.'-Buckley discusses at length the origin 
of the Southeastern Missouri ore deposits, and the following is a sum-
mary of his conclusions: The metals were in the igneous rocks, were 

1 Mo. Bu. Geo!., Mines, Vol. IX, Part 1, pp. 205-237. 
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removed in solution by surface or ground waters, and were redeposited 
with the sediments in the surrounding seas. Part of the lead now found 
in the Bonneterre may have been so deposited but the amount must have 
been small. The original solution and redeposition were in Cambrian or 
pre-Cambrian time but preceeding St. Peter time there was a long per-
iod of erosion and lead that had been deposited in the Cambrian and 
Ozarkian rocks was again taken into solution. Some was removed to 
the sea while the remainder was carried downward by ground waters 
through the pores and cracks in the rocks and was deposited in joints, 
cavities and other openings within the rocks ·below the zone of weather-
ing. The Bonneterre was the principal rock exposed and on that ac-
count furnished the place of deposition for the solutions. During late 
Silurian and early Devonian the same processes occurred as in pre-St. 
Peter time and other times of solution and downward migration of 
metals came in a pre-Mississippian erosion interval, in a post-Mississip-
pian erosion interval, and in a post-Pennsylvanian erosion interval. 

Professor vV. A. Tarr's recent studies on the barite and lead de-
posits of Missouri have led him to conclusions widely different from 
Buckley's. The following 1s a personal communication from Dr. Tarr 
dated Jan. 22, 1918 :-

"During the past few years I have spent considerable time 
studying the ore deposits of Missouri and especially those in 
Southeastern Missouri. These studies have furnished evidence 
which strongly favors a magr:etic origin for the lead and ether 
metalliferous deposits of that area. It is my view that the met-
als were brought into their present position by moderately warm 
solutions, which had their source in an underlying magma. The 
solutions found egress to the dolomites and limestones through 
fissures and joints in the rocks and along fault planes. After 
reaching those formations which were easi ly replaced or where 
there were more or less open spaces, deposition occurred by those 
methods which are common to magmatic solutions forming such 
deposits the world over. Because of the fact that the magma 
did not reach a sufficiently high level to have been exposed but wh-
sequent erosion and that therefore the only visible evidence of 
its former presence are the ore bodies themselves, I suggest the 
name cryptomagmatic for the deposits. 

"A study of the barite deposits of Missouri fnrnished excell-
ent proof that they were of magmatic origin, and since lead and 
zinc deposits are not only associated with the barite deposits but 
also occur in the same veins with the barite, they must have had 
a similar origin. The large amount of zinc and lead minerals in 
the vein at Silver Mine, Missouri, which is of undoubted mag-
matic origin, is further evidence that these two metals were de-
rived from an underlying magma. The pegmatite dike in Cam-
den County proves that there has been a certain amount of 
movement in the igneous materials underlying the Ozarks. There 
are other lines of evidence but they can not be included in a short 
summary of my views as to these very interesting and valuable 
ore deposits." 
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Production.-The mines of Southeastern Missouri produce more lead 
than those of any other region in the world. A comparison of their 
production and that of the entire United States is given in the follow-
ing table. 

Missouri United States 
Year Tons of metal Value Tons of metal 
1914 108,439 $13,138,242 512,794 
1915 183,906 17,287,164 507,026 
1916 233,0881 27,825,2161 569,422' 

The presence of lead ores caused the early exploration and settle-
ment of Southeastern Missouri. The French expected to find silver and 
gold in the lead regions and took out a considerable amount of lead in 
their search for the higher-priced metals. 

References un lead und zinc 

The following list includes only a few of the references that might 
be given but they are the more important for the Missouri deposits: 

Bain, H. F., Van Hise, C. R., and Adams, G. I., Preliminary report on 
the lead and zinc deposits of the Ozark region, U. S . Geo!. Surv., 
Twenty Second Annual Rept., pt. 2, 1901. 

Buckley, E. R. and Buehler, H. A., Geology of the Granby area, Mo. 
Bu. Geo!. Mines, Vol. 4, 2d series, 1906. 

Buckley, E. R., The lead deposits of St. Francois and Washington 
Counties, Mo. Bu. Geo!. Mines, Vol. 9, pts. 1 and 2. 

Haworth, Erasmus, Special report on lead and zinc, Kans. Univ. Geo!. 
Surv., Vol. 8, 1904. 

Snider, L. C., Preliminary report on the lead and zinc of Oklahoma, 
Oklahoma Geo!. Surv., Bull. 9, 1912. 

Siebenthal, C. E., Origin of the zinc and lead deposits of the Joplin re-
gion, Mo. Kans. and Oklahoma, U. S. Geo!. Surv., BulL 606, 1915. 

Smith, W. S. T. and Siebenthal, C. E., U. S. Geo!. Surv. Geo!. Atlas, 
Joplin District Folio, No. 148, 1907. 

Winslow, Arthur and Robertson, James D., Lead and zinc deposits, Mo. 
Bu. Geo!. Mines, Vols. VI and VII, 1894. 

IRON 

Iron makes up about 4.64 per cent of the outer part of the earth, 
but rocks must contain more than 30 per cent iron and be favorably located 
before they are worth mining for their iron content. However, many 
areas where ores occur are not being worked on account of unfavorable 

1Statistics from the Press Bulletin of the U. S. Geo!. Surv. 
2Statistics from the Engineering and ~lining Journal. Does not include anti-

cmonial lead. 
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conditions. The amount of ore may be too small to make it worth 
while putting in mining machinery; freight rates may be too high to 
pay to ship the ore to the blast furnaces, or the ores may contain some 
impurity that makes them hard to smelt or makes the smelted product , 
of inferior quality. 

The principal ore minerals of iron are hematite, magnetite, limonite, 
and siderite. Most of the Missouri ores are hematite and limonite. ( See 
pages 161-1(>.~). 

Small deposits of iron are of wide extent in Missouri and are 
classed as follows by Crane': 

" ( 1) Brown ores, including the deposits of primary and secondary 
limonites in Southeast and Southwest Missouri; (2) hematites of the 
filled sinks, including the ores of the Central Ozark district; (3) specu-
lar ores in porphyry, including the deposits in the St. Francois Moun-
tains, and ( 4) hematites of the Carboniferous." 

Secondary limonite-Secondary limonite deposits occur hi nearly 
every county in the Ozark r egion and are more extensive than any of 
the other iron deposits in the state. The following districts are recog-
nized by Crane : 

"(I) The Fredericktown-Marble Hill district, including the deposits 
of Madison and Bollinger counties; 

(2) The Williamsville-Greenville district, including the deposits of 
Butler, Wayne, and Reynolds counties; 

(3) The Winona-West Plains district, including the deposits of 
Carter, Ripley, Oregon, Shannon, Howell, Ozark, and Douglas counties; 

( 4) The Q i t::,.e River district, including the deposits adjacent to 
that stream." 

