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Schools in West Plains, Missouri, in 1887-8, and Assistant Superm-
tendent in the U. S. Indian School at Albuquerque, New Mexico, in
1889-91. In 1892-3 he was an assistant geologist on the Arkansas
Geological Survey.

On leaving the University of Chicago in 1896, he became Profes-
sor of Geology in the University of Arkansas, at Fayetteville, and
in 1902 had the subject of mining added to his chair, which he con-
tinued to hold until 1912, when he resigned to become State Geolo-
gist of Tennessee. Meantime, he became a member of the U. S. Ge-
ological Survey in 1895 and for some years during his vacations did
detailed areal mapping and other field work in Arkansas for that
organization. During the exposition in St. Louis in 1904, he was in
charge of the department of mines and metallurgy for Arkansas,
and from 1907 to 1912, was ex officio State Geologist of Arkansas.

In addition to his duties as a professor in the University of Ar-
kansas, he found a steadily increasing amount of committee and
other responsible executive work falling upon his shoulders, and

about the time of his leaving there was prominently spoken of in



Dr. A. H. Purdué'

BY L. C. GLENN

Dr. A. H. Purdue died on December 12th, 1917, as a result of an
operation that he underwent on December 5th, in the hope of obtain-

ing relief from the ill health from which he had suffered duri ing the .

greater part of the past year. He leaves a wife and two sons.

The following brief sketch of his life and work is here present@d
to the people of the State in whose service he so faithfully labored
up to the very hour of the operation that ended his career.

Albert Homer Purdue was born in Warrick County, Indiana,
March 29th, 1861. He graduated from the Indiana State Normal
School in-1886; received his A.B. degree from Teland Stanford Uni-
versity in 1893, remaining there another yéar for advanced qtudv
and in 1895-6 purstied graduate work and was Fellow in Geology in
the University of Chicago. In 1912, the University of Arkansas con-
ferred upon him the degree of LL.D. He was Superintendent of
Schools in West Plains, Missouri, in 1887-8, and Assistant Superin-
tendent in the U. S. Indian School at'Albuquerque, New Mexico, in

1889-91. In 1892-3 he was an assistant geologist on the A1kansas “

Geological Survey.

On leaving the University of Chicago in 1896 he became Profes-
sor of Geology in the Umver51ty of Arkansas, at F. ayetteville, and -

in 1902 had the subject of mining added to his chair, which he con-
tinued to hold until 1912, when he resigned to become State Geolo-
gist of Tennessee. Meantime, he became a member of the U. S. Ge-
ological Survey in 1895 and for somé years during his vacations did
detailed areal mapping and other field work in Arkansas for that
organization. During the expos1t10n in St. Louis in 1904, he was in
charge of the department of mines and metallurgy for Arkansas,
and from 1907 to 1912, was ex officio State Geologist of Arkansas.

In addition to his duties as a ptofessor ifi the University of Ar-
kansas, he found a steadily increasing -amount of committee and
other responsible executive work falhnc upon his shoulders, and.
about the time of his leaving' there was prommently spoken of in
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connection with the presidency of that institution. He preferred,
however, to continue his scientific investigations and the outlook for
this work in Arkansas not being then particularly bright, because of
disturbed political conditions that had cut off the support of the
State Survey, he was induced to come to Tennessee, where he suc-
ceeded Dr. G. H. Ashley as Stdte Geologist in March, 1912.

His interests were always broader than his immediate specific
work and his participation in general community activities was one
of his marked characteristics. In Fayetteville, Arkansas, he was a
member of the Board of Education and was very actively interested
in its work. He made numerous addresses before schools and edu-
cational gatherings over the State and represented the faculty of the
University on various public occasions.

On coming to Nashville, he soon identified himself with the public-
spirited activities of the community and State, and on his death was
a member of the Commercial, Rotary and Freolac clubs, of the Ten-
nessee Historical Society, the Engineering Association of Nashville,
the State Highway Commission, and had recently been elected presi-
dent of the Tennessee Academy of Science. He was a delegate from
the State to meetings of the Southern Commercial Congress, the
Rivers and Harbors Congress, the Exhibition of Chemical Industries,
and to good roads and forestry and numerous other siich meetings.
These serve to give some indication of the breadth of his interests in
organizations for general public welfare.

Among more technical scientific organizations, he was a member
of the American Institute of Mining Engineers, of the Indiana and
the Tennessee Academies of Science, the National Geographic So-
ciety, the Association of State Geologists, and the Geological Society
of London. In addition, he was a fellow of the American Associa-
tion for the Advancement of Science, and of the Geological Society
of America.

Upon assuming his duties here in March, 1912, Dr. Purdue found
the work of the Survey well organized and continued the various
lines of investigation that had been initiated by his predecessor.
During his administration, however, there has been a great develop-
ment of the resources of the State, and in furthering this growth it
has been necessary from time to time to add new departments to the
Survey. A permanent chemist, for example, has been employed and
a division of Forestry established and placed in charge of a forester.
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Recently, the work of the Survey has been planned to meet any pos-
sible demands that might be made because of the war.

Brief reports of work accomplished by the Survey during Dr.
Purdue’s administration have appeared regularly in the Resources
and longer ones have been published from time to time as bulletins,
while the manuscript reports for still other bulletins are some on
hand ready for publication and others in an advanced stage of prep-
aration. Dr. Purdue planned and directed these activities, attended
to a large volume of office work, gave freely of his time and energy
to general public service, and in addition found time for numerous
field irivestigations, the results of a number of which have appeared
in the Resources. In this issue appears an article on manganese—a
subject made important by our war needs—that was dictated by him
in the hospital, while awaiting the hour for the operation. While
thus waiting, he also discussed plans for carrying forward the work
of the Survey in case he should not recover and continue as its direc-
tor. He was thus actively at work up to the very last.

Dr. Purdue was especially fortunate in his training, both as a
young field geologist in Arkansas and as a student in Stanford Uni-
versity, in having the guidance of Dr. J. C. Branner. His interests
and acquirements in geology covered a wide range through his ex-
perience as a university professor, an original investigator and State
Geologist in Arkansas and Tennessee. He was especially familiar
with the stratigraphy and structure of the Paleozoic area of Arkan-
sas and with the natural gas, coal, zinc, slate and unde;‘ground water
resources of that State, as well as the detailed areal geology of quite
a number of quadrangles there, which he mapped for the U. S. Geo-
logical Survey. In Tennessee, he soon became familiar with the
general geology and economic resources of the State, and in plan-
ning the work of the Survey kept in mind the practical needs of the
State and shaped the activities of the Survey to these ends. His own
especial field or subject was the geology of lead and zinc. His publi-
cations are quite numerous, cover a wide range of subjects and have
appeared as special reports published by the Arkansas, the Tennes-
see or the U. S. Geological Surveys, or have been contributed to the
various scientific journals of the country.

As a man he thought things out carefully and in his viewpoint was
sane, level-headed and practical. He would take counsel with others
and yet his decisions were his own, and in carrying them out there
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was a quiet forcefulness that indicated the strength of the man. He
was pleasant in manner, but of quiet and dignified bearing,—well-
poised, frank and direct. His friendships were many and unusually
firm and lasting.

His death at the early age of fifty-six would seem untimely, and
yet he had led a busy life and accomplished much, and the summons
from labor unto rest was so brief that any of us might envy him.
These thoughts, however, do not lessen the great loss thus suffered
by his friends, by the science of geology, or by the State that he had
served so well.
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The Climate of Tennessee

By Roscoe NunN, Meteorologist, U. S. Weather Bureau.

INTRODUCTION.

Climatic records were made in Tennessee as far back as the year
1834. Prior to 1870, however, the observations were few and the
records fragmentary, and not until about 1883 was there anything
like a comprehensive method of studying the climate of the State.
In 1883, under the supervision of the United States Signal Service,
a State Weather Service was established, with a number of well dis-
tributed observation stations, and the publication of a monthly sum-
mary of the records thus obtained was begun.

In July, 1891, the meteorological work of the Signal Service was
transferred to the Weather Bureau of the U. S. Department of Ag-
riculture, and under the Weather Bureau the importance of the cli-
matological service was more fully recognized. Improvements were
made, (1) by more careful supervision of the observations; (2) in-
creasing the number of stations; (3) furnishing better equipment,
and (4) systematizing the observations and the publications of data.
From 1895 to the present time the Weather Bureau climatic records
throughout the United States have been fairly homogeneous in
character; that is, there has been uniformity in respect to instru-
ments used, exposure of instruments, and data obtained and pub-
lished.

It is therefore possible now to give a more accurate description of
the climate of Tennessee than ever before, and it is also possible, on
account of the uniform system of making climatic records through-
out the country during the last twenty to twenty-five years, to make
comparisons of the climatic features of Tennessee with those of
other sections of the United States.

The physiography of Tennessee has an appreciable effect in caus-
ing local climatic variations, and a description of the natural divis-
ions of the State, accompanied by a physiographic map, is therefore
given. It also seems appropriate to mention briefly the soils and crops
of the State. The principal climatic features are then described and
compared with those of some other sections. The local variations
of climate in the State are shown by the charts and the tabulated



8 RESOURCES OF TENNESSEE

matter. The tables also contain data for a number of stations out-
side of the State, for sake of comparison. The charts and tables are
fully explained in the text.

In the preparation of this article, the author has made use of the
publications of the United States Weather Bureau, particularly of
Bulletin Q, “Climatology of the United States”, by Alfred J. Henry,
Professor of Meteorology, and of “Climatological Data for the
United States by Sections”, consisting of 106 parts, and issued under
the supervision of the Climatological Division of the Weather Bu-
reau. Some special data were kindly furnished by the Chief of the
Weather Bureau and the officials in charge of the Weather Bureau
stations at Atlanta, Ga., Bismarck, N. D., Columbia, Mo., Dodge
City, Kans., Fort Worth, Texas, Indianapolis, Ind., New Orleans,
La., and Parkersburg, W. Va.

So complete a climatic survey of the State as is here presented
would have been impossible except for the aid given by the faithful
volunteer observers in the various parts of the State, some of whom
have kept reliable weather records daily for more than 25 years.

These records are on file at the Nashville office of the \Weather
Bureau.

PHYSIOGRAPHY.

Tennessee lies between parallels 34° 58 and 36° 39" north latitude.
It is in a latitudinal belt that includes northern New Mexico and a
part of California lying just south of the center of the State. It is
in the same latitude as central Japan and is not very different in lati-

Fig. 1.—Map showing the physiographic divisions of Tennessce.
U.—Unaka Chain, or Smoky Mountains.
V.—Valley of East Tennessee.
C.—Cumberland Plateau.
HH.—Highland Rim.
B.—Central Basin.
S.—Slope of West Tennessee.
M.—Mississippi Bottoms.
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tude from the most southern parts of Greece, Italy, and Spain. How-
ever, the climates of the foreign districts just mentioned, being modi-
fied by their insular positions, are much milder than that of Ten-
nessee. The climate of the California coast is also comparatively
equable and mild, on account of the presence of the Pacific ocean to
the westward and the prevailing winds that come from the ocean.

Probably there is hardly any other area of equal extent in the
United States that presents a more diversified and interesting phys-
iography than Tennessee. In a general way, the surface of the State
slopes from the east to the west; from the Smoky Mountains with
elevations of 4,000 to 6,000 feet, to the Mississippi bottoms with ele-
vations of 300 to 400 feet above sea-level. This general trend is fre-
quently interrupted, and as a result there are no less than seven nat-
ural divisions* of the State, each having its characteristic features.
The seven divisions are outlined on the accompanying map, Fig. 1.

