CHAPTER ML

THE CARBONIFEROUS BASIN OF THE MISSISSIPPI
VALLEY.

The broad undulatory plain which occupies the heart
of the American continent, stretching out from the base
of the Appalachians to the foot-hills of the Rockies,
makes up the principal portion of what is known as the
Continental Interior region. It spreads out in one direc-
tion for more than nine hundred, and in another over
twelve hundred miles. Its superficial contents are up-
wards of one million square miles, or more than one-third
of the entire areal mileage of the United States. This vast
expanse of country, whose surface is unbroken by moun-
tains and whose borders are untouched by the waters of
the sea, has been aptly designated a great basin. The
Great Mississippi Basin it is called, from the majestic
river, the “Tather of Waters,” which flows centrally
through it.

The region may be properly regarded as a wide stretch
of low-land sloping gently in all directions from the mar-
gins towards the center and southward. The “Great
Plains” form the western portion of the region, the roll-
ing praivies of the “ Upper Mississippi” the median part,
the fertile valley of the Ohio and the Cumberland plateau
the eastern section. No marked contrasts of altitude
break the surface relief of the Mississippi basin. The
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lowest point, in the south-central part, is about four hun-
dred feet above tide-level ; the highest places are on the
northern and western margins, where the mean elevation
is not far from two thousand feet.

Everywhere are evidences of the topographic youth of
the region, of a comparatively recent rising of a surface
which has lain for ages near the level of the sea, a rising
which is probably even now in progress. It is shown in
the narrow gorges of the principal water-ways, with their
stecp-sided bluffs, channeled from hard limerock and
indurated clays; in the torrential beds and falls of the
minor tributaries as they near the larger streams; in the
imperfectly drained uplands which are yet untrenched by
clean-cut gashes and freshet runnels, which usher in each
new cyecle of rapid erosion.

The contrasts of relief to be considered in the interior
basin are not those between different parts of the plain
itself, but those between the basin as a whole and region
immediately around it. Beyond the boundaries in.nearly
every direction a mountainous physiognomy is presented.
The Appalachians on the east and southeast; the Rockies
on the west; the highlands of the Great Lake region
northward, all stand out sharply against the country they
swround. They all tell of powerful dynamic action which
has been at work elevating broad stretches of territory ;
of continental movements which have operated on a grand
scale.

On the whole, erosive agencies have not acted very
vigorously since the deposits of the Mississippi valley
were originally laid down in old Carboniferous times.
Through most of the long period, from the eons when
the beds were first raised above the level of the waters of
the great interior sea at the close of the Carboniferous
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age to the present date, the vast region must have heen
nearly the same level low-land that it is to-day ; a plain
whose surface has remained nearly at base-level for ages,
sometimes rising slightly, sometimes sinking a little, but
never oseillating far cither one way or the other.

GENERAL GEOLOGICAL FEATURE

Structure— Great as is the difference between the
broad central area of low-lying plains and its high ser-
rated borders, there is a diversity of structural features in
the geological details of each of the two districts, as dis-
tinct and as far removed from one another in character as
are the two widely separated types of surface sculpture.
On the one hand, throughout the marginal region of the
interior basin the elevation of the land has heen accom-
panied by violent disturbances in the strata, folding,
crumpling, breaking, grinding the once horizontal heds
until now they lie at high angles with upturned edges
everywhere exposed to the swift ravishes of time. The
bold, rugged contours of the mountain surface thus dis-
close the complicated structure of rocky beds heneath.
On the other hand, the low-land plain presents its strata
“spread out in broad, nearly level sheets much in the same
position as when they were first laid down. Although
made up almost entirely of sediments dating back in their
origin to old Palcozoic times it is indeed quite remarka-
ble that, formed so long ago, remote even in geological
units of time, the structural changes should be no greater
than they are and that the region should still retain over
the greater part of its extent the same simplicity of geo-
logical structure that is found to-day among the more
modern depositions of the coastal plains which fringe the
great land areas of the globe. The hypsometric changes
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over the whole region have been, therefore, of the charac-
ter of continental elevation and depression.

Though composed of flat-lying beds, as a rule, the
strata of the Continental Interior nevertheless present
evidences of slight orographic movements, shown in a
series of low folds which trend north and south in their
general direction. The most prominent of these great
corrugations are five in number.

In the extreme east of the region there are the most
westerly anticlines of the Appalachian system of moun-
tains with its closely appressed folds running southwest-
ward from New England to central Alabama. Next is a
broad dome-like elevation which finds expression in the
uplift of central Tennessee, the Cincinnati arch and the
minor elevations of the older rocks in northern Ohio and
western Ontario. The axis of this fold extends from
Lake Huron southward, with a little inclination to the
west. Midway between the two great mountain chains of
America is a third slight fold whose anticlinal axis extends
approximately along the line of the Mississippi river. It
is shown in the rocks of central Arkansas, in the eastern
part of the Ozark uplift, in the many cxposures of strata
older than the Carboniferous in northeastern Missouri and
castern Iowa, in the “Isle of Wisconsin” and in some of
the ancient erystallines of the Lake Superior region. The
outerops of the older Paleozoic rocks along the Missis-
sippi river caunot be regarded as due entirely to unaided
erosion. Apparently the deep gorges of the great river
are due partly to the result of the ordinary action of run-
ning water ; partly to the result of an accelerated erosion
on account of the gradual elevation of the principal line
of drainage. There is evidence at hand to show that the
movement, slight as it may he, had already begun before
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the close of the Lower Carboniferous in the present upper
Mississippi valley. The fourth fold is perhaps somewhat
imperfectly defined, but it is indicated by a line of small
areas of very ancient rocks trending northwesterly through
central Texas and Indian Territory, and protruding
through much younger strata. The last is a series of
deformations on the extreme west, forming the eastern-
most range of the Rockies. The trend of the axis is
southeastward. :

It is a significant fact that the axes of all five of the
great folds when prolonged strike approximately the same
point in the Gulf of Mexico, a' short distance from the
mouth of the Mississippi river, a place where a maxi-
mum load of sediments is now being deposited ; or, in
other words, the axes radiate from this point.

Comparatively simple in its gencral geological struct-
ure, easy of subdivision into tolerably well defined minor
groups according to lithological features, and abundantly
supplied with characteristic fossils in all its beds, the
Paleozoic series of the Interior basin still possesses
stratigraphical phases highly complicated in their nature.
It is an arrangement of strata such as might occur along
the coast of any continental mass receiving sediments
from numerous sources and forming very distinct inter-
locking beds each of which rapidly or gradually thins out
in all directions and is replaced by others. It is an
arrangement that presents great difficulties to a natural
geological classification of the beds that would be appli-
cable to all portions of the district, both on account of
the vastness of the province and the multiplicity of con-
ditions under which the depositions were made.

The geological phenomena presented by the interior
Coal Measures form the final chapters in the maritime
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history of the region. These closing cpisodes of the
Paleozoic in the Mississippi basin have centered around
them some of the most instructive phenomena concerning
continental growth that can be found anywhere on the
globe.  The details and correlation of the formations are
not yet known with aceuracy in all the difterent parts of
the area, but much has been done of recent years toward
solving the problems presented.

The geological history of the Carboniferous in the
Continental interior is, in its general features, much the
same throughout the entire region. The period was
ushered in with conditions favorable to the formation of
extensive beds of calcareous materials which are now
traceable without interruption over broad stretches of
country. Upon this great floor, as it were, of limestone
the coal-bearing strata were laid down.

Gleological Provinces— The Carboniferous rocks of
North America occur chiefly in five geographical -areas
which are well marked and distinct and which are sepa-
rated from one another by broad strips of older strata.
They are: Co

(1) The Eastern Border region, of Nova Scotia.

(2) The Appalachian region, stretching in a narrow
belt from New York to Alabama.

(8) The Continental Interior region, occupying a
broad area on each side of the Mississippi river.

(4) The Rocky Mountain region, of Montana, Wy-
oming and Nevada.

