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Analysis of Manganese Ore from sec. 17, T.1 S5, R.8 E.
M, 0, oo e 84 50
S0, oo mm oo m oo 1.28
21910 SRS 2.86
AL O, o e 1.34
CaO e 2.20
MO oo e none
Loss on ignition (CO,) oo 6.48
MOIStUTE o e e e gg

P L0, o o
Total s e 99.90

FARMING CONDITIONS. )

The chapter on economic geology may be closed with a state-
ment in regard to farming conditions throughout the area.

‘Due to the very unusual civil conditions that have existed in
Indian Territory up to within the last few years, this part of the
state has developed but slowly. At the present time, however, a
large part of the land is under cultivation, with large tracts of gov-
ernment land still available. :

The best farm land is that which is composed of Caney and
Atoka shales. - The very heavy residual soil makes cultivation an
easy matter. The rainfall is sufficient for all crops. .

The land in the vicinity of Wapanucka seems to be a little more
productive than that farther east in the vicinity of LeFlore. The

following is a comparison of the yield per acre in the two districts:
® i Yield per acre. -

Crop. Wapanucka. LeFlore.
CottOn oo 3 to 1 bale 15 to 34 of a bale
Corn ool e 40 bu. 25-30 bu.
Wheat .. 30-40 bu. 25-30 bu.
00ats e e 60-80 bu. 40-60 bu.
Value of land o __________. $25 to $40 $25 to $30

It is seen from the above that cotton is the most profitable crop.
The yield for corn is realized only when the rainfall is plentiful
during the summer months. This is usually not the case and the
fact should be emphasized that this is not a corn country. Large
crops of hay are raised. The average price per bale is 35 cents.
Compared with farm lands in other parts of the country, those in
this area may be considered of but fair grade. Compared with the
price that must be paid for high grade farm land in other areas,
however, that asked in this area is very reasonable, and the per-
centage realized on the money invested proportionately large. As
the region becomes more thickly populated the value of the land
will rise. Anyone buying farm land in this area may feel confident
of securing a fair return on the money invested

93

CHAPTER VIIIL.
NATURE AND ORIGIN OF THE OOLITE.

As a concluding chapter of this study of the Wapanucka lime-
stone, it may be interesting to state briefly the views that are held
in regard to the mode of formation of oolites, and to describe the
structure and probable origin of the Wapanucka .oolite.

Some very important advances in regard to our knowledge of
the mode of formation of oolites have been made within the last
few years.

Two widely different views have been held. The first is that
oolites are produced through the activity of algae; the second that
they are formed by chemical precipitation. Very recently, conclu-
sive evidence has been advanced to show that they are formed by
chemical precipitation, but that this precipitation has been caused
indirectly by the activity of denitrifying bacteria. This last method
may be considered a modification or advanced form of the chemical
precipitation theory. The subject will be treated chronologically.

In 1892, Rothpletz studied the oolites now forming at Great
Salt Lake, Utah. He found oolites covered with bluish-green
masses of living algae which he determined to be Gloeocapsa and
Gloeotheca. Upon dissolving the oolites in weak hydrochloric acid,
he found, in the residue, crumpled cells of dead algae. He con-
cluded as a result of his observations that the oolites were formed
through the activity of the algae and that the dead cells represented
algae of a former generation that had died and been included in

layers of aragonite deposited by algae of the present generation.

Combating this theory, T. C. Brown, an advocate of the chemi-
cal precipitation theory, suggests that the dead algde, while living,
had merely attached themselves to the oolitic particles, just as the
present-day ones have done, and were imprisoned by the further
accretion of aragonite by chemical precipitation. (It will be shown
later that both Rothpletz and Brown are probably wrong in so far
as the supposed algae are concerned). ’