Scattered deposits occur in St. Francois, Jefferson, Franklin, Gas-
conade, Osage, Polk, and Greene counties. They are in the main in the 
Ga sconade dolomite, Roubidoux sandstone, and Jefferson City dolo-
mite, but the deposits near Caledonia occur in the Potosi and those 
near Fredericktown in the Elvins. Most of the deposits are not directly 
associated with the rocks of the ages mentioned but occur in the resi-
dual materials from these formations . The ores consist of hematite, 
clay, chert, and sand derived from the weathering of the rocks of the 
region. Marcasite and pyrite are present in some places and occur 
mainly near the bottom of the deposits, and manganese is present in 
small amounts. Deposits vary greatly in size, the largest being those in 
residual clays, some of which have produced more than 60,000 tons of 
ore. 

Primary limonite.-The primary limonite deposits seem to have been 
precipitated directly from solution. They occur in a few localities in 
Christian, Greene, and Dade counties in Southwestern Missouri and in a 

•Crane, Missouri Bureau of Geology and Mines, Vol. 10, p. 54. 
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i:elatively narrow belt along the Tertiary lowlands in the southeastern 
part of the state. Very little mining has been done in this type of ore. 

In Southeastern Missouri the deposits occur on the crests of the 
hills and ridges. The ore is mainly limonite with chert and sand as the 
main impurities and with clay filling cavities in the ores. The limonite 
occurs in large and small boulders distributed irregularly through cherty 
weathered materials of older rocks. Pyrite and marcasite do not occur. 
Eleven deposits from Southwestern Missouri are described by Crane in 
his report on "The Iron Ores of Missouri." There seems to be no rela-
tion between the iron ore deposits and the topography. The deposits 
are always in the Burlington limestone and are generally closely asso-
ciated with the overlying Cherokee shales. 

Hematites of filled sinks.-The filled sinks occur over an area of 
about 4,000 square miles, from Dent County on the south to near the 
Missouri River on the north. The most important deposits are in 
Phelps, Crawford, and Dent counties, but scattered deposits occur in 
Franklin, Washington, Iron, Reynolds, Shannon, Texas, Pulaski, Mil-
ler, and Maries counties. The sinks in which the ore occurs probably 
originated in the same way as the sinks that occur over limestone areas 
at the present time. The inclosing rock is mainly sandstone and lime-
stone, but the sandstone type is the more common. The deposits are 
roughly elliptical or circular in shape, though some are exceedingly ir-
regular. Many are large at the top and taper downward like a cone. 
In most of the sinks the quantity of ore is small, but one or two of 
them have already produced a half million tons of ore. The ores are 
chiefly soft red hematite with subordinate amounts of hard specular 
hematite and with some soft brown-yellow limonite associated. The 
chief impurities are quartz, calcite, dolomite, and marcasite . Some cop-
per ores occur with the other impurities, and chert, clay and sandstone 
are common. The filled sinks are mainly in the Roubidoux and Gas-
conade formations. 

Specular hematite in porphyry.-The main mines of specular hema-
tite are at Iron Mountain in St. Francois County, and Pilot Knob in 
Iron County. At Iron Mountain the ore occurs in veins in the porphyry, 
and. at Pilot Knob as bedded deposits in porphyry. The Iron Mountain 
deposit was the largest in Missouri and has produced about 3,500,000 
tons of ore. The mine was opened in 1845. The ore has been exhaust-
ed. 

The main ore of Pilot Knob is in a single bed. It is overlain by a 
porphyry breccia and immediately overlies porphyry. The breccia is 
firmly cemented with hematite. Crane believes that the hematites orig-
inated from hot iron-bearing solutions coming from porphyry itself or 
from a source common to that of the porphyry. The ore is in part 
fissure filling and in part replacement of poryhyry. 

Hematites of the Pennsylvanian.-The hematites of the Pennsyl-
vanian occur in the lower part of the system in Lincoln, Warren, Mont-
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gomery, Callaway, Franklin, Cooper, and Henry Counties. They have 
been worked near New Bloomfield, Callaway County, and Gerald, 
Franklin County. The main occurrences are near the contact of a 
Cherokee sandstone and the Burlington limestone. The ores occur in 
Cherokee sandstones at some distance above their contact with the 
Burlington, and in th e lower part of the Pleasanton in a shale five to 
twenty feet thick, wh ich extend s from Lafayette County to the Iowa 
line. Soft, earthy hematite is the most common ore but blue hematites 
are associated with it. Some iron carbonates occur as ores in the 
Pennsylvanian but none of them are known to occur in commercial 
quantities. 

Production.-The statistics of the value of the iron production of 
Missouri from 1912 to 1915, given in the following table, are taken from 
the Biennial Reports of the State Geologist, 1915 and 1917. 

Missouri United States 
1912 $92,996 1912 $107,030,133 
1913 $83,628 1913 $130,905,558 
1914 $75,'i96 1914 $ 71,905,079 
1915 $99,953 1915 $101,288,984 

References on Missouri iron ore deposits 

Crane, G. W., The iron ores of Missouri, Mo. Bu. Geo!. Mines, 2d se-
ries, Vol. 10, about 1913, No date given. 

Nason, F. L., A report on the iron ores of Missouri, Mo. Bu. Geo!. 
Mines, Vol. II, 1892. 

Pumpelly, R., Schmidt, A., Broadhead, G. C., and Potter, W. B., Pre-
liminary report on the iron ores and coal fields, from the field work: 
of 1872, Geo!. Surv. Missouri, 1873. 

TUNGSTEN DEPOSITS OF MISSOURI 

w. A. TARR 

Though the occurrence of the tungsten-bearing mineral, wolframite, 
in Missouri has been known since 1870, it has been looked upon as hav-
ing no economic importance, but the recent demands for tungsten for 
the manufacture of tool steel has caused producers to investigate every 
known locality where tungsten bearing minerals occur. The amount of 
wolframite at the Silver Mine in Madison County was found to be 
{arge enough to be workable with the present high price of tungsten. 
The deposit is a typical fissure vein ranging from twelve to thirty-six 
inches in width and dipping southwest at an angle varying from forty-
five degrees to sixty degrees. The vein was mined• in the seventies 
for si lver but it did not produce enough to pay. The minerals asso-
ciated with wolframite in the vein are quartz, as the chief gangue min-
eral, fluorite, zinnwaldite, arsenopyrite, sphalerite, galena, pyrite, and ser-



156 THE GEOLOGY OF MISSOURI 

pentine. The ore 1s being mined through two tunnels and a 200 foot 
inclined shaft along the vein which reaches the lower levels. The ore 
is hand-picked and rnilled. Production began early in 1916. 