(5) The Arctic region, of the northern portion of
Ameriea. ’

Each of these regions has its stratigraphical peculiar-
_ities which readily distinguish it from all others. Only
those of the third, however, are of special importance
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here.  In topographical features, in geological structure,
and in the history of formation the marginal zone of the
Mississippi basin stands out in strong bas relief against
the lowland plain of the interior region. Its present
boundaries form approximately the limits of an area
which in Carboniferous times had a development pecu-
liarly its own and in a great measure unaftected by events
transpiring in neighboring districts. The origin and depo-
sition of its strata, the lithological characters of its beds,
the succession and evolution of its faunas were wholly
independent of the surrounding areas. In short, the
Carboniferous Basin of the Mississippi Valley represents,
in every sense of the word, what in geology is called
a “Geological Provinee.”

It is by their contained fossils that the stratified rocks
of the globe are known. It is by the organic remains
also that the strata of the different districts are classified
and torrelated. Yet important as is the systematic study
of ancient forms of life it is onc of the younger of the
geological sciences and the first application of the princi-
ple of recognizing strata by their fossils was made less
than three-quarfers of a century ago.

The study of the rocks of a particular geological for-
mation or age in any one locality naturally leads to the
extension of the investigation beyond the boundaries of
the political district in which the work began. The inves-
tigation may not always be carried on with equalaccuracy
and with like interest in all parts of the geographical area

_of the deposits, but if it be exhaustive it usually limits
itself finally to the lines where the particular formation
disappears through the superposition of later beds, or on
account of a thinning out over ecarlier strata. These



62 CARBONIFEROUS BASIN OF MISSISSIPPI VALLEY.

lines commonly mark the geographical limits of the geo-
logical province. '

The stratigraphical, lithological and faunal characters of
a formation are so intimately related that the proper inter-
pretation of any one of the three classes of phenomena
presented would, under normal conditions, indicate the
more salient features of the other two. In practice, how-
ever, there are great difliculties encountered in attempting
to infer the entire geological history of a series of beds
from a single group of facts. The geological record is
more or less incomplete as a rule. The larger part of the
preserved records is in great measure inaccessible. Those
portions which are open to investigation have as yet been
only partially considered. For many years to come the
places which may be inspected will require constant study
before the history to be made out will be even measurably
complete. At the present time, therefore, it becomes
absolutely necessary to carry on investigations involving
the historical sequence of geological events along all
three lines at once. Every fact is needed to throw light
upon the general theme. If the problems were attacked
in any one of the three directions alone, without due
regard for the information presented by the others, very
different and perhaps antagonistic conclusions would
probably be reached, at least in the present state of knowl-
edge on the subject. In the interpretation, then, of the
geological history of a region, and in suggesting a geo-
logical classification of the formations in accordance with
the interpretation, it is of vital importance that there
should be weighed carefully the evidences set forth by the
arrangement, composition and contained organic remains
of the rock series as a whole and of its several parts
regarded as units.
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The methods and criteria employed at different times
in the clussification of geological formations have been
various. Some of the leading ones are best known under
the headings of: (1) Superposition of the strata; (2)
Organic remains contained ; (3) Lithological characters
of the beds; and (4) Unconformities. The terms are
so readily understood in their general application that
they scarcely require any farther explanation here. In
certain localities some one of the classes of correlative
methods will be more applicable than the rest. In other
places different criteria for correlation must assume prom-
inence.

The characterization of the Carboniferous as well as
the other geological systems rests at present upon far-
reaching principles. These have been formulated by Lap-
worth® as follows :

(1) “That the great geological groups must rest on
the broad zoological characters of their included faunas,
and not upon loeal stratigraphical breaks between certain
series of rocks or upon local differences in sedimentation ;
(2) that the most reliable ‘chronological scale in geology
is that afforded ‘by the relative magnitude of zoological
change; and (8) that the geological duration and import-
ance of any system are in strict proportion to the com-
parative magnitude and distinctness of its collective
fauna.”

Applying these principles to the Carboniferous system
of the Mississippi basin the criteria defining its limits are
embraced, as recently stated by Williams, T under the heads
of “ geographical position,” “ geological delimitation,” and
“biological definition.” These principles, with some

*Geological Magazine, new ser., Dec. II, vol. VI, p. 3. 1879.
tBul. U. S. Geol. Sur., No. 8o, p. 61. 18g0.
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minor modifications, are applicable also to each of the
several subdivisions. In the consideration of the Carbon-
iferous rocks of the interior of North America, the sys-
tem itself, as represented in that region, may be taken up
in accordance with the principles already given. The
great divisions of the system and their minor formations
may likewise be treated in the same way.

In any geological province, especially if it be one hav-
ing a very considerable geographical extent, the clasifica-
tion of the strata must always accord with the sequence
of events which took place during the formation of the
entire series presented. The history is a record of changes
in the position of the oceanic shore-line, of continental
growth and decline, of secular movements of the carth’s
crust. ‘When the mountain-making forces have operated
vigorously on a large scale the strata become so folded,
faulted and disguised that the evolution of land growth
over this part of the continent is largely obliterated.
But when crustal movements have been slight or gradual
and not accompanied by the sharp folding so characteris-
tic of mountainous districts all changes of the ancient
shore-line become reliable guides for a natural systematic
arrangement of the various formations. In a region
like the Mississippi basin made up of great flat-lying
sheets of sediments the oscillation of the line separating
land and water assumes special importance. The litho-
logical character, the stratigraphical peculiarities, the
faunal facies all closely follow inward and landward the
advancing shore-line during periods of land subsidence ;
or proceed outward and seaward with the retreating
waters where the coast rises. Ancient oceanic retreats
are not clearly marked in the rocks. except in a general
way by the total absence, perhaps, of certain formations.
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The extension of the seas over the land, on the other
‘hand, are more or less well defined over at least some por-
tion of the geological province. The details are disclosed
in the unconformities of the strata, which may be either
local or wide spreading in their character. Unconformities,
therefore, assume important rdles in all regions like those
‘under consideration when it comes to secking for the
most reliable criteria in systematically arranging the
strata in accordance with the principles already mentioned.
T'he Continental Interior Previous to the Curbonifer-
ous—The Archwman erystallines forming the nucleus of
the North American continent sweep down from the far
north in a broad belt to the southern shore of Lake Supe-
rior, where they bend abruptly and pass northeasterly
through Ontario and Quebee, striking the Atlantic ocean
just above Newfoundland. Around the borders of these
old crystalline areas the Paleozoic sediments of the conti-
nental interior were laid down. The deposition of each
formation carried the old shore-line farther and farther
southward until at the close of the Carboniferous period
the land surface had been extended to the central portion
of what is now the state of Arkansas. From old Lauren-
cian times to the beginning of the Carboniferous the great
body of water of which the Gulf of Mexico is the diminu-
tive remnant, and which covered the major part of the
present area of North America, rapidly shoaled and deep-
encd many times. A large mass of sediments derived
from the secularly decayed crystallines of the ancient land
surface constantly crept seaward, forming extensive sand
accumulations near shore and farther outward argillaceous
beds, which soon mingled with the calcareous materials of
the deeper waters. At the commencement of the Car-
boniferous a vast sea of shallow water spread out over