In Volume 25 of the Bulletin of the Geological Society of Ameri-
ca for 1914, T. C. Brown presents a very clear discussion of the
chemical precipitation theory. In this paper he calls attention to
the fact that as early as 1879, Sorby stated that all recent oolites
consist of calcium carbonate in the form of aragonite. He then
summarizes the work of Linck who was able to obtain oolites by
chemical precipitation in.the laboratory. Experimenting with sea
water, Linck found that the calcium of calcium sulphate in such
water, when precipitated by sodium or ammonium carbonate,
comes down in the form of aragonite in either warm or cold solu-
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tions, and largely in the form of spherical oolites. From a solution
of calcium sulphate free from other salts (fresh water), the calcium
was precipitated, by sodium or ammonium carbonate, in the form of
calcite in either warm (40° C.) or cold (18° C.) solutions. Linck
concludes as the result of his investigations that the aragonite
oolites now forming in the sea are the result of chemical reaction
between the calcium sulphate of the sea-water and the sodium and
ammonium carbonate generated by the decay of animal and plant
tissue. : '

In publication 182 of the Carnegie Institution of Washington,
1914, G. H. Drew gives the results of a series of experiments deal-
ing with the precipitation of calcium carbonate in sea water by the
action of denitrifying bacteria. In this investigation, the sea water
and bottom deposits in the vicinity of Florida and the Bahama Is-
lands were studied. Dr. Drew found that these bottom deposits,
which consist of a chalky mud carrying oolites, swarmed with mil-
lions of an unknown denitrifying bacterium which yielded am-
monia, He isolated the bacterium and named it Bacterium calcis.
Experimenting further, he found that when this bacterium was al-
lowed to develop in sea water to which small amounts of nutrients
such as calcium succinate and potassium nitrate had been added,
focculent calcium carbonate was precipitated at the end of 12
hours. This material was sO very finely divided that much of it
would not settle. The solution reacted for ammonia which had
been generated by the bacteria. He believed that ammonium car-
bonate, formed by the combination of ammonia with carbon dioxide
from the air (or some other source) reacted with the calcium sul-
phate of the sea water according to the following reaction:

CaSO, + (NH,),C0,=CaC0, + (NH,SO0,

When grains of sand or other small objects were thrown into
the vessel, finely divided calcium carbonate aggregated around
them in such a manner as to form concretions which looked like
oolites. Upon microscopic examination, however, they were found
not to be true oolites, as there was no evidence of lamination. Also
the material seemed to be nearer calcite than aragonite.

This investigation proves that calcium carbonate may be preci-
pitated in a finely divided condition by the action of denitrifying
bacteria. Since the chalky mud in the bottom deposits arounc
Florida and the Bahama swarms with - these bacteria, Drew anc
Vaughan believe that they have caused the precipitation of thit
material. These bacteria flourish best in relatively shallow wate
(not more than 10 fathoms) that has a temperature of 30° C. I
this method of limestone formation is to be regarded as an im
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portant one, a clue is given in regard to the conditions under which
limestones have been deposited in the past. Drew thinks that this
method of formation of calcium-carbonatesniay -have.beeir an im:-
portant facto.r-i'n the formation of chalk and of very'denée lime-
stones. As it is practically in the colloidal state of division, it
would also act as a cement in the formation of clastic rocks. ’

In a companion paper to that by Drew, T. W Vaug i
Publication 182 of the Carnegie Institution of Washi{?:f’;f s,
cusses the origin of the Bahama and Florida oolites. HZ befieves
that the oolites are of secondary origin and that they have developed
in the chemically precipitated mud above referred to. Some of the
muq, in which small oolites were present, and which had been
strained through bolting cloth in November, was found in March
to contain oolites too large to pass through the cloth. This experi-
ment proved that the oolites had grown larger during this period

Supplementing thé work of Drew and of Vaugh

Kellerman of the Bureau of Plant Industry of the %.ag.’ DDerl'szE‘?;l]egt'
of Agriculture was able to produce oolites directly through the ac-
tion of pure cultures of determined species of bacteria. The results
of his investigation were given in a paper read before the American
Association for the Advancement of Science during the Christmas
meeting held at Philadelphia, December 1914-January 1915. Dr
Kellerman has very kindly loaned the writer the manuscript of this:
paper. The following is a description of three of the experiments.