SIL VER DEPOSITS OF MISSOURI 

W. A. TARR 

Missouri produced a little over 57,000 ounces of silver in 1915 but 
none of it came from mines producing silver only. Practically the en-
tire production came from portions of the lead ore of the Southeastern 
District and from a small amount of copper ores mined in the same dis-
trict. In the seventies the quartz vein at Silver Mine in western Madi-
son County was worked for silver and lead. A silver-bearing galena 
was found in the vein which was said to carry np to 148 ounces of sil-
ver per ton, the average of SO assays being 46 ounces to the ton. How-
ever, the total production from this source was small. The silver ob-
tained from the lead ores of Southeastern Missouri in 1915 was derived 
from about 15 per cent of the lead that was mined. Some of the cop-
per ores are said to have averaged .09 ounces of silver per ton of ore. 

COBALT AND NICKEL DEPOSITS OF MISSOURI 

w. A. TARR 

The occurrence of siegenite, a variety of linnaenite which contains 
nickel, in deposits at Mine La Motte in Madison County, Missouri, has 
been known for a hundred years or more, and there have been attempts 
at various tirnes to save this mineral and obtain nickel and cobalt from 
it. The production has always been small and at the present time the 
development of the deposits is probably at a maximum. The Missouri 
Cobalt Company has erected a mill and a smelter at Fredericktown, and 
is planning to produce these metals. The Missouri Metals Corporation 
at Mine La Motte is also planning to save its cobalt and nickel ores. 
Since both these metals occur in close association with chalcopyrite, a 
copper bearing mineral, both companies are planning to make a saving 
of copper also. The ore at both the Missouri Cobalt Mine and the Mine 
La Motte consists of siegenite and chalcopyrite associated with some 
pyrite and galen a in the Lamotte sandstone. The ores occur at the 
top of .the sandstones at the contact with the Bonneterre dolomite. A 
small amount of siegenite occurs in the lead ores in the Bonneterre dolo-
mite in the Federal Lead Company's mine at Flat River. This occur-
rence of cobalt and nickel in Missouri is the only one of importance in 
the United States. 
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COPPER DEPOSITS OF MISSOURI 

W. A. TARR 
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Small deposits of copper are known in many counties in Missouri 
but the only important production has been from Madison, Ste. Gene•· 
vieve, Franklin, and Shannon counties. The deposits have been worked 
at various times since 1837 but have never been an important source of 
copper. Usually an attempt is made to mine the deposits when the price 
of copper is high as at the present time. The mo st important deposits 
are those in Ste. Genevieve County, and the Cornwall Mines, as they are 
called at the present time, are the most important single group. The 
ores occur in the Jefferson City dolomite in nearly horizontal beds, 
eighteen inches to three feet in thickness, and consist of chalcopyrite 
cementing fragments of chert. As the ore has been more or less oxi-
dized malachite, azurite, cuprite and simil ar oxidized copper minerab 
occur. Ores running as high as fifteen and eighteen per cent copper 
are said to have been mined at this place. 

The Missouri Copper Mountain Mining Company is making a small 
production from it s mine in Franklin County where the ore occurs in a 
bedded deposit near the surface of rocks of Ordovician age. The small 
pockets of ore which consist of chalcopyrite and oxidized minerals are 
mined by means of open cuts. 

Probably the copper deposits at Mine La Motte and Missouri Cobalt 
Mine in Fredericktown are more important than those in Franklin Coun-
ty. As before mentioned, in describing the cobalt and nickel deposits , 
the co;;,per occu~s as chalcopyrite intergrown with siegenite. The ore5 
are found at the top of the Lamotte sandstone near the base of the 
Bonneterre dolomite. The Mine La Motte mine produced a considerable 
tonnage of good copper ore during 1917. With the completion of the 
new smelter of the Missouri Cobalt Company a decided increase in the 
copper production of Missouri is expected. 

The deposits of copper ore in Shannon County are small and of 
minor valu e. They occur at favorable localities along the contact of 
porphyry and dolomite. Several mines have been opened and a small, 
intermittent, production ha s been made from them. 

The chief production of copper from Missouri will probably con-
tinue to be from Mine La Motte, the Missouri Cobalt Company's mine, 
and the Cornwall mines in Ste. Genevieve County. 

Pyrite Drposits of Missoiiri 

Pyrite is an iron sulphide which contains 46.6 per cent iron and 53.4 
per cent sulphur when chemically pure. It is widely distributed in rocb 
of various kinds but deposits containing workable amounts are not com-
mon. The main use of pyrite is in the manufacture of sulphuric acid, 
but the iron oxides, left behind after the mineral is roasted to drive off 
the sulphur fumes, may be used for iron manufacture. 
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The principal pyrite production in Missouri has been from near 
Morrellton and from near Corben, west of Rolla. The Missouri Cobalt 
Company has recently started production from its cobalt and nickel mine 
at Fredericktown. All of the ores are sh:pped to St. Louis for treat-
ment. 

Value of mineral production of Missouri, 1912-1915 

Statistics from Mineral Resources of the United States Geological 
Survey* 

1912 1913 1914 1915 
Lead ore ..... . .. .. . ... $11,948,358 $11,444,935 $11,143,104 $14,579,361 
Zinc ore ... ········· ... 12,988,803 9,664,423 7,766,911 19,625,978 
Coal .......... .. .. ..... 7,633,864 7,468,308 6,802,325 6,595,918 
Clay products1 ... ·· ····. 6,409,346 6,598,664 6,074,284 5,428,403 
Cement ... ,; .... .. ... .. 3,700,776 4,556,822 4,485,744 4,007,679 
Limestone ... . ....... . .. 2,373,725 2,486,020 2,160,958 2,049,772 
Mineral paints .......... 2,160,718 2,359,592 2,147,579 4,745,246 
Sand and gravel . ... .... 1,083,704 1,109,233 1,020,903 675,684 
Lime .. . ......... . ...... 721,896 734,009 686,051 573,442 
Clay . . . . . ........ . . . .. ... 562,306 470,277 463,703 641,040 
Chats .. .. ....... ..... . . 408,510 304,333 340,616 346,358 
Barite ... ... ..... . ·····. 117,035 117,638 112,231 158,597 
Copper .... . ......... . . 72,720 89,312 5,914 70,378 
Mineral waters .... . .. . . 81,114 84,316 74,793 83,363 
Tripoli . . ....... .. . ..... 75,565 83,995 81,434 68,451 
Iron ore .... ........ . . . 92,996 83,628 75,696 99,853 
Granite ... ··•· ......... 98,776 42,484 77,971 85,624 
Silver ......... .. .. .. . . 21,794 21,514 33,826 29,282 
Sandstone ......... ' ... 15,004 10,195 3,588 10,104 
Natural gas . .... ... ' ... . 11,576 6,795 5,319 5,077 
Pottery . .. . ............ 3,515 3,412 2,944 3,166 
Miscellaneous' ... . ... ' .. 5,825 20,679 16,768 37,256 

----
$50,587,926 $47,760,584 $43,585,667 $59,821,032 

*These volumes may be obtained without cost of addressing the Director of 
the U . S. Geol. Surv., Washington, D. C. 