5G. Rep.
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what was soon to he the heart of a great continent. A
long period of quictude existed over the region, during
which great beds of limestone were laid down in sheets
more or less continuous throughout the area. Both the
struetural characters of the fossils and the arrangement of
the beds indicate a very slow alteration of the sea bottom.
The physical conditions imposed formed an especially fav-
orable environment for a wide geographical and geological
dispersion of the various forms of organisms. The
remarkable uniformity of these conditions over wide
areas is amply attested by the occurrence of identical spe-
cies in localities widely separated geographically. Yet,
notwithstanding the extensive distribution of the large
majority of forms, many of the tribes were very limited
in space, and especially in time. Those groups, therefore,
which experienced a wide dispersion form valanable and
reliable criterin for correlating horizons far removed from
one another. 'The sequence, however, of strata of differ-
ent localitics can at best be only approximately deter-
mined from paleontological data. As suggested by Wil-
liams the biological sequence of any limited region does
not necessarily indicate the genetic succession of the
inhabitants, but merely a sequence of occupants within
that particular area. The gradual oscillation of the sea
bottom and the continnal change of habitat to which most
of the forms were subjected would have had a tendency
to make their migrations extend over longer periods of
time and their specific existence more prolonged than the
stratigraphy of any one place would indicate. Thus, cer-
tain specics would have become extinet in one region and
be completely replaced by very different forms, while in
distant localities, perhaps, the migratory species would
continue to flourish in all their wonted vigor.
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Major Members of the Amevican Carboniferous.—In
its leading features the geological and geographical limits
of the Carboniferous rocks of the Mississippi provinee
are pretty generally understood. ‘T'he salient faunal ehar-
acters ave even more familiar; since the organic remains,
entombed everywhere in great profusion throughout the
extent of the later Palcozoic rocks of the region, attracted
attention long before the rocks themselves were carefully
studicd. Tor more than half a century fossil collectors
by the score have taken great delight in delving after new
treasures, while during more than two generations students
have almost daily brought to light new facts through their
own researches and through the comparisons of the
myriads of forms already obtained by others.

The Carboniferous rocks of the world are commonly
referred to one of three periods: The Lower Carbon-
iferous (Sub-Carboniferous), Carboniferous proper, and
the Permian. In the Mississippi basin only the first two
of these have heretofore been considered as well marked
divisions. The third has had claims of recognition along
the Missouri river, but it is doubtful whether it can be
differentiated from the series of strata usually called the
Upper Coal Measures.  Although so important a forma-
tion in many parts of Iurope, where all three members of
the Carboniferous were first studied and defined, the
so-called Permian of this country does not assume any
great importance as a distinct and separate geological
division. The beds of Kansas which have been referred
to the uppermost division of the Paleozoic appear for the
most part to belong more properly to the Upper Coal
Measures, as shown very conclusjvely by Meek and others,

The Carboniferous rocks of the Mississippi basin form
geologically a three-fold division. The line of demarkation
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between the lower and median members is the same
as that which has been recognized since the region was
first studied. The delimiting boundaries of the middle
and upper series are as yet somewhat vague but they coin-
cide approximately with those which nsually separate the
“TLower” and “Upper” Coal Measures. Recently these
two series have been called the Des Moines and Missouri
formations respectively. A lower portion of the latter
was probably formed contemporaneously with the former
but as there are doubtless few or no exposures open to
view these seaward-lying beds are of small importance
practically.

Broadly speaking the three divisions recognized rep-
resent marked changes in the relations of the land and
water areas of the region. During the Lower Carbonif-
erous, or Mississippian, open sea conditions prevailed:
widely. "While the Lower Coal Measures were being laid
down shallow waters continued to follow a northward
retreating shore-line, as a long period of continental sub-
sidence set in. The “Upper” Coal Measures represent
another cycle when the sea again had full sweep over the
region.

The Carboniferous of the Mississippi province has
been divided into :

(1) Pennsylvanian Series.

(2) Mississippian Series.

It is quite probable that the first of these should be
again divided into two portions having equal rank with
the second, and corresponding to the Missouri and Des
Moines formations, or “Upper” and “Lower” Coal
Measures. The arrangement here suggested applies more
particularly to the Interior basin, west of the line of the
Mississippi river. It is quite likely that it is also
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applieable, with some minor modifications, perhaps, to the
Carboniferous area east of the great river, though the geo-
logical history of the two districts began to be more or
less independent of cach other even before the c]ose of
the Lower Carboniferous period.

The leading historical events which transpired during
the deposition of the Carboniferous sediments in central
North America will receive full consideration elsewhere.

THE MISSISSIPPIAN, OR LOWER UA]H!OXIFER&)US, SERIES.

In ascending the Mississippi river from Cairo to St.
Louis and from St. Louis to Rock Island one is impressed
with a remarkable series of limestones visible on one side
of the river or the other nearly the entire distance. They
rise in steep acclivities, high mural escarpments and over-
hanging clifts miles in extent. Were the section fully
exposed and unbroken by the corrading action of running
water from the numberless tributaries of the great stream,
the rocks in practically parallel bands would be seen rising
and sinking in broad graceful undulations like the mon-
strous folds of some mighty fabled serpent. If the
traveler be acquainted with even the rudiments of geolog-
ical history his interest will be keenly awakened as he
passes or tarries at certain landings ; Chester, Kaskaskia,
Ste. Glenevieve, St. Louis, Kinderhook, Warsaw, Keokuk,
Burlington. These have become classic names in Ameri-
can geology. Under one of these terms or another are
known the vast beds of “Mountain Limestone,” as rep-
resented in the broad Mississippi basin, extending with
more or less regular continuity from the southern shores
of Erie to the Lake Valley mining region of New Mex-
ico, and from the “Coteau des Prairies” to the southern
prolongation of the Appalachians in northern Alabama,
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The maximum thickness of this great succession of
Lower Carboniferous strata is probably not far from 1,200
feet; but the actual measurement in any one place is of
course considerably less. Shales, sands. and limestones
they are chiefly, the latter greatly predominating almost to
the exclusion of the other rocks, and presenting a very
marked contrast to the overlying Coal Measures. The
distribution, the lithological characters, the wonderful
uniformity in stratification over wide areas and the
inclosed faunal remains, tell of a broad open body of water
that once stretched out over the interior of the western
mainland ; of a vast expanse of shallow water broken only
here and there by a few small islets; of a long period of
quietnde when all changes in the depth of the great sea =
were exceedingly gradual and aftected but slowly its host
of tenants.

Derication of the Limest —The Mississippi
limestones have been derived for the most part from
organic remains. At the time of deposition animal life
of various types abounded in particular regions, where
age after age the hard parts of the numberless species and
countless multitudes of individuals accumulated. In
other districts corals have usually supplied the bulk of
the .material for extensive limestone beds; but in the
Lower Carboniferous series the organic débris differs
from the usual order, in being chiefly composed of the
remains of crinoids. In this peculiar feature the rocks as
represented in the Interior basin are so distinctive that
they were called “Encrinital” limestones by the earlier
geologists who explored the region. A very appropriate
name it is, for the disjointed skeletal remains form great
beds of what has been aptly termed a “crinoidal breccia.”
The bheds, however, are seldom uniform in physical




CHARACTER OF THE LIMESTONES. . Tl

characters ; some layersdre very hard and compact ; others
are easily crumbled.  Frequently the strata are full of
interstices with scarcely any finer cementing materials,
Amongst the skeletal fragments, beds many feet in thick-
ness are literally composed of nothing but broken and
shattered calyces of erinoids, fragments of arms and por-
tions of stems. In the massive compact beds the organic
remains have been more or less completely comminuted
by the grinding action of moving water.  But often there
are layers separated by clayey or sandy seams.  IHere
Iving partly enclosed by the hard limestone are sometimes
myriads of stemmed feather stars, perfeet as the day
when they were entombed, forms of wonderous beauty
and rare delicacy, & and intricately intertwined
like rich flowing A jues, and depicting clearly the
condition of their environment when they waved slowly
toand fro in the secluded depths of the great Carbonifer-
ous sea. .

