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IN MEMORIAM. 

Dr. John A. Gallaher, State Geologist, born October, 5th, 

1842, in Monroe county, Teunessee. Died June 21st, 1900, at 

Warrensburg, Mo. He was an infant when hi:> parents removed 

with him to Johnson county, Mo., where he was reared a11d 

where he resided the greater part of his life. He received his 

education at the common schools at Knob Noster. At the com­

mencement of the civil war he enlisted in the Confederate service 

and served until 1865. He returned home and entered the 

Christian Brothers College in St: Louis, where he graduated. 

He then cOlllmenced the study of medicine and graduated at 

Dr. McDowell's College, St. Louis. Then took up the study of 

Geology, under Dr. B. F. Shumard, which studies he continued 

for years. Dr. Gallaher was a zealous student and loved his 

profession. He was a l11an of varied information and of untiring 

industry and energy; conscientious, honest and faithful; court­

eous and affable, and leaves behind him a spotless record for his 

family and an example worthy of el11ulation. We greatly deplore 

his death, which is a great loss to the State of Missouri. He 

leaves a wife, two sons and one daughter, and we extend to 

them our sincere sympathy in their great bereavement. 
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PREF ACE· 

At the annual meeting of the Board of Managers of this 
department, in December, 1899, I was ordered to write up 
and publish the information thus far collected in the field, in 
a preliminary report. 

Having collected a large amount of information that is 
new and interesting to practical men, my aim was to have 
made this the most valuable report issued by this survey. 
But the correspondence of the office became such a burden 
during the winter months that nearly all of my time was thus 
consumed. 

A severe affliction came upon me in the meantime, and 
I have had very little time to put on the report .. Yet, not­
withstanding the unfavorable conditions under which it was. 
written, I feel some pride in submitting this preliminary re­
port to the people of Missouri. When the reade,r has read it 
and analyzed it, he will doubtless conclude that we have 
been going directly after fundamental facts in Missouri 
geology. 

Proceeding on the plan, outlined in the Biennial Report 
for 1897-'98, the Survey is getting the information first and 
reporting it afterwards. 

The field work of this summer and fall will be the finding 
and locating the exact bound~ries of the surface areas of our 
three great country rocks, viz.: t.he Cambrian, the First Cal­
ciferous and the Burlington-Keokuk limestones in South Mis­
souri, and the surface exposures of the three subdivisions of 
the Coal Measures. 

In the meantime, the data collected from core-drj11ing, 
together with the summer's field work, will enable us to 
proceed with the delineation of the cross-sections in vertil'fll 
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zones with a degree of accuracy approaching the truth. "r e 
will also have the requisite data for a correct geological map 
of Missouri. 

I want it distinctly understood that I, alone, am respon­
sible for the arguments advanced in the introduction to this 
report. There is sOlflething behind all geological phenomena. 
The human mind is looking always for an ultimatum, a world 
theory. If the cosmic philosophy herein .suggested is not 
satisfactory to the reader, he has the inherent right of work­
ing out a better one. 

There are no restrictions upon our field of thought, other 
than the limit fixed by the thinking capacity of the individual. 
If the reader can find a better way of explaining geological 
phenomena than mine, I shall only be pleased to see it. I have 
been a student of nature nearly sixty years, and yet I have 
much to learn. 

I am pleased to acknowledge the able assistance of Mr. 
D. K. Greger in the preparation of this report. The work 
of Mr. C. E. DeGroff, as photographer, and its reproduction 
by the A.merican Engraving Company of St. Louis, speak for 
themselves. 

The fundamental facts that have been brought out in 
this report, ought to have been found, and made the 
basis of all geological reports heretofore issued. In fact, 
the geological record is like the alphabet to a language. You 
cannot proceed intelligently without it. This is the first 
time the geological record of :Missouri has been delineated. 

JNO. A. GA.LLAHER. 



CHAPTER I. 

THE SYNTHETIC METHOD OF NATURE. 

INTRODUCTION ; , 



THE SYNTHETIC ME'l'HOD OF NATURE. 

Some years ago, when I was working out a cosmic phil· 
,0 sophy, with Physics, Logic and Consciousness, for my only 
guides, I came across that cold ultimatum of HaeckeI: "The 
flmction of the brain, is the soul." That seemed, at first, to be 
the end of all reasoning. But, I was unwilling to accept it for 
Iny ultimatum; and hence, I began to dig deeper. I went to a 
friend for some data on the Sun, and he placed in my hands 
the l\fanual of Trouvelot. 

Inasmuch as it will soon transpire that the Maternal Func­
tion of this cosmic body, Earth, is the only proper foundation 
for the Science of Geology, the reader will doubtless appre­
('iate a synopsis of this philosophy. I cannot, of course, under­
take to give more than a synopsis of it 11ere, because the special 
purpose of this work is to delineate the Structural and Econo· 
mic Geology of Missouri, so that even the unlearned masses 
may understand it. Nor is the reader compelled to accept 
this pholosophy, but it will be a good exercise for him to work 
cut sorrlething better. 

The struggling world may as well understand, first as last, 
that all geological phenomena are the logical results of the 
Rynthetic Method of Nature. Especially so, when it only 
emphasizes the majesty of God and enables Man to realize his 
own exalted function. The reader will doubtles,s excuse all 
seemingly abrupt flights, when he refiects that this is only a 
synoposis of a somewhat deep train of thought, which em· 
bl'aces the obvious physiology of the world. And he will 
please bear in mind that my style is made thuS' positive for 
the sake of brevity. 

All geological phenomena refer to an ultimatum, and the 
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human mind demands an ultimatum. If my ultimatum is not 
correct, it remains for the reader to correct it. 

The meaning of true Physics, is the physiology of the one 
organized and living world. Logic is that method of reason­
ing which proceeds with the rhythm of numbers. Conscious­
ness is th sum of all that we know. And they are my only 
guides. 

The meaning of this world, briefly stated, is the evolution 
of energy from lower to higher powers. It is the raising of 
primary force, though progressive effort, to intellectual and 
thence to spiritual energy. Spiritual energy, Forethought 
or God is the Primal Uotor of the world. Intellectual energy, 
Afterthought or Man is the highest product of the Earth co­
operating with the Sun. 

God is Prometheus or Forethought. Man is Epimetheus or 
Afterthought. God is Forethought, because each result of His 
plan is a Synthetic product, or a logical sequence. ]\fan is 
Afterthought, because the more he thinks the better he thinks. 
And, inasmuch as that productive energy cannot persist, with­
out a facility of renewal, the ultimate function of Afterthought 
is to evolve spiritual energy for the renewal of Forethought. 
'1'he1'efore, human perfection lies only in the future, in the 
higher function of a better life. 

The method of nature is God's method; and, it is obviously 
synthetic. The fundamental principle on which it proceeds is 
the co-operation of opposite forces, comph~melits or counter­
parts, to evolve new energy for renewal. A few of the co­
operative forces of nature are: positive and negative, heat and 
cold, live and latent, motor and respondent, paternal and ma­
ternal, male and female, Life and Consciousness. 

Everything in this world has a physiological function to 
perform, because it is a part of an organized and living whole. 
Our Sun is the physical and spiritual motor, the paternal or 
Imperial Motor, of our planetary system. His function is 
paternal, because his light is the fhst essential element of 
or-ganic life. Our Earth is our cosmic mother, because she is 
continually evolving the chemical elements, which are the 
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other essential elements and food of organic life. Her func· 
tion is maternal because she is the respondent of t.he Sun and 
the reproductive cosmdc body which has' to provide the essen· 
tial elements and food of organic life. 

Everything we see is life, cosmic or organic. Indeed, to be 
means life and life means persistent effort. In cosIilic life 
there is intense effort, as surely as that organic life is a persis· 
tent 'struggle. But the chief aim of this particular effort is 
to show concll1,sively that human life should be not only a 
persistent, but emphatically, a progressive effort. 

Any philosophy that does not provide a facility of renewal 
or compensation for productive energy, is not a cosmic phil· 
osophy and is, thel"efore, not wo,rth considering. Oonscious· 
ness finds the compensation of productive energy in the evolu· 
tion of higher powers. The evolution of energy from IOower to 
higher powers is a progressive effort, and therefore, the only 
philosophy that will satisfy PhYSiCS, Logic and Oonscious· 
nl:'ss. 

Even though the function of the brain is the s.oul, as we 
-conceive it, human intelligence is the highest POower with 
which we have to deal. It is the highest product of the Earth 
-co-operating with the Sun; and, if the soul ceases with the life 
of the brain, where is the compens':ltiOon of the force which 
produced it? Oall to mind, that productive energy cannot per· 
2ist, without a facility of renewal. Olearly, the ultimate func­
tion of Afterthought is tOo evolve spiritual energy for the reo 
newal of Forethought. And that is the ultimatum of this 
Ilhilosophy. 

That energy is .persistent, is a fundamental principle of 
physic:s. Indeed, energy is essentially persistent, but energy 
-cannot persilst forever in a continuous straight line. In fact, 
energy persists only in progressive circuits, and that means 
rhythm. Our blood !!irculates only in progressive circuits, 
keeping time with the pulsations of the heart. W e thin~ only 
in progressive circuits, correlating and assimilating each addi· 
tional fact into our field I)f, consciousness; thus giving it ad­
ditional power. The rhythm of numbers suggests the pre-

G-2 



18 INTRODUOTION. 

ClslOn of Truth. The rhythm of sound, the effect of sweet 
music, suggests the objective beatitude of Heaven . 

. All of the sands on all of the sea-shores do not begin to 
. express, numerically, the analogies' in nature. Indeed, this 
world is one living, throbbing, whole; and God is its Primal 
Motor. This world i's one organized, living whole and each 
cosmic body, each organism, is, to some extent, its analogue. 
The Creator of this world, like the central ganglion of each 
organism, is essentially in the midst of it. In short, God has 
a facility of renewal, because a productive force, without a 
facility of renewal, i,s inconceivable. 

The oval forms, rings and whorls of celestial bodies, in­
cluding the gaseous nebulae and the embryonic planets, have 
their analogues in the lenses, rings and whorls of organic 
forms. Moreover, they have their analogues in the lenses, con­
centric shells and whorls of the mineral concretions in the 
Earth. In the simple Medusa, whose central ganglion domi­
nates its lateral ganglia through its homogeneous mass, with­
out connecting lines of nerve fibr€, we have a living analogue 
of our Solar System, wending its way majestically through 
tbe latent energy of space. Our cosmic motp.er, Earth, bas her 
analogue in the cleavage structur€ of the egg. Either one 
of them is a concretion, a storage-battery, of reproductive 
energy. 

The method of nature is obviously synthetic. In cosmic 
life, our Sun is the motor, our Earth is his respondent, and 
organic life is the synthetic product of their co-operation. 
Hence, cosmic life is the basis of organic life and either is a 
continuous synthetic process or evolution. It is clearly an 
evolution of energy from lower to higher powers-a develop­
ment of renewal energy for the Primal Motor. 

That cosmic light is the "vital principle," which science 
has so long been seeking, is demonstrated by the fact that 
motor energy, paid out by the Sun to the Earth, has no other 
perceivable form than light. The vehicle of transit is the 
latent energy of frigid space. Therefore, "Solar heat" is a 
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synthetic product of the co-operation of the pristine energy 
of our Planet with the paternal energy of our Sun. 

The character, function, structure and renewal faculty Of 

our Sun, are most delightful topios) but the spiritual product 
of human life and consciousness is what concerns us most. It 
is enough to say now that our Imperial Motor, the Sun, is 
physically a hollow sphere, filled with transparent gases. That 
his walls are relatively thin; and, that when ordinary solid 
matter is evolved in his walls, it is thrown off into space. 
Rence his faculty of perpetual renewal, as well as the origin 
of aerolites and cosmic dust. Science has doubtless been mis­
taking cosmic dust for the atmo'sphere of the Sun, which is 
E."ssentially self-c,ontained. A vacuole at either pole is all that 
is required to make his faculty and facility of perpetual re­
newal easily conceivable. 

Our Sun is converting invisable nebula, attenuated gases, 
into vital energy or its first essential element, cosmic light, 
aHd puyling it out to hils reproductive complements, his 
Planets. Invisible nebula, "ambrosia for the gods," is deriv~d 
from the latent energy of space. Therefore, Prometheus, Fore­
thought 01' God is the Primal Motor of the world and matt!>!' 
is the product of Forethought. Matter is structural energy 
for a spee1fic purpose. It is the physical basis of all obvious 
forms of energy. But there are doubtless other forms of energy 
beyond our ken. 

The thousands of lumious bodies in space, outside of OUI' 

Planetary System, are Imperial Motors, with characters, struc­
tures and functions, the same as our Sun. Moving in one in­
terminable spiral system and dominated by one transcendent 
Motor, like Sirius, they are the motor system, the paternal .or 
positive phase of nature. The boundless field of latent energy 
called space and the myriads of reproductive bOdies called 
planets, in their various stages of development, are the mater­
nal or negative phase of nature. In that cosmic circuit, that 
organized whole, each cosmic body, each organi::lm, is moving 
or thinking in rhythmical measure Indeed, this world. is 
one living throbbing whole and God is its Primal Motor. 
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The method of nature is synthetic and, therefore, progres­

sive. The combined energy of this world, our cosmic circuit, 

is one endless synthetic current_ And that means life, with 

the faculty and facility of perpetual renewal. You cannot 

resolv~ a synthetic product into either one of its antecedents. 

Co-operative forces culminate in their s'Ynthetic products and 

when co-operative forces are mated by the law of natural selec­

tion, which is the manif'est will of God, their' synthetic pro­

ducts are inevitably higher powers. Hence the synthetic 

method of nature is essentially progres'sive. 

For example, my father was Scotch-Irish and my mother 

was Anglo-Germanic. Will you tell me what nationality am 

I? Can you resolve me into either one of my antecedents? 

'I'hat is one illustration of a synthetic product, in which the 

antecedents have culminated; so far as this life is concerned. 

]~ut I will soon bring you other illustrations, which may give 

you a better conception of this beautiful' world. 

The planet, like the organism it evolves and develops, has' 

manifestly three stages of individual existence: the nebulous 

or 'embryonic, the reproductive and the. plutonic crystalline. 

At the end of each period is a transitional epoch, after which 

the reconstructive method is radically different. From a 

luminous ring of gaseous nebula, which predetermines the 

eccentricity of its orbit, each Primary planet is evolved. A 

.concretionary center in the nebulous ring is the nucleus of the 
/ 

subsequent Primary. Should there be one or more nebulous 

rings around the Primary, as in the case of Saturn, a concre­

tionary center in each will develop that ring into a Satellite. 

Cosmic bodies grow by accretion and organic bodies grow 

by the addition of new cells. . Now if the Earth is a concretion 

or storage battery of reproductive energy like the egg (except 

that one is cosmic and the other organic) there must have been 

:a radical change in her reconstructive method when she 

,entered her reproductive period. Between our interior quad­

ruple of reproductive Planets and our exterior quadruple of 

embryonic Primaries, we have ample analogies to support this 
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conclusion. And it is a familiar fact that wereason only by 
analogy. 

When the embryonic Earth had reached her first transi­
tional epoch, when she had passed from a gaseous body into an 
incandescent solid, mo1'e compact than any known solid, and be­
gun to ev,olove a solid shield of moveable solids, preparatory to 
her reproductive function, she then changed her reconstructive 
method. The whole process of condensation of the original 
gases into an incandescent solid, was a concentration of re­
productive energy for a specific purpose. It was the organiza­
tion of Earth's pristine energy for her reproductive effort. In 
familial' terms, it was our virgin mother, Earth, getting ready 
for her crowning eflort-the evolution and development of 
organic life. 

Ever since mother Earth passed her first transitional 
epoch, donned a solid shield and put on her wraps of water 
and atmosphere, she has never yet ceased to perform her re· 
productive function. Like any other true mother, she has been 
eonstantly strnggling for the development and promotion of 
her progeny. Is jt any wonder that we poor mortals love our 
mother, Earth, a,nd eling so tenaceously to this progressive 
struggle whieh we call life? Can you not easily discern that 

, ' 
cosmielife means a pe'rsistent effort, as well as organic? Can 
you not reH<1ily perceive that the ,meaning of this world is the 
evolution of energy from lower to higherpowers? 

Call to mind that productive energy cannot persist for· 
> ' 

ever without a facility of renewal. Energ;y is essentially per· 
shltent, but energy cannot persist otherwise than in progreso 
sive cir:cuits. Consciousness finds the compensation ,of produc· 
tive enet'gy, in the evolution of higher powers. If we are not 
simply expandi;n,g our s'ouls and preparing ourselves for a 
higher function in another sphere, whel"e i~' the compensation 
of productiv:eenergy that produced us? . 

Ev,er since our cosm,ic mother, Earth, entered her repro· 
ductive period, her incandescent mass has been continually 
sloughing on the outside and evolving her chemical elements. 
There are some seventy-four chemical 'elements, with which 
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we are more or less familiar, and they are oDviously intended 
for· the renewal of Earth's water and atmosphere. Of these 

. chemical elements, Earth's oxygen, carbon, hydrogen and 
nitrogen are, together with Solar lig:J:t, the vital elements or 
first essential ~lements of organic life. By that, I mean, there 
cannot be any organic life without them. Those elements are 
found, in variable proportions, in all protoplasm, which is the 
primal form of organic. life. 

Moreover, that rhyt:h.mical stream of protoplasmic life, 
which has been evolved by the Earth, co-operating with the 
Sun, has been the one continuous stream of primal life whence 
all of the progressively higher forms have diverged, each in its 
kind, according to its first paternal and maternal antecedents. 
The progressively higher forms of each successive geological 
period represent progressively higher efforts of our cosmic 
mother, Earth, until the meridian of her reproductive period 
was reached, and. her noontide effort culminated in Man. 

Each chemical element is a synthetic product, a simple 
substance, that eannot be resolved into its antecedents. Those 
elements are eyolved in Earth's plutonic l~bo~>atory, the liquid 
Substratum, or plane of cont.act between the incandesicent 
solid Earth and the flexible shield of ordinary solids on which. 
we walk. V~lcanic conduits are the exhaust~pipes or connect· 
illg lines between the incandescent Earth 'and its most flexible 
outside _envelope, the atmosphere .we breathe. 

The elements are divided, for convenience, into metals and 
metalloids or gases, which ~atter do not occur in the metallic 

. form. These elem.ents, as the name itself indicates, are not 
composite bodies, butabsolutelysimple substances which can­
not be re:;;olved in~o any~hing simpler. One or all of those 
chemical elements ar~ the essential elements and food of 
organic life, whether,pf high or of lpw d<::gree., They are dif­
fused in Earth's water and, atmosphere" inth,eir most avail­
able forms. 

The first essential element, :p.oweveI;, or,the vital principle, 
it!;elf, is cosmic light, derived from the Sun. Next to the 
rhythmical stream of motor energy or life,· p~id out by the Sun 
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to the Earth in' the form of light, much the same as the thread 
is paid out in winding the bobbin, except that Solar energy is 
positive, the reproductive energy of the Earth responds and 
everything that follows is a synthetie product· .01.' a logical 
sequence. 

Terrestrial evolution is obviously God's method of rais­
ing primary force, through progressive effort, to spiritual 
energy, for His renewal. The glorious interior of that reful­
gent orb of day, our Sun, is inevitably the destiuation of all 
spiritual energy' evolved by the Earth and her' progeny. In 
that celestial realm, Truth reigns, supreme, and ·each cringing , 
soul is assigned a new. function commensurate with its char-
acter. 

In the glouriousinterior of our ble;ssed Motor, the Sunt 

dwells the Vicegerent of the true God. That his celestial 
realm is the logical rendezvous for the .spiritual product of the 
Earth, is shown by -the fact that the first essential element of 
organic life is paid out by the Sun. And inasmuch as that 
productive energy cannot.persist without a facility of renewal, 
the ultimate synthetic product of Earth; the Spiritual energy 
evolved by Afterthought, has no othe..: logical destination than 
the serene and equable interior of our Sun . 

. I have already shown that the method of nature is syn­
thetic and, therefore, progressive; . wheu the co-operative 
forees are mated by the law of natural selection,. which is 
the manifest will of God. Co-operative forces culminate in 
tlJeir. synthetic products and their synthetic products are, 
therefore, essentially .higher powers. Now, the co-operative 
forces in .man· (L mean, of course, the individual) are vitality 
(life) and consciousness. Each.individual is born with a spark 
of each, vitality and conseiousness; and they are primarily co­
overative forces in each .individual.. When the body dies, 
these two f<Jrces, life and consciousness, the highest . with 
which we have to· deal,co-operating, evolve the' higher .force, 
spiritual energy, and :i:t compensates the Vicegerent of God 
for the energy paid out. 
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While our cosmic mother, Earth, is slowly declining, as 
her pristine energy is exhausted, our blessed Motor, the Sun, is 
surely augmenting; and thus the synthetic current of. nature 
moves on rhythmically in progressive circuits. Obviously, 
Afterthought is indebted to Forethought, for his co-operative 
forces, life and consciousness. It is, therefore, clearly his chief 
function in this life to expand his soul and make it an equit­
able return for the energy it has cost. 

Ever since that time when the Sphinx, personating After­
thought and his spontaneous conception, towered above the 
plain on· which it was afterwards buried, looking steadfastly 
into the eastern sky for the Eye of our Creator,. the morning 
Sun, which gladdens the hearts of all nature, man has .been 
constantly trying to substitute his ideals for the greater real­
ities in nature. . But the eye is only the window of the soul. 
Afterthought may deceive himself and his neighbors, but he 
will not deceive omnipotent Forethought. Inside of that beam· 
ing Eye, which takes each day a cyclorama of the revolving 
Earth, there is another Eye which will analyze Afterthoug:ht 
and utilize him at his actual value. 

Referring again to the Sphinx, I would not have you infer, 
for one moment, that man is either descen.ded or ascended 
from any other living genus. The simple fact, that co-opera· 
tive forces culminaIte in their synthetic products precludes the 
possibility. of one living genus having descended or ascended 
from another. The antecedents of any living genus are essen­
tially extinct. 

Man was, therefore, always vi:rtually man. And that 
means virtually a special creation. But the Sphinx is a stand· 
ing witness to the fact that man has always had a conception 
of creation and its purpose that is substantially correct. As 
the babe responds to the lOving smile of its fond parents, man 
claimed, spontaneously, this bounteous Earth for his Eve and 
that glorious orb of day, our Sun, fO'r his Adam. PhYSics, 
L(>gic and Consciousness say, unequivocally, expand your soul 
and make it an equitable return for the energy it has cost. 
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This synopsis will, I trust, introduce the reader to a phil­
osophy which is simply a delineation of the obvious physiology 
of nature. To my mine, it is the ultimatum of the obvious 
facts. If it should only serve to set a few wandering souls 
thinking, in the right track, it will have served its purpose. 



CHAPTER II. 

THE PRIMORDIAL SHELL OF THE EARTH. 

INTRODUCTION. 





'l'HE PRIMORDIAL (PREHISTORIC) SHELL OF THE 
EARTH: 

If the chief function of our cosmic mother, Earth, is to 
eyolve and dev'elop organic life, there is, no conceivable rea­
soOn wh;t s'he should not have commenced to perform that func­
tion, as soon as she had evolved a solid shield and the tempera­
ture of her water and atmosphere had fallen below 200 degrees. 
'l'he original shell of ordinary solids must have been tela­
tiv,ely thin. Moreover, it must have been enclosed in a rela­
tively shallow and continuous ocean. Furthermore, the ear­
Hest organic forms must have been infinitesimal and fragile; 
because the water was essentially warm. 

Inasmuch as volcanic conduits are the exhaust·pipes 
(essential connecting lines) between the Incandescent solid 
}j')arth and its atmospheric wrapper, we have to conclude that 
a few hundred lonely volcanic cones, protruding through the 
watery envelope,' were, during countless ages, the only land 
surface on the globe. During those countless ages and pre­
ceding the emergence of continental land surface, there must 
have been a vast accumulation of organic products and 'other 
sediment preciJ?itated on the sea floor; interbedded with con­
temporaneous plutonic and volcanic products. The organio 
products, and sedimentary rocks, of that time of inconceivable 
duration, interbedded with contemporaneous plutonic and vol· 
canic lenses, make up the Primorial or Prehistoric shell of the 
Earth. Its volume is, therefore, essentially great. Much ' 

, greater, I believe, than that of the Historic Shell or Geological 
Record. 

Primordial is, of course, intended to supplant the vener­
able but misleading term-Archean. There are many things 
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in this world that have outlived their usefulness. Not synthe· 
tic products of nature, but refractory products of misconcep' 
tion. I like that philosophy or system best, which points al· 
ways forward to perfection. A Scientific nomenclature based 
OD misconceptions or wrong interpretations ought to be sup· 
planted or eliminated. 

However, I am now writing for the benefit of the un· 
learned masses, more than' for scientific sticklers, and my only 
ambition is to delineate nature correctly and in such terms 
that all may understand it, Therefore, I shall have to ignore 
all stale conventionalities and use such language as will con· 
yey obvious fact::> to the ordinary, "common people." 

During that period of inconceivable duration, after the 
Earth had commenced to perform her reproductive function 
and before the emergence of continental land surface, vast 
quantities of organic products and other sediment were de· 
posited on the sea floor and interbedded with volcanic and 
plutonic lenses of that period. From that sediment and those 
igneous lenses came the Primordial Rocks which form the base 
of our Historic Shell or Geological Record. Having briefly 
discussed our Primordial Base, I will then take up the de· 
lineation of our Geological Record. 

PRIMARY ROCKS. 

Primary and Primordial have, of course, virtually the same 
meaning. But I want now to distinguish between three radio 
cally different kinds of rock that had, each, practically the 
same origin in both Primordial and Paleozoic time. 

Primary Rocks are: 1, The products of plutonic lava; 2, 
The products of volcanic lava; 3, The products of organic life, 
intermingled with other rock minerals that were precipitated 
simultaneously on the sea floor. The latter are recognized 

. generally as sedimentary rocks. Hence we have three kinds of 
fundamental or Primary Rocks, viz: Plutonic, Volcanic and 
Sedimentary. 
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After three kinds of primary rocks, come the Altered 
Sedimentary (ancient crystalline or metamorphic) rocks and 
then a long list of aggregatioflsof soluble rock minerals, 
mineral concretions, precious stones and metallic ores. But 
Ilone of these were originally deposited as such; and for that 
reason, they have to be considered as secondary rocks or pro­
ducts Of reconstructed primary rocks and soluble rock 
minerals. 

PRIMORDIAL ROOKS.· 

By Primordial Rocks, I mean, of course, the rocks that 
were deposited in Pl'imol'(lial time. They now form the base 
or foundation of our fossil-blearing, sedimentary rocks of 
Paleozoic and later geological time, or Geological Record (Sir 
Archibald Geilde). A voiding all unnecessary details, I will 
mention only the more important kinds of rock now known to 
e:xist in our Primordial Base of Missouri. 

The Primordial areas of Missouri are relatively small and 
do not include a very great variety of igneous eruptive rocks, 
or very many kinds of metamorphic (altered sedimentary) 
rocks. The core-drill has, however, penetrated our Primordial 
Hase in different places outside of our Primordial areas and 
the cores taken at those places show that mica-scnist and 
gneiss make up part of our base. Had some of those holes 
gone deeper it is quite probable that serpentine and other 
metamorphic rocks would have been. penetrated. 

So far as we now know, the igneous eruptive rocks in our 
Primordial Base are all plutonic products, viz: granite, peg­
matite, por.phyryaud diabase. The sedimentary rocks (meta­
morphic or altered) are gneiss and mica-schist. In other words, 
no typical volcanic products have been found in either Primor­
dial Base or Geological Record of Missouri. 
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THE PROBABLE GENESIS OF OUR PRIMORDIAL BASE. 

Before trying to explain the radical difference between 
plutonic and volcanic rocks, I will have to explain the differ­
ence between plutonic and volcanic action. Or rather, delin­
E'ate it according to the obvious facts in the case. 

It is a self-evident proposition, that everything in nature 
has a physiological function to perfQrm, because it is, a pact 
of an organized, living, whole. In the performance of her func­
tion, the Earth is continually renewing her water and atmos­
phere, which are the vehicles of vital energy and renewal 
energy of organic life. Her method of renewing her water 
and atmosphere is volcanic action or volcanism. 

Primary volcanism does not mean merely throwing out 
streams of molten lava. It means that the incandescent solid 
Earth (the storage-battery of pristine or reproductive energy) 
is continually sloughing on the outside and evolving the chemi­
cal elements for the renewal of our water and atmosphere. 
There have never been less than three or four hundred active 
volcanoes since the Earth evolved a solid shield. The three or 
four hundred active volcanoes, now distributed mostly in the 
equatorial zone, are not always throwing out streams of lava. 
Those three or four hundred active volcanoes are, in fact, send­
ing out ,continuous streams of vapors' and gases, obviously for 
the renewal of our water and atmosphere. Once, in a great 
while, they do throw out streams of intensely hot lava. When 
that lava spreads out on the surface and consolidates in the 
open air, it forms our typical volcanic rocks. 

Volcanic lava, repres'ents matter that is derived mainly 
from the under side of this flexible shield of o'rdinary solids 
on which we walk. Lying in contact With the Liquid Sub­
stratum and almost in contact with the Incandescent Solid . , 
itself, this flexible shield of ordinary solids is also sloughing 
and yielding most of the material in the lava. The Incandes­
cent Solid is also doubtless contributing a residuun;t of matter, 
left after the evolution of the chemical elements. But most 
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of the material in the lava is evidently derived from the under 
side of Earth's flexible solid shield: 

The explanation I have to offer of that kind of volcanic 
action, in which lava is thrown out through a conduit and 
crater, is this: when the liquid mass Of molten solids becomes 
inflated with water-vapor, until its specific gravity is less than 
tllat of the superincumbent solid shield, the lighter liquid mass 
yields to the greater weight of the overlying solid mass and 
flows out to the surface. That explanation seems simple 
enough. It is supported by the obvious facts. Indeed, all 
geological phenomena are simply logical results of the Syn­
thetic Method of Nature. 

Whence comes the water? I have just been telling you 
that primary volcanism means the renewal of our water and 
atmospher(:!. Volcanic lava is only a by-product of primary 
volcanism. But Earth's water, one of the immediate pro­
ducts of primary volcanism, is the most' active reagent and' 
promotor of volcanic action. Earth's atmosphere is also an 
active reagent and promotor of volcanism, but it is a little far­
ther removed from her chemical laboratory than her water. 

Resting on this sensible horizon of light and life in which 
we live, and rising far into the latent field called space, in 
ever varying form from chilling gale to balmy breeze, is Earth's 
most flexible envelope, the atmosphere we breathe. Resting 
on that plutonic horizon,. wherein our chemical elements are 
evolved, and rising to the plane of perpetual frost in the upper 
atmosphere in ever varying form from ice to the most at­
tenuated water-vapor, is Earth's next most flexible envelope, 
the water we drink. 

Like the sap in the tree, or the blood in our bodies which 
is manifestly our vehicle of renewal energy, Earth's water i3 
at once the vehicle of reagents and active promoter of vol­
canism. To those wh9 are familiar with the expansion of 
super-heated water, it must be apparent that Earth's water, 
especially salt water, gravitating by converging lines to her 
plutonic horizon, is a most active prometor of volcanism. 
Lava, thus inflated with super-heated water-vapor and reno 

3-G 
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dered much lighter than the superincumbent flexible shield, is 
driven by plutonic force to the outside surface where it results 
in ,olcanic products; or, is injected between bedding planes of 
superficial rocks, or spread out on the sea floor in either of 
which conditions it results in plutonic products. 

Therein you ha,e the fundamental difference between 
plutonic and ,olcanic rocks. In the one case la,a rising from 
Earth's plutonic horizon and injected between walls. or bed­
{ling planes of superficial rocks, or spread out on the sea floor 
nnd consolidated, under co,er, is the origin of plutonic rocks. 
In the other case, lava rising from the same plutonic horizon, 
spread out in the open air and consolidated under atmospheric 
influence is the origin of ,olcanic rocks. 

Now it might seem, to the casual observer, that water had 
all to do with the promotion of volcanism. But when you have 
thought of the depressing effect of atmospheric .pressure, you 
will see that it, also, is a great factor in terrestr'ial dynamics. 
-Call to mind the fundamental principle on which this world 
proceeds, is the co-operation of opposite forces, complements 
·01' counterparts, to evolve new energy for renewal. 

Think of the pristine energy of our Incandescent Earth, 
·co-operating with'" the motor energy of our Sun, and you will 
He the analogy between it and the heart of the animal organ­
ism whose e,ery throb sends renewal energy to the remotest 
parts of the body. Indeed, this world is one living, throbbing 
whole and God is its Primal Motor. ,Ye should not, therefore, 
be surprised to find that everything in Nature is a synthetic 
product of Forethought. 

There is, among the synthetic products of man, a strik­
ing analogue of the co-operation of Sun and Earth, in the 
E:tationary and portable motors of an electric railway system. 
But he is always improving it. The synthetic products of hu­
lllan ingenuity are essentially erratic, because man is After­
thought. The synthetic Method of Nature (obviously God's 
method) means the correct mating of co-operative forces and 
Jetting them work out their own salvation. Obviously the 
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more man thinks, the better he thinks, provided he is think­
ing in the right track. 

While the Incandescent Solid Earth is evolving her chemi­
cal elements (synth~tic products) and sending them out in 
continuous streams to renew our water and atmosphere, she 
is essentially sloughing on the outside and thus growing grad­
ually smaller. That the Earth has been shrinking continu­
ously throughout her embryonic and reproductive periods, we 
11:1ve ample proof in the relative diameters and densities of 
,our embryonic and reproductive primaries. Indeed, Jupiter, 
Saturn, Uranus and Neptune will doubtless have shrunk to 
one-fourth, one-fifth, one-sixth and one-seventh their present 
,diameters, respectively, before they will have entered their 
reproductive periods. Earth's diameter is now at least one­
fourth less than when she entered her reproductive period. 
'She will doubtless have shrunk one-fourth more before she 
will have reached the plutonic crystalline stage. 

It is a sad reflection, but nevertheless true, that the pris­
tine energy of our cosmic mother, Earth, is slowly but inevita­
bly diminishing. And that reminds me of the venerable 
,dogma, handed down in the text"books, that our Earth has 
been, 10, these many years, in continuous process of refrigera­
tion; and that her solid shield is growing thicker by the re­
frigeration and consolidation of lava on its under side. 

After all, science is only a method of seeking the truth. 
If her sticklers will keep still, I will spare the men who con­
.ceived such dogmas, but I will not spare dogmas like that. The 
main trouble with the text-books on terrestrial dynamics is, 
I ween, that their authors never had any conception of the 
true character and function of the Earth. And that reminds 
me of Sir Robert Ball's lamentation on the failure of our 
,sun!!! 

While our cosmic mother, Earth, is slowly declining, 'as 
,leI' pristine energy is exhaust~p, our blessed Motor, the Sun, 
is surely augmenting; and thus the synthetic current of nature 
moves on rhythmically in progressive circuits. In fact, the 
progress of refrigeration in the Earth is in exact proportion 
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to the diminution of her pristine energy. And we have a most 

striking analogy in the declining vigor of our own superan­

nnated bodies. 
The thickening of Earth's solid shield is due mainly to 

lateral compression. As the incandescent mass grows smaller 

by sloughing on the outside any paying out renewal energy to 

its water and atmosphere, its flexible shield of ordinary solids 

is settling down by converging lines towards a common center. 

For that reason, we find more reconstruction, more folding, 

crimping and crystallization, in the rocks as we descend into 

the Earth. The inner shell is essentially more reconstructed, 

folded and crimped than the outer shell. 

The Liquid Substratum (horizon of contact) between this 

flexible shield of ordinary solids on which we walk, and her 

incandescent solid, is Earth's plutonic laboratory, in which her 

chemical elements are evolved. Can you conceive the consoli­

dation of lava by refrigeration in that plutonic laboratory? 

It is simply absurd. Earth's maternal function is the only 

proper foundation for the science of geology. This world is 

obviously one organized, living, whole and each cosmic body, 

each Imperial Motor, each reproductive. Planet, has its own 

physiological function to perform. While performing that 

function, it is in a continuous process of evolution and that 

means progressive effort. 

Resuming the origin of our Primordial RockS-barring the 

cleavage structure of the Incandescent Solid, which I want to 

prove later on by the progressively higher effort of each geo­

logical period up to the meridian of Earth's reproductive effort, 

there is no conceivable reason why the residuum of incandes­

cent matter contributed, in all parts of the Liquid SUbstratum 

and in all ages, should not have been virtually the same. But 

I have already shown that our three kinds of primary rocks 

(plutonic, volcanic and sedimentary) have each had iii. radi­

cally di:fferent origin from the others. We all know that they 

have radically different physical or lithologic characters. 

Therefore, i:f each one of these thpee kinds of primary 

rocks were brought in contact with Earth's plutonic horizon 
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in widely separated areas, would you expect the same kind of 
lava from all? Now, lava that has traversed a volcanic con­
duit or wide-open rent in the solid shield and consolidated, 
lens-like, in the open air, is the source of volcanic or basaltio 
rocks. Lava that has been forced to traverse ragged fissures 
or to disrupt the ~olid beds in its passage and has consoli­
dated, lens-like, on the sea-floor or on some superficial hori­
zon of sedimentary rocks and organic products, is the source of 
plutonic or granitic rocks. In short, plutonic rocks are the 
products of lava consolidated under cover; volcanic rocks are 
the products of lava consolidated in the open air. Plutonio 
rocks have generally ,an acid ground-mass or matrix, while 
volcanic rocks have generally an alkaline base. 

Just how the lava in any particular case got its primary 
characters is a matter beyond our reach. But when we begin 
to proceed synthetically, as nature proceeds, and' quit trying 
to pursue the back-track of a synthetic current, there is no tell­
ing how much Afterthought may expand. While Truth is, 
o~tensibly, the chief objective of science, her votaries are not 
always unmindful of the temptations of this world. Man 
should have learned enough by this tinie to quit trying to do 
what is obviously impossible. You cannot resolve a synthetio 
product into either one of its antecedents, because synthetic 
products are new forces or higher powers. Moreover, because 
antecedents (co-operative forces) culminate in their synthetic 
products. 

Earth has her transitional epochs and man has his transi­
tional epochs. The career of either is a progressive evolution 
01' synthetic current; . and you cat:tnot pursue the back-track 
of a synthetic current beyond a transitional epoch. 

It is a familiar fact that none of our. departed friends 
have ever come back to' tell us about that celestial realm 
beyond the chasm of space. My conjecture is, they found not 
a heaven of perpetual rest, but plenty that was more interest-

. ing and suitable for them to do thau haunting their earthly 
fdends. 
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Birth and death are the transitional epochs of man. They 
are not very unlike the transitional epochs of Earth. You can· 
not resolve the chemical elements into their antecedents;, 
neither can you resolve the synthetic product of life and con· 
sdousness into its antecedents, because it is a new force and 
a higher power. 

Returning to the Primordial Rocks-Throughout this flexi· 
ble shield of ordinary solids, on which we walk, volcanic lenses, 
have been buried the same as coal horizons, on the floors of 
inverts, plutonic lenses have been relatively raised in thc 
arches or upward folds and denuded of their sedimentary 
covering. Plutonic lenses, dykes and bosses, interbedded with 
the metamorphic rocks (ancient crystalline or altered sedi­
mentary) of Primordial time, are the rocks which make up the­
greater part of our Primordial Base. 

Call to mind, however, that the thickening of this flexi 
ble shield of ordinary solids is due mainly to lateral compre~ 
sion. As the interior, Incandescent Earth, sloughs slowly" 
away, eYolYing renewal energy for our water and atmosphere" 
this flexible shield is settling down by converging lines to­
wards a common center. In that way, it thickens most rapidly. 

It is evidently growing thicker by the addition of a great 
volume or organic products, as well J.S by rock minerals, pee­
cipitated from solution in the water. It is also gaining some­
thing in aerolites and cosmic dust from the Sun. But, after 
all, it is growing thicker mainly by lateral compression. 

Under the stress of lateral compression, Earth's flexible 
8hield is thrown into upward and downward folds. The up­
ward folds, ridges, anticlines, or arches, are being continually 
worn down (denuded of sediment) by the frost, the wind and' 
the rain. The greater downward folds, troughs, basins, syn-­
clines or inverts, are the logical dumping grounds for the sedi­
lUent thus derived from the arches. Volcanic lenses and the 
products of coal forests have been thus planted deep in th~· 
ground. 

But, after all, nothing has been really added except or­
ganic products, cosmic dust and a reSiduum of incandescent 
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matter. The plutouic and volcanic lenses came mostly from 
the under side of this flexible shield. In the end, organic pro­
ducts make, by far, the greatest volume of solid matter that has 
been added to the original flexible shield. And they were de­
rived mainly from the water and the atmosphere wherein they 
were diffused or suspended, in their most available forms, the 
elements and food of organic life. 