In all of the experiments an Ehrlenmeyer fl i

whxch water copt_aining the bacteria was pla}éed. ﬁkc:{li)sdigie?ull):
containing calcium sulphate was then introduced into the flask
’_The Falglum sulphate dissolved and dialysed out into the surround-'
ing liquid as fast as the bacteria growing there precipitated enough
calcium carbonate to appreciably reduce the concentration of the
calcium sulphate solution in the sea water. In this way a continu-

. ous supply of soluble calcium sulphate was maintained in the cul-

ture flask.

The precipitation of calcium carbonate was found to bé most
rapl(;i when mlxeq cultures of bacteria were used, namely those that
produced ammonium and those that produced carbon dioxide.

I]lese pIO(lLlCe ammonium CalbOllate V\ll]cll COU] tllell react \Vl’tll
> d
the Calc]um Sulphate.

i E,vpfemment one~—Apparatus as above. Water in culture flask ob-
ained from Great Salt Lake. Bacteria used—those naturally pres-
ent in Great Salt Lake water. Small quantities of sugar amdp ep-
tone were introduced into the culture flask to stimulate the crrolzvfh
of the bacteria. Calcium sulphate in collodion tube. Result: a
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spherultic precipitation of calcium carbonate. This spherulitic pre-
cipitate was examined under the microscope and found to have the
structure that is characteristic of oolites. Quoting Dr. Kellerman
further: “The dark center contains a closely compressed bacterial
mass which may be strained and examined thoroughly after the
calcium carbonate is removed by washing with weak acid. - The
bacterial cells are distorted and perhaps partially disintegrated, and.
these masses or clumps closely resemble the organic centers often
found in the natural oolites from the Great Salt Lake. 1t is prob-
able therefore that Rothpletz confused these bacterial masses with
fission algae and was in error in ascribing the oolitic formation in
the Great Salt Lake to algae.”

Experiment two—Apparatus as above. Quoting Dr. Kellerman:
“This (spherulitic) precipitate was produced from water from
Biscayne Bay, Florida, to which had been added small quantities

of nutrients including potassium nitrate and calcium acetate, and
which had then been sterilized and reinoculated with a pure culture
of Psendomonas calcis, the denitrifying organism which Drew also

found to occur in large numbers in the region of the Bahamas. Car-
bon dioxide was supplied by keeping the cultures in a room where

this gas was plentiful.” i

Experiment three—Conditions the same as in experiment two, €x-
cept that the water used was from Great Salt Lake, and the organ-
ism, a variety of Pseudomonas calcis, was also isolated from Great
Salt Lake water. Result: A spherulitic precipitate with clearly
defined zonal structure.

Dr. Kellerman compared oolites formed in this way with natural
oolites taken from Great Salt Lake. He says in conclusion:
“Though the natural oolite may be larger and may show a greater
number of zones or layers than those produced in the laboratory,
the very close agreement in their form and structure suggests the

_similarity of the processes of their origin. ' :

In the culture flasks, it has not always been possible to predict
when calcite crystals might be produced and when spherulites
would form instead. From a study of the laboratory records, it
seems probable that the formation of crystals occurs when the con-
centrations of ammonia, carbon dioxide, and calcium are compara-
tively strong, thus causing a rapid formation of calcium carbon-
ate.”

Reviewing the above mentioned recent investigations it seems
that Drew was able to produce a flocculent precipitate of calcium
carbonate, while Kellerman; using the same bacterium, but work-
ing under better control, was able to produce oolites. )
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It seems to the writer that such a mode of formation is what
might naturally be expected to occur. If each colony of bacteria
may be considered as constituting a nucleus the ammonium car-
bonate generated by each would cause a local precipitation of cal-
cium carbonate, and this encrusting layer would have the topo-
graphic form of the nucleus. )

Thq structure of the Wapanucka oolite will now be described,
and evidence will be advanced which, in the writer’s opinion, will
further the conclusions reached by Dr. Kellerman.

The Wapanucka oolite consists of well defined particles that
have all of the structural characteristics of a true oolite.

'I.‘he particles are either spherical in form or have an ovate cross-
sectron,

The diameter.of the sphérical particles varies from one-fourth
to one-half a millimeter, the longer axis of the ovate particles from
one-half to one and one-half millimeters. -

The particles are very close packed, there being a minimum of
cementing material or matrix.