The Great Smoky Mountains.—These mountains (in some por-
tions called the Unaka Mountains) mark the dividing line between
North Carolina and Tennessee. They are a part of the Appalachian
Mountain system. The Smoky Mountain section of Tennessee com-
prises a belt from two to twenty miles wide along the eastern border
of the State. Peaks in this section reach elevations of 4,000 to 6,000
feet, while the general elevation ranges from 2,000 to 3,000 feet, and
occasional depressions are as low as 1,000 feet. This is the roughest
and most mountainous part of the State. But little of this section is
cultivated except the wider valleys or coves, but the lands are used as
grazing grounds for cattle in summer. This section has furnished
much timber, and parts of the territory are being purchased by the
Federal Government for forest reserves.*

The Valley of East Tennessee.—Lying westward from the Smoky
Mountain section is the Great Valley of East Tennessee, which is
about 30 to 60 miles wide, and runs obliquely across thz State from

*The well-known civil divisions of the State—East Tennessce, Middle Ten-
nessee, and West Tennessee—do not follow the lines of natural divisions, ex-
cept in part. East Tennessee comprises the Smoky Mountain region, the Great
Valley of East Tennessee, and the eastern part of the Cumberland Plateau.
Middle Tennessee comprises the western part of the Cumberland Plateau, the
Highland Rim, and the Central Basin. West Tennessee comprises all the re-
gion west of the Tennessee River in its northward course across the State.

**The Soils of Tennessee”, by C. A. Mooers, Vol. V, No. 4 of this maga-
zine.
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northeast to southwest. It is broken by a series of ridges parallel
with the trend of the valley. The average elevation of the valley is
about 1,000 feet, and its area is about 9,000 square miles. It is well
watered by the Tennesseé River and its tributaries. This division is
_distinctly marked, being bordered on the east by the steep sides of
the Smoky Mountains and on the west by the Cumberland Plateau,
which rises rather abruptly to an elevation nearly 1,000 feet above
the general level of the valley.

The Cumberland Plateau—The Cumberland Plateau is 30 to 50
miles wide and extends across the State in a somewhat northeast-
southwest direction. Its area is about 5,000 square miles. It has an
average elevation of about 2,000 féet and a maximum elevation of
over 3,500 feet. About five-sixths of the surface of the Plateau is
flat to gently rolling, while the remainder, in the northeastem portion
of the district, is a maze of sharp- topped ridges and spurs

The Highlond Rim—The Highland Plain (or, Highland Rim as
it is now called) was in ages past a plain extending from the Cumber-
land Plateau westward to the Tennessee River in its northward
course across the State. But, on account of the formation, by ero-
sion, of the Central Basin with its very distinguishing features in
the heart of the plain, this large section is now recocmzed as two
divisions, and is generally spokén of as the “Central Basin with its
surrounding wide highland rim”. The Highland Rim is quite different

_in physiographic features from the Central Basin. The Highland
Rim completely surrounds the Central Basin, forming one of the
largest divisions of the State, with an area of approximately 9300
square miles. Its general elevation on its eastern border is about
1000 feet, (or nearly 1000 feet lower than the Cumberland Plateau
adjacent on the east), while on its western border the elevations
range from 600 to 800 feet. Its surface is usually a rolling plain, but
here and there it is broken by narrow and deeply cut stream valleys.

Central Basin.—This division, as stated in connection with the de-
scription of the Highland Rim, or Plain, was evidently formed by
erosion in the center of the Highland Plain. It has an area of about
5400 square miles, being about 50 to 60 miles wide (east-west)

*Physiographic Influences in the Development of Tennessee”, by L. C.
Glenn, Vol. V, No. 2, of this magazine. :
7Glenn, op. cit.
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and about 100 miles in length. The surface of the Central Basin is

“about 300 to 400 feet lower than the surrounding Highland Rim, its

general elevation being about 600 feet above sea-level The general
surface is that of a gently rolling plain. Hills rise here and there
200 to 300 feet above the surrounding surface. Murireeshoro is.near
the center of the Central Basin and Nashville is situated near its
northwestern margin. The Cumberland River flows through the
northern part. The Harpeth, Duck, and Elk rivers are ithportant
streams of this division. The first is a tributary of the Cumberland,

while the second and third flow into the Tennessee.

Slope of West Tennessee—The Tennessee River, in its northward
course through the State, flows just west of the Highland Rim, in
a valley 300 to 500 feet deep and a few miles in width. West of this
valley begins the upland plain of the Slope of West Tennessee.
From elevations of 500 to 700 feet on'its eastern margin this slope
falls gently to elevations of 300 to 400 feet near the Mississippi
River, and ends in the Mississippi Bottoms. There are hills of con-
siderable- height in the Slope of West Tennessee; especially in its
eastern edge and also on its western margin overlooking the flood

plain of the Mississippi. The streams of this _d1v151on all flow into

the M1551551pp1 River.

Mississippi -Bottoms.—This division compmses about 900 square
miles of lands along the Mississippi River. Near the banks of the

river the flood plain is high enough to remain above water in all but

the highest floods. Farther back from the river the elevation is less
and the surface is frequently flooded, and is swampy. With good
drainage and protection from floods, this land w ould be very valuable
for agriculture. :

.

SOILS AND CROPS.

The'plant life and crops of a region are of course related to its

climate, and a description of the soils. may be pertinent; but these
subjects are treated in various other publications,* and we shall only
refer to them very briefly. The prevailing soils are silt loams -and
loams. True clay soils and true sandy soils,are rare. ‘The alluvial
soils cover a relatively small area and vary greatly in character ; they
occur of course along the many streams.

*See “The Soils of Tennessee”, by C. A. Mooers, Vol. V, No. 4, of tl‘lls

mag: azine.
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In the Great Valley of East Tennessee the soils are mostly loams
and are well suited to such crops as corn, wheat, clover, grass, and
forage crops in general. Stock raising, dairying, fruit raising, and
market gardening are successfully engaged in.

The Cumberland Plateau has fine sandy soil, and both climate and
soil are well adapted to the growth of a fine quality of vegetables,
fruit, and small fruit, while parts of this region are capable of pro-
ducing large yields of the finest quality of white potatoes.

The Highland Rim has large areas of limestone soils and also con-
siderable areas of silt loams. A variety of crops are grown in this
region, principally corn, tobacco, clover, alfalfa, peanuts and vege-
tables, and the conditions are favorable for orchards and for stock
raising. ’

The Central Basin soils are of limestone origin and are the most
durable and productive of any large area in the State, and a great
variety of farm and garden crops is grown, the principal ones being
corn, wheat, oats, clover, timothy, fruits and vegetables. Stock rais-
ing and dairying are also important industries in the Central Basin.

Over the slope of West Tennessee the soils are mostly silt loams
containing no gravel, and in no other division of the State are the
soils considered so well adapted to a large range of crops. Corn,
wheat, and cotton are the principal farm crops, cotton being a leading
crop in the southern counties, while corn, wheat, and tobacco are
foremost in the northern counties. Stock raising and truck garden-
ing are important in this region.

In all the great divisions of the State there are extensive areas of
woodland, and the timber industry is a large and important one. The
principal forest growths are of oak, poplar, hickory, cedar, chestnut;
sweet gum, and yellow pine.* -

CLIMATIC FEATURES.

General remarks—The climate of any region is determined, (1)
by its distance from the equator, or latitude; (2) by its situation with
regard to land and water surfacesy (3) by its elevation above the

**Marketing Woodlot Products in Tennessee”, by W. D. Sterrett, Vol. VII;
No. 3, of this magazine.
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level of the sea, and (4) by its situation relative to the paths of cy-
clones and anti-cyclones.}

Judging the climate of Tennessee from the 1at1tude alone, we
would expect it to be mild. If we take into consideration the first
two of the factors above named, we would say our climate is fairly
mild, but, owing to its inland position, is characterized by consid-
erable range in temperature and by moderate rainfall. If we con-
sider the first three factors, we would say our climate is fairly mild
for the most part, but, owing to our inland position and the con-
siderable elevation of some large areas, there are sections of the
State where the climate is less mild than the latitude would indicate,
being moderately rigorous in the winter months and free from ex-
treme heat in summer, and with abundant but not excessive rainfall.
Finally, considering all the factors, and remembering particularly
the fourth factor above named, we would say that the climate of
Tennessee ranges from mild to temperate; that the section is com-
paratively free from great extremes of temperature, sudden weather
changes, and severe storms; that the rainfall is abundant but not
excessive, the humidity moderate, and the distribution of sunshine
and cloudiness through the year desirable. We would add that the
ground is rarely covered with snow for more than a few days at a
time, and that the crop growing season is long as compared with that
of the northern and western sections of the United States.

The data in the accompanying tables will bear out the statements
just made.

Tennessee is in an advantageous position relative to the influence
of the fourth one of the climatic factors mentioned, viz., cyclonic and
anti-cyclonic movements. This section does not lie within any of the
principal storm tracks that cross the country, and therefore the
weather changes experienced here are only of moderate frequency.
Sudden and decided changes in temperature are rare here, as com-
pared, for example, with their frequency in the Great Lake region,
where from thirty to forty such changes occur to ten in Tennessee.

Again, it will be found that, while the total rainfall received in
Tennessee is considerably greater than in, say, northern Illinois, the

+The ordinary weather movements that are attended by cloudiness and pre-
cipitation over large areas, with or without strong winds, are called “cyclones”.
By “anti-cyclone” is meant the opposite of cyclone; that is, fair weather con-
ditions.
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number of days with measurable precipitation is somewhat greater
there than here. Compare, for example, the records for Chicago
and Nashville. Chicago has on an average 126 days in the year with
precipitation ; Nashville has 121. At Boston, Mass., the annual pre-
cipitation is slightly less than at Nashville, but Boston has 130 days
in the year with measurable precipitation to Nashville’s 121. These
facts are cited to show that the weather is more variable in these
northern districts than in Tennessee. This is due to the fact that
Tennessee lies outside the most frequented paths of storm move-
ments.

Climate has often been defined as “an average of the general
weather conditions”. As climatic studies have advanced and more
details have been collected, the faultiness of the definition just quoted
has been recognized — it is necessary to know a good deal more
than the “average” conditions. It is very important to know not
only the averages of the principal climatic elements,—such as tem-
perature, rainfall, humidity, sunshine, and winds —but also the
ranges and extremes of these elements, and their annual and sea-
sonal distribution.

Tables have been prepared, therefore, as far as practicable, to
show both the averages and the extremes of temperature and pre-
cipitation and also their distribution through the year. The Ten-
nessee stations in the various tables were selected with a view to giv-
ing a fair representation to the different sections of the State and
exhibiting their respective climatic features. While there are no very
great contrasts of local climate in the State, there are some note-
worthy differences. The following table shows the stations used,
with their locations and altitudes::

CLIMATOLOGICAL STATIONS USED,
Division Elevation above

Station County sea-level, feet
Carthage .............. Smith ................. Middle 500
Chattanooga ........... Hamilton .............. Eastern ........
Clarksville ............. Montgomery ........... Middle
Decatur ............... Meigs ...l Eastern ........
Florence ............... Rutherford ............ Middle ........
Greeneville ............ Greene ................ Eastern ........
Jackson ...l Madison................ Western
Johnsonville ........... Humphreys ............ Middle

Knoxville .............. Knox ....... .Eastern ........
Lynnville .......... ..Giles . Middle
Memphis ...... Shelby Western
Mountain City . ..Johnson Eastern
Nashville -...... ..Davidson Middle

Rugby ................. Morgan . . Eastern
Savannah .............. Hardin ................ Western
Springdale ............ Claiborne .............. Eastern

Trenton ............... Gibson ................ Western .......

Tullahoma ............. Coffee .....oivvvviinn Middle
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One may be familiar with the climate of a place or section in a
general way without being familiar with the numerical data, in which
case he would gain but little knowledge as to the differences in the
climate of, say, his home section, and that of some other section by
reading the numerical data for the distant section only. He should
have data for both, and then he can make satisfactory comparisons.
Data for a number of well known Weather Bureau stations in other
states are therefore appended to each table, for convenient com-
parison.

TEMPERATURE.