Mingled with the delicately built organisms, but in far
less numbers, were forms of a closely related group of
stalked echinoderms, the blastoids—very curious bud-
like animals which became extinet ere the close of the
Paleozoie. Oceasionally also there are various species of
echinoids, star-fish and ophiurans, the long scrpentine
rays of the latter sometimes entangled or wound around
the arms of the crinoids. Other strata disclose count-
less shells of mollusks and brachiopods and still others
multitudes of delicate vetiary bryozoans perfectly pre-
served in a soft matrix of clay or shale. Another very
characteristic feature of these rocks is the remains of
fishes, principally the teeth and fin spines of hybodont
sharks, and the oral plates of Cestracionts. So plentiful
are these hard parts of fishes that locally the layers

graceful
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containing them are called “ fish beds.” Indeed it might be
truly stated that perhaps no field has ever been more
inviting to the student of ancient life than that presented
by the Carboniferous rocks of the Mississippi valley. It
is matchless in the multitude of forms presented ; unriv-
aled in the continuity and succession of related faunas;
unique in its simplicity and vastness. Fruitful as have
already been the researches in the region, important facts
are being continually brought to light, rendering more
and more complete the great scheme of life as it was once,
and ever revealing new episodes in the charming story as
yet only hinted at in the half-read, ragged leaves of
Nature’s book.

Such theun is the great basement upon which rests the
coal deposits of the Continental Interior, by far the
greatest single area of coal-bearing strata in the world.
Its history is more wonderful than the stories of the
East; more marvelous than the myths of antiquity. It
forms one of the fairy tales of Science.

Use of Term.— For a long time the term “Subearbon-
iferous” has been widely used to designate the great
series of “ Mountain Limestone ” forming at the base of the
Carboniferous rocks of central North America. Of late
years “Lower Carboniferous” has been substituted to a
great extent.  Still more recently the term “Mississip-
pian” has been employed for the rock series under
consideration. The objections to the use of “Subearbon-
iferons” are numerous. As originally proposed by Owen
it embraced all strata below the Coal Measures down to
the Hudson River beds, thus including not only the
“Lower” Carboniferous but the Devonian and a great
part of the Silurian as well.  Since the term first came
into geological use it has been restricted from time to
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time; and only of late years have its limits coincided
with the hounda of the Lower Carboniferons.

The most serious objection to the term “ Lower” Car-
boniferous is that the term is not definite enough, though
it may be retained as a substitute in special cases.

The title Mississippian® is a revival, with a slight ter-
minal modification, of an old name originally suggested
by Alexander Winchellf. e called the strata of the
interior basin ordinarily designated as the Lower Carbon-
iferous rocks, the Mississippi limestone, thus applying the
name to the serics of beds embraced within nearly the
same limits as those included under the more familinr

term.,

Heographical Distribution—The Lower Carboniferous
rocks of the Mississippi basin are predominantly calear-
eous in their lithological character.  As already said they
are distinguished from the other great limestone forma-
tions of the region by being made up in great part of
crinoid remains. :

In the Continental Interior the beds of Lower Car-
boniferous age have a large surface exposure.  They
extend in a narfow strip along the northern and western
borders of the Appalachian system, from western New
York, throngh Pennsylvania, Ohio, Kentucky and Ten-
nessce, to northern Alabama.  In southern Kentucky
they extend westward to the mouth of the Ohio. They
sweep round the Cincinnati dome into western Indiana,
The Carboniferous basin of Michigan lies immediately
north of the uplift and is separated from the western
Indiana and eastern Ohio strips only by narrow bands of
older rocks. The Lower Carboniferous deposits do not

*Williams: Bul. U. S. Geol. Sur., No. 8o, p. 135. Washinkton, 18g1.
1 Proc. Am. Philosuphical Soc., vol. XI, p. 79. Philadelphia, 1879.



T4 CARBONIFEROUS BASIN OF MISSISSIPPI VALLEY.

appear to be exposed at the surface at all in northern
Illinois. Trom the mouth of the Ohio the strata of this
age occur on both sides of the Mississippi river for a dis-
tance of more than three hundred miles, reaching north-
ward to the mouth of the Iowa river, about twenty
miles above Burlington. From this point they bend north-
westward, reaching nearly, if not quite, to the Iowa-Min-
nesota boundary line.  From the mouth of the Missouri the
Lower Carboniferous limestones extend around the Ozark
uplift, through central and southwestern Missouri to the
eastern part of Indian Territory and the northern and
central portions of Arkansas. . They then continue south-
westward into New Mexico.

Gleological Delimitation— Regarding the stratigraph-
ical limits of the Lower Carboniferous rocks of the Mis-
sissippi basin little difficulty has been experienced in lim-
iting the formation above. Wherever the superior por-
tion is exposed the limestone gives away abruptly to
shales and sandstones ; the marine fauna disappears and
its place is taken by brackish water and littoral forms ; and
a line of marked unconformity separates the calearcous
and argillaccous beds.  The Tine of demarkation between
the two formations is so pronounced that it was one of
the first stratigraphical features to foree itself upon the
attention of the carlier geologists who studied the sucees-
sion of the rocksin the Mississippi valley. For many years
throughout the region it was the starting point for all
classifications of the Paleozoic. It was the line from
which all correlations of the rocks above and below were
begun. It was an horizon which was easily recognized
and to which all others could be referred.  Above it were ~
the coal deposits which alone enabled a houndless, savage
wilderness to blossom, in a single generation, into a
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modern nincteenth century civilization.  Below it the mag-
ieal wand was not.  Important as it was as a stratigraphi-
cal datum-line, as a guide to the prospector for mineral
wealth its value was even greater.  In its beaving, there-
fore, upon the geological investigation of the country it
has heen one of the prime factors of progress and must
ever remain one of the leading Iandmarks in the study
of the rock strata of the American interior.

While the top of the Mississippian series over the
greater part of its geographical extent is so clearly set oft
from the overlying formations its basal limits are rather
vaguely defined.

When Owen, a third of a century ago, began his
geological explorations in the Upper Mississippi valley he
placed an indefinite series of strata lying below the Coal
Measures in his “Sub-Carboniferous.” At a somewhat
later date the same author gave as the base of the “Sub-
Carboniferous” the blue, fossil-bearing limestones now
known as the Cineinnati beds.  Half a decade later Owen
and Norwood still farther restricted the formation by eall-
ing the “black slates” the.uppermost member of the Devo-
nian.  Thus for the first time the term Subearboniferous
was given the meaning which has of late years heen gen-

erally attached to it.

In Ohio, where shore deposits make up the Lower
Carboniferous rocks for the most part, the stratigraphical
considerations to be taken up are somewhat different from
those in other parts of the basin. The rocks are chiefly
argillaccous shales and grits with limestone at the sum-
mit. The series is now widely known as the Waverly
beds, the entire sequence probably being the shore equiv-
alent of the great Mississippian limestone of the more
central portion of the basin.  The black shale (Cleveland
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shale) is generally regarded as the base upon which
rest the Lower Carboniferous beds of the state named.
This thick bed is said to'be quite persistent. It extends
over a large part of the state and passes southward into
central Kentueky. A similar black shale in Tennessee
and Kentucky was the upper limiting member of the
Devonian, according to Owen and Norwood, as already
stated. Meek and Worthen also refer in a number of
places to a “black shale” occurring in Indiana and Illi-
nois, which t]fey regard as identical with the Tennessee
beds, and which they consider as occupying a similar
stratigraphical position. TIn Missouri there is a thin
stratum of dark colored bituminous shale, immediately
beneath the Louisiana (Lithographic) limestone. If the
black shales just referred to form one and the same stratum
and consequently the same geological formation, it is a re-
markable fact. Its wide geographical extent, persistence,
and lithological uniformity would be indeed something
little short of marvelous. The origin of all such shales is
practically the same. The deposits are products derived
from the denudation of the land, and a sifting of the
fine clay particles from the coarser materials, as gravel
and sand, through a mechanical separation effected by
currents of water. The color, whether gray or blue as
when it is originally deposited, or red, brown and black,
as it may afterwards have become, is the most prominent
physical character of a clay bed at first sight and is
perhaps the first feature to attract attention. If, how-
ever, towards the close of the Devonian a great expanse
of shallow water occupied the northeastern portion of the
Continental Interior, in which were abundant growths of
seaweed after the manner of the Sargasso seas of to-day,
as was suggested by Newberry, the presence of such a
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widely distributed stratum of black, organicly colored
clay or shale is casy of cxplanation. The accidentally
tinted bed thus becomes a convenient horizon for sepa-
rating the Devonian and Carboniferous within the region
mentioned. But there is considerable doubt at present as
to whether the “black shale” actually does form a single
horizon over all the castern area aseribed to it. It is also
questionable whether the Devonian of the Upper Missis-
sippi can be properly regarded as ending with the “black
shale.” ’

The fossils of the Bedford shale, the lowermost mem-
ber, according to Newberry, of the Waverly or Lower
Carboniferous in Ohio, and the formation immediately -
overlying the Cleveland black shale, which have lately
been studied carefully by Ierrick, appear to belong to a
lower horizan, and to have a typical Devonian facies.