The atmosphere, the water and the soil are obviously 
Earth's vehicles for supplying the essential elements and food 
of organic life. We know that vegetation will not flourish 
in the most fertile soil without water to dissolve the rock 
minerals and make them available for the renewal of plant 

. life. We know, furthermore, that the reproductive energy 
of the soil ha,s' to be renewed. ·When we think of the vast 
and continuous volume of organic life that is drawing on the 
essential elements diffused in the water and atmosphere, we 
know, as well, that they too, have to be renewed. 

'1'he obvious source of renewal for our water and atmos­
phere is Earth's pristine energy contained in her Incandescent 
Rolid Mass (storage battery) inside of this flexible shield on 
which we walk. '1'he elements, evolved by Earth's pristine 
energy co-operating with the Sun, are diffused in our water 
and atmosphere for the obviouS' purpose of supporting organic 
life. And after all, organic products have contributed most 
of the solid matter that has been added to this flexible shield. 
Next to plutonic heat and water, thus heated, organic matter 
18 the great<;l'lt reagent in the Earth. Please keep that funda­
mental fact before you. It will be shown, later on, that plu­
tonic he9t, water and organic matter, have been the greatest 
factors in the reconstruction of rocks and rock minerals. 

After all, we might safely say that all primary and Prim· 
ol'dialrocks are plutonic, volcanic and organic products. But 
inasmuch as the organic products are intermingled with other 
rock minerals precipitated simultaneously and interbedded 
with sediment derived from plutonic and volcanic rocks, we 
will accept the amendment and say the three kinds of primary 
and Primordial Rocks are Plutonic, Volcanic'and Sedimentary. 
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Now, since no typical volcanic rocks have been found in 
the Primordial Base of Missouri, I will further simplify the 
subject by saying that our Primordial Base is made up of Plu­
tonic and Sedimentary rocks The sedimentary rocks are es­
sentialJy altereG. or metamorphic. Add to their essentially 
altered characters, the obvious fact that the earlier 
forms of organic life w€.re infinitesimal and fragile, and it is 
not difficult to understand why they should not and do not 
contain any legible fossils. 

It is a well known fact that the Primordial sedimentary 
rocks of some other countries do contain vast quantities of 
organic products. Geologists have been calling them Archean 
because they contained no legible fossils. But inasmuch as 
no man can say that any pal ticular rock or mass of rocks is 
older than organic life on the Earth, Archean is clearly a mis­
nomer. It is, thereforf", supplanted by Primordial, so far as 
we are concerned. Human life is too short to further argue 
such question':!. 

Our Primordial Base is evidently an upward fold or un­
evenly developed arch in the Primordial Shell of the Ear;f:h. 
There are ample reasons for believing that it is the south­
western extension of the eastern axis of our Primordial Con­
tinent. Howbeit, the fact which I want to impress on the 
mind of the reader is this: 0'111' Primordial Base lies, under 
~orth Missouri, in the form of a narrow sinuous ridge or arch, 
between two deep inverts; and under South Missouri in the 
form of a rugged plateau. 

What was, one time (and not very long ago' geologically 
speaking) the western slope of a rugged dividing ridge or axis) . 
in our Primordial Continent, was brought more nearly to the 
position of a plateau by the development of the Rocky Moun­
tains. That means, of course, the elevation of the lower side 
of the western slope and relatively letting down of the ancient 
axis. When you elevate the lower edge of an inclined plane, 
you relatively lower its upper edge. You will see the objective 
of this delineation when we come to discuss the probable 
genesis of anI' economic deposits. Our ore-bearing sedimen-
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tary rocks were deposited in' Paleozoic time and the Rocky 
Mountains were not developed until Tertiary time. 

The later development of the Rocky Mountains, you will 
find, has been an important factor in predetermining the sur­
face and sub drainage lines, which in turn have predetermined 
the zones of greatest ore concentration. That fascinating 
topic will, however, be more fully discussed under the head of 
Ql'e-bearing horizons or country rocks. There cannot be any 
doubt but that every geological phenomenon is a logical se­
quence. But the genesis of anyone of our great ore bodies 

. is a far-reaching subject. 
We know that our Primordial Base, under South Mis­

souri, has a rugged surface. In other words,we know that its 
topography is hard and sharp. In several of the southeastern 
counties, we have naked granite and porphyry hills st~nding 
up as much as one thousand feet above the common level of 
tLe Primordial plateau. N ear Decaturville, in Camden county, 
we have a pegmatite hill protruding through the sedimentary 
rocks. True granite lies within two or three hundred feet of 
the surface one mile away. Near Kansas City granite was 
penetrated at about twenty-five hundred feet. On the other 
hand, Primordial rocks were not touched at St. Louis at thirty­
five hundred feet. 

At Kansas Oity the Coal Measures are more than eight 
hundred feet thick, and yet it is no more than twenty-~ve hun­
<Ired feet from the surface down to granite. St. Loui,s stands 
mostly on the Bed-Rocks of the Ooal Measures, with some 
small patches of the first coal horizons left lying around its 
sQuthwes,tern side, and yet it is more than thirty-five hundred 
feet from the surface down to granite. The difference in the 
.altitudes of St. Louis and Kansas 'City is another matter to be 
·eonsidered. 

However, I could not make the alteration in the position 
·of our Primordial Base any plainer than to say that the lower 
side of the western slope of an ancient axis has been raised by 
the comparatively recent development. of the Rocky Mountains 
.and the ancient axis, itself, relatively let down. Otherwise, 
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why should the destruction of sedimentary rocks have been 
so much greater around Pilot Knob than around the Peg­
matite Hill? That the dra.inage lines of west-central Missouri 
have been reversed by the same cause, there cannot be any 

doubt. 
So far as we now know, the Primordial plateau, under 

south-central :Missouri, lies generally level, but its topography 
is hard and sharp. The primary rocks or Primordial country 
had been much disrupted by intrusi,e dykes and bosses, long 
before Paleozoic time. The scarcity of Primordial detritus, 
the absence of typical volcanic products and the peculiar to­
pography all show that the dykes and bosses had been thI'own 
up while it was a sea floor. The scarcity of Primordial detritus 
alone shows that it had not been land surface before the de­
posit of the Cambrian rocks. 

I have not found enough typical volcanic products to indi­
cate that there ever was a real volcano in the Primordial Base 
of Missouri-according to my conception of a volcano. In 
fact, our Primordial Base had been ver;y much disrupted be­
fore the Cambrian Beds were deposited, but nearly all of the 
detritus derived from the Primordial rocks is now contained 
in the Basal sandstone of the Cambrian. A few worn pebbles 
and rounded granite bowlders haye been found at the contact 
of the First Cambrian limestone and granite beds about Doe 
Run and Mine La}Iotte. But such coarse material is very 
scarce and nothing more than what might be expected in the 
canyons and channels in the floor of a shallow sea. The kinds 
of rock, the scarcity of detritus and the peculiar topography. 
have all suggested to my min.d that it was always the floor of 
a shallow sea and not land surface during Primordial time. 

Primordial detritus is remarkably scarce. There is com­
paratively little coarse material in the Basal sandstone and 
that is limited to narrow zones along its margins where its 
materials were derived largely from the granites and porphy­
ries. The granite rocks lie mostly in dome-like areas or bosses. 
The porphyry hills and dykes have genel'a.lly precipitous sides, 
indicating that they were the products of lava thrown up be-
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tween granite masses and consolidated under water. Amyg­
daloidal structure is scarce and basaltic structure is entirely 
absent. 

However, it matters not much whether our Primordial 
plateau ha~ ever been land surface or not, before the Cambrian 
rocks were deposited. We all agree that the Primordial rocks 
,yere there and their peculiar topography developed, before any 
of the present sedimentary rocks were deposited. 

The picturesque mass of conglomerate, on the top of Pilot 
Knob, like most of our productive iron-ore deposits" our clay 
and coal pockets, all of which represent sediment that has been 
let down from higher horizons, suggests and old canyon, sink 
or pot-hole in some ancient drainage line. I have an idea that 
it is a much younger deposit than the limestone in the valley 
about the base of the knob. 

But the main thing I want to impress on the mind of the 
reader is this: Our Primordial Base lies, under North Mis­
souri, in the form of a sharp and winding ridge between two 
great inverts; and, under South Missouri, in the form of a 
plateau. The granite country, in that plateau, lies in the form 
of domes or lenses and the dyke roci{s porphyry, pegmatite and 
diabase, are standing up in sharp relief in the form of cones 
and precipitous walls. 

The last point I want to emphasize particularly is the 
alteration in our Primordial Base, effected by the development 
of the Rocky Mountains in Tertiary time. The ancient axis 
of our Primordial Continent, or southeastern area, in which the 
Primordial rocks are most denuded of their sedimentary cover­
ing, was originally a narrow ridge whose western slope was 
brought into the posWon of a plateau by the later develop­
ment of the ROCKY Mountains. That is a well established fact 
and has had much to do with the alteration of ancient drain­
age lines. There are some unique deposits in Missouri yet to 
be described. 

NOTE-At S. S., plate I, is an illustration of the probable origin of SUblimation 
veins. 
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CHAPTER III. 

THE GEOLOGICAL RECORD. 

INTRODUCTION. 



THE GEOLOGICAL REOORD. 

It has occurred to me that we have, in the Bryozoan archi· 
medes, a fairly good analogue of the reproductive eff~rt of our 
cosmic mother, Earth. "We should not expect to find, in .. a 
fossil organism, a perfect analogue of such an elaborate and 
long continued effort. But the Bryozoan m"chirnedes will help 
to delineate the rythmical and continuous effort the Earth has 
been making in the performance of her reproductive function. 

Oall to mind that the track of our satellite, the Moon, is a 
long-drawn .. out spiral, with reference to the Earth's orbit. 
·The. Earth's orbit is a long-drawn-out spiral, with reference to 
the Sun's track through space. Our Sun is one member of the 
mot?r system of the world, which is obviously arranged in 
one interminable spiral system and dominated by one tran­
scendent motor, like Sirius. 

Our Sun's track through space is, therefore, ultimately 
a spiraL And that calls to mind the primary fact that energy 
persists only in progressive circuits. (Primarily, energy per­
sists only.in progressive circuits), and that means rhythm. 
"Cosmic life proceeds rhythmically as well as organic. In fact, 
motion is an essential characteristic of all life, and life motion 
is essentially rhythmical. 

When the Earth entered upon her reproductive career, her 
solid shield was obviously thin and her watery envelope was 
-essentially warm. The earliest individual forms of organic 
life must, therefore, have been infinitesimal and fragile. But 

;those obvious physical conditions suggest that the Earth was 
more prolific of organic life in Primordial time than in Paleo­
zoic time. We have only to reflect that organic matter is one 
of the greatest reagents in the Earth, and then we know where 
most of it has gone. Howsoever fragile those earliest individ· 
.ual forms of organic life may have been, they were, neverthe-



48 INTRODUCTION. 

less, organic and their volume was essentially great. Because 
the Earth was obviously more vigorous then than now. 

Moreover, we have, in certain Primordial zones, or first 
emerged portions of continents, five or six vertical miles of 
ancient sedimentary (metamorphic) rocks, interbedded with 
plutonic and volcanic lenses of contemporaneous and even 
later origin. In those ancient sedimentary rocks, we find 
abundant crystalline organic products, some of which are 
duplicated in the metamorphic regions of Paleozoic rocks. In· 
deed, many of the most interesting rock minerals and most 
valuable articles of commerce are found exclusively in the 
Laurentian and Huronian deposits of Primordial time. And 
it would not be a very great leap in the dark, were I to say 
that all or most of the precious stones of commerce are mineral 
cOllcretions, superinduced by Primordial life or its agency. 
Proofs of the potency of organic matter, as a reagent, are suf­
ficiently abundant and conclusive. 

Resting unconformably on that intensely crystalline and 
disrupted base (the Prehistoric or Primordial Shell of the 
Earth) lies the Historic Shell or Geological Record. That last 
horizon of the Primordial Base, or plane of contact between 
it and the geological record, is the most wonderful geological 
horizon, in all of this flexible shield of ordinary solids, on which 
we walk. It marks that epoch, in the reproductive career of 
the Earth, when the floors of Primordial sargasso seas emerged 
iIJto continental land surface and the new era of sedimentation 
from land surface began. 

No expert observer dare say that organic life began at that 
epoch; or that the rythmical stream of protoplasmic life, 
hitherto evolved by the Earth co-operating with the Sun, was 
even broken by it. However, new physical conditions bad 
arisen, and the primal antecedents of new individual fonns 
of organic life were evolved, to meet the requirments of new 
physical conditions. 

Right bere begins the delineation of Earth's reproductive 
effort, coincident with the Syntbetic Method of Nature and 
according to the obvious facts in the case. Most modern and 
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living evolutionists have held and are now holding, I believe, 
to the theory that certain living genera have descended or 
ascended from other living genera, or their antecedents. In 
short, that genera have evolved new genera. Man has always 
admired an honest effort and I believe that God loves an honest 
effort, more than anything else in man. Therefore, I do not 
find fault with any man for thinking as he thinks best. But 
1 would prefer to have all men thinking in the right track. A 
few obvious facts are sufficient to resolve this proposition into 
its simplest terms, and then there is no foundation left for 
such a theory. 

When the Earth entered upon her reproductive career, 
she obviously began to evolve a rhythmica,l stream of proto· 
plasmic life and that stream of primary life has never ceased 
to this day. Whence could have come the earliest individual 
forms of organic life, except from that rhythmical stream of 
primary life? And if the earliest individual forms of organic 
life came from that rhythmical stream of primary life, why 

. should not the primal antecedents of the radically different 
later forms have also come from it? 

Just as certain as that two parent germs evolved a cer­
tain organic individual, the primal antecedents of any living 
genus evolved a synthetic current or branch of life which cul­
minated in that particular living genus. Obviously because 
that synthetic current or branch of life could not have split 
or diverged from itself, sufficiently to have evolved another 
genus, after it had left the rhythmical stream of primary life. 
And the primal antecedents of any living genus eould not have 
come from any other source than the one rhythmical stream of 
primary life. Therefore, each progressive effort of the Earth 
is marked by new genera. 

Call that special creation, if you like. It is supported by 
all of the obvious facts in the case and means special creation 
by Ii synthetic method. It is obviousiy imposible for two liv­
ing genera to have come from anyone source, except the one. 
rhythmicaL stream of primary life. HaVing once diverged 

G-' 
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from the original stream of primary life, the progeny of any 
two primal antecedents is a branch or synthetic current in 
itself, from that first departure until its last synthetic product 
is reached. And the synthetic current which has culminated 
in any living genus could not have split after its primal ant~­
eedents had left the original stream of primary life. Species 
do not enter into this question. The antecedents of no genus, 
living or extinct, could have split sufficiently to have evolved 
another genus. That is the point I am making. 

What does the Synthetic Method of Nature mean, but the 
mating of opposite forces or counterparts to evolve anew 
force and a higher .power? That method is diametrically op­
posed -to splitting genera, because it is continually merging 
two co-operative forces into a higher power. Species have 
advanced but genera cannot evolve new genera. Neither can 
species evol,e genera. 

Each living genus is the last synthetic product of its 
primal antecedents and its whole line of antecedents is essen­
tiallyextinct. Therefore, genera do not and cannot evolve new 
genera. Obviously, becaus;e the Synthetic ~lethod of Nature 
is diametrically opposed to it. Each living genus is the ulti­
matum of its primal antecedents. And each new genus marks 
a special effort of the rhythmical stream of primary life. 

Do man and monkey belong to the same genus? Then 
where is the modern evolutionist going to find his "missing 
link"? He has no alternative but to trace each living genus 
back, through its extinct line of antecedents, to the one rhyth­
mical stream of protoplasmic or primary life.- And that is a 
hard road to iravel, for I have already demonstrated that you 
cannot pursue the back-track of a synthetic current, beyond 
one of its transitional epochs. 

3Ioreover, what is the use of that continuous rythmical ' 
stream of primary life, except to evolve the primal antecedents 
of hlgher or lower individual forms of organic life, to 
meet the requirements of altered physical conditions? It 
is no use for man, be he scientist or theologian, to undertake to 
argue against the inevitable trend of these obvious facts in na-
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ture. The Sphinx is a standing witness to the fact that both 
sides of the house have been somewhat in the fog. Man is too 
prone to worship his own ideals and that fact has kept us all 
in the fog. He is too fond of pointing backwards to perfec­
tion. 

The primal antecedents of any living genus could not have 
been superior to their last synthetic product, which is that 
particular living genus. Simply because the Synthetic Method 
of Nature is progressive. Man would, therefore, do well.to 
reverse himself and look forward to perfection. However, 
those who have held tenaceously to the special creation dogma 
have been obviously nearer to the truth than those erratic 
thinkers, who have been trying to conceive an organized whole 
without a head. 

We reason only by analogy. If this world were not an or­
ganized whole it could not exist. What show would an or­
ganism have (were such a thing conceivable) in this world 
without a head or central ganglion to dominate and direct 
its motor system? The Oreator of this world is obviously its 
Primal Motor and is essentially in its midst. Wpere else 
eould you conceive God to be, except in the one transcendant 
motor which dominates the motor system of the world? Then, 
each member of that motor system must contain a Vicegerent 
of the true God. 

Having once conceded that, what reason is there, for be­
lieving that God did not so arra}lge the reproductive 'energy 
in our Incandescent Earth that it would have a cleavage struc­
ture and evolve the primal antecedents of progressively higher 
genera, as we find them registered in the geological record? 
The Synthetic Method of Nature is obviously God's method 
and it is essentially progressive. In other words, it is the 
physiology of the one organized and living world. 

The friends of a special creation have simply overlooked 
the neces.sity of a progressive method. And that is all that 
is wrong about that dogma of their philosophy. But man, 
like every other living genus, has obviously ascended from his 
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primal antecedents. It behooves him, therefore, to look for· 
ward to perfection. 

Now comes our analogue, the Bryozoan archimedes, to 
illustrate that progressively higher effort, registered in each 
successive geological period, until the Earth had reached the 
meridian of her reproductive career and her noontide effort 
culminated in man. Man is obviously Earth's masterpiece. 
And, he is an erratic creature, after all. But he has the faculty 
of thinking progressively and adapting himself to altered phy· 
sical conditions. In short, he is Afterthought. And that is 
obviously the reason why Earth's highest effort culminated 
in man. She had evolved a creature who had the faculty of 
expanding his soul and making it an equitable return for the 
energy it had cost. 

In the meantime, that same rhythmical stream of primary 
life has continued to flow and evolve new forms; but progres­
sive man is obviously the supplement or complement of that 
progressive effort, registered in the geological record. Man 
should, therefore, look forward to perfecti<)ll, expand his' soul 
and make it an equitable return for the energy it has cost. 
Physics, Logic and Consciousness say, howsoever man utilizes 
his opportunity in this life, he will be utilized body and soul 
after death, at his actual value. Analyze that proposition 
carefully and you will :fin~ in it enough of either reward or 
punishment to satisfy you. 

Returning now to the analogue-The stem of the Bryozoan 
is a marvelous spiral, tapering both ways, but mostly towards 
its terminal. In other words, it had a meridian of greatest 
development. That marvelous spiral stem, like the rythmical 
stream of primary life evolved by the Earth, was more endur­
ing and is, therefore, better preserved than the exquisite net­
work of frills on the outer edge of its frond.. The dainty inhab­
itants of those frills were, however, one time more interesting 
than the spiral stem which has long survived them. Indeed, 
they were the life centers which marked the highest effort of 
the Bryozoan archimedes. Of all the beautiful organic forms, 
preserved in the fossils of our geological record, this Bryozoan 
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archimedes is, to my mind, the most exquisite and suggestive. 
But it soon falls short as an analogue. 

The tapering down of the spiral stem, after it had passed 
its meridian of greatest development, is coincident with the 
declining effort of the Earth, after she had passed her meridian. 
And right here is where our an.alogue falls short. After the 
starting point, each progressive whorl in that spiral stem, with 
its network of frills, is an analogue of each higher effort of the . 
Earth, now regist,ered in the higher organic forms of each 
geological period, until she reached her meridian and her noon­
tide effort culminated in man. 

That continuously progressive effort of the Earth, from 
the time she entered her reproductive career until her noontide 
effort culminated in man, has its complement in the further 
development of man. Therein, 'our analogue falls sadly short: 
That progressive effort, so clearly established by the new and 
higher genera of each successive geological period until man 
was evolved, is obviously supplemented by the progressively 
higher effort of man. That fact is more beautiful and sug· 
gestive than anything about the analogue. It recalls and con· 
firms the original proposition-that the meaning of this world, 
briefly stated, is the evolution of energy from lower to higher 
powers. While the energy of the Earth is diminishing, the 
energy of man is augmenting. And the synthetic current of 
nature moves on rhythmically in progressive circuits. Physics, 
Logic and Consciousness say, unequivocally, the chief function 
of man in this life is to expand his soul and make it an equit· 
able return for the energy it has cost. 

Now, the progressively higher genera of each successive 
geological period, together with the lithologic or physical 
eharacters of the rocks of each period, make up our geological 
record. There are, therefore, two sides or aspects to the geo­
logical record, viz.: lithologic characters and organic forms 
or fossils. Their values alternate frequently and are, in the 
end, about equal. In other words, they are about equally im· 
portant., That fact will, however, be brought out clearly in 
the following report. 
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The geological· record rests on the Primordial Shell of the 
Earth and reaches up to the horizon of man. In general terms 
and with reference to time, it is divided into Primordial, Paleo­
zoic, Mesozoic, Cainozoic and Quarternary. In more specific 
terms and with reference to long chains of similar conditions, 
registered in the peculiar lithologic characters of the rocks 
of certain periods and in the genetic relations of fossils 
therein contained, it is further divided into Cambrian, Ordovi­
cian, Silurian, Devonian, Carboniferous, Permian, Cretaceous, 
Tertiary and Quarternary; known as geological periods. 

For convenience, each geological period is subdivided into 
sections and sections are subdivided into formations. Forma­
tions are subdivided into individual members and individual 
members are subdivided into groups or horizons. Horizons 
are subdivided into individual beds, strata or layers, with 
bedding s,eams or persistent cleavages between each contigu­
ous two of them. The whole nomenclature is more or less 
arbitrary and its ch1ef value lies in the fact that it enables us 
to know what particular member of our geological record is 
being described and what subdivision of that member is being 
discussed in any treatise on that subject. 

Since the purpose of this work is to simplify the subject, 
so that all may understand it, I will make it as nearly elemen­
tary as possible, without going into tedious details. Tedious 
details and a multiplicity of synonyms are the things about 
geology that have made it most difficult for the masses. Truth 
is what the people are seeking. Logical deductions, supported' 
by abundant obvious facts, are the nearest to the truth that 
any of us can get in many cases. 

The characteristic fossils of each geological horizon, from 
the oldest to the youngest, will be named in the following 
Preliminary Report and referred directly to the horizon in 
which they occur. In the complete Report on Structural Geol­
ogy their forms will be given in the same natural order. 

In discussing the metallic ores, under the head of Econ­
omic Geology, all provincial names will be ignored_ It is just 
as easy, if not easier, to learn how to designate or distinguish 
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a mineral by its technical and correct name, as by some provin' 
cial name which means nothing. Such rot should have been 
eliminated long ago, instead of having more added to it. It 
may be gratifying to the average geologist to be able to distin­
guish a certain mineral by a dozen different names, but it is. 
very embarrassing to the average reader to be overwhelmed 
with synonyms, when he only wants "the milk in the cocoa­
nut." 

Under the head of Structural Geology, the rocks of our 
geological record will be described and named, in their natural 
order of occurrence, from oldest to youngest. A complete 
vertical section of our sedimentary rocks will be sketched and 
their characteristic fossils named opposite the horizons in 
which they occur. But we cannot now undertake to differ­
entiate the rocks in colors and give cuts of the fossils, in this 
Preliminary Report. However, this Preliminary Report is only 
a prelude to more complete Reports on the Structural and 
Economic Geology of Missouri. 

This Preliminary Report may, in fact, be regarded as an 
i.ntroduction to the more complete Reports that are to follow, 
as soon as we have collected all of the required data. In other 
words, it may be regarded as a trial effort to delineate the 
Structural and Economic Geology of Missouri by the most 
logical, graphic and simple method possible. While this Re­
port will convey virtually all of the information of practical 
yalue that has been collected in the field, it will give us some 
experience and therein expand our facilities for bringing the 
future Reports nearer to perfection. 

My ambition is to be the oppos~te of voluminous. In 
short, I would like to be able to say exactly the right thing and 
quit. My experience is that the books which contain the least 
amount of information are the most tiresome. And, on the 
contrary, those which contain the largest amount of informa­
tion are the most interesting. Indeed, it were better for the 
authors and the public, if many books now in existence had 
never been published. In looking over books, for definite in­
formation, I am often reminded of a quaint remark that came 
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to my ears in early childhood-"that darned old horse can trot 
all day in the shade of one black-jack tree." 

The natiYe resources of Missouri are so great in them­
selves and so varied that they do not need to be magnified or 
exaggerated. The delineation of our geology should, there­
fore, be a plain and simple story, told true to nature and in 
a logical way, so that the people who pay for it may be the 
beneficiaries. And the following Preliminary Report is only 
a trial effort in that direction. 



CHAPTER I. 

THE PR]MORDIAL BASE. 
PRELIMINARY REPORT ON STRUCTURAL GEOLOGY 

OF MISSOURI. 



PRIMORDIAL BASE. 

Traversing the Mississippi Basin, from Lake Superior to 
southwestern Texas, lies an ancient deep-seated arch, or up­
ward fold, unevenly developed. That deep-seated arch is 
known locally as the Ozark Range. It is, in fact, the eastern 
axis of our Primordial Oontinent and is older, by far, than the 
Rocky Mountains. 

On that deep-seated arch or ancient axis, about midway 
between the points just named, rests the geographical area 
now know as Missouri. But the topography of our Primordial 
Base is radically unlike that of the present surface. The 
former is sharply defined, hard and rugged, the latter is rela­
tively smooth or undulating_ 

In general terms, our Primordial Base lies under North 
Missouri, in the form of a narrow and sinuous ridge, between 
two great inverts, viz.: the invert on the east, now occupied 
by the Illinois coal field, and the invert on the west, now oc­
cupied by the Missouri, Kansas and Iowa coal field. Obviously, 
the deepest abyss, in the floor of either one of those two great 
opposing inverts, lies more than one hundred miles away from 
this Primo,rdial axis and approximately one mile below the 
present surface. 

On the other hand, our Primordial Base lies under South 
Missouri, in the form of a rugged plateau. In a large area, in 
south-central Missouri, it is nowhere probably more than 
one·fourth of a mile from the present surface down to the 
Primordial Base. From that central plateau, however, the 
base descends rapidly to the east and to the west; as indicated 
by the southern extension of both the Illinois coal field on the 
east and the Missouri, Kansas and Iowa coal field on the west. 
Obviously coal fields, the world over, occupy inverts, basins 
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or troughs in the shell of the Earth, except where they have 
been relatively lifted up by lateral compresion and folding. 

It is a familiar fact that the two opposing inverts or coal 
fields just named, are much farther apart, south of the Mis­
souri river, than north of it. From Pilot Knob, in Iron county, 
to the Pegmatite Hill, in Camden county, lies an unbroken 
stret~h of basal plateau. That it is absolutely level, nobody 
thinks for a moment, but that it is approximately so, we have 
ample proof. 

Draw a line from the Pegmatite Hill, in Camden county, 
to the southeast corner of 'Wayne county and thence to the 
Granite zone in Ste. Genevieve county, and you have two sides 
of a triangular area which is approximately one-half of our 
basal plateau. An equal triangular ar.ea, with its base some 
further to the west and its point to the east, would complete 
the rectangular area of our Primordi"al plateau. In other 
words, it is about one hundred and fifty miles long, east and 
west, and about one hundred miles wide, north and south. 

But nature does not shape things exactly that way. Na­
ture is obviously oppos.ed to straight lines. Our basal plateau 
is not a rectangle, but an ellipse, with ragged borders and its 
longer axis lying nearly east and west. And now comes a far­
reaching explanation, why the longer axis of our basal plateau 
is lying so nearly transversely to the axis of our Primordial 
Continent, or general trend of the Ozark Range. 

Our largest Primordial area, or zone, in which the Pri­
mordial Base has been denuded of its sedimentary covering 
(Paleozoic rocks) lies around Pilot Knob. The mere fact that 
the greatest destruction of Paleozoic rocks has taken place in 
that area is proof, in itself, that it was one time the axis or 
dividing ridge between the two opposing inverts above men­
tioned. And that the invert of the Missouri, which now em­
braces the Missouri, Kansas and Iowa coal field, extended on 
the south side of the Missouri River to that dividing ridge, the . 
same as it does now in North Misouri. Whence could have 
come the variously developed coal pockets, except from· the 
degradation of once overlying Coal Measures? 
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To avoid using a hideous term (quaquaversal) I will say 
that the two systems of primary joints in the rocks lie in 
diagonal lines and very nearly at right angles with each other. 
The usually better developed system of Face Joints runs in 
spiral lines from the equator to the north pole, southwest­
northeast. The usually less developed system of Head Joints 
runs in spiral lines from the equator to the north pole, south­
east-northwest. 

It is a fundamental fact, that the trend of every fold in this 
flexible shield on which we walk, every invert and arch, every 
shore-line, fissure, fault or dislocation, in the beds of the Earth, 
is predetermined by one or both of these two systems of pri­
mary joints in the rocks. It would be idle to suppose that 
lateral compression, superinduced by all parts of this flexible 
shield settling down towards a common center, would act in 
one direction only. The two systems of primary joints in the 
rocks furnish the only clue to that kind of geologicalpheno­
mena. Indeed, they furnish the clue to a great many geo­
logical phenomena, when you have studied them closely. 

When you come to think about it, an incipient fissure lies 
in every plane of nearly coincident joints. A fissure is easily 

. developed along a plane of nearly coincident joints, because 
a plane of nearly coincident joints is, primarily, a vertical 
plane of Cleavages in all of the differ·ent beds traver~ed by it. 
In some localities, there are more fissures, faults or disloca­
tions, on the head joints than on the face joints. But the face 
joints are g,enerally the better developed system of the two 
and more prolific of fissures, faults or dislocations. 

With two systems of primary vertical cleavages, having 
. diagonal trends and lying nearly at right angles with each 
other, and with a rigid mass between every two contiguous 
members of each system, it is only natural that they should 
predetermine the trend of every fold, fissure, fault or disloca­
tion. We do, sometimes, find fissures and faults lying east 
and west, or north and south, but they are comparatively rare 
occurrences and always local. Every quarryman or miner 
knows how difficult it is to break rocks or cut coal "across the 
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corners." Fissures sometimes develop zig-zag, on both sys­
tems of joints, and what was originally a crooked line is subse­
quently straightened by a movement of the contiguous masses 
in opposite directions. Masses thus moving in opposite direc­
tions shear the inequalities off each other and that is what 
is meant by shearing_ Shearing is one cause of great local 
alterations in rock minerals. 

But I am not ready yet to venture far into such details. 
If you will study physical geography carefully, you will find 
that the longer axis of every invert in the sea floor is coinci­
dent with one or the other of these two systems of primary 
joints in the rocks. You will find that the longer axis of every 
midland valley is also coincident with one or the other of these 
two systems of primary joints_ If the longer axes of all the 
great inverts in the sea floor and in the continental masses 
are coincident with one or the other of these two diagonal 
systems of vertical cleavages, it follows logically ·that the 
longer axes of the upward folds between them should be also 
coincident with one or the other of these two systems. Obvi­
ously, the trend of two opposing inverts predetermines the 
trend of the intervening arch. 

Moreover, the contiguous sides of two opposing inverts 
form the skewbacks of the intervening arch. Therefore, the 
arch c3.1;mot sink, except as the floors of the two opposing in­
verts sink. The sea level is properly the level of either skew­
back, when we are dealing with continental masses. But we 
aJ'e now dealing with the eastern axis of our Primordial Con­
tinent, whose trend is in a line from Lake Superior to south­
western Texas. 

Now with our flexible shield of solid masses settling by 
converging lines towards a common center and thus continu­
ally readjusting itself to a smaller incandescent solid mass of 
pristine energy, and with our two diagonal systems of vertical 
cleavages, it is only natural and logical that lateral compres­
sion should act on diagonal lines. The trend of a mountain 
chain is invariably coincident with one or the other of these 
two primary joint systems. The general trend of a mountain 
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range may be nearly north and south or nearly east and west, 
but it is made up of a series of short anticlines arranged en 
echelon, or obliquely to the general trend of the range. 

Obviously, when the beds are folded by lateral compres­
sion, the folds lie transversely to the line in which lateral com­
pression is acting most intensely. The general trend of tIle 
Ozark Range is paraHel with the western· invert in the floor 
of the Atlantic Ocean and it is the southwestern extension of 
the eastern axis of the oidest terrane on this continent. And 
that is why I am calling it the eastern axis of our Primordial 
Oontinent. Excepting the north and south ends of the Ap­
palachian Range, the Ozark Range is doubtless older than any 
other mountain chain or range in the United States of North 
America. That it was one time relatively higher and more 
sharply defined than now, there is ample proof. 

But we are only approaching that point. The trend of the 
Ozark Range shows that lateral compression was acting most 
intensely in line with the head joints, locally at least, when it 
was developed. But I have already said it is idle to suppose 
that lateral compression is acting only.in one direction. In 
fact, lateral compression must be acting in all diredions. But 
the two diagonal systems of primary vertical cleavages or 
joints predetermine the lines in which lateral compression 
is manifested. Hence, while the general trend of the Ozark 
Range shows plainly that the force which developed it was 
acting in Hne with the head jOints, there are two opposinf 
transverse inverts whose contiguous sides form the skew­
backs of the arch which supports the basal plateau of south­
-central Missouri. Those two transverse inverts are well marked 
by the tracks of the Misouri and Arkansas rivers. 

The White River basin is quite a mark in its present top­
ography, but it is only to be regarded as an eroded basin in 
the great upward fold or arch between the two opposing trans­
verse inverts, now marked by the Missouri and Arkansas 
rivers. Those Ooal Measure escarpments, bordering the White 
River basin on the south and facing up, towards Cedar: Gap, 
look like the skewbacks, which they doubtless are, of a once 
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continuous coal field, from the Arkansas to the Missouri River. 
Indeed, when we come to look for the ancient axis of our Pri­
mordial Continent, or the ancient site of the Ozark Range in 
Missouri, we have to get over into that 'zone wherein the great­
est area of our Primordial Base has been denuded of its Paleo­
zoic covering. And thtm, we are practically in line with the 
Arkansas granite zone and the granite bosses of Llano County, 
Texas. 

Call to mind that the dynamical operations of nature do 
not proceed in straight lines. Connect the granite area of 
Llano County, Texas, with the granite zones of Arkansas and 
Missouri and follow thence through the deep-seated arch which 
prevails all the way up to Lake Superior and you have a right 
conception of the Ozark Range. It was one time a crooked 
unevenly developed upward fold. or axis, in our Primordial 
Continent. It was doubtless more pronounced or sharply de­
fined than now. The present trend of our most denuded Pri­
mordial area, with its longer axis lying northeast-southwest, 
marks the exact line of the ancient axis through South Mis­
souri. 

Now our Primordial plateau, which was not always a 
plateau, lies in the form of an ellipse, with its longer axis 
nearly east and west. The area of that basal plateau is practi­
cally one hundred and fifty !niles long, east and west; and one 
hundred miles wide, north and south. From that central 
plateau, our Primordial Base sinks away rapidly in four dif· 
ferent directions. Primarily, it was an arch or upward fold 
between the great invert on the east and the once greater in· 

. vert, than now, on the west. Secondarily to that, it is also 
an arch or upward fold between the two opposing transverse 
inverts now marked by the Missouri and Arkansas rivers. In 
short, it is resting on the contiguous sides or skewbacks of 
four opposing inverts. 

Two opposing inverts, sinking by converging lines to. 
wards a common center, means the Iogicalfolding or develop. 
ment of an arch between them. Can you make an "uplift" out 
of that? Can you conceive the lifting of such a mass away 
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from the center of the Earth? ' The two opposing inverts, sink­
ing by converging lines towards a common center, is the pri­
mary cause of such folding. I fail to see where any uplift be~ 
gins, except relatively speaking. 

The floor of what had previously be~n. a great inland sea, 
towards a common center, .were the primary cause and' are a 
partial explanation of our Primordial plateau in south-central 
Missouri. But I have said that it was not always a plateau_ 
Indeed, there are ample proofs in the rocks that all South Mis­
souri, west of Pilot Knob, was one time a coal field. Coal 
pockets of various magnitudes are dispersed over the whole 
field. And that suggests a terraced plane rather than a 
plateau. 

Besides the four opposing inverts, sinking by converging 
lines towards a common center, there was another and a subse­
quent movement in the flexible shield of the Earth, and that 
was the later development of the Rocky Mountains. Before 
the development of the Rocky Mountains (in Tertiary time) 
all of Missouri, west of the ancient axis; was a coal field and 
its water-shed drained. to the west. What is now our basal 
plateau, in south-central Missouri, was thel'l. an inclined plane, 
dipping rapidly westwards. The development of the Rocky 
Mountains relieved the Ozark Range of the stress of lateral 
compression, acting in line with the head joints and tilted that 
inclined plane, by lifting its lower western edge and relatively 
lowering its eastern edge, which had previously been the Pri­
mordial axis. 

The fou,r opposing inverts, sinking by converging lines 
into which all of Missouri west. of the ancient axis had 
drained, was thus gradually lifted into land surface and in­
clined in the opposite direction, from the base of ~the Rocky 
Mountains to the Mississippi river. Then, of course, the Mis­
souri, the Platte, the Arkansas, the Red riv.er and all interven­
ing drainage lines were developed. They naturally developed 
along the lowest surface lines, because nature does every­
thing in the mos,t logical w..ay~ The deepest abyss ,and deepest 

G-5 
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ttansverse zone in the Missouri, Kansas and Iowa coal field 
lies under the track of the Missouri river. The deepest invert 
or zone in the Arkansas coal field lies parallel with or under 
the track of the Arkansas river. 

The intensity of lateral compression, acting in line with 
the face joints, is more manifest, however, in the Arkansas 
than in the Missouri invert. The coal mines in the Arkansas 
yalley are relatively shallow and yet they are all proverbially 
"hot as bake-ovens_" On the other hand, the temperature of 
the Leavep.worth mines, seven hundred feet below the banks 
of the Missouri river, is only about 70 degrees_ The fact that 
lateral compression, in line with the face joints, is acting more 
intensely on the Arkansas coalfield, is the explanation of the 
greater disruption, folding and tilting of the beds, as well as 
the more crystalline character of the coal. The other rocks 
are relatively more crystalline also. The Arkansas coal field 
is a typical metamorphic region, in which the process of 
metamorphism is in slow but constant progress. 

The tilting of our Primordial Base, in south-central Mis­
souri, from an inclined plane to a very nearly level plateau, 
by the later development of the Rocky Mountains, is a well 
established fact. And it is a fact of yery great economic im· 
portance. "When we come to consider the further ohvious fact 
that all of the great ore bodies, in our sedimentary or Paleo­
zoic country rocks, are water concentrations of metallicele­
ments once diffused in the rocks, common sense will suggest 
that we should expect to find them richest in those zones 
wherein the reconstructive action of both surface and sub .. 
drainage has never been reversed or materially altered. 

PRIMORDIAL ROCKS. 

So far as we know now the primary rocks in our Primor­
dial Base are granite, gneiss and mica-schist. In other words, 
they were the original country rocks. But those original 
country rocks have evidently been cleaved, traversed and dis­
rupted, by innumerable subsequent eruptions of plutonic lava 



THE PRIMORDIAL BASE. 67 

that has resulted in dykes and bosses of diabase) pegmatite, 

porphyry and granite. 
That those subsequent eruptions took place while our Pri­

mordial Base was a sea floor, is a fact, well established by the 

topography of the base. That the to>pography of our Primor­

dial Base sho:uld be so radically unlike the topography of the 

present surface, is the most profound problem in the geology 

of Missouri. Nowhere do we :find any indications of contact 

metamorphism, or alteration in the Paleozoic rocks, superin­

duced by contact with hot lava. On the contrary, our Paleo­

zoic limestones and sandstones have the same lithologic char­

acters, where they lie in contact with the Primordial rocks, as 

elsewhere. 
N or is there any dislocation or other evidence to show 

that solid granite, pegmatite' or porphyry peaks have been 

pushed up through the Paleozoic rocks. In fact, the pushing 

up has all been downwards, towards the center of the earth. 

rrhe com.paratively recent development of the Rocky Mountains 

relieved the stress of lateral compression on the Ozark Range, 

acting in line with the head joints, raised the lower edge of 

its western slope and thus relatively lowered its eastern edge, 

which had hitherto been our Primordial axis. And now there 

is a gradual rise in the surface, all the way from the Missis­

sippi river to the Rocky Mountains, The movement in the 

Earth's solid shield, which resulted in the elevation of the 

Rocky Mountains and the relative lowering of the Ozark 

Range, could not have pushed any portion of the Primordial 

Base up ~hrough its Paleozoic covering. Because the tendency 

was obviously in the opposite direction. 