The temperature element is usually .considered of greatest impor-
tance in the climatic data for a place or district. First, the mean tem-
perature is considered by months. The mean for any single month
is obtained as follows: Record is made in one column of the highest
temperature for each day and in another column of the lowest for
each day. At the end of the month averages of the two columns are
taken. These averages are the “mean maximum” and the “mean
minimum”. Then, by taking an average of the mean maximum and
mean minimum (adding them together and dividing by 2), the
monthly mean is obtained.* If a long series of records is used, an
average of all the monthly means for any month gives a normal, or
general mean for that month, and in publishing climatic data it is
customary to say simply “mean” temperature when referring to the
general average, or normal. It will be noted that practically all the
stations used in the tables have records for twenty years or longer.

Monthly and Annual Mean Temperatures.—The mean tempera-
tures for the State as a whole are as follows; in degrees, Fahrenheit:
January, 38.5; February, 40.1; March, 49.1; April 58.5; May, 66.9;
June, 74.5; July, 77.2; August, 76.2 ; September, 70.9; October, 59.0;
November, 48.3 ; December, 40.2; for the year 58.3.

Table 1 gives the mean temperature for individual stations by
months and the year. There are decided differences in the means for
the various stations. The highest annual mean-is 61.4°, at Memphis,
and the lowest, 52.3° at Mountain City. The variations in mean tem-
perature over the State are graphically shown in Charts I and II.
Chart I shows the mean temperature for the coldest month of the

*It has been found by trial that a mean derived from the two extremes is
practically correct, or nearly the same as the mean of hourly readings.
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year, January, and Chart IT makes a similar exhibit of the warmest
month, July.

The charts show a considerable range of temperature from the
southern border to the northeastern border. The decrease in tem-
perature northeastward is due partly to the effects of higher latitude,
but mostly to the increased elevation above the level of the sea.
Mountain City, the coldest place, has an elevation of 2,486 feet, while
Memphis, the warmest place, is 274 feet above sea-level. July is the
warmest month in the year on an average. The temperature varia-
tions for different parts of the State are decidedly greater in July
than in January. It averages 11 degrees warmer at Memphis than at
Mountain City in July, but in January only about 5 degrees warmer at
Memphis. It is well known that the effect of elevation in reducing
temperature is greater in summer than in winter. It is seen from the
chart that there is a small area in the extreme northeastern part of
the State where the mean temperature for July ranges from 70 to 72
degrees, which corresponds with the mean temperature for the same
month at Denver, Col.,, (72°) Milwaukee, Wis., (70°), Chicago
(72°), Detroit (72°), Ithaca, N. Y. (71°), Albany, N. Y. (72°), and
Boston (71°). There are large areas in the Cumberland Mountains,
not far from the center of the State, where the July mean tempera-
ture is between 73 and 74 degrees.

Extremes of monthly mean temperature.—The mean temperature
for any particular month may show a wide departure from the nor-
mal. It is important to note how much difference there may be, for
example, between January of one year and January of another year.
For the State as a whole, the coldest January on record was that of
1884, with a mean of 29.4° ; while the warmest was that of 1890, with
a mean of 50.0°. One January, therefore, may be as much as 20.6°
colder than another. In the first case the mean was 9.1° below the
normal and in the second 11.5° above the normal, the normal for Jan-
uary being 38.5°.

In July, for the State as a whole, the lowest mean was that of 1891,
when it was 74.0°, and the highest was that of 1901, when it was
81.1°; showing that the variations from normal in the warm months
are comparatively slight, the normal for July being 77.2°. Similar
variations occur, of course, at individual stations.

. <lbsolute extremes of temperature—highest and lowest on record.
Table 2 shows the highest temperatures ever recorded for each




18 RESOURCES OF TENNESSEE

month of the year and Table 3 the lowest ever recorded. These data
are important, as they indicate the limits of the range that may be
expected. Maximum temperatures of 100°, or slightly above, are
occasionally reached in all parts of Tennessee except the more ele-
vated portions.

At Nashville temperatures as high as 100° have been registered
in only ten summers out of forty-seven. On an average, the tem-
perature reaches 95° or above in the warmer parts of the State on
about 10 to 15 days a year, during the period June to September,
inclusive. On the Cumberland Plateau and in the Smoky Mountain
section the temperature rarely reaches 95°. The low temperature,
pure atmosphere, and picturesque scenery of the mountain districts
render them very inviting as places of resort in summer. The High-
land Rim also enjoys the advantage of its elevation in perceptibly
reduced summer temperatures and the freshness of the air, as com-
pared with the places of low elevation.

Comparing extremes of temperature in Tennessee with those of
stations in other parts of the United States, we find that Bismarck,
N. Dak., has a record of 107°, which exceeds the record of most
stations in Tennessee. Indianapolis, Ind., and Omaha, Neb., have
records of 106°, which exceed the record at Nashville, while Col-
umbia, Mo., has a record of 111° and Dodge City, Kans., 112°,

Table 3 gives the lowest temperature on record for each month at
the various places named. The minus sign (—) is used to indicate
temperatures below zero. It is seen that zero temperatures have oc-
curred in Tennessee in each of the winter months. Zero weather,
however, is rare for the State generally, but usually occurs at the
mountain stations a few times during almost every winter. Records
of 5° to 10° above zero, occur pretty generally over the State on about
four or five days during the winter, and zero or below on an average
of about once in two or three years.

Mean maximum and mean minimum temperatures.—Table 4
shows the average height the temperature reaches at the warmest
part of the day, for each month and for the year, and Table 5 shows
the average of the lowest point reached during the day. The ta-
bles indicate the average extent of the daily range of temperature.
For example, the mean maximum for January at Nashville is 47.0°
and the mean minimum 31.0°, showing that the daily range, on an
average, is about 16° in January. Of course the range is much
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greater on some days and much less on others. Cold or warm waves
sometimes cause a range of 35 to 40 degrees in one day. Tennessee,
however, is comparatively free from great fluctuations, as was stated
in “General Remarks"”.

PRECIPITATION.

Taking the general average for the State, the normal monthly
rainfall is as follows, in inches: January, 4.55; February, 4.61;
March, 5.21; April, 4.39; May, 4.01; June, 4.26; July, 4.45; August,
3.87; September, 3.08; October, 2.54; November, 3.59; December,
4.49; for the year, 49.05. While the general average for the State
is 49.05 inches a year, some localities have considerably more than
that and some several inches less. The station with the greatest an-
nual rainfall is Erasmus, Cumberland County, with 59.77 inches;
the station with the least annual amount is Bluff City, Sullivan
County, with 42.06 inches.

Chart IIT shows how the annual rainfall is distributed over the
State. It is readily seen that the Cumberland Plateau receives the
greatest amount, while the least occurs in Sullivan, Greene, and
Washington counties in upper East Tennessee. Over the western
half of the State the distribution is rather uniform.

I"ariability of rainfall—It is observed that the rainfall is rather
evenly distributed through the year, on an average. This is shown
by the monthly averages above quoted, also by Charts IV, V, and VI,
which indicate that the differences in amounts received for the sev-
eral months are not very great. Chart I'V shows the average rainfall
for all parts of the State for March, which is the wettest month, and
Chart V shows the average for October, which is the driest month.
March rainfall averages about double that of October.

Tables 7, 8, 9, and 10, give the total rainfall for each month and
year from the beginning of records to the end of the year 1916, for
Chattanooga, Knoxville, Memphis, and Nashville. These tables are
valuable for their exhibition of all the variations in monthly rainfall
that have occurred during a long period of years. These four sta-
tions represent well the general conditions in Tennessee with respect
to monthly rainfall. It will be readily seen that large variations oc-
cur; for example, Chattanooga had as much as 14.74 inches of rain-
fall in January, 1882, and as little as 1.33 in 1907, while in annual
amounts the range is from 67.97 inches, in 1880, to 32.68, in 1904.
Somewhat similar extremes are found in the records for Knoxville,
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Memphis, and Nashville, and also for stations generally in the State.

July rainfall. —Attention is directed to the July rainfall on account
of its importance to the corn crop. Copious rains during the period
about July 1 to August 10 are essential to the best development of
corn in this State. Chart VI shows that on an average the rainfall
is ample in July. The normal average for the State is 4.45 inches.
In August the rainfall averages about 87 per cent of the July amount,
or 3.87 inches.

Frequency of rainfall—Rain of measurable amount (0.0l inch or
more) occurs on an average about 120 days a vear in Tennessee.
Table 11 shows the average number of days for each month and the
year at various stations. The annual number of days varies from
88 to 137. On account of the lack of automatically recording rain
gages at the co-operative stations and the absence of strict rule for
obtaining the number of days with 0.01 inch or more, the number of
days credited with rain at these stations is generally smaller than at
regular Weather Bureau stations, where the record for each 24 hours
is accurately kept. While the monthly totals at co-operative stations
are just as reliable as a rule as those for the regular stations, the
strict division of rainy periods into days of 24 hours each (midnight
to midnight, as at regular stations) is not possible. If we consider
the four regular Weather Bureau stations, Chattanooga, Knoxville,
Memphis, and Nashville, we find that Knoxville has the greatest
number of days with 0.01 inch or more, viz., 135, while the smallest
number, 114, occurs at Memphis.

Rain occurs more frequently in the mountain sections than over
the plains of the middle and western parts of the State. The month
with the greatest number of days with rain is March, which has 11
days for the State as a whole. The least number occurs in October.
which has only 6.

It should be understood that a day with rain does not mean a
“rainy” day in the sense that rain falls during most of the day. Many
days with 0.01 inch may be clear and fine practically all day. Nor
are the days with rain at all regularly distributed through the month
but they come most often in periods of 1 to 3 days, with intervals of
fair weather lasting from 2 to 10 days. Occasionally rainy spells
last 5 to 10 days.

Periods of drought.—By far the greater number of long dry spelis
occur from the middle of August to the end of November, the period
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of maximum occurrence being in October. In a study of this sub-
ject from Nashville records we found that in 43 years there were 33
periods of 21 days or longer with less than 0.25 inch of precipitation;
but only 10 occurred in the period May 1 to July 31, and in July only
2 in the 43 years.

Special features of precipitation—Table 12 shows some special
features of precipitation. First, it gives the annual number of days
that rainfall of given amounts occurs, and show$ the relative fre-
quency of these amounts at various stations. Only regular Weather
Bureau stations are used, as they are the only stations having the
necessary equipment for registering these special features. Sec-
ondly, the table shows the relative intensity of rainfall at the stations
named. Thirdly, the average date of beginning of the snowfall sea-
son in autumn and its ending in spring; also the average annual dur-
ation, in days, of measurable snow on the ground.

Snowfall —The average annual number of days with snowfall of
importance—say, one-half inch or more—at Nashville, is 4. The
Nashville record no doubt represents the average for the State ap-
proximately, but as a rule the snowfall is considerably heavier in the
northern tier of counties than in the southern half of the State. The
average number of days per season with a fall of 2.0 inches or more
at Nashville is 1.4; indicating that, on an average, a snowfall of im-
portance occurs only once or twice a year. In Tennessee a depth of
10 inches or more is seldom seen on the ground, but there have been
occasional heavy falls, amounting to as much as 10 to 20 inches, and
accumulated depths of 25 inches have occurred.

Tables 12 and 13 give an exhibit of snowfall data for Tennessee
and a number of outside points. Taking an average of the records
for Chattanooga, Knoxville, Memphis, and Nashville (Table 12),
we find that the number of days in a year with the ground covered
to a measurable depth (0.1 inch or more) is 6. Chattanooga has an
average of 5 days; Knoxville, 7; Memphis, 4; and Nashville, 9.
Parts of the mountain sections of course have a great many more
days with snow-covered ground than the stations just mentioned.

Special compilations from the records for Nashville show that for
the twenty-three years, 1893 to 1916, inclusive, there were four sea-
sons with more than 20 days, all told, when the ground remained
covered to a depth of 0.1 inch or more. The greatest total number
of such days in any season was 34, in 1894-5. The longest period of
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consecutive days with snow-covered ground was 21 days, from Jan-
uary 28, to February 17, 1895; the next longest, 19 days, from Jan-
uary 29, to February 16, 1905. There were two winters (1899-1900
and 1907-8) when the ground was not covered at any time with snow.