The matrix is composed of calcite.

Cross-sections of the oolitic particles show a well defined
nucleus, _which is composed of calcite, surrounded by from 2 to 15
concentric shells of aragonite:* (See Plate X). '

The concentric shells simulate to a high degree the surface of
the nucleus.

A study of thin sections and polished surfaces has shown that
some of the oolitic particles are ideomorphic while others are
hypideomorphic, indicating that the latter were formed at a later
date than the former.

The statement that the shells are now composed of aragonite is not entirely
true. Investigation has shown that all recent oolites are composed of aragonite
while in fossil oolites the aragonite has altered to calcite, the more stable form
of calcium- carbonate. This is most probably what has happened in this case.
The material in the shells was so extremely finely divided as to be inactive under
the microscope. (Inactive in the sense that no definite optical data could be ob-
Fained). The cobalt nitrate test for aragonite was made, and showed no aragon-
ite to be present. As the rock analysis 979 CaCQ,, it is evident that the shells
must now be calcite. It is believed that the calcite has retained the structurai
form of the original aragonite needles.
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When examined closely, the calcite nuclei were found to be of
secondary origin. Any individual nucleus was found to be compos-
ed of a mass of minute crystalline particles, heterogeneously orient-
ed. The orientation of the particles in the outer portion of any
nucleus was that characteristic of a geode or cavity fuling, the crys-
tals pointing inward as'though they had lined the walls of a cavity.
The heterogenous arrangement in the centers of the nuclei would
also indicate such.a mode of formation.

Under the higher powers of the microscope, a haze of calcite
particles was found to permeate that part of any oolitic particle
lving outside of the nucleus. This was especially noticeable in the
arcas lying between the concentric shells.

The shells were found to be fairly complete.

The above facts are well brought out in Plate X. The follow-
ing points may be noted. The ideomorphic character of some of
the grains and the hypideomorphic character of others. All of the
dark material in any particle represents what was formerly aragon-
ite while the light represents secondary calcite. A haze of calcite

may be seen to permeate the whole particle. The mottled effect
shown by the nuclei is due to the presence of a large number of cal-
cite crystals heterogeneously oriented. The small amount of matrix
present consists of calcite. The calcite cleavage is well shown in
the raatrix in the northeast quadrant.

The above description of the Wapanucka oolite is a statement
of observed facts. In the following paragraphs, the writer wishes
to present his personal interpretation of the facts observed.

The writer would account for all of the above observed phenom-
ena by sketching the history of the formation of an oolitic particle
as follows:

A mass or colony of bacteria generating ammonium carbonate
would cause a local precipitation of calcium carbonate in the form
of aragonite about them.*" This aragonite would form an encrust-
ing wall about the bacterial mass. Passage ways allowing com-
munication with the outside would have to be kept open, otherwise
the bacteria would die at once. (These passage ways may or may
not have been formed). These or other bacteria could spread over
the shell of aragonite already formed and cause the precipitation of
a second encrusting layer. This process could proceed until a num-
ber of layers were formed. Finally the colony would die and the
local precipitation of aragonite would cease. The last layer of dead
bacteria would prevent any further deposition of calcium carbon-
ate.

%9

PLATE X

PHOTOMICROGRAPH OF WAPANUCKA OOLITE.

A second particle, nearby, that had started to grow at a later
date would be interfered with by the presence of the particle al-
ready formed. It would hence develop a hypideomorphic structure.
It is evident that the first particle formed must be protected in some
way, otherwise ammonium carbonate, generated by the colony
forming the second particle, would cause a precipitation of calcium
carbonate on the first particle. The writer suggests that this pro-
tection could be afforded by a layer of dead bacteria.