1Not including pottery. 
'Includes petroleum and pyrites. 



PART III 

MINERALS AND ROCKS 

CHAPTER VII 

MINERALS 

In an earlier chapter a mineral was defined as an inorganic sub-
stance which occurs in nature, has a definite chemical composition, and 
if formed under favorable circumstances may have crystalline form. Sev-
eral properties possessed by minerals are important in distinguishing 
them and in determining their value for various purposes. The more 
important of these properties are color, streak, crystalline form, cleav-
age, gravity and hardness. 

C olor.-Color is a useful property in determining minerals but it 
varies greatly in many species. 

Streak.-The color of a mineral when it is powdered is useful in 
making determinations. The powder may be obtained by rubbing a 
sharp point of a specimen over unglazed pottery. The resultant mark 
is called the streak. 

Cleavage.-Many minerals break with smooth, even faces and the 
property is called cleavage. Some minerals cleave in one, some in two, 
three and even four directions. Many minerals do not cleave readily 
but break with rough surfaces. 

Gravity.-The gravity of minerals ranges from less than one to 
more than 20. Average gravity is about 2.5 to 2.8. Feldspar, calcite, and 
quartz are common minerals with average gravity. 

Crystalline Forin.-Minerals crystallize in several systems which 
range from a simple cube to highly complex geometric forms. A min-
eral never crystallizes in more than one system. 

Hardness.-Minerals range in hardness from those easily scratched 
with the fingernail to those several degrees harder than the best of 
steel. The following series of minerals is used as types of hardness: 

1. Talc.-Easily scratched with the finger nail. 
2. Gypsum.-Harder than talc but may be scratched with the finger 

nail. 
3. Calcite.-Harder than the finger nail but scratches easily with a 

common wire nail. 
4. Fluorite.-Scratched easily with a common knife. 
5. Apatite.-Scratched with difficulty with a good knife. 
6. Orthoclase.-Can not be scratched with a knife. Scratches glass. 

(159) 
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7. Quartz. 
8. Topaz. 
9. Corundum. 

10. Diamond. 

THE GEOLOGY OF MISSOURI 

The difference in hardness between 7 and 10 is 
greater than between 1 and 7 and there are few 
substances to compare in hardness with these 
minerals. Quartz may be slowly cut with a very 
fin e, sharp, three-cornered fil e. 

Kinds of Minerals 

The; following list of minerals includes most of those found in Mis-
soun: 

Anglesite.-Lead sulphate; white masses and white to 
tals. Does not effervesce when treated with nitric acid. 
ciated with galena as an alteration product. 

colorless crys-
F ound asso-

Aziirite.-Blue carbonate of copper; soft, easily scratched with a 
knife, effervesces in acid. 

Barite.- Barium sulphate. Looks like calcite but may be distinguish-
ed from it by its being much heavier, harder, and not effervescing m 
acid. On account of its weight it is known as heavy spar . Occurs in 
isolated masses in many sedimentary rocks. Particularly abundant in 
Washington County, Missouri. 

Calamine.-Silicate, of zinc; color, white, sometimes with faint blu-
ish or greenish shade, usually yellow to brown. Transparent to trans-
lucent. Scratched with difficulty with a knife. Mined in some of the 
zinc deposits of Southwestern Mis souri. An important ore. 

Calcite.-Carbonate of lime, CaCo,. One of the most important and 
abundant of minerals. Generally white in color or colorless but range5 
to gray. Sometimes tinted with various shades. Often occurs in large 
crystals. Breaks readily in three directions. Effervesces in weak acid. 
Easily scratched with a knife. Makes up most of such rocks as lime-
stones and chalks and frequently occurs with sandstones and shales. 

C erussite.-Carbonate of lead. Colorless, white or gray. Transpar-
ent to almost opaque. Scratches easily with a knife. Fuses in candle 
flame and shows globu les of lead on the surface of the fragment. Very 
heavy. Has been mined in Southwestern Missouri. 

Chalcocite.-Copper sulphide. Lead color on fresh surfaces, tar-
nishes to black. Soft; easily scratched with a knife. Very rare in Mis-
souri. 

Chalcopyrite.-Copper pyrite, CuFeS,. Brass yellow color, metallic 
appearance. Resembles iron pyrite but is easily scratched with a knife. 
A common c:,pper ore. A small amount has been mined in Ste. Gene-
vieve County and at Mine La Motte, but it occurs only in small amount5 
in Missouri. 

Chert.-Silicon dioxide, SiO,. Hardness 7, Gravity about 2.65. Col-
or white to gray, often tinted with red and yellow. Opaque. Breaks 
with smooth shelly surfaces and very sharp edges. Grades into the dark 
gray to black variety called flint. Usually occurs in nodules in lime-
stones and dolomites. Abundant in Missouri. 
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Chlorite.-A mineral containing iron, magnesium, aluminum, oxygen, 
and silicon. Dark green in color. Soft. Not a common mineral in 
Missouri. 

C obalt.-See Linnaeite. 
Cuprite.-Copper oxide. Hardness, 3.5 - 4. Gravity 6. Color red of 

various shades. Streak brownish red. Rare in Missouri. 
Dolomite.-Magnesium, lime carbonate, MgCO,, CaCO,. Much like 

calcite but slightly harder and does not effervesce in weak acids. Com-
mon constituent of many limestones, main constituent of the rock called 
dolomite. 

Feldspar.-A group of closely related minerals containing aluminum 
and silicon, with lime, soda, or potash. They will scratch glass and 
cannot be scratched by a knife; break readily in two directions; and 
range in color from white to red. They occur in igneous and meta-
morphic rocks and are the main constituents of the igneous rocks of 
Southeastern Missouri. 

Flint.-See Chert. 
Flnorite. - Calcium fluoride, CaF,. White to yellow, green and pur-

ple. Breaks readily into 8-sided forms. Scratches readily with a knife 
but is harder than calcite. 

Galena.-Lead sulphide, PbS. Contai s 86.6 per cent lead and 13.4 
per cent sulphur. Bright metallic lu ster. Hardness, 2.5. Gravity, 7.4 - 7.6. 
Color lead-gray. The main ore of lead. 

Gypsmn.-Calcium sulphate with water, CaSO,+ZH,O. Hardness, 2 
Gravity, 2.32. Color white to g ray. Transparent to opaque. Crystals 
break in thin sheets that are inelastic. Gypsum crystals frequently oc-
cur with coal and shale in Missouri and gypsum makes up large masses 
of rock in many states. 

H ematite.-Red oxide of iron, Fe,0 3• Iron 70% Oxygen 30% 
Ranges from soft to very hard. Gravity 4.8 to 5.3. Usually red in col-
or but some varieties are nearly black. Makes a brownish red streak 
when rubbed against white porcelain. It occurs in sedimentary and met-
amorph;c rocks, sometimes in great masses, and is the most valuable ore 
of iron. It also occurs ex tensively in ordinary rocks and furnishes the 
red color for many such rocks. 