There is no alternative but to take the 'most denuded area, 

around Pilot Knob, for our ancient Primordial axis. It fol­

lows then, that the surface and sub drainage systems of the 

eastern slope from that axis hav:e always been practially the 

same as they are now. On the other hand, the surface and 

subdrainage systems of aU Missouri, west of that axi"s, have 

obviously been for the most part reversed or materially altere'd. 

One of the objectives of the investigation now being carried 
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on by the Geological Survey of Missouri, is to :lind the excep· 
. tions. For, therein lies the solution of this problem-how to 
proceed intelligently in the development of our vast mineral 
resources and thus save a great w~ste of energy. . 

It is not worth while now to discuss the physical or 
lithologic characters of our Primordial rocks. That subject 
has been discussed enough in former reports of this Survey. 
The question which now concerns us most,.in connection with 
our Primordial Base, is how to delineate its exact topography. 
Explorations with the core·drill, now inaugurated, will doubt­
less do more towards unfolding that profound secret than 
any other scheme conceivable. The facts, which will be 
brought out by the core-drill in the next few months, concern­
ing the topography of our Primordial Base, will be a surpris­
ing revelation. 

GRANITE OOUNTRY. 

By far the largest granite area in Missouri, lies in Mad- . 
ison and St. Francois counties, on both sides of the St. 
Fr3.Dcois River and about midway between Fredericktown 
and Iron Mountain. That area embraces somewhere about 
eighty square miles of gra1;l.ite surface. Besides the one large 
area, there are some forty-eight other small granite are3;s, hills 
or narrow zones, dispersed over nine counties, viz: Ste. Gene­
vieve, St. Francois, Madison, Wayne, Oart~r, Reynolds, Iron, 
Washington and Orawford. In all of those nine counties: with 
Shannon and Dent included, the highest Paleozoic rock is 
the St. Thomas sandstone; except in the northeast corner of 
Washington and ip the northwest cor:aer of Orawford. That 
means, . of course, that in one area of four thousand square 
miles, it is nowhere more than ten or twelve hundred feet 
from the p1,'esent surface down to the Primordial Base. 

In the Cambrian zone of Morgan, Oamden and Laclede 
counties, there are ~any deeply eroded valleys and basins in 
which the Primordial rocks might be reached within two or 
three hllndred feet of the surface. The Pegmatite. Hill, near 
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Decaturville, is, however, the only exposure of Primordial 
rocks in south-central Missouri. 

(Plate 2.) The Elephant. rocks at Graniteville in Iron 
County, furnish a good illustration of the weatp.ering of 
granite. 'When thus insulated and exposed on all sides to the 
weather, massive granite blocks, the same as any other rock, 
will eventually yield to its destructive influences. Howso­
ever compact they may seem to be, those weathered blocks, 
when broken open, have very different lithologic characters 
from the granite taken fresh from the quarries. Our Missouri 
granite is as pretty and as durable as the granite of any other 
country. But it is well for man to know that no rock will for­
ever withstand the ravages of the weather. 

It is obviously a .great waste of energy for the people of 
Missouri to be importing granite for monumental or building 
purposes, on the theory that the granite of other countries is 
better or more beautiful than ours. In fact, our Missouri 
granite is as beautiful and as durable as the granite of any 
other country. 

Another thing, which seems to me stranger than the peo­
ple of Missouri importing granite, is the fact that scarcely any 
prospecting for metal viens has ever been done in our granite 
country. It is a familial' fact that all of the richest metal 
mines in the world are situated in those areas wherein the 
greatest destruction of rocks has occurred. There is no doubt 
whatever but that one vertical m~le of Paleozoic rocks has been 
decomposed and removed from the granite area described, in 
the valley of the St. Francois river. More than one-half of that 
prodiguous mass was evidently ore-bearing. 

Prof. John H. Frick presented this Survey with a large 
fragment of Oolumnaria alveolata that was plowed ill' in a corn 
field some years ago about two miles south of Bismarck. That 
fossil is part of a large coral which grew at the time of the 
deposit of the Lower Trenton limestone. It was originally 
limestone,. but the lime of corals is frequently replaced by 
silica When the original Lime carbonate of an immense coral, 
like the Oolllmnaria alveolata, has been replaced by soluble 
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silica and has thus become a massive body' of pure quartz, it 
is well nigh indestructible. That fossil, plowed up in a corn 

.. field two miles south of Bismarck, tells a true story straight. 
The soil and subsoil of that corn field are the last relics, 

in that spot, of a vertical mile of Paleozoic rocks which have 
been decomposed and swept away by the frost, the wind and 
the rain. The soil and subsoil of that corn field rest on granite 
and porphyry. Between the Trenton limestone, of which the 
Oolumnar·ia alveolata was one of the builders, and the Primor­
dial .Base, belongs the Magnesian Lens, approximately one­
half mile thick. Obviously, that massive fossil, preserved in 
quartz, gravitated down, as the rocks were decomposed and 
removed, one layer after another, until it rested on the Primor­
dial Base, a vertical half mile below where it was originally 
deposited. 

About thirty miles away, to the east, lies to this day 
Trenton limestone in place, with its western edge in the form 
of an escarpment or skewback, facing upwards and to the west. 
Therefore, it requires no violent stretch of the imagination to 
conceive that the time was when the Trenton limestone spread 
out, in its full development, over that whole Primordial area. 
If the Trenton limestone was continuous over the whole area, 
and we have no reason to doubt it, another vertical half mile 
of Paleozoic rocks, on top of it, was also doubtless continuous; 
because they lie, too, only a little further away, with their 
weathered faces looking upwards and westwards. 

Now if there ever was any open structure in that granite 
country on which once rested a vertical mile, or even half mile, 
of. ore bearing rocks, there ought to be some rich infiltration 
metal veins in that granite country. On the other hand, if 
1here ever were, in any other granite country, such t.hings as 
sublimation veins, they ought to be found in the granite coun­
try of Missouri. Howbeit, the proofs of subsequent eruptions 
of plutonic lava, through"the original granite country, are as 
abundant in that region as in any other granite country in the 
world. 
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PORPHYRY. 

Aftei' the primary roeks (original Primordial eountry) 
which I have said were apparently granite, gneiss and mica­
schist, comes the dyke rocks or products of subsequent plu­
tonic eruptions. They are the dyke diabases, pegmatite and 
granite bosses, but chiefly porphyry in the form of lofty 
dykes and conical bosses. 'rhe way those porphyry dykes stand 
up, above the common level of the basal plateau, with precipi­
tous sides and so often transversely to our present drainage 
lines, makes the exact topography of our Primordial Base, the 
most profound problem in the geology of Missouri. 

The track of every stream that traverses porphyry coun­
try, in Missouri, is beset with dykes and ridges of that refrac­
tory material lying at right angles. Widely eroded valleys, 
along the tracks of those streams, are often terminated ab­
ruptly by transverse walls of porphyry. So many of those 
porphyry dykes and ridges, lying transversely to our pres'ent 
dl'ainage lines, is the obvious part of the problem now con­
fronting us. Reasoning by anology, and that is the only way 
man can: reason, we naturally conclude that those puzzling 
things may be as abundant in our less deeply eroded areas, as 
in those areas in which they are now exposed. The only ex­
planation I ean conceive is, that they are the products of 
plutonic lava pushed up between masses of original PrimOl'­
dial country and consolidated under water. (Plate 3.) Those 
porphyry gaps ("shut-ins") which occur so often around the 
eastern edge of our basal plateau, give rise to some of the 
wildest scenery to be found anywhere in the Mississippi Basin_ 
Indeed, after exploring and admiring one of those beautiful 
basin-like valleys, along the headwaters of Big River or Black 
River, one is more surprised and puzzled by the weird aspect 
of a porphyry shut-in, than he would be by a great mountain 
canyon. Although the river track through the porphyry ridge 
or wall is usually short, the change is so sudden and the con­
trast so great that one is completely bewildered. 
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And yet there is no getting around the fact, that those 
porphyry walls were there, before the Paleozoic rocks were 
deposited. That is why I have said the information which 
will be collected in the next six months, exploring with the 
eore·drill, will be a surprising revelation. Granite, pegmatite 
and porphyry, hills and walls are almost protruding through 
our Paleozoic rocks in many places where we least expect it. 
And that mysterious topography of our Primordial Base has 
doubtless predetermined the now unknown sites of some of 
our greatest ore bodies. 

It is a curious fact, that where porphyry and magnesian 
lime!'tone meet at the surface, the decomposition of each 
rock supplies reagents to destroy the other. Hence we ha"Ve a 
"Valley, or basin, around nearly every porphyry hill. Owing to 
that fact, perhaps, some promising prospects of rich copper 
deposits have been found at the contact of limestone and por­
phyry. I ha"Ve seen one place, in Shannon county, where a 
large sum of money was sunk, prospecting in porphyry, for 
copper. All of the copper found in that porphyry was green 
~llld blue carboIUltes carried down into the joints of the por­
phyry by water and precipitated in thin sheets. Very thin 
~heets, of course, because the joints in porphyry are very thin 
themselves. C That the copper was derived from decomposed or 
weathered-out limestone, is demonstrated by two facts, viz: 1, 
The same kind of copper deposits occur in blankets and fissures 
in the First Calciferous, ,miles away from any porphyry ex­
posures; 2, I have found copper carbonate in magnesian lime­
stone under such conditions that it could not possibly have 
come from any other source than the limestone itself. 

Obviously, copper may as well have been one of thl! metal­
lic elements, contained originally in our magnesian limestones, 
as any other metal. In fact, all of the metallic elements 
evolved by the Earth were doubtless, present, to some extent, 
in the sediment which made up our magnesian limestones. 
And whatever ore bodies are deposited in porphyry have doubt­
less been derived from the magnesian limestones that are now 
decomposed. 
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Referring again to the topography of our Primordial 
Base, the great boiling or spouting springs, situated in nearly 
every valley leading out f~om our basal plateau, suggest that 
the sub-drainage lines, whence issue those magnificent springs, 
are simply the overfiow of vast subterranean reservoirs. In 
other words, a great volume of cold fresh water is held in em­
bayment by po~phyry dykes and ridges, lying transversely to 
our present drainage lines. The flow of subterranean water, 
from our basal plateau, is thus held in check, so as to make 
the underground stream, which supports each spring, perpe­
tual. 

Each one of those magnificent springs has its period of 
maximum volume, immediately after a long wet season; and 
each one of them has i,ts period of minimum volume, after a 
long dry season. But the immense volume of water that is­
sues from anyone of them, even after a long dry s'eason,. is 
proof, in itself, that great plateau reservoirs are held in em­
bayment by hidden obstructions of some kind that are not 
easily soluble. 

Having explored the valleys of the upper St. Francois, 
the upper Big Rh~er and the upper Black River, wherein the 
Primordial rocks have been most denuded, and observed the 
great number of pO,rphyry dykes and ridges now lying trans­
versely to the drainage lines of that region, we are prepared 
to expect similar conditions around the entire border of our 
basal plateau. What effect such conditions may have had to­
ward predetermining the sites of great ore bodies yet un dis­
,covered is, of course, an unknown quantity. 

But it is to such fundamental conditions, I am trying to 
-direct the public mind. Having once observed the Synthetic 
Method of Nature, which is virtually the obvious physiology 
of the world, the human mind cannot believe, for one moment, 
that economic deposits of any kind are mere accidents. In­
-deed, the acts and doings of erratic man are the nearest things 
to accidents, in all of this beautiful world. Therefore, 'We 
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should not quickly conclude that the mineral wealth, stored 
in the rocks of this bounteous Earth for the use of man, are 
mere accidents, even though we do sometimes find them by 
mere accident. 



CHAPTER II. 

THE GEOLOGICAL RECORD 

AND 

DISCUSSION OF THE MAGNESIAN LENS. 



THE GEOLOGICAL RECORD. 

As already indicated in the Introduction, the Geological 
Record (Sedimentary Rocks) of Missouri has been recognized 
and differentiated as C.ambrian, Ordovician, Silurian, Devo­
nian, Carboniferous, Permian or Post Carboniferous, Tertiary 
and Quaternary. These divisions are known as Geological 
Periods. The name Ordovician is used instead of I_ower Silu­
rian in conformity with the nomenclature adopted by the U. 
S. Geological Survey. 

I mean to make this delineation of a true vertical section 
of our sedimentary rockfi as complete, graphic, logical and 
simple, as possible. I will, therefore, begin with the lowest 
and oldest and describe each geological period separately, in 
its 1ilatural order of occurrance. Moreover, I will begin with 
the lowest and oldest member of each geological period, section 
or sub-division thereof, and describe all of its members, in 
their natural order of occurrence, from old(~st to youngest. 

DISCUSSION OF THE MAGNI~SIAN I_ENS. 

Before proceeding, howev(~r, the unique character of our 
Magnesian Lens and the complex relations of its lower ~n .. ern· 
bel'S with the rugged surface of our Primordial Base, demand 
some special discussion. The Magnesian V:ns is made up of 
eighteen individual members. The lower ten have been recog­
nized and differentiated as Cambrian. The upper eight have 
been recognized and differentiated as Calciferous. The total 
depth or thickness of our Cambrian section, complete, lS be­
tween seven hundred and eight hundred feet. The total depth 
0"1' thickness of the eight Calciferous members of the Magne­
lilian Lens is about fifteen hundred feet. The total depth or 
thickness of the Magnesian Lens complete, is, therefore, ap­
proximately two thousand and three hundred feet. 
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The plane of contract between the Primordial Base and 
the Magnesian Lens is essentially rugged and complex. Ob· 
viously, because the topography of the base is hard and sharp, 
while the lower members of the Lens represent the first Paleo­
zoic sediment, deposited on the floors of valleys and basins, 
in the rugged surface of the Primordial Base. Sharp granite 
peaks, porphyry dykes and pegmatite bosses stand up in 
places, one t.housand feet or more above the common level of 
the Primordial Base and the areas between have been filled 
with Cambrian and Ordovician deposits. Hence we have con­
tacts, at various angles, between the Cambrian and Ordovi­
cian rocks, on the one hand, and granite, gneiss, 'mica-schist, 
pegmatite, diabase or porphyry, on the other. 

Inasmuch as our whole Cambrian section does not exceed 
eight hundred feet in depth, dykes and peaks of Primordial 
rocks project sometimes three or four hundred feet into the 
lower members of the Calciferous. For example, the granite 
hill, in Carter county, exposed by the cutting down of t.he 
track of the Current river, reaches up through the Roubidoux 
(basal) sandstone and into the First Calciferous to within' one 
hundred feet of the St. Thomas sandstone. In fact, most of 
the porphyry dykes and hills, between the Current and the 
Black rivers, terminate in the First Calciferous. 

Ob,,?-ously, the sediment precipitated on a rugged sea 
floor would fallon the lowest places first, or be afterwards 
carried there. Hence it may be expected that the lower mem­
bers of our Cambrian section are not as extensive, laterally, 
as the upper members. That calls to mind the historic fact, 
that had not the ore-bearing lower members of the Cambrian 
been exposed, at Mine La Mot.te, those vast ore bodies in the 
Lower Cambrian of Madison and St. Francios counties might 
not to this day have been known. Generally, the Cambrian 
beds lie nearly horizontal in the valleys and basins of the Pri­
mordial Base. The walls of those valleys and basins are 
usually converging downwards. The prospector should, there­
fore, never lose sight of the fact that the ore-bearing lower 
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members· of the Cambrian do not spread out over as large 
areas as the upper and barren members. 

The hanging of the Cambrian beds from the sides of a 
valley in the Primordial Base, towards a central.zone of deep­
est depression, has suggested the pushing up of the Primor­
<lial rocks on either side. But when you have taken into ac­
tount, the long continued and· vast reconstruction, the more . 
-crystalline lower beds of the Cambrian have undergone, you 
will find in it, a more logical explanation of the trough-like 
Etl'Ucture of the upper beds of the Oambrian, than in any push­
ing up theory. We have ample proofs that great quantities 
of soluble rock minerals have been dissolved out and carried 
away from the more crystalline lower beds of the Cambrian, 
by the subterranean streams that have traversed them, ever 
since Missouri became land surface. 

As a whole, theMagnesianLens is' one unique local deposit. 
Obviously, because it lies in one great mass, some three hun­
dred miles across and thins out from that in all directions, 
to nothing; except in the central zone of the deep-seated arch 
which leads up to Lake Superoir. The geology of any given 
area of the Earth is to some extent individualized, because 
the conditions of deposit in that area were essentially local. 
A correct genesis is, therefqre, the easiest way of resolving 
all geological phenomena. But the genesis must satisfy all 
of the requirements of Physics, Logic and Consciousness. In 
other words, it must be supported by abundant and obvious 
facts because we reason only by analogy. 

Tha t the rocks of our Magnesian Lens were deposited on 
ihe floor of a sargas·so sea, in early Paleozoic time, we have 
every reason to delieve. Seeing that the three great sargasso 
seas of the present time are the eddies and filtering areas of 
the present ocean, around which continuous currents move 
and in which absolute calm prevails,we have reason to 
believe that such filtering areas existed far back in Primordial 
timp. Indeed, t.he Primordial areas, or first emerged portions, 
of the present continents were all doubtless the floors of sar­
gasso seas in Primordial time. 
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Primordial, sargasso seas are situated on upward folds or 
shallow spots in the ocean. Xo currents traverse them, for 
that reason. In those vast areas, absolute quiet pre"mils. 
They are, therefore, the havens provided by nature for 
myriads of organic forms. Some of them are parasitical, of 
course, because no place has yet been found on this bounteous 
Earth, where parasites do not obtrude. But the major part 
of those organisms which inhabit a sargasso sea, take for 
their food some element directly from the water. 

The soluble silica or quartz, so abundant in the rocks of 
our Magnesian Lens, is easily accounted for when we have 
seen the tiny Infusoria at work on the floor of a shallow and 
quiet sea, taking silica in solution in the water for their food 
and building their delicate but vastly cumulative structures. 
The lime is easily accounted for when we reflect that all of the 
rriarir!e fossils in our geological record represent individuals 
who were lime consumers. The Foramenifera and Ooral 
polyps of shallow seas have, however, been the greatest rock 
builders. .\'rhen you £ome to account for the magnesia, there 
is absolutely no logical way to account for it, except in the 
Paleozoic antecedents of the Algae now taking magnesia for 
their food. Sargasso seas are the ideal homes of Algae. The 
forms of weeds in relief on the bedding planes of our magne­
sian limestones have been noted by every Geologist who has 
written about them. 

,Vhen you come to account for the metallic elements, once 
diffused in the rocks of our Magnesian Lens, and now con­
centrated int.o economic bodies, by the decomposition or recon­
struction of those rocks, there is no place to look for the 
parallels of conditions which could have led to such unique 
results, except in the sargasso seas of the present time. It is 
not necessary to re,erse or even alter the ob,ious laws which 
go,ern the operations of nature at this time, to flnd a logical 
explanation of any geological phenomenon that comes within 
the obser>ation of man. Simply because, the Synthetic Method 
of Nature has been one and the same, e,er since our' cosmic 
mother, Earth, entered upon her reproducti,e career. 
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N ext to thl~ first essential clement, cosmic light, detived 
from the Sun, all of the other elements of organic life are 
evolved by the Earth and diffused 01' suspended in her water 
and atmosphpl'P in their most available forllls. The air W(~ 
hreathe, the water we drink and whatever other sustenance 
0)' J't'llewn I ellergy we get, eomes either directly or indirectly 
fl'OIll th(, bounty of Ollr cosmic mother, Earth. Everything in 
nature hUR a phYRiological fnnetion to perform, beeanse it i$ a 
pHrt of OlJe organized and living whole. 

'l'he lllyriads of living organisms, assembled together in 
a. sargasso S('U, and taking each some particular element in 
the water 1'01' it:;; food, are no exception but rather a contil'ma­
tion of the l'eprodnetive function of the Enrth. 'When the liv­
ing C:ll'('('l' of each organism .is ended and its dead body fall(o; 
on tIle Hoor of the I'!<lrgasso sea, it adds another mite of Holid 
matte]' to thut heh'rogeneous mass, which came primarily fl'om 
('lemellts that had been diffused in the water or the atmos­
phere. ]\fcu II whih., tIt!' organic acids given back to the water 
hy IIlyl'ia(ls of organisms, living and dead, are powerful rca­
gents wIdell act on the metallic elements suspended ill the 
water and thus tend to filter it of its entire burden, 

This gl'eat :Magnesian 1Jens of Missouri is ma.de up of Jj'ive 
Infusorial Sandstones, ~'wo Shale Beds and Eleven Magne­
I'!ian Limel'!tollC's. All of those eighteen individual members 
arc equally pC'l'sil'!tent find were one time doubtless absolutely 
(:ontinuous, except where the inequalities of the Primordial 
slll'face were sneh that the first Paleozoic sediment rested only 
on the floors of vnlleys and basins. And that is the point 
which I want to impress 011 the mind of the reader. All of our 
Cambrian beds and the first two members of the Oalciferolls 
are absolutely ullconformable to the Primordial Base. In 
other words, innumel'able dykes and bosses of Primordial rocks 
are sticking up through the whole of our Oambrian a.lld into 
the second member of the Calciferous. 

Therefore, it behooves the prospector who is exploring the 
. Cambrian beds for rich zones of disseminated lead to keep well 

G-6 
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a way from those sloping or terraced walls of Primordial rocks, 
which form the sides of each valley or basin in the Primordial 
Base. Moreover, it behooves him to analyse the local struc­
ture carefully and make sure that the original ,alley was 
deep enough and its floor low enough to have received the sedi­
ment which formed the Firs.t (bottom) Cambrian limestone. 
That First Cambrian limestone (bottom limestone of all) is 
our first great country rock. It is the rock which carries the 
great zones of disseminated lead. 

Inasmuch as that First Cambrian limestone represents 
the first Paleozoic sediment, deposited after the Basal Sand­
stone, it is to be expected, in its full de,elopment, only in the 
central zones of ,alleys and basins, where the surface was low 
enough to receive that sediment .. TherefOl'e, it is an easy' mat­
leI' to land on a terrace in the Primordial Base, without ha,­
ing gotten low enough for the country rock you are seeking 
to ~xplore. This fact applies with as much force in the de­
yeJopment of the Lower Coal :Measures as in the development 
of the Lower Cambrian. The Lower Coal Measures are not so 
widely distributed as the ~1idc11e Coal Measures. 



CHAPTER III. 

CAMBRIAN DIVISION 
OF THE 

GEOLOGICAL RECORD. 



SECTION OF CAMBRIAN. 

Characteristic fossils. 

EO('ystites S]l. ? 
Billill!'sell:t fcstinata. 
1..'latyCl'l'aS sp. nov. 
Il volithes sp. 'I 
'ri'i1ohita. 

r:ir;g:lii~,i iii." i,;~; j;';;·;;l:···· 
'rril(1)ita. 

OlJoiUR sp.? 

Subdivisons. 

Massive 
Silicious 

Gap-Hock 
probable equivalent 

of 
Potsdam. 

Upper Mud-Rock. 

Upper Green Shales. 

Lower Mud-Rock. 

l,ower Green Shales. 

MaSSive 
Crystalline 
Oap-Rock. 

White Lead (leed). 

Basal Sandstone. 



CAMBHIAN. 

For the purpose of making this delineation of our sedi­
mentary rocks true to nature and as graphic as possible, I will 
submit a rough sketch of the verti~al s,ect.ion of eacli geological 
period or sub-dividision thereof, in its natui'al order of occur· 
rence. By that method, I hope to keep the object that is being 
described before the mind of the reader. The reader llluSt, 
however, bear in mind that this delineation proceeds from the 
Primordial Base, upwards to the present sensible horizo11. By 
that method only, can we avoid any possible confusion. 

Our geological record differentiated, and all of its memo 
bel's described and named in their natural order of succession, 
or occurrence, is somewhat like the alphabet of our language. 
Without it we can neither write nor talk intelligibly about 
the geology of any conntry or locality. Becanse, in every coun· 
try and locality, more than one member of a geological pel'iotl 
and usually more than one geological period are represented. 
in the surface rocks. 

I llave already said that tedious details and a. multiplicity 
of synonyms are the features of geological reports that al'~~ 

. most perplexing to the unlea~'ned masses. One element of Ow 
tedious details referred to are protracted arguments over the 
correlation of rocks, which take up so much space,in most of 
our geological reports, without solving the problems or shed­
ding any new light. Ingenious theories and strong argument:~ 
on such questions are interesting to scientific readers" wI}:) 
have plenty of leisure, but they tend to disconrage the average 
reader from pursuing a very logical and nseful science. 

Furthermore, if courteons references, at every step, in the 
delineation of the geology of a State, are to be taken for the 
measure of merit in that delineation, I beg to say frankly that 
this delineation of the geology of Missouri is not a compilation 
of the information contained in any previous report on the 
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same subject. In short, it is a delineation of the geology of 
)lissouri, as I ha,e observed it with the aid of my assistants, 
ill the field. 

Therefore, between the scientific people who "want to be 
quoted or mentiOllE'd. in (',E'ry publication on the subject, and 
the unlearned masses who want the information, without the 
nimmings, and in such form that they can E'<1sily grasp it, I 
will take my chances and try to delineate tIlE' geology of ~1is­
sonri true to nature and in as simple terms as possible. 

"\Yere I trying to discuss e,ery feature of geology in this 
report, J might wander into fields that I 11a,e not explored. 
In that case, frankly, what I do not know about geology would 
fill a large library. But this is only a Preliminary report. It 
demonstrates, howe,er, that what I do know about geology 
may be condensed into one small ,olume. "And I mean to 
make it as small as possible, without leaYing out any available 

information that the people of )Iissouri want. 
Our whole Cambrian Division does not probably exceed 

eight hundred feet in depth or thickness. It may, therefore, 
be described in one sketch of a typical vertical section. The 
far greater thickness or ,ertical depth of our Carboniferous 
Division suggests that it should be delineated in sections or 
sub-divisions. But each of the other geological periods will 
be shown in one ,erical section. 

BASAL SA~DSTOKE. 

(Plate 4.) The Basal Sandstone of the Cambian is ob­
Yiously the first r>aleozoic sedimentary rock in Missouri and 
the first member of our geological record. It .. aries greatly in 
lithologic character as well as in thickness. In the central 
zones of ,alleys, howeyer, and in the central areas of wide 
basins, wherein it may be considered in its normal condition, 
it is a pure while quartzose sandrock, not materially unlike 
anyone of the foul' Infusorial sandstones of the Calciferous 
g-roup. It ,aries in thickness, between one inch and one hun­
dred feet, but its a,erage thickness is about fifty feet. 
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In variable zones, along its margins, where it lies in con­

tact with the Primordial rocks, it is a course conglomerate 

g'l'aduating into an even-grained, pure while sandrock away 

from the contact. The most remarkable thing about this rock 

is, that it forms the impervious floor of the great disseminated 

lead zones in the overlying First Oambrian limestone. It 

seems a little strange, perhaps, that any sandstone could form 

an impervious floor. But when you have seen it blasted up 

from the floor of the .White Lead (leed) or lower mining level 

of Mine La Motte, for example, it does not seeme any longer 

strange, but an obvious fact, that it has been made an imper­

vious mass to a depth of several feet, by the infiltration of 

mineral solutions (sulphides) into its voids. It is a familial' 

fact, to stone dealers and cutters especially, that any quart­

zose sandstone will absorb mineral paint to a depth of several 

inches. 

The mineral solutions (sulphides) that have been absorbed 

into the upper surface of the Basal sandstone were thin solu­

tions or weak solutions, if you prefer it, in water and for that 

reason penetrated that rock to various depths, between five 

and ten feet. No sandstone has so close a texture but what 

water will permeate it or find its voids and if that water is 

carrying rock mineral or metallic ores, in solution, it will pre­

cipitate them when it comes to a stand still, or meets serious 

resistance. The water is simply filtered of its minerals in solu­

tion. Hence it is only natural that the Basal sandstane should 

have become an impervious floor, under those zones of dissemi­

nated lead, in the First Oambrian limestone. 

So great is the alteration of the lithologic character of 

the rock, however, when saturated with sulphides, you would 

never recognize it for the rock whose normal character is a 

pure white quartzose sandrock. The voidi' between the 

original quartz gains have all been filled with metallic sul­

phides and the quartz grains have been altered from their nor-

, mal white to a greenish leaden color_ Iron sulphide (pyrite) 

is the most conspicuous mineral involved, because its bright 
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yellow lustre is in striking contrast with the prevailing dull 
leaden color of the now argillaceous looking mass. 

Another chracter of the Basal sandstone is, that it not 
only becomes a coarse conglomerate along its margins, where 
it lies in contact with the granites and porphyries, but the 
material, contributed by the disintergration of those rocks, 
has carried it up higher along the sides, than in the interior 
of the valley or basin. In those places, it lies in wedge-shaped 
sheets, with its thick edges against the granite or porphyry 
and its thin edges interlapping with the Cambrian limestones. 

The obvious fact that the sediment which formed this 
rock was the first loose material laid down on a very rugged 
surface, is a sufficient. .explanation of its uneven thickness. 
The further obvious fact that most of the material along its 
margins was derived from the granites and porphyries, is a 
sufficient explanation of its conglomeratic character, along 
the border of valleys. A notable feature of this Basal sand­
stone is the scarcity in it of coarse rounded or water-worn 
material. A few rounded granite and porphyry boulders have 
been found along its margins in one or two places, but that 
kind of material is remarkably scarce. 

FIRST LIMESTONE. 

The second member of our Cambrian section, First lime­
stone or White Lead (leed) is, for several reasons, one of the 
most interesting rocks in our geological record. In its typical" 
development at Mine La Motte, where it received that name, 
it is, notwithstanding the great quantities of lead it has 
yielded, an exceedingly white and coarsely crystalline lime­
stone. At Mine La Motte, it is only about twenty feet thick, 
but at Flat River and Bonne Terre, it has reached more thaJll 
double that thickness, or about fifty feet. At the latter named 
places, it carries more argillaceous matter and is not generally 
so white as at Mine La Motte. But its coarse crystalline tex­
ture is virtually the same wherever it has been found. It has< 
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,Vhen we haye done finding pointers, to suggest that these 
ore bodies are water concentrations of metallic elements, de­
rived from the decomposition of once overlying rocks and the 
reconstruction of these, the adyocates of other theories. will 
baye to bring more ohdous facts than they have yet brought 
to withstand this battery. Primarily every limestone in the 
Magnesian Lens is ore-bearing, to some extent. It is approxi­
mately two thousand feet from the First Cambrian liemstone 
up to the Fourth Calciferous. If the metallic ores came up 
from below, why did they stop in the First Cambrian limestone 
in one locality and rise up two thousand feet further in another 
locality? . 

There is no evidence that either hot or cold streams of 
water have come up out of our Primordial Base, to invade our 
sedimentary rocks and fill 'their cavities with metallic ores. 
'The obvious facts are all pointing in the opposite direction. 
In fact, our disseminated ore bodies are found only in those 
aI'eas wherein a yertical half mile of ore-bearing rocks have 
been decomposed and removed. 

THIRD LIMESTONE. 

The fourth member of our Cambr'ian section, third lime­
stone or Black Lead (leed) is the second ore-bearing, or country 
rock, in the Magnesian Lens. At Mine La :Mot.te, where it "as 
thus named, on account of its dark color and for convenience 
in distinguishing between the two mining leyels, the Black 
Lead has about the same thickness as the ,",'hite Lead below 
and carries more ore .. simply l;lecause it spreads out over a 
wider area. These rocks are Yirtually fillers, or so many hori­
zontal layers of sediment, laid down on· the floor of a Pri­
mordial yaUey which is obviously wider at top than bottom. 

At Flat River, the Black Lead is only about six feet thick. 
It carries some ore, but the ,",'hite Lead below is between forty 
and fifty feet thick in that locality and carries relatively larger 
and richer ore deposits. Hence the mining operations, car-
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ried on in Flat HiveI' camp are very generally in the White 
Lead or First (bottom) limestone. 

Din,qtllellct lamborni, a small Brachiopod, occurs sometimes 
in the limestone of the Black Lead. In the Lingulella shales, 
lying in persistent sheets of thin lenses, at the bottom and top 
of the Black Lead individual forms of these small Brachiopods 
arC' most abundant. The Survey has collected a great many 
of these fossils, but they are so delicate or fragile that it is 
difficult to preserve them in good form. In some thin slabs 
of shale, hundred of these delicate fossils are to be seen. 

FOURTH LIMESTONE. 

(Plate 5.) 'rhe fifth member of our Cambrian section, 
Fourth limestone or Massive Crystalline Cap-Rock of the lower 
Cambrian, is the rock which is usually exposed in those areas 
in which the Upper Cambrian rocks have been removed. This 
Massive Crystalline Cap·Roek of the Lower Cambrian is ap­
proximat.ely three hundred feet thick, where it lies intact, but 
in those areas wherein the Upper Cambrain rocks have been 
removed, either before or after the Calciferous rocks were de­
posited, the upper beds of this rock have been more or less 
decomposed and removed. 

The evidences of reconstruction are very pronounced in 
all of the crystalline members of our Missouri Cambrian. And 
I am now convinced that we have the best developed Cam­
brian area in North America. Not in thickness, of course, but 

'in diversified characters. The conditions under which these 
rocks were deposited must have been radically different from 
contemporaneous conditions of deposits in the New York and 
other Cambrian areas. I am not advised of any other Cam­
brian area in the world in which magnesian limestones are the 
prevailing rocks. The striking an::tlogy between the Cambrian 
and Ordovician limestones, of the Magnesian Lens, and 
between the sandstones of the two periods has suggetlted to my 
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mind that the whole mass is the product of sediment, deposited 
on the floor of a sargasso· sea, in early Paleozoic time. 

It is hardly conceivable that such a prodigious mass of 
heterogenerous rock minerals, organic products and metallic 
-elements, could have been deposited anywhere else than on 
ihe floor of a sargasso sea. Ample proof, of the correctness 
of that genesis, lies in the obvious fact that it answers all of 
the requirements of Physics, Logic and Consciousness. It is 
one great. lens and unique mass., made up of eighteen indivi­
-dual members. There is a striking analogy between the Basal 
sandstone of the Cambrian and the four Infusorial sandstones 
of the Ordovician Division. There is an equally striking ana­
logy between the crystalline limestones and between the argil­
laceous limestones of both the Cambrian and Ordovician 
Divisions. 

These facts might suggest that all of these rocks are the 
products of one geological period. Bnt I will say, once for all, 
the proofs that they are the products of two geological periods, 
viz.: Oambrian and Ordovician, are abundant and conclusive. 
I mean that this delineation shall be true to nature, whether 
it is otherwise interesting or not. If the facts set forth in this 
-delineation are not sufficient for some readers, the field is open 
to investigation. I am not like the horse that could trot all 
day in the shade of one black jack tree. ,V"hen this delinea­
tion is finished, the different members of our geological record 
will have been so nearly diffenentiated (individualized and 
named) that we can at least talk or write intelligibly about 
them. 

This delineation of our Oambrian Division in two sections 
{lower and upper) is not intended to imply that these sections 
.have been sufficiently studied to correlate them with the 
subdivisions of the Cambrian thus named in other states or 
geological provinces. There are obvious facts enough availa­
ble to suggest that we really have no equivalent of the sub­
division recognized in the east and named '"Cpper Cambrian. 
'The intensely siliceous limestone, described hereafter as the 
Siliceous Cap-rock of the TIpler Cambrian, may be the equi,a-
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1ent of the Potsdam group in the east. But the subdivision 
herein described as Upper Oambrian had been eroded or re­
moved, partially or entirely, in'so many places before the first 
member of the Ordovician Division was deposited, that we are 
compelled, for the sake of convenience, to des,cribe our Oam­
brian Division in two sections. (Plate 6.) The Roubidoux or 
Basal sandstone of the Ordovician cannot be correlated with 
the Potsdam or Upper Oambrian in the east. Obviously be­
eanse the unconformity in the beds is under it and not above 
it. Furthermore, the break in the chain of fossil life is com· 
plete, at the bottom of the Roubidoux sandstone. Excepting 
its Fucoid casts, the Roubidoux sandstone is exactly like the 
St. ~'homas, the Moreau and the St. Peter sandstone. There 
is no unconformity worth notice, in all of the ten or twelve 
hundred feet of rocks between the Roubidoux sandstone and 
the Fourth Oalciferous. But there is a pronounced uncon­
formity between the Roubidoux sandstone and the Oambrian 
limestones under it. In fa:ct, the Roubidouxsandstone can 
searccly be found in two places resting on the same Oambrian 
horizon. The Oambrian beds had evidently been considerably 
folded and very much eroded in certain zones before the Roubi­
,doux sandstone was deposited. ' (Plate 7.) Beginning in Mor­
gan Oounty, a little northwes't of Proctor and possibly ending 
in Butler Oounty, lies a Oambrian arch or upward fold that has 
1;leen uncovered in several places. In the line thus indicated 
large Oambrian areas have been located in Morgan, Oamden, 
r~aclede and Shannon Oounties. ,The latter reaching down, 
on the s'outh side of the Ourrent River, into Oarter Oounty. 
Near the axis of that fold, in either Oamden or Shannon coun­
ties, Roubidoux sandstone is resting on the Massive Orystal­
line Oap-rock of the Lower Oambrian and in many places filling 
,ditches or eroded channels in its upper surface. 

In the same zones, a few miles away from the axis of the 
fold, Roubidoux sandstone is resting on the Siliceous Oap-rock 
-of the Upper Oambrian. For example, at Ha Ha Tonka, which 
lies near the axis of the fold, in the walls of those marvelous 
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sinks nnll cany~)n::;. the Ronbidoux sandstone may be seen in 
seyernl places tilling ditches and channels in the upper surface 
of the :Uas,;ive Crystalline Cap-rock of the Lower Cambrian. 
In that loeality. the convoluted cherts, eharacteristic of the 
Siliceous Cap-roek of the rppcr Cambrian, are quite abundant. 
They furnish infallible proof, that the rpper Cambrian was 
deposited in that zone and weathered off, before the Roubidoux 
sandstone was deposited. 

(Plate S.) On the other hand. just below the mouth of 
Linn Creek, some miles away from the axis of the fold, the 
Roubidoux sandstone is resting on the Siliceous Cap-rock of 
the rpper Cambrian. In the ,alley of Jack's Fork, about 
Eminence in Shannon County, the ri,er track is in the Crystal­
line Cap-rock of the Lower Cambrian. Cyclop's Ca,e, some 
eight miles away on the Salem road! is in "Cpper Cambrian 
limpstone and its roof is Roubidoux saudstoue. 

As indicated, in the sketch of Tertical section. two fossil 
horizons hay€' been found in the Massi,e Crystalline Cap-rock 
of the Lower Cambrian, ,iz_: a G;lSteropod horizon down some 
lift,!- feet from the top and a Brachiopod horizon at the t.op. 
'When the rock is all in place. The Gasteropod horizon was 
first diseoTered by ~Ir. D. K. Greger, on the Onyx Island at Ha 
Ha Tonka. It was afterwards found in other widely separated 
localities. 

"(,PPER C.UfBRIAX. 

The reader will, of course, bear in mind that I am calling 
the remainder of our Cambrian Di,ision, abo,e the Massi,e 
Crystalline Cap-rock, "Cpper Cambrian for con,enience and 
not because it has been correlated 'With the Upper Cambrian of 
the east. I ha,e already given the reasons why our CambrialJ 
Di,ision should be described in two sections. Then I cannot 
'Wen avoid calling one of them Lower Cambrian and the oth('r 
rpper Cambrian. 
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LOWER GREEN SHALES .. 

(plate fl.) The first member of our Upper Cambrian see· 
tion is a bed of Green shales (Greywackes) usually about 
twenty feet thick. About the middle of this bed of shales; be­
tween bottom and top, some thin layers and isolated lenses of 
argillaceous limestone occur. But they are very irregular in 
their development. At the top of the Lower Green Shales, 
Trilobites and Lingulella are guite abundant in some locali­
ties. 

LOWER MUD-ROCK. 

Between the Lower and Upper Green shales is a deposit 
of argillaceous limestone about twenty feet thick. Lying, as 
it does, between two shale beds, it is not surprising that this 
rock should contain a large proportion of argillaceous matter. 
It is typical mud-rock and in view of the fact that another one, 
twice as thick, lies twenty feet above it, I have not thought of 
a more suitable name for it than Lower Mud-Rock. 

