MISSOURI BUREAU OF GEOLOGY AND MINES.

E. R. BUCKLEY, PH. D., Director and State Geologist.

Vol. 1, 2nd Series.
S A IES AHME T

THE

Geology of Miller County

BY

SYDNEY H. BALL AND A, F. SMITH.

WITH AN INTRODUCTION BY

E. R. BUCKLEY.

JEFFERSON CITY, MO.:
TRIBUNE PRINTING COMPANY, STATE PRINTERS AND BINDERS.
1903.




BOARD OF MANAGERS.

His Excellency, Alexander Monroe Dockery, Governor of Missouri,

ex-officio President of the Board................... Jefferson City

Edward M. Shepard, Sc D.-Vice President................. Springfield

E. B. Craighead, L.L.D.-Secretary. .......c.ooveuuen.... Warrensburg

Hon. H. H.Gregg ..o .. e e Joplin

Hon. W. S. Allee, M.D. ..ot Olean
55778



TABLE OF CONTENTS.

Letter of Transmittal. ... ..o coiiiiiiii ciiii e iciiitieaeaiane terearnaatas cataenninnannns

Introduction...........coeeeennnn.

Chapter I, Physiography

Chapter II, Proctor Limestone.... ........... et teeeiteeemeceeeeeateaeaaanee cevanas eenan 23
(Fourth Magnesian Limestone of Swallow.)

Chapter III, GURtEr SanAStOMe. oot tu cii ittt it ia e it aeeiiateiann e eesianaaisainnieneas 26
(Third Sandstone of Swallow.)

Chapter IV, Gasconade Limestone. ........ccciiiieiiin tiriiiiiieieniriiiratenasaineaaned foun 30
(Third Magnesian Limestone of Swallow.)

Chapter V, St. Elizabeth Formation.....ccuveie it iiiiios ciiiiaiiiaittieeniaarasnssaanaecaean 50
(Second Sandstone (in part) of Swallow.)

Chapter VI, Jefferson Oity Limestone ..... c.iciiiiiiiiiiies tiverieneaenne aecensnacnnnne.ons 69
(Second Magnesian Limestone of Swallow.)

Chapter VII, Pacific SanAStone. i euniee i ieiieeaes tetee ceeeanneneannasnaneeeesacnn nonans 79

Chapter VIII, Lower Carboniferous......... . .. 82

Chapter IX, The Coal Measure Formations....... e eeeeteeiiecaeaaian .. 90

Chapter X, Mesozoic, Cenozoic and Quarternary . . 119

Chapter XI, Structure..... e ettt ieeesecaiesseiteeaestateactteataataasar aanasa Ceeeres seeeienes 124

Chapter XII, Dolomite and Chert and their origin...... e reetiestiseseeeitietaetanaaanan 142

Chapter XIII, Economic Oonsiderations.....ccuiveeiiiieriaranin o civiennanns Ceeteeieiiaieees 148



ILLUSTRATIONS.

PLATES.
Plate.
I. Geological Map of Miller COunDY .. v oieiureriiiiirneraaiiee coenirennenennne connn
T1I. Flood Plain of the 0Sage RIVer..c. coeiiiiin ciiie ciiiiiiiiieiiii e
IIT. Fig 1.—Mudcracks in Osage River Alluvium..........cooooiiinn
Fig 2.—Glacial Boulders along Dog Oreek..........ccoeve vun cevnnnnn
IV. Gunter Sandstone—Proctor Limestone Unconformity
V. Differential Weathering of Cherty Dolomite........ ............ ..
Vi. Flat Topped Ridge Underlain by the St. Elizabeth formation...................
VII. Curling structure in dolomite of the St. Elizabeth formation....................
Fig 1.—View along Bedding Plane.
Fig 2.—Side View.
VIII. Differential Weathering of Ordovician Chert..............ooo ciiiiiiinn,
IX. Typical Weathered Surface of Pitted Beds of Jefferson Uity Limestone..
X. Peculiar Form of Chert Nodule.. PP
XI. Fig 1.—Jointing in Graydon q:a\.nds,tone
Fig 2.—Polygonal Markings on Weathered Surface of Graydon Sa.ndstone
XII. Graydon Sandstone. AdCOCK EXPOSUIE. .. ...oiuereniuinien curntesseennnee sees

Fig 1.—General View.
Fig 2.—Near View of Several Blocks.
XTI1T1. Fig 1.—Shale showing Slickensides.......c.cocuviniveiaiiiniiiriianiairanaenncnns
Fig 2.—Boulder of Faulted Limestone showing Planing and Scratching.
X1IV. Cross Sections—Republic Ooal Mine...........cocoviiiiinane
XV. Ravens Bluff.......oooiiii ciiiiiiiiiiii i ciaaes
XVI. Fig 1-4.—Cross Sections across County

XVTII. Sandstone incrusted with Orystals of Galena from Little Nugget Mine........

XVIII. Map of Miller County, showing location of mines, quarries, clay banks, etc..

Figure.

1.

2.

10.

12.
13.
14.
15.
16.

Oolumnar section of Proctor limestone at King’s Bluff...........ccoiiiiiiiiiiiiiiinin.,
Sandstone nodules and cross bedding in Gunter sandstone, on the Osage river near
Morgan county line
Contact of Proctor limestone and Gunter sandstone along the Osage river near the
B 0 42T (S eTo 25 8 120 ¢ X
A recession in a bluff of Gasconade limestone on the Osage river............. «.......
Ohert in Gasconade limestone.....

at (13 (X3 ‘e

DETAILED COLUMNAR SECTIONS OF GASCONADE LIMESTONE. |

On the Osage river }{ mile east of the Morgan county line.. O
East bluff of Osage riverin Sec. 21, T. 10 N., R. 15 Wit iii ittt it iiiiieiieineaenen
IntheS. W. ¥4 of the N. W. ¥4 of Sec. 19, T40 N., R.14W......... e
On the Osage river in the N. W.3{ of Sec. 29, T.4IN., R. 13 W....coiiiiiiiiniiiinnn..
L3 0 o ST 22
On the Osage river at the Osage county line..

On Tavern Creek near middle of Sec. 27, T. 41 N R 1‘7 W

% * * * ¥ * * * * * * * * %

43
44
45
46
47
48
49



VI ILLUSTRATIONS.’
Figure. Page
17. Sandstone lens in the St. Elizabeth formation......cocoooiiriiiiiieniiaiiiiiiiiaiees 55
18. Conglomerate chert filling suncracks in dolomite 55
19. Irregular lower contact of Bolin Creek sandstone in Sec. 16, T. 39 N.,R.12W...... 63
20. Cross bedding in Bolin Oreek sandstome......oooiiiiiiiiiimiiiiiiniiiiiiiineeiianeenes 64
DETAILED COLUMNAR SECTIONS OF THE ST. ELIZABETH FORMATIONS.
21. At Brays’ mill on TAvern OreeK .. .....couruteueruntiansoeemeratertaeineae e aness 65
922. On Tavern Creek intheS. E. 4 ofSec. 17, T.39N., R. 12 Wi e 66
23. On Tavern Creek inthe S. W. 24 of Sec. 1, T.38N.,, R.IBW........ooiiit e 7
34. InSec.31, T.41N., R. 14 W 68
25. InSec.16, T.41N., R.13 W 63
* * * *
DETAILED COLUMNAR SEOTIONS OF THE JEFFERSON OITY FORMATION.
2. Insec. 7, T.-41N., R.15 Waeiuiiiiiiiiiiiiiiaaeiiirn crre it enan i onn e anaaas eeeanes 77
27. On Tavern Creek in the S. E. }{ of Sec. 13, T. 38 N., R. 13 W.. 7
28. At the fault on Barren ForksinSec. 6, T.38N., R. IBW...iiimiimiiiiiiiiiiiiiiiinas 78
29. Section along aroad inSec. 14, T. 39 N., R. 14 WL it 78
* * * %* * *® * * * * *®
30. Burlington limestone showing 1ocal AiP...atveenerniiiiiiiiaiieeiiis ciiiiiens cennnnnns 84
31. Saline Oreek Cave conglomerate. Cut on the C. & R. I. R. R., on line between
Secs. 25and 26, T. 42 N., R. 14 W.t ittt iiiiiaiitiiaaae e eaiiaa e teiasaecnnen 93
32. Graydon sandstone. Adcock expoSure.. .................. 99
33. Graydon sandstone. AdcoCk eXpOSUTe.........cvveuennen 101
34 Graydon sandstone. Miil Creek exposure 101
SECTIONS OF COAL MEASURE SHALE.
35. At R. B. Snyder’s well in Sec. 2, T. 4IN., R. 186 W 103
36. Joseph Cotton’s ZIine ProSpeCt.....c.ceieararieeiinieiiiaeniaeiariiseereasoaesanocanonas 103
7. Oross section across a small stream in the S. W. }{ of Sec. 2, T.41N., R. 16 W... .. 104
38. At the Son Prospect inSec. 19, T. 4L N., R. 15 W. .. .ii iiiiiiiiriiiiiiiiiiiiieeaaeanas 108
39. Oontact of the Gasconade limestone and Coal Measure shale at the Gageville
3 011 Y 108
40. Republic 0oal Mine... ....cocviiiiiiimins cvviiiineeannns 110
41. Cross section of the McClure Prospect........... . s . 111
42. Detailed section of the McOlure Prospect 112
43, At the KnowWall ProSDeCl.c . ucueteee i areneias sumnensenres tasatacnasnssasasssanasanns 113
* L3 * * * ¥ ¥ * * * * * * * *
44. Generalized sections of all formations.........cooviiin tiriiiiiiiiiiiiee it iaiieaes o 123
45. Upper Burlington limestone outlier in the S. W. Oor. of Sec. 8, T. 41 N., R. 13 W... 125
46. FaultinSec.10, T. 41 N., R. 15 W.. i tiiiiiiiiiieins tiiiinnnnninanns 131
7. Joints in Graydon sandstone S. E. }{ of Sec. 2, T.4I N., R. 15 W.. 135
48. Conglomerate at base of the Upper Burlington limestone........ 137
49. Contact of the Graydon sandstone and St. Elizabeth and Jefferson Oity formations
in the east center of Sec.9, T. 42 N., R. 15 W. .ttt iiiiiiiiar tiiiiieccniaennaenn: 140
50. OContact of Jefferson City formation and Coal Measure shale in Sec. 8§, T. 41 N., R.
57 7 141
51. Oross section of Simon’s Heirs Coal ProSpPeCl. ... coveiiiiiiiiiiireierriecnecocatonnasans 153
52. Diagram showing direction and number of crevices in Gasconade limestone which
. have produced over 1,000 pounds of galena.......... 165
53. Diagram showing direction and number of non-productwe crevices 165
54. Blende, galena and coal from McOlure’s prospect . 179
55. McOlure Mines... ....... peveeee.. 182
56. Oross section of blende crystal showmg the core of ca.rbonaceous ma.teria.l ........... 182



LETTER OF TRANSMITTAL.