H ornblende.-Contains calcium, magnesium, iron, silicon, and oxygen 
and is known as a complex silicate. Hardness, 5-6. Gravity 3-3.3. It is 
greenish to black in color; will scratch glass; and occurs in long slen-
der prisms in igneous and metmorphic rocks. Not common in Mis-
souri but occurs in some of the igneous rocks in the southeastern part 
of the state. Hornblende belongs to the amphibole group of minerals. 

Kaolin,-Contains aluminum, silicon, oxygen, and water. White 
when pure but of vario11s shad es when impure. Very soft. Greasy 
feel. Has no cleavage . This mineral forms the basis of clay and all 
clays and shales are largely composed of it . 

Labradorite.-One of the feldspars . 
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Limonite.-Yellow oxide of iron, 2Fe,O,+3H,O. Iron 59.8%, oxy-
gen, 25 .7%, water 14.5%. Yellow to black in color. Soft to very hard. 
Makes a yellowish-brown streak, which d. tinguishes it from the red-
dish-brown streak of hematite. Occurs in many kinds of rocks but is 
a secondary mineral that has resulted from the chemical change of other 
minerals. 

Linnaeite.- A cobalt nickel sulphide. Color pale steel gray with a 
pink tinge. Mined with lead ores at Mine La Motte, the only important 
locality in the United States. 

Magnetite .-Black iron oxide, Fe,O,. Iron 72.4%, oxygen, 27.6%. 
Very hard. Has no cleavage. Strongly magnetic. Streak black. Widely 
distributed in igneous, metamorphic, and sedimentary rocks but is much 
less common than limonite and hematite. 

Malchite.-Copper carbonate. Hardness 3.5-4. Gravity, 3.9-4.3. 
Bright green in color. Easily scratched with a knife. Effervesces in 
acid. Forms the green stain often seen in the lead, zinc, and barite de-
posits of Missouri. 

Maganese.-See Wad. 
Marcasite.-Like pyrite but lighter colored and does not occur in 

cubes. 
Micas.-Two common kinds, the black, known as biotite, the white, 

known as muscovite. Micas may be scratched with the finger nail. They 
break into thin sheets that are elastic. They occur in igneous and meta-
morphic rocks and in many sandstones, where they have been deposited 
with the sand grains. Muscovite contains potassium, aluminum, silicon, 
and oxygen, and biotite contains in addition magnesium and iron. 

Muscovite.-See Mica. 
Nickel.-Recovered in small amounts from ores which contain lin-

naeite in some of the mines of Southeast Missouri. 
Orthoclase.- A variety of feldspar. 
Plagioclase.-A variety of feldspar. 
Pyrite.-Iron sulphide, FeS2. Iron 46.6%, sulphur 53.4%. Hard-

ness, 6-6.5. Gravity about 5. Pale brass yellow. No. cleavage. Oc-
curs commonly in cubes. Found widely distributed in igneous, metamor-
phic, and sedimentary rocks. 

Pyro.x-ene.- Much like hornblende. Rare in Missouri igneous rocks. 
Quartz.-Pure silica, SiO,. Hardness 7. Gravity 2.65. Many colors. 

Transparent to opaque. Does not break with smooth plane surfaces. 
Several varieties are common. Most sandstones are made up of worn 
grains of crystalline quartz. Chert is a variety that is abundant in many 
limestones. It is white to light g ray in color and breaks with shell-like 
surfaces. Flint is like chert but is dark gray to black. 

Serpentine.-A soft, greenish mineral with a greasy feel; results 
from the alteration of other minerals. 

Siderite.-Iron carbonate, FeCO,. Hardness 3.5-4. Gravity 4.5-5. 
When pure it resembles calcite and dolomite. Usually brownish in col-
or. Widely distributed in shales. Sometimes forms iron ore. 
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Silver.-A small amount in the lead ores in J effe rson, Madison, St. 
Francois, and Washington counties. 

Smithsonite.-Zinc carbonate, ZnCO,. Gravity 4.3. Color dirty 
brown, white, green blue. Translucent to opaqu e. 

S peciilarite.-See hematite . 
Tiingsten.-See Wol framite. 
Wad.-An oxide of manganese. Black. Ranges from soft to hard. 

Sometimes form s an ore .of manganese, but is r are in Missouri. 
T,Vo/framite.-A tungsten mineral, MnWO,. Hardness 5-5.5. Gravi-

ty 7.2-7.5. Color brown to black. Known only from M adison County. 



CHAPTER VIII 

MISSOURI ROCKS 

Definition.-To the geologist rock signifies the material composing 
any considerable part of the earth's crust. The material may be consoli-
dated or loose. The main groups of rocks are igneous, sedimentary, 
and metamorphic. 

IGNEOUS ROCKS 

Gi-anite.-A granular rock composed of feldspar and quartz usually 
with subordi•.1ate amount of other minerals. Occurs in Southeastern Mis-
souri, as boulders in every county north of the Missouri River and in 
Miller and some other counties south of the River. 

Porphyry.-A rock consisting of crystals distinctly larger than those 
of the grounrl mass in which they are embedded. Occurs in Southeastern 
Missouri. 

Basalt.-Dark 
identified without 
in Southea,tfrn 
part of the state. 

colored igneous rocks with crystals too small to be 
the aid of a microscope. Appearance stony. Occurs 
Missouri and as boulders 111 the drift-covered 

Peginatite.-Rocks formed in dikes and composed of very large 
crystals. A omall amount in Camden and Ste. Genevieve counties. 

Syenite.-A granular rock composed mainly of feldspar and subor-
dinately of hornblende. Occurs rarely in the glacial drift of Missouri. 

Diorite.-A granular rock composed mainly of hornblende and sub-
ordinately of feldspar. Occurs in the glacial drift of Missouri. 

SEDIMENTARY Rocrrn 

Chert.-A white to dark-gray rock so compact that it appears homo-
geneous. Hardness 7. Breaks with shelly surfaces. Chert does not oc-
cur in beds like other sediments but usually as nodules in limestone. In 
some cases the nodules are so numerous that they appear like ordinary 
beds. Flint is an impure dark colored chert. 

Limestone.-Composed mainly of lime. Color usually white to gray 
but may range through various shades of blue, brown and red to black. 
It may be distinguished from dolomite by testing with weak acid such as 
vinegar or lemon juice, with which it effervesces freely. 

Dvlomite.-Composed of magnesium and lime but otherwise like 
limestone. Does not effe rvesce in weak acid unless the rock is powdered. 

Oolite.-Rocks which consist of small, round concretions that re-
semble fish eggs. Ordinarily the concretions are smaller thail peas. The 
oolites may consist of lime, silica, or iron oxides. 