No instances were noted in which an aragonite shell precipitat-
ed by the colony of the second particle encompassed both particles.
This is very significant fact and strengthens the statement that the
agents that caused the precipitation must have been very local;
also that the first particle was covered with something that would
prevent precipitation. It is evident to all who are familiar with the
processes of crystallization that a crystal once formed would (un-
less protected) attract other molecules to itself as though it were a
magnet.
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:So far as the writer has been able to learn, hypideomorphism of
some of the particles has not been observed to otcur in other de-
posits of oolite. Usually the particles are ideomorphic and separat-
ed by a fair amount of matrix. But in the Wapanucka oolite
hypideomorphism seems to be the rule, more particles showing
such a structure than not. - :

After the bacteria had died, the porous mass could be infiltered
by solutions of calcite, silica, or some other material. The fact that

the calcite in the nuclei simulate cavity illings would support such,

an hypothesis. The cavities left by the bacteria between the con-

centric shells could be filled in the same way.  The heterogeneous’

arrangement of the calcite particles between the shells: would findi-
cate that this has happened.s The material in the concentric:shells

is now composed of calcite, but this calcite has a different structural.

form (probably pseudoaragonitic) from that which is-present in the

nucleus and in between the concentric shells. It seems most prob-
able, therefore, that the shells were originally composed of aragon-

ite, and that cavities left by the bacteria have been filled with sec-
ondary calcite. :

The suggestion has been made to the writer that the huclei are

too large (about one-tenth of a millimeter) to have been -composed
of one colony of bacteria. In reply, he can but point to the wark of

Dr. Kellerman, who has produced oolites in the laboratory whose

nuclei were composed of masses of bacteria. It is clear in the mind
of the writer that the present calcite nuclei in the Wapanucka dolite
represent cavity fillings, and he has sketched the above described
history of the formation of an oolitic particle to account for this
phenomenon. :

The statement has often been made that grains of sand, shell
fragments, or other material may constitute the nuclei of oolitic
particles. The writer suggests that closer examination may show
these to be secondary silica, secondary calcite, etc. If they are
found to be primary, howéver, the mode of formation need not
have been very different from that sketched above. Bacteria could
accumulate around a grain of sand and cause the precipitation of an
aragonite shell around them. Other layers could then he formed
as described above.

*The mineral form aragonite is probably not due to the bacteria. They
merely -generate ammonia. The precipitation of the calcium carbonate is in-
‘ organic and purely chemical. Other factors, especially the fact that the medium
is sea water are probably the cause of the calcium carbonate being precipitated
as aragonite instead of as calcite. Link, Kellerman, and others have found that
when. fresh water is used the precipitate is always calcite, while when sea water
is used the precipitate is in large part aragonite.
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SUMMARY STATEMENT.

The more important features of the present study may be sum-
marized as follows: '

In the opening chapters a brief sketch of the general geology
of south-central and southeastern Oklalioma is given. This sketch
includes a discussion of the fatest views in regard to the'correla-
tion of the strata throughout the region.

A E'Ietailed description of the geology of the Wapanucka lime-
sione is then presented. The net gain as a result of this work may
he summarized as follows:

In the area covered by the Coalgate and Atoka folios the struc-
tural features have been described in greater detail and a detailed
description of the Wapanucka limestone has been given.

‘Starting from these previously-described areas, and usiig the
formational units as defined therein by J. A. Taff, the areal extent
of the Wapanucka limestone throughout the McAlester and- Tus-
kahoma quadrangles was mapped and described. .

Chapters on the following special subjects have been inclnded:

1. “Unconformities within the Wapanucka Formation.” The
recognition of these unconformities is of great geological signific-
ance. In this chapter the probable age of the Wapanucka forma-
tion was also discussed. The writer regards the Wapanucka as
representing a transition series between the Mississippian and
Pennsylvanian systems.

2. “Economic Geology of the Wapanucka Limestone.” In this
chapter the deposits of oolite were described and their areal extent
given. Deposits of limestone suitable for burning into lime, for
cement manufacture, glass manufacture, and crushed stone were
also described. Paragraphs dealing with deposits of chert suitable
for use as furnace blocks, with deposits of glass sand, and with de-
posits of manganese ore were included.

3. “Nature and Origin of the Qolite.” In this chapter a short
sketch of the most recent advances that have been made in regard
to our knowledge of the mode of formation of oolites has been giv-
en. The structure of the Wapanucka oolite is then described, and
suggestions made regarding its probable origin.
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