BUREAU OF GEOLOGY AND MINES, |
RoLLA, Mo., November 1, 1903. |

To the President, Governor A. M. Dockery, and the Members of the
Board of Managers of the Bureau of Geology and Mines:
Gentlemen—I have the honor and pleasure to transmit to you a

report on the Geology of Miller county by Sydney H. Ball and A. F.

Smith.

The field work for this rep‘oft was done during the winter of 1901~

’0z and during the spring and early summer of 19o2. Mr. Ball did the

field work on the north side of the Osage river and Mr. Smith did the

field work on the south side. Mr. Francis B. Laney mapped the north-
ern twenty-five square miles of township 39 north, range 15 west, and
assisted Mr. Smith during a part of the field season. Owing to the
very much generalized character of the United States topographic maps
of this area, they could not be used as a basis for the geological mapping.

Consequently the work has been based mainly upon elevations obtained

from the surveys of the Missouri Pacific and Chicago, Rock Island &

Pacific Railways. All elevations, beginning with a known elevation,

were made with aneroid barometers. The repeated use of these instru-

ments at different times was often necessary to insure a reasonable de-
gree of accuracy. The elevations were obtained at many places along
the different contacts between the formations; at nearly all road and
stream crossings; and at mines, prospects, quarries and other points of
economic interest. '
The mapping was done by traversing on foot or horseback, distances
being obtained by pacing and directions by using a Gurley’s “Geologist’s
Compass.” Starting at a known section corner, the direction which it
was wished to pursue was obtained by the compass and indicated on the
field sheet by the use of a protractor. The distance to the second station
was then determined by pacing and its position, with respect to the first
station, was indicated by a dot on the field sheet. Changes in the direc-
tion traversed were shown by the bearing of the compass and these were
plotted by aid of the protractor on the field sheets. By a careful adher-
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ence to this plan of working the men always knew their location with
sufficient accuracy for geological mapping.

Thke work for any day was usually so planned as to include certain
known locations, such as section corners, quarter posts or points pre-
viously located, upon which the work could be checked. WNecessarily,

~in the very hilly parts of the county where short sights were necessary
and uniform pacing impossible, small errors were made. But by con-
stant checking on known points these were minimized to such an extent
that they are not apparent on the general geological map.

Owing to the fact that the contacts follow very closely the drain-
age lines, the valleys and ravines were everywhere traversed from head
to mouth. ‘The gulches not over a fourth of a mile long were,
as a rule, sketched in, their direction being obtained by the compass.
Where the contact followed close to the top of a ridge, the ridge, as well
as the valley, was traversed in order to locate definitely the contacts.

In this manner every section of land in the county was traversed,
and outcrops of rock, mines, prospects, spils, clays and every indication
of minerals or ores was noted and recorded in the field note-books. Spe-
cial attention was given to the mines and the body of the report contains
accurate descriptions of all the important mines and prospects in the
county.

I remain very respectfully,

Your obedient sir,
E. R. BUCKLEY,
Director and State Geologist.
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INTRODUCTION.,

During the administrations of Q\xalbh- B:roadhead and Pumpelly re-
connoissance surveys were madg ot fOrt\ -nme countles m the State.
When Winslow took charge of the Bg.reau m -1.889, s.heet reports were
substituted for county reports, and c}a‘qn g %ha® WAnsioe- Keye4 ladminis-
trations one entire county aﬂ.c} pa‘r,ts. of fourteen countle .«s‘efe,.stlr\zeyed
mapped and reported upon in t'h-w ma’nner Dr.mn ;l‘-ge. admlmstra’uon
of Gallaher, from 1897-1g01, no additions e made to the county or
sheet reports.

When the field work on the present report was begun in November,
1901, there were 49 counties, for which reports and maps had never been
issued ; there were 49 counties for which general reconnoissance reports
had been published; one for which a complete detailed report had been
published; and twenty parts of counties for which detailed reports had
been published. It is the present plan to survey and report in detail
upon the 49 counties for which no reports have been published, as rap-
idly as possible, after which the counties, of which reconnoissance reports,
alone, have been issued should be re-surveyed. It is intended to survey
the counties in as great detail, as though the work were under the imme-
diate supervision of the U. S. Geological Survey.

GENERAL PLAN FOR COUNTY REPORTS.

County reports are issued in preference to sheet reports, because
they serve better the interests of the public. It appears that in State
survey work the unit chosen must be one which is recogmzed by the
mass of the people. This unit is the county.

Miller is one of three counties which have been surveyed since
November, 1go1. It is one of the most centrally located of the coun-
ties of the State and constitutes a very desirable point from which to
begin the systematic stratigraphical work, which it is intended to con-
tinue into all parts of the State. '

The general plan is to extend the county surveys to the southwest,
southeast, northeast and northwest, thereby connecting with the surveys
of the lead, zinc and coal fields of the State. A detailed survey of two
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rows of counties extending diagonally across the State will give that,
which we do not have today, a clear idea of the detailed stratigraphical
succession of Missouri. This report is the first of a new series of county
reports and the geology—stratigraphic, economic and structural—is all
discussed in far greater detail than it is thought will be necessary for the
" remaining counties.

TEXT OF THE REPORT.

An irtelligent discussion of the econmic resources of a county must
be based upon a cagefu] deta,tled survey, by which the stratigraphy and
structure are 'mfh WQl'fce.d Ddt: Fgr this reason, the reader will find
that a. greater part of this xeport is devoted to a discussion of the rock
formations and fheif $trhcture:‘>.85 -observed in this county.

Ther.c-may ‘Bef sonie’ CrititisAT "ot thls°neport on the ground that the
discussion. df he; sgeology is entersd '.uv.fo if-too great detail. There may
appear to the reéa'er te $& ant ﬁnnacessanly large number of sections and
other illustrations. Fowever, it is thought that, owing to the location
of the county, which is in the midst of the Ozark region, and embody-
ing, as it does, a typical section of the Cambro-Ordovician stratigraphy of
Missouri, the detailed discussion may be justifiable.

This is the second county of the Ozark region for which a very
detailed survey has been made. It is not surprising, therefore, to find
that in some particulars the stratigraphical succession does not corre-
spond with the published results of the earlier reconnoissance surveys.
It has been necessary tc subdivide the Cambro-Ordovician formations, in
the field, differently from the earlier geologists.

In 1871 the Bureau published a reconnoissance report on Miller
county by F. B. Meek, in which the author recognized outliers of Bur-
lington limestone and Coal Measure shale and a series of Cambro-Ordo-
vician formations beginning at the top with the first or “Saccharoidal”
sandstone and continuing down to the Fourth Magnesian limestone, mak-
ing in all, three sandstone formations—First,” “Second” and “Third”"—
and three magnesian limestone formations—“Second,” “Third” and
“Fourth.”

v Through the work of the present survey, a part of the exposures of

the so-called Saccharoidal and Second sandstones have been shown to
be Carboniferous. At least a sandstone has been found in this county
which carries inclusions of Burlington limestone and rests unconform-
ably above it. A sandstone is also found which contains fragments of
shale and is at times interlaminated with, or grades into shale of
Coal Measure age. There are, however, large isolated masses of
sandstone which have been considered a part of the Upper Carbonif-
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erous and which have been so indicated on the geological map, which in
themselves give no evidence of their age, other than that they are post-
Second Magnesian limestone (Jefferson City). These may be a part
of Swallow’s Saccharoidal or First sandstone which at Pacific shows
the same marked unconformity which is exhibited in this county.

In Miller county, however, there is very little tangible evidence to
show whether this sandstone is Swallow’s First sandstone or Carbonif-
erous. The manner of its occurrence and the character of its weathered
surface lead Messrs. Ball and Smith to the conclusion that in all proba-
bility these sandstone “blocks” correspond:ta thes, Grgydon sandstone of
Green county which is of known Ga‘rlx:kni‘e’r&ds' woel Mewever, there
are two noticeable differences in the Gravdon sandstone, of Greene county
and that of Miller county, which mtﬁk htat he: GyerE@blked E;rst the
Graydon sandstone of G Greene, countv dontains remains of pla.ni hfe- which
are positively Carbomferous. W.hﬂ'e t‘H:a (.xraydpn---sztads’scné of Miller
county, except where it is associated With-the éhak oredal pockets, con-
tains no plant remains or other fossils. In the larger, more conspicuous
blocks of sandstone they are altogether wanting. Second, the Graydon
sandstone of Greene county is usually micaceous, while that of Miller
county contains no mica whatever. This, however, in Miller county is
true of the sandstone which, from the fossil content, is known to beleng
to the Coal Measures. These conditions lead me to believe that a part,
and possibly a large part, of the sandstone which has been mapped as
Carboniferous may belong to the First or Pacific formation. If this is
the case, it becomes necessary to recognize two sandstones for that
mapped as Graydon, one of which belongs positively to the Coal Measure
period, as shown by the work of Messrs. Ball and Smith, and the other
of which belongs to the Pacific formation. The textural similarity of the
two sandstones and the absence of paleontological evidence leaves one
without any positive means of separating the two.