Still more recently the basal line of delimitation of the
Carboniferous has been critically examined in northeast-
ern Missowri. The preliminary results of the examination
have already appeared.

The facts, however, may be briefly summarized in this
connection as they are important in their bearing upon
the classification of the Carboniferous rocks of the region.
The subject may apparently open again the “Chemung
controversy ” of thirty years ago, when the Kinderhook
beds of Burlington, Iowa, were regarded by some as
Devonian in age. Even a casual consideration of the
present question will soon indicate the very different
lines and limits of the two problems.

" At Louisiana, in Pike county, Missouri, the so-called
base of the Carboniferous affords more favorable oppor-
tunities for examination than perhaps anywhere else.




T8 CARBONIFEROUS BASIN OF MISSISSIPPI VALLEY.
Good exposures, however, are numerous along the great
river for a distance of more than seventy miles.

The vertical seetion is as follows :

Feet
16.  Limestone, brown and white, compact, encrinital, thinly bedded, with
some cherte........ 55

15. Limestone, white, encrinital, vn:ry henvnly bedded. . 12
14. Limestone, coarse-grained, encrinital, very heavily bedded........... 20
13.  Limestone, massive, white, inital, coarse-grained, with

white chert nodules and nodular bands............. "
12, Limestone, biown, encrinital, compact and Ileavﬂy bedded, sumewl\al

earthy in places. 10
11. Limestone, compact, fine-grained, buff. with few or no partin; 8
10. Shale, sandy, brownish, forming soft friable sandstone locally.. . 12
9. Shales, greenish, clayey.............. 70
8. Limestone, thinly bedded, compact, fine-grained, mlh cundluld:al

fracture, in layers 4 to 6 inches in thickness, like lithographic stone

in texture and appearance PP . 50

7. Clay-shale, sandy in part, (2 to 4 mches)
6. Shales, dark blue or greenish, clayey
5. Shales, black, fissile, clayey .....
4. Limestone, buff, magnesian, very heavily bedded.
3. Oolite, compact, white...........
2. Clay-shale, blue, with thin bands of
1. Limestone, heavily bedded, (exposed) ..

Number 1 is the Trenton limestone; 2 the IHudson
River shales; numbers 3 and 4 probably represent the
Niagara limestone ; the first increases rapidly in thickness
southward and ina distance of twenty miles reaches a verti-

cal measurement of thirty to forty feet. Numbers 5 and 6
are probably Devonian, equivalent to the “black shale” of
adjoining states. Number 7 is a thin seam two to four
inches in thickness and highly fossiliferous. With few
exceptions the “lithographic” fossils come from this
Jayer. It probably belongs more properly with beds 5 and
6. Apparently the organic remains are nearly all identi-
cal with forms from the Hamilton rocks farther northward.
Should the union of this thin highly fossiliferous seam to
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the underlying shales be more in harmony with the real
relations of the faunas of the respeetive heds, as now
scems likely, then the Devonian facies of the Lithographic
(Louisana) limestone is lost entirely.  Number 8 is the
Louisiana limestone, a compact vather thinly bedded rock,
breaking with a conchoidal fracture. It is very poor in
fossils.  Numbers 9 and 10 are the Hanmibal shales,
number 11, the Chouteau limestone, with a few fossils.
Number 12 is the Burlington limestone with the char-
acteristic basal fauna of the Lower Burlington.  Number
13 is also the Lower Burlington limestone but contains a
Kinderhook fauna ; 14 and 15 belong to the Lower Bur-
lington ; 16 contains the typieal fauna distinetive of the
upper division.

Owen, who was the first to give attention to the geo-
logical details of the rocks as exposed along the “Tather
of Waters” above the mouth of the Missouri, used in
1852, the term “Subcarboniferous,” which hitherto had
long been applied to all the strata below the Coal Meas-
ures as far down as the Lower Silurian series, in a very
limited sense. The Louisiana or “ Lithographic” lime-
stone was not included; for his “argillaccous marlites”
seem to have been regarded as the basal member,

Swallow, Hall and White, who were all well acquainted
with the seetions and their fossils, correlated the beds
immediately below the Burlington limestone with the
Chemung  (Devonian).  In northeastern Missouri and
adjoining portions of Lowa and Illinois, the “Chemung ”
included the Chouteau limestone, Vermicular shales and
Lithogmphic limestone.

Hall, having studied more particularly in Towa, errone-
ously regarded certain sandy shales, or yellow sandstones,
just below the great limestone at Burlington, identical in
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age with a lithologically similar rock fifty miles to the
northward, at the mouth of Pinc ereck, in Muscatine
county. Consequently, having investigated the north-
ern locality more thoroughly, perhaps, he very natur-
ally came to the conclusion that the entire formation
under consideration as he understood it was actually
Devonian. .But the rocks of the two places are widely
separated in point of time, and it has been shown recently
by Calvin® that the latter do really belong to the Devo-
nian, .

Meek and Worthen, who had considered chiefly the
fossils in the upper part of the so-called “Chemung,”
both at Burlington, Iowa, and Kinderhook, Illinois,
a few miles from Hannibal, Missouri, regarded the
fauna more closely related to the Carboniferous than the
Devonian.  Since the publication of these views writers
upon the subject have accepted them and they have been
adopted in all of the later geological reports of Ilinois,
Missouri and Towa.

By reference to the vertical section already given it
will be seen that the commonly called Kinderhook of this
region is a three-fold division, the upper and lower por-
tions being limestones and the middle one a clayey or

andy shale. At Burlington the fossils heretofore noted

have been found only in the upper part of the formation,
though recently an extensive and interesting fauna has
been discovered in the clayey portion much lower down.
Here the lower calcarcous member is not exposed. At
Louisiana and vicinity the median member is practi-
ally unfossiliferous, as is also the lower, except at the
very base.

*Am. Geologist, Vol. 1], p. 25. 1889,
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It will be reealled that Marion and Pike counties,
Missouri, at Hannibal, Lonisiana and Clarksville, princi-
pally, were the leading localities for a large proportion of
the “Kinderhook” fossils originally described by Shu-
mard, White and Winchell.  And it has been noted that
most of these fossils have a decided Devonian aspect;
that they give a peculiar tone to the fauna of these beds.

Heretofore little mention has been made concerning
the exact horizon of the fossils in question, sinee reference
to the “Lithographic” limestone or ¢ Kinderhook” beds
has been considered sufficient. TLately, however, exten-
sive collections of fossils have been made at all three of
the places just mentioned, as well as at many intervening
and neighboring exposures, Everywhere the “Litho-
graphic,” or Louisiana, limestone has been found to be
practically devoid of organic remains except an ocea-
sional form in the thin sand partings above the hottom
layer which is less than one foot in thickness.

At the very base of the limestone is a thin seam of
buft, sandy shale seldom over three or four inches in
thickness (number 7 of scetion). This scam is highly
fossiliferous. It contains the Productella pyxidata (Hall),
Cyrtina acutivostris (Shumard), Chouetes ornate (Shu-
mard), Spirifera hannibalensis (Shumard), and a host of
other forms, many indistinguishable from species oceur-
ring in undoubted beds of western Hamilton —the Cedar
Valley limestone of Iowa. The sandy seam is underlain
by six feet of dark colored argillaceous shale which has
been regarded as part of the Devonian “black shale” of
the Mississippi basin. This in turn rests upon fifteen
feet or more of buft magnesian limestone and oolite of
“Niagara ” age probably.