UPPER GREEN SHALES. 

Between the Lower and Upper Mud-Rocks, lies the Upper 
Green shales (Greywackes) about twenty feet thick. About 
midway up, in this shale bed, tp.ere is also a persistent sheet 
of thin layers and isolated lenses of argillaceous limestone. 
At the top of the Upper Green Shales is another fossil horizon 
in which Trilobites and Lingulella are very abundant in cer­
tain zones. 

UPPER MUD-ROCK. 

On the Upper Green shales, lies the Upper Mud-Rock, some 
forty or fifty feet thick. The upper beds of this rock yield 
soine good dimension stone for heavy masonry. The Missis­

G-7 
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sippi River and Bonne Terre Railroad Company is using it ex­
clusively in the construction of bridges and culverts. In 
texture and structure it resembles the cotton rock of the Sec­
ond, Third and Fourth Calciferous, but it has more of the color 
and crystalline character of a true limestone. It is, therefore, 
far superior to Calciferous cotton rock for any kind of masonry. 

(Plate 10.) In a thin crystalline layer, about the bottom 
of this Upper :Mud-Rock, fragments of seyeral species of Trilo­
bite are very numerous. In another crystalline layer, a little 
below the Trilobite horizon, the earliest forms of the genus 
Cystoidea occur. Fragments of basal plates and columns have 
been found in that horizon in seyeral widely separated locali­
ties. ~omewhere, towards the top of this rock. another Brachi­
opod horizon occurs, but the fossils were found in a spot so sit; 
uated that it was impossible to determine the distance from 
either top or bottom. 

SILICEOUS CAP-ROCK. 

The fifth and last member of the Upper Cambrian has been 
called the Siliceous Cap-Rock, because it is the only siliceous 
limestone in the whole Cambrian Diyision. This is the rock I 
have said may be the equivalent of the Potsdam, so-called 
sandstone, in the east_ This .rock is somewhere between one 
hundred and fifty and two hundred feet thick. Along the 
central zone of the Cambrian area, in central Missouri, it was 
weathered off before the Roubidoux sandstone was deposited. 
Along the flanks of that fold, it is exposed in se,eral places, 
but not enough to give any clue to its thickness. 

About the head of the Middle Fork of Black River, it 
seems to ha,e reached its greatest de,elopment. In the bluffs 
along the valley between Foote and Edge Hill, in Iron County, 
its columnar structure is ,ery surprising. Indeed, it WaS so 
surprising to our exploring party that we forgot to get a close 
estimate of its thickness. However, no rock is the same thick­
ness everywhere and we know it is not less than one hundred 
and fifty feet thick. 



MO. GEOL. SUR\'. PLATE X. 



MO. GEOL. SURV. PLATE XI. 

t:: 
o 
(Jl 
s.. 
<D ..... ..... 
cG 

c.. 
<D 
t:: 
.8 
(J) 

<D 
E 
J 
t:: 
cG 
·C 
.Q 

E 
cG 
o 
(J) 

:J 
o 
<D 
o 

({J 



CAMBRIAN DIVISION. 99 

(Plate 11.) A remarkable surface exposure of this rock 
-occurs on the west side of the St. Francois River, a few miles 
east of Patterson, in Wayne County. We photographed that 
exposure, but it is impossible to get an idea of the extent and 
rugged character of that unusually large and rugged area in 
one photograph. 

Inasmuch as our Cambrian and Ordovician Divisions have 
been only recently differentiated, we have not yet had time to 
get the exact boundaries of the areas in which the Cambrian 
rocks are now the surface rocks. Had we the requisite data 
for making correct maps of those interesting zones, the practi­
cal value of this PreIimin'ary Report would be thereby greatly 
enhanced. However, the only sedimentary rocks involved in 
those Cambrian areas and their Ordovician boundaries are 
the Cambrian limestones which form the floor of each valley 
or basin and the first member of the Oalciferous group which 
form the escarpment around each Cambrian area. 

Having given the localities of Cambrian country, in all 
of the counties in which it has been recognized, together with 
reliable landmarks for guides, the reader (student or pros­
pector) can soon learn to distinguish the Cambrian limestones, 
always below the Roubidoux sandstone, from the First Cal­
('iferous always above it. Any close observer can soon become 
expert enough to follow the contact of the Roubidoux sand­
stone and Cambrian limestones under it and work out for him­
self the boundaries of anyone of these Cambrian areas. 

One important fact which I am trying to emphasize in this 
Report is the close analogy between the Roubidoux sandstone, 
at the base of the First Calciferous, and the St. Thomas sand­
stone, at the top of it. The prospector is liable to be misled 
by the analogy of any two of those Infusorial sanstones of the 
Calciferous group. But the first Calciferous is an immensely 
thick rock, varying between four and five hundred feet in 
thickness and is intensely siliceous. In other words, is makes 
vase quantities of coarse gnarled cherts and as the Roubidoux 
sandstone under it is often resting on the middle members of 
the Cambrian, which make no cherts Whatever, it is generally 
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easy to distinguish the Cambrian limestone from the Calcifer­
ous rocks which form the escarpments around all of our Cam­
brian areas. 

(Plate 12.) Beginning at the mouth of the Little Buffalo, 
in the southwestern part of :Morgan County, the track of the 
Osage River enters an upward fold in the Cambrian beds and 
after describing a remarkably crooked and interesting track, 
obliquely across it, leaves it a little below Linn Creek, in Cam­
den County. At the mouth of Proctor Creek, the river' bed is 
down one hundred feet or more in the Cambrian. From that 
point down to the first bluff below the mouth of Linn Creek, 
the river track meanders at Tarious depths, from ten to one 
hundred feet in the Cambrian. On the west side of the Osage 
RiTer and a little below Sagrada is a magnificent exposure of 
the contact between the Roubidoux sandstone and Cambrian 
limestone under it. There, columns are projecting down from 
the under side of the Roubidoux sandstone into what were once 
,old ditches in the upper surface of the Cambrian limestones. 
That exposure shows also the relati,e persistency of a quartzite 
and a limestone. But we encountered it in the afternoon, 
while it was in a dense shade and could not get a photograph 
that would come anywhere near doing it justice. 

The reader need only look at a map of 11issouri and ob­
serve the track of the Osage River, between the mouth of the 
Little Buffalo and the mouth of Linn Creek, to see how a river 
track may be deflected by the folds and inequalities of quartzite 
and limestone. In many places in that river track, the in· 
vincible Roubidoux quartzite, lying at such an angle, that it 
could not be undermined, has defiected the river for miles out 
of its course. On the other hand, the open structure and 
soluble character of the Cambrian limestone have opened the 
way for the development of one of the most picturesque and 
beautiful river tracks in the world. 

About two miles below the mouth of the Procter Creek 
and on the north side of the river stands a hill of solid rock 
in the midst of a ri,er plain. ",Ve named, it the' Cote S(ms­
Dessein of the Osage RileI' and figured that basin as a desirable-



MO. GEOL. S"cRV. PLATE XII. 

<5 

£ 
:l 
III 
CD 

B 
J 
II­o 
..c:: .... 
:l 
o 
E 
~ 
.2 

CO 
.0 
(l) 
c: 
.8 
CIl 
"0 
,~ 

en 
X 
:l 
o 
"0 
:0 
:l 
o 

0:: 
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:spot to drill for disseminated lead. However, the Bollinger 
Creek Valley, a few miles further down, and the basin at the 
north point of the Porter Mill Bend look equally as promising. 
Indeed, there are some good reasons for believing that a large 
concentration of ores may have taken place in the ground op· 
posite the mouth of Linn Creek. 

N ow turning to the track of the Niangua River, in Dallas 
'County, there is a small Cambrian basin lying on the east side 
of the river about one mile above the mouth of Mill Creek. 
'l'he Roubidouxsandstone is exposed in the west bank some 
distance above the low water level of the river and a river 
plain, on the opposite side, resting on Cambrian limestone, 
sugges'ts an important concentration of disseminated lead. 
From that point either up or down stream, however, the river 
track does not seem to have cut down into the Cambrian 
until it encounters the great upward fold lying diagonally 
~cross Camden County from Proct()r Creek to Decaturville and 
thence up the Dry Glaize, in Laclede County. 

By referring to a map of that part of Missouri, the reader 
will observe a striking analogy in the tracks of the Niangua, 
the Little Niangua and the Osage rivers, where they enter the 
great Oambrian fold. The cliffs along the Osage, where it 
traverses the Cambrian fold, cannot be surpassed for beauty, 
but the river track is much wider than that of the Niangua, 
'Which is little more than one deep a,nd narrow canyon. 

(Plate 13.) From Juanita Cliff, near Ha Ha Tonka, to 
Arnhold's Mill, the track of the Niangua crosses the axis of the 
'Cambrian fold and, has cut its way down from oue to two 
hundred feet into the Cambrian limestones. From an elevated 
point, on the Ooelleda road, some two miles west of Juanita 
'Cliff, a rugged but exquisite'landscape may be seen, either up 
,or down the valley of the Niangua. Some three miles away 
to the east and on the opposite side of that beautiful valley, 
1ies Ha Ha Tonka, wi~h its unparalelled aggregation of won­
·ders. 

(Plate 14.) The Niangua is fed at all seasons by three of 
-the great boiling or flowing springs of the M;agnesian Lens; 
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the Bennett Spring in Laclede Oounty, the Sweet Spring in 
Dallas County and the far-famed Ha Ha Tonka in Oamden 
Oounty. Furthermore, it is fed by innumerable other springs 
of lesser magnitude but perpetual volume. To one who loves. 
nature, in her wildest garb and primeval beauty, I do not 
think of a more fascinating spot than the valley of the Nian­
gua. And that is only one of our Oambrian zones. 

(Plate 15.) Following up the valley of the Dry GIaize 
from the Pegmatite Hill and Decaturville, five or six miles in 
the direction of Sleeper, on the St. Louis & San Francisco Rail­
road, the Oambrian rocks disappear under the first three or 
four members of the Oalciferous and are again slightly denuded 
between the two branches of the Gasconade, in the eastern 
edge of Laclede Oounty. We have not yet explored the line 
of that fold between the last naPled point and the great Oam­
brian basin which lies in the valley of the Jack's Fork eastand 
west of Eminence, in Shannon Oounty. 

N either have we' explored the great Oambrian zone in 
Shannon Oounty more than enough to know that it reaches up· 
the valley of Jack's Fork some miles west of Eminence and 
down, to the southeast, into Oarter Oounty. Lying to the 
north of Eminence and separating the valley of Jack's Fork 
from that of the Ourrent River, is a high ridge, made up of' 
First 'Oalciferous and St. Thomas sandstone. Beyond that 
ridge, from Eminence, ten and twelve miles away on the Salem 
road, are two of the most beautiful objects I have ever beheld. 
The first 'of these is Oyclop's o ave, about ten miles, and the 
Round Spring, about twelve miles from Eminence, on the 
Salem road. 

(Plate 16.) Oyclop's Oave is situated in a Oambrian lime­
stone cliff facing westwards and the entrance is up some fifty 
or sixty feet from its base. A terrace lies in front of the cave 
and hides the entrance so completely that the eye of the pass­
ing traveler sees nothing more interesting than a ledge of' 
Roubidoux sandstone projecting out from under a sloping 
hillside. That ledge of Roubidoux sandstone makes the roof" 
or ceiling over the highest portion of the cave and that ceiling. 
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is a study in itself. The sandstone is a pure quartzite and 
every joint in it is emphasized by an exquisite calcite drapery. 
The entrance is wide enough to admit sufficient light, in clear 
weather, by which to explore ,the cave. The floor lies about 
thirty feet below the entrance and such a floor I ha,e never 
elsewhere beheld. 

There are many greater ca;-erns in the Earth, many 
greater in Missouri, than this Cyclop's Cave, but not another 
one-half so beautiful. From three o'clock till four in the after­
noon of any bright day in the year the one Imperial :Motor (the 
Eye) of our Solar System (our Sun) peers through that open­
ing far into'the Earth and illumines, with His divine light, 
that weird and solitary but gorgeous chamber. The reader 
may, therefore, not be surprised to learn that the picturE'S 
taken in Cyclop's Cave are not flash light, but time exposures, 
in the divine light of our Sun, far underground. l\foreover, 
that divine Sunlight so far under ground suggested the name 
-Cyclop's Cave. 

(Plate 17.) Two miles further up the road towards Salem 
and facing towards the rising Sun is a round abyss in the 
Earth, about one hundred feet wide and nearly as deep. It 
stands always about half full of beautiful blue water on 
whose smooth surface never a ripple is seen. I should have 
snid divine blue, for I cannot disassociate such expuisite blue 
and white from divinity. That, of course, is the Round Spring. 
But its name does not begin to convey the slightest conception 
of its beauty. Lifting your visual orbs from its snow white 
bottom, fifty feet below, and fixing them on the deep serene, 
forever mirrored in its placid surface, you have a cyclorama 
whose ever varying charms will never be eclipsed by anything 
more beautiful, until you have beheld the objective beatitude 
of Heaven. 

So much for the Cambrian country in Shannon. "'e have 
not found the boundaries of either one of those areas and there 
may be other Cambrian areas that we have not yet located. I 
have already said the Cambrian zone in which Eminence is 
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situated extends down, to the southeast, from that place, into 
Carter Conuty and is possibly uncovered in Butler County. 

Now comes our greatest Cambrian zone, encircling the 
Primordial area about the head of the St. Francois River and 
traversing ten counties, viz.: Washington, Iron, Reynolds, 
Wayne, Bollinger, Perry, Ste. Genevieve, Jefferson, St. Fran· 
cois and Madison. On all sides of that greatest Primordial 
area, in which the granites and porphyries have been denuded 
of their sedimentary covering, the Cambrian limestones come 
first, in rugged escarpments, facing towards the center of that 
denuded area. Next after the Cambrian and a few miles 
further back in all directions come the four members of the 
Calciferous, each on its basal sandstone, lying in escarpments 
one after another, in their natural order of occurrence, like so 
many skewbacks of once continuous arches, facing towards 
the center of that same denuded area. 

In that ragged and irregular, but persistent Cambrian 
zone, there are many inviting spots for those who are seeking 
rich zones of disseminated lead. In each of the ten counties 
mentioned there are from one to a dozen Cambrian valleys 
promising rich returns to the prospector. However, the core· 
drill judiciously located will have to determine the existenc(.~ 
of ore in paying quantities, becaus'e those ore bodies are in· 
variably planted deep in the ground. 

(Plate 18.) The next most important Cambrian zone that 
has been located by this Survey lies in the valley of the Mera­
mec, around Cook Station in Crawford County and doubtless 
extends up the Meramec into Dent County. However, we 
crossed it only once diagonally, going from the Meramec Big 
Spring, via Cook Station, to Sligo Furnace. Having good 
railroad facilities, we noted it as a very promising Cambrian 
zone but have not yet found its' exact boundaries. 

Inasmuch as· the Cambrian and Calctferous rocks had 
never before been differentiated, the reader who knows any· 

. thing about the difficulty of distinguishi;ng between those 
rocks, will doubtless appreciate the importance of the work 
performed by this Survey in the last two years. We could not 
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have accomplished more with the facilities. Nor are we done 
looking for Cambrian country in the valley of the Meramec, 
the Gasconade and the Current rivers. We now have these 
mysterious rocks of the Magnesian Lens so individualized that 
we can recognize them on sight and thus make our field work 
effective. 



CHAPTER IV. 

ORDOVICIAN DIVISION. 



SECTION OF ORDOVICIAN. 
Characteristic Fossils. 

](ecq)La,eulil;es oweni. 
:Uncl urea nla.gl1a. 

Oon.icWel'as aneeps. 
()l'moc'el'll,S tenllifiiulli. 
f.Jl-'perditia sublaevis. 

Lepor-diLi:L slllJlaevis. 
'f'ryblidiulll ()V1Ltum. 
Uplltleta levlLtum. 
:\furellisonia, eurinifcl'a. 

Filcoids. 

HoIO])(J;t oJmsa. 
Opbilet,a c()lllpinnata. 
RaplliHtomn. Hubplanit. 
~1;1'aparuJ I us polygYJ·atus. 
St!l'aparoll us v"nl vati'formis 
Mnr(,~llisonia, mmrh:ensis. 
MUl'chisonia vesta. 
Opl>lIet:t levn.tu" 

Holopea t,ul'gic1a . 
.l\.yurehi~nnia carinifpl':1. 
Murchisonia melanifol'mis. 
)lln'ellisonia. vusta. 
OpiJiletn jpvatn. 
Haphis1,omll subplanlL. 
Strapllrollus vnlv:Ltiform!s 

l<'llcolds. 

Dltl manella electm. 
H olopo:L obeslL. 
Mllrchisonia carlnlfera. 
Murchison!a ozarkensis. 
Opbiletll compl'1nata. 
R:lphistomu. subplana" 
Straparollus minnesotensis 
Straparo!lus polygyratus. 
Straparollus valvatiformis 
Tryblidium ovatum. 
Lituites compjanata. 
Nautilus kelloggi. 
Orthocer11s ozarlwnsis. 

Fucoids. 

II 
Subdivisions. 

Hudson l{ivel·,Beds. 

Black River Limestone. 

li'ollI'th Oalciferous. 

st. Peter.Saudstone. 

Roubidoux Sandstone. 

Oambrian. 



ORDOVICIAN (Lower Silurian). 

That our nomenclature may conform as nearly as possible 
to the nomenclature adopted by the U. S. Geol. Survey, I have 
concluded to replace the compound term Lower Silurian with 
the simple term Ordovician. Obviously, that simplifies the 
subject immeasurably and enables us to separate the rocks 
of two distinct geological periods, without any repetition of 
terms. The name Ordovician was derived by the British geolo· 
gist Lapworth from the Ordovices, a tribe of ancient Britain. 

Our Ordovician Division of t.he geological record em­
braces the eight distinct members of the Calciferous group 
in Missouri, the Black River limestone, the Trenton limestone 
and the Hudson River beds. And inasmuch as our whole 
Cambrian Divis'ion embraces only the lower one·third of the 
great Magnesian Lens of Missouri, I desire to call the attention 
of the reader at once to the unique character and extra-

"ordinary thickness of our Calciferous section or group. Our 
whole Cambrian Division complete, consisting of ten distinct 
members does not exceed eight hundred feet, perhaps, in verti­
.:a1 depth. On the other hand, the Calciferous group or com­
plement of the Magnesian Lens, above the Cambrian, embraces 
four Infusorial sandstones and four Magnesian limestones, in 
alternate succession, witJ:t a total thickness of fifteen or six­
teen hundred feet .• 

Each member of the Calciferous group has an Infusorial 
sandstone for its base and vast quantities of siliceous matter 
distributed throughout its mass. Plant life seems to ha,e 
contributed as m!1ch as animal life to this prodigious mass 
of rock minerals and metallic elements. And beyond the fact 
that the Roubidoux sandstone is somewhat prolific of Fucoid 
casts, no distinct fauna can ~ made out for anyone member 
of our Calciferous group. After the close of Cambrian time, 
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where a profound gap occurs in the chain of fossil life, the 
same forms of plant and animal life seem to have persiste(l 
throughout the whole period of deposit of the Calciferous 
group. Nor is there any unconformity, to be observed in the 
different beds of this heterQgeneous mass, worth notice. 

':I'herefore, we have no alternative but to regard our Cal­
ciferous beds, which make up the upper two-thirds of the Mag­
nesian Lens, as the products of some unique an.d continuous 
condition of lo~al deposit. That it was contemporaneous with 
the deposit of the Calciferous of New York there cannot be any 
doubt. But that it is not an exact equivalent or duplicate of 
thl' Calciferous of New York is equally apparent. I cannot 
conceive any other genesis, or condition of deposit, for thiR 
heterogeneous mass, than the floor of a sargasso sea in early 
Paleozoic time. 

CALCIFEROUS. 

As indicated, in the foregoing sketch of vertical section, 
our Calciferous group consists of eight distinct members: four 
Infusorial sandstones and four Magnesian limestones, in al­
ternate succession. In other words, each member of the Cal­
ciferous has an Infusorial s'andstone for its base and vast 
quantities of siliceous matter distributed throughout its maSR_ 
Magnesia and lime are, however, about equal in volume to 
the silica, involved in these unique rocks. Besides the mag­
nes,ia; lime and silica, which are the chief eonstituents,argil­
laceous matter and metallic elements were evidently abundant 
in the original mass. The Green shales (Greywackes) which 
are dispersed in local lenses and the cotton rocks of the last 
three members b€ar witness· to the fact t.hat considerable 
argillaceous matter was involved. We often hear miners and 
quarrymen applying the term bastard to different kinds of 
rock. Usually when there is no occasion for it. I have nevel' 
seen a rock in whose description the word bastard can be used 
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more appropriately than these Calciferous cotton rocks. Those 
aggregations of lime, silica' and argillaceous matter, were, 
however, greater towards the close than at the beginning of' 
the Calciferous period of deposit. 

ROUBIDOUXSANDSTONE. 

(Plate 19.) The first or basal member of the Calciferous· 
group is the Roubidoux sandstone. Apart from the fact that it 
is the· basal member, which lies unconformably on the Calll­
brain and is somewllat prolific of Fucoid casts, there is no way 
of distinguishing the Roubidoux from the other Infilsorial 
sandstones, other than by its geological relations. It is soft 
and friable at:· one place, a homogeneous quartzite at another. It 
is massive and false bedded at one place, thin bedded und 
stratified at another. It is saccharpidal and white at one 
place, iron-stained red or brown at another. In short, all of 
these Infusorial sandstones have the same characters and 
any particular character developed in one of them lllay be 
duplicated in either one of the others. 

The Roubidoux sandstone is most interesting, perhaps,. 
because it is the basal member of the Calciferous group and 
is a reliable bench-mark for determining the boundaries of 
our Cambrian areas. Inasmuch as it is usually a massive 
quartzite and for that reason a very durable rock, it is often 
left in patches in the midst of our Cambrian areas. In that 
case, it is usually the horizon of pine forests, but it does' not 
support more than 'one-tenth as much area of pine forest as the 
St. Thomas sandstone above it. Even the Moreau and the St. 
Peter sandstones are the horizons of pine forests, but in a more 
limited extent than the Roubidoux sandstone. 

In the pine ridge south of Potosi and bordering the great 
Cambrian valley of the npper Big River, the Roubidoux sand­
stone is about two hundred feet thick and very generally a 
massive homogeneous quartzite, in that locality. In otber 

G-S 
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localities, however, it is sometimes found not exceedillg it'n 
feet thick. Besides the primary fact that it is made up of pm'(' 
rounded quartz grains, it varies equally as lunch in its O(]IPl' 
lithologic characters as in its thiekness. Neither student nol' 
prospector should conclude that either one of these Infusoria I 
sandstones has any C011stan t charader 01' j ndi vid un Ii ty by 

which it may be always recognized. For thC'l'ein liesiJlf' )'ea· 
son, mainly, why they have never lwfol'P lWl'l1 diITcI'vlliial('(1. 

FIRST CALCIFEROUR. 

(Plate 20.) In magnitude (extent and depth) 01(' ]<'il's{ 
Calciferous is the greatest rock in ou]' geologieal ],peo]'d. Ly· 
ing, as it does, in the middle of the l\lagnl'siml Lpns and n()w 
delll!cied of the once overlying rocks, it is the sl1l'f:\('(' I'()('k 

OYCI' large areas in more than thirty ditTel'f'nt ('ollrJti('s, in 
8011th eentl'al and southeastern l\Iissomi. Being '{ 11(' llt'X{ gl'P:l t 
ore.bearing or' country roek, aftel' the First (1ambl'ian limf" 
stOlll', the First Calciferous forms the skc'wbneJ..:s 01' ('scm,]" 
mcnts around all of our Camhrian aI'CllS. And it is doubtl('SR 

the source whence a large portion of the metallic s111phid('s, 
l10W stored in the Cambrian, have been derived. 

Proof of the fact that the First Caleifcl'olls has yip\d<'<l a 
large part of the metallic ores now deposih!d in the (~alllhl'iall 
is manifest in the further fact that it: is l'i!'h ill ()J'N1 aI'o1l1ul 

earh productive Cambrian zone. All nlOJlg the Caldf<'I'Ol1S 
border to the Cambrian zone' of the uppel' Big Hi \'('1', in ,lpfl'pl'­

~on and Washington counties, lead, zinc and bnrite, in tIny 
hlankets, have been mined continuously during tlw last fifty 
years. Valles Mines in Jefferson Couniy, the T'nnnel Mine·s 
in St. Francois County, the Richwoods, Potosi and Palmer 
Mines in Washington County are all in the First Caleiferous, 
or its clay blankets, which are merel;v relies of that rock de­
composed. 

Obviously, when the walls of a fissure, filled with lead or 
other metallic ores, are decomposed and the major part of the 
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rock minerals altered to clay, there is no alternative for the 
metallic contents of that fissure but to gravitate down.wards 
and remain in the clay blanket, or be dissolved out and carried 
down into the open structure of lower horizons. This genesis 
is fully demonstr~ted by the facts. All of our ore bodies were 
deposited originally under water, as sulphides, and as deep 
valleys were subsequently eroded and the water level thus 
let down, the ore bodies, thus deserted by.the water, were ex­
posed to reagents and gradually altered into oxides, silicates 
()r carbonates. In other words, the primary sulphides were 
thus logically altered into secondary and tertiary ores of far 
less metallic value. 

What became of the metallic value lost in the alteration 
()f a sulphide to a silicate or carbonate? It was carried. down 
in solution into the open structure of the next great country 
rock below and redeposited, under permanent water level, as a 
sulphide. Therein lies the clue to all of our great ore bodies. 
GiYe nature a reasonable chance to have made a great concen­
tration of ores derived from weathered-out rocks and you are 
()n the right track to find a profitable mine. Obviously, that 
brings us at once to the right kind of structure so situated as 
to have received a large concentration of the metallic elements 

, derived from decomp'osed rocks and from the reconstru,ction 
()f the' present country rock in whose once open structure the 
great ore bodies occur. 

, I know that in making this statement I shall have to an­
tagonize a great many people, but it is my honest conviction 
that the function of a geological survey is to save a great waste 
of energy rather than to boom the mineral resources of a State. 
Theref'ore, I shall have to say frankly that we have in Mis~ouri 
only three great sedimentary country rocks. By that, I mean, 
only three members of our geological record have had the requi­
site open structure and have been so situated as to receive the 
eoncentrations of metallic elements derived from the decom­
posed rocks and from the reconstruction of themselves. 

That suggests at .once the great economic importance of 
differentiating the rocks and showing which are ore-bearing 
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to a profitable extent. Having differentiated all of the rocks 

by their individual lithologic and fossil characters and empha­

sized the country rocks, which are known to contain profitable 

ore deposits, the next thing is to show the particular kind of 

structure in each great country rock in which profitable ore 

bodies may be expected. It is scarcely necessary to repeat, 

that we reason only by analogy. Having learned by close ob­

servation that profitable ore bodies occur only in certain rocks 

and in certaiil conditions of structure, in those rocks, it is not 

difficult to recognize those rocks or their equivalents under 

duplicate or similar conditions in other localities. 

That is obviously the only method by which we ean safely 

proceed to the intelligent development of our mineral re­

sources. It is the only method by which we can hope to open 

new territory successfully and without a great waste of energy. 

Frankly, it is the policy of this Survey to co-operate in the 

opening of new territory and thus foster the development of 

our mineral resources by every honorable means. But decep­

tion is no part of our policy. Obviously, when the metallic 

elements which were once diffused in all of the members of the 

Magnesian Lens have been concentrated into economic bodies 

by the decomposition of part and the reconstruction of the bal­

ance we have no reason to expect that rich ore bodies will be 

equally distributed in all of the rocks. On the contrary, we 

have every reason to expect that our rich ore bodies will be 

found only in certain zones and in certain country rocks. 

Having found by close observation that all of our profitable 

mines are situated in certain country rocks and in certain 

kinds of structure in those rocks, it is clearly the duty of this 

Survey to bring those facts out and make them as plain as 

possible. And that is exactly what we are doing. 

Moreover, those enterprising people who are putting their 

money into the ground and taking their chances in the develop­

ment of our mineral resources are entitled to some considera­

tion. KnOwing, as we do, that all of our profitable mines are 

situated in certain zones and in certain country rocks, the plan 

of this Survey is to find, in our unexplored territory, exact 
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equivalents or duplicates of the rocks and structure in which 
profitable mines are now being worked. That seems entirely 
feasible and safe. But no matter how expert we may become 
in recognizing our great country rocks, there is always a large 
element of uncertainty about whether they have been sub· 
mitted to the exact conditions which would have resulted in 
large concentrations of metallic elements in them. Therefore, 
it behooves the man, who does not realize that there is a large 
element of uncertainty in all mining ventures, to follow some 
less hazardous pursuit. And it behooves us all to direct out· 
side, as well as home capital, to the kind of country which 
promises fair returns for such investments. 

That our mineral resources are great and virtually un· 
touched is a proposition which no well informed person doubts. 
But that having been concentrated from the diffused state into 
economic bodies they could not now possibly be equally dis· 
tributed in all of the territory and in all of the rocks, is 
another proposition which the facts in the case and the func· 
tion of this Survey compel us to maintain regardless of con· 
sequences. It suggests one of the unpleasant features of a 
geological survey. But I have a conviction that there are 
victims enough of mining booms and honest people enough left 
in Missouri who will appreciate an honest effort to dp.lineate 
our geology, true to nature. Therefore, regardless of the 
result of any possible issue, we mean to delineate the geology 
of Missouri without reference to beneficiaries. 

(Plate 21.) The,First Calciferous or next country rock, 
after the First Cambrian limestone, is the surface rock over 
large areas in thirty or more different counties. Beginning 
with Benton and Hickory counties, on the west, there are not 
less than fifty square miles of First Calciferous country in the 
valley of the Big Buffalo, on the north side of the Osage river, 
and about an equal area of the same kind of country in the val­
ley of the Little Niangua"of Hickory county. And the north­
eastern one·third of Dallas county is First Calciferous country, 
except the small Cambrain basin heretofore mentioned, in the 
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vnlleyofthe Niangua RiYer, one mile above the mouth of l\lill 

creek .. 
Excepting the narrow zone of Second and Third Calcifer· 

ous country which separates the vallejs of the Osage and 
Gasconade between Lebanon and Dixon and the valleys of the 
Gasconade and Meramec between Rolla and St. Clair (marked 
by the main line of the St. Louis and San Francisco Railroad) 
the' valley of the Osage between River View and St. Thomas, 
the'valley of the Gasconade between Wright county and 
Cooper's Hill and. the valley of the Meramec from its source 
to Moselle, are practically all First Calciferous country. In 
the whole of the plateau occupied mainly by Dent county and 
in a zone from thirty to sixty miles wide all around it, the 
highest sedimentary rocks are First Calciferous and St. 
Thomas sandstone. 

Hence we have in Benton, Hickory, Dallas, Wright, La· 
clede, Camden, Morgan, Cole, Miller, Pulaski, ':rexas, Phelps, 
Maries, Osage, Gasconade, Franklin, Crawford, Dent, Slinn­
non, Oregon, Ripley, Cartel', Reynolds Iron, Washington, Jef­
ferson, Wayne, Butler, . Bollinger, Perry !J.nd Ste. Geneyieye 
counties not less than five thousand square miles of First Cal­
ciferous country. Now figure up the areas of the surface and 
sub-drainage zones. in which there could have been large con­
centrations of metallic elements, deriy~d from weathered-out 
overlying rocks and from the reconstruction of this great coun­
try rock, and we have not less than two thousand square mile., 
of good country, distributed among the thirty-one counties 
m~ntioned, in which to look for rich fissure and blanket de­
posits. 

(Plate 22.) Add to the above mentioned two thousand 
square miles of First Calciferous country a possible five hun­
dred. square miles of productive Cambrian country, in Madison, 
St. Francois and sixteen other' counties, and then another one 
thousand square miles of productive Burlington-Keokuk coun­
try in Webster, Christian, Greene, Stone; Barry, Lawrence, 
Dade, Barton, Jasper, Newton and McDonald counties, and 
you have three thousand five hundred square miles of ore-bear-
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ing country in which profitable mines are now being worked. 
And I will venture the prediction that when exhaustive search 
is made and those areas are intelligently explored, billions of 
mineral wealth will be unearthed. How to proceed in the in­
telligent development of our mineral resources and thus save 
the usual waste of energy are the paramount questions with 
this Geological Survey. 

Who the beneficiaries shall be does not concern this Sur­
vey, but the exact distribution of our three great country 
l'od~s, viz: the First Cambrian, the First Calciferous and the 
Burlington-Keokuk limestones and the exact zones in them. 

. in which rich ore bodies may reasonably be expected, is one of 
our chief objectives. The obvious fact that no profitiable 
mines are now being worked or even have been worked in any 
other rocks, than the great country rocks above named, sug­
gests that we eliminate everything but them and explore them 
carefully for duplicate conditions of exposure and structure 
under which they are known to contain profitable mines. 

In eliminating all other country except Cambrian, First 
Oaleiferous and Burlington-Keokuk, I want it distinctly un­
derstood that I am not posing as an oracle. Neither have I 
any prejudice in this matter. Nor am I saying that the other 
rocks are absolutely barren. But I do say frankly that I have 
e\:plored every county iu South Missouri and I have not found 
what I considered a profitable mine except in Cambrian, First 
Calciferous or Burlington-Keokuk country. There are hun­
dreds and possibly thousands of mineral prospects and occa­
sionally an old sink 01' clay blanket that has yielded consider­
able ore, and some of them are now yielding considerable ore, 
but I do not know i1n individual who is much the richer 01' 
wiser from having worked them. On the'other hand, I know 
't great many well-to-do people and some few millionaires 
whose wealth came mainly from mines in one or the other of 
our three great country rocks. 

(Plate 23.) Now without further apology or explanation 
I will proceed in the delineation of our geological record and 
when I come to one of the great country rocks, I will dwell 
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on requisite structure and try to indicate its probable produc­
tive areas. Before proceeding, however, I beg to call the atten­
tion of the reader to the fact, that in a vertical section of our 
geological record the three great country rocks lie severalltun­
dred feet apart. In other words, the First Cambrian limestone 
C'iVhite Lead) lies on the Basal sandstone and under all of the 
other six or seven hundl'ed feet of Cambrian Beds. The Pirst 
Calciferous (the rock I am now delineating) lies on top of the 
Roubidoux sandstone and reaches up four or five hundred feet 
into the Calciferous group. Therefore, the First Caleiferous 
lies about midway between the First Cambrian and the Burl· 
ington-Keokuk limestone. 

'1'he Pirst Oalciferous is the most siliceolls limestolle in 
our whole Calciferous group. POl' that reason it makes V:tRt 
quantities of chert and drusy quartz. But the mere faet: that 
our Calciferous group consist of eight lilembers (FOUl" Infus­
orial sandstones and four Magnesian limestonC'R, in alternate 
succession) suggests that all of our Caleifcl'ons memberR are 
siliceous rocks. Those who are familial' with the lithologic 
eharacters of the Calciferous of New York will easily under­
stand the difficulty of correlating our 'whole CaleiferouR gl'oup 
with the one rock, known as Caleifcl'ous ill New York, aud iu­
dil'idualizing our eight distinct lllcmhers, without a repetition 
or confusion of terms. '1'11c nomeneJatul'c I 1tav(~ atlopi<'d for 
this delineation is, however, the one Sllgge8te~ hy Hw f"adfol and 
iR less objectionable than any other. I regard the wholc\ Ol'do­
yieian division (upper two-thirds) of the l\fagneHian I)(,lIfol as 
the equivalent of the Calciferous of New YOl"k. '1'hen, there is 
no alternative but to describe and name the eight in<lividnal 
members of the group in their natural or<lGil.' of oeeurrenee from 
oldest to youngest., 

In fact all of our magnesian limestones, from tlw Siliceons 
cap-rock of the Upper Cambrian upwards, a.re siliceous lime­
stones or calciferous sandrocks. But the Oal(;ifcrons of New 
York comes nearer being a true limestone than a true sand­
stone. It is nearer a siliceous limestone than a Caleiferons 
sandrock and our four magnesian limestones above the Cam-
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brian are siliceous limestones rather than calciferous sand· 
rocks. However, the name, Calciferous is already established 
and when w'e have become accustomed to First, Second, Third 
and Fourth Calciferous that arrangements will seem natural 
because it is true to nature. 

The average thickness of the First Calciferous is some· 
where about four hundred feet. In the Meramec Valley in the 
northwestern part of Washington county and in the south­
eastern part of Franklin county, it is apparently not less than 
five hundred feet thick. But there are other localities in which 
i,t seems never to have been as much as four hundred feet 
thick. After having observed it carefully in the thirty·one 
counties in which it is the surface rock, over large areas, I have 
concluded that foul' hundred feet is a conservative estimate 
of its average thickness, before any portion of it was removed. 

In two places, viz: five miles east of Linn Oreek in Oamden 
t~ounty, and one mile east of Potosi, in \Vashington county, 
I have observed that the lime and magnesia had been dis­
solved out of the First Oalciferous and the only residue, a bed 
of loose sand, remained in place. But the siliceous matter is 
Ilsnally dissolved out first and redeposited in siliceous con· 
{'retions-chert or drusy quartz. The First Calciferous cherts 
()f one horizon in particular are massive and strongly individ­
nalized. 'They are infallible witnesses to its identity, because 
they are peculiar to it. (Fig, 1.) 

{Plate 24.) The cavernous structure of the First Calci­
ferous is established by Fisher's Cave in Franklin county, the 
Greer Spring Oave in Oregon county and innumerable other 
caves in that rock, but more especially by the .great boiling or 
spouting springs which flow out of its open structure. The 
yelocity with which n great volume of cold clear water rises, 
at the Greer Spring in Oregon county, at the Ourrent River 
Spring in Oarter county, and at the Ooppedge Spring in Phelps 
county, is, indeed, surprising. "We tumbled limestone rocks, 
half as big as a nail keg into the Ourrent River Spring and 
they were thrown out ins,tantly. 



Fig. 1. 1st Calciferous Chert. 
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SOIll.e of those great Springs which have been credited to 
thc li'il'st Calcifcrous, because it is the only rock in sight are, 
however, doubtless rising out of the open structure of the Cam­
brian. The Current River Spring, the Blue Spring in Shannon, 
the Sweet Spring in Dallas and the Bennett Spring in Laclede 
county are undoubtedly rising out of the Cambrian. But the 
only rock ill sight is First Calciferous. 

']'11c cavernous structure of the Pirst Calciferous is further 
demonstrated by the gl'eat fissure deposits of lead, zinc and 
copper in the southeastern part of Pranklin county. There is 
no doubt whatever but that this great country rock has had 
the requisite open structure and the requisite exposure in both 
slltfaee and sub-drainage zones, to have received numerous 
rich deposits of metallic ores in each of the thirty-one coun­
ties mentioned under this head. Besides the great fissure de­
posits mentioned, ill Franklin and Camden counties, its old 
sinks and clay blankets have yielded vast quantities of lead, 
zine or barite in Jefferson, \Vashinton, Osage, Miller, Morgan, 
Camden and Dallas counties. 

. It is a familiar fact that large quantities of lead and barite 
have been taken from the clay blankets of the First Calcifer­
ous in the south end of Morgan county, from the valley of the 
IMtie Niangua in Camden county, from tne Valley of the Saline 
creek and also from the valley of the '1.'avern creek in Miller 
county_ '1.'he valley of the Bois Brule in the southwest part of 
Oole county has also yielded considerable lead and barite. In 
the Gasconade valley in Pulaski, Phelps, :Maries and Osage 
counties and in the Third creek country, many rich deposits 
of lead, zinc or barite, will doubtless be found in the old sinks, 
clay blankets and vertical fissures of the First Caleiferous. In 
all of those deeply eroded zones, wherein basins and valleys 
have been cut down, from one to three .hundred feet, in the 
First Calciferous, there are good indications of both fissure and 
blanket deposits. 

(Plate 25.) The main thing now is to get the public mind 
concentrated on the great country rocks and the kind of struc­
ture in each that is known to contain profitable mines. Besides 
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the many fissure and blanket deposits of lead, zinc and bal'i te 
that have been worked in First Calciferous country all of the 
iron ore that has ever been mined and smelted in Missouri, 
except Iron Mountain and Pilot Knob, came from First Calci· 
ferous country. And all of the great sink deposits of iron that 
remain to be exploited are in First Calciferous save one. There 
is one deposit in Porphyry at the head of the Middle fork of 
Hlack river, in Iron county, similar to the deposits that were 
exploited at Iron Mountain and Pilot Knob. All of the others 
are in First Calciferous and St. Thomas sandstone and that 
is virtually the same kind of country. 