The geological mapping of Moniteau county has shown that nine-
tenths of the sandstone, corresponding to that which is here mapped as
Graydon, occurs outside of the area which is underlain with Carbonif-
erous limestone. The blocks of sandstone in the Cambro-Ordovician area
are very abundant while in the area which is mainly underlain with
Burlington limestone they are very scarce. These general field rela-
tions give further evidence that a greéater part of the sandstone mapped
as Graydon in Miller county is actually the First or Pacific sandstone.

Where the early geologists recognized a single bed of sandstone
known as the Second sandstone between the Second and Third Magne-
sian limestones, Messrs. Ball and Smith have mapped a complex. forma-
tion consisting of intercalated beds of sandstone, limestone and chert.
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This complex, which has been named the St. Elizabeth formation, in-
cludes all of the so-called Seconid sandstone and parts of the Second
(Jefferson City), and Third (Gasconade), Magnesian limestone forma-
tions. Ball and Smith found that in some places the sandstone has a
development of from six to fifty feet over a sufficient area to warrant
distinguishing and mapping it as a member or lentil in the St. Elizabeth
formation. On the map all of these lenses have been called the Bolin
. Creek sandstone although, as stated in the report, it is not known that
they all constitute a part of the same horizon. In fact, in some instances
the evidence gathengd by .MI-‘ Smith indicates that such is not the case.
However, this flathé Has® be'efr-maﬁe #q apply to any of the several sand-
stone lenses occurrmg 1r_1 th.e' St. Ehzabeth formation in Miller county.

It hgs been .s;ggésted hv- so.me that the Gasconade, St. Elizabeth
and ]eﬁ:ers(‘.m C1ty formatlons m1ght be! eqnsxdered as a single forma-
tion, and "Hhat, ‘r}’lé sarrdstcme lgan'ses 'b& !:na-pped as members of this forma-
tion. I believe, Iwwevér, thit-if *the light of the present knowledge of
Miller county such a generalization would not be in accord with the
present conception of stratigraphic mapping. As will be seen by care-
fully reading that part of the report. relating to the St. Elizabeth forma-
tion, there is abundant ground, lithologically, economically and physio-
graphically for differentiating this as a distinct formation.

The thinness and lithological characteristics of the beds comprising
the Cambro-Ordovician series, in this region, leads to the thought that
there must have been periods of long duration, during which this part
of the country was at or near base level. Apparently this portion of
the continent, for a long period, was subject to only such minor oscilla-
tions as were necessary to keep it submerged or near base level. The
sandstone lenses, the “Cotton” rocks, the dolomite—all with more or less
cross bedding, ripple marks and sometimes conglomerates at their base—
give substantial proof that these were the prevailing conditions in Miller -
county during Ordovician fime.

The Imestone mapped in this report as Upper Burlington includes
several outcrops of limestone which evidently belong to the Chouteau as
defined by Swallow. These areas, however, were so small and their
relation t> other formations so obscure that very little can be said about
them.

The Lower Burlington, as defined by Keyes, Shepard and others, is
apparently absent in this county, unless certain of the Chouteau like beds
mentioned above should be classified as such.

The Upper Burlington is easily identified in this county by the great
abundance of fossil crinoids which it contains. It is widely distributed
and gives evidence ¢f having at one time overlain the entire county.
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One of the most interesting formations discussed in this report is the
so-called Saline Creek Cave-Conglomerate which outcrops in numerous
isolated areas throughout the county. This formation is described in
the following pages and mapped as belonging to the Coal Measures.
It would be more nearly correct to map them as post-Ordovician in so
much as they have been formed both prior to and following the Coal
Measure period. It is thought that some of the “Cave-conglomerate”
deposits may be very recent. There is evidently no way to determine
their age and consequently thev have been mapped in the Coal Measure
formation.

Provisionally the Gunter sandstone has been considered the basal
formation of the Ordovician. The unconformity existing between this
formation and the Proctor limestone is the most striking of any in the
county, below the Jefferson, Qtv fomranoa However, until paleonto-
logical evidence is obtained, “this separati‘on .m'as%. b.e uncertain.

The unconformity betweess . hq Coal Measure Strata and the older
formations, which clea‘rry x1s€s‘ i ihx_s'.count ¢{¥my not continue beyond
the marginal portion 3 ﬂ}e;..Coal Measure avéa This unconformity,
however, appears to be wél. de’ﬁﬁgd i the area 1nt1ud‘ed in this report.

All the evidence gathered Bv"Me-ssrs Betl'l' 34 Shith points to the
secondary origin of most of the chert. Certain beds which are almost
co-extensive with the formations are spoken of as probably being orig-
inal. By this it is not meant that the chert was originally laid down as
we find it today, but that a considerable part of the silica comprising
these beds was deposited at the time the sediments were laid down—either
mechanical, in the shape of animal remains, or chemically, as a precipi-
tate. It is thought that in any case it is simply a matter of percentage
and that most cherts are original, in that thev are formed around nuclei
of silica and that most cherts are secondary in so far as they have Te-
ceived accretions since the original nuclei were deposited.

The chapter in which the economic products are discussed is clear,
concise and complete. There has been no attempt to embellish the de-
scriptions, and it is thought that any one who cares to investigate the
mines or quarries will find conditions as represented in this report.

Very little is said by the authors about the possible mineral con-
tent of the Proctor limestone. It outcrops in only a few places and no
drilling has been done to determine the nature of the formation beneath
the surface. It canmot be foretold whether or not ore bodies occur in
this formation, but if the rock has characteristics similar to those of the
Bonne Terre limestone which occurs in the southeastern part of the
State one would be justified in prospecting.
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It is thought that the value of the soils in this county have been,
in many instances underrated. Much of the wild land is well watered
with springs and creeks; it supports a luxuriant growth of blue grass;
and is unexcelled for grazing.

E. R. BUCKLEY,

State Geologist.




CHAPTER I
PHYSIOGRAPHY.

INTRODUCTION.

The Ozark plateau includes that portion of Missouri south of the
Missouri river, the northern part of Arkansas and small portions of
Kansas, Illinois and Indian Territory. This plateau has an area of ap-
proximately 75,000 square miles, and has the shape of a low, flat dome
extending approximately 500 mﬂes.east;a,nd west and 200 miles north and
south. On all sides the Ozar% p}aican-ts .hemmed, in by lowlands: to the
east and southeast lie the gulf plams to the Saith Jhe Arkansas valley,
and to the west and nosth the ;zxdl.rt@?}ams., .The elevatlon of the region,
which is in some pla'oe§ 2 {oo feet 'fdﬂ’-e'ﬂ}'&r w;ﬂf its dome-like structure,
are in sharp contrast w1t-h‘ Hie. surroundmcr Ievel pl-:nns making the
plateau a distinct topocrraphlc um:. .".::' = :E:.'.".". "..-'"

Miller county is located in that™ part of the Ozark plateau known
as the Salem Upland* which occupies, in a general way, the southeast
quarter of the State with the exception of the lowland area along the
Mississippi river.. The Osage, the Gasconade, the Meramec and the
Current rivers flow through this upland area.

The interdependence of the geology and topography of a region
makes a knowledge of both very necessary for a thorough understanding
of either. So it happens that a knowledge of the geology of Miller county
is essential to an understanding of the topography. Broadly stated,
Miller county is an area of horizontal rocks, as a result of which the
physiographic features are simple compared with those of a steeply folded
area. The formations are of wide areal distribution, and consist mainly
of dolomite interlaminated with chert and sandstone. They are com-
paratively uniform in composition and hence in durability. However,
the broken chert at the base of the St. Elizabeth formation, on account
of its less solubility and greater resistance to erosion, forms in places an
escarpment of twenty feet.

At one time a considerable part of Miller county was covered with
soft shale of Coal Measure age. The ease with which these rocks are
eroded controlled in a large measure the location of the present stream

*Marbut, surface features of Missouri. Mo. Geol. Sur. Vol. VIII, 1896, p. 56.
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channels. This, however, ceased to be an important factor after the
removal of the shales from above the present level of the stream chan-
nels. The areal extent of the Coal Measure pockets in a number of
the valleys in the northern part of the county is indicated by a flat basin
the limits of which are defined by the rugged topography of the sur-
rounding Cambro-Ordovician rocks.

The trenching of the land has been accomplished in two ways—by
mechanical erosion and solution. The agents of mechanical erosion
which have been most active are sudden changes in temperature, freez-
ing water, vegetation, rain and stream erosion.

Solution in conjunction with these mechanical agents of erosion,
has been unusually active. The most striking. evidences of solution are
the caves, sinks and cirque-like heads to the gulches. ‘In a less notice-
able manner solution has .also Toweretf the levgl, of the country by remov-
ing minute quantltles Qf 'rcﬁck‘ Trom all parts of the formation above the
level of ground warter. A large pzurﬁo{.:ﬂ'le underground water issues
from the ground as <pr1qg$ wﬁrgzh fede tre fnba:ct&-:reé to the Osage river.
All the mineral matter in® §o'lut1on, excep @ s:;na}l'part which is deposited
as travertine on {&e -dhﬁ%: :}s.xa-m:led ou%; -Qf “the county and into the large
rivers which eventuaITy‘ cmptv {ifotheé ocean. As there have been sev-
eral topographic cycles, so have there been several cycles of solution,
as shown by the deposition of the Coal Measure shales and coal in basins
which can only be accounted for by pre-Coal Measure solution.

TYPES OF SURFACE RELIEF.

The surface of Miller county can, both physiographically and eco-
nomically be divided into (1) alluvial plains, (2) hilly areas, and (3)
table lands.

ALLUVIAL PLAINS.

The alluvial plans include what are known as the bottom lands;
or those portions of the county which are covered by the water of the
* Osage river during periods of flood. With these should be included the
bottom lands of the U-shaped tributary valleys. = The area thus defined
embraces not only the flood plains of the Osage river and its tributaries,
but also a narrow strlp of land along many of the secondary stream
channels.

The total area of these valley tracts is about thirty-five square miles,
of which twenty-six are a part of the flood plain of the Osage river. In
the western part of the county the elevation of the flood plain varies
from 545 to 580 feet above sea level. In the eastern part, owing to the
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fall in the Osage river, the flood plain ranges from 515 to 550 feet above
sea level.