Humidity.—Table 14 gives the mean relative humidity for each
month and the year. These means are obtained from observations
made at 7 am. and 7 p.m. While the records of humidity are rather
incomplete, they are similar in character for all stations, and have
value for comparison. By “relative” humidity is meant the percen-
tage of the possible amount of moisture present in the air, or the
amount necessary to saturate. If the air be perfectly dry the rela-
tive humidity would be O; if the air be full of moisture, the relative
humidity would be 100 per cent. Humidity is an important phase
of climate in its relation to bodily comfort and health. The records
show that in Tennessee the average relative humidity is moderate,
as compared with the general conditions east of the Mississippi
River. It is considerably lower than along the Atlantic and Gulif
coasts but decidedy higher than in the arid regions of the far south-
west.

Sunshine and cloudiness.—Tennessee occupies a medium position
in the amount of sunshine received. Table 15 shows the percentage
received of the possible amount. The average annual amount for
the State is 58 per cent; that is, bright sunshine prevails 58 per cent
of the time that the sun is above the horizon. The highest percent-
age of sunshine occurs in the extreme southwestern part of the
United States, where it is at least 70 per cent. The region of least
sunshine is in the north Pacific coast States and some distance in-
land. There are other sections with a very low percentage of sun-
shine, viz., the lower Lake region, the upper Ohio Valley, and north-
ern New England, where the percgntage ranges from 20 to 30 per
cent. The average for the United States as a whole is between 50
and 60 per cent.

Frost; length of growing season.—Table 16 gives the average date
of the first killing frost in autumn and the last in spring; also the
earliest and latest dates on record for a number of stations, and the
average length of the crop growing season. For the State as a whole
the average date of the first killing frost in autumn is October 22 and
of the last in spring, April 9. The average growing season is 196
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days. For individual localities there is a considerable range.
Frost comes, on an average, about two weeks earlier in the colder
parts of the State than in the warmer portions, and in the spring
the last frost occurs about four weeks later at the coldest station
(Mountain City) than at the warmest (Memphis). The crop grow-
ing season, of course, has a similar range.
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TABLE XII—PRECIPITATION, SPECIAL FEATURES OF

Average annual 3 ] B
No. days al & g E 5 °§-
1o o £ 2 = g
2 o - - - .
s 5 B £ & 2 BB
Eg By B % SR
: : o o® %
§ % 35285 % g g, -2
5 LoefEEORE EE CEI
e & 88 o~ = 2 & 28
" > . @ o
® < 5 82 Sf 2. &3 FEN
s 8 € 33 33 £ g= cg
: 2 - £ =228 88 ¢s= S8 LE
Saions 3 8 35 & % % -
Chattanooga, Tenn. 80 40 2 2 6.60 2.57 Nov. 21 March 18 5
Knoxville, Tenn. ....74 43 2 1 5.68 2.01 Nov 22 March 29 7
Memphis, Tenn. ....59 37 3 1 9.67 2.34 Dec. 8 March 3 4
Nashville, Tenn. ....66 38 2 3 6.05 2.25 Nov. 22 March 27 9
Atlanta, Ga. ........ 79 39 3 2 7.36 2.40 Dec. 2 March 10 2
Bismarck, N. Dak. ..67 17 0 1 3.76 2.96 Oct. 15 April 28 9B
Columbia, Mo. ...... 70 33 2 3 6.13 2.80 Nov. 7 April 5 34
Dodge City, Kans. ..56 17 1 1 6.03 4.81 Nov. 1 March 22 20
Fort Worth, Texas .35 21 2 3 7,44 3.07 Dec. 13 Feb. 24 3
Indianapolis, Ind. ...77 39 1 2 6.80 2.5 Nov. 5 April 11 37
Minneapolis, Minn. 73 33 2 1 4.96 2.62 Oct. 25 April 22 &
New Orleans, La. ...64 36 4 7 8.76 3.01 ........ ........ 0
Parkersburg, W.Va..91 42 1 1 3.76 2.12 Nov. 10 April 12 32
TABLE XVI—First AND LasT KiLLiNG FrosrT.
14
8
oo Average Average Earliest Latest gw -~
§E  date of date of date of date of 85§w
. ao first killing last killing killlnf kllllnf 93“:0
Stations 38 frost in frost in frost in frost in 5 9dmw
&  autumn spring autumn spring <h®>
Carthage ........ 16 Oct. 28 Aoril 72 Oct. 11  April 25 204
Chattanooga .....35 Oct. 26 April 2 Sept. 30 May 14 207
Clarksville .....2723 Oct. 24 April 5 Oct. 1 May 1 202
Decatur .........17 Oct. 23 April 18 Oct. 11 May 10 188
Florence . .23 Oct. 23 April 4 Oct. 1 April 21 202
Greeneville ......14 Oct. 19 April 19 Sept. 30 May 15 183
Jackson ... .22 Oct. 23 Aprii 2 Oct. 2 May 2 204
Johnsonville .....20 Oct. 21 April 8 Sept. 22 May 2 1%
Knoxville ........43 Oct. 28 April 2 Oct. 1 April 24 209
Lynnville ........ 23 Okt 21 April 7 Sept. 27 April 27 197
Memphis ........ 4 Nov. 2 Mar. 22 QOct. 2 April 25 225
Mountain City ...15 Oct. 13 April 30 Sept. 27 May 22 166
Nashville ........45 Oct. 27 April 1 Oct. 8 April 24 209
Rugby ...........20 Oct. 13 April 26 Sept. 18 May 15 170
Savannah ........22 Oct. 25 April 3 Sept. 30 May 2 205
Springdale .......18 Oct. 15 April 24 Sept. 30 May 21 174
Trenton ......... 22 Oct. 19 April 3 Sept. 30 May 2 19
Tullahoma ....... 22 Oct. 19 April 11  Sept. 27 May 10 191
In Other States
Atlanta, Ga. ..... Nov. 5 Mar. 24 Oct. 11 April 17 226
Bismarck, N. Dak.43  Sept. 21 May 11 Aug. 23 June 7 133
Columbia, Mo. ... 27 Oct. 14 April 12 Sept. 18 May 9 185
Dodge City, Kans.41 Oct. 16 April 17  Sept. 23 May 27 18
Fort Worth, Tex...25 Nov. 18 Mar. 14 Oct. 22 April 3 249
Indianapolis, Ind. 39 Oct. 19 April 16 Sept. 21 May 14 18
New Orleans, La. 4 Dec. 16 Jan. 25 Nov. 11 Mar. 27 325
Park’shurg, W.Va.30 Oct. 14 April 16 Sept. 29 May 22 181
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Manganese Deposits of Bradley County*

By A. H. Purpuk.

The deposit of manganese on White Oak Mountain, Bradley
County, has previously been described by Mr. W. A. Nelson.t This
deposit occurs in the Fort Payne chert of Lower Carboniferous age.

In October, 1916, a new deposit was opened up a little more than
a mile east of Marble Switch on the Southern Railroad, and some-
thing like nine miles south of Cleveland. In September, 1917, a sec-
ond opening was made two miles north of the first one on a farm be-
longing to Mr. A. B. Hambright.

The manganese is in an area mapped by the late Dr. C. W. Hayes
as Tellico sandstone,} of Ordovician age. It occurs in a limestone
which was not mapped by Dr. Hayes but which lies immediately be-
low the Tellico sandstone and probably is the Holston marble. This
limestone is gray, crystalline, fossiliferous, and contains a large per
cent of iron. The iron is hematite, and occurs in thin, paper-like
sheets most of which are parallel with the laminae, but some are
wrapped almost around the fossils and others are in veins that stand
at a high angle to the lamination. Also, it is this limestone and the
residual soil above it that carry the manganese. The sandstone, lime-
stone, and other rocks beneath them, dip at a high angle south of
east. Excellent structure sections are shown by Dr. Hayes.]|] This
ore was deposited in solution caverns in the limestone, which, so far
as the writer could observe, were along the bedding planes of the
limestone. This gives the manganese the appearance of a bedded de-
posit of the same age as the limestone, and is so considered by those
working the deposits. As the writer observed them, the manganese
layers vary from a few inches in thickness to as much as fourteen
inches. The ore, which is reported to be of very high grade, is found

*This article was dictated by Dr. Purdue on the morning of the operation
which resulted in his death, and he therefore had no opportunity to look over
the manuscript.

iRes. of Tenn., Vol. I, No. 6, pp. 220-228.

tU. S. Geol. Surv., Cleveland folio, No. 20.

IILoc. cit.
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both in the caverns above mentioned and in the residual clay, from
which bowlders have been taken out that weigh 800 pounds.

Associated with the manganese is iron ore whose color indicates
that it is manganiferous; but this and the manganese are never so
closely associated as to prevent hand picking.

It seems without question that the immediate source of both the
iron and the manganese is the Tellico sandstone, which is described
by Dr. Hayes* and others in the East Tennessee folios. This sand-
stone, which is responsible for the ridge whereon the manganese oc-
curs, breaks down into a deep chocolate-colored to red soil.

A fault, which is mapped by Dr. Hayes, occurs a short distance
east of the deposits, but there is no genetic relation between this and
the ores.

To the present time, the work has all been done by hand, but at the
southernmost area, steam shovels are being installed. It appears that
the operators expect to secure about one ton of manganese to each
hundred tons of residual material ; but this cost of recovery will be
reduced by the cavern deposits yet remaining in the limestone.

The belt in which ore may reasonably be expected is perhaps 100
yards wide. In this area it is seven miles long and extends south-
ward into Georgia.

There are other prospects in the vicinity of Hiwassee River, east
of Charleston, but unfortunately the writer has not been able to see
these. The area in which these deposits occur is mapped by Hayes
as the Tellico sandstone, underlain by the Athens shale. Should there
be no limestone beneath the Tellico sandstone, as in the area south
of Cleveland, the manganese would be expected in largest quantity
at the base of the sandstone, and resting on the shale. This area
extends northward to a point five miles northeast of Athens and has
a total length of more than twenty-five miles, with an average width
of the Tellico sandstone area of more than a half mile; but as in the
southern area, the belt in which manganese can be expected would
be narrow.

There are many other belts of outcropping Tellico sandstone in
East Tennessee that are shown in the several folios of that area by
the U. S. Geological Survey. In view of the great war demand for
mariganese at this time, all these areas should be looked into as pos-
sible sources of that mineral.

*Loc. cit.
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Barite Deposits of the Sweetwater District,
East Tennessee

By C. H. GorpoN, University of Tennessee, Knoxville.

INTRODUCTION.

Prior to 1914, the barium industry in the United States was on a
precarious footing owing to the fact that European barite could be
sold to the eastern manufacturers cheaper than the domestic ore.
While large deposits of barite exist in Missouri, Georgia, Tennes-
see, Kentucky, and Virginia, the high freight rates to the chief
markets which are east of the Allegheny Mountains combined with
the low market price of the ore as determined by the cheap ores from
Europe was a serious handicap to the production of crude barite in
this country. The government statistics* for 1916 show almost a
complete cessation of imports of crude barite and 42 per cent de-
crease in the manufactured products over the imports of 1914, The
increase in prices which naturally followed removal of foreign com-
petition has given a great impetus to American production, and many
mines, idle for years, have taken on renewed activity and new prop-
erties have been opened. The year 1915 showed a marked advance
in the production of crude barite over that of 1914, but the year 1916
broke all previous records with a total production of 221,952 short
tons valued at $1,011,232, an increase of 104 per cent in quantity
and 165 per cent in value over the output of 1915. While there was
a large increase in output in all the states heretofore producing, the
outstanding feature of the report for 1916 is the displacing of Mis-
souri as the leading producer by Georgia and the entry of Colorado
and Nevada into the list of producing states. The revival of the in-
dustry has been especially marked in Tennessee, where the output
for 1916 was 32,416 short tons valued at $123,968, an increase of
220 per cent in quantity and 625 per cent in value over the output of
1914.