Coal.-
(164) 
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Breccia.-Rocks made up of angular fragments of other rocks. 
Conglomerate.-Rock composed of rounded fragments of other rocks. 

The fragments may vary from the size of a pea up to boulders 20 feet 
or more in diameter. In most cases the fragments were rounded by the 
action of water. 

Sandstone.-Vsually composed of grains of quartz that are cement-
ed together by some other substance. Most sandstones are very porous. 

Clay.- Clay is a very fine grained, soft rock which crumbles readily 
between the fingers. It is greasy to the touch and is generally plastic 
when wet. 

Shale.-Shales are consolidated muds and clays which usually occur 
in very thin layers. Their grains are too small to be made out without 
the aid of the microscope and most of them are composed of kaolin. 

Loess.-A loose material composed of grains finer than sand and in 
the main larger than clay. It consists mainly of minute angular quartz 
grains but contains fragments of many minerals. 

Loam.-A mixture of sand and clay, of various colors. It may con-
tain a large amount of organic matter and its coloring is due to that or 
to iron oxide. On consolidation it would become a sandy shale or shaly 
sandstone. 

META M ORPHIC ROCKS 

Qiiartz ite.- A rock composed of quartz 
May be either sedimentary or metamorphic. 
formations and as glacial boulders. 

grains cemented with silica. 
Occurs in Missouri in many 

Gneiss.-A banded rock composed mainly of quartz and feldspar. 
Occurs in Missouri only as glacial boulders. 

Schist.-A foliated rock composed dominately of mica, hornblende, 
quartz, chlorite or some other mineral but with little or no feldspar. 
Occurs in Missouri only as glacial boulders. 

Iv[ arble.-A crystalline rock composed mainly of lime. Marbles have 
formed by the crystallization of limestones and dolomites. During the 
metamorphosing process other minerals may form but calcite is domi-
nant. Many of the rock s classed commercially as marbles are not 
marbles in the geologic sense . Some marbles occur in Missouri, in 
Madison and adjoining counties. 

Slate.-Slates result from the metamorphosism of shales by great 
lateral pressure. The shales become compact and develop good cleav-
age at right angles to the direction of pressure. No slates occur in 
Missouri. 



CHAPTER IX 

BOOKS PUBLISHED BY OFFICIAL GEOLOGICAL SURVEYS 
OF MISSOURI THAT CONTAIN REFERENCES ON THE 

GEOLOGY OF COUNTIES. 

Reports of the Geological Surveys of Missouri, 1st Series 

1. First and Second Annual Reports of the Geological Survey of Mis-
souri, by G. C. Swallow, 1855. 

2. Report of the Geological Survey of the State of Missouri, by G. C. 
Broadhead, F . B. Meek and B. F. Shumard, 1873. 

3. Preliminary Report on the Iron Ores and Coal Fields, by R. Pum-
pelly, A. Schmidt, G. C. Broadhead and W. B. Potter. 1873. 

4. Report of the Geological Survey of the State of Missouri, by G. C. 
Broadhead, 1874. 

5. Bulletin No. 1 by Arthur Winslow, G. E. Ladd, A. E. Woodward 
and G. Hambach, 1890. 

6. Bulletin No. 3 by G. E. Ladd and A. E . Woodward, 1890. 
7. Bulletin No. 5 by Erasmus Haworth and G. E . Ladd, 1891. 
8. A Preliminary Report on the Coal Deposits of Missouri, by Arthur 

Winslow, 1891. 
9. Vol. II. A Report on the Iron Ores of Missouri by F. L. Nason, 

1892. 
10. Vol. III. A Report on the Mineral Waters of Missouri, by Paul 

Schweitzer, 1892. 
11. Vol. VII. Lead and Zinc Deposits (Part II.), by Arthur Win-

slow, 1894. 
12. Vol. IX. Reports on Areal Geology (Sheets 1-4), by C. R. Keyes, 

A. Winslow, C. H. Gordon, Erasmus Haworth and F. L . Nason, 
1896. 

13. Vol. X. Surface Features of Missouri and Bibliography, by C. R. 
Keyes, C. F. Marbut and J. E. Todd, 1896. 

14. Vol. XI. Clay Deposits, by H. A. Wheeler, 1896. 
15. Vol. XII. Areal Geology ( Sheets 5-10), E. M. Shepard, C. F. Mar-

but and G. C. Broadhead, 1898. 
Reports of Missouri Bureau of Geology and Mines, 2nd Series 

16. Vol. I. Geology of Miller County, by E. R. Buckley, A. F . Smith 
and S. H. Ball, 1913. 

17. Vol. III. The Geology of Moniteau County, by F. B. Van Horn, 
1905. 

18. Vol. IV. Geology of the Granby Ar·ea, by E. R. Buckley and H. 
A. Buehler, 1906. 

19. Vol. VII. The Geology of Morgan County, by C. F. Marbut, 1908. 
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20. Vol. VIII . The Geology of Pike County, by R. R. Rowley, 1908. 
21. Vol. IX. Geology of the Disseminated Lead Deposits of St. Fran-

cois and Washington counties, by E. R. Buckley, 1909. 
22. Vol. X. The Iron Ores of Missouri, by G. W. Crane, 1912. 
23. Vol. XI. The Coal Deposits of Missouri, by Henry Hinds, 1912. 
24. Vol. XII. The Geology of the Rolla Quadrangle, by Wallace Lee, 

1913. 
25. Vol. VIII. The Stratigraphy of the Pennsylvanian Series in Mis-

souri, by Henry Hinds and F. C. Greene, 1915. 
26. Vol. XIV. The Geology of Jackson County, by McCourt, Albert--

son, and Bennett, 1917. 
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References on the Geology of Counties 

The reference number refers to the books listed on page, 166-167. 
The references given in the list are the more important and many short 
ones are not included. 

Adair ..... .... .. Rd. 4, pp. 222-226, 242-256. Ref. 8, pp. 59-62. 
Ref. 23, pp. 40-55. 

Andrew .. .... .. . Ref. 4, pp. 303-311. 
Atchison . . ...... Ref. 3, pp. 376-387. Ref. 14, pp. 364-366. 

Ref. 23, pp. 56-58. 
Audrain .. . ... .. Ref. 23, pp. 59-67. Ref. 14, pp. 270-273. 

Ref. 8, pp. 80-82. 
Barry . . ... ...... Ref. 11, pp. 613-622. 
Barton . . . ....... Ref. 4, pp . 97-118. Ref. 14, pp. 308-310. 

Ref. 8, pp 161-165. Ref. 23, pp. 67-74. 
Bates . .. . . . ... . . Ref. 4, pp . 155-178. Ref. 8, pp. 143-1 50. 

Ref. 23, pp. 74-90. Ref. 7, pp. 53-56. 
Benton .. . . .. ... Ref. 22, pp. 151-153. Ref. 10, pp. 83-85. 