It is sufficient to say that the floors or borders of all the 
deeply eroded areas of the interior of the Magnesian Lens in 
Missouri are First Oalciferous country. "\Vhen we have gotten 
the exact boundaries, our plan is to publish a geological map 
of the State, showing the exact areas of the three great coun· 
try rocks. But I have given, herein so nearly the exact areas 
of our Oambrian and First Oalciferous country and so many 
landmarks in each that the reader can, by doing a little think· 
ing. for himself, make out their boundaries. 

Notwithstanding the apparently deep cut tracks of the 
Missouri and White river, the First Oalciferous has been 
denuded of all overlying rocks only in the deeply eroded val· 
leys and basins of south central and southeastern MissonrL 
In other words, we have not yet found an exposure of FiI'st 
Calciferous either in the ·White river basin or in the bluffs of 
the Missouri river. It is only natural that it should be so, when 
the Magnesian Lens is dipping in all directions from the most 
denuded area of our Basal plateau. 

ST. THOMAS SANDSTONE. 

(Plate 26.) The primary fact that each OalcifeI'OllS memo 
bel' has a basal sandstone suggests that wherever one of those 
basal sandstones is in place, the overlying Magnesian lime­
stone ought also to be in place. But when we take into ac· 
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count tltp fad that eaeh one of those Infusorial sandstones is 
1lI-mall.v It massive qnartzite it is not surprising that it should 
P<'I'Hist, as tll(~ sllrface rock oyer large areas, long after the 
overJ.ying- member has been decomposed and removed. This 
iH {'specially true of the Bt. 'rhornas sandstone. From River 
Yjew, in l\IOl'gnn cOllnty, to the Castor River, in Bollinger 
('(llm!y, f--\L 'l'llOJllas sandstune persists as the surface rock over 
:-\0111(.' I'/'J',\' laI'p;e al'e<lH. 

Tilt' St. ThomHs sandstone', name,l for the thrifty little 
j OWll of f--\t. 'rhOl1lHS in tlH~ south part: of Cole county, in which 
j(wlIlity it has I'eae:hcd its greatest development, has persisted 
as (lip slll'fl\('p I'o(:k over lllore square miles of territory than 
IIny 01 llPI' OllP of our Iul'usoriaJ sandstones. In the great sand­
st Oll!' pJa t (':\ 11 of j)Prt t a n(l adjoining eounties, the St. 'rhomas 
sawlstollP is tlI<: prevailing sul'faee rock It is the horizon of 
at ](';IS/ twothil'dK of the a!'(~a of pine forests in southeastern 
111 iSS01l1·i. I ndf'ed, Iwat'ly all of the valuable pine forests in 
Hp,I'lloldH, ~halllloll, Curiel', Ch'egon, rUpley, Butler and 'Wayne 
('ollld kH a!'(~ gl'()wing on ~L ~l'llOmas sandHtone. ,\Vhile the 
pill(' is indi/.WllO\lS to the soil::; of all these Infusorial sand 
st <HlPS, mOK!: of it ha::; been eut from the areas in which the 
Houbi(Joux I:HlIHlfltone is the IJl'(~ruiling s\lrf~lce rock and. now 
UWHt of OUl' available pilw is growing On the St. 'l'homas sand­
H tOll<'. 

'rhe SL 'l'hmna,s san<1Ktone pCl'HiHts in an unbroken sheet 
over tIle major part of Ihmt eounty and as the surface rock 
on iJw hilll'l and ridges in the adjoining counties. West of 
Black river, in Reynolds county, HDd in the notheastern part 
of Shannon county the valleys are nearly all in First Calcifer­
ous and the tops of the intervening ridges are capped with St. 
~rhOlnas sandstone and covered with pine forests. 

(Plate 27.) As will be shown hereafter the lithologic char­
aden; of these Infusorial sandstones and the Magnesian lime­
st(meli1 nre so radically different that great masses and broken 
sheets of quartzite are often found well preserved on the floors 
of basins and valleys, two or three hU,ndred feet below where 
they were originally depositod. In such areas, the underlying 
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Magnesian limestone has been dissolved out 01' decOlupospd 
and removed and the massive quartzite fronl the overlying In· 
fusorial sandstone let down to a relatively lower' horizon. For 
that reason, in ascending a hill, it is sometimes diflicult to 
determine ,,,hen you have l'eached the orig-inal horizon of the 
sandstone cap·rode Obviously so, when the underlying rock 
has been dissolved out and the quartzite let down all the way 
from one foot to two or three hundred feet. 

At Pay Down, on the Gasconade, the St. 'l'l!omns sandstone 
has not only reached the quartzite stage, but has developed a 
decidedly oolitic texture. In fact, that feature has been OilRl'r· 

ved in it in several localities. It has suggested 10 'my III i nd 

that oolitic texture, in any rock, marks an advanced stag'(~ of 
reconstruction, approaching decomposition. 1<'or that reasoll, 
I do not regard oolitic texture as concomitant with durability. 
In other words, were I selecting a rock :/'01' a purpose in whieh 
durability is a prime consideration, I would not select a roek 
in which oolitic textme has been developed. 

SECOND CALCIFEIWlT8. 

(Plate 28.) '1'11e second Caleiferous, with the St. ~l'llomaK 
sandstone for its base, is usually about two huudred f(~('t (hidc 
It is doubtless two hundred and fifty feet thick in sorn!' pJaePH, 

Those immense deposits, known as cotton roek, hegin with this 
memher. The Second Calciferous is about one·half true lime­
stone and one-half cotton rock. The true limestone yields 
some excellent building stone, for heavy masonI'y, but the cot· 
ton rock has no economic valUe. 

'What has been said about the persistency of th(~ St. 
Thomas sandstone applies also to the Moreau sandstone. I do 
not know of a good exposure of Second Calciferous without 
the Moreau sandstone in place on top of it. Descending the 
Osage river from Warsaw, the St. Peter sandstone is high up 
in the river bluffs about the town and the first exposure of 
Moreau sandstone is in the left bank some two or three miles 
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above the mouth of Cole Camp Creek. In the view, opposite 
the .mouth of Cole Camp Creek, we have Second Calciferous 
below and Third Calciferous abo,:e the Moreau sandstone. 

'l'he forms of fossil life preseryed in the Second Calcifer· 
(lUS and especially in its cherts are Yirtually the sameas those 
found in the First Calciferous and in its cherts. In fact, fossils 
are rarely eyer found in either of these members except in 
their cherts. But the cherts of either have very pronounced 
individualities and they are so constant as to be infallible wit· 
nesses by which to recognize either l'OCIL . (Figure 2.) . 

Notwithstanding its great thickness and the constancy 
·of its lit.hologic characters the Second Calciferous is not 
ore·bearing to a profitable extent and for that reason it 
is rather monotonous thall interesting. So far as we have 
observed, it is the deepest member of the Calciferous group 
that is exposed in the ·White river basin. It is the surface rock 
(lyer large areas i·n that region. .and it lies in a continuous 
zone bordering the First Calciferous country on the north in 
'Cole, Miller, Morgan and Benton counties. It also. lies in a 
-continuous zone across Howell, Oregon, Ripley and Butler 
eounties, on the south of the pine forest which grows on the 
St. 'l'homas sandstone in the region. 

Inasmuch as it is the next great rock after the First Calci­
ferous it is only natural that this monotonous mass of magne­
sian limestone and cotton rock should lie in continuous zones 
or escarpments around each one of our deeply eroded areas. 
And for that reason it is the surface rock over thousands of 
square miles of couJ;ltry which contains many mineral pros­
pects but no profitable mines. The lower and more massive 
limestones of this member cqntain a large amount of siliceous 
matter and make great quantities of chert, but not nearly so 
much as the First Oalciferous under it. 



, " 

", 

Fig, 2 2'nd Calciferous Chert. 
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MOREAU SANDSTONE. 

(Plate 29.) The Moreau sandstone, like the St. Thomas 
and the Roubidoux under it, is very generally a massive quart­
zite and has persisted as the surface rock over large areas of 
SecO'nd Calciferous country. This third great sandstone of 
the Calciferous group has been thus named because it has 
reached its greatest development in the valley of the Moreau, 
in Cole county. It is, however, as persistent as either one of 
the other great sandstones of the Magnesian Lens. It is the 
intensely ripple-marked and glittering Infusorial sandstone 
which lies at or near the surface about Cole Camp, Buffalo 
and Lebanon, and supplies the flags and foundation stones for 
thos'e flourishing towns. It is also the surface rock of a large 
part of the Burbeuse plateau in Maries and Gasconade coun­
ties. About Red Bird and Vichy and Moreau sandstone is ex­
posed in many places. 

Along the south side of the Mingo Swamp, in Stoddard 
county some interesting exposures of Second Calciferous occur, 
capped with thirty or forty :fleet of MGreau quartzite. In those 
places, the quartzite has doubtless shielded and preserved the 
underlying limestone and cotton rock from decomposition • 

. But in some places the underlying limestones have actually 
been dissolved out and massive blocks of quartzite from the 
Moreau are now resting on residuary clay or recent dirft. And 
that is not an uncommon occurrence in Stoddard County. 

(Plate 30.) In one hill, about two miles north of Belle City, 
the Moreau sandstone is a massive quartzite resting on the 
true limestone of the Second Calciferous. In another hill, 
about one mile north of that town, it is a massive quartzite 
projecting far out beyond its original base and now resting 
on recent drift. Of course, the underlying limestone was first 
dissolved out and the space afterwards filled in with recent 
sediment. 

G-9 
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The Moreau sandstone is the surface rock over very much 
larger areas than is the St. Peter sandstone above it. Ob­
viously, because it is usually a massive quartzite and has not 
been so generally destroyed by erosion as the St. Peter. The 
Moreau is in place all around the outside border of the Magne­
sian Lens, or just within the outside border_ It lies about mid­
way between the St. Thomas and St. Peter sandstones and has 
doubtless been heretofore repeatedly mistaken for one or the 
other of those rocks. I cannot conceive any other reason why 
such a persistent and important rock could have been over­
looked by geologists. 

(Plate 31.) In many places two of thos-e rocks are crop­
ping out of the same hillside, the upper two in one place and 
the lower two in another_ But in no place that I can recall are 
all three cropping out of the same hillside. Hence, not having 
differentiated the intervening Calciferous members, the geolog­
ist could not possibly distinguish between their basal sand­
fStones, and he would naturally mistake one for the other, 
because they are all exactly alike in places. 

At Gainesville, in Ozark County, the Moreau and St. Peter 
are exposed in the same hillside and neither one of them is 
more than five or six feet thick. Both of those rocks are ex­
posed in many places in the White river basin but in no place 
have I observed either one of them as much as ten feet thiek. 
On the other hand, both of them are exposed along the St. 
Louis and San Francisco Railroad track, in St. Louis and 
Franklin counties, and neither is less than forty or fifty feet 
thick. In short, while all of our Infusorial sandstones vary 
greatly in thickness they are nevertheless persistent and the 
Moreau sandstone is not less persistent than anyone of the 
others. 

THIRD CALCIFEROUS. 

(Plate 32.) Resting on the Moreau sandstone lies the 
Third Calcif~rous about three hundred feet thick. It consists 
of four or five thin beds of true limestone and as many thick 
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beds of buff-colored cotton rock. It is approximately one-third 
true limestone and two-thirds cotton rock. It also makes con­
siderable chert, but not so much as either the First or Second 
Calciferous. The cherts of all these Calciferous members are 
more or less oolitic, but the cherts of the Third are more gen­
erally oolitic than the others. The cherts of this rock are fre­
quently concentric with regular concretionary structure but 
most generally foliated and intensely oolitic. 

(Figure 3.) Being so very thick and pers,istent, the Third 
Calciferous is the surface rock over wide zones around the 
entire, border of the Magnesian Lens. The bluffs of the Mis­
souri river, b,etween Providence and Augusta, are for the most 
part Third Calciferous. The surface of the White river basin, 
in Missouri and Arkansas, is made up largely of this rock. It, 
like the Second Oalciferous, is also ore-bearing but its ore bod­
ies are dispersed in clay blankets, old canyons and sinks, and 
are not generally profitable. 

In fact, large concentrations of metallic ores are scarcely 
to be expected in these rocks, for the reason that relatively thin 
limestones and thick cotton rocks could not have had at any 
time the requisite open structure to receive water concentra­
tions. They are as prolific of mineral prospects as any other 
rocks and have yielded considerable lead and zinc, but no ex­
tensive and profitable deposit of ore has been located or deve­
loped in any member of the Magnesian Lens above the First 
Calciferous. 

ST. PETER SANDSTONE. 

(Plate 33). The fourth and last Infusorial sandstone of 
the Calciferous group, long since named the St. Peter sand­
stone, is one member of the ¥agnesian Lens with which many 
people are familiar. It is exposed in many places along the 
axis of the Ozark Range in Wisconsin, Iowa, Illinois, Missouri 
and Arkansas. Being more friable and available than the 
other Infusorial sandstones, it is the rock which yields most 
of the glass sand in the Mississippi Basin. The most notable 
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3rd Calciferous Chert. 
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exposures of St. Peter sandstone in Missouri are at Silex in 
Lincoln county,neal' Augusta in St. Charles county, near Paci­
fic in St. Louis county and at Crystal City in Jefferson county. 

There are numerous other exposures of St. Peter sand­
stone in its friable condition, but in localities wherein the 
overlying roeks have been removed, it, like the othe~' Infusorial 
sandstones, is very generally a quartzite. In the central zone 
of the ridge, between the Missouri and the Osage rivers from 
Jefferson City to Sedalia, isolated patches of St. Peter quart­
zite persists in most of the high places. In fad, St. Peter 
quartzite and Burlington-Keokuk cherts are the rocks most 
frequently encountered in that zone. About Russelville, High 
Point, Versailles, Florence and thence to Sedalia, St. Peter 
quartzite and Burlington·Keokuk cherts are very familiar ob­
jects. 

In the south bluff of Flat Creek, opposite the Sedalia 
water works, St. Peter sandstone is soft and friable but slightly 
stained with iron, It occurs also in its friable form near Fair­
field, in Benton County, about Hermitage, in Hickory County, 
and around Bolivar, in Polk County. But it has never been 
utilized in any of those localities except for building sand. 

(Plate 34.) A very beautiful exposure of St. Peter sand­
stone lies a little to the north and east of Silica, in Jefferson 
county. It has, however, reached its greatest development in 
the north bluff of the Missouri River, between Augusta and 
Matson, whel'e it is now being quarried for the Mississippi 
Glass Company. 

(Plate 35.) But the most remarkable exposure of St. Peter 
sandstone, tha,t I have observed, is about four miles south and 
west of Dexter, in Stoddard county. That being a portion of 
Crowley's ridge, which is made up of small lenses of Tertiary 
deposits, or reconstructed Cretaceous material, makes the oc­
currence of St. Pete>r sandstone the more surprising. But when 
we reflect that massive quartzites from our Infusorial sand- . 
stones are, for good reasons, perhaps the most durable rocks 
in the world and that Moreau quartzites have per!:1isted in the 
same county long after the underlying rocks were dissolved 
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out it is not more strano'e that the St. Peter quartzites should , 0 

persist a few miles further south. In the locality mentioned, 
large areas of surface are covered with blocks, of St. Peter 
quartzite, slightly disrupted, by having been let down in place. 

FOUR'rH OALOIFEROUS. 

The last member of the Oalciferous group and last memo 
bel' of the Magnesian Lens is not so thick as either one of 
the other Oalciferous members. Nor does it coyer anything 
like so much surface. The Fourth Oalciferous is, in fact, 
limited to relatiYely small areas, or narrow zones., on the north­
,eastern and southwestern borders of the Magnesian Lens. It 
]ws perhaps reached its greatest development about Crystal 
City, in Jefferson county, where it seems to be not less than 
1 wo hundred feet thick. It is exposed at Matson, in st. Charles 
,('ounty, at Eureka, in St. Louis county, and doubtless in ~l eon­
tinuous zone from Matson on the Missouri rivet' to RUHh 'rowC'l' 
()n the ~Iississippi river. Small areas of it oecur also about 
l'('rrYYiIle, in Perry county. 

The Fourth Calciferous is somewhat widely distributed in 
roue county east of Bolivar, about Oedar Gap in 'Wright 
{'ounty, 'and, in fact, it is present in most of the Bald Knobs of 
Ozark and Taney counties, north of \Vhite river. This mem­
ber consists of hvo or three thin beds of trne limestone and us 
many thick beds of cotton rock. It is approximately one-fomth 
limestone and three-fourths cotton roek. Its pl'Oportion of 
eotton rock is possibly even greater than three-folll'ths. 

In the northeastern zone, in which this rock occurs, its cot­
ten r'ock has a peculiar purple marking which makes it quite 
easily recognized. About Elll'eka, in St. Louis county, the lime­
>;l-one of this member has been quarried somewhat extensively 
for building stone. In fact, all of the beds of true limestone of 
the Calciferous group have yielded good building stone in 
places where the texture and structure were suitable for quar­
rying. 
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The most remarkable characters of the Fourth Calcifer­
ous may, however, be summed up in these facts: 1, It is the 
last member of the Calciferous group and of the Magnesian 
Lens_ 2, It was doubtless co-extensive with the Magnesian Lens 
at one time but was decomposed and removed from yerv lar"'e 

~ b 

areas before the overlying rocks were deposited. 3, It is the 
member whose buff-colored cotton rock has never failed to 
sield a trace of gold. So ends the Magnesian Lens, "ith a gold­
bearing rock. 

BLACK RIVER LIMESTOKE. 

(Plate 36.) The next member of our Ordoyician Division, 
after the Oalciferous group, is the Black river limestone_ On 
the north side of a fault, hidden by the old river track south of 
Oape Girardeau, the last three members of the Ordo,ician oc­
cur in rapid succession, proceeding from the Rock Levee to 
Oape Rock. As suggested by the view, in Plate 36, there are 
some splendid exposures of Black ri,er limestone in that 
locality, but this Survey has not recognized that member else­
where in Missouri. Nor have any fossils been found in thos~ 
beautiful cliffs. But inasmuch as the Trenton limestone oc­
curs in its full development at the lime quarries, midway be­
tween the Rock Levee and Oape Rock, and is cropping out a 
few miles away to the westward, it is safe to say that those 
eliffs of fine black limestone along the Rock Levee road, are 
Black river limestone. 

TRENTON LIMESTONE. 

(Plate 37.) On account of the great variety and number 
of organic forms preserved in its beds, the Trenton limestone 
is the most interesting member of our Ordovician Division. 
'ro my mind, it is the most interesting member of our geolog­
ical record. Indeed. the Trenton limestone is, in itself, a most 
wonderful record of the goings on of time. There is always 



136 PRELIMINARY REPORT. 

something about a Trenton limestone country that makes it 
peculiarly attractive. It may not have ocurred to some peo­
ple that the rocks have much to do with the comforts and 
pleasures of this life, but when the lover of nature has sought 
out the primal cause of scenic beauty, he finds that the rocks 
have much or all to do with it. They have very much to do 
with the character of the soil. 

In the growing season, there is a certain refinement and 
luxuriance about the vegetation which grows out of Trenton 
soil that is always refreshing. The creek beds are wider and 
cleaner than in any other rock, the woods are more beautiful 
and the towering white cliffs of Trenton limestone, shining 
out here and there, in the midst of a dense and rich foliage 
make it all the more charming. To my mind, there are no 
landscapes more beautiful or refined, than in those Trenton 
valleys about the mouth' of Big River, in Jefferson county, on 
Charette Creek, in Warren county, or about Spalding Spring, 
in Ralls county. The inverted Trenton zone, at the latter place 
is perhaps the greatest geological freak in Missouri. 

Notwithstanding the Trenton limestone is admirably 
adapted for a great ore-bearing country rock and is the great­
est country rock in the Ozark Range, in Wisconsin, it has not 
been submitted to the conditions that would have made it a 
great ore-bearing rock in Missouri. However, the interesting 
features of Missouri geology are not all centered in the ore­
bearing rocks. The massive white Trenton, including the Orthis 
bed, is, next to the typical Burlington, the greatest lime rock 
in Missouri that is now being utilized in the manufacture of 
lime. Splendid exposures of Trenton limestone occur in Lin­
coln, St. Oharles, St. Louis, Jefferson, Perry and Cape Girar­
deau counties. 

Trenton limestone is also the country rock in whose up­
ward folds or deep-seated arches are found the requisite condi­
tions for commercial supplies of natural gas. In the central 
zones of its downward folds or inverts are also often found 
great lenses of coarse sandrock, saturated with crude petro­
leum. The mere fact that Trenton limestone does exist, under 
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a considerable depth of argillaceous beds, over a large part of 

North Missouri, suggests that we may have in certain sharply 

defined arches and basins, both natural gas and oil in com­

mercial quantities. This Survey has been noting the places 

where the local structure suggests such deposits and arrange­

ments have been made for exploring some of them. 

l'lease note, it is in the upward folds or arches of the 

'l'renton, where they are covered by several hundred feet of 

impervious beds, that natul'al gas is found in paying quantities_ 

On the other hand, it is in sandrock lenses on the floors of 

troughs or basins in the 'l'renton that petroleum is usually 

found. I mean, of course, in the Mississippi Basin and in the 

latitude of North Missouri. 

HUDSON RIVER BEDS. 

'1'1Ie Hudson river beds (Lorraine Shales) constitute the 

dosing member of the Ordovician Division. Coming, as they 

do, immediately after the Trenton limestone whose exposures 

are limitecl to the eastern border of the State, between Ralls 

and Scott connties, inclusive, the Hudson river beds are ex­

p()f;('(l as surface roeks only in 'Warren, Franklin,and the east­

ern border eOllnties'. 
(Plate 88.) Although somewhat widely distributed the 

lithologic characters of the Hudson river beds are exceedingly: 

Variable. III Cape Girardeau County, for example, the Hudson 

river beds are made up of thin bedded, :fine grained and dark 

colored, argillaceous limestones. In Pike County, they are 

mainly harsh, calcareous clay shales, with thin lenses of mud­

rock, sometimes dispersed and sometimes in regular layers. 

The historic "Cape Rock," known to all river men, is one 

illustration of the Hudson river beds, in their most substantial 

form. Many beautiful specimens of fossil life are found on the 

argillaceous bedding planes of the limestone quarried at Cape 

Rock. 'fhe rock is somewhat variable in texture, but usually 

thin bedded and fine grained. Fossils are seldom found deeply 
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imbedded in the rock, but Orinoids and Starfis'.nes arc H'I',Y 

abundant in the argillaceous bedding planes. While Cape 
Rock is widely known to river men, its beautiful and interest­
nig fauna is perhaps more widely known to paleontologists. 
And that completes the Ordovician Division in Missouri. 

Before leaving this last member of the Ordovician Di vi­
sion, however, I beg to say that the most remarkable clay de­
posit in Missouri and one of the most remarkable clay deposits 
in the known world is the Reifsnider clay property, at Warren­
ton, Warren county. It consists of several hundred aet.'es of 
Lorraine Shales, in place, altered into a fine white, plltstie day, 
suitable for almost any ceramic purpose. '1'11e origina.l shale 
bed was about s,ixty feet thick and has an exposcd area of five 
or six hundred acres. The supply is, therefore, praeti<~all.v in· 
exhaustible. 
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SILURIAN DIVISION. 



SECTION OF SILURIAN. 

Characteristic Fossils. 

Streptelasma fanningana. 
Striatopol'a missouriensis. 
Edriocrinus pocilliformis. 
Atrypa nodostriata. 
Atrypina imbricata. 
Atrypina subconcava. 
D"lmanella subcarinata. 
Nucleospira concelltrim1. 
Rhipidomella hybrida. 
Spirifer perlamellosus. 
Spirifer radiatus. 
Uncinulus stricklandi. 
Wilsonia saffordi. 
Platyceras pyramidatum. 

, Platyceras spira Ie. 
Platyceras subspinosum. 
Dalmanites tridentiferus. 

Stromatopora concentrica. 

Fa vosites forbesi. 

Favosites niagarensis. 

Halysites cate,nulatus. 

Pisocrinus benedicti. 

Pisocrinus gorbyi. 

Atrypa nodostriata. 

Dalmanella eJegantuJa. 

Nucleospira pisiformis. 

Rhipidomella hybrida. 

Oalymena niagarensis. 

Streptelasma geometricum 
Pachydictya rudis. 
Atrypa noaostriata. 
Dalmanella elegantula. 
Orthothetes subplanus. 
Bellerophon exiguus. 
Oyclonema cancellatum. 
Platystoma niagarensls. 
Pleurotomaria labrosa, 

var. occidens. 

Subdivisions. 

Olinton Beds. 

Ordovician. 

Hudson River & 
Trenton Lime­
stone. 
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SILURIAN. 

Although our Cambrian and Ordovician Divisions are as 

well developed as their equivalents in any other geological pro. 

vince of North America, our Silurian rocks are few in number 

and occur only in isolated deposits. The fact that they are 

all argillaceous limestones and calcareous shales proves con­

clusively that they were deposited on the floors of shallow and 

muddy seas,. 

CLINTON BEDS. 

The First (basal) member of our Silurian Didsion is the 

Clinton group of mud·rocks and clay· shales, best developed 

about the Buffalo Knobs in Pike county. \Ve have not found 

in Missouri an exposure of the Clinton worth photographing. 

In fact, its fossils are the only interesting feature about this 

member. It contains, some new types of small Brachiopods 

and a few corals hitherto unknown. 

The stratigraphic value of the Clinton group is the only 

value it represents. The fact that it occurs immediately after 

the Hudson river beds and its fossil characters place it in our 

Silurian Division, which is relatively small, is about all there 

is to be said about is. It has no economic value whatever and 

its area of distribution is perhaps the smallest of any member 

of our geological record. 

NIAGARA LIMESTONE. 

(plate 39.) Resting on the Clinton beds, the same as at 

:Niagara Falls,. lies the equivalent of the famous shelf rock of 

those world-renowned cataracts. The Niagara limestone iF; 

the second and most important member of our Silurian Divi· 
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r,;ion. It is well developed in Pike and Lincoln counties where 
it is quarried and used somewhat exensively for building stone. 
But in that locality it contains too much argillaceous matter 
to be a desirable rock for either beauty or durability. 

In Perry and Cape Girardeau counties, the Niagara lime· 
stone is a more crystalline and interesting rock than it is north 
of the Missouri river. Some very fine sa;mples of red and mot­
tled marble have been quarried from the Niagara limestone, 
in Cape Girardeau county. If fou.nd sufficiently massive, it 
would doubtless yield good commercial marble. But no effort 
has, I believe, been made in that direction. 

The argillaceous Niagara, in Pike and Lincoln counties, 
contains many interesting corals. Its Halysites and Favosites 
are especially interesting. That fact is somewhat difficult to 
l'econcile with the argillaceous character of the rock. The 
corals suggest that it. was d<eposited in clear water, while the 
character of the rock itself suggests that it was deposited in 
muddy water. The corals are there nevertheless, and< very 
abundant. 

DELTHYRIS SRALY LIMESTONE. 

(Plate 40.) The Delthyris Shaly limestone is the third and 
last member of our Silurian Divis,ion. This member has 
reached its greatest development in Perry county, about Red 
Rock Landing and Lithium. For obvious reasons, it is always 
difficult to find good exposures of thinly laminated or shaly 
rocks. But the view shown in Plat.e 40 furnishes a good illus­
tration of the shaly structure of the closing member of our 
Silurian Division. Besides the structure of the rock, however, 
which is admirably shown, the view has another interesting 
feature. That is the narrowest place in the Mississippi river, 
below St. Louis. 

Some indications of rich ore bodies back of Lithium have 
been reported and some drilling has been done, but the Survey 
has found that locality the most inhospitable in Perry county 
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and there is absolutely nothing in sight to suggest rich mineral 
deposits. The Cambrian and First Oalciferous country, in the 
western part of Perry county, is the only country in that county 
I would think of exploring for mineral deposits.W e have not 
yet made out the exact areas of Cambrian and First Oalcifer· 
ous in that county, but ~ have no doubt about their existence 
:lIld very little doubt but that they are ore-bearing to a profit­
able extent. 

From Perryville to Wittenburg is one of the most delight­
ful drives in Misouri. The road follows a winding ridge nearly 
all the way and a magnificient landscape lies on either hand. 
Tp.e good old town of Altenburg, about midway between Perry­
ville and Wittenberg, is one of the most hospitable and delight­
ful places in America. Indeed, a prettier country or more 
hospitable people cannot be found. This Survey feels· es­
pecially grateful to the people of Perryville, Altenburg and 
Wittenburg, for courtesies and genuine hospitality. We a,re 
not expecting something for nothing but we, like all civilized 
creatures, appreciate decent treatment when we are at the 
mercy of the natives. 

G 10 



CHAPTER VI. 

DEVONIAN DIVISION. 



SECTION OF DEVONIAN. 

Characteristic Fossils. 

Scallll'ituba missouriensis. 
Ul'tuothet,es ebOlIlullgensis. 
l'rouuctella concentrica. 
Ua.-diopsis erect us. 
Urcnipecten laevis. . 
Promacrus wehsterensls. 
Tmpidodiscus cyrtolites. 

Plumulina gracilis. 
Uonopterium etfusulli. 
Palaea.cis enormis. 
:r.aphrentis acuta. 
Ambocoelia minuta. 
Chonetes geniculatus. 
Uyrtina acutlrostris. 
Urt,llUthetes lens . 
.Productella pyxidata. 
Spirifer marionensis. 
tlyringotbyris bannibalensis 

Barroisella subspatulata. 
Leiorhyncbus (juadricos-

tatum . 

. ~ieiocrin;;~ 'grige~i:"o",o" 
Acervularia profunda. 
Atrypa desquamata. 
l'roductella callawayensis. 
Spirifer annae. 
btI'opheodonta navalis. 

Acervularia daYidsoni. 
Favosites bamiltonensis. 
Zuphl'entis gigantea. 
Stromatopora expansa. 
Atrypa reticularls. 

Al veolites goldfussi. 

Amplexus yandelli. 
Acervularia davidsoni. 

Aulopora serpens. 

Oystipbyllum americanum. 

Diphyphyllum stamnia. 

Pachypora pondrosa. 

Phillipsastera verneuilL 

Striatopora linnaeana. 

Oystiphyllum sulcatum. 

Stropbeodonta demissa. 

Rhipidomella vanuxemi. 

Paracyclas elliptica. 

Gomphoceras lunatum. 

Megalan teris condoni. 
Rbipidomella musculosa. 
Splriier hemicyclus. 
Spirifer worthenanns. 

Subdivisions. 