To meet the demand for information concerning the Sweetwater
deposits in East Tennessee, the writer spent some time in the field

*Mineral Resources of the United States for 1916, Pt. II, pp. 243-254.




BARITE DEPOSITS, EAST TENNESSEE 49

during June, 1917, and presents herein the results of the investiga-
tion then made.

The following papers comprise most of the important writings
pertaining to the Sweetwater district:

Fay, A. H., Barytes in Tennessee, Eng. and Mining Jour., vol. 87, p. 137, 1909.

Grasty, J. S., The Barite Deposits in Tennessee, The Tradesman, May 1, 1917,
pp. 34-38.

Hayes, C. W., U. S. Geological Survey, Cleveland Folio, (No. 20), 1895;
Kingston Folio (No. 4), 18%4.*

Keith, Arthur, U. S. Geological Survey, Loudon Folio (No. 25), 1895.*

Henegar, H. B., Barite Deposits in the Sweetwater District, The Resources of
Tennessee, vol. 2, pp. 424-429, Tennessee Geological Survey, 1912,

Herzey, C. S., Tennessee Barytes, Mineral Industry, vol. 10, p. 58, 1901.

Judd, E. K., The Barytes Industry of the South, Eng. and Min. Jour., vol. 83,
pp. 751-752, 1907. :

Watson, T. L., Fluorite and Barite in Tennessee, Trans. Am. Inst. Min. Eng.,
vol. 37, p. 890, 1907

Watson, T. L, and Grasty, J. S, Barite of the Appalachian States, Amer.
Inst. Min. Eng., Bull. 98, pp. 369-374, Feb. 1915.

Weller, C. A., Barytes Mines of the Commercial Mining and Milling Co., Eng.
and Min. Jour., vol. 83, p. 851, 1907.

For information concerning the deposits of barite in the Appa-
lachian region outside of Tennessee, the following, many of which
contain references to the Tennessee deposits, may be consulted with
profit. ' .
Grasty, J. S., Barite Deposits of Alabama, The Tradesman, July 17, .1913, PP-

35, 36.
Hayes, C. W.,, and Phalen, W. C,, Barite Near Cartersville, Georgia, U. S.
Geol. Surv., Bull. 340, pp. 458-462, 1908.

Hill, James M., Mineral Resources of the United States for 1915, Pt. 2, pp.
161-187. 1916.

Fohs, F. J., Barite Deposits of Kentucky, Kentucky Geological Survey, 4th.
ser,, vol. 1, Pt. 1, pp. 441-588, 1913.

The author takes pleasure in acknowledging the cordial co-opera-
tion and assistance received from Mr. H. B. Gilman, Vice President
and General Manager of the Duplex Chemical Corporation whose
wide acquaintance with the field and unfailing courtesy greatly fa-
cilitated the investigation. Among others who contributed services
or information, special mention is due Mr. H. J. Moore and Mr. G.
R. McMahan and to these we extend our cordial thanks.

*The government folios describe the geology of the region but make no
mention of the barite deposits
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NATURE AND OCCURRENCE OF BARITE.

Physical character—Barite* is a white, opaque to translucent crys-
talline mineral having a hardness of 2.5 to 3.5, or very nearly that
of calcite. Its specific gravity is relatively high, 4.3 to 4.6, and this
together with the fact that it does not effervesce when treated with
hydrochloric (muriatic) acid readily distinguishes it from calcite,
whose specific gravity is 2.71. Barite crystallizes in the rhombic
(orthorhombic) system, the crystals being usually the combination
of the unit prism and the basal pinacoid, but well formed crystals are
rarely found in the Sweetwater area. The mineral occurs usually
as aggregates of straight, or slightly curved, cleavable plates, or in
granular, fibrous, earthy, stalactitic or nodular masses. The plates,
which are commonly united by their broad sides in crested, diver-
gent groups, separate readily when struck with a hammer. The min-
eral is brittle, breaking with an uneven, or conchoidal fracture and
when unaltered has a vitreous pearly luster but it becomes a dull,
earthy white as a result of weathering. The color is typically white,
varying to light shades of yellow, brown, red or blue. The Sweet-
water barite is commonly white or gray, sometimes shading to light
brown or pink as a result of iron stain. Before the blowpipe, barite
decrepitates readily, fusing at about 3 and coloring the flame yel-
lowish green.

Chemical character.—Barite is the sulphate of barium (BaSOy),
and contains when pure 65.7 per cent of baryta, or barium oxide
(Ba0), and 34.3 per cent sulphur trioxide (SO3). In nature it prac-
tically always includes other elements of which the most common
are silica (SiO;), lime (CaO), magnesia (MgO), and the oxides of
aluminium, iron, and manganese. Sometimes strontium is present,
the Kentucky depositst showing from a trace to 11 per cent of this
substance. The Sweetwater deposits also contain a small amount
of strontium as shown by the accompanying analyses. The strontium
is present usually in the form of sulphate and for the most uses the
presence of a small amount of this substance is not considered ob-
jectionable. Hence determinations of strontium are not commonly
made.

*Known also as Baryte or Barytes, and Heavy Spar, from barus meaning
“heavy'Q'

+Fohs, F. J., Kentucky Geological Survey, 4th. ser., vol. I, pt. 1, pp. 450, 451.
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Associated minerals.—The most common associated minerals are
calcite, fluor spar, zinc blends, galena and, less frequently but locally
of importance, quartz, strontianite, pyrite, limonite, chalcopyrite,
smithsonite, and manganese oxide. The first four minerals men-
tioned are present in varying amounts in the Sweetwater deposits.
Limonite and quartz in the form of chert are the most common
minerals associated with the barite. There is a small amount of
manganese oxide but strontianite, chalcopyrite, pyrite and smithson-
ite are of rare occurrence.

_Similar species.—Other heavy, light-colored minerals with which
barite may be confused are witherite (BaCOj), strontianite
(SrCOg3), and cerrussite (PbCOg), all of which, however, effer-
vesce with acids. From quartz it is distinguished by its greater
weight and lesser hardness; also by its platy or cleavable structure,
quartz being without cleavage. .

Theonly otherbarium mineral of importance is witherite (BaCOg),
which carries when pure 77.7 per cent of baryta (BaO), and 22.3 per
cent of carbon dioxide. It occurs commonly in globular and botry-
oidal forms whose structure may be columnar or granular. When
crystallized it is usually in hexagonal prisms whose faces are rough
and longitudinally striated. Like calcite it is readily soluble in hy-
drochloric acid with effervescence but is easily distinguished from
that mineral by its greater weight and hardness, and from barite by
its solubility.  Its chief occurrence is as a gangue mineral in metalif-
erous deposits. The only known commercial deposit of witherite in
the world is located at Fourstones, Northumberland County, Eng-
land. The mineral is not known to occur in Tennessee. If present
here observers should be able to detect it by means of the above
description.

Occurrence.—Barite is a common mineral and has a wide range
in geologic age and in geographic distribution. It may be found in
many kinds of rocks, igneous, sedimentary and metamorphic. It is
a common gangue mineral in metallic ore veins but as such is not of
commercial value. According to Ries* it has in nearly all cases been
formed by deposition from aqueous solutions and is not found as
an original constituent of igneous rocks, nor in contact metamorphic
zones or pegmatite veins. Commercially economic deposits of barite
may comprise the following :

*Ries,Heinrich, Economic Geology (1916), p. 309.
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I. Veins.

1. Fissure or fault breccia veins of which those of Kentucky are
good examples. In these the mineral occurs in brecciated fault zones
chiefly as a vein filling from solutions, but replacement deposits and
simple veins are known.

2. Bed veins or shattered zones in limestone in which the barite
occurs as a replacement, or cement filling the interstices in the
breccia.

II. Irregular bodies formed by:
1. The replacement of beds of limestone or pyrite, or

2. The filling of solution caves or breccias.
III. Residual deposits formed by the weathering of any of the above.

In such deposits the barite occurs in lumps and masses in the re-
sidual clays derived from the weathering of the limestones containing
barite ore bodies.

The Tennessee deposits fall under 1.2, and III in the above classi-
fication.

BARITE DEPOSITS OF THE SWEETWATER DISTRICT.

Physiography—The Sweetwater area lies near the middle of that
part of the Great or Appalachian Valley included within the limits
of the State of Tennessee. Sweetwater, a station of the Southern
Railroad 42 miles southwest of Knoxville is near the center of the
district. Topographically the area presents the ridge and valley
type characteristic of the Great Valley in this region. The ridges
formed by the more resistant strata alternate with valleys dissolved
or worn out of the intervening softer strata, and all trend from
northeast to southwest in conformity with the main structural fea-
tures of the valley. With the exception of a small area in the south-
west corner, the drainage of the district is effected by a parallel sys-
tem of northeast-ward-flowing streams including the Fork, Sweet-
water, Pond and Stockton creeks all of which empty into the Ten-
nessee River except the Fork, which empties into the Little Tennes-
see several miles above its mouth. The valley of the Sweetwater is
one of the most important and charming valleys in the State. The
streams flow throughout the year, being supplied by springs which
are abundant and many of them large. The water supply of Sweet-
water comes from two large springs at the south edge of the town.
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STRATIGRAPHY

With the exception of a small area in the northwestern part of the
district, the rocks belong to the Cambrian and Ordovician systems,
the outcropping formations occurring in belts extending from north-
east to southwest. The Cambrian is represented by eight narrow
bands of shales and sandstones. East of Sweetwater, the shales there
called the Nolichucky shales predominate in the belts. West and
northwest the shales, there called the Conasauga, are overlaid by
siliceous beds called the Rome sandstones. Alternating with the
belts of Cambrian formations are wider bands of limestones and
dolomite most of which belong to the Ordovician, the next later
system to the Cambrian. Chief among these is the great Knox dol-
omite formation which underlies the larger part of the district and
in which the deposits of barite occur. The Knox is a massively
bedded dolomitic limestone containing in places a large amount of
chert, locally called “flint”. The chert occurs in nodules and masses
in the strata sometimes in such amount as to almost constitute beds.
Jy reason of its greater resistance to weathering influences the beds
containing the chert yield more slowly to wasting agencies and these
stand out in more or less prominent ridges. In such areas the soils
are stony and poor owing to the large amount of chert left by the

decay of the overlying beds, often in such amounts as to make cul-
tivation almost impossible.

Accompanying the Knox are higher formations of shales (Ath-
ens), limestones (Stones River), and ferruginous sandstones (Tel-
lico) of the same (Ordovician) age. The red sandy Tellico forma-
tion occurs in two narrow bands one on the east side of Fork Creek
and the other extending northeast from Sweetwater. This forma-
tion thins rapidly from east to west in the valley, its western limit
being originally not far west of the town of Sweetwater. Owing to
its greater resistance to wasting agencies the Tellico forms ridges
marked by rounded knobs, the so-called “red knobs” of Eastern
Tennessee. The cementing constituent of the Tellico beds is lime
carbonate by the leaching of which the iron contained in the forma-
tion is concentrated, forming in places workable deposits of iron ore.