6G. Rep.
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Lithologically the thin sandy layer is more closely
related to the underlying shales than to the overlying
limestones.  Faunally it has very much closer aflinities
with the western Hamilton (Devonian) than with the
Kinderhook (Lower Carboniferous).

In Towa the “Devonian aspeet” of the Kinderhook
fossils has disappeared largely since Calvin’s recent dis-
covery that the “ Kinderhook ” sandstones of Pine creck,
Muscatine county, are in reality true Devonian. In Mis-
souri the same Devonian facies of the fauna contained in
the lowest member of the Carboniferous is lost from view
completely by eliminating the species found in the thin
sandy scam at the base of the Louisiana, or Lithographic,
limestone. Thus the faunas of the Devonian and Carbon-
iferous of the upper DMississippi valley become more
sharply contrasted than ever. The apparent mingling of
faunas from the two geological systems manifestly is due
to erroncous assumption rather than detailed field evi-
dence.

Depriving the “ Lithographic” limestone, which attains
a thickness of more than sixty feet at Louisiana, in Pike
county, Missouri, almost entirely of the extensive fauna
commonly ascribed to it, and which, as has been seen,
comes from a thin seam lying below the calearcous layers
its geological age becomes a problem yet to be solved.
The few fossil species known from the limestone itself
liave been heretofore ravely met with. .

It is quite likely, however, that these organic
remains will be found eventually scattered through the
entire vertical thickness of “Lithographic” beds. But
even if it should prove more advisable to place the Lou-
jsiana limestone in the Devonian it would not radically
change the present classification of the Carboniferous.
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The Louisiana limestone appears to thin out rapidly
northward.  Borings at Keokuk show that there are only
ten feet of limestone which can be referred to this forma-
tion, only one-sixth of the thickness at the typical loeality
in Missouri. A short distance beyond it probably disap-
pears altogether.

Until, however, suflicient evidence is adduced to show '
conclusively that the limestone beds are best united with
the Devonian they must be regarded as forming the basal
member of the Carboniferous in this region.

In Towa little is known as yet in regard to the exact
relations of the beds forming the top of the Devonian
and the base of the Carboniferous.

Biological Definition.—The fauna of the Mississippian
series is a strictly marine phase of amimal life. It is
rather sharply cut off below from the Devonian faunas
by the absence of many characteristic genera and by a
marked change in the structural features of numerous
groups common to both horizons. Above, it abruptly
terminates over the greater part of its range with the
shore and brackish-water types of the Coal Measures.

Of the different zoological groups the corals,
brachiopods, mollusks and crustaceans continued as in
the earlier Palcozoic to flourish in large numbers, and
myriads of individuals are often collected together in
places. A special feature which is quite noticeable in
these groups is the prominence which the gasteropods
assumed among the mollusks and a great diminution in
size and number of the trilobites among the crustaceans. -
The most important and characteristic biological feature
of the Mississippian rocks, however, was the great devel-
opment and expansion of the cchinoderms and fishes.
Among the former the crinoids and blastoids assumed
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such unusual prominence that Dana has called the period
the Crinoidal peviod of geologieal history ; while Wachs-
muth has suggested the names “Crinoidal ” and “ Blast-
oidal” limestones to designate the upper and median
portions of the series.

Indeed the crinoids and blastoids make up such a
conspicuous part of the fauna of the Mississippian that
they must ever remain the most valuable and most reli-
able criteria in the classification of the series in accord-
ance with the life remains,  Their existence during a long
period of time and their wide geographical distribution
gave unusually favorable opportunities for the recording
of all the geological changes throughout the entire basin.
Besides, their structural features also are particularly
well adapted to giving an insight into the physical con-
ditions of their habitat. In the general relations of the
platesWmaking -up the skeletal parts, in their definite
arrangement, in the surface ornamentation, in the deli-
cately jeonstructed arms and characteristic stalks are
found admirable features for tracing the evolution of the
different forms from the bottom to the top of the series.
The different phases passed through in the evolution of
the different groups are most noticeable among the actin-
ocrinoids, yet'they are also well marked in many other
families. In almost every case the various forms begin-
ning in the Lower Burlington were small sized, and deli-
cately ornamented. As the different types advance
upwards they rapidly increased in size, the plates becom-
ing very much heavier, the ornamentation coarser, and
many structural features greatly exaggerated in various
ways.

The blastoids, though abundant in the lower part of
the series, became astonishingly numerous in the upper
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part, where in many places they almost excluded all the
other groups of cchinoderms.  Near the top they acquired
a very large size, certain species assuming enormous pro-
portions.

The hard parts of fishes are exceedingly abundant and
in places often make up entire layers. The species are
very numerous and the generic types quite varied.

Subdivisions of the Mississippian Series.—'The Car-
boniferous rocks of the Continental Interior have been
reeently the subjeet of special investigation. The result-
ing systematic arrangement, as based upon the best litho-
logical, stratigraphical and fanual evidence now at hand,
is that given in the scheme below. The table indicates
the relations of the geological terranes as at presence
understood. It also shows the arrangement of the various
minor subdivisions which have from time to time heen
described in different parts of the region. The tabulation
applies essentially to the more strictly marine deposits
which have such a wide geographical distribution. The
Waverly shore sediments probably cannot be paralleled
in their smaller divisions with the terranes here recog-
nized ; but as a whole may be regarded as represent-
ing approximately the entire Lower Carboniferous series
of the more westerly region of the upper Mississippi.

“ Chester shales.”
Kaskaskia....| *“Kaskaskia limestone.”
Aux Vases sandstone.

Sainte Genevieve limestone.
St. Louis..... Saint Louis limestone.
Warsaw limestone (in part not typical).

PPIAN Warsaw shales and limestones (typical)
SERIES. “Geode bed.” ’
Augusta...... Keokuk limestone. 3
Upper Burlington limestone.
Lower Burlington limestone.

Chouteau limestone.
Kinderhook ..| Hannibal shales.
! Louisiana limestone.
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The basal division, the Kinderhook, is commonly
regarded as a triple member of which the upper and
lower portions are limestones, the median part clay and
sandy shales.

The second grand division of the Lower Carboniferous
is the Augusta limestone. This embraces the five divis-
ions of southeastern Iowa called respectively, the lower
and upper Burlington limestones, the Keokuk limestone,
the “Geode bed,” and the typical Warsaw shales and
limestones. This formation has been shown to be practi-
cally one, upon both stratigraphical and paleontological
grounds. Furthermore, local unconformities appear
between the upper stratum, the “ Warsaw,” and the over-
lying rocks. Aside from the upper portion the Augusta
formation is made up almost entirely of massive lime-
stones everywhere highly charged with organic remains.
Fossil echinoderms are especially abundant ; brachiopods
also form a prominent feature. As has been fully set
forth in another place the faunas contained in"the Augusta
beds are to be regarded as perfectly continuous through-
out. The limestone is essentially a crinoidal one, though
in its upper part this character is not as well marked as
toward the base. The section commonly known as the
Burlington is everywhere the same coarse-grained, encrin-
ital limestone, usnally white and quite pure in certain
layers. The basal portion — the “lower” Burlington lime-
stone—usually contains considerable ferric oxide and
consequently has a characteristic reddish hue on weath-
ercd faces. The lithological features of the Burlington
are remarkably constant over broad strips of territory.
They have been traced from east central Iowa to west-
ern Illinois, to southwestern Missouri and Arkansas.
East of the Mississippi the typical exposures of this rock



AUGUSTA BEDS, 87

are umimportant and the scctions are confined to the
vieinity of the great water-course. The division lines of
the two Burlington limestones and of the Keokuk are
marked by silicious beds.  The lowermost of these chert
beds has a thickness of twenty to twenty-five feet. It is
made up largely of nodular masses and irregular beds of
flint with some calcarcous matter. The upper chert bed
—the one between the Burlington and Keokuk lime-
stones — was reported by Hall to be upwards of one hun-
dred feet in thickness. Recent observations go to show, -
however, that it probably has no greater importance than
the lower chert bed. Accurate records of borings indi-
cate that the entire thickness of the Augusta beds — from
the top of the “ Warsaw” to the bottom of the Burlington
—isnot over feet.  Wherever the Augusta limestone
is exposed along the Mississippi north of the Missouri
river, it stands out over soft Kinderhook shales in rugged,
overhanging cliffs or high walls. At Burlington the basal
line is marked by heavy layers of limestone which often
project to a distance of twenty or thirty feet. The small

streams flowing over the .limestone break into cascades
twenty-five to fifty feet in height.