Hannibal SIHtles. 

~~~~~~@~~ 3 Western Hamilton 
(Callaway) Limestone. 

I Ol'isimny Sandstone. 

Deltllyris Shaly; 
Limestone. I 

Silurian. 
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DEVONIAN. 

Our Devonian Division consists of 'seven members, viz: 
1, The Oriskany sandstone; 2, The Oorniferous limestone; 3. 
The Western Hamilton beds including the Oallaway limestone; 
4, The Snyder Oreek Shales; 5, The Genesee Black Shales; 6, 
The Louisiana limestone; 7, The Hannibal Shales. The second, 
sixth and seventh members of this Division are fairly deve­
loped and distributed in Missouri, but they have very little 
economic vaule, except along the Mississippi river where the 
Oorniferous has yielded some limestone for flux and consider· 
able rough material for river improvement. 

ORISKANY SANDSTONE. 

(Plate 41.) The Oriskany sandstone, or first member of 
our Devonian Division, occurs at the base of the famous Grand 
Tower in the Mississippi River, about one mile below Witten· 
berg. It has been reported in other localities in Missouri, but 
this Survey has not recognized! it elsewhere in Missouri than 
at the base of the Grand Tower and in that immediate locality. 
The base of the Tower which projects out on the left, as seen 
in Plate 41, in time of low water, is made up of Delthyris ShaIy 
limestone and Oriskany sandstone. The sandstone is a quart­
zite and has, therefore, shielded the less substantial Delthyris 
shales underneath from erosion and thus preserved the founda· 
tion of the Tower. 

OORNIFEROUS LIMESTONE. 

The Oorniferous limestone, or second member of our De­
vonian Division, completes that noble monument, the Grand 
T?wer, above the base, which latter is seen only in time of low 
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water. The view, in Plate 41, was taken from the southwest 
side and the whole volume of the J\fississippi River flows just 
to the right of the tower. Even in low water, there is an ar­
row channel between the Tower and the main land on the left 
in Perry Oounty, Missouri, but there is scarcely any current 
in it and the whirlpool, in the main river on the east side of 
the Tower, tends to make a back current, or eddy, on the west 
side of the Tower. The Grand Tower marks the most pic­
turesque spot in the whole track of the Lower Mis,sissippi. 
The Tower is not the only interesting object in that locality, 
hut it is the noblest landmark I can recall in any river track 
in the Mississippi Basin. The view in Plate 41 is looking up 
stream, of course, and the town of Grand Tower, Illinois, lies 
across the river to the right. 

The Oorniferous limestone occurs in many places, in north­
eastern J\fissouri. At the village of Sydney, or Shiel, in the 
northwest corner of Ralls Oount.y, the Survey collected some 
magnificent specimens of Acervularia davidsoni and Fa,vosi­
tes hamiltonensis, from the Oorniferous beds exposed at that 
place. Other good exposures occur in "\Yarren and Montgo· 
mery counties. 

(Plate 42.) The Oorniferous limestone has also doubtless 
an extensive distribution around the northwestern margin 
of the "\Vhite River basin. About two miles down the Kansas 
City and Memphis Railroad track from Cedar Gap, towards 
}[ansfield, there is an interesting exposure of Ooniferous ly­
ing in contact with the Fourth Oalciferous. There is nothing 
in our geology more suggestive and interesting than contacts 
like that shown in Plate 42. The second member of the De· 
Tonian of Missouri lying in contact with the last member 
of the ~fagnesian Lens implies a wonderful story. The Black 
River limestone, the Trenton limestone, the Hudson River beds 
and all of the Silurian Division, together with the Oriskany 
sandstone, were either deposited there and removed before 
the deposit of the Oorniferous, or else they were never de­
posited in that locality. That is a profound problem which 
remains to be solved. Complete records with the core·drill.is 
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the only scheme I can conceive for solving such problems. 

There are doubtless many overlaps on the west side of the 

Ozark Range which will never be otherwise unfolded. 

WESTERN HAMILTON BEDS. 

In Callaway and adjoining counties are a few local de· 

posits of a fine blue limestone which contains some of the 

Corals that are common to the Corniferous, but in addition 

thereto a distinct fauna, which correlates it with the Hamilton 

of the West. This rock has hitherto been known as the Cal· 

laway limestone, but it is undoubtedly the duty of a geological 

survey to eliminate all provincial names as soon as the rocks 

have been sufficiently studied to correlate them with their 

equivalents in other provinces that have been more thoroughly 

worked. 
Although the Hamilton (Oallaway) limestone contains an 

interesting fauna, it has no economic value. It occurs in small 

lens€s, which are dlispersed in' Callaway and two or three other 

counties, but is not used for any economic purpose. 

SNYDER CREEK SHALES. 

(Plate 43.) Following immediately after the Hamilton 

limestone are the Snyder Creek Shales, another Devonian de­

posit which is limited almost exclusively to Callaway County. 

Plate 43 shows several important rocks, in their natural order 

of occurrence, but poorly developed. 

GENESEE BLACK SHALE. 

Under the Louisiana limestone, in Lincoln, Pike and'Ma­

rion counties, the Genesee Black shales are exposed in many 

places. This member is also reported in southwest Missouri, 

but it has not reached a very great development anywhere in 

the State. It also has an interesting fauna, but no economic 

value. 
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LOUISIANA LIMESTONE. 

Next to the Oorniferous, the most important and per­
sistent member of our Missouri Devonian is the IJouisiana lime­
stone. On account of its exceedingly fine texture, this rock 
was originally known as the Lithographic limesrtone. How­
ever, after several attempts to locate true lithographic stone 
in this member, it took the name of Louisiana limestone, after 
the substantial old river town in Pike Oounty, where it was 
first studied. 

The Louisiana limestone is widely distributed in Lincoln, 
Pike, Ralls and Marion counties and is fairly well developed 
in Oooper, Saline and Pettis counties. Indeed, the Louisiana 
limestone and Hannibal shales are usually present at the base 
of the Ohouteau. The Survey has had this rock tested for na­
tive cement, but analysis shows that it consists of 95 per cent. 
Lime carbonate and only 5 per cent. argillaceous matter. 

HANNIBAL SHALES. 

(plate 44.) The Hannibal Shales form the closing member 
of our Devonian Division. This member has no economic 
value whatever. However, it represents a transition period 
of muddy seas between the Devonian and the Bed Rocks of the 
Ooal Measures. It is only two or three feet thick, but very per­
sistent between the Louisiana limestone and the Chouteau 
beds in the Lamine River Valley, in Cooper and Pettis coun­
ties. 
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Hannibal Shales, Hannibal, Marion County. 



SECTION OF SUBCARBONIFEROUS. 

Vharacteristic Fossils. 

A('rocrinus sllutntLl'di. 
1)i.~lltrl·mite8 godoni. 
Pelltremites sulcH,tus. 
Zeaerinus wortheni. 
~erniJlnla sul)(lUadrata. 
Sl)ir'iiel'inel'ei>escens. 
t-4pirifel'ina spinosa.. 
l'ml1uetus fasciculntus, 
I~etJkulariu, ~etigeI'tt.. 

;\;ot fossiliferous in Mis­
suuri. 

Lit,hostl'OtlOll cauaclcllse . 
. ~;Lphrentis pall~L( .. nlsis. 

Ol"l,nai,oerinus curtus. 
Pl'nt,!'eolites konincki(111US. 
Hi,;l1phiocrinus missoul'ien-

sis. 
T'ala,rocrinus: simplex. 
A l'chaeo('idarlH wOl'theni. 
Mdonltes muJt,iporus. 
()1 ig-opol'l1S p~L!'VUH. 
Pl'ne~tella latnya.na.. 
GlyptoPOl'l1 michelinia. 

A l'chiruecles wortheni. 
A Yiculopeet.en od wtLl'dsi. 
Kpil'il'(',r Iwokuk. 
Kpit'ifer Iwllo)()(i. 
Chonetes plannmbonns. 
('honeiJes shumardia,IlUll1. 
Mnrehisoui<1 keokuk. 
Uriffithicll's bufo. 

Amplexus blairi. 
lia,(jl'ophyllum glans. 
~yringopora harveyi. 
Z!1phl'entis eentrl11k 
Bellerophon s()dalionsls. 
GranlLt,oerinus norwoodi. 
Uamu,rophoria. ringens. 
Uamal'opiloria. eaput-tes-

tllclinls. 

~g;;~!~~i~1,f,;i\~.f1' 
Polypora lmrlingtonensis. 
I)ielasma, burlingtonensis. 
Diela~nm rowleyi. 
I'roductus burlingtOntmsis 
Rhipiclomella burlingt.on-

onsis. 
Spirifel' grimes\. 

Chonophyllum seclaliaen­
sis. 

Leptopora typa. 

Sehizohlastus roemer!. 
Ptychospira sexplicata. 
Pugm1x missouriensis. 

I Pugnax striaticost}1ta. 
, Reticularia cooperensis. 

Spirifer l!ttlor. 
~ llirifel' missourieusis. 

Subdivisions. 

BUl'lill~tou-Keokuk or 
Carthage Limeb-tone. 

Chouteau Beds. 

H!1nuibal Shale3. 

Devonian. 
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SUBOARBONIFEROUS (Precarboniferous). 

From an economic point of view, at least, our Sub carbon­
iferous Section is far more important and interesting than 
either the Silurian or Devonian Divisions. That our Sub­
carboniferous (Bed-Rocks of the Paleozoic Ooal Measures) 
ought to be regarded as a distinct geological period or di­
vision, is clearly shown by the absolute unconformity of the 
Paleozoic Ooal Measures with these Bed-Rocks. ,Ye have 
ample proof that a vast deal of folding and erosion had taken 
place in the Bed-Rocksl before the Ooal Measures were depos­
ited. And there is very !ittle in common between the Bed-
Rocks and the Ooal Measures. . 

Our Paleozoic Ooal Measures rest on all of the different 
members of our Subcarboniferous section and that is about 
the sum total of their relations. A few fossil genera have per­
sisted throughout the Bed-Rocks and the Ooal Measures, but 
the same may be said of nearly any other two consecutive 
geological periods. Hence that argument carries no weight. 
However, Subcarboniferous is an established term in our 
nomenclature and there seems to be no alternative but to 
describe the Precarboniferous or Bed-Rocks under one head 
and the Ooal ~feasures under another. 

This sectio.n of the geological record consists of five mem­
bers, viz.: 1, The Argillaceous Ohouteau Beds; 2, The Burling­
ton-Keokuk or Oarthage limestone; 3, the St. Louis limestone; 
4, the Ste. Genevieve sandstone; 5, the Kaskaskia limestone. 

OHOUTEAU BEDS. 

(Plate 45.) The Ohouteau, or bottom member of our Sub­
carboniferous section, has a wide distribution but very little 
economic value. It seems to have the requisite physical char· 
acters for making a good native cement, but for some unac-
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countable reason that important industry has received very 
little attention in Missouri. If systematic and exhaustive 
tests- were made, there is very little doubt but that some one 
of our long list of argillaceous limestones would yield the raw 
material for a good native cement and a very profitable busi­
ness. 

However, the most important feature about the Ohouteau 
now, is the fact that it forms t.he impervious floor to the "open 
ground," or reconstructed channels, in the overlying Burling­
ton-Keokuk-the third great country rock in Missouri. The 
Ohouteau, like the immense beds of cotton rock, in the Second, 
Third and Fourth Oalciferous, is a close structured mud-rock. 
Either one of them is better adapted for the impervious floor 
of "open ground," or reconstructed channels, than for re­
ceptacles of water concentrations of the metallic ores. 

Recalling the Basal sandstones of the First Oambrian 
_ and First Calciferous, it is an obvious fact that they were not 
originally impervious. Those rocks were originally fine­
grained and close textured sandrocks. But no purely quartz­
ose sandrock is absolutely impervious. Under the ore-boMes, 
however, those basal sandstones have absorb~d mineral solu­
tions (sulphides) until they have become practically impervi­
ous, to a depth of several feet. You could scarcely recognize 
a specimen of Basal sandstone thus saturated with mineral 
solutions. The sulphides fill the voids between the once pure 
quartz grains and give the sandstone the appearance of a mud­
rock. But the Chouteau was always an impervious rock, by 
reason of its intens,ely argillaceous character. 

Between Pittsburg and Weaubleau, in Hickory County, 
the Survey found several parties drilling and digging in the 
Chouteau beds, and in the cotton rock of the Third Oalciferous, 
for ore bodies. Again on Weaubleau Oreek, in St. Olear Oounty 
and at Roscoe, p~ople were digging in Chouteau for lead and 
zinc ores. The nearest that Ohouteau ever came to being the 
country rock or receptacle of a profitable ore boay is at Wil­
son's place, about four miles east of Weaubleau, on the Her­
mitage road. 
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At that particular spot, the zinc, held in a fissure of the 
{)nce overlying Burlington-Keokuk, has been precipitated in 
the open structure caused by a leaching out of the upper sur­
face of the Chouteau, in the creek bed, which now marks the 
site of the once overlying fissure. Some rich specimens of zinc 
sulphide occur in the upper surface of the Chouteau in that 
-ereek bed, but they penetrate the Chouteau only a few inches 
in spots and are not found on either side of the creek bed. 

There are large areas of Burlington·Keokuk in the south­
western part of Hickory County, in which profitable ore bodies 
might be found, if the people would explore its open structure. 
But they have heretofore wasted their energy on the Chouteau 
beds and the cotton rocks of the Third Calciferous. The most 
probable country in Hickory County for profitable ore bodies 
is in the First Calciferous of the Little Niangua Valley, in the 
·easternedge of the county. 

'With few exceptions, the Chouteau occurs in ewry locality 
in the State in which the Bed-Rocks of the Coal Measures are 
exposed. In the exposures of the Burlington·Keokuk, shown 
in Plates 45, 46 and 47, Chouteau forms the base. In fact, 
Chouteau is present at the base of the Burlington·Keokuk, at. 
nearly every exposure of the latter named rock, in a wide zone 
from Marion County to the southwest corner of the State. It 
is especially well developed in Cooper, Saline and Pettis coun­
ties and is constaIlt at the base of the Burlington-Keokuk in 
the James River and Spring Ri,er valleys, in southwest :Mis­
souri. In short, the argillaceous Chouteau forms the imperli­
ous floor to all of the "open ground," or reconstructed chan· 
nels in the wall rock, or country rock, of southwest Missouri. 
And that is its chief function now, in the geology of Missouri. 

Our Chouteau beds are the equivalent of the massi,e 
oolitic limestone, quarried so extensi,ely at Bedford, Indiana. 
Our Chouteau is, however, too argillaceous to be oolitic. It 
carries some fine grained, siliceous layers, or lenses, about 
Monegaw Springs, in St. Clair County, that are said to be good 
material fo<r abrasive purposes. But beyond its possibilities 

G-ll 
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as a cement rock, the part it plays as the impervious floor to 
the "open ground" in the Burlington-Keokuk is now the most 
interesting thing about our Chouteau. 

BURLINGT,ON-KEOKUK. 

(Plate 46.) The Burlington-Keokuk or Carthage limestone 
is the second member of our Subcarboniferous section and the 
third: great country rock of Missouri. I mean, of course, that 
it is the third great country rock with reference to age. In its 
greatest development, the Burlington-Keokuk is possibly two 
hundred and flfty feet thick, but its a,erage thickness is about 
one hundred feet. As shown in the sketch of vertical section. 
it is. a three-fold rock. In other words, it consists of three di­
visions that are radically unlike each other. 

This member has been heretofore described as two dis­
tinct formations, with certain fossil genera in common. But 
the Survey has been tracing it and observing it closely from 
Clark County, in the northeast corner, to McDonald County, in 
the southwest corner of Missouri. The Geode beds, at the top 
of the typical Keokuk in Clark County, seem to have their 
equivalent in the cherty and un crystalline blue limest0ne, at 
the top of the crystalline country rock, in the Spring River 
Valley. The massive crystalline or middle Burlington-Keokuk 
is less argillaceous and a little more crystalline at La Grange 
than at the Des Moines River. Ten miles further south and 
near Maywood it becomes typical Burlington. 

Where it occurs as typical Burlington, its basal member 
is more argillaceous and darker than its massive middle mem­
ber. It is quite possible that the alternating characters of the 
Burlington-Keokuk are due partly to the altETnat.e thickening 
up and thinning out of its different members. But its alter­
nating lithologic and fossil characters are doubtless due mainly 
to different physical conditions in different zones at the time 
the sediment was deposited which produced it. 
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This rock has had as wide a distribution as allY other 

member of our geological record. In many localities where 

the Burlington-Keokuk has been decomposed and remowd 

for thousands of years its cherts persist, as surface rocks, to 

show that it once existed. It is easy to conceive that a crystal­

line limestone so widel~- distributed as the Burlington-Keokuk 

could have been more crvstallfn€' in certain zones and more 

argillaceous in others. such~Ci)ternating physical conditions 

at the time of its deposit would naturally have produced the 

alternating lithologic and fossil characters that are now pe­

culiar to it. 
Notwithstanding its alternating characters, the Burling­

ton-Keokuk rests on the argillaceous Chouteau, wherever the 

latter occurs, and reaches continuously from the Des Moines 

River to the southwest corner of Missouri. Besides the im­

portant part it plays as the wall rock, 01' country rock, of all 

the profitable ore bodies in southwest Missouri, it is the great­

est lime rock in :Missouri, because it has the widest distribution 

and is, therefore, the most available limestone for the manu­

facture of lime .. Furthermore, it yields the finest building 

stone and more of it than any other limestone in Missouri. 

The Carthage limestone has been on the market long 

enough to have been thoroughly tested, for durability as a 

building material, as well as constancy of color. For a high 

grade building stone, there seems to be nothing wanting in that 

rock, except possibly massive structure. Its stylolite bedding 

seams, common to that rock wherever it occurs, come rather 

too close together to admit of massive blocks being produced 

from its quarries. However, its beds are thicker in some 

other localities than those in which it is now being quarried. 

In the Black Water Valley, in, Saline County, this rock 

is well developed in many places. There is a good exposure 

of typical Carthage limestone in the river bluff at the lower 

end of the city of Boonville. Another near Troy, in Lincoln 

County. Between Rocheport and Providenl!e, in Boone 

County, Burlington-Keokuk forms the river bluffs for man:.\" 
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miles and there is little doubt but that a splendid quarry 
might be developed in that locality. 

The Burlington-J:Ceokuk is the famous "Mountain Lime­
stone" and "Encrenital Limes,tone" of the old geologists. It 
was well. named Encrenital Limestone, because it contains 
more crinoid relics than any other. ro~k. The products of 
crinoid relics are invariably crystalline. In fact, most of the. 
commercial marble quarried in the Mississippi Basin is from 
the massive crystalline beds of the Burlington-Keokuk 01' Car­
thage limestone. 

The reconstruction of the Burlington-Keokuk, in narrow 
zones a,long its numerous lines of fissure, by magnesian water, 
or mineral solutions, from the Magnesian Lens, is something 
marvelous. Those reconstruced channels are usually narrow 
zones coincident with the original joint structure in the coun­
try rock. The Face Joint system with a southwest northeast 
trend, is usually best developed and mosrt of the great fissures 
and dislocations in the rocks are 011 that system. But the 
Head Joint system, with a southeast northwest trend, is some­
times best developed locally. 

In the Spring River Valley, in southwest l\fissouri, fissure 
development on both systems of primary joints! is well illus­
trated in the different mining camps. At Stott's City, in Law­
l'ence County, for example, the trend of the reconstructed zone 
is coincident with the head joints in the country rock, or south­
east-northwest. In the valley, between Webb City and Curter­
ville, there is reconstructed country on both systems of joints 
and in that particular locality the areas of "open ground" or 
reconstructed country are greater than the "Bars," 0'1' isolated 
masses of original country between them. 

In the Spring River Valley, t.he uncrystalline, blue, upper 
Burlington-Keokuk, has reached it.s greatest development near 
the head of Spring River, between Verona and Mt. Vernon, in 
Lawrence County and about Neosho in Newton County. It 
occurs, however, in local zones dispersed over the whole valley. 
Where the Burlington-Keokuk occurs in its full development, 
the lower section of about one hundred feet is an intensely 
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crystalline and cavernous rock. It rests on the argillaceous 
Chouteau base and is the wall rock or country rock of the ore 
bodies. 

The upper section of about one hundred feet is an un· 
crystalline, cherty, blue limestone that has no open structure 
and does not contain any important ore deposits. This upper, 
uncrystalline and barl'en limestone bears the provincial name 
of "Oap-Rock" in the Spring River Valley. In eroded valleys, 
basins or zones, wherein "Oap-Rock" is gone, it is neither diffi· 
cult nor expensive to locate "open ground" or reconstructed 
country. But in other places" where "Oap-Rock" is present in 
its full development, locating narow zones of reconstructed 
country under it, is a serious problem. Nor does it necessarily 
follow that a great ore body will be found when reconstructed 
country has been located. Indeed, if all of the "open ground" 
in the Burlington-Keokuk in Missouri had been filled with 
metallic ores she would have been a prodigy. With her Mag­
nesian Lens, or "mother lode," and her three great counhy 
rocks she is already unique. 

(Plate 47.) The Valley of the St. James River, in Webster, 
Greene, Ohristian and Stone counties, contains many promis­
ing spots for future development. The physical conditions 
in the valley of the James, from its source in Webster Oounty 
to the north end of Stone Oounty, are practically the same 
as in the Spring River Valley, except that the uncrystalline 
"Cap-Rock" either never existed, or has been weathered off, 
in the James River invert. Hence, the ore bodies may be ex­
pected closer to the surface generally. It is always safe to cal­
culate that the ore bodies will stop on the impervious Ohou­
teau. From Ozark to Sparta, the surface indications are very 
favorable for rich and shallow ore bodies. 

There has been considerable wild speculation. about the 
ore bodies extending down, below the country rock, in the 
Burlington-Keokuk country. The lower crystalline Burling­
ton-Keokuk is the wall rock or country rock of the ore bodies 
and it rests on the impervious, argillaceous Ohouteau. And 
the Chouteau rests on other argillaceous rocks. Where· the 
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churn-drill has pounded a hole down through a body of free 
ore and loose matrix it would be only natural for pieces of orc 
to drop down as long aSI drilling continued in that hole. More­
over, it is a well known fact that the ground does not require 
casing and it is, therefore, never cased. Hence the churn-drill 
data, collected in that country, is totally unreliable. 

The most significant thing about the ore bodies in the 
Spring River Invert, that I have observed, is the fact that they 
are slowly gravitating, with the subdrainage, from northeast 
to southwest. As the water finds new tracks at lower levels 
and the more superficial deposits are deserted by the water, 
by being left above permanent water level, they are exposed 
to reagents and gradually altered from primary sulphides to 
secondary oxides and tertiary silicates or carbonates. rrhe 
metallic value, lost in the alteration of a primary sulphide to 
an oxide, silicate or carbonate, is carried down and forward 
with the subdrainage and added to orc bodies that are in pro­
cess of growth further westwards. This; fact is fully demon­
strated. 

The obvious fact that the trend of snbdrainage in the 
Spring River Invert has been always from northeast to south­
west and has never been reversed or materially altered is the 
best explanation that can be found for the greater coneentra­
tions of metallic elements in that zOlle than in the Osage 
Basin, to the north of it. The surface and subdrainage lines 
of the Osage Basin were reversed by the later development 
of the Rocky Mountains and the conditions in that area of 
west central Missouri have tended to disperse rather than con­
centrate the metallic elements. The ore bodies are invariably 
in process of degradation. But not so in the Spring River 
Invert. 

ST. LOUIS LIMESTONE. 

(Plate 48.) The third member of our pre-Carboniferous 
sectiton is the St. Louis limestone. It is the Bed-Rock of the 
Coal Measures in north central and northeast Misspuri. It 



MO. GE()L. RURV. PLATE XL"ln. 



SUBCARBONIFEROUS. 167 

is also the Bed-Rock of the middle invert of the Illinois coal 
field which extends into Missouri about St. Louis. This rock 
has reached its greatest development along the Mi-ssissippi 
River front, between the mouth of the Missouri and the mouth 
of the Meramec. Its cliffs are especially imposing, along the 
river front, two or three miles slouth of Jefferson Barracks. 

The St. Louis limestone has yielded nearly all of the native 
stone for rough masonry in St. Louis. The underlying Bur­
lington-Keokuk comes to the surface a few miles west of the 
city, but the St. Louis limestone, lying ·close to the surface over· 
nearly the whole area of the city, has naturally yielded the 
bulk of the material for rough masonry in that city. And it 
is safe to say that the casual observer does not see more than 
one-half of the material which enters into the construction 
of a city. 

'l'hat the St. Louis limestone was one time widely dis­
tributed in Missouri is shown by the occurrence of its ponder­
ous silicified coral, Lithostrotion canadense, in many different 
localities whence the rock itself has been long since removed. 
'l'he St. Louis limestone is exposed at the base of the Cmil 
Measures in many places in Clark, Lewis and Knox counties. 
In Knox County especially there are several exposures of this 
Bed-Rock deeply marked by the drag of glacial drift across 
it. Those marks show, of course, the direction in which the 
glacial drift moved, from northeast to southwes,t, in that zone. 

False bedding is one characteristic of St. Louis limestone 
which is rather an unusual structure in limestones. Along 
the old river front, two or three miles below Ste. Genevieve, 
the false bedding structure in the St. Louis lim stone is very 
pronounced. And at one of the Ste. Genevieve quarries, St. 
Louis limestone has developed an. intensely oolitic texture. 
The latter character ha~, however, been developed in a great 
many of our rock,s and suggests an advanced stage towards 
decomposition rather than an improvement in the texture of 
any rock. 
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STE. G ENEVIE VE SANDSTONE. 

(Plate 49.) The Ste. Genevieye sandstone or fourth mem­
ber of our Pr'e-Cal'boniferous or Subcal'bonifel'ous section is 
somewhat widely distributed in the eastern part of the Statt:. 
But it has never been utilized extensively except in the con­
struction of the Eads Bridge, at St. Louis. The view, in PlatE" 
49, was taken at the south end of the old quarry some foul' 
miles below Ste. Genevieve, on the old river front. Since the 
Eads Bridge was built, however, the river has shifted away 
to new channel to the northeast and left the old quarry two or 
three miles inland. 

The intensely yellowish brown color of the Ste. Genevieve 
sandstone has doubtless prevented it from becoming a popular 
building stone. Barring its unpopular color, it is massive, 
easily quarried and a substantial building material. But it 
is no longer used except for cons,truction work on the Chester, 
Perryville and Ste. Genevieve Railroad. 

KASKASKIA LIMESTONE. 

(Plate 50.) The Kaskaskia limestone is the fifth and last 
member of our Subcarboniferous section. The fact that it 
was one of the Bed-Rocks of our Paleozoic Coal Measures and 
is not now a Bed-Rock under and portion of our product.ive 
coal field is one of its interesting features. Along the river 
front of Perry County and a portion of Ste. Genevieve County 
the Basal Sandstone of the Coal Measures rests on Kaskaskia 
limestone. It is also reported in some small areas in Jasper 
and Newton counties. But in both of these localities the Coal 
Measures have been weathered off, or removed by erosion. 

Another interesting feature of the Kaskaskia limestone 
is the recurrence in it of the Bryozoan archimedes. That beau­
tiful organic form seems to have reached its zenith of develop-
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ment ill (lw lat.er h()l'i~on::; of' tIlt! Burlington·Keokuk and to 
han: n~appeal'pd at the close of the period of deposit of the 
Knslw:-;kia lilll('st.onc. Th('l'(~ is lit tie doubt but that a profit· 

able qnal'l'.\' lllight be den'lopt'd in thi" rock between St. 
l\1lll'Y's H lld Li t hi \!lll, 1m!: it i:-; no t being used exeept for Hail­
l'oa(1 "hallas!." 'l'he StU'v!') has coll('dpd many beautiful ::;pe­
"illl!'IlH. of Pt~ll b'cmitP" and HI·y()~()n. from the Ka.skaskia 
lilll!'stolW bplwt'en St. l\IllI'Y's and Landing Seventy-six, in 
PP!'!',Y connty. 
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PALEOZOIC COAL MEASURES. 

OUL' Paleozoic Coal Measures reach a total depth of about 
fifteen hundred feet. With the Forest City Lens or post-Car­
boniferous section added, they reach the extraordinary depth 
of about eighteen hundred feet. But there is nothing strange 
about that, when it is known that our coal field lies in foUl' 
different parallel zones on, the western slope of the Ozark 
Range. Slope is not a good word to use, in describing the bal!lc 
of our Coal Measures, but it is sometimes, hard to 'think of It 

word that will convey two or three different aspects of tlw 
same thing. If our Coal Measures were removed and the baRe 
were left, intact, it would not be a slope, but three great ter­
races curving around the eastern side of its deepest abyss, like 
the terraces in the floor of an amphitheatre. ' 

On each terrace in the base lies a zone, in, which the Coul 
Measures are individualized, with reference to depth. 'l~() 

make it plainer, I will say that in the first, or Chariton zonp. 
the depth from surface to bed-rock is nowhere more than threc 
hundred feet; in the second, or Grand River zone, the depth 
from surface to bed-rock is nowhere more than eight hundred 
feet; in the third, or Platte River zone, the depth from sur­
face to bed-rock is nowhere more than thirteen hundred feet; 
in the fourth, or Forest City zone, the depth from surface to 
bed-rock is nowhe're more .than eighteen hundred feet. In 
othe'r words, going westward from the eastern margin, the 
Coal Measures, in each one of these zones, are from three to 
five hundred feet thicker than they are in the next zone on 
the east of it. Moreover, each terrace in the base lies much 
the lowest in a transverse zone, about coincident with the 
track of the Missouri River. 

The obvious facts in this case are as follows, viz.: The dis­
location of three to five hundred feet in the bed-rocks, between 
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the Chariton and Grand River zones, is vividly displayed in the 
:Missouri River bluffs at Miami and White Rock. The town 
of Miami, in Saline County, rests on the Burlington-Keokuk 
limestone, in the south bank of the Missouri River. Three 
miles away, on the opposite side of the river track, in Carroll 
County, and about equally high above water level in the river, 
'White Rock sandstone quarries are in the great alternating 
filler which lies on the second horizon of the Middle Coal 
Measures. The Basal sandstone, all of the Lower Coal Meas­
ures and two horizons of the Middle Coal Measures lie be­
tween the Burlington-Keokuk bed-rock and the great alter­
nating filler in which the \Vhite Rock quarries are situated. 

The other two dislocations are not exposed, for the simple 
reason that they should have been developed and were devel­
oped before the rocks nov- in sight were deposited. One of 
them lies along the east side of the Platte Valley, the other 
between the Platte and the Nodaway rivers. Furthermore, 
the same coal horizon (third of the Middle Coal Measures) 
worked at Marceline, Brookfield, Trenton and Tom Creek (near 
Hamilton) lie~ at about the same depth from the surface. 
And the floors of all those mines lie practically level. At the 
Brush Creek Mine, in Jackson County, and in the same zone, 
the same coal horizon lies about eighty feet deeper in the 
ground. 

At the Randolph Shaft, in Clay County, where the mine 
was in the Second horizon of the Middle Coal Measures, at a 
depth of four hundred feet below the top of the Parkville lime­
stone, in the north bluff of the Missouri River, the floor of the 
mine was rising towards Leavenworth. At Leavenworth, 
Kansas, where the mines are in the same second horizon of the 
Middle Coal Measures, the floors of the three mines along the 
river front are dipping towards Randolph; and yet they are 
seven hundred: feet below the bed of the Missouri River. 
These are not all of the obvious facts in this case, but I trust 
they are sufficient. 

For different reasons our Coal Measures are differentiated 
in three sections, viz.: 1, the Lower Coal Measures, embrac-
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ing the Basal sandstone, eight coal horizons and the 11ahoning 
sands,tone for Cap-Rock; 2, the 1I1iddle Coal ~feasures, resting 
on the l\fahoning sandstone and embracing twel",e coal hori­
zons, with the Bethany Falls limestone for Cap-Rock; 3, the 
Upper Coal Measures, resting on the Bethany Falls limestone 
and embracing nine coal horizons, with the Quitman limestone 
for Cap-Rock. 

Before proceeding to delineate the three sections, however, 
I will say that the difference in the depths of our foul' coal 
zones, from surface to bed-rock, is largely accounted for in the 
increased thickness of the alternating fillers, between regular 
coal horizons, in each zone going westwards. For example, 
the alternating filler in which the "\Yhite Rock quarries are 
situated, is usually about twenty feet thick in the Chariton 
zone; about eighty feet thick in the Grand Ri,er zone; about 
one hundred and fifty feet thick in the Platte Ri.-er zone_ 

That one fact shows there was greater subsidence during 
the Coal period, in the Platte River zone, than in the Chariton 
zone. Moreover, it effectually knocks out the "oscillation" 
theory of coal deposit. Inasmuch as the alternating fillers, 
between coal horizons, clearly represent land sediment car­
ried into the depressed area, to fill it up and thus bring it back 
to land surface, I cannot discover any sense whatever in the 
"oscilla tion" theory. 

In fact, our thickest coal is in the Chariton zone, where 
the altE'rnating fillers between coal horizons are the thinnest. 
Our thinnest coal is in the Platte RiYer zone, where the alter­
nating fillers between horizons are 'the thickE'st. That shows 
the development of the dislocations in the bed-rocks to ha .... e 
been a slow process or an intermittent subsidence of the floor 
of one great in .... ert, on which each one of the lower members 
of our Coal Measures was deposited contemporaneously in the 
different zones. 

The facts show that all of the movements in the bed-rocks 
were downward. The different mass or zones, like the indi,id­
ual blocks in an arch or invert, were gradually readjusting 

0-12 
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themselves to shorter lines of curvature, as the floor of the 
whole coal field went down intermittently during the period 
of coal deposit. The alternating fillers, between regular coal 
horizons, are made up of land sediment, carried in to fill up the 
,ariously depressed area and thus bring it back to land s1;l.r­
face; so the cumulative coal forests might grow in the SunlighT 
and accumulate the requisite plant debris for the coal beds of 

another coal horizon. 
:More time and sediment wel'e requried to fill up the deeper 

depressed zones of one great invert a?d that explains why our 
coal beds are thicker in the Ohariton or eastern zone. It also 
explains why the alternating fillers between coal horizons are 
thickest in the Platte River zone. I do not mention such de­
tails in the Forest Oity zone, because it has not been explored. 
The cumulative coal forests must have grown in the Sunlight. 
Their debris must have been preserved from decomposition, 
by the water in which it was immersed, and have been buried 
under sediment, one horizon after another, until intermittent 
subsidence and other requsite conditions of coal deposit had 
<:eased. 

LOWER OOAL MEASURES. 

(Plate 51.) The Lower Ooal Measures rest on the Basal 
sandstone and are capped by the l\fahoning sandstone. In 
{)ther words, when fully developed, our Lower Coal l\1easures 
embrace the Basal sandstone, eight coal horizons and the l\1a­
honing sandstone f l' Oap-Rock. The Basal sandstone is, 
therefore, the first member of our Lower Ooal Measure sec­
tion_ In west-central, northeast and southeast Missouri, the 
Basal sandstone is often found denuded of all overlying beds. 
In fact, this is true of the Spring River Invert in southwest 
Missouri. .A. zone of the Basal sandstone begins somewhere 
i.n the north-central portion of Greene Oounty and extends 
nearly to Aurora, in Lawrence Oounty. It suggests a trough 
or baSIin in the Bed-Rocks and a good place to prospect for ore 
bodies. 



Basal Sandstone of Coal Measures, Monegaw Springs, St. Clair County. 
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1'.1:11e Basal sandstone at Monegaw Springs, shown in Plate 
51, is rC8ting on Burlington-Keokuk. In all southwest Mis­
souri, the Basal sandstone of the Coal Measures is resting on 
Burlington-Keokuk or Carthage limestone. In Henry, Pettis, 
.Johnson alld Saline counties the Basal sandstone is seen in 
111!IIl~' places resting on Burlington-Keokuk. The reader should 
lIOt. JotolP sight of the fact that the Burlington-Keokuk is only 
ill(! l-H'tond mmuber of the so·called Subcarbonifel'ous section or 
Hp\1-Hoeks of the Paleozoic Ooal Measures. It is safe to say 
1 hat fully one-third of the whole area of Missouri Ooal Meas­
lII'('JoI I'Nlts on Burlington.Keokuk. 

In north-central and northeast Missouri, the Basnl sand· 
stone of the Coal Mcaslll'cs rests on the St. Louis limestone. 
It ulso I'ests on the St. Louis limestone in the vicinity o·f St. 
1,0I1i8. Along the Wabash Railroad track, between Perguson 
alHl st. JJolli8, {Lnd at several places in the southwestern por­
i ion of thnt city, the Basal sandstone is exposed. Indeed, I 
ean I'mnmnbel' when conI was mined immediately south o.f 
Towel' Grove Park. And the Lower Coal Me{Lsure fire clays, 
mine<l in that locality, are the basis of a great industry no.w. 
Agnin, it is safe to say that one·third of the whole area of Mis­
s0\11'1 (J01l] Mmlsurcs rests on the St. Louis limestone. 

(Plate 02.) In Perry Oounty, where the Big Muddy In­
ycrt of the Illinois co.al field once extended far into Missouri, 
the Basal sandstone of the Coal Measures is resting on the 
Kaskaskia limestone or fifth member of the so-called Sub· 
carboniferous or Bed·rocks of the Coal Measures. The Big 
Muddy Invert of the Illinois coal field once covered a large 
portion of Perry and Ste. Genevieve counties. But the Coal 
Measure rocks have been removed, all except the Basal sand­
stone, by the letting down of the track of the Mississippi 
River. Hence we have, alo·ng the river front o.f Perry County, 
some splendid exposures of the Basal sandstone of the Coal 
Measures resting on the Kaskaskia limestone. 
The magnificent view of the Basal sandstone of the Coal Meas­
ures, shown in Plate 52, was taken about four miles above 
Grand Tower and in Perry County, Missouri. The exposure 
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is opposite Fountain Bluff, Illinois, where the Basal sandstone 
has reached its greatest development. Under the Basal sand~ 
stone, shown in Plate 52, is a splendid exposure of the Kaskas­
kialimestone, but we could not get both rocks in one photo· 
graph. Those Bed-Rocks, standing on the Missouri ,side, are 
instructive monuments to show -us -that the des,truction of a 
vast and valuable area of coal field has been wrought by the 
slow but inevitable letting down of a great river. 

'VVhen fully developed, our Lower' Coal Measure section 
embraces the Basal sandstone, eight coal horizons and the Ma· 
honing sandstone for Cap-Rock. That suggests a definition 
of the term-coal horizon. The Paleozoic soil, or mud, on 
which the cumulative coal forest grew or rested, is, logically, 
the first member of a coal horizon. The coal bed, itself, repre­
senting the cumulative coal forest which must have grown 
and flourished in the divine light of our Sun, is logically the 
second member. The first argillaceous sediment that fell on 
the sunken mass of forest debris and is now represented by 
the roof shale or coal slate, as you prefer to call it, is logically 
the third member. Then, if the conditions of subsistence were 
such that sufficient sand or fine mud and organic products 
were precipitated on top of the first argillaceous sedimen,t, to 
pI'oduce a persistent Cap-Rock it is, logically, the fourth mem­
ber. 

A few coal ho,rizons have no persistent cap-rock, but most 
of them have. In fact, all of the coal horizons in the Middle 
<;Joal Measures have limestone cap-rocks, except the second 
horizon. All of the coal horizons in the Upper Coal Measures 
ha,e limestone cap-rocks without any exception. And it is 
well enough to note that they are generally mud-rocks or in­
tensely argillaceous limestones. 

The Lower Coal Measure section is easily distinguished 
from either the Middle or Upper Coal Measures'. Its litho­
logic and fossil characters make it unique. It contains neither 
limestone rocks nor marine fossils. There are no limestone 
rocks between the Basal sandstone and the Mahoning sand. 
'stone. Only land life and fresh water life are represented 
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in the Lower Coal Measures. 'Vhen fully developed there 
are, however, eight productive coal horizons in the Lower Coal 
Measures. And there are several coal fields, in the Mississippi 
Basin in which the Lower Coal Measures are thicker than aU 
of our Missouri Coal Measures. But I have already shown that 
it is not where the Coal Measures are thickest the coal beds are 
best developed. 

In speaking of either coal beds' or ore bodies t.he word, 
productive, means that the volume and structure of the de­
posit are such that it may be wOl'ked with a profit. For the 
obvious reason that coal forests grew only in isolated bodies 
()r spots and flourished most where the conditions were most 
favorable, the same as vegetation grows now, it rarely ever 
occurs that more than two or three horizons are found pro­
ductive in one spot. But each and every coal horizon is never­
theless persistent. Indeed, they are the best marked or indi­
vidualized geological horizons we have and for that reason 
they ought to be and are persistent. In fact, the members of 
(;oal horizons are the only constant rocks in the Coal Meas­
ures. 

If, in Paleozoic time, when this continent was in process 
of development, any single paroxysm of contract.ion had forced 
the floor of the Appalachian In,ert down and thus prede­
termined the subsidence of a certain coal horizon, in that in­
vert, is there any conceivable reason why it should not have 
produced the same result in the equivalent of that horizon in 
the Illinois and Missouri Inverts? That it did, is made con­
clusive by the obvious fact that the Lower Coal Measures, fully 
developed, contain exactly eight coal horizons in all three of 
those great in-verts or coalfields. Moreover, the Lower Coal 
:Measures are limited to narrower zones and smaller areas than 
the Middle Coal Measures. 

In the Appalachion coal field, a great conglomerate sheet 
,occurs in the middle of the Lower Coal Measure section. The 
four upper horizons, between the conglomerate sheet and the 
Mahoning sandstone, are the productive horizons in eastern 
Ohio_ The four lowel> horizons, between the Basal sandstone 
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and the conglomerate sheet, are the productive horizons in 
the southern Tennessee and Alabama coal fields. The fact 
that none of the four coal horizons under the conglomerate 
sheet were productive, in eastern Oltio and western Pennsyl­
vania, where the Coal Measures were first studied, gave rise to 