Ref. 4, pp. 528-532. Ref. 6, pp. 85-101. 
Bollinger .. . . . .. . Ref. 22, pp. 153-163. Ref. 9, pp. 232-237. 

Ref. 14, pp. 173-177. 
Boone ... . .... . . Ref. 15, Pt. 3, pp. 375-388. Ref. 8, pp. 73-76. 

Ref. 23, pp. 90-103. 
Buchanan . . . . . . Ref. 3, Pt. 2, pp. 344-358. Ref. 23, pp. 103-107. 

Ref. 8, pp. 102-103. 
Butler .. .. . .... . Ref. 22, pp. 164-181. Ref. 9, pp. 237-240. 
Callaway ... . . ... Ref. 22, pp. 182-184. Ref. 9, pp. 75-79. 

Ref. 14, pp. 273-280. Ref. 23, pp. 112-122. 
Ref. 8, pp. 77-79. 

Camden . .. .. .... . Re[ 11 , pp. 716-718. Ref. 4, pp. 532-534. 
Cape Girardeau .. Ref. 14, pp. 166-173. Ref. 2, pp. 258-273. 
Carter .... .. .... Ref. 22, pp. 186-202. 
Caldwell ...... . . Ref. 23, pp. 107-112. Ref. 8, pp. 105-107. 
Carroll .. . . .. . . . . Ref. 23, pp. 122-128. Ref. 8, pp. 107-110. 
Cass ............ Ref. 23, pp. 128-132. Ref. 10, pp. 180-182. 

Ref. 14, pp. 314-316. 
Cedar .. . .. . . . . . . Ref. 4, pp. 62-76. R ef. 10, pp. 153-157. 

Ref. 23, pp. 133-135. 
Chariton ........ Ref. 12, Pt. 2, pp. 1-75. Ref. 15, pp. 312-371. 

Ref. 23, pp. 135-148. Ref. 8, pp. 91-92. 
Christian . . .. .... Ref. 11, pp. 631-635. 
Clark ... .... .... Ref. 2, pp. 314-323. Ref. 13, pp. 173-176. 

Ref. 23, pp. 148-150. 
Clay .. . . . . . . .. . . Ref. 3, Pt. 2, pp. 317-326. Ref. 10, pp. 161-165. 

Ref. 8, pp. 112-114. Ref. 23, pp. 150-154. 
Ref. 8, pp. 112-114. 
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Clinton ......... Ref. 23, pp. 154-157. Ref. 8, pp. 103-104. 
Cole . . .......... Ref. 4, pp. 322-338, 555-565. Ref. 11, pp. 703-706. 

Ref. 23, pp. 158-159. 
Cooper .. ........ Ref. 1, Pt. 1, pp. 186-203. Ref. 4, pp. 525-527. 

Ref. 23, pp. 159-161. 
Crawford .... .. . Ref. 2, pp. 243-257. Ref. 9, pp. 218-220. 

Ref. 22, pp. 204-222. 
Ref. 14, pp. 227-230. Ref. 11, pp. 684-686. 

Dade ........... Ref. 11, pp. 639-642. Ref. 8, pp. 160-161. 
Ref. 23, pp. 162-1 63. 

Dallas .......... Ref. 22, pp. 223. 
Dent ........... Ref. 22, pp. 223-235. Ref. 9, pp. 220-224. 

Ref. 24 (entire book). 
DeKalb ...... .. . Ref. 23, p. 165. 
Daviess ..... . ... R e f. 4, pp. 312-321. 
Douglas ......... Ref. 2, pp. 189-203. 
Franklin ..... . .. Ref. l, Pt. 2, pp . 16-30, 157-169. 

Rf[. 14, pp. 224-227. Ref. 11, pp. 693-699. 
Gasconade .... . . Rei. 1-1-, pp. 235-237. 
Gentry ....... ... Ref. 23, pp . 165-1 66. 
Greene ....... .. . Ref. 15, Pt. 1, pp. 15-245. Ref. 11, pp. 623-630. 

Ref. 22, pp. 250-254. 
Grundy ......... Ref. 23, pp . 166-171. Ref. 8, pp. 96-98. 
Harrison ...... . . Ref. 23, pp. 171-176. 
Henry .......... Ref. 15, Pt. 2, pp . 20-191. Ref. 10, pp. 85-87, 118-121. 

Ref . 10, pp. 139-141. Ref. 14, pp. 321.-329, 381-387. 
Ref. 8, pp. 133-143. Ref. 6, pp. 85-101. 
nef. 7, pp. 57-67. Ref. 23, pp. 177-196. 

Hickory ......... Ref. 4, pp . 528-532. 
Holt ............ Re f. 3, Pt. 2, pp. 359-375. Ref. 23, pp. 196-197. 
Howard ..... ... Ref. 4, pp. 179-221. Ref. 8, pp. 87-91. 

Ref. 10, pp. 70-72. Ref. 15, pp. 312-371. 
Ref. 23, pp. 198-211. 

Howell ......... Rei. 22, pp. 255-261. Ref. 10, pp. 105-108. 
Ref. 14, pp. 18-1--186. 

Iron ............ Ref. 12, Pt. 3, pp. 1-85. Ref. 5, pp. 22-30, 31-36. 
Ref. 22, pp. 261-264. 

Jackson .... ..... Re f. 23, pp. 211-214. Ref. 10, pp. 112-114, 137-139. 
Ref. 26, ( entire book) 
Ref. 14, pp. 389-391. Ref. 7, pp. 67-72. 

Jasper ...... .... Ref. 4, pp. 77-95. Ref. 8, pp. 161-165. 
Ref. 14, pp. 330-332. Ref. 11, pp. 544-596. 
Ref. 23, pp. 214-215. 

Jefferson ....... Ref. 1, Pt 2, pp. 30-34. Ref. 10, pp. 75-79. 
Ref. 2, pp. 304-313. Ref. 14, pp. 189-192. 
Ref. 11, pp. 686-692. 
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Johnson ......... Ref. 23, pp. 216-232. Ref. 10, pp. 150-153. 
Ref. 14, pp. 332-334. Ref. 8, pp. 128-132. 
Ref. 6, pp. 85-101. Ref. 7, pp. 72-75. 

Knox .... . ...... Ref. 23, p. 233. 
Laclede .... . . ... Ref. 2, pp. 213-222. Ref. 10, pp. 141-144. 
Lafayette ....... Ref. 12, Pt. 1, pp. 10-99. Ref. 14, pp . 394-396. 

Ref. 15, pp. 196-247. Ref. 8, pp. 117-123. 
Ref. 23, pp. 233-252. Ref. 5, pp. 14-21. 
Ref. 7, pp. 75-78. 