The upper Burlington division differs from the lowen
in its lithologieal characters chiefly by being more thinly
bedded and containing layers of argillaccous shale.

The Keokuk beds are distributed chicfly on the east
side of the Mississippi, covering a wide area in Illinois,
Indiana, Kentucky and Tennessee.  West of the river the
best exposures are in southeastern Iowa and northeastern
Missouri. At the typical locality the Keokuk beds con-
sist of gray cncrinital limestones with considerable ehert,
in layers or nodules. The lower portion is a heavily bed-
ded, compact limerock having a bluish cast. The unpper
part is composed of clay shales with calearcous bands.
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The Warsaw beds ps originally described, consist of
two massive laycrs of yellow limestone separated by
thirty feet of blue caleareous shales with many thin lime-
stone seams. Beyond the immediate vicinity of Warsaw
the formation has unot been recognized in its typical
development. The “ Warsaw” reported from many local-
ities has in most cases proved to be lower St. Louis.

The light ash-colored limestones, occurring in Towa'
and now known under the name of St. Louis, were first
mentioned by Owen under the title of concretionary lime-~
stone. Near the mouth of the Missouri river where these
rocks attain a much greater development Shumard gave
them the name of the leading place in the region. Since
this recognition by Shumard little difliculty has been
encountered in locating the St. Louis limestone over a
wide streteh of country. Its northern border is several
hundred miles beyond any known exposure of Keokuk
rocks. Irom this limit nearly to the mouth of the Mis-
souri river the limestone is quite thin; but southward it
rapidly thickens until in Ste. Genevieve county, Missouri,
it attains a measurement of more than 300 feet; and still
farther southeastward more than double the thickness
known in the state mentioned. Kverywhere over the
northern area of the St. Louis a characteristic brecciated
rock is observable ; but south of the Missouri river evenly
bedded limerocks are present with occasional extensive
beds of oolite.

Frequently, near the base of the limestone is a well
marked breccia made up of a very fine-grained, compact
blue limestone which breaks with a conchoidal fracture.
The fragments are angular and vary in size from a few
inches to several fect. The interstices ave filled with a
clayey caleareous material which is usually much softer
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than the limestone and in weathering allows the limestone
fragments to project far beyond the matrix. Above the
breceiated portion of this limestone the strata are lnid
down very irregularly, but upward rapidly pass into
evenly bedded layers.  Capping the St. Louis limestone
is often seen ten to twenty feet of white calearcous marl
which is usually highly fossiliferous.

The upper member of the lower Carboniferous is the
Kaskaskia. North of the Missouri river the epoch was
one of denundation but south of the line mentioned dep-
osition continued. The formation isa triple division made
up of a basal portion called the Aux Vases sandstone; a
median part, the Kaskaskia limestone proper; and an
upper portion usually made up of argillaceous shales. The
sandstone has been noted from time to time but its true
significance does not appear to have been fully understood
until quite recently, when the absence of the Kaskaskia
rocks north of the Missouri river was also taken into con-
sideration. This sandstone is said to be exposed above
the city of St. Louis where it is a dozen feet or more in
thickness. Southward it rapidly thickens until in the
immediate vicinity of the typical locality it attains a maxi-
mum measurement of more than one hundred feet.

The great arenaceous deposit lying immediately below
the Iaskaskia limestone has been termed ferruginous
sandstone by Shumard and others.  Most observers,
however, have confounded it with the lithologically simi-
lar rock occurring at the base of the Coal Measures, but
the latter is located upon instead of under the Kaskaskia.
In northern Missouri and Towa where the superior mem-
her of the Mississippian series is wanting the basal sand
rocks of the Coal Measures occupy apparently the same
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stratigraphical position as the lower Kaskaskia sandstone,
that is directly superimposed upon the St. Louis.

Upper Mississippi Region at the Beginning of the Coal
Measure Bpoch—The latter part of the Lower Carbon-
iferous age is noteworthy as a period of land elevation.
The crustal movements over this part of the earth’s sur-
face were continental in their character. The relative
change between the land and sea areas was an apparent
rising of the former and a gain of vast tracts of territory
from the latter along the borders of the growing conti-
nent. An entire geological formation,— the Kaskaskia
— the uppermost member of the series, was not deposited
over a large portion of the present upper Mississippi
valley, and the evidence is ample indicating that the
shore-line of the old Kaskaskia sea retreated southward
during the epoch to a point beyond the present mouth of
the Missouri river, a distance of more than four hundred
miles from the coast of the St. Louis waters at the time
of their greatest expansion. Shore deposits were laid
down far beyond any point previously reached in the
growth of the nascent continent.

‘When the oceanic waters again. invaded the land the
territory upon which most of the coastal sediments were
laid down had become an old, water-worn surface, chan-
nelled and grooved everywhere, with hills and hillocks,
ridges and swells rising up from the numberless water-
ways. The Kaskaskia epoch, then, was one possessing
much more importance than is usually ascribed to it.
Over much of the Mississippi valley it represents, between
the marine platform beneath the Coal Measures and the
coal hearing strata themselves, the long erosion interval
during which was formed a great irregular plane of



DEPOSITION OF COAL. 91

unconformity for the basal members of subsequent shal-
low water deposits.

As the land began to slowly sink and the seas com-
menced to gradually creep inland owing to wide-spread,
though slight, perhaps, secular changes in the earth’s
crust, the physical conditions beeame very favorable to
. the formation of Iuxuriant vegetable growths, destined to
make the thick, matted masses which were to be preserved
during the ages. 'The shallow marshes of brackish water,
choked with dense jungles of tropical plants, preceded the
open seas which subsequently spread over the province,
covering all like a mantle.

In the deposition of the coal-bearing strata of the
interior a long period was marked out during which there
was a prolonged though somewhat intermittent continen-~
tal subsidence, which continued until a rapid continental
movement set in, driving again the maritime border south-
ward far beyond its former position at the closc of the
Kaskaskia.

PENNSYLVANIAN, OR COAL MEASURE, SERIES.

Oceurrence of coal.—1It is a significant fact that the
Paleozoic coals of the world are all deposited in more or
less limited basin-shaped areas. .In England, in France,
in Germany and in other Iiuropean countries, in India and
elsewhere the coal mining industry is déveloped only in
those districts which geologically are more or less com-
pletely isolated. Careful investigation by many different
workers in the various coal fields points to a common
geological history for all. In America the same phe-
nomena are observable. But in the interior of the western
continent the vastness of the area, over which must have
extended such a similarity of physical conditions during
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the deposition of the I-bearing rocks, is something
remarkable and finds a parallel nowhere on the globe.

When the Coal period set in through the central part
of North America the conditions of deposition were prac-
tically uniform over the entire extent of the area occupied
by rocks of this age. Before, however, sedimentation had
progressed very far orographic movements began to
change the ordinary sequence of events in different por-
tions of the region. Though comparatively slight in
themselves these changes were of continental extent in
character. The geological conditions, which at the begin-
ning of the period seem to have been similar over the
whole region, ere the close of the period began to assume
phases which were variously modified in different places.
Two portions especially may be contrasted. These were
the coal fields which are now separated by the Mississippi
river. The geological history of the two districts even
commences to diverge somewhat before the more strictly
marine sediments had ceased to be deposited in the upper
Mississippi valley region. The considerations referred to
in detail hereafter regarding the upper Carboniferous of
the Interior basin will be applicable more specifically to
the region west of the “great river,” sometimes called the
“Western Interior” coal field, though in its general bear-
ing the eastern region may be regarded as having a very
similar record.