The alluvial plain is a comparatively level tract of land, extending
from bluff to bluff on either side of the river, and in some instances
continuing a short distance up the tributary streams. The level surface
of the plain is interrupted at intervals by irregular depressions and
elevations. The depressions consist of the widening channels of the
Osage river and its tributaries; of ox-bows, which forim boggy marshes;
and of secondary river channels, occupied only during periods of very
high water.

The elevations consist of isolated limestone hills which, from their
position, might appropriately be called monadnocks. The most con-
spicuous of these is located in the flood plain of Tavern creek, in the
S. E. 74 of sec. 22, T. 41 N, R. 12 W. The south and east
sides of this hill are precipitous, having a vertical escarpment 100
feet high. The slope on the north and west sides is gradual. The
beds on-the north side of the hill dip 8 degrees west-northwest,
while on the south side they dip slightly east-southeast, forming a gentle
anticlinal fold, with a northeast-southwest axis. During high water this
hill, which comprises about forty acres of land, is almost completely
surrounded by water. This hill consists mainly of Gasconade limestone,
although capped with beds of the St. Elizabeth formation. The evidence
is clear that at different times Tavern creek has flowed on all sides of
the hill.

On the other side of Tavern creek, opposite this hill, is a smaller
hill, having an elevation of fifteen feet. A third is located in the Osage
river valiey, in the S. W. 14 of sec. 24, T. 41 N, R. 13 W.

From these completely detached hills in the alluvial plains to the
flat topped ridges of the hilly country, there is every gradation. In
secs. 10 and 11, T. 40 N,, R. 12 W, Tavern creek makes a long horse-
shoe bend, into which extends a finger-like ridge, a half a mile long
and from fifteen to forty feet high with a low gap near the middle.
The full strength of the current impinges against the ridge at the gap
and it will be but a brief time, geologically, before it is cut through,
leaving a monadnock where there is now a ridge.

The Osage river, on the whole, is widening its channel and not
cutting it deeper. In many places soil, sand and gravel are being brought
in and the flood plain is being built up. During the periodical overflows
the stream has been known to deposit, locally, five-eighths of an inch of
sediment on the bottom lands.

The’ valleys of the tributary streams, above the flood plains, are U-
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shaped. In the lower reaches of the stream the valleys are greatly de-
pressed, but near the source the width gradually decreases until they
merge insensibly into V-shaped valleys. The V-shaped valleys, with
their rugged sides and thin scil, belong, topographically, to the hill
country.

The largest and most important tributaries of the Osage river from
the north are the Saline and Little Gravois. The latter is the smaller
and the sides of the valley in which it flows are, on the whole, some-
what less bold and rugged. The back water has been known to extend
up the Little Gravois two and one-half miles from its mouth, while the
U-shaped portion of the valley extends about three miles farther, to
a point about 100 feet higher in elevation than the extreme high water.
In 1895 the back water extended up the Saline three miles to a point
above its junction with the northernmost Little Saline. In 1885 the back
water of the Osage river extended up the northernmost Little Saline
for half a mile. The U-shaped portion of the valley of the Saline ex-
tends west from this fork about six miles, rising in this distance 120
feet. On Cub and Gum creeks the back water extends for less than a
mile from their mouths, while the U-shaped valley is somewhat longer.

Tavern creek, which enters the Osage from the south, is the most
important tributary of the Osage in Miller county. The flood plain of
the Tavern extends from its mouth to a point a mile northeast of St.
Elizabeth and in its lower reaches is from one-fourth to three-eighths
of a mile wide. The valley is skirted on one side by precipitous bluffs
and on the other by hills having much gentler slopes. The height of
these hills diminishes as the head of the valley is approached. In the
U-shaped portion of the valley they have an average height of from 100
to 150 feet. The U-shaped portion of the valley extends from within
cight miles of the Osage river to within seven miles of the county line,
where it passes gradually into the V-shaped valley.

Barren and Brushy forks are the chief tributaries of the Tavern.
The former, although the longer of the two, has the narrower valley and
is hemmed in by much rougher topography. One of the broadest parts
of the valley of Brushy fork is about two miles from its head, where
it is wider than in any other part, except along the lower reaches.

Besides Tavern: creek, Sugar, Humphrey, Panther, Coon, Dog and
Bear creeks are tributaries of the Osage river from the south. The
backwater on: Suga.r creek exbends about a mile from its mouth. On
Dog and Humphrey creeks the back water extends half a mile.

The Auglaise, one of the most important tributaries of the Osage
river, flows through the southwestern part of Miller county -for sev-
eral miles. Its valley throughout this distance is of the U-shaped type.
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THE HILLY OR BROKEN COUNTRY.

The hilly or broken country covers about 480 square miles, nearly
four-fifths of Miller county. It comprises all of the county with the
exception of the prairie land in the northern part and the many pronged
bottom land of the interior. In the northern part of the county the
elevation varies from that of the ailuvial plain of the Osage river to that
of the prairie with which it merges at an average elevation of 920 feet
above sea level. In the southern part of the county, the hilly country
attains an elevation of 1050 feet.

The hilly country may be conveniently divided into “ridges” and
“brakes.” The ridge land comprises irregular areas of table land of
which considerable is tillable. Nore of the land included in the “brakes”
is level and very little is suitable for cultivation.

The cliffs, which form.an escarpment on one side of the Osage river.
vary from fifty to two hundred and fifty feet in height, and are often
vertical or even overhanging. The latter are especially apt to occur
where a gentle fold has brought a broken chert ledge of the Gasconade
limestone above the water level. During the deformation of this region,
the chert beds, on account of their brittle nature, were more closely
jointed than the dolomite. So abundant are these fractures, that blocks
one-half inch to two inches on an edge are very common. Weathering
loosens, displaces and removes these small polygonal blocks more rap-
idly than it does the dolomite. In consequence their presence is every-
where indicated by niches and undercut cliffs. The steepest cliffs are
inaccessible and treeless, except for a rim of firs about their summits.

" Cedar bluff, down the river from Tuscumbia, is an unusually beautiful
conifer-crowned bluff.

Upon leaving the main streams, and passing up one of the innumer-
able side valleys, one finds himself in the so-called “brakes.” Most of
the vear these minor valleys are dry. During the rainy season, however,
the channels are often raging torrents. The creek beds are covered with
fragments of sub-angular chert and some dolomite.

On either side the timbered slopes rise with almost cliff-like steep-
ness, and one can scarcely divest himself of the idea that he is in a
mountainous country. The main valley sends off side valleys and these
in turn are the trunk channels of smaller valleys, which in turn send
off countless smaller ones. The subdivisions of this dendritic drainage
are almost infinite. Near the heads of the valleys frequently occur
ledges of dolomite which extend across the stream channel, resulting in’
the formation of miniature waterfalls after every rain. When one
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climbs the walls leading out of a valley he finds himself suddenly on
the top of a flat ridge. _

The suddenness with which some of these valleys end is surprising.
The termination is frequently a ‘horseshoe or cirque-shaped depression
with steep sides, usually covered with a rough talus of dolomite, flint
and sandstone blocks. These steep slopes enclose at least three-fourths
of a somewhat conical depression imparting to the topography a cirque
or horseshoe-like outline as is clearly shown on the general geological
may, especially in the vicinity of the Osage river. This peculiar topo-
graphic feature originates in two ways; first, as a result of combined
solution, erosion and sapping of heavy beds of dolomite which under-
lie a considerable thickness of closely jointed chert; second, from sink-
holes, caves and caverns which were probably connected with the main
valley by underground galleries. As solution and underground erosion
removed more and more of the dolomite from beneath the roofs of these
channels they have gradually fallen in, making long narrow valleys with
crescentric, sink-line heads.

The narrow gorge of the stream flowing from Klinner’s cave in the
S. W. 14 of sec. 11, T. 41 N, R. 15 W, shows one of the earlier stages
in the formation of a cirque like valley head by this process. Here a
part of the gallery has fallen in while the sink or cave still remains.

The first is the more common origin and probably accounts for at
least three-fourths of the so-called “cirque-shaped” valley heads.

The heavy dolomite beds of the Gasconade limestone lie immediately
underneath the insoluable chert of the St. Elizabeth formation. As ero-

"sion cut back along the joint planes, the dolomite was removed in solu-
tion from beneath the thick, broken chert beds, allowing huge blocks
to fall into the valley. Each fall exposed a greater surface to solution,
until finally the lateral sapping becoming more important than the back
cutting at the valley head, resulted in the formation of the cirque-like
heads.

A very interesting sink-hole, which will soon become a cirque valley
head, is located in the N. E. 14 of sec. 18, T. 40 N.,, R. 14 W. It
measures 75 feet north and south, zo feet east and west and is 35
feet deep. Inside of this main sink-hole is a second and deeper ome
which is connected with an underground channel. The north and south
elongation indicates that the sink-hole has been formed along a north -
and south joint. The upper part of this sink is in the St. Elizabeth
{ormation, and the lower part is in the Gasconade limestone. The
cherty beds of the St. Elizabeth formation are but slightly soluble
and it must have been by the solution and removal of the Gasconade
limestone and the subsequent collapse of the cherty beds of the St.
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Elizabeth formation that the sink-hole was formed. Although, ordi-
narily, the water entering the sink-hole passess underground to the gulch
100 yards south, yet during flood-time the water overflows and enters
the gulch through a shallow channel which has been formed on the sur-
face. The present head of the ravine is cirque-shaped and, eventually,
solution and erosion, together, will remove the neck of land separating
the gulch from the sink-hole thereby extending the length of the gulch
and adding a new cirque-shaped head to the valley.

These cirque-like valley heads are typically devoloped where less than
70 feet of the St. Elizabeth formation is present.

As the souces of the main streams are approached, the branches are
farther apart, and consequently the surface has fewer ravines and gorges
and the ridge land is proportionately increased. Within four miles of
the Osage river the streams reach the limit of their dendritic develop-
ment. ‘

The land along the Osage river is eroded, not only by the water which
falls on its suface and issues from springs on the hillsides, but it is also
washed by the rain and spring water of the upland or ridge country.
Here, as might be expected, the surface is more hilly and the hills have the
sharpest peaks. Here the “balls”* are most numerous, the soil is thin-
nest and the population is most sparse.