Such deposits have been worked to some extent about two miles
northeast of Sweetwater.
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In the northwestern part of the district is a small area* covered
by formations of later age than the Ordovician. These comprise the
Rockwood (Clinton) iron ore formation (Silurian), the Chatta-
nooga shale (Devonian) and the Fort Payne chert (Mississippian).
In this area are located the Chamberlain iron ore mines which work
deposits of the Rockwood ores. '

GEOLOGICAL STRUCTURE

A conspicuous feature of the geology of the valley region is the
occurrence of the formations in parallel belts extending from north-
east to southwest. As a rule the strata dip rather steeply to the
southeast but in some belts the dip is to the northwest. The widths
of the outcrops of the sandstone, shale and limestone formations are
from one to six miles. The repetition of similar formations is due
to folding and faulting on a large scale as a result of compressive
forces which bent the strata into folds which by the continuance of
the thrust broke in some instances along their northwest side per-
mitting an overthrust of the strata toward the northwest. The upper
parts of the earth blocks thus formed were then planed off by ero-
sion leaving the different formations exposed in parallel belts. These
movements appear to have reached their culmination soon after the
close of the Carboniferous period. Seven great faults occur within
the boundaries of the district as mapped, in addition to which there
are many minor breaks and slips. Beginning at the southeast side
the first fault is the Bays Mountain Fault{ which follows the south
side of the ridge of “red knobs” about half a mile west of Hiwassee
College. Next bounding the Fork Creek dolomite belt on the west
is the Knoxville Faultf which is about half a mile southeast of
Sweetwater. Next following the northwest side of Black Oak ridge
is the Clinch Mountain Fault which extends entirely across the State
and has a known length of approximately four hundred miles. This
fault is paralleled on the northwest by the Beaver Valley Fauit}
which is succeeded by the Maynardville Fault{ seen at Pattie Gap.
Next in order is the Wallen Valley Fault{ and lastly the Kingston

*The area mapped includes portions of the Loudon and Kingston quad-
rangles, the geology of which is given in folios published by the United States
Geological Survey.

+Name given by the author in Bulletin No. —, Marbles of East Tennessee,

Tennessee Geological Survey, (in Ms.).
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Fault* in the extreme northwest corner of the area mapped. The
dip of the beds in general is from 10 to 40 degrees to the southeast,
more commonly 20 to 30 degrees. In some cases, especially in the
immediate vicinity of a fault, the dip may approach the vertical.

CHARACTER OF THE ORE DEPOSITS

Geological occurrence—The barite of the Sweetwater district oc-
curs in two forms of deposits, viz., as bedded veins or shattered zones
in the Knox dolomite (type No. 2 of Class I), and as lumps and
masses in the overlying residual clays derived from the decay of the
dolomite (Class IIT). The last named deposits only are of commer-
cial importance.

Three separate veins or belts are recognized though these may be
one and the same repeated by faulting; they are the Howard vein,
the Garrison vein and the Culveyhouse vein so-named from the well
known mines located upon them:

The Howard vein is in the Fork Creek valley about three miles
southeast of Sweetwater. It parallels that stream along the north-
west side throughout most of its known extent. The Garrison vein
lies about four miles northwest of Sweetwater following Pond Creek
Valley, and the Culveyhouse is about six miles northwest of the town,
a part of it lying within Stockton Valley.

The location of these veins is shown on the accompanying map.
All three occur in the Knox dolomite areas and appear to occur at
very nearly the same horizon in the formation, viz., at about one-
third its thickness below the top of the formation, or about the hori-
zon designated by Ulrich as the top of the Copper Ridge Chert. If,
as this author assertst, there is a stratigraphic break at this horizon
this fact may have a bearing on the origin of the ore accumulations.
While no conclusive evidence establishing this position was obtained
by the writer, the impression gained was in favor of the conclusion
advanced by Mr. Ulrich.

A few small deposits appear to lie outside the limits of the veins
mentioned, but they are apparently local and do not include any of
importance.

*Name given by the author in Bulletin No. —, Marbles of East Tennessee,
Tennessee Geological Survey, (in Ms.). n

tUlrich, E. O, Revision of the Paleozoic Systems, Bull. Geol. Soc. of
America, vol. 22, 1911, p. 638.
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Original source of the barium.—As stated by Dr. Ries*, barite
“is in nearly all cases formed by deposition from aqueous solutions”.
Descending waters carrying barium sulphate in solution following
the easy channels provided by the cavernous, brecciated zone having
deposited the sulphate upon the walls more or less completely filling
the spaces, and cementing the mass together. The source of the
barium was evidently in the dolomite and associated limestones, great
thicknesses of which have in the course of time been removed by
solution. To ascertain if the asso.” '*% '< may have furnished the
barium, analyses were made with ... «ouowing results:

Analyses of the K. ox dolomite
SiO2 Al-Fe Ca0 MgO BaSO; BaO S Sog

1. 4.00 1.02 29.48 19.47 .04 tr.
2. 8.64 1.22 28.96 17.61 .03 .09 .04 .12
3. 11.34 .84 45.00 2.59 .08 .05 13 .10

PauL C. Bowers, Analyst.

1. From ledge of dolomite just below the barite deposit in the Clyne mine.
2. Outcrop of dolomite one-half mile southeast of the Clyne mine.
3. Pinnacle or “horse” in the Kyker mine. )

These analyses indicate the presence of barium in appreciable
quantities both as sulphate and oxide and confirm the view that
these beds have by their dissolution furnished the material for the
filling of the veins. Number 3 is a limestone intercalated in the dolo-
mite series. A sprinkling of small grains of quartz in this rock ac-
counts for the high content of silica shown in the analysis.

Nature of the deposits.—In their original form the ores were de-
posited by solutions circulating within a zone of brecciation in the
Knox dolomite, thus cementing the broken rock into a solid mass.
Indications of deposition in irregular spaces is seen in the banded
and crested structure of the ore while in some cases deposition ap-
pears to have ceased before the cavity was completely filled, leaving
~ vacant spaces or “vugs” lined with projecting cystals of barite. In
a few mines, notably the Howard, Johnson, Ballard and Minton, the
underlying dolomite has been exposed showing the unaltered vein
" breccia composed of fragments of dolomite cemented together by
barite and in places fluorite. Above the solid rock the barite is often
found in large cavernous masses the spaces filled with clay repre-

*Op. Cit.
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senting the residuum from the limestones which originally filled the
space. In some instances the limestone fragments had not under-
gone complete decay. (Fig. 5).

The unaltered ore is crystalline massive, gray or grayish white
sometimes stained pink or brown by iron oxide, and with vitreous
luster. Under the influence of the weather the mineral assumes a

Fig. 2—a. Cavernous barite. When taken from the mine the spaces are filled
with clay resulting from the decay of the dolomite fragments
which originally occupied them.

b. Original vein material. The white is barite, the gray is dolomite.

c. Cavernous fluorite. The spaces are due to the decay of the frag-
ments of dolomite that originally occupied them, as in the case
of a. .

dull lustreless white appearance and ultimately crumbles to a white
powder. Hence the surficial portions of the residual deposits are
likely to be reduced to a fragmental condition known as “gravel” ore.
No effort has been made to work the unaltered vein nor is it likely
that efforts to do so will prove successful owing to the greater cost
of mining and the difficulty of separating the ore from the limestone.

All of the output of barite from the Sweetwater. district, as stated
above, comes from the residual clay deposits resulting from the
weathering of the inclosing dolomite. The barite being less soluble
than the dolomite resists longer the action of the weather and re-
mains distributed as lumps and masses in the clays.
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Workable deposits appear only at intervals along the outcrop of
the vein, barite showing only in traces perhaps, in the intervening
areas. In places the surface appears to have been covered by a de-
posit of alluvial clay and hence more exhaustive prospecting may re-
veal the presence of barite in vein localities where no ore now shows
at the surface. However, the conditions for ore accumulation (brec-
ciation, etc.) are likely to be the same throughout the extent of the
vein and hence localization of deposits is likely to be the rule rather
than the exception. The ore will naturally be most abundant in areas
where brecciation of the dolomite, and consequent vein filling, was
most pronounced and it is these areas that contain workable bodies
of ore.

Chert in varying amounts is present in all the deposits, but it oc-
curs in greater amount in the western or Garrison and Culveyhouse
veins. The chert was originally inclosed in the dolomite and being
highly resistant to weathering it remains commingled with the barite
in the residual clays. It may occur inclosed in barite or in separate
masses in the clay.

The ore belt at the surface is usually from 100 to 300 feet wide.
The width of the shattered zone or vein proper is probably less, but
as no workings have fully exposed the vein its width and dip can not
be authoritatively given. Available data seem to corroborate the
view held by operators that the vein dips to the southeast in con-
formity with the dip of the rocks. With disintegration of the beds
there followed naturally not only a concentration of ore at lower
levels but a spreading of the ore as it was lowered and hence the
greater width of the surface outcrop of the deposits as compared
with the original vein. (Fig. 3).

Overlying the barite deposits in many places is a variable thickness
up to six or eight feet of alluvial red clays of later origin than the
residual clays beneath. The removal of this by erosion deposit has
exposed the barite where it now appears at the surface. At the Bal-
lard mine these alluvial clays containing rounded pebbles indicative
of their origin appear resting upon the uneven eroded surface of the
residual baritiferous clays.

The ore is not uniformly distributed but occurs in pockets sepa-
rated by barren areas. In some of the mines, notably the Ballard,
the deposit is intersected longitudinally by a cherty reef or ledge
called the “midrib”, which owing to its greater resistance to solu-
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tion has not suffered so much from decay as the less cherty beds by
which it is flanked on either side.

The effect of weathering on the ore is to cause it to break up into
small pieces, the so-called “pebble” or “gravel” ore. In places the
surficial portion of the deposit is made up in large part of this
“gravel” ore. Under former methods of mining most of this was
cast aside but with the introduction of log washers much of it can be
saved.

Fig. 3. Ideal section showing relations of residual deposits to the original
vein. a. Knox dolomite. b. Brecciated zone with a more resistant middle
stratum, the socalled “midrib”. c. Residual clays with barite and chert
resulting from the decay of the vein breccia. d. Residual clay and chert.

Associated minerals.—Fluorspar is a frequent occurrence in the
mines. It is especially abundant at the Howard, Ballard and Min-
ton.mines. Usually it is confined to certain parts of the vein while
other parts are entirely free from it. The mineral occurs both as a
filling on the limestone breccia similar to the barite, and in crystals in
cavities. Cavernous masses (Fig. 2c) left on the decay of the in-
cluded limestone fragments are common in all the fluorspar areas.
Sometimes the fluorspar occurs alone but usually barite and fluor-
spar are more or less intimately intermingled. Where they occur to-
gether the barite is inclosed in the fluorite indicating it to be of ear-
lier formation.

While it appears that a considerable amount of fluorspar occurs in
some of the deposits, no reliable estimate can be given as to the
quantity, since it is the practice of the miners to abandon areas in
which fluorspar makes its appearance. It is believed that some of
the deposits of fluorspar may be workable but the most serious diffi-
culty to be surmounted will be the separation of the mineral from
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the barite, though this may be effected by jigging as its specific grav-
ity (3.1) is less than that of barite (4.5).

Chert or impure flint is present in greater or less amount in all the
deposits. It increases westward, being especially prominent in the
western veins. The unaltered chert is of a dark, almost black color
but on weathering it becomes gray or white. Much of the chert is
porous from the leaching out of calcium carbonate. This mineral is
highly resistant to weathering but after long exposure it crumbles to
a white powder. Deposits of it are sometimes worked for much the
same uses as tripoli, viz., polishing powders, soap filling and boiler
and steampipe covering. A deposit of this kind near Cleveland, Ten-
nessee produces what is known commercially as “silex”. At first
glance the white chert may be mistaken for barite; it is readily dis-
tinguished from that mineral by its lighter weight and greater hard-
ness.

Iron oxide in the form of brown iron ore or limonite occurs in
varying amount. In some deposits it is present in considerable quan-
tity. It often forms a thin layer, one-sixteenth to one-eighth inch
thick around the barite, but may occur also inclosed within it. It is
confined to the weathered deposits and appears to have been deposi-
ted by solutions following openings caused by the initial decay of the
limestones. It is more abundant in some mines, and in different
parts of the same mine, than it is in others. It is especially promi-
nent in the Howard vein due possibly to the presence in this area of
the Tellico beds whose decay may have furnished the iron to the wa-
ters circulating through the beds below.

Sphalerite or zinc sulphide occurs in small amount in places, as
does also galena, the sulphide of lead. Anglesite, the sulphate of
lead, occurs in the Culveyhouse mine in which instance it results
from the alteration of galena.

Calcite, or lime carbonate, in masses showing the characteristic
rhombic cleavage is occasionally found.