The great economic value of the coal-bearing forma-
tion of the Mississippi province has directed particular
attention to its geology. Within the limits of the region
it may now be said that the Coal Measures have received
more careful attention than any other of the geological
formations represented. But, at the same time, for this
very reason, the stratigraphical importance of the formation
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has been very greatly overestimated. It has led to
the attachment of far too much significance to really
trivial characters which, though they may be quite con-
spicuous in themselves, are of comparatively small valué.
Features which in other formations would be entirely
overlooked, in conneetion with coal seams become greatly
magnified on acconnt of their bearing upon the expense
of mining. Among these factors may be mentioned the
various kinds of « faults,” slips and “cut-outs.” Besides,
the great cconomic value of certain coal beds has led to
attempts at correlation, which have often led to very
erroneous conclusions. One of the most notable instances
ds the claim of a number of difterent workers that they
were able to trace single coal seams continuously over all
the territory lying between western Pennsylvania and
Missouri. Later and more careful investigation has
shown that this generalization was entirely unsupported
by facts and that it was based upon very insufficient data.
In geographical distribution, in stratigraphical arrange-
ment, in lithological characters and in faunal features the
series of beds which bear most of the workable coal seams
in the upper Mississippi basin, and which are commonly
called the Lower Cloal Measuves, has an individuality that
is peculiarly its own. In all respects it stands out sharply
* defined from all the formations bencath it.  As a whole it
presents marked contrasts with all associated strata both

younger and older.
Regarding the geographical position in its general rela-
“tions to the upper Carboniferous rocks, the “Lower”
Coal Measures form a broad zone around the areas of the
«Upper” division—a zone which separates everywhere
the surface exposures of the latter rocks from those of
older geological age. The geological delimitation of the
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Lower Coal Measures is well defined.  In its entirety, as
has been indicated already, the Carboniferons of the
Mississippi Valley presents three well-marked groups of
rocks, the lower and upper members. being manifestly
marine deposits, the median section clearly a shore for-
mation. Below, therefore, the Lower Coal Measures are
cut off by the strictly maritime beds of the Mississippian
series; above by the open sea deposits of the “ Upper”
Coal Measures. The delimiting line of the Lower Coal
Measures below is one of marked unconformity. It has
already been fully described, in comnection with the Mis-
sissippian series. There is probably no greater physical
break recorded in the entire sequence of Paleozoic rocks
of the interior region.

The lithological and stratigraphical characters of the
Lower Coal Measures are deseribed in detail in subse-
quent chapters. - The remarks there made apply, with a
few modifications and additions perhaps, also to the east-
ern basin and need no further expansion here.

Prominent among the distinctive characters are the
biological features of the Lower Coal Measures. In these
respects there is a characteristic littoral, brackish or fresh-
water fauna and a luxuriant land or swamp flora as com-
pared with truly marine faunas in the deposits above and
below.

Coal Fields of the Interior Basin—The Carbonifer-
ous basin of the Mississippi valley presents four more or
less well-defined areas in which coal is obtained. These
fields are known as the Appalachian, the Michigan, the
Eastern Interior or Central, and the Western Interior.

Appalachian Coal Field. In a broad belt seventy-five
to eighty miles in width, it extends a distance of more
than seven  hundred miles, from western New York
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throngh western Pennsylvania, the eastern horders of
Ohio, Kentucky and Tennesscee, the western portions of
Maryland and the Virginias to northern Alabama.  In
its general geological structure it is a greatly clongated
basin, made up of many folds trending with the eastern
cordilleras. In the northern part the Ohio river flows
southward through the median portion for nearly one-
third of its entire length. The western half has a gradual
inclination to the castward; the castern half' to the west-
ward. In Ohio the western slope is not a uniform one,
as was once supposed, foras shown by Newberry, the Coal
Measures of the state “lic in a serics of subordinate
troughs which are ina genceral way parallel with the axis of
the great one of which they are parts.” A similar series
of folds has been recognized in the castern half of the same
basin, in Pennsylvania.  With the nascent Appalachians
on the ecast and the old Cincinnati uplift on the west,
the region of the upper Ohio, submerged during Car-
boniferous times, must .have been a long narrow arm of
the great interior sca. Many of the minor folds and
troughs were doubtless acquired after all the deposits
had been laid down!

In the Appalachian, or Alleghany field, the sub-
divisions of the Upper Carboniferous are as follows :

5. Upper Barren Coal Mcasures.

4. Upper Productive Coal Measures.
3. Lower Barren Coal Measures.
2.
1L

Lower Productive Coal Measures.
Conglomerate series.

In a general way this sequence coincides to a remark-
able degree with an arrangement recently made out in the
Western Interior basin, which will be referred to more
specifically in another place.
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Michigan Basin. This is a small islolated district
occupying about one-third of the areal mileage of the
southern peninsula.  Although having such a consider-
able geographical area it is of relatively little importance.
The maximum thickness is not over two hundred feet,
half of which is occupied by the basal sandstone. Only
one or two workable veins of coal are reported; and the -
mining of commercial supples is confined entirely to two
counties.

Eastern Interior Coal Field. The other two arcas have
been commonly regarded as essentially one, forming what
has been called the great Interior coal field of North
America. The Mississippi river divides the region into
two parts. Along the dividing line the great water-
course has cut its channel completely through the coal
strata, which probably were never very thick, exposing on
each side, in a narrow strip, rocks much older. Tvery-
where within the limits of the arca just referred to, along
the borders of the stream, outliers or pockeéts of the coal-
bearing deposits are found in ancient gorges and depres-
sions, the beds connecting them with the chief masses
having been almost completely removed through erosion,
leaving only scattered remmants of their once greater
extension.

The first of the two fields last mentioned comprises
northwestern IKentucky, southwestern Indiana, central
and southern Illinois. .The basin is elliptical in general
outline. It presents a wide marginal zone of coastal sedi-
ments carrying the coal of the region and a broad central
area representing the more open sea deposits. The first
of these formations has been usually known as the Lower
Coal Measures and the second as the Upper. The number
of seams are upwards of half a dozen and appear to have
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a much wider geographic extent than the beds west of the
Mississippi river. ~ The various beds have been numbered
much after the same plan as in Ohio, but it is very doubt-
ful whether any of them have near the range commonly
aseribed to them.

Western Interior Coal Field, Oceupying over two-
thirds of the great coal producing area divided by the
Mississippi river is a field which embraces the southern
third of Iowa, the northwestern half of Missouri, the
extreme eastern borders of Nebraska, Kansas, and Indian
Territory and western Arkansas. It extends still farther
toward the southwest in a narrow belt into eentral Texas.
Eastward it thins out and is limited by the older forma-
_tions which outerop along the Mississippi river. West-
ward in the vicinity of the Missouri river it becomes
covered by later deposits chicfly of Cretaceous age, so
that its exact extent in this direction cannot be deter-
mined. On the whole the deposits of coal in single
beds are mot as extensive as in the region east of the
great river, yet the total amount of accessible fuel is
probably much greater.

Broadly. speaking, the formations of this field corres-
pond in their sequence in a striking manner with the
arrangement commonly recognized in the coal bearing
strata of Pennsylvania. Tt is of interest to note the areal
distribution of the several formations seen in the western
region. The recognition of the coincidence in general
arrangement of the Pennsylvania and Towa coal fields
interferes in no way with the acceptance of the views
advanced elsewhere, for the present suggestion merely
gives, perhaps, undue prominence to certain minor epi-
sodes in the .geological history of the district.

7G. Rep.
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The geographical position and distribution of the coal
bearing areas of the United States is shown in the accom-
panying sketch map which is modified from that published
in the “Mineral Industries,” one of the reports of the
Eleventh Census of the United States. ( Plate i).
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