One of the striking features of the hill region is the great number
of more or less flat topped hills and knobs of dolomite nearly devoid of
trees, called by the citizens of Miller county “balls.” Only a few scraggly
hack and hawberry bushes and jack and post oaks grow on these bare
knobs. In the summer they are partially covered with a scanty growtn’
of grass, but in the winter they are bare except for the lichens, which
cling to the pitted ledges and boulders of dolomite. The boulders are
all residual and have resulted from weathering along the joints, many of
which are from one to twelve inches wide, and from five to ten feet deep.
The joints are frequently filled with a rich soil, in which the few trees
and bushes noted above take root.

There are three distinct horizons in the Cambro-Ordovician strata
of Miller county at which the so-called “balls” form. The two most
persistent are the heavy beds of dolomite at the top of the Gasconade
limestone and the massive dolomite beds of the Jefferson City forma-
tion.

The lower ball is usually only exposed on a salient heading cut be-
tween two creeks or between two steep sided ravines. It usually occurs
60 feet below the Gasconade-St. Elizabeth contact, and, as a rule, the

*A corruption of “bald,” referring to the small amount of vegetation on them.
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heavy beds of which it is composed are uniform, finely crystalline dolo-
mite, somewhat more massive than those of the next “ball” above.

In some places this “ball” is separated from the one above by a rough,
stony bench, and in other places the two “balls” coalesce. The upper
“ball” includes all or a part of the upper 50 feet of the Gasconade lime-
stone and is much more persistent than the lower.

Wherever erosion has been active these “balls” of Gasconade lime-
stone are very abundant. Looking from the St. Elizabeth formation in
sec. 20, T. 41 N., R. 13 W., towards the Osage river one can see a
great number of these “balls” marking the remnants of former ridge
land areas. After the protecting covering of sandstone and chert of
the St. Elizabeth formation and the blanket or residual, clayey soil is
removed, the process is, geologically speaking, rapid.

The third “ball” occurs in the Jefferson City formation. Although
this ball in places is undeveloped, in others it is 125 feet high. Typical
examples of this ‘“ball” may be observed between the Republic Coal Comni-
pany’s mine and Aurora Springs station.

In addition to the above enumerated “balls” there is an exceptional
one in the Gasconade limestone, which only occurs in the vicinity of
Sycamore Spring hollow in township 40 north, range 13 west. This
“ball” is made up of beds about 100 feet above the base of the forma-
tion and many feet below those of the lower “ball’”” The beds com-
posing this “ball” weather with a smooth, white, roundish surface. They
are exposed on the county road in sec. 31, T. 41 N, R. 13 W,, and at
“the ends of the secondary ridges at the head of Panther creek in secs.
16and 9, T. 40 N, R. 13 W.

The escarpment at the base of the St. Elizabeth formation terminates
in a practically flat topped ridge. In places the ascent to the ridge from
the middle “ball” is very gradual, due to the almost complete removal
of the beds of the St. Elizabeth formation. This ridge land is the com-
plement of the hill country and in consequence, near the river the ridges
are very narrow and often broken into a great number of isloated flats
extending down into the Gasconade limestone, the gaps being occupied
by “balls.” As these ridges continue back into the country on the north
side, they increase in width until at a distance of seven or eight miles from
the Osage river they predominate over the “brakes” which here constitute
an inconsiderable area near the streams. On the south side of the river
the ridges and “brakes” occupy about equal portions of the land. The
direction and shape of these ridges are determined by the position of the
adjacent streams or “hollows” and their endless ramifications. The minor
ravines usually trend at right angles to the major valleys. Consequently
the ridges consist of flats which diminish in size toward the main drain-
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age lines and extend at right angles to one another. The ridges slope
gradually from the “brakes” to the prairie.

‘Where the streams traverse the St. Elizabeth formation, the topo-
graphy is gentler, the hills more rounded and the gulches less numerous
and less rugged than in other parts. While this is true on the north side
of the Osage river, it is more pronounced on the south side where there
are greater lithological differences between the Gasconade limestone and
St. Elizabeth formation. ,

In spite of the fact that the Jefferson City formation does not occur
in the lower and more active parts of the streams, the topography is
rugged, resembling that of the Gasconade limestone.

THE UPLAND AREA.

The upland area is all in the northern part of the county and is co-
cxtensive with the catchment area of the south Moreau creek and its
tributaries. It embraces most of the land underlain by the Jefferson
City formation north of the Osage river, with the exception of a small
area in the vicinity of Mary’s Home, and another along the southern
edge of the upland area. These areas are drained by the tributaries of
the Osage river, which have cut the land into hills and valleys tpyical
of the hill country. The Jefferson City formation south of the upland,
in sec. 3, T. 41 N, R. 16 W, is one mile wide; south of Eldon
it diminishes in width to a few hundred vards, while at the south-
east comer of township 4z north, range 14 west, and the northeast
corner of the adjoining township to the south, it has widened to a
belt one and a half miles wide. This upland prairie includes about
70 square miles all of which has an altitude of from 700 to.1,000 feet
above sea level. The greatest difference in elevation is 300 feet. A
line drawn due north from the southern edge of the upland to the
county line and passing one and one-half miles east of Pleasant Mount
would fall about go feet. In the extreme eastern part of the county
from Spring Garden north, the fall is not as great.

This region is a structural plain whose inclination is determined
by the monoclinal dip of the rocks to the north. The dip of the rocks
and the slope of the plain are almost the same except on the uplands
where the slope is not quite as steep as the dip. The streams have cut
down approximately to the contact of the Jefferson City and St. Eliza-
beth formations.

The level surface of this ancient coastal plain has been cut and carved
by the streams of the present day, most of which are tributary to the
Moreau river. The channels of these streams are sufficiently deep to
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give to the surface of the so-called prairie, a gently rolling and in some
places even a hilly aspect. In their lower reaches.the creeks are bounded
on one side by cliffs, occasionally 50 feet in height, and on the other by
a gentle slope. Farther up the creeks the cliffs gradually die out, being
" replaced by the gently sloping sides of the U-shaped valley. Near their
source these tributary stream channels are mere ditches in the residual
soil, two to four feet deep.

The sudden change from the topography of the rough hill country
with its numerous rock exposures to that of the prairie, with rounded con-
tours and few rock exposures, must be largely ascribed to the gradient of
the streams which are much steeper in the hill country. The creeks
flowing into the Osage river from the south side of the divide are only
from 10 to 18 miles long while the Moreau on the north side travels 45
miles from where it leaves the county to where it empties into the Mis-
souri. Yet there is very little difference in the actual elevation of the
mouth of the Moreau river and those of the tributaries of the Osage river.
The gradient of the streams on the south side of the divide is much steeper
than that on the north side. _

The upland area was originally largely prairie. Meek’s* map shows
the prairie to have included at that time, parts of secs. 1, 12, 13, and 24,
allin T. 42 N, R. 14 W.; secs. 21, 23, 24, 25, 26, 27, 28, 31, 32, 33, 34,
35and 36, all in T. 42 N., R. 15 W.; and secs. 1, 2 and 12 of T. 41 N,,
R. 16 W. This upland area, with the exception of some of the creek
bottoms and a few scattered hills, is now cleared. A

SINKS, CAVES AND NATURAL BRIDGES.

The physiographic features resulting from the work of underground
waters may be considered under the heads of sinks, caves and natural
bridges. Although these are the most conspicuous results of solution
by underground waters, undoubtedly a much larger amount of rock has
been removed in solution without resulting in the formation of any of the
above physical features.

Although dolomitization has been important in producing the pecu-
liarly porous condition of the Cambro-Ordovican rocks, differential solu-
tion has been most important. Cavities in the shale and chert layers are
often due to the abstraction in solution of the more souluable constituents.
The solution represented by the small cavities and other openings in the
rock, is far greater than that represented by sinks, caves and natural
bridges.

*Reports of the Geol. Sur. of the State of Missouri, 1855-71. G. C. Swallow, State
Geologist. Page 111. .
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SINKS.

The effect on the topography, of sinks which occur near stream chan-
nels, has already been refered to. However, when sinks occur on hill
sides far above the creek level, they are often indicated by the bench
and cliff profile of the hill. On the ridge land itself they appear either
as shallow basins or as inverted, steep sided cones. The deeper sinks
of small diameter have exactly the appearance of prospect holes except
that they are minus the dumps.

Sinks are most abundant on ridge land which is underlain by the
St. Elizabeth formation. In the extreme southwestern corner of sec.
19, T. 41 N., R. 13 W., in the bed of a tributary of Jim Henry creek,
the water disappears underground during flood-time, reappearing as a
muddy torrent in a spring on the other side of a fifty foot ridge of Gas-
conade limestone. In the spring of 1go2 the heavy rains uncovered a
sink on Albert Bell's land in sec. 15, T. 42 N., R. 15 W. This sink has
a diameter of 11 feet, and drops down, almost vertically, 25 feet. ter-
minating in an open crevice, which strikes N. 5° E. This is one of sev-
eral sinks which occur in the neighborhood. All of these are in the
Jefferson City formation. Three of the largest sinks in Miller county
are at Blyze P. O. in the northern part of township 39 north, range
12 west. These are in the St. Elizabeth formation and are from 15 to 35
feet deep and from 50 to 125 feet in diameter. Other sinks occur near
the corner of secs. 16, 17, 20 and 21 in T. 40 N, R. 13 W, and in sec.
5, T.40 N., R. 14 W.

CAVES.
Stark’s Cave.