Manganese oxide is present in small amount but celestite (Sr.SO,)
and chalcopyrite, minerals often found associated with barite have
not been observed. Analyses of the barite, however, indicate the
presence of strontium in small amount as shown below in Kentucky
samples :

Analyses of the Sweetwater barite

Average sample SiO2 Al-Fe CaO MgO BaSO;y Sr. SrO
from Durex works...... .32 .38 .24 .04 97.88

PavL C. Bowers, Analyst.
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For comparison the following analyses of the Kentucky barite is
given:
Analyses of barite from Kentucky*

Substances 3530 3532 3533 3534 3536 3538
Barium sulphate ........ 77.44 91.76 98.54 91.06 83.67 98.40
Strontium sulphate ..... 16.31 6.90 tr. 4.38 12.25 0.37
Calcium sulphate ....... 2.47 0.53 0.00 0.00 0.00 0.00
Calcium fluoride ........ 5.03 1.06 0.00 2.91 0.28 0.00
Calcium carbonate ...... 0.00 0.00 0.00 1.07 0.10 0.00
Zinc carbonate .......... tr. 0.00 0.00 0. 1.89 0.00
Spec. gravity ........... 4.228 4456 4.444 4.291 4.428 4.523

Galena and the other metallic sulphides, sphalerite, Chalcopyrite
and pyrite, are harmful, as they discolor the ground product. Unless
present in large amount the quartz, calcite and fluorite may be elimi-
nated by proper treatment. In some places, however, the fluorite
occurs in such amount as to make necessary the abandon-
ment of these areas. Small amounts of iron oxide may be removed
by treating the ground product with sulphuric acid. In some of the
mines where iron oxide is present in considerable quantity, most of it
is removed by cobbing. Manganese is difficult to remove, but this
substance is not present in very large amount in the Sweetwater
district.

DESCRIPTION OF THE DEPOSITS.

Introduction.—As previously stated (page 55) the Sweetwater
deposits occur in three veins which may be designated as the Howard
vein, the Garrison vein and the Culveyhouse vein. They are all lo-
cated in the Knox dolomite and occupy an horizon about one-third
of its thickness below the top of that formation corresponding ap-
proximately with the top of the Copper Ridge chert division as de-
fined by Ulrich.

HOWARD VEIN

This vein is located about 4 miles southeast of Sweetwater and
upon it deposits of barite have been located at intervals from a point
6 miles northeast of Sweetwater to Athens a distance of 17 miles.
This vein was the first to be worked, the Howard mine supplying the
first ore shipped from this district. It is estimated that nearly 100,-
000 tons of barite have been taken from this mine.

*Fohs, F. J., Kentucky Geological Survey, Ser. IV, vol. 2, pt. 1, pp: 450-451,
1913.
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Civne mine.—This is the most northerly opening made on the
Howard vein. It is located on the east bank of Fork Creek about six
miles northeast of Sweetwater. The ore occurs in residual clay rest-
ing upon the uneven surface of the Knox dolomite, pinnacles of
which rise above the floor of the mine. The decay of the dolomite
or limestone has proceeded very unevenly as shown by a test hole
located within a few feet of one of the pinnacles which penetrated 45
feet of barite-bearing clay without reaching the bottom. The pinna-
cles showing through the clay in the mine consist of shattered dolo-
mite cemented together with barite. At this place the strata appear to
be nearly horizontal but one-fourth of a mile east the dip is about
12 degrees south 45 degrees east. The thickness of the ore-bearing
clay here ranges from one to over 45 feet. This mine was worked
to a limited extent at one time but has been idle for a number of
years. Work has been resumed recently by a company headed by
Mr. J. F. Doherty and Mr. G. R. McMahan of Sweetwater. At the
time of our visit development work was in progress.

Three hundred yards northeast of the present workings on the op-
posite side of the creek the surface is strewn with pieces of barite, but
no work has been done at this point.

Ballard-Hudson mines.—About one and one-fourth miles south-
west of the Clyne, on the west side of the creek and north of the
road leading to Sweetwater are the Ballard and Hudson mines. The
Hudson which lies next to the creek has produced about 2,000 tons
of ore but it is now idle.

The Ballard adjoins the Hudson on the west. The opening is near
the top of the slope about sixty feet above the creek bottom. The
workings cover a space about 300 feet wide and 1000 feet long. Ex-
tending longitudinally through the middle of the mine is a reef or
ledge of undecomposed or partially decomposed vein rock which the
miners call the “midrib”. This reef is about 75 feet wide and con-
sists of brecciated cherty limestone containing barite, fluorspar and
iron oxide. This “midrib” is flanked on both sides by ore-bearing
clays which have worked to a depth of 50 to 60 feet and testing
shows them to extend 10 to 20 feet deeper. At one place the “mid-
rib” has been decomposed nearly to the bottom of the mine opening
a passageway from one pit to the other. Fluorspar is prominent in
the “midrib” but there is none present in the areas on either side.
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Alluvial deposits of variable thickness rest upon the eroded surface
of the residual ore-bearing clays.

A washer has been installed here and is operated with water
pumped from the creek. The ore is extracted with pick and shovel
and transported by wheelbarrow to the washer. The quantity of ore
in sight here is large but there is a large amount of waste owing to
the presence of iron oxide. The mine is operated under lease by
Moore and Evans with a daily output of about 100 tons. To date this
mine is reported to have yielded about 20,000 tons of ore.

Howard mine—This mine is located about three and one-half
miles southwest of the Ballard mine in a small valley tributary to

Fig. 4 The Howard mine. Worked by pick and shovel.

Fork Creek on the north side. The Howard was the first mine to be
operated in this district. The old workings, now mostly filled in,
are located on the south side of the branch. A large amount of ore
was taken from this pit which is said to have reached the limestone
below. The present workings are on the north side of the branch
following the strike of the vein. Two pits are now being worked,
one about 200 yards northeast of the other. The width of the vein
as shown by outcroppings of ore in the bed of the dry weather branch
which forms nearly a right angle with the vein is about 600 feet.
The two openings now working cover an area of about 4500 square
feet and extend to a depth of 30 to 40 feet. A shaft 18 feet deep
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in the more northerly pit with good ore to the bottom fails to reach
the limestone. Some ore has been removed from some shallow
workings still farther northeast. The ore occurs in pockets alternat-
ing with lean and barren areas.

A large mass of fluorspar was struck in the pit nearest the branch,
but this mineral has not been observed in the other workings.

Mining is done by pick and shovel the ore being handpicked and
hauled to Sweetwater by wagon. The mine is operated by lease by
the Durex Chemical Corporation of Sweetwater and Baltimore, Md.
It is said to have produced about 50,000 tons of ore to date.

About 400 yards south 70 degrees west and a like distance north
of the Howard mine are other small pits which have been located
apparently on a parallel vein. These deposits seem to be limited and
are not being worked at the present time.

Goddard mines—Two to two and one-half miles southwest of the
Howard mine openings have been made on the Goddard property,
one on the east, the other on the west of the Sweetwater-Madison-
ville road. No work is being done on this property at the present
time.

Brennan mine.—Three-fourths of a mile southwest of the God-
dard mines on the Brennan property is another idle mine. An open-
ing 100 by 300 feet and fifteen feet deep has been made from which
about 2000 tons of ore have been extracted. The ore shows up well
in the sides of thepit but it is mostly “gravel” ore which will require
washing for which no water is available. It is probable that coarser

ore will be found at depth. The outcroppings cover an area of about
300 feet by 1000 feet.

Roy mine.—Adjoining the Brennan on the southwest is the Roy

property owned by the two Roy brothers. The mine comprises sev-

eral openings on the south half of the estate. This mine illustrates well
the common method of mining in this district known as “hogging”,
that is, working only the richer leads and shifting in a haphazard way
from place to place to often leaving the dumps on ground that may
be more productive than that which is being worked. The first and
largest pit which is located at the northeast side of the property is
about 100 feet wide by 300 long and 70 feet deep. It is now filled
with water to a depth of 30 feet, a supply sufficient to operate a-log
washer if properly conserved. A small gasoline engine has been
installed to haul the clay out of the mine. This mine is said to have
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produced about 10,000 tons of ore. It is operated on lease by J. F.
Doherty and often goes by the name of the Doherty mine.

Stephens prospect.—Deposits are reported to occur on this vein as
far southwest as Athens. There is said to be a good showing of ore
on the Stephens farm one-half mile southwest of the Roy mine.
Barite also appears in the bed of a small branch at Athens.

THE GARRISON VEIN.

This vein lies about 4 miles northwest of Sweetwater in a belt of
the Knox dolomite which is bounded on the southeast by the Clinch
Mountain fault and on the northwest by the Beaver Valley fault,
each of which brings to view a narrow band of Cambrian sand-
stones apd shales. Seven ore bodies have been opened on this vein
within a distance of about ten miles. Of these the Barr prospect
nearly due west of Philadelphia, the next station on the Southern
Railroad north of Sweetwater, is the most northerly outcropping of
ore. No work of importance has been done on this prospect.

In all about 25,000 tons of ore have been taken from the Garrison
vein.

Lee-Forkner mine—The Lee-Forkner is the most northerly mine
on this vein. It is about 5 miles northwest of Sweetwater. The Fork-
ner property lies on the north side of the road and the Lee on the
south side. Operations have been confined to the Lee property where
a small opening has been made in the side of the hill from which
about 2,000 tons of ore have been removed. The ore in sight begins
at the grass roots and consists chiefly of bright crystalline gravel ore.
There is apparently a good body of ore remaining in this mine,
though no work is being done here at present. This mine belongs
to the Durex Chemical Corporation. A washer used in cleaning ores
from this and the Culveyhouse and Pfiffer mines was operated here
by the W. D. Gilman Company, the predecessors of the Durex Chem-
ical Corporation. An ample supply of water is available from the
creek which adjoins the property on the west."

Richardson mine.—The Richardson mine, also owned by the Du-
rex Chemical Corporation, lies about 4 miles southwest of the Lee-
Forkner property on the north side of the Sweetwater-Ten Mile
road. The “gravel ore” shows well at the hill slope and in the work-
ings which have been extended into the hillside. The ore is im-
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bedded in a red clay interspersed with patches of mottled gray and
white clays. Chert is not especially abundant.

An opening covering 2,000 square yards and 20 feet deep has been
made in the side of the hill from which approximately 3000 tons of
ore have been extracted. The surface outcroppings indicate the pres-
ence of a large body of ore on this property. As it is predominantly
of the “gravel” type its recovery necessitates the use of more ad-
vanced methods of mining than formerly prevailed in this district.
A log washer has been installed, water for which is available in the
small creek at the side of the road, and mining is done with a steam
shovel.

Fig. 5. The Richardson mine. Worked by steam shovel. The white spots
in the bank at the left of the shovel are in part barite and in part chert.

Anderson mine.—This mine, now idle, is located in a field about
three-fourths of a mile southwest of the Richardson mine. About
1000 tons of barite have been taken from a small opening now partly
filled with water. The ore, which is mostly of the pebbly variety,
contain a rather large proportion of iron, judging from the heap of
rejected ore.

W ebb mine.—The Webb mine, also idle, is located in the woods
about one and one-half miles southwest of the Anderson mine. The
workings cover an area 75 by 100 feet and are fifteen feet deep. From
this opening about 2000 tons of ore have been removed. Indications
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point to the existence of a considerable body of ore on this property,
but as it contains much iron and chert a separation plant will be
needed for successful operation and water is wanting.

Ore outcrops in a low flat area midway between the Anderson and
Webb mines in what is known as the McManus prospect. This local-
ity was not visited by the writer. No development of importance
has been made on this property according to report.

Garrison mine—On the crest of a low hill three-fourths of a mile
southwest of the Webb mine is the Garrison mine. The openings
here cover an area of about 1000 square yards. The width of the

Fig. 6. The Garrison mine. Worked by pick and shovel. Log washers are
in use at this mine for separating the barite from the attached clay.

ore belt is approximately 600 feet separated longitudinally, as at the
Ballard, by a “midrib” of hard barren, cherty material. At present
mining is confined to the strip along the east side of the “midrib” or
reef. The ore is of good quality and fairly free from iron. A small
amount of fluorspar is met with in this mine.