the so-ca'led "false coal measures" of the old geologists. But 
it has since transpired that some of the most productive coal 
beds in the M~ssissippi Basin are in the first or lowest horizons 
of the Lower Coal Measures. 

The great conglomerate sheet in the middle of the Lower 
Coal ~feasure section, in the Appalachian coal field, suggests 
a further delineation of the Coal Measure rocks. It has al­
ready been shown that when a coal horizon has a cap-rock, that 
horizon consists of four members and they are the only con­
stant rocks in the Coal Measures. The same persistency ob­
tains when a coal horizon has no cap-rock, but in that case, 
the horizon consists of only three members. Besides those 
three or four regular members of each individual coal horizon, 
there are other rocks in the Coal Measures and they have 
caused all of the confusion among geologists and prospectors. 
They are the conglomerates, the false bedded sandstones, the 
sandy shales and the plastic clay-shales, or alternating fillers, 
between regular coal horizons. 

While the members of a regular coal horizon are abso­
lutely persistent and even continuous over large areas, these 
inconstant, alternating fillers: lie in narrow zones, sinuous, 
of course, but parallel with each other and with some shore 
line. The reason is apparent, if you think, because they repre­
sent land sediment, carried from some eroded land surface 
into the depressed area. When land sediment is carried into 
the sea, it is at once assorted. The coarse and heavY materials 
are precipitated nearest the shore and they form the conglom: 
erates. The next coarsest are carried a little further out and 
they form the false-bedded sandstones. The next coarsest al'e 
carried still further out and they form the sand): shal~: 
Finally, the pure argillaceous matter, remaining snspended:ip 
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the water longest, is carried out farthest of all and it makes 
the plastic clay shales. 

Every phenomenon in nature is a logical sequence and 
there can be no question about that. Obviously, when each 
coal horizon went down, and it.s coal forests were inundated 
with muddy water, that sediment would have fallen somewhat 
evenly over the whole fioor. Whatever stems. of plants. or 
branches with their foliage were left standing erect, would 
have been caught in that firs't fine sediment. The fine sediment 
would naturally have filled up the spaces under these branches 
and foliage first and then have settled down on top of them. 
All of the beautiful impressions' of barks" branches and foliage, 
found in the roof-shale of a coal mine were preserved in that 
way. They help to make the cleavage planes in the roof­
shales. 

If the water had afterwards become clear, and it were salt 
water, t.hat whole area would soon have been colonized by 
marine life. After having been thus· occupied by marine life, 
during a vast period of time, that whole area would have been 
covered with organic products. A large portion of these 
would have been dissolved or ground down into a fine mud, 
in which s'ome hardy individuals would have been buried and 
thus preserved as we now find them. 

The fo.ssils of animal life, preserved in the .argillaceous 
limestone cap-rocks, like the stems and foiiage, preserved in 
the shales, have undergone various, alterations_ Yet, while 
they do not contain the exaot materials they contained when 
planted in the mud, which afterwards made the major part 
of the rock, they h'ave, in numerous cases, retained their most 
delicate structure. In many of the older argillaceous lime­
st.ones, purely siliceous matter has replaced the original ma­
terials of the fossils and they are now pure quartz. This is 
especially true of the corals of the Trenton, the St. Louis lime­
stone and the Chouteau Beds. Threir corals and some of their 
Brachiopods are preserved in quartz. In some cases the fossils 
are preserved in Iron pyrite and in other cases the pyrite has 
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been altered into limonite and the original structure of the fos­

sils still preserwd. 
But the depressed area would, in the meantime, have been 

filled up by organic products and land sediment and thus 

brought back to land surface before another coal fores,t could 

h,we grown directly over the last. That it was filled up by 

land sediment, carried in from some eroded land surface and 

precipitated in narrow zones, according to its lithologic char­

acters, there cannot be any doubt. The different. zones, accord­

ing to their lithologic characters, would have produced just 

such rocks as these inconstant, false-beded and alternating 

fillers between regular coal horizons, t.hat ha,e given the geo­

logists and prospectors so much trouble. 

The Lower Coal Measures, or that section of the Coal 

)Ieasures, embraced between the Basal sandstone and the nIa­

honing sandstone, represents. in all of its rocks and fossils, t.he 

products of land sediment. land life and fresh water life. It 

is difficult for some people to see it. but when the student 01' 

prosepector has learned, b~- experience. to ignore many of the 

spn8eless doma8. handed down in the text books, he will find 

liC- diffieulty about differentiating the Lo·wer Coal Measure 

section from the ~Iiddle or the rpper. It represents the begin­

ning of the long period of coal deposit, when those giant coal 

plants flourished-the Lepidodendrids and Cordiates. It con· 

tains neither limestone rocks nor marine fossils. Articulates 

and Crust.aceans comprise its fauna, Lepidodendrids and Cor­

diates comprise the major part of its fossil fiora. 

That it l'epresent.s an age of 10,Y mud-fiats. or mud-islands, 

slll'l'ounded by shallow, fresh water lakes, is further demo..}­

stl'ated by the fact that it was the age in which much or most 

of our iron ores were deposited. The black carbonate, pre­

eipHated on the floors of shallow fresh water lakes, by the 01'­

f!'<1nic acids derived from the coal forests, has been the source 

of most of our iron ores. It matters not what alterations the 

ores may hayesubsequently undergone, they were originally 

precipitated in that way and existed in small lenses of black 

cnrbonate, dispersed or interbedded with clay shales. These 
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lenses of black carbonate consisted of about equal parts of 
iron, mud! and coal dust, or other orgauic mat.ter. The concen­
tration of iron having once been started, it is~ easy to conceive 
that so abundant a metal could have undergone all of the 
alterations that other soluble metals have undergone. When 
the Cca! Measures were eroded off in a. given area, the iron, 
like other ores, gravitated down into older rocks. 

The first horizon of the Lower Coal Measures is produc­
tiYe in a. small way about Lewistown and Monticello, in Lewis 
County. It ha's also been l'eported prod'Uctive in Clark County. 
But the fact that the Coal Measures have been generally 
eroded off, in that region, leaving only a small lens of the first 
horizon, here and there, with glacial drift for roof, there is not 
much encouragement to look for a profitable mine. ,The first 
horizon of the Lower Coal Measures is, however, sufficiently 
denloped in the Grand River zone t? be productive in places. 
III easieJ'n .Tohnson County, in the west bank of Clear Fork 
CJ'f'ek, a little below the Missouri Pacifie Railroad bridge, it. is 
snpplemented by an iuunens.e bed of dark clay-s'hales and dis­
persed lens'es of black carbonate iron ore. Some millions of 
tons of iron O1'e have been concentrated in the creek bed, by 
the slow but constant. dissolving out of the shales. And it 
furnishes a good illustration of the process by which the con­
centration of iron ore began. Sir Archibald Geikie mentions 
sip1ilar OCCUl'l'ences' of iron ores and sha!es supplementing 
coal beds in the coal fields of Scotland. 

'l'he second horizon of the Lower Coal Measures has 
yielded many millions of tons at t.he Montserrat :Mines in 
eastern Johnson County. Large bodies of that coal still lie 
untouched, in isolated ba,sins, between Montserrat a,nd Con­
cordia, in Johnson and Lafayette counties. The coal mined 
in Henry County, south of Grand River, is from one of the up­
per horizons of the Low€r Coal Measures. The Big Muddy 
-coal of Illinois and all of the coal mined in Arkansas and the 
lndian Territory are from the Lower Coal Measures. 
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MAHONING SANDSTONE. 

(Plate 53.) The Mahoning sandstone, or Cap-Rock, of the 
Lower Coal Measures, in its full development, is a threefold 
rock. In other words, it consists of three distrinct. memb€rs 
or divisions, viz: I, Its lower, ferruginous or sha}y member; 
2, Its middle or mas1sive member; 3, Its upper group of flag­
like layers, growing gradually thinner npwards_ Its lower or 
ferrug;inous member has yielded a vas't amount of good iron 
ore in southeastern Ohio. Its, middle 01' massive member has 
yielded much good building sltone in different s'tates and lo<:ali­
ties. 

About Van Buren and Fort Smith, in Akansas, the three 
members of the Ma,honing sandstone are widely separated by 
two thick shale beds. And those shales arc used in the manu­
facture of vitrified paving brick. In the Appalachian coal 
field, the Mahoning sandst.one has reached its greatest develop­
ment. In southwes't Missouri, it is' in many plae-es tbe surface­
rock. It is the only surface rock about Clinton, in Henry 
County, where it yields all of the native building stone. In the 
bed of Grand River, a few miles south of Clinton, Taonnrus 
caudigalli are abundant in the Mahoning sandstone. That, of 
course, is quit'e an unusual occnrenee. And there are evidences 
of a fault, together with other irregular conditions, at that 
particular spot. The first horizon of the Middle Coal Measures 
is only partially developed bnt. sufficiently to be recognized; 
above the Mahoning sandstone. 
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MIDDLE COAL MEASURES. 

Our Middle Coal Measure section rests on the Mahoning 

sandstone, embraces twelve coal horizons and has the Bethany 

Palls limesltone for Cap-Rock. In the Middle Coal Measures, 

three of our moslt productive coal beds occur. Besides the 

second horizon of the Lower Coal Measures which has yielded 

yast quantities of coal about Montserrat, in Johnson County, 

,and the upper horizons of the Lower Coal Measures that are 

now yielding all of the coal mined in the southern part of 

Henry County and all of the coal mined: in St. Clair County, 

the second, third and fourth horizons of the Middle Coal Meas­

ures are yielding the major part of the commercial coal mined 

in Misouri. 
As: already stated, our Middle Coal Measure section em­

braces twelve distinct and persistent coal horizons, all of 

which are well defined: and doubtless productive somewhere. 

The first horizon, vepresented by the lower 'Windsor coal, in 

Henry County, the Waverly coal, in Lafayette County, and the 

only product.ive coal about Glasgow, in Howard County, is not 

very productive in Missouri, but it has yielded some excellent 

coal about Windslor. When fully developed, t.hat horizon has a 

hard blue limestone cap-rock. But the limestone cap-rock of 

that horizon is not always present. At Glasgow, in Howard 

County, the Mahoning sandstone is, exposed in the bed of the 

Missouri River a few hundred yards below the Chicago and 

Alton Railroad bridge. About one mile north, and near thE' 

Wabash Railroad track, the first horizon of the Middle Coal 

Measures is well developed but the coal ils thin. In other words, 

the under clay, coal, roof-shale and limestone cap-rock are all 

present, but the coal is thin. 

The second horizon of trhe Middle Coal Measures has 

yielded and is now yielding most of the coal mined in Missouri 
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and Kansas. It is so individualized by the abseltee of ally cap­
rock, by its persistent isolated lens{~s or "RaUs" of I'I'odnetus 
Ohonetes, coal dust, mud and pyrite, and' by its eharae/pl'istie 
clay-dykes, as to make it easily recognized. ~rhc "Bai Is" 01' 

lenses, dispersed over the 'entire coal field, sandwiched ill lH'­
tween the coal and the roof-shale, together with the entil'P 
absence of a regular cap-rock and its ehal'aei:eristie elay-dykpR, 
all buried under one of the most yariable altcl'lHlt iTlg fill PI'S in 
the Ooal Measures, suggests unusual cOllditiOTIS :It llie tillll' of 
its deposit. 

Although it is the only coal horizon abo\'(> tIl(> 1\IahoJdng 
sandstone that has no regulfLl' and persist:ent: (':\1>-1'0('1,:, I hiH 
second horizon of the Middle Ooal Measures: is the c>al,d<:HI 
recognized of all the horizons in the 1\:fissolll'i Coal l\1t';)slll'PH. 
Its isolated lenses or "Batts," dispersed OVHl' tlw 'wholp m'pl\ 

and made up of marine fossils imbedderl in fmc mud, ('oal (luRt 
and pyrite, suggest a short period of clear water, dUl'iug whieh 
the subsided area was colonized by these marirw spceicH. A 11d 
the fact that they lie in isolated patches 01' dispm's(>a 1('118(';1 

further suggests. that a sudden influx of llHlddy wa (')' a f'lpl'­

wards came and destroYHd the colonies, ~L'he eIay-dylws, ,vhi('h 
are merely the underclay suggest that long after its SllbHid('ll('(~ 
and after a great weight of overlying mud or waleI' had :1('­
cumulated, the coal contracted laterally in masses, If'Hvlngt lw 
voids or fissures which the plastic underclay was fo)'(:('(] to 
occupy. Along the walls of those clay-dykes, whieh iuvllJ'inhl,Y 
stop at the roof, there are no indications of crosion wIla t(~v('l'. 

However, when these individualities arc not pl'onollllted, 
the alternating character of the roof is sufficiently ehal':leleris­
tic to identify the second horizon of the Middle Ooal Measures. 
Ii: is the productive horizon at Danforth and Novinger, in 
Adair Oounty. Ii: is also the productive horizon at BeVier,. 
Ardmore and Lingo, in Macon Oounty; at Huntsville and Hig­
bee, in Ran<1olph Oounty, in the Rich Hill district of Batcs and 
Vernon counties; and it is the big seam about Windsor, in the 
northeast part of Henry Oounty. Ii: is also the productive coal 
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horizon at L{'a\'(~m\'(H·th, Kansas, where it lies seven hundred 
feet below the bed of t he Missouri river. 

(Plate i),1.) On the second horizon lies the first great alter­
nating filler of the Middle ConI Measures, A cross-section of 
onr conI lip](l, ('Ol'l'pctly delineated, 'vill show this erratic filler, 

in the eastel'll 01' Chariton ZOllP, varying in t.hickness between 
(I'll and thirty fppt: ill the KPcoud 01.' (h'and Hiver zone, between 
sixty and nin('(." f('Pi.; ill t1w t hil'd or PlaUe Hi vel' zone, bet wpen 
onc llllll(irpd Hlt(l t w(,Illy and one ht1lHII'pd and fifty feet. A 

('I'OK:'Hl{'diol1 of that rock, :l10110, fixes the greater subsidence 
of ilw ];(,(1'1'0('1\H of OUl' <lonl l\IpaHllrPK in ihe fourth or l!'ol'est 
City ZOllP 11ul'ing' t h(' p('rind of (~oal depmdt. 

'('lIP 1'<I('t tlwt all of 0111' ait'Pl'naiing fill PI'S, hd,wP('ll l'(lgnlal' 

coal llOl'izoHH, lit' in HillllOI1H ZOIH'S, pm'all(~l with the cUl'ving 
shom lil\(~ OIl t1l(~ past and ure M() lkllH.:h ih.ieker on eaeh tel'rllee 

of ill<' H('<l·Ho('k:-;, Pl'o('(>('ilill~ wpstWHl'(]s" aecollnls largely fOI" 

i hp gl'P:\ {PI' dppt II of o1l1' Coal 1\1f'IUllU'PS in thal: diJ'(~el.ion. It 
nhw H('eOllllis rO!' thimwl' eonl in the w<,st(~t'Jl 7.ones, Ohviously,. 
w11(,1'(, more };I'd'illl(lui lind time WN'(' l'(!qnir('(l to fmuplhe more 
dp1Jl'(>s('(i ZOIH'H Hwl t hilS bl'ing t}l('m lJaek to lan<1 1'l'1ll'fa.ee, iher{~ 
was }('sstimp f'Ol' 111(1 a('(~umnlation of ('oal foreHt (lnbl'is, which 
forlnl'd 11)(' ('quint1pnts' of t,ll(~ thid,(!!' ('oallw(ls in the Ohariton 
ZOtl<'. A tid 1l('1'(~ it is W(~Jl PIl()1Jgh to sta.t (\ i hat the Chal'iton 
zono ('1ll1ml<:(,s all of 0111' (~llRt(ll'n Hhallow zone, from Putnam 
and 8dl\1yl(~I' eounth'H to V(:rnou awl Hat-ton conn ties, 'rlw 
bi~ fault: in the tl'aek of the l\fiRsolll'i Hive)', hetwuen vVavcrly 
and Bl'llnSwkk, is the middle sm:t.ion of the dislocation in the 
B<,'<l-Hoeks and Coal MpnHllI'(~S, whieh ~('paratQs the Chariton 
and (1 l'ltIld Hi reI' 7.01lNt 

Whiie Ho<:k, Hllown in l'laje 54, liE~s in the north bluff of 
the l\liHROlll'i Hiv(ll', in CU1'roll Oonnty. In the south bluff of the 
Miss()\ll'i HiY!'J', lit l\:1iallli, in Saline Oounty, the Burlington­
Keokuk OJ' Cnl'tlwge limestone (s(~cond member of our Subear­
boni.f('l'ons flection) liC's about level with White Rock on the op­
posite side of the river. White Rock is simply a massive por­
tion of the first great alternating fillC'I' in the Middle Ooal 

0-1:1 
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Measures. It represents a narrow zone of nearly pure quartz 
sand, consolidated into a massive sandrock, which alternates 
with sandy and plastic clay-shales a short distance westwards. 
Inasmuch as these fillers, between regular. coal horizons, alter­
nate frequently between massive false bedded sandrocks, 
sandy shales and plastic clay shales, on the same horizon, they 
have given prospectors and geologists much trouble. 

The "old river beds," reported in the midst of the Missouri 
Coal Measures, do not. suggest a v·ery clear conception of the 
conditions which prevailed during the period of coal deposit. 
I have an idea that rivers· were not much in demand in those 
days. Especially in the interior of a coal field. One river 
track, buried under glacial drift, at Mendota, in Putnam 
County, is the only one I have seen. On the other hand, mnny 
old river tracks have doubtless been eroded off the face of the 
Earth, by the cutting down of other drainage lines. 

The second horizon of the Middle Ooal Measures has bePll 
uncovered in several places,in the fioorof the \Yhit.e Rockquar­
ries. Only a few miles away to the westward, the third hori­
zon of the Middle Ooal M.eas'Ures, in its· normal development, is 
resting on the same alternating filler in which the White Roek 
quarries are situated. The same sandy zone, in which White 
Rock is situaed lies in the shape of a rainbow, entirely across 
our. coal field. Its outside or eastern edge, marks the dividing 
line or dislocation between the Ohariton and Grand River zones 
of the Missouri coal field. In this rock, at the Oonfedemte 
Home, near Higginsville, and in its equivalent at Kansas Oity, 
a black bituminous oil occurs in considerable quantities. 

Black bituminous oil occurs abundant in many of the 
sandy zones of this first great filler in the Middle Ooal Meas­
ures. It is also abundant in some of the sandy zones of other 
great fillers above the first but not so generally distributed. 
Efforts have been made to utilize the black bituminous oil 
found in those fillers between coal horizons, but the only pur­
pose for which it has been used successfully is lubricating 
farm machinery. It is, however, a low grade lubricant. 
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']'0 illustrate the alternating character of one of these 
g)'en t tillers, betw(xm regular coal horizons, in the Brush Creek 
Coal ~1 ine, near Kansas City, the first great alternating filler 
ill the 2\Jiddle Coal Measures, is a. false bedded sandrock, about 
pighl,\' feet 111id(. At the Rnndolph Mine, six miles north, it 
iH a plastj(~ elay-t,;hale. In the Rivers'ide 1\1ine, at Leavenworth, 
K altHaS, t he root: of the s{)1lth half is fals~: bedded sandrock. 
I II Ow 1101'111 half of the same mine, the roof is s'andy and 
plastic~ elny,shaJe, At tll(! LanRing Mine the l'oof-"hale is plas­
I ie enough for the numnfaetul'e of paving briek, (~all to mind, 
it il{ th(~ Slllll<' alternating filler in which the White Hoek qual'­
ril~S :Ire situated. 

'PIle third hOl'lzon of the Middle Ooal Measures rests on the 
til'S! gl't~at alternating filler in that sect.ion amI is one of the 
most intC'I'psting horizons in the whole of our Ooal M(msurcs, 
'I'lli' (~oal is not generally so thick in the third as in the second 
h()l'i7.011, bnt it, h:l usually I'iehcl' andl better for <1omestic use 
alld 1'01' the llUtrlufadllr<:: of gas 1m<l coke. The third horizon 
of t hp 1V1 iddle ConI Measures il.{ the productive horizon at 
.PC·I'I'Y, ill I{ulls Count.y; at Wellsville, in Mon'tgomel'Y Oounty; 
Htl\)('xieo, in Audl'uin County; nt Macon Oity, in Macon 
County; at Htl'lll, in Aduir County; at Zola, in Schuyler 
()olluIYi at: Mendota and Unionville, in Put,nam County; at 
)lm'('(:Iint: and' Bl'(wkfield, in IAnn Ccunty; at Trenton, in 
O)'\llHIy County; at Tom Creek, in Oaldwell County; at Brush 
Oreek, in Jaeks'on Oounty; at Concordia, in Lafayette Oounty; 
at Bristle Ridge an,d Warrensburg, in Jobnson Oounty. 

'fhis hodzon has the full complement of four members: 
the under-clay, the coal, the roof·shale and a persistent argil­
laeeolll{ limestone cap-rock. 1~he coal is usually in three layers 
with pronounced cleavages, or partings, between them. And 
in many places' there are parting clays or shales between the 
b(~dding planes of the two partings. The three members or 
layers which make up this coal bed vary greatly in thickness 
in different localities. That variation and the presence 01' 

absence of one or both of the parting clays give this horizon, 
such a variety of aspects that some people find great difficulty 
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about correlating it in different parts' of the coal field. But; 
shale seams in the midst of coal beds, are essentially erratic or , 
inconstant deposits. They are essentially local depos1it.s. In 
other words, they are present in one place and entirely absent 
in another. 

Another peculiarity about the third horizon of the Middle 
Coal Measures is' an inconstant shale bed, or "Soaps,tone," de­
posited between the roof-shale or slate and the coal. In tha t 
case the horizon is· sometime difficult to recognize and the roof 
is apt to be bad. But besides' the general charadeI' of the 
coal and its geological relations there are other clluractcris­
tics usually present by which the horizon may be easily idenJi· 
fied. Black concretionary boulders' occur in the roof-shale of 
this horizon and they do not occur in any other horizon of our 
Coal Measures. When those black concretionary bowlders 
are broken open with the hammer, or by the frost, they arc 
found to contain LameUibranchs, Bellerophon, Discina and 
various other fossils. The beautiful little IJamellibranch, Cnr­
diomorpha missouriensis, is usually abundant in those concre­
tjonary bowlders and I do not think it has been found in any 
other horizon of our Coal Measures. In fact, the third is the 
most pronounced Lamellibranch horizon of the Middle Coal 
Measures. 

(Plate 55.) On the third horizon rests another alternH t­
ing filler in a sandy zone of which are situated the Warrens­
burk Sandstone quarries. This massive deposit of neady pure 
quartz sand is consolidated into a thick bed of splendid white 
sandstone and another thick bed of beautiful blue sandstone 
on top of it. The white sandstone, at the bottom, is very nearly 
a pure quartzose sandrock and makes a very durable building 
stone. The blue sandstone above the white,contains a small 
quantity of fine coal' dust diffused through it and that accounts 
for the difference in color. The blue stone has, however, been 
in use many years and has proved quite durable. The mas­
sive structure of the deposit permits the use of all economic 
contrivances for working it and blocks of any size, up to the 
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tlU'l'yillg eapadty of railroad cars, can be had without delay 
or sel'ious difTieulty. 

The fourth hOl'i7.011 of the Middle Coal Measures is pl'oduc­
i in: only in IJafayette, nay and Clay counties. Some of the 
01<1ps\ coal l11ilH'S in l\lissoU!'j w-el'e situated in this fourth hori-
1'.011, along the river front at Lexington and Oamden. ~rhe coal 
is noi VPI'Y thick but: tlw quality is good for ordinary purposes 
:t Illl i he condi lions fot' long wall luining are very nearly per­
fp(:L On aeeotmt of the exeelhmt mining conditions, this coal 
il-l mined with less waste than a.ny other coal bed in Missouri. 

~l'h(l fourth hori7.on of the Middle Coal Measnres, haYing 
hC'cn mined so long and (>xtensiYely at lexington and Riehmond, 
is kllown in the lllarkc~t: as IJcxintoll 01' Itiehmollcl coal. It is 

hpsl. dcvclopf'll at 1 )()VC'1' and niehmond and is a fairly good 

('onl IH'(1 nt l\liSHoUl'j Cit.Y in Cluy County. ~l'he same coal bed 

spn·ails out over Uw eent.rnl portion of I;ufayette and occurs 
in .Jolmson County, i.welv(~ or fourteen inehes- i.1I1ek in spots, 
bll t is mined only in ft Arnall WHy for local usc. 

~I'he eap"I'ock of tlw fOllrth horizon is mmaly thicker and 
lIWl'e f:l'ystnlline Hu.m i;,hat of the third. In eel'tain zOlles, ill 
.rohns(mCoulIi'y,it is t.he most crystalline limeston(~ in theOoal 
l\lemml'(~s and it is the only accumulation of pure IJime car· 
bonuiH, without magn-cs1ja in the State. A sllceessful attempt 
to demoIlstrate i .. hat this roek, together with some of the coal 
Measures ftredays in the vieinity of Montserrat, would make 
a, good Pox'tland Cement, resulted in some good Portland 
('('m(~nj; made from those materials, but the cement factory 
then contemplated wasl never built It seems strange that so 
Hafe an<l profttable a business as the manufacture of cement 
should haye been so long overlooked in a State like Missouri. 

After the fourth, !lone oUhe eight remaining coal horizons 
(lj' Ow Middle Coal Measures are productive in Missouri, ex­
eept the tenth. At the Woodland Mills, foul' miles southwest 
of Laelede, in IJill!l County on the farm of Mr, Estes, a mine is 

being worked in a local lens of considerable magnitude in"the 
tenth horizon. '1'he coal is thin but the quality is good. That 
mine is worked only in a small way for local use. 
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In sinking the Brush Creek shaft, in Jacksoll County, the 
cap-rock of the fifth horizon impresed me as the nearest thing" 
to lithographic stone that I have seen in Missouri. It is a 
massive cream colored rock, homogeneous in texture, and 
would doubtlesis yield good lithographic stone. But. as usual, 
in sinking a s,haft for a special purpose, no samples were kfpt 
and no test was' made of the rock for lithographic purposes. 
The same rock is exposed, in the river bluff at r~exington, hnl: 
its texture is coarse and uneven. 

There is little else to be said! about the rocks of the l'lfid­
dIe Coal Measures, above the fourth horizon, until we rcneil 
the great alternating filler on the tenth horizon. ~~his thil'c1 
great alternating filler of the Middle Coal Measures is expospd 
in many places along the tracks ofEas~GrandRiver andr-oellsl: 
. Creek. In fact, this great alternating filler on the tenth hod­
zon of the Middle Coal Measures and the Hydraulic linH!stolw 
and Bethany Falls limestone,above it, are the prevailing Am', 

face rocks, in the Grand River zone. That it is an altdrnating' 
filler is demonstrated by the fact that at the Diamond Bl'iek 
Works, near Kans'as, City, it yields the plastic clay shale uR('d 
in the manufacture of vitrified paving brick. At the Randolph 
Shaft, six miles north, it iSI a false bedded sandrock. Along 
the east branch of Grand River and Locust Creek, in Linn, 
Grundy and Mercer counties', it alternates between false twd­
ded sandstone, sandy and plastic clay"shales. 

The next member of the Middle Coal Measures of any im· 
portance is the Hydraulic limestone, so-called, because it has 
been utilized to some extent in the manufacture of native ceo 
ment. It is, however, a variable mud'-rock and its lithologic 
character is' unreliable. 

(Plate 56.) The Cap-Rock and last member of the Middle 
Coal Measures is the Bethany Fans limestone. Prof. G. O. 
Broad'head took the picturesque falls in Big Creek, near 
Bethany, Harrison County, for the typical exposure of that 
rock and thus named it. It is, however, better developed in 
other localities. In the valley of the Big Blue, in Jackson 
County, and in the north bluff of t.he Missouri River, in Clay 
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. County! the Bethany Falls limestone is better developed than 
elsewhere in the State. Betwen Randolph and Missouri Oity, 
the Bethany Falls limestone lies a litt.le above the Wabash 
Railroad track and is, a very conspicuous, landmark. 

In the s,outh bank of the Mis30uri RivE.r, about the tOOt 01 

Wyandotte street, Kansas' City, the Bethany FaIis limestone 
is exposed in time of low water. It is also a landmark in 
Washington Park and many places along the valley of the 
Big Blue, in Jackson County, where it.s weathered blocks have 
been detached and have slipped down the talus slopes and are 
now lying widely separated' from the ladge whence they were 
detached. 

At Kingston and Breckenriruge, in Oaldlwell Oounty, and 
at Princeton, in Mercer County, thl upper member of the 
Bethany Falls limestone is intensely oolitic. Us texture is very 
much the same as that of the Bedford limestone of Indiana. 
The Bethany Falls limestone has not been. found sufficiently 
mas:;ive and' that is the only reasoni why it should not yield as 
good building material as the Bedford stone. Some beautiful 
specimens of oolitic Bethany Falls limes,tone have recently 
been sent to this Survey, form the northwestern part of Bates 
County. From that point to Ravanna in Mercer Oounty, in a 
sinuous line, is the eastern margin of the Bethany Falls lime· 
stone. 

It is, a pnl't of the plan of this Survey to find the exact 
eastern and wes't.ern boundaries of the zone in which the 
Bethany Falls limestone is the prevailing surface rock and 
show it, along with the surface areas of other important rocks, 
in a correct geological map of the State. 
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l\nllSILS (JHy Lll1li"loIlO. 

Ilall C;tn.tloll 00111. 

Waldroll ~llll(lst.()n(' . 

Pllrkvillo Llmest.olle. 

Bet,hany Illtlls 
J~!Dletitone. 



UPPER COAL MEASURES. 

Our Upper Coal Measure section rests on the Bethany 
Palls limestone and embraces nine coal horizons and the Quit­
man limestone for Cap-Rock. It is interesting mainly on ac­
count of its great number of well preserved fossils. Of the 
nine well defined coal horizons in the Upper Coal Measures, 
only one is sufficiently developed to be productive in Missouri. 
And that is the ninth of the Upper Coal Measures and the 
twenty-ninth or last horizon of the Paleozoic Coal Measures. 
It is yielding considerable coal in Nodaway County and has 
been reported even thicker in Atchison County. 

Some small lenses of coal in the Upper Coal Measrures 
have been sometime worked in Platte County, east of Leaven­
worth. The fifth horizon has yielded some little coal a short 
distance east of Hall's' Station, in Buchanan County, but. such 
local deposits have very little economic value. Outside of its 
argillaceous limestone cap-rocks, which have yielded large 
quantities of rough but durable building material, at Kansas 
City and St. Joseph, our Upper Coal Measure section contains 
very little of economic value. However, each one of its nine 
coal horizons represents a short period of emergence, between 
longer periods of subsidence. And therein lies its most inter­
esting feature. It represents the closing out of the period of 
coal deposit in Missouri. 

The Parkville limestone is: the cap-rock of the first horizon 
of the Upper Coal Measures. It contains some :fine specimens 
of Nautilus, Products punctatus and BeUerophon. It was 
named the Parkville limestone, because it is there exposed in 
its full development and is easy of access. From the Perkins 
Quarry, opposite Kansas City, it. is exposed continuorusly to 
Parkville. A large mass of it is protruding through the soil, 
behind the railroad station at Parkville. 

I 
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On the Parkville limestone, lies another variable filler 
and then follows the slecond horizon, with a massive false bed­
ded limestone for its cap-rock. This rock is exposed in the 
corner of the bluff, at Kansas City, turning from Sixth street 
towards the Union Station. 

After the massive false bedded limestone, comes another 
alternating filler and then the third horizon, with the Weston 
limestone for its cap-rock. North and south of Weston, about 
level with t.he Burlington Railroad track, lieS' a mass,ive argil­
laceous limestone, abounding in the interesting little fossil, 
Fusulina cylindrica. This fossil does not differ much in size 
and form from a grain of wheat. It reminds us of i.he fact that 
everything in nature has a function to perform. Indeed, it is 
surprising but nevertheless true that the most insignificant 
organisms have been the greatest rock-builders. 

Res1ing on the Weston limestone is another filler and 
then the fourth horizon follows with a thin bedded argilla­
ceous limestone cap-rock. After that, comes another great 
alternatiIl,g filled in which the Waldron sandstone alternates 
with sandy and plastic shales in other places. 

The fifth horizon of our Upper Coal Measures has the Kan­
sas City limestone for cap-rock. It is somewhat more cry­
stalline than most of the cap-rocks of the Upper Coal Meas­
ures and has yielded vast quantities of rough but durable 
building material at Ka.nsas City. It varies between ten and 
thirty feet in thickness and is the highest rock exposed in the 
north part of Kansas City. It is exposed in several places be­
tween the Midland and Victoria hotels. Also in the top of the 
bluff facing towards the Upper Station. 

After the Kansas City limestone, comes another variable 
filler and then the sixth horizon with a thin bedded, blue 
limestone for its cap-rock. That rock is exposed along the 
Missouri river bluffs, between Weston and Bean Lake, just 
above the Kansas City limestone. A fine specimen of Ortho­
ceratite was secured at. Plattsburg, in this horizon. Between 
Weston and Amazonia, the Kansas City limesto~e has the 
structure and appearance of the Bethany Falls limestone, but 
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its gcologieal relations arc sufficient to distinguish it from 
t he Bethany l;'alls limestone. 

Between the sixth and seventh horizons is another filler 
aud on the scv('Uth rests the st. Joe limestone. There is little 
to be said a.bout it, except that it and the Nodaway limestone 
above it hav(~ yielded most of the native stone that has been 
lIs('(l in the billlding of SL .Jos'eph. In the St. Joseph quarries, 
the Hf.. ,Toc aud Nodaway limestones are apparently one de­
posit. But a thin shale: bed, whieh separates them in the 
Bhwksnalw qnarl'ies, thkkens up to a hundred feet or more 
iu C:ol'by's Hill, Hix mikR south and eas1t of the Blacksnake 
q nanieR, 

(Pla.((~ m.) Above tho St .• Joe limestone, li,es' the Nodaway 
liml'Htolw, e:qH'oek of the eightht horizon and the most inter­
('sting IlH'mbel' of the UPP(!l' Coal l\fouSUl'cs. It was named the 
N(HlawHY limeHhme, beeam,o it has been quarried extensively 
:\Iong HlP BUI'linp;toll Huilroud track just. west of the Nodaway 
ltivpl', in Holt: COllnty. Moreover, it is exposed in many places 
in Nodaway COllnty, at the base of the quitman coal horizon. 
'{,he Survey has l'(~eop;nized it at Arkoe, Maitland and Quitman, 
ill No(lnway Coun1 .. y mHl four miles northwest of nock Port, 
hI AtehiSOJlr County. 

BrY07;oH, and Ii'uslllina eylindl'iea arc very abundant in 
the Nodaway limestone. It !llso eontains many fine speci­
mens of Ol'thoc(~l'as, Pinna pel'aellta, Allorisma subcuneata and 
My~Llina subquadrata. Indeed, it is t.he most pronounced 
Lamellibranch hori7;on in the Upper Coal Measures. 

(Plate 58.) Resting on the Nodaway limestone, with a mas­
sive argillaceous limestone for its cap·rock, is the QUitman, 
ninth 01' last, horizon. of the Upped Coal Measures and the 
twenty-ninth or last horizon of the Paleozoic Coal Measures. 
'1:he coal in this horizon is' productive about Arkoe, in the val­
ley of the Hundred and Two, and at several places in the valley 
of the Nodaway river. It has been reported three or four feet 
thick near Tarkio. At the Oarpenter Mine, near Quitman, 
where it reaches a thickness of two and one-half or three feet 
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it is now yielding a considerable quantity of fairly good coal 
for local use. 

There is little else to be said about our Upper Coal Meas­
ure section. When systematic search is made for a native 
cement rock, it will doubtless be found in some one of the cap­
rocks of the Upper Coal Measures, or in the Post-Carboni­
ferous section about Forest City. 

There is little doubt in my mind! but that vast areas of 
productive coal beds exist, in the lower horizons of the Middle 
Coal Measures, in north central and northwest Missouri. Of 
course, they are deep in the ground and relatively thin, but the 
quality is good and the requisite structure for long-wall min· 
ing is better developed in those deep zones than in the shal­
low eastern zone. For that reason, i have an. idea that St. 
Joseph and other northwestern cities will soon be useing 
native coal or natural gas. 

There are many good reasons for believing that the second 
horizon of the Middle Coal Measures, worked at Leavenworth, 
and possibly the third horizon above it, extend. continuously 
up the Platte river valley, to its junction with the Hundred 
and Two, and thence up the valley of the Hundred and Two 
into Iowa. I would not expect the coal in either horizon to 
have an even etickness, all the way from the mouth of the 
Platte to the Iowa line, but I would evpect local basins of 
productive coal east of St_ Joseph near Bolckow and three or 
four miles south of Maryville. However, it would require a 
large investment to develop a profitable mine in anyone of 
those places; because the coal is at least six or seven hundred 
feet in the ground and the beds are doubtless thin. 

The upward fold or arch, in which the gas wells are situa­
ted at lola, Kansas, is fairly well developed in Cass, Ray, Car­
roll, Caldwell, Livingston, Grundy and Mercer counties.. A 
commercial supply of natural gas will doubtless be found, 
somewhere in the axis of that fold. And it is possible that 
petroleum will be found in paying qualtities in the trough, 
lying to the west of that arch. 
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The Geological Survey has selected four places in north 
central and northwest Missouri to explor~ for coal, petroleum 
and natural gas. The places selected are: 1, The Platte Val· 
ley, in Buchanan County, east of St. Joseph; 2, '1'ho Shoal 
Creek Valley, in Caldwell County, cast of Bonanza; :3, "l'be 
Cream Ridge in Livingston County, about three miles east and 
north of Chillicothe; 4, The Grand River Valley, in DaviesK 
County, at the railt'oad junction north of Gallatin. 

The purpose of the hole in the Platte Valley is to test the 
Coal Measures. The purpose of the hole ncar Bonanza in Cald­
well County is to test that basin for both coal and p(~trolellln. 
The purpose of the hole neal' Chillicothe is to test the fold or 
deep-seated 'rrenton arch for gas;. The purpose of the hole 
near G:;tllatin is to test that basin for both coal and petroleum. 
'rhere are 'other apparently well developed arches and basins 
in north Miss'ouri, but the above named ones are the most 
pronounced. And 11-one of them require a hole more than ten 
or twelve hundred feet deep. Below that depth, core-drilling 
is very expensive. 

The great superficial fold or arch which de'ilects the l\fis-
80u1'i river, from Amazonia to At.chison, suggests a deep-seated 
arch in the Trenton limestone. But the Trenton limestolHl 
must lie two thousand feet or more form the surface in that 
fold. The western slope of the superficial arch is very pro­
nounced between Amazonia and the.Nodaway River. For that 
reason, Amazonia is a desirable place to drill for gas, but a 
hole two thousand or twenty-five hundred feet deep would be 
required to penetrate the Trenton limestone at that point. 

G--14 
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FOREST CITY LENS. (Post-Carboniferous.) 

(Plate 59.) There is" in t.he south end of Holt county, Mis­
sOUl'i and doubtless extending some distance into Kansas, a 
great local and superficial lens of mud-rocks and clay-shales, 
traversed by the Misouri river. Whether that local mass be­
longs properly in the Permian or not, is an unsettled' question 
among geologists. There is no question whatever but that 
those mud-rocks and clay-shales represent sediment that was 
deposited on the floor of a deep abyss, at the close of the 
Paleozoic Coal Period and after the requisite conditions f01' 
coal forest growth had ceased in our coal field. While it does 
contain many marine fossils and some typical Coal Measure 
species, it is said to contain typical Permain species and has 
in it neither roof-shale, coal nor underclay. 

Such a thick and absolutely local lens of mud-rocks and 
clay-shales, as that, shows that mel' the entire surl'ounding 
zones of our coal field had emerged and become permanent 
land surface, the deepest abyss remained under water and was 
filled up with organic products and land sediment. 

. The Forest City Lens, or Post-Cal'boniferous deposit, is 
one of the most remarkable geological occurrences in Missouri. 
On the Missouri side of the river track, about Forest City, that 
deposit is decidedly local. I am not advised as to its extent 
in Kansas, but it does not reach exceeding twenty miles in 
any direction from Forest City, in Missouri. Its beds lie about 
level, between Forbes and Forest City, and are not less t.han 
three hundred feet thick. In fact, it seems to be nearer four 
hundred feet thicl{. 

It is a monotonous mass of mud-rocks and clay-shales, 
resting on the Upper Coal Measures. Some of its mud-rocks 01' 

argillaceous limestones may prove to be good cement rocks. 
Beyond that possibility, there seems to be nothing of economic 
value in it. However, the fact that it represents a deep abyss, 
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which remained under water long after the surrounding coun­
try 'had become dry land, suggests that there may be rock salt, 
productive coal beds or petroleum in that basin. But a, holt· 
two or three thousand feet deep would be requil'ed to explore 
it. 

It certainly ought to be explored. But the appropriatio)l 
for core-drilling is scarcely sufficient for this Survey to under­
take an experiment that would necessarily involve so much 
expense. The foul' trial holes already mentioned, for gas, coal 
and petroleum, in north Missouri, and t.en 01' twelve trhll holes 
for disseminated lead, in the Oambrain zones of south Missouri, 
is all that the Survey can now undeltake. If any of those ex­
periments s'hould prove successful, trial holes may be located 
at other desirable places. 

The core-drilling scheme has cost the Smvey a vast 
amount of correspondence an'd worry, but it is to be hoped 
that it will prove satisfactory to a majority of the people. It 
must be apparent to any thinking person that' rich 01'C bodicl:l 
are not to be expected everywhere. Each ore body l'epres(!llts 
a concentration of one of the Earth's elements. \Yhen nature 
has concentrated a metallic element into economic bodics, it 
is only in such places that profitable mines are to be expected. 
The same may be said of productive coal beds, natural gas and 
petroleum. The Survey has pointed out the kind of country 
and strucure in which such deposits are to be expected. 

The purpose of the core-drilling scheme is to demonstrate 
that productive coal beds occur only in the inverts, or basins. 
in the regular Ooal Measures; that petroleum is to be expected 
only in the downward folds, or basins, in the Trenton lime­
stone; that natural gas is to be expected in commercial qvan­
tities only in the upward folds or arches of the Trenton lime­
stone, where it is covered by several hundred feet of argillace­
ous or impervious beds. In south Missouri, the only ground 
ihat can be explored successfully with the core~drill is the 
Cambrain limestone. It has b~en shown that the bottom of 
first Cambrian limestone is the country rock of our disse­
minated lead deposits. For that reason, the Survey proposes 
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to explol'e the Cambrian country in south Missouri in as many 
places as possible. 

When the people of Missouri have analyzed this proposi­
tion and the energy, that is now being wasted on barren 
ground, is concentrated on the surface and subdrainage zones 
of the three great country rocks, for ore bodies, and on the 
structure indicated for productive coal beds, gas and petro­
\PllIn, out' nlineral resources will be developed with some de­
gree of precision. 'rIle Geological Survey is not undertaking to 
guarantee rich deposits at any of the places selected for trial 
holes, but having studied the country and structure in which 
I'i<:'h deposits do occur, we simply propose to drill where snch 
('oulltl'Y and t:;tructure Reem to be duplicated. 
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CHAPTER XII. 

TERTIARY, GLACIAL DRIFT, RIVER LOESS, 

SOILS AND FORESTRY. 

, 



TERTIARY. (Reconstructed Oretaceous.) 

N ow passing from the Forest Oity Lens, or Post-Oarboni­