This cave is located in the center of the north half of sec. 28, T. 41
N.,R. 15 W. It is at the head of a steep gulch leading from one of the
‘head-water streams of the Little Gravois, and is situated in the upper
part of the Gasconade limestone. The mouth of the cave is 100 feet
wide and from 12 to 15 feet high, and extends about a fourth of a
mile into the hill. Measuring all of its ramifications it has approxi-
mately a mile of chambers, many of which are of considerable size.
They are a number of tortuous passages 25 feet high and so nar-
row that one can scarcely traverse them. Red clay similar in every
respect to the residual clay of the shallow mines, covers the floor, ankle
deep. The chambers are decorated with stalactites, stalagmites and col-
umns, some of the latter being a foot in diameter and twenty feet high.
One of these columns, ten feet long and six inches in diameter, is in-
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clined at an angle of 6o degrees to the horizon; this may be due to the
depositing drop of water being constantly blown to one side by the gusts
of wind which enter the cave in the same manner that inclined icicles are
formed from the eaves of a roof when the wind is blowing.

Wilsow’s Cave.

Wilson’s Cave occurs in a bluff of Gasconade limestone along Tavern
creek, in the S. E. 74 of sec. 35, T. 40 N, R. 13 'W. It is chiefly
interesting from the fact that ome of the oldest settlers and most
unique characters in Miller county was buried in a small chamber
directlv above the mouth of the main opening. The mouth of Wilson’s
cave is irregularly oval in outline, having . a breadth of 75 feet
and a height of 30 feet. Altogether the cave has about 150 yards
of narrow, winding passages. On the bed of the stream which formerly
flowed through this cave are rounded fragments of chert and dolomite.
These pebbles have been rounded in part by solution and in part by the
erosion of the cave stream. There is no indication that this stream is
connected with the surface drainage. On the floor of the cave are many
angular dolomite fragments and boulders, cemented by travertine. Some
stalactites and stalagmites are present.

Beckmaw’s Cave.

Two caves occur in the Gasconade limestone in sec. 28, T. 41 N,,
R. 12 W. The larger extends a quarter of a mile into the hill. A par-
tial falling in of the roof at the entrance has formed a miniature natural
bridge. The stalactites, though small and few in number, have a beau-
tiful white color.

In the smaller cave, stalactites are very numerous. At the present
time the waters are rapidly depositing a dark brown, banded travertine
upon the sides of the chambers. The travertine is in places 18 inches
thick. Mr. Beckman says that within his memory many chambers which
were formerly passable, are now almost completely closed with traver-
tine.

Klinger's Cave.

This cave, which is in Gasconade limestone, is located in sec. 17,
T. 41 N, R. 14 W. It is situated at the head of a ravine tributary
to Saline creek. The entrance is 30 feet wide and 15 feet high.
Seventy-five feet from the entrance the cave widens into a charmber 40
feet broad in which water stands to a depth of from three to five feet.
The bottom of this pond is covered with residual clay to a depth of 18
inches.
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Miscellaneons Cazes.

A number of caves of lessimportance occur in the following places
in the county: Inthe S. E. 24 of the N. E. 14 of the S. E. 74 of sec. 21, T.
40 N., R. 15 W.; in sec. 17, T. 41 N., R. 12 W. (the Deerhof cave) ; in
sec. 7, T. 41 N., R. 12 W.. at the mouth of Tavern creek; at the north-
west corner of the S. W. o4 of sec. 24, T. 40 N., R. 14 W., and in the
N.W. I of the N. E. 4 of sec. 23, T. 40 N, R. 12 W. All these caves
occur in the upper part of the Gasconade limestone.

NATURAL BRIDGES.

Only one natural bridge of any importance occurs in this county.
This bridge is located near the west line of sec. 33, T. 41 N., R. 12 W.
The opening underneath the bridge is 200 feet long, 20 feet high and
50 feet wide. A crevice or open joint striking east and west and
penetrating the entire thickness of the roof has undoubtedly been one
of the chief factors determining the location of the tunnel. Large
slabs of rock have fallen from the under side of the bridge along the
crevice. A few stalactites on the under side give evidence that this
opening may at one time have been a cave. A small stream flows under
the bridge and joins Tavern creek a short distance away.

TABLE OF ALTITUDES.

The only elevations in Miller county which have been established
by leveling are the following:

Name. Authority. ‘ Elevation.
N3 o G M. P. R. R. 912.5
Bagnell . ¢ 579
Cooper o 794.50
Eldon . b | 918.40
[0 L 1 PP Y . ‘e | 746
South'Moreau creek at bridge of O &R.LLR. R . C.&R.LR. R 817
%rnsh creek at bridgeof 0. & R. I. R. R “‘ Zg(i
Raitrond ab bridge over Osaze 'r'fv:e; """ .. - 2 1 610

RIVER SYSTEMS.

INTRODUCTION.

Miller county is drained by two river systems, the Osage and the
Moreau. These systems differ from each other widely; first, in catch-
ment area, the Osage drains one-sixth of the state while the Moreau
drains less than one-hundredth; second, in character of water, the for-
mer, except in time of flood, being remarkably clear, while the latter is
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extremely muddy ; and third, in the shape of the valleys, the Osage being
hemmed in by precipitous cliffs and rugged hills while the Moreau is,
as a rule, beunded by low, roundish slopes.

THE OSAGE RIVER.

The Osage river rises in east central Kansas and flows south and east
through Missouri to the center of Miller county, where it turns rather
abruptly and flows north and northeast between Cole and Osage coun-
ties into the Missouri river. The Osage river is the largest tributary
received by the Missouri river in Missouri. All of Miller county, with
the exception of the prairie land in the northern part, is drained by the
Osage river and its tributaries.

From the western border of Miller county to Tuscumbia, the Osage
river flows in a general easterly direction; from Tuscumbia to where it
ieaves the county, it flows in a general northeasterly direction. A straight
line drawn through the county from the point where it enters to where
it leaves, is less than 24 miles long, while the actual distance covered
by the river, in all its windings through the county is over 40 miles. This
difference is due to the system of meanders which have been developed.

In its course through Miller county the Osage river falls about 30
feet, making an average grade of three-fourths of a foot per mile. The
volume of water in the stream varies greatly at different seasons. In the
drought of 1901 the stream could be forded on foot at a number of places
without more than wetting one’s shoe tops, while in the following spring
and winter the water was in places 40 feet deep. Between the 17th and 22d
of December, 1893, the river rose 36 feet, completely inundating the bot-
tom land farms, washing away fences, hay-stacks, and corn and flooding
houses and stores in Tuscumbia and Bagnell which were built on the
alluvial plain. On subsiding, the river left a deposit of alluvium averaging
three-fourths of an inch in thickness on level ground and three or four
inches in depressions. Other floods of almost equal volume are known,
such as that of May 24, 1896, when the gage recorded a rise of 36 feet
4 inches.

A meandering course is characteristic, as a rule, of sluggish rivers
flowing through plains. The Osage river has a well developed system
of meanders, sunk from 200 to 280 feet below the surrounding ridges.
Its flood plain is bounded on one side by a precipitous bluff, on the other
by broken hills.

This phenomenon admits of two possible explanations: first, as Prof.
W. M. Davis* holds, the QOsage may be following the course of a stream

*Science, Vol. XXI, pages 226-227.
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which in times past meandered over a plain as smooth as that of the Mis-
sissippi. Through a subsequent elevation of this plain, the river may have
gained a considerable fall and so started an active lowering of its bed,
the course of which was controlled by the old meanders.

' The alternative explanation presented by Arthur Winslow,* holds
that the river has sunk its courses through horizontally bedded lime-
stones, sandstones and cherts, the meanders being the result of the rivers
attempt to avoid flexures and rocks of unusual hardness.

As Dr. J. C. Branner®* states in regard to the White river of Ar-
kansas, if the first were the explanation we would expect cliffs on both
sides of the river, in reality we have a cliff on but one. On the other
hand it may be stated that no faulting or flexuring was noted in
Miller county which would assist in explaining the phenomenon. Our
work covered only 40 miles of the river’s course and a question of such
wide physiographic improtance should not be settled by such limited ob-
servation.

The Osage river is navigable during eight or nine months of the
vears in which there is an average rainfall. Much of the produce of
Miller county is shipped by boat down this river.. Great numbers of rail-
road ties are rafted down the Osage to Bagnell from Miller, Morgan,
Camden and Benton counties.

That the Osage river in times past has changed its course is to be
inferred from the marshy ox bows of its flood-plain. The island in the
Osage river in sec. 20, T. 40 N.. R. 14 W., is reported rapidly increasing
in size.

The Osage river is crossed in Miller county by only one bridge,
that of the C., R. I. and P. R. R,, in sec. 1, T. 41 N., R. 13 W. There
are three ferries across the river, one at Bagnell, another at Tuscumbia
and a third at Capps. The river, when it is not at high water, can be
safely forded at Bagnell, Tuscumbia and Brockman’s in sec. 30, T. 40
N., R. 14 W. Besides these there are several other places where the
stream can be forded at low water. ’

Tributaries of the Osage River.

Besides innummerable valleys of intermittent streams, the Osage
river receives as tributaries from the north, the following streams: Be-
ginning with the most easterly ; the Little Tavern, Cub, Jim Henry, Saline,
Gum, Lick and Little Gravois creeks and Shut-in-branch. From the
south, starting in the eastern part of the county, it receives the Sugar,
Tavern, Humphrey, Panther, Coon, Dog and Bear creeks, while the

*Science, July 21, 1893, March 16, 1894.
**Arkansas Geologieal Survey, Vol. V, p. 7, 1892.
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Auglaise—commecnly called the “Glaze”—flows through the southwestern
corner of Miller county, joining the Osage in Camden county.

Saline creek—Saline creek has its source one mile north and a little
west of Aurora Springs station, flows approximately east and south and
empties into the Osage river three miles below Tuscumbia. The mouth
of the Saline is go feet wide and the main fork has a total length of 12
miles. The principal tributaries are the north Little Saline and the south
Little Saline. With its branches this stream drains approximately 55
square miles. The main fork of the creek has a fall from the prairie land
to the Osage river, a distance of 12 miles, of about 475 feet, while the
north Little Saline falls 325 feet in eight miles. Each of these is equiva-
lent to an average fall of 40 feet per mile. The saline and its tributaries
are fed by springs and consequently the water is very pure and com-
paratively cool. '

Little Grazois—Little Gravois creek heads south of Rocky Mount
and flows south and east, empting into the Osage river just above Bagnell.
With its tributaries it drains 45 square miles of territory. In eight miles
it has a fall of approximately 400 feet or 50 feet to the mile. The main
tributaries are the Aurora Springs branch and the East branch.