Lawrence .. . .. . . Ref. 14, pp. 186-189. Ref. 11, pp. 613-622. 
Lewis .... ..... . . Ref. 23, pp. 252-253. 
Lincoln .... ... ... Ref. 3, Pt. 2, pp. 217-289. Ref. 9, pp. 72-75. 

Ref. 22, pp. 265-266. Ref. 23, pp. 253-254. 
Linn ............ Ref. 4, pp. 222-226, 257-271. Ref. 23, pp. 254-263. 

Ref. 8, pp. 93-95. 
Livingston . . ... . Ref. 3, Pt 2, pp. 290-316. Ref. 23, pp. 263-270. 

Ref. 8, pp. 95-96. 
Macon .......... Ref. 2, pp. 74-92. Ref. 8, pp. 62-67. 

Ref. 12, Pt. 2, pp . . 1-74. Ref. 23, pp. 270-301. 
Madison .. ..... . Ref. 4, pp. 342-379. Ref. 11, pp. 646-676. 

Ref. 5, pp. 22-30, 42-44. Ref. 12, Pt. 3, pp. 1-85. 
Pt. 4, pp. 1-132. Ref. 22, pp. 266-269. 
Ref. 1, Pt. 2, pp. 11-94. 

Maries . ... ...... Ref. 2, pp. 7-23. Ref. 4, pp. 565~571. 
Ref. 22, pp. 269-270. 

Marion .. ....... Ref. 1, Pt. 1, pp. 171-185. Ref. 14, pp. 398-400. 
Ref. 8, pp. 84-87. 

Mercer .......... Ref. 23, pp. 301-306. 
Miller .. .. .... .. Ref. 2, pp. 112-134. Ref. 11, pp. 707-709. 

Ref. 16, ( entire book). Ref. 4, pp. 565-571. 
Ref. 22, pp. 270-272. 

Moniteau ....... Ref. 1, pp. 96-119. Ref. 4, pp. 555-565. 
Ref. 17, ( entire book). Ref. 23, pp. 307-308. 

Monroe ........ . Ref. 23, pp. 309-315. Ref. 14, pp. 282-284. 
Montgomery .. .. Ref. 23, pp. 315-317. 
Morgan ......... Ref. 2, pp. 135-156. Ref. 11, pp. 711-715. 

Ref. 4, pp. 534-555. Ref. 19, pp. 1-97 ( entire book). 
Newton ... .. .... Ref. 11, pp. 601-612. Ref. 18, (entire book). 
Nodaway . . ... . . Ref. 3, Pt. 2, pp. 388-402. Ref. 23, pp . 318-322. 
Oregon ......... Ref. 22, pp. 273-280. 
Osage ..... . .... Ref. 2, pp. 25-36. Ref. 4, 565-571. 
Ozark . . ......... Ref. 2, pp. 189-203. Ref. 9, pp. 250-253. 

Ref. 22, pp. 281-288. 
Perry .... ..... . . Ref. 2, pp. 277-289. 
Pettis ... . ....... Ref. 23, pp . 322-324. Ref. 4, pp. 528-531. 

Ref. 8, pp. 126-127. 
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Phelps . ..... . ... Ref. 2, pp. 233-241. Ref. 9, pp. 226-230. 
Ref. 14, pp. 230-234. Ref. 24, pp. 1-111. 
Ref. 22, pp. 288-301. 
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Pike ...... . ..... Ref. 20, ( entire book). Ref. 10, pp. 93-95, 126-128. 
Ref. 14, pp. 405-407. 

Polk ... .. ........ Ref. 14, pp. 405-407. Ref. 23, pp. 324-329. 
Ref. 8, pp. 114-116. 

Pulaski ......... Ref. 2, pp. 223-232. 
Putnam ......... Ref. 4, pp. 273-291. Ref. 8, pp. 55-58. 

Ref. 23, pp. 329-341. 
Ralls ... ... . .. ... Ref. 23, pp. 342-344. Ref. 8, pp. 82-84. 
Randolph ... . ... . Ref. 2, pp. 93-100. Ref. 10, pp. 73-75. 

Ref. 14, pp. 343-345. Ref. 12, Pt. 2, pp. 1-75. 
Ref. 14, pp. 408-414. Ref. 15, Pt. 2, pp. 312-371. 
Ref. 8, pp. 67-73. Ref. 23, pp. 3-14-366. 

Ray ... . .. . . ..... Ref. 15, Pt. 2, pp . 196-308. Ref. 8, pp. 110-112. 
Ref. 23, pp. 367-379. 

Reynolds .. .. .... Ref. 22, pp. 303-306. 
Ripley .......... Ref. 22, pp. 30i-319. Ref. 9, pp. 254-260. 
St. Charles .. . ... Ref. 13, pp. 163-106. 
St. Clair .. .. ... . Ref. 10, pp. 87-S0. Ref. 8, pp. 156-159. 

Ref. 23, pp. 379-387. Ref. 4, pp. 528-531. 
Ref. 6, pp. 85-101. 

St. Francois .... Ref. 12, Pt. 3, pp. 1-85, Pt. 4, pp. 1-132. 
Rd. 11, pp. 6-1-6-676. Ref. 21, pp. 1-259. 
Ref. 5, pp. 22-30, 36-42. Ref. 22, pp. 321-323. 

Ste. Genevieve .. Ref. 2, pp. 2'J0-303. Ref. 12, Pt. 4, pp. 1-132. 
Ref. 1, Pt. 2, pp. 11 -94. 

St. Louis .. . ... . Ref . 1, Pt. 2, pp. 169-184. Ref. 14, pp .246-267,288-294. 
34.'i-347, 417-422. Ref. 23, pp. 387°389. Ref. 6. pp . 5-84. 

Saline . . ........ J~ef 2, r p. 157-188. Ref. 10, pp . 50-70, 90-93. 
Ref. 8. pp 124-126. Ref. 23, pp. 389-394. 
Rd. 4, pp. 525-527. Ref. 5, pp. 45-59. 

Schuyler .... .. .. Per. 4, rp. 292-.:'02. Ref. 23, pp. 394-398. 
Scott ..... . . . .... 1<e f . Lt, 348-351. 
Scotland ... . .... Ref. 23, pp. 398-401. 
Shannon .. .. . ... Ref 22, pp. 323-335. Ref. 9, pp. 261-263. 
Shelby ..... .... . I~ ef. 2, pp. 65-73. Ref. 14, pp. 284-286. 

Rd. 23, pp . 401-402. Ref. 8, pp. 84-87. 
Stoddard ....... Ref 2?, 11r. 336-340. R ef. 9, pp. 263-266. 

Ref. H, pp. 287-294. 
Sulliavn .. ... .. ... Ref. 23, pp. 402-408. Ref. 8, pp. 58-59. 
Taney ........... Ref. 22, pp. 340. 
Texas .......... Ref. 22, pp. 341-342. 
Vernon ......... Ref. 4, pp. 119-1 54. Ref. 10, pp. 172-175. 
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