ferous of Holt Oounty, to Orowley's ridge, in Stoddard and ad­
joining counties, we find theOape Girardeau sandstone, a 
comparatively recent rock, resting unconformably on the Tren­
ton limestone at Oape Girardeau. At Oommerce, a few: miles. 
down the river, the Oape Girardeau sandstone, or its equiva­
lent, has developed some mas'sive qua~tzites which are now 
lying in the river bank a few rods above the landing. 

Lignite beds occur east of Jackson, covered by thick beds 
of beautiful white clay that is highly plastic and apparently 
of :fine qu-ality. Lignite beds and large deposits of bog iron­
ore of apparently Tertiary age occur near Ardeola and Puxico, 
in Stoddard Oorinty. Local lenses of dark colored plastic clay 
shale occur at Dexter, containing numerous Lamellibranchs 
and Gasteropods' of Tertiary age-probably Miocene. Those 
beds doubtl,ess represent an extension of the Tertiary or re­
constructed Oretaceous of. Texas, Louisiana and Arkansas. 

This Survey has made very little study of Orowley's 
ridge, but my iinpression is that the Magnesian Lens lies close 
to the ,surface and forms the base on which are dispersed len­
ses of reconstructed OretaceOus or Tertiary material. The 
economic resources of that Muntry consist mainly i! its rich 
soil and luxuriant growth of timber. Th"e timber is being cut 
at a rapid rate in that country and the time is not far distant 
when Stoddard will be one of the .richest .and most productive 
agricultural counties in Missouri. 

The' extensive river plains ,in southeastern Missouri are 
everywnere covered wiuth 'ri'ch soil and the country that was 
once considered'worthless swamp lands is 'being rapidly re­
claimed. It is only a question of time when those river plains 
will be'iIi cultivation and:all of thatkiild of coimtry wiII be 

" t·, . 
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utili-zed for farming or grazing purpos'es. For rich agricul­
tural lands, no place in North America offers more induce­
ments than the river plains of southeastern Missouri. 

GLACIAL DRIFT_ 

Lying almost exclusively north of the Miss,oud river, and 
spreading out over nearly all of North MissQuri, with its thick­
est edge to the north and its thinest edge to the south, is a 
great ragged sheet of Glacial Drift. In Schuyler and Scotland 
counties, the Glacial Drift is about three hundred feet thick_ 
Farther north and west, it p.as been reduced by erosion until 
large zones of the original land surface have been denuded of 
this burden and the drift lies in widely separated ridges_ The 
Glacial ·,Drift, consists inain1y of ',angular ,fragments and , 
rounded blocks of granite, gneiss, pegmatite, diabase and red 
quartzites, dispersed in variable beds of gravel, sand and fine 
plastic clay_ 

Fragments of trees that were growing on the origina1land 
surface, before the Glacial period, a,re often found under the 
drift, and in a fairly well pres'erved condition. Flint arrow 
heads, stone axes and other durable relics of Prehistoric Man 
are also found deeply imbedded or buried in the drift. Valua­
ble pieces of native copper are frequently found, and, I dare 
say, all of the "lost rocks," in that great sheet of drift, look as 
if they ntight have been transported from about Lake Superior_ 

.' 

PROBABLE EXPLANATION OF THE GLACIAL PERIOD 
OR ICE AGE. 

Assuming, for the sake of brevity, that the first emerged 
portion of our continent was the floor ofa Primordial sargasso 
sea, the equatorial current of the ocean must have swept 
around it and have traV'ersed the Arctic Sea. That .would have 
carried equatorial heat far into the Polar region. But the 
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logical sequence of Earth's function is continuous contraction 
and re-adjustment of her flexible shield to a smaller incandes­
cent center. Contraction means the letting down of her 
greater inverts first, and that means more land emergence. 

If, long after the Coal Period and in comparatively modern 
time, the emergence of land around the Arctic Sea had stopped 
the equatorial current from traversing that region, the phy­
sical conditions would have been sufficiently altered to have 
produced the requisite cold. If, then, a vast accumulation of 
ice had occurred, before sufficient outlets had been cut through 
the land barriers, a time would have come when the accumula­
tion was so great that the axial motion of the Earth would 
have thrown it towards the Equator. Sufficient outlets, cut 
by that process and by subsequent erosion, would have estab­
lished and maintained the more equable conditions we now 
enjoy. 

RIVER LOESS. 

In a ragged zone of very irregular width along both 
sides of the Missouri river and along the west side of the Mis­
sissippi, so far as Missouri is concerned, lies a queej? deposit 
of fine plastic loam. This River loess or loam has a light. yel­
lowish color and is more fertile along the Missouri River than 
the heavier brownish colored Loess along the Mississippi. In 
every ot:p.er respect, however, they have practically the J;!ame 
characters and seem to have been deposited under the same 
or similar counditions. 

OTHER SOILS. 

Outside of the river plains and loess zones, the colors and 
other characters of the Missouri soils, like those of any other 
country, are predetermined by the decomposing surface rocks. 
It is a familiar fact that crystalline limestones and pure quart-
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zose sandrocks make yellow soils; and that argillaceous rocks, 
either sandstone or limestone, make black soils. 

Next to the Alluvian drift of the river plains and the light 
colored loess of the Missouri River, the Oambrain limestone 
soil is the richest. But on account of the relatively small and 
rugged areas in which they occur, there is not much Oambrian 
soil available for cultivation. 

The soils whose rock minerals have been derived from the 
Trenton and Burlington limestones are generally durable and 
fairly productive. They are the prevailing soils in a wide ZOnf\ 
lying diagonally across the State from southwest to northeast 
and parallel with the eastern margin of the Ooal Measures. 
They are also the prevailing soils back of the loess in all of the 
counties, fronting on the Mississippi River, from Marion to 
Cape Girardeau inclusive. 

But the largest areas of fertile soils lie in north Missouri 
and in the northwest half of southwest Missouri. Their rock 
mineral characters are, for the most part, derived from the 
argillaceous Glacial drift or Coal Measure cap-rocks. Hence 
they are usually strong limestone and argillaceous soils. They 
occur in what were one time, wide, undulating prairies. Soil 
analysis and adaptability are subjects which this Survey con­
templates taking up at an early date. 

FORESTRY. 

The Forestry of Missouri is as extensive and varied as the 
rocks and soils are diversified. But her greatest timber re­
sources lie first in the splendid white oak forests of Crawford, 
Washington, Iron, Reynolds, Shannon, Carter, Douglas, 
Oregon, Ripley, Butler and Stoddard counties. Next in her yel­
low pine forest.s which grow mainly on the St. Thomas sand­
stone in Iron, Reynolds, Shannon, Oarter, Wayne and Oregon 
counties. ~weet Gum, Beech, Yellow Poplar and Cypress all 
fiourish on the damp rich soils of the old river plains in several 
counties in southeastern Missouri. 
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IRON ORE ANALYSES. 

Specular Ores of the Porphyry Region from Iron Mountain, 
St. Francois Oounty. . 

Anal. by Dr. Adolph Schmidt. 

Insoluble siliceous matter ........•..•.. 4.71 1.88 
Peroxide of iron ...................•.. 91.45 95.04 
Protoxide of iron ............•.. ~ . . . .. 2.34 2.57 
Alumina ......................•..•... 0.93 0.75 
Lime ................................. 0.45 0.15 
Magnesia ...................•.•... ; . .. 0.19 0.12 
Manganese ................. '" . . . . . . •. 0.00 0.00 
Sulphur .....................•.....•.. '0.0'0 0.05 
Phosphoric acid ... . . . . . . . . . . . . . • . . • . .• 0.252 0.071 

Metallic iron ..................•......• 65.78' 68.53 
Phosphorus ................... , .•..... O.UO 0.031 
* Analyses No.1 is from vein ore. Analyses No.2 is from 

surface. 

IRON ORE ANALYSES. 

Specular Ore near Tuscumbia, Miller County. 

Anal. by Mr. M .. S~ Cartter. 

Insoluble ...................••.....•....... 11.077 
Peroxide of Iron .............•......•..•..... 88.52 
Sulphur ........................•..•.. , ... : .. trace 
Phosphorus ............•..•......••... ' ...... trace 

Metallic Iron ...........•....••..•.••.•....... 61'.96 
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ANALYSIS OF LIMONITE ORE. 

Thomasville, Oregon Oounty. 

Anal. by St. Louis Sampling and Testing Works. 
Moisture .................................... 12.1G 
Silica ....................................... 2.49 
_~lllmina .................................... 0.78 
Sesquioxide of Iron .......................... 84.32 
Sulphur ..................................... 0.06G 
Phosphorus ................................. 0.077 
Metallic Iron ................................ 59.02 

LIMONITES. 

Analyses of Limonite from Lamon's bank near ,Vest Plains, 
Howell County. 

,Yater ............ 10.97 11.07 11.25 11.37 10.08 
Silica ............. 7.63 6.02 2.70 4.11 3.0E 
Iron .............. 56.96 56.40 59.90 57.94 59.3e 
Sulphur .......... 0.05 0.049 0.037 0.063 0.72 
Phosphorus ....... 0.104 0.115 0.087 0.118 0.57 

BROWN HEMATITE. 

Warsaw, Benton County. 

Anal. by Dr. Litton. 
Sulphur .................................... 1.05 
"Silica ...................................... 2.11 
Iron Peroxide ............................... 88.85 
_~lumina ..................................... 0.87 
Watfl:t." ...................................... 10.01 

102.89 
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BHO,\VN HEl\IA~rrrE. 

BlltTalo, Dallas County. 

Anal. by Dr. Litton. 

2.88 
Alulltinlt ........................ " ...... " .. 0.64 
Il'ou pprnxide ............................... 84.80 

\\'a I 1'1' •••• , ................................ 11..(12 
t-1l!lphlll' ..................................... 0.12 

100.0G 

nnOWN llRMArrFrE. 

l\1onth of Niangua, Camden Connty. 

Anal. by Dr. I,itton. 

t-1i I i(':t 4.3G 
I l'l)ll ]'Pl'OX ide ............................... 8:3.27 
Alnnlinlt .................................... l.OS 
\\'a(pl' .......•................... , .......... 11.11 

99.82 

MANOANEsr~ OBES. 

AnaIYA(!S of ores from (Lindsay's ore bed) Reynolds County. 

*Rili(~i()llS matter ............................. 28.81 
lOll HA .. crOXHC ........................... . 'I .' (' 'l')" . 1 ) 4 81 

:'Ifullgancse (as Protoxide) .................... 50.84 
LiTne ....................................... 6.24 

""Phe /cSilieiOllS matter" in this ore is Feldspar, containing 
71.:)0 per eent. Silica and 1,4.85 Alumina. Potash was qualita­

iin'1y di·termined only. 
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MANGANESE ORES. 

A nalyses of ores from Hick's bank, near Fredericktown, Madi-
son County. 

Silicious matter ............................. 5G.82 
Peroxide of Iron ............................. 18.67 
Sesquioxide of Manganese .................... 14.24 
'Vater .... " .................. , ............. 3.19 

Metallic Iron .......................... 13.07 
Metallic Manganese .................... 9.86 

ANALYSIS OF MICROCRYSTALLINE GALENITE. 

Mine La Motte. Anal. by Litton. 

Sulphur ..................................... 13.50 
Lead ....................................... 84.50 
Iron ........................................ t,race 
Copper .. . . . . . . . . . . . . . . . .. . ................. trace 
Nickel ...................................... trace 

ANALYSIS OF PORPHYRY. 

Shannon County. 
Silicic Acid ................................. 37.27 
Ferric Oxide ................................ 42.19 
Alumina ................................. , .. 4.29 
Calcium Oarbonate .......................... 1.74 
Magnesium Carbonate .... , .................. 4.80 
Sodium Carbonate ... . . . . . . . . . . . . . . . . . . . . . . .. 1.19 
Potassium Carbonate ..................... . .. 3.12 
Water ...................................... 5.38 

99.98 
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ANALYSIS OF COPPER CARBONA'l'E. 

Shannon County. 
Cupric Oxide ............................... 70.S0n 
Ferric Oxide ............................... 3.46:~ 
Calcium Carbonate ......................... 1.085 
Magnesium Carbonate .. . . . . . . . . . ... . . . . . . . .. 0.650 
Silica ...................................... 0.363 
Sulphur ................................... 0.87G 
Carbonic Acid .............................. 16.G40 
'Vater ...................................... 7.0fJO 
Per cent. metallic Copper, 56.G4. 

ANALYSIS OF FIRST CALCIFEROuS LBIES'fO?-;E: J 

Crawford County. Anal. by Schmidt. 

'0alcium Carbonate ......................... 84.078 
:hfagnesium Carbonate ...................... 12.654 
Ferric Oxide ............................ : .. 0.423 
Alumina ........................ " ........ , 0.5G4 
Insoluble Matter .......................... " 2.565 

100.284 

XXALYSIS OF FIRST CALCIFEROUS LIMESTONE. 

Shannon County. Anal. by Schmidt. 

Calcium Carbonate .......................... 55.216 
1I1agnesiull1 Carbonate ......... ' ............ .42.374 
Ferric Oxide and Alumina ................... 0.916 
Insoluble Matter ........................... 1.330 

99.836 
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",K\LYSIS 0]' FLINT on NON·pr~AsrrIO I!'IREOLAY. 

Sili(~:t ....................................... 43.56 

j\1tllninn. .................................... 41.48 
'Vatt!!' ...................................... 14.05 
1ron Sesl}nioxide ............................ 0.35 
Linw' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 0.45 
1\IUg'IlPHiu ....•.............................. 0.00 
Allmlif'H . , . . . . . . . . . . ~ . . " . , . . . . . . . . . . . . . . ~ . . . 0.20 

lfig-h lIiIl, l\1ontgoll1f'I'Y County. 

Silkn ...................................... 45.12 
.Al111l1illlt ••••••...•••••..•.• , • , ••••.••• " ., •• 40.40 
\VH tf'l' •••••••••.•••••••••••.••••.•.•••.••.•. 13.34 
lI'on S(lHlluioxide ....•..............•........ 0.47 
JAllw .. : ..................................... 0.29 
l\1l1g'lIPHia ..•........•....................... truce 
AII.uli('H .................................... 0.30 

Middle Coal MCnSlll'('s, Vnnonlin, Allul'lI.in Oonnty. 

Rilien. ....................................... 53.77 
A.hnnina ...........•...................•.... 30.90 
\Vntpl' ...................................... 12.68 
Iron Sm'lqnioxidc .•.......................... 1.74 
IJilne ....................................... 0.39 
::\fagncsia ................................... 0.32 
"\l1{alies •................................... 0.49 

Spcdfie gravity, 2.43. 
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ANALYSIS OF FIREOLAY. 

Middle Coal Measures, Fulton, Oallaway County. 

Silica ....................................... 48.30 
.~lumina .................................... 37.54 
",Yater ...................................... 12.7(; 
Iron Sesquioxide ............................ 1.4~ 
Lime ....................................... 0.57 
Magnesia ................................... o.on 
Alkalies .................................... 0.50 

Specific gravity, 2.44. 

ANALYSIS OF KAOLIN. 

Chilton, Carter County. 
Silica ....................................... 73.82 
Alumina .................................... 18.1() 
Combined Water ............................. 6.16 

. Iron Sesquioxide ... : ......................... 1.32 
Lime ....................................... trace 
Magnesia ................................... 0.21 

... Alkalies .................................... 0.24 

ANALYSIS OF BALI, OR BOND· CLAY. 

Regina, Jefferson Oounty. 
Silica ....................................... 45.fl7 
.~lumina .................................... 36.35 
Oombined Water ................ : ........... 12.3G 
Iron Sesquioxide ............................ 1.08 
Lime ....................................... 1.14 
Magnesia ................................... l.O\} 
Alkalies .................................... 1.84 
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ANALYSIS OF FELDSPAR. 

Near Jonca, Ste. Genevieve County. 

Silica ....................................... G4.S0 

Alumina .................................... lS.00 
Potash (trace of foda) ........................ 15.90 
'\Yater ...................................... 0.10 

Iron ...................................... L 
Lime .: .................................... J O.GO 
nIagnesla .................................. . 

100.00 

ANALYSIS OF LOESS, FROM BLUFF AT ST. JOSEPH. 

Anal. by Dr. Litton. 

Insoluble :Matter ...................... 35.0S 
Oxides of Alumina and Iron ............ 5.22 
Calcium Carbonate ............... , .... 5S.33 
Magnesium Carbonate ................. 0.77 

D!).40 

A.XALYSIS OF LOESS FROM BIG l\fOUND, ST. LOUIS 

Anal. by Dr. Litton. 

Silica ................................. TG.1f) 
Alumina and Iron Peroxide ............ 16.SS 
Linle .................................... 2.50 
l\lagnesia ............................. 0.78 
Carbonic Acid and ,Vater .............. 2.GS 

DS.DS 
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ANALYSES OF MISSOURI MINERAL WATERS. 
Contents are expressed in grains per gallon. 

BIG SULPHUR SrHING, .JEFFERSON OOUNTY. 
Mmiatic'Vater. Ana1. by Schweitzer. 

Silica ..................................... 0.8177 
Calcium Sulphate .......................... 10.8829 
Calcium Ohloride ........... " ............. 37.6935 
Magnesium Chlorid:' ............. '., ........ 12.845G 
Potassiulll Bromidp ........................ 2.2956 

Sodium Chloride ......................... 168.5675 

Specific gravity, 1.0081 Mineral matter, 233.1320 

ELK LICK SPRING, SALINE COUNTY. 
Muriatic "\Vater. Anal. by "\Voodward. 

Silica .................................... , 0.3972 

Alumina .................. ' ............... 0.1168 
Calcium Bicarbonate ..................... 27.0587 
Calcium Sulphate ......................... 20.6042 
Calcium Chloride . . . . . . . . . . . . . . . . . . . . . . . .. 4.5083 
Magnesium Chloride .................. : ... 22.8198 
Sodium Chloride ..................... , .... 176.7242 

Specific gravity, 1.0088 Mineral matter, 252.2242 

AFTON SPRING, JEFFERSON COUNTY. 
Muriatic 'Vater. Anal. by -Schweitzer. 

Silica ............ 1 • • • • • • • • • • • • • • • • • • • • • • • 0.8177 
Calcium Sulphate ......................... 33.0658 
Calcium Chloride .. , ...................... 27.3583 
Magnesium Chloride ...................... 40.4379 
Potassium Bromide . . . . . . . . . . . . . . . . . . . . . . . 1:7348 
Sodium Chloride ......................... 265.8275 

Specific gravitYr 1.0043 Mineral matter, 369.2595 
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BELCHER ARTESIAN WELL, ST. LOUIS COUNTY. 
Muriatic Water. Anal. by Schweitzer. 

Silica ..................................... 0.9346 
Oxide of Iron ............................. 0.0584 
Calcium Sulphate ........................ 50.1847 
Calcium Chloride ..... , ................... 47.4941 
Magnesium Chloride .................... " 4().0840 
Potassium Chloride .. . . . . . . . . . . . . . . . . . . . .. 0.8680 

. Potassium Bromide ....................... 3.0583 
Sodium Chloride ......................... 401.5730 

Specific gravit.y, 1.0059 Mineral matter, 550.2551 

A.KESION SPRING, SWEET SPRINGS, SALINE COUNTY. 
Muriatic Water. Anal. by Woodward. 

Silica .................................... 0.3154 
Alumina..... ..................... .... ... 0.3154 
Calcium Bicarbonate . . . . . . . . . . . . . . . . . . . . .. 52.2582 
Calcium Sulphate ......................... 55.9339 
Calcium Chloride . . . . . . . . . . . . . . . . . . . . . . . .. 85.2176 
Magnesium Chloride ...................... 89.5086 
Potassium Chloride .. . . . . . . . . . . . . . . . . . . . .. 5.3422 
Sodium Chloride .......................... 882.7786 

Specific gravity, 1.0149 Mineral matter, 1171.5531 

GREAT SALT SPRING, SALINE COUNTY. 
Muriatic Water. Anal. by Woodward. 

Silica .......... ' .. ' ...... ' .... ; . . . . . . . . . . . . 0.3914 
'Alumina ................................. 0.0993 
Oalcium Bicarbonate .................. ; . . 23.0752 
Calcium Sulphate ...................... ; 117.7563 
Oalcium Chloride ............ '" .... ':.' .. 108.2547 
Magnesium Chloride .................. "... 103.0718 
Sodium Chloride ...... " .............. ;;'. ~ . 138R1556 

,Specific gravity, Uf219 . Min:eral. matter, 1750.8043 



Fig. 6. Plan for Long Wall Mine--with face track. 
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NAP TON SPRING, SALINE COUNTY. 

Muriatic Water. Anal. by Woodward. 

Silica ................................... ' 0.4731 
Alumina ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.1810 
Calcium Sulphate ..................... ,.'. 102.3255 
Calcium Chloride ........................ 117.3459, 
'Magnesium Chloride ..................... 83.7611 
Potassium Chloride ... . . . . . . . . . . . . . . . . . . . 9.9901 
Sodium Chloride ........................ 1039.0722 

Specific gravity, 1.0174 Mineral matter, 1353.1489 

BOLING SPRING, BENTON COUNTY. 

Muriatic Water. Anal. by Woodward. 

Silica ..................................... 0.6191 
Calcium Bicarbonate ....................... 19.7795 
Magnesium Bicarbonate . . . . . . . . . . . . . . . . . . .. 7.8157 
Calcium Sulphate .. , . . . . . . . . . ... . . . . . . . . . .. 3.9918 
Magnesium Chloride ..... , ................. 4.'6945 
Potassium Chloride . . . . . . . . . . . . . . . . . . . . . . .. 1.5278 
Sodium Chloride ........................... 35.3679 

Specific gravity, 1.0005 Mineral matter, 73.796~ 

SPALDING SPRING, RALLS COU~TY. 

Muriatic Water. Anal. by Woodward and Robertson, 

Silica ................ '. . . . . . . .. . . . . . . . . . .. 0.3387 
Calcium Bicarbonate . . . . . . . . . . . . . . . . . . . . .. 12.5712 
Calcium Sulphate ........................ 96.7200 
Magnesium Sulphate ...................... 0.3300 
Magnesium Chloride ................. . . . .. 48.4300 
Potassium Chloride . . . . . • . . . . . . . . . . . . . . . .. 8.6600 
Sodium Chloride .......................... 533.2613 

Specific gravity, 1.0091 Mineral matter, 700.3112 
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OLD BLACK, MONEGA W SPRING, ST. CLAIR COUNTY. 

Muriatic \Vater. Anal. by Woodward. 

Silica .................................... 0.6483 
Calcium Bicarbonate ..................... 32.4645 
Magnesium BicarbQnate .................. 7.0916 
Calcium Sulphate ........................ 3.1873 
Magnesium Chloride . . . . . . . . . . . . . . . . . . . . .. 9.4938 
Potassium Chloride ....................... $2.7221 
Sodium Chloride ......................... 1.11.4822 

Specific gravity, 1.0017 Mineral matter, 167.0898 

GLASGOW MINERAL SPRING, HOWARD COUNTY. 

Muriatic Water. Anal. by Robertson. 

Silica .................................... 0.4439 
Alumina ................................. 0.0175 
Calcium Sulphate ......................... 71.1345 
Calcium Chloride ......................... 47.7500 
Magnesium Chloride ...................... 81.9303 
Potassium Chloride. . . . . . . . . . . . . . . . . . . . . .. 7.1569 
Sodium Chloride ................ ; ........ 831.4624 

Specific gravity, 1.0142 Mineral matter, 1084.6278 

SALT SPRING, RANDOLPH OOUNTY. 

Muriatic Water. Anal. by Woodward. 

Alumina ................................. 0.1869 
Calcium Bicarbonate .......... ; . . . . . . . . . .. 94.8024 
Calcium Sulphate ........................ 43.0500 
Calcium Chloride ......................... 51.8700 
!\lagnesium Chloride ...................... 84.7100 
Potassium Ohio ride ...................... 6.7300 
Sodium Chloride ......................... 777.2792 

Specific gravity, 1.0106 
0-16 

Mineral matter, 1053.6285 
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CLARK'S SPRING, BENTON COUNTY. 

Muriatic. Water. Anal. by Schweitzer. 
Silica ..................................... OA08\) 
Calcium Bicarbonate ....................... 17.7524 
Magnesium Bicarbonate . . . . . . . . . . . . . . . . . . .. 6.6704 
Calcium Sulphate .......................... 7.3678 
lUagnesium Chloride ....................... 5.8558 
Sodiunt Chloride .......................... 56.2479 

Specific gravity, 1.0014 Mineral matter, 94.3032 

PLATTSBURG SPRING, CLINTON COUNTY. 
Alkaline Water. Anal. by Woodwal'd. 

Silica ..................................... 1.5596 
Alumina ............ , ..................... 1.3901 
Calcium Bicarbonate ....................... 17.6256 
Magnesium Bicarbonate .................... 3.9805 
Sodium Bicarbonate ....................... 0.8400 
Sodium Sulphate .......................... 0.2300 
Potassium Chloride ... . . . . . . . . . . . . . . . . . . . .. 0.5790 
Sodium Chloride .......................... 0.5000 

Specific gravity, 1.0003 Mineral matter, 26.7048 

POST OAK SULPHUR SPRING, JOHNSON COUNTY. 
Alkaline Water. Anal. by Woodward. 

Silica ..................................... 0.5783 
Calcium Bicarbonate ....................... 11.3664 
Magnesium Bicarbonate. . . . . . . . . . . . . . . . . . .. 7.5630 
Sodium Bicarbonate ....................... 2.8749 
Sodium Sulphate .......................... 3.3279 
Potassium Chloride . . . . . . . . . . . . . . . . . . . . . . .. 1.4190 
Sodium Chloride .......................... 8.9535 

Specific gravity, 1.0001 Mineral matter, 33.5797 
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WINDSOR SPRING, HENRY COUNTY. 

Alkaline 'Vater. Anal. by Woodward. 

Silica ..................................... 0.7009 
Al umina ............................. ~..... 0.4205 
Calcium Bicarbonate ...................... 0.8800 
Magnesium Bicarbonate .. . . . . . . . . . . . . . . . . .. 0.8933 
Sodium Bicarbonate ....................... 2.3267 
Potassiu'm Sulphate ................... ,... 0.8063 
Sodium Sulphate ....... ' ................... 0.1049 
Potassium Chloride . . . . . . . . . . . . . . . . . . . . . . .. 0.1224 , 
Specific gravity, 1.0000 Mineral matter, 6.2550 

ELECTRIC SPRING, DIXON, HOWELL OOUNTY. 

Alkaline 'Vater. Anal. by Schweitzer. 

Silica ..................................... 0.5841 
Calcium Bicarbonate ...................... 11.4902 
Magnesium Bicarbona:te . . . . . . . . . . . . . . . . . . .. 8.9753 
Sodium Bicarbonate ....................... 3.3654 
Sodium Chloride ........ '.................. 0.0481 

Specific gravity, 1.0003 Mineral matter, 24.4631 

CLIMAX SPRING, CAMDEN COUNTY. 

Alkaline Water. Anal. by Schweit7.er. 

Silica ..................................... 0.7009 
Calcium Bicarbonate. . . . . . . . . . . . . . . . . . . . . .. 8.4486 
Magnesium Bicarbonate ......... , .......... 7.9949 

. Sodium Bicarbonate ....................... 0.0625 
Sodium Chloride .......................... 0.0088 

Specific gravity, 1.0002 Mineral matter, 17.2197 
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AH,TESIAN 'VELL, NEVADA, VERNON cotT.:\'1.'Y. 

Alkaline'Vutcr. Anal. by S('ll\V(·it:~et·. 

Silica ..................................... 0.8177 
Calciulll Bicarbonate ...................... 1;l.7~()H 
'Thlngnesiulll Biearbonute .................... !l.Gl j·t 
CalciulIl Sulphate ......................... 4.:WIlO 
Sodiulll Chloride .......................... ·ttl.:;!):;! 

Spedftc gravity, l.0014 Minpl'ul IlIai((ll', i/LUtIH 

GALBHAI'l'H SPHINCl, M('no~.\LIl ('OIT:-1,),Y. 

Alkaline 'Vater. A.unl. by S(·It\\'<'iI~:.\'I·. 

I:\ilica . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. O.fi84 1 
('ulcillll1 Bicarbonate ...................... n.!);'Hi:: 
l\Iaguesiulll Bicarbonate .................... :Ul(')()8 

Calcium Sulphatc~ ......................... O.liS;):: 

Sodium Chloride . . . . . . . . . . . . . .. . . . . . . . . . . .. 1.80/S 

Specific gl'H \'ity, U)OOj 

ARTESIAN Wi~LL, CLIN'J'ON, TrENHY ;'0(::-1'1')', 

Alkaline "'iVater. Anal. by S(·ll\\'('ib~f'I·. 

Silica ..................................... 0.H177 
Calcium Bicarbonate ...................... lfL0778 
:Magnesium Bicarbonate .................... 1G.(i(WS 
Calcium Sulphate ......................... 7.4fW8 
Potassium Chloride . . . . . . . . . . . . . . . . . . . . . ... 2.0852 
Sodium Chloride .................... ,., ... (32.4010 

Speci:fic gravity, 1.0019 Mineral matter, 94,5483 
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Ll~E\'ILLE \YELL, ~lEHCEH COF~TY. 

Sulphatic ,Yater. Anal. by ,Yoodward and Robertson. 

Silica. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 0.1168 
Alumina ....................... , ... ... . .. 0.2863 
Calcium Sulphate ......................... 1.9000 
Magnesium Sulphate ..................... 3.1800 
Sodium Sulphate .......................... 180.3000 
Potassium Chloride. . . .. . . .. . .. ... .. . . . . .. 1.7400 
Sodium Chloride ......................... 15.0700 

Specific gra,ity, 1.0034 Mineral matter, 202.5930 

B. B. SPRING, PIKE COUNTY. 

Sulphatic Water. Anal. by Woodward and Robertson. 

Silica .................................... 0.6659 
Al umina ................................. 1.6647 
Calcium Bicarbonate ......... ': . . .. . . . . . .. 5.1516 
Calcium Sulphat.e ........................ 75.6700 
Magnesium Sulphate .................... .475.5900 
Potassium Sulphate ....................... 1.0600 
Sodium Sulphate ......................... 7.2100 
Sodium Chloride ......................... 3.4500 

Specific gra,ity, 1.0068 Mineral matter, 569.4622 

CRYSTAL SPRI~G, LA MO~TE, PETTIS COU~TY. 

Sulphatic ,Yater. AnaL by Schweitzer .. 

Silica ..................................... 3.09':57 
Ferrous Sulphate ... . . . . . . . . . . . . . . . . . . . . . .. 7.8905 
_-\..luminium Sulphate ....................... 10.5561 
Calcium Sulphate .. , ... , ................... 29.8600 
:Magnesium Sulphate ...................... : 9.8481 
Sodium Sulphate .......................... 6.0790 

Specific gra,ity, 1.0015 Mineral matter, 67.3294 
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A.LUM: WELL, VERSAILLES, MORGAN COUNrl'Y. 
Sulphatic Water. Anal. by Scbw(~itr.el'. 

Silica ..................................... 2.(l8H!l 
Ferrous Sulphate .......................... ~2.4177 
Aluminium Sulphate ................... .. HH.8930 
Calcium Sulphate ......................... :18.200!l 
Magnesium Sulphate ................. , ..... :~2.!i4u4 
Sodium Sulphate .......................... 7.mlOl 

Specific gravity, 1.0031 Mineral matter, 192.na40 

REGENT SPRI~G, CI~AY OOUN~rY. 
Saline Ohalybeate Water. Anal. by Woodward alIll Roht'l'isou. 

Silica ..................................... 1.11tm 
l\..lumina ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. O.2!l78 
Ferrous Bicarbonate ....................... HAB7G 
Manganous Bicarbonate .................... 0.1l821 
Calcium Bicarbonate ....................... :28.8()7fl 
l\fagne~dum Bicarbonate ................... :t7ri42 
Magnesium Sulphate. . . . . . . . . . . . . . . . . . . . . .. O.:~ti()O 
Magnesium Chloride ................ . . . . . .. OA200 
Potassium Chloride ... . . . . . . . . . . . . . . . . . . . .. O.G700 
Sodium Ohloride .......................... 2.2300 

Specific gravity, 1.0007 Mineral matteI', 42.1274 

SILOAM SPRING, OLAY OOUNTY. 
Saline Chalybeate Water. Anal. by Woodward and R.obertson. 

Silica ..................................... 1.5245 
.'\.lumina ....................... . . . . . . . . . .. 0.0526 
Ferrous Bicarbonate ....... . . . . . . . . . . . . . . .. 2.1175 
i\1anganous Bicarbonate . . . . . . . . . . . . . . . . . . .. 0.3836 
Calcium Bicarbonate ............. '" ....... 23.1066 
Magnesium Bicarbonate .................... 2.2769 
Magnesium Sulphate ...................... , 0.2500 
Sodium Sulphate ..... ,......... . . . . . . . . . .. 1.1700 
Potassium Chloride ... . . . . . . . . . . . . . . . . . . . .. 0.3400 
Sodium Chloride ........................... 0.9000 

Specific gravity, 1.0008 Mineral matter, 32.2017 
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FROST'S SPRING, CLINTON COUNTY. 
Saline Chalybeate Water. Anal. by Woodward and Robertson. 

Silica ..................................... 1.50.11 
Alumina .................................. 0..1810. 
Ferrous Bicarbonate ....................... 0..0.921 
Calcium Bicarbonate. " ........... , ........ 23.5557 
Magnesium Bicarbonate . . . . . . . . . . . . . . . . . . .. 4.3627 
Magnesium Sulphate ....................... 4.740.0. 
Sodium Sulphate .......................... 2.820.0. 
Sodium Chloride .......................... 1.160.0. 

Specific gravity, 1.0.007 Mineral maUer, 38.4126 

REED'S SPRING; LIBERTY, CLAY OOUNTY. 
~aline Chalybeate Water. Anal. by Woodward and Robertson. 

Silica ..................................... 1.1681 
Alunlina '" ............................. " 0..3400. 
Ferrous Bicarbonate ............. . . . . . . .. .. 0.8271 
Oalcium Bicarbonate ....................... 15.4386 
Magnesium Bicarbonate. . . . . . . . . . . . . . . . . . .. 2.0.166 
Magnesium 8ulphate ....................... 0.3300 
Sodium Sulphate ......... . . . . . . . . . . . . . . . .. 0..910.0 
Potassium Chloride . . . . . . . . . . . . . . . . . . . . . . .. 0.4700 
Sodium Chloride .......................... 0.9700 

Specific gravity, 1.0005 Mineral matter, 22.4704 

ORYSTAL SPRING, PLATTE OOUNTY. 
Saline Chalybeate Water. Anal. by Woodward and Robertson. 

Silica ..................................... 1.7406 
Alumina ............. , .................... 1.1624 
Ferrous Bicarbonate .......... . . . . . . . . . . . .. 0..6752 
Oalcium Bicarbonate ... ; .................. 17.10.0.8 
Magnesium Bicarbonate ........... ... . . . . .. 1.460.0 
Magnesium Sulphate ...................... 2.140.0. 
Sodium Sulphate .......................... 1.300.0 
Potassium Chloride . . . . . . . . . . . . . . . . . . . . . . .. 0.5900. 
Sodium Chloride ... . . . . . . . . . . ... . . . . . . . . . .. 1.0.80.0. 

Specific gravity, 1.00.0.4 Mineral matter, 27.2490. 
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:MAIN SPRING, 9·WONDEHS,Kf) 1l0R.\ HO, ('1';/).\ It 
COUN'ry. 

Ohalybeate vVater. Anal. hy Seliwpii;r,"I'. 

Siliea • • • ~ w • • .. • .. .. • .. • .. • • • • • ~ .... • • • • • • • • • • , • ~ 

Ferrons l~icarbol1ate '" ................. " " .. .. :~.r,HH!~ 
Magu(!sil1l11 Bicarbonate ...... , ....... , ..... :i.!H;~H 
Cule,innl ~nlphate .................. ... ........ n,:~~:t~ 
Magnesium Sulphate ....... , , ......... , ... O.O~HI-i 
Sodium Sulphate .......................... ·1.:1:11 1 
Sodium Ohloride . . . . . . . . . . . . . . ... . . . . . .. .. O.::::Ii!) 

Speci.fic gravity, 1.000~3 

GREENWOOD SprUNG, ,TAcm:SON COIJN'I'Y. 
Ohalybeate Wat(!l'. Anal. hy RdIWl'itz(','. 

Ferrous Bicarbonate '" ............. , ....... 2.:~:l!l:; 
Oalcium Biearbonato ...................... !.!.r.()o~ 
Magnesium Bicarbonate .................... 0.'1 f)~HI 
Sodium Bicarbonate ...•................... ()7 A ~ 11 
Sodium Silicate ........................... (l.7H7~ 

Specific gravity, 1.0012 

PARK SPRING, EI~ DORADO SPHINGR, (JRf>AH O()liN'PY. 
Ohalybeate Water. Anal. by Sehw(·itZ(·I'. 

Silica ..................................... 2.21!HI 
Ferrous Bicarbonate ...................... , :t07Hl 
Oalcium Bicarbonate ...................... 1.8t)Rfi 
:Magnesium Bicarbonate. . . . . . . . . . . . . . . . . . .. 1..854H 
Sodium Sulphate ......... . . . . . . . . . . . . . . . .. 3.1414 
Sodium Ohloride .......................... 0.4771 

Specific gravity, 1.0002 Mineral matt('r, 12.0807 
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RANDOLPH SPA, RANDOLPH COUNTY. 

Cl;lalybeate V\Tater. Anal. by V\Toodward and Robertson. 

Silica .................................... 0.5491 
Alnmina ................ . . . . . . . . . . . . . . . . .. 0.9404 
Ferrous Bicarbonate ....................... 7.2427 
Oalcium Bicarbonate ...................... 33.3983 
Magnesium Bicarbonate ................... 9.7687 
Sodium Bicarbonate ........................ 1.9336 
Sodium Sulphate ... :...................... 0.3300 
Potassium Chloride ....................... 0.6951 
Sodium Ohloride .......................... 0.6100 

Specific gravity, 1.0009 Mineral matter, 54.4679 

LEBANON MAGNETIC WELL, LACLEDE COUNTY. 

Chalybeate Water. Anal. by Schweitzer. 

Silica ..................................... 0.4089 
Ferrous Bicarbonate . . . . . . . . . . . . . . . . . . . . . .. 0.5198 
Oalcium Bicarbonate ...................... 6.9278 
Magnesium Bicarbonate ............... ,... 5.9269 
Sodium Bicarbonate ................... , ... 2.8073 
Sodium Chloride ........................... 0.0962 

Specific gravity, 1.0002 Mineral mattE-l', 16.6869 

LITHIUM SPRING, LITHIUM, PERRY COUNTY. 

Chalybeate "\Vater. Anal. by Schweitzer. 

Silica ..................................... 1.6355 
Ferrous Bicarbonate ....................... 0.5197 
Oalcium Bicarbonate ......... '.' ............ 26.6976 
Magnesium Bicarbonate .................... 13.6017 
Sodinm Bicarbonate ....................... 0.7668 
Sodium Sulphate .......................... 1.3477 
Sodium Chloride .......................... 19.5298 

Specific gravity, 1.0006 Mineral matter, 64.0988 
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DENVER SPRING, WOnrfII COUN'rY. 
Chalybeate Water. .Anal. by 'Woodward and }{obed:-;oll. 

S ili ca . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1. GOO() 
Alumina .................................. 0.718·1 
Ferrous Bicarbonate ...................... , O.ts;;;; 
Calcium Bicarbonate ....................... ·!1).n70() 
Calcium Sulphate ....................... ·· 17.:1G()() 
Magnesium Sulphate ....................... D.SOOO 
Sodium Sulphate .......................... 1.lTDO 
Potassium Chloride ........................ (l.GlOO 
Sodium Chloride .......................... :l.S(lO() 

Specific gravity, 1.0014 

ELECTRIC SPRING, .JOHNSON COUNTY. 
Cbalybeate Water. Anal. by vVoo<lw<lnl. 

Silica ..................................... LGfi·H) 
Alumina . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. O.40S!l 
Ferrous Bicarbonate ....................... O.14~S 
Calcium Bicarbonate ....................... :l7.11S0 
Magnesium Bicarbonate .................... 10.(11)4. 
Calcium Sulphate ......................... 5.8781 
Sodium Sulphate .......................... 7.0m3,! 
Sodium Chloride .......................... 0.1058 

Specific gravity, 1.0002 Mineral matter, G204HZ!) 

MOORESVILLE SPRING, LIVINGSrrON COUN'l'Y. 
Chalybeate Water. Anal. by Woodward amI Robertson. 

Silica ..................................... 1.559() 
Alumina .................................. 0.3095 
Ferrous Bicarbonate ......... . . . . . . . . . . . . .. 0.0767 
Calc~um Bicarbonate ...................... :~5.5844 
Oalcium Sulphate .......................... 27.8800 
Magnesinm Sulphate ...................... 7.1600 
Sodium Snlphate .......................... 1.5100 

. Potassium Chloride '" . . . . . . . . . .. . . . . . . . . . .. 0.8700 
Sodium Chloride .......................... 2.4000 

SpecifiG gravity, 1.0013 Mineral matter, 77.3502 
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PERTLE SPRING, JOHNSON COUNTY. 

Chalybeate Water. Anal. by Woodward. 

Silica ..................................... 1.5069 

Alumina .................................. 0.2570 

Ferrous Bicarbonate . . . . . . . . . . . . . . . . . . . . . .. 1.1119 

Calcium Bicarbonate ....................... 15.6604 

Magnesium Bicarbonate .................... 6.7583 

Sodium Bicarbonate ....................... 5.5508 

Sodium Sulphate .......................... 4.5099 

Sodium Chloride .......................... 0.1408 

Specific gravity, 1.0004 Mineral matter, 35.4960 

LITHIA SPRING, KANSAS CITY, JACKSON COUNTY. 

Chalybeate Water. Anal. by Schweitzer. 

Silica ........... ,......................... 1.5420 

Alumina .................................. 0.0350 

Ferrous Bicarbonate ............ ; . . . . . . . . . .. 0.1910 

Calcium Bicarbonate ...................... 23.8589 

Magnesium Bicarbonate . . . . . . . . . . . . . . . . . . .. 5.9696 

Sodium Bicarbonate ...................... :. 0.2689 

Sodium Sulphate .......................... 0.8400 

Potassium Chloride . . . . . . . . . . . . . . . . . . . . . . .. 0.4400 

Sodium Chloride .......................... 1.2926 

Specific gravity, 1.0004 Mineral matter, 34.3680 
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OFFICE OF THE MISSOURI GEOLOGICA:L SURVEY. I 

JEFFERSON CITY, Mo .. August 1, 1000. .' 

During the recent and fatal illness of the late Dr. John A. 

Gallaher, the accompanying Preliminary Report on the Struct· 

ural Geology of Missouri went to Press. Numerous changes 

and additions which would ha,e been made in the body of this 

Report were not made owing to the fact that the proof was 

not read by the author and the reading of same was left to 

persons wholly inexperienced in the matter of "proof·readin!!'." 
• .y 

It is to be regretted that Dr: Gallaher's able work in differen· 

tiating the Missouri Paleozoic terminated so abruptly and 

that he did not live to carry out his work in the exhaustive 

manner he had outlined. 
DARLING K. GREGER, 

Ass't State Geologist. 
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OFFICE OF THfJ R'J'A'l''' (J fJOU)(lJS'J'. I, 
.TEFFEltSON OlTY, Mo" .luly 14. 11100. I 

Pursuant to the call of the Governor, who is ex-offido 
President of the Board of Managers of Geology and Mines, a 
meeting of sa.id Board was held in the Executive reception 
room at the Capitol on the day aforesaid, and there waR 
present Messrs. O. A. Crandall of Sedalia, G. W. B. Garrett 
of Lamar and J. R. Edwards of .Jefferson City, successor to 
L. M. Rumsey, deceased. The President of the Board, Gover­
nor Stephens, and Dr. John S. Logan of St. .Joseph, being ab­
sent. On motion, the appointment of a State Geologist was 

,deferred until a full meeting of the Board could be had. It 
was further ordered by the Board that the cut of the late Dr. 
Gallaher, procured by his son, be accepted by the Board and 
placed in the Report of this Board now being printed, and that 
seven thousand extra pages be purchased for the purposeI'! 
aforesaid in producing the likeness of the late Dr. Gallaher. 
On motion, J. R. E~wards was requested to prepare the resolu­
tions of respect on the death of the State Geologist and om' 
worthy associate, Mr. L. M. Rumsey, and together with the 
sketch of the life of Dr. Gallaher to be printed in the official 
Report of this Department. 'Whereupon the following resoln­
Nons were submitted and unanimously adopted: 

DEATH OF DR. .JOHN A. G-AT..IT..IAHER. 

At a meeting of the Board of Managers held at the Capitol 
in the City of Jefferson, Missouri, on Saturday July 14, 1900, 
official information was given said Board, that Dr. John A. 
G~llaher, late State Geologist, had departed this life on the 
21st day of June, 1900, and thereupon said Board, for the pur­
pose of expressing its regrets at the death of this noble man 
and official, unanimously adopted the following resolutions: 

Whereas, Almighty God in his infinite wisdom has called 
from our midst our brothel' officer, Dr. John A. Gal­
laher, who for the past three years and more hal'l 
occupied the position of State Geologist, by appoint­
ment from this Board, and called bim to labor in 
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active and efficient officers whose vacancy on the Board is 
keenly felt throughout the State, but no oue feels his loss mo!'(! 
keenly than his associates on this Board, for the last three> 
yt'ars, and to express their feelings in the death of their asso· 
ciate the folowing resolutions were unanimously adopted: 

Whereas, Learning through the public press Q,nd through 
the official announcement of the Vice-President of this Boaru. 
of the death of our associate, Mr. L. M_ Rumsey, and to express 
our feelings for his family and our esteem for 11im as a man, 
citizen and officer of the Board, we, his associates, have 
deemed it proper to give expression to this feeling, as follows: 
Resolved, That in the death of Mr_ Rumsey this Board los('s 
the services of a faithful and efficient officer, one who froll: 
the day of his appointment has worked faithfully to' pro­
mote the great mining interests of this State, and to bring into 
prominence the vast fields of mineral, that for years have lain 
hidden in the deep recesses of the earth, and labored diligentl~ 
and earnestly to bring forward every interest connected with 
the mineral growth of this State, and in his death, this great 
interest is in a great :rn.easure retarded aud it will take timt~ 
to start ,upon its upward course again. But not only is his 
death a loss to us, his associates, but the State, for in him 
it had an official, who has done much to place Missouri on an 
equal footing, at least, with the other' great mining States of 
the Union. To the family of the deceased, who have been de­
prived of a loving and devoted husband and parent, we ex­
tend our heartfelt sympathy, and as a mark of respect and 
esteem for our associate, we direct the Secretary of this Board 
to spread upon its record these resolutions; that a copy of 
them be given the public press and transmitted to the family 
of the decE'ased, and it is further ordered that they be printed 
in the official report of this Department, that our heartfelt 
sympathy might be extended to his bereaved and sorrowin~ 
family. 

Resolved, That these resolutions be spread upon the record 
of this office and that a copy be furnished for publication and 
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