The Little Tavern, Cub, Jim Henry, Gum and Lick creeks and Shut-
in-branch are minature Gravois and Saline streams.

Tavern creek—The name Tavern is a corruption of the word “cavern.”
This stream was named “Cavern creek” on account of the many caves
found in the limestone bluffs on either side. Tavern creek is the most
impertant tributary of the Osage river in Miller county. It has its source
in the northern part of Pulaski county. Entering Miller county from the
south through sec. 13, T. 38 N, R. 13 W,, it flows in a very winding
and tortuous course in a general northerly direction, emptying into the
Osage river in sec. 7, T. 41 N, R. 12 W. Tavern creek is 200 feet wide
at its mouth. The distance from its mouth to where it enters the county
is about 20 miles almost due south. In covering this distance the creek
meaunders over 40 miles, draining, with its tributaries, practically all of
the eastern part of Miller county, about 200 square miles.

Among the larger tributaries of the Tavern are several streams
known as Little Tavern No. 1, Little Tavern No. 2, Little Tavern No. 3,
Sandstone creek, Bolins creek, Bailey and I.enox branches, Brushy and
Barren forks and Clinking-beard hollow. From the county line to where
it empties into the Osage river, the Tavern has a fall of 300 feet, an
average of 7.5 feet per mile. The Tavern and its tributaries are fed
mainly by springs. Water power could be obtained at a number of
places along the stream making favorable sites for small mills.
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Coon creck—Coon creek rises in sec. 21, T. 40 N., R. 13 W, flows
a little north of west for one and a half miles, thence in a straight course
N. 25° W. to near the northwest corner of township 40 north, range
13 west, and finally in a northerly direction, emptying into the Osage
river in the southwest corner of township 41 north, range 14 west. It
is five and one-half niles long.

Coon creek is the most striking example in Miller county of a
stream whose course is determined by geological structure. Through-
out its entire length this creek follows a synclinal trough, although it cuts
across minor anticlines superimposed on the main syncliﬁe. From the
mouth to near the middle of sec. 20, T. 40 N, R. 13 W., the beds
on the cast side of Ceon creek have a dip of from 10 degrees to
60 degrees, slightly south of west while on the west side of the
creek the beds are nearly horizontal or have a slightly eastward dip.
From the middle of sec. 20, T. 4o N., R. 13 W, to the head of the creek
the beds on the north side dip sharply to the south.

Dog creck—Dog creek rises in the northern part of township 39
north, range 14 west, flows nearly due north for two miles, then north-
east five miles parallel with the Osage river, from which it is separated
by a nairow belt of broken country, thence northwest for one mile, and
empties into the Osage river two miles below Tuscumbia. From source
to mouth it falls 400 feet, an average of 50 feet per mile. Dog creek and
its tributary, Cat-tail, drain about 20 square miles.

Auglaise creck—The Auglaise, or “Glaize,” as it is commonly called,
is about the same size as Tavern creek. It rises in Camden county,
flows in a very tortuous course through the southwest corner of Miller
county, describing two large horse-shoe bends. thence in a northwesterly
direction through Camden county, emptving into the Osage river in
sec. 1, T. 390 N., R. 16 W, ' .

The Auglaise has a very slight fall in Miller county. The principal
tributaries, in this county, are Mill, Brumley and Rollins creeks. The
catchment area of the Auglaise and its tributaries in Miller county is
about 44 square miles. At Jimtown there is a small water power used
to run a mill.

THE MOREAU RIVER.

The Moreau river system is north of the Osage-Moreau divide and
consists of the Moreau river and its tributaries.

The Moreau river is formed by the junction of what are known as
the North Moreau and South Moreau. The North Moreau and its
tributaries flow through Cole, Moniteau and Morgan counties, while the

G—2
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South Moreau drains a part of Cole, Morgan, Moniteau and Miller
counties.

The South Morcau—The South Moreau river rises near Rocky
Mount, flows north two miles to the county line, then a mile and a half
through Morgan county, returning to Miller and flowing north to the
Moniteau county line. At this place it leaves the county, flowing east
two miles parallel to the county line and re-entering again for a distance
of three miles. It has a length of sixteen miles and an average descent
of sixteen feet per mile in Miller county.

With its tributaries, Blyth’s fork and Brush creek, it drains about
70 sqare miles of prairie land in Miller county. The valleys in which the
streams flow are characterized by gently sloping sides and few rock ex-
posures. The gradient is gentle compared with that of the tributaries
of the Osage, and in consequence the streams are much less rapid and
usually laden with silt. Throughout the area there is a notable absence
of good springs, which is due to the fact that the shallow valleys inter-
cept no important water bearing strata. On Blyth’s fork, at Olean,
artesian wells have been obtained by drilling 5o feet, although the springs
in that vicinity are mainly intermittent. The South Moreau often has
a cliff 30 to 40 feet high on one side. '

Blyth’s fork rises one-half mile northeast of Eldon, and flows north-
east, emptying into the South Moreau in Moniteau county, just morth
of the county line. This stream is about seven miles long, and has a
fall of about 210 feet, or thirty feet per mile.

Brush creek is formed by the junction of two branches, one of which
rises two miles south of Spring Garden and the other just north of Pleas-
ant Mount. These branches flow respectively west and east to where
they unite to form Brush creek which flows north.

DIVIDES.

The only divide of importance in Miller county is that which separ-
ates the Osage and Moreau river systems. This divide is a sinuous line,
skirting the south edge of the prairie land. To the north toward the
Moreau drainage basin the divide is convex, while to the south toward
the Osage basin the curve is concave.

The altitude of the divide varies from over 1,000 feet above sea
level northwest of Aurora Springs, to less than 875 feet just west of
the Cole county iine. The tributaries of the Osage river have a much
steeper grade than those of the Moreau, and are consequently cutting
back their heads faster and are encroaching upon the catchment areas
of the latter. If the present conditions continue, the Saline and Little
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Gravois will eventually have approximately the same gradient as the
South Moreau. The tributaries of the two river systems often head
within a few feet of one another, as is well illustrated by the Little
Gravois and the South Moreau creeks which rise about three-fourths of
a mile east of Rocky Mount.

In the N. E. 14 of sec. 25, T. 42 N., R. 14 W, Mr. H. A. Wright
dug a ditch four feet deep and 100 yards long across the divide, diverting
the drainage for 75 yards, from Brush to Saline creek.

At approximately right angles to the main divide are secondary
ridges upon whcih are the water sheds of the secondary streams. The
ridges extending north are broad prairies, gently rolling, except near
the margin where they are eroded into hills and valleys of rounded con-
tours. The ridges extending south are wide and flat near the divide.
As the “hollows” become more numerous and the main streams of greater
strength, the ridges narrow. They finally become mere backbones capped '
in the north by the St. Elizabeth formation, and in the south by the Gas-
conade limestone.

THE RELATIONS OF PHYSIOGRAPHIC TYPES TO INDUS-
TRIAL AND SOCIAL CONDITIONS.

Tales of Spanish silver mines of bonanza richness in Miller county
are without foundation. Some Spanish adventurer may have penetrated
this portion of the Ozarks, but of this there is no authentic record. Of
the presence of the French we have abundant proof in the names Aug-
laize, Gravois and perhaps Saline. The oldest inhabitants also tell of
early French traders and trappers who found in the forests and along
the streams ample opportunity for hunting and adventure.

The first permanent settiers were hardy mountaineers from Kentucky,
Tennessee and Virginia, who found in the craggy hills and fertile val-
leys a portotype of their former homes. A man intent on war or the
chase may disregard hills and valleys, rock strewn plains and brushy
forests, but burdened with a family and household goods he will invari-
ably enter a new land by the easiest line of travel. Thus it happened
that these pioneers, half hunters and half farmers, traveling by boat,
came up the Osage river and built their homes on the banks of this
river and its tributaries. The mountaineer built his house by some
spring, usually well up on the hillside not only to be above the malarial
bottoms but also to escape the devastating floods. With an abundance of
corn, fish and game, these sturdy pioneers lived in comparative ease.
By the inaccessibility of their hill fastnesses, these people were largely
isolated {rom the outside world, on account of which each settlement
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became self sustaining. Every farmer raised his own sheep and his
_Vvife carded, spun and dyed the wool, and wove the cloth for their gar-
ments. Cotton was also raised on nearly all of the farms. During the
fall, hogs were killed and the meat cured and dried for winter’s use.
Deer and wild turkeys were always plentiful. After severe storms, when
the gullies were washed clean, the men and women would gather galena
out of the coarse gravel and smelt it by improvising furnaces out of
large hollow logs. In this way they obtained lead for their bullets.

The nearest trading post was Jefferson City where pelts, furs and
vension hams were exchanged for powder and other necessities, which
were often packed home on the picneer’s back. As game became scarcer,
necessity compelled the hill man to increase his “clearing” in order to
make a living for himself and family. Neither his training nor his tem-
perament made him a good farmer and in many instances more skillful
and energetic farmers from other portions of the state supplanted him.

" Other mountaineers turned their attention to stock raising, the waist-
high grass of the ridge lands proving as nutritious to the cattle as it
had been to the vast herds of deer before the advent of civilized man.
Much of the land which is now covered with timber was at that time
covered with a rich growth of prairie grass, only broken by occasional
small timbered areas. In the early days the Indians and trappers yearly
burned the prairie to kill the tree sprouts and incease the feeding gound
for the deer. With the increase in the acreage of fenced land, the build-
ings became so numerous as to necessitate the discontinuance of this
practice. Thus it happened that gradually the area burnt over became
smaller and smaller until the discontinuance of the spring fires has al-
lowed the underbrush and trees to cover thousands of acres of formerly
valuable grazing land.

In the meantime settlers entered the upland area, quickly occupy-
ing the then easily cultivated prairie land. Soon all the desirable prairie
land was under cultivation while hundreds of acres of forested bot-
tom lands remained untouched.

Many of the inhabitants of the upland had been slave holders in
their native states, and when they emigrated to Miller county they brought
their negroes with them. The hill and bottom land people with their
small farms could not use slave labor to advantage, while the larger
acreage of the prairie farms favored their use. Thus in Miller county
at the beginning of the war we note the influence of physiography on
the distribution of the negro and indirectly moulding the sympathies of
the peopie. During the war both factions were continually harassed by
bushwackers, who found a safe retreat in the wild, rugged hills and
vallevs of the hill country. After the war, there was a considerable in-
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flux of northerners, some seeking their fortune in the “New South” and
others health in the Ozarks.

The railroad tie industry in Miller county began in the early eighties,
increasing each year until in 1go1 the output amounted to 200,000 ties.”
The tie cutting industry created a class of people who made it their only
means of a livelihood. These people moved from gulch to gulch as the
timber in each became depleted. Their log cabins are seen everywhere,
but the owners have nearly all moved to less settled parts of Missouri
or Arkansas. '

Through physiographic conditions the inhabitants of Miller county
aré divided into two quite distinct classes. The people of the prairie and
bottom lands, on account of the acreage of tillable land in their farms
and the {fertility of the soil, constitute a class distinct from the people
of the hill country where agricultural conditions are much less favor-
able. :
The prairie and bottom land people are better provided for in the
way of transportation. The main line of the Chicago, Rock Island and
Pacific Railroad skirts the southern edge of the upland, while the Bag-
nell branch of the Missouri Pacific traverses it from north to south.

These not only serve as outlets for produce, but as a means of com-
muncation with the rest of the state. The steamboats serve the inhabi-
tants of the river bottoms in a similar capacity.

The comparative value of the prairie, river bottom and hill lands
is shown by the price at which each can be purchased. The prairie and
bottom land bring from $15.00 to $35.00 per acre, while the hill land is
worth on an average of $2 to $5 per acre. Large tracts of hill country
are veariy sold for taxes. for about twenty-five cents per acre. The
difference in the quality of the houses, barns and live stock of the two
regions is surprising.

The broad, flat-topped ridges in the vicinity of St. Elizabeth and
Iberia are remarkably productive. The people are thrifty, and much of
the land is valued at from $10 to $25 per acre. The prosperity of the
inland towns of Iberia and St. Elizabeth results very largely from the pro-
ductiveness of the land of these tableland areas.

Among the hill people, many of the customs of the early settlers
are still retained, and the speech is so filled with quaint expressions and
provincialisms that it forms a vertiable patois. The hills and valleys
still seem to constitute, to their minds, impassible barriers, and not in-
frequently persons are encountered who have never been outside of the
county.

*Estimate kindly furnished by Hon. R. 8. Harvey of Eldon, Mo.
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The low price of farm labor and the absence of factories have to a
large extent kept the foreign emigrant out of Miller county. For this .
reason a high percentage of the citizens are American born. In the
northeastern portion of the county there are two thrifty German settle-
ments, the one centering around St. Elizabeth and the other around
Mary’s Home. Although nearly all the people of these communities are
American born, they still, to a large extent, speak German.



PROCTOR LIMESTONE. 23

CHAPTER II

PROCTOR LIMESTONE.
(Fourth Magnesian Limestone of Swallow.)

AREAL EXTENT.

_ The magnesian limestone or dolomite of which this formation is
composed is the oldest sedimentary rock exposed in Miller county.
This formation has a very limited areal distribution in this county,
but outcrops over considerable areas in the adjacent counties of
Camden and Morgan. In Miller county it is exposed for some dis-
tance along the Osage river in the southeast corner of township 40
north, range 16 west; at Brockman’s ford, midway between Tuscumbia
and Bagnell; and at King’s bluff, four miles below Tuscumbia. Away
from the river this limestone outcrops along Humphrey’s creek in
the vicinity of Ramsey postoffice, and in Sycamore Spring hollow, a
ravine in sec. 16, T. 40 N., R. 13 W.

THICKNESS.

The total thickness of the Proctor formation in Miller county is
unknown, its greatest exposed thickness being thirty feet at Brock-
man’s ford. Here the topmost beds are some fifty-seven feet above
the river, but the lower twenty feet of the formation is covered with
talus. Along the river the Proctor limestone rises precipitously, or
bluff-like, while farther back in the country it is quite flat, following
the gentle slope of the streams.

BEDDING.

As originally deposited the dolomite of this formation was heavily
bedded, but through secondary changes these beds have been split
up into several smaller ones. In places along the bluff at Brockman’s
ford, the beds have a thickness of ten feet, but these are in most in-
stances split into beds from two and one-half to three feet thick. At
King’s bluff and in the region around Ramsey’s postoffice in sec. 23,
T. 40 N.. R. 13 W,, the beds are much thinner, averaging from six to
twelve inches. The bedding planes are wavy, but not markedly so.
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At King’s bluff a ledge of this dolomite forms a good landing for.the
river boats.

WEATHERED SURFACE.

The weathered surface of the Proctor dolomite has a grayish
color with occasionally a pinkish, yellowish or greenish tint. It is
also rough and cavernous, being filled with small caves and pot hole-
‘ike cavities.

RELATION TO ADJACENT FORMATION.

The Proctor limestone lies unconformably beneath the Gunter
sandstone. The unconformity is only exhibited in a few places, par-
ticularly along the Osage river in the western part of the county
where so-called dykes of sandstone extend down into the dolomite from
the overlying formation. (See plate IV.) Three-eighths of a mile
west of the Miller-Morgan county line, the upper four feet of the
Proctor limestone is an intra-formational conglomerate, small sub-
angular pebbles of dolomite being imbedded in a dolomite matrix.
At this place, besides the small dykes of sandstone, there are solution
cavities in the dolomite, which were connected with the surface during
the erosion interval, which are now filled with sandstone. At Brock-
man’s ford and in sec. 23, T. 40 N., R. 13 W, some evidence of uncon-
formity is noticeable. In the latter place the sandstone dykes extend into
the'limestone from one to two feet and are of varying widths.

TEXTURE.

The limestone or dolomite of this formation is medium to coarse
grained and is both crystalline and granular, the former texture pre-
dominating. Inthe S. W. I4 of sec. 23, T. 40 N, R. 13 W, the dolomite
has a granular or oolitic like texture, dus to little rhombs of wrystallized
dolomite. As a whole, the dolomite of this tormation is the most crystal-
line of any of the Cambre-Ordovician dolomites in Miller county.

COMPOSITION.

The Proctor limestone is the least siliceous and the most cal-
careous of the Cambro-Ordovician series in Miller county. At Brock-
man’s ford and Sycamore Spring hollow this limestone effervesces
slightly, when treated -with cold hydrochloric acid. This formation
is the most arenaceous in the neighborhood of Ramsey postoffi.ce.
The limestone of this formation passes abruptly into the Gunter
sandstone at the county line, but at other places the transition is
more gradual.
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The minerals occurring in the Proctor limestone are dolomite,
calcite, quartz and limonite. Small crystals of dolomite line cavities in
the limestone. White and rose colored calcite crystals, lining and filling
cavities and occupying seams or veins, are espeially abundant at Brock-
man’s ford and at King’s bluff.

The Proctor limestone contains comparatively little chert. Such
as was observed, occurs as irregular shaped pieces or nodules, dis-
seminated promiscuously through the beds and not in layers. The
chert is most abundant at King’s bluff and near Ramsey’s postoffice. '
A small expostre of this limestone, on the north side of the Osage
river at Brockman’s ford, is somewhat cherty, but, with the exception
of a single bed, the formation on the south side is chertless. At
King’s bluff the chert nodules have been fractured and recemented
with thin seams of finely crystallized quartz.

POROSITY.

The Proctor limestone is very porous. It contains numerous
small, roughly oval cavities lined with crystals of calcite, quartz or
dolomite. The cavities are in some places so abundant that the rock
has a vesicular appearance.

COLOR.

Although varying in color, the dolomite of this formation has
in general a dark bluish tinge, which helps to -distinguish it from that
of the other formations. Some of the beds at the Morgan county
line have a grayish or pinkish tinge, while those on the north side of
the river at Brockman’s ford are whitish, yellowish and greenish. At
‘King’s bluff a majority of the beds have a much darker color than at
any other place.

Section No. 1, Fig. 1.

On the Osage river at King's bluff in See, 30, T. 41 N,, R..13 W.
O-river level, (low water).
Section from top to bottom.

No. Elev.

6-12 DOLOIi!TEy; thinly bedded, dark colored and slightly
cherty.

5-6  DOLOMITE ; light colored and very cherty. White and
rose colored calcite fills jointing planes. A few
thin seams of limonite observed.

4-5 DOLO;\}:IlITIt‘J; coarse grained, dark colored and contains
chert.

3-4 Similar to No. 3, also contains pockets, 2 to 3 inches
in diameter, filled with calcite.

1-3 DOLOMITE ; very dark colored, containing numerous
small cavities with calcite.

0-1 Similar to No. 5.




26 GEOLOGY OF MILLER COUNTY.

CHAPTER III
GUNTER SANDSTONE.

(Third Sandstone of Swallow.)

With the exception of three localities, Sandstone and Fancher
hollows in secs. 8 and 7, T. 40 N., R. 13 W., and along the Osage river
in sec. 28, T. 40 N., R. 15 W., the entire thickness of this formation and
a part of the underlying Proctor limestone are exposed. Farther up the
Osage river, outside of Miller county, this formation has a much wider
distribution. In the southern part of Morgan county it is exposed in
many places. It is most typically exposed on the Niangua river, at Gun-
ter or Hahatonka springs.

THICKNESS.

In Miller county the thickness of this formation is variable, in-
creasing and decreasing rapidly within short distances. At Brock-
man’s ford the formation is from two and one-half to five feet thick;
and in places near Ramsey, in sec. 23, T. 40 N., R. 13 W., and near the
Morgan county line, it has a thickness of 12 to 18 feet. At the latter
place it varies from four to seven feet in thickness. Within a quarter
of a mile the thi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>