Two log washers have been installed, water for which is pumped
from a small spring creek 200 yards away. To conserve the limited
supply the waste water is caught in a sump and used over again. The
ore is mined with pick and shovel and wheeled to the washers in
wheelbarrows.
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This mine is operated under a lease by Moore and Evans. It has
yielded to date about 15,000 tons of ore.

Wattenbarger mine.—About one and one-half miles southwest of
the Garrison is the Wattenbarger mine. The principal opening is on
the north slope of the hill from which about 2,000 tons of ore have
been removed. The mine has been idle for several years but it was
recently acquired by the Krebbs Pigment and Chemical Company
of Newport, Delaware. Work is now in progress in removing the
overburden preparatory to ore extraction. The top of the hill has
been dug over more or less but the chief work done was on the north-
ern hill slope. Pinnacles of limestone (dolomite) seamed with barite
and calcite appear in an excavation on the east side. The limestone
has a dip of 17 degrees south, 30 degrees east. This mine was form-
erly known as the Thompson mine. It was operated for some time
by John T. Williams, the ore being hauled by wagon to Reagan sta-
tion on the Southern Railroad for shipment.

CULVEYHOUSE VEIN

The third or Culveyhouse vein occurs in the stratigraphic block
lying next west of that in which the Garrison is found. This block
is bounded on the east by the Beaver Valley fault and on the west by
the Maynardville fault. This vein occupies approximately the same
horizon in the Knox dolomite as the other veins. An abundance of
chert characterizes some of the beds of the dolomite in this area and
these, owing to their resistance to erosion, form a rather prominent
ridge which northward is known as Copper Ridge.

Johnson mine.—The most northerly deposit noted on this vein is
on the Johnson property five and one-half miles northeast of Phila-
delphia. This mine is located on a mild slope on the west side of
Stockton Creek valley. The ore occurs in residual clay in two troughs
separated by a reef of more resistant cherty limestone which is
notched and pinnacled as a result of differential weathering. The
workings cover an area measuring about 75 feet by 150 feet and are
fifteen feet deep. A shaft put down alongside the “midrib” to a
depth of 45 feet is said to have been all in clay containing good ore.
The limestone pinnacles showing in the mine represent the shattered
portion of the formation recemented by barite. (b Fig. 2).

The ore is highly crystalline and contains but little iron. Sphaler-
ite, or the sulphide of zinc, occurs in places along with the barite in
the original vein matter.
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The limestone outcrops at the surface 50 yards northeast of the
working showing the ore body to be limited in that direction. Two
hundred feet west of the present pits ore crops at the surface but
little indications of ore appear id the intervening area. ‘

This mine was recently opened by J. F. Doherty and associates,
the ore being hauled to Philadelphia for shipment.

Minton-Thompson mines—These mines are located on the same
vein and about a mile southwest of the Johnson property. They are
located on opposite slopes of a narrow valley, the Minton on the east
and the Thompson on the west. Several pits have been opened on
the Minton property from which about 1000 tons of ore have been
taken. The openings on the Thompson are less extensive, 500 tons
of ore being credited to this mine. A considerable amount of ore is
now on the ground at the Thompson mine awaiting shipment. There
is a good showing of ore at the surface and in the faces of the pits
in both of these properties. Ledges of limestone and cavernous
vein rock show in the lower part of the slopes on both sides. Large
cavernous masses of fluorspar and barite appear in the old working
on the Minton and a large amount of this material and the original
vein breccia appears in the dump. Where weathering has been effec-
tive the limestone has been reduced to clay while the more resistant
barite or fluorspar remains as a cavernous mass or honeycomb of ore.

Fluorspar is prominent in this mine but the exposures are not such
as to justify a definite statement as to its commercial value.

From a longitudinal cut at the top of the hill at the Thompson
mine good ore is now being mined, but its shipment must await the
convenience of the farmers who furnish teams for hauling the ore
to market. Shipment is retarded frequently also by bad roads.

The size of the deposit in this locality is approximately 300 feet
wide by 1000 feet long. Both of these properties have been acquired
by the Durex Chemical Corporation who also control the only others
on this vein toward the southwest now in operation, viz., the Culvey-
house and the Jones-Small mines. Mining has been entirely with
pick and shovel. Conditions here would seem to warrant the instal-
lation of a log washer, water for which is available from the spring-
fed creek adjoining.

Culveyhouse mine.—The Culveyhouse mine is located about one
and a half miles southwest of the Minton-Thompson mines. Ore out-
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crops in a number of places in the intervening area, the prospects
being known as the Thompson (No. 2), Hilton, Bettis and Camp-
bell. A small amount of ore has been taken from some of these, but
no extensive work has been done orf them.

One of the leading mines on this vein is the Culveyhouse from
which about 20,000 tons of ore have been extracted. It occupies a low
flat hill top covering an area 200 feet wide by 1000 feet long, the
pits being about fifteen feet in depth. No limestone shows in the
mine. Operations have been conducted with pick and shovel in a
desultory way for about thirteen years. A large amount of ore now
lies piled up awaiting favorable road and labor conditions for ship-
ment.

Adjoining the Culveyhouse on the south is the Cox property on
which as yet little work has been done.

Pfiffer mine—About a mile southwest of the Culveyhouse is the
Pfiffer mine extensively worked at one time but now idle. The ex-
cavation is about sixty feet deep and from it there have been removed
20,000 tons of ore. No limestone shows in the workings but the dol-
omite outcrops in a branch at a slightly lower horizon one-fourth of
a mile west of the mine. At this point the strata dip 20 degrees
south, 45 degrees east. :

The Brown and Sharp properties adjoin the Pfiffer but no work
is being done there at the present time. We are informed that about
5,000 tons of ore have been taken from each of these mines.

Jones-Small mines.—About 5% miles southwest of the Pfiffer
mine are the Jones-Small mines. Ore outcrops in places in the inter-
vening area but the only openings of importance are the Pryor and
Gilman mines adjoining the Jones-Small all of which belong to the
Durex Chemical Corporation.

The Jones-Small mines are about seven miles west of Sweetwater
and about one-half mile north of the Sweetwater-Ten Mile road.
The two openings lie on the opposite sides of a shallow ravine, the
chief workings being on the Jones property. A log washér has been
installed and the ore is extracted from the pit by a steam shovel.
Water for the washer is pumped from Big Suee Creek one-half mile
away. The excavations cover approximately 200 square yards and
in places reach a depth of twenty feet, all in clay. About 25,000 tons
of ore have been recovered from these mines.
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Kyker mine.—On the south side of the Ten Mile road, one-half
mile southwest of the Jones-Small mines is the Kyker mine. The
excavations here cover an area approximately 200 feet wide by 600
feet long and vary in depth from fifteen to twenty-five feet. Chert
is relatively abundant and pinnacles of limestone are exposed in the
deeper workings. The limestone outcrops near the road but little
below the level of the bottom of the mine. One of the ledges out-
cropping in the mine is a dove-colored limestone containing small
grains of quartz and little magnesia. This mine has produced about
5000 tons of ore but has not been worked for some years.

Shelton mine.—The Shelton mine is located on the Culveyhouse
vein on the north side of the Hiwassee River four miles west of
Charleston. A small opening in the southward facing slope has
yielded a considerable amount of ore which lies on the dump, no
shipments having been made from this mine recently. The ore body
lies close to the fault which bounds the stratigraphic block on the
southeast, - bringing te sight the Cambrian sandstones and shales
about 100 yards east of the mine. Barite in abundance appears at
the surface above the mine and in the adjoining field owned by T.
Bradford. This mine is controlled by lease by the Gilman Paint and
Varnish Company of Chattanooga, Tennessee.

From the Kyker to the Shelton, a distance of twenty-five miles,
the Culveyhouse vein has not been fully explored. Deposits of bar-
ite are reported to occur near the south end of this area and it is
probable that investigation will reveal the presence of a number of
deposits of importance in this part of the vein.

MINING OPERATIONS IN THE SWEETWATER DISTRICT

Historical statement.—While prospecting for lead in McMinn
County in 1840 Colonel R. C. Morris is said* to have discovered an
extensive bed of barite “on the west side of a ridge running down
between Hiwassee River and Mouse Creek”. The bed which he pen-
etrated for twenty feet is said to be “rich and heavy”. This is evi-
dently the Shelton deposit described above. By 1874 considerable
progress had been made in the mining of barite according to the au-
thors quoted who state that in that year 1,040,177 pounds of barite
ore was shipped from several stations of the East Tennessee and
Georgia, now the Southern Railroad.

*Killebrew, J. B, and Safford, J. M., Resources of Tennessee, p. 270, 1874.
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The first mill was established at Sweetwater during the Franco-
Prussian war when the imports of barite from Germany had been
cut off. On the establishment of peace the markets were flooded with
cheap German ore with which domestic ores were unable to compete
on account of excessive freight rates and the industry languished.

In 1899, W. D. Gilman the senior member of the Durex Chemical
Corporation who, prior to this had been interested in the barite in-
dustry in Baltimore, Maryland, took over a number of leases in the
Sweetwater district and began operations under the name of the
W. D. Gilman Company. A mill was built in 1903 which has been
in almost continuous operation ever since. In 1914 the company was
reorganized under the name of the Durex Chemical Corporation with
headquarters in Baltimore. The mill was partly burned in March,
1917, but this is being restored and a unit built which will greatly
increase its capacity.

About 1903 John T. Williams took over a number of leases and
prospected the district extensively. He is said to have worked as
many as forty prospects and mines at one time. The low price of ore
combined with the high cost of mining and shipping the ore de-
pressed the industry and he abandoned the field in 1908 or 1909.

For the period preceding the present war the production of barite
in Tennessee reached its high water mark in 1907, in which year
there were mined 20,863 short tons of barite. Of this all but 400
short tons came from the Sweetwater district. The operators of
barite mines in Tennessee in that year were as follows:

John T. Williams and Sons, Bristol Virginia.
Mines located near Cleveland, Niota, Reagan, Sweetwater, Philadelphia,
Del Rio and Greeneville.
William D. Gilman Company, Sweetwater, Tennessee.
Mines located in Loudon (Dist. No. 5), and near Sweetwater.
Commercial Mining and Milling Company, Knoxville, Tenn.
Mines located near Sweetwater and Del Rio.
J. F. Doherty, Sweetwater, Tennessee.
Mines located near Sweetwater.
C. L. Hudson, Niota, Tennessee.
Mines located near Sweetwater.

From 1907 to 1914 the production of barite in Tennessee declined,
the low price of ore making operations unprofitable With the nearly
complete cessation of imports in 1914 caused by the war, domestic
ores have found a ready market at good prices and there has natur-
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ally followed a marked increase in mining activity. Prior to 1907,
Greene and Cocke counties were in the list of producers but since
that time the entire output of barite in Tennessee has come from the
Sweetwater district.

MINING AND PREPARATION FOR THE MARKET

Mining.—The workable deposits being all of the residual type the
mining of barite in this district is a relatively simple matter, and has
heretofore been carried on by pick and shovel, the ore and clay being
removed from the pit in wheelbarrows. There are no pits deeper
than 60 feet nor has aditing nor tunneling been practiced. In only a
few cases has excavation extended to the limestone below, and no
effort has been made to work the original vein by sinking shafts and
drifting and stoping. The method that has prevailed mostly in the
past is to break the ground by picks, shovel the material into wheel-
barrows or dump carts and haul it out for further treatment. The
ore separated from the clay by hand is scattered on the ground or
on platforms exposed to the heat of the sun, and the rain which will
remove most of the adhering clay. The ore is then loaded into
wagons with a fork, the smaller pieces going to waste. It is esti-
mated that thirty per cent or more of the oré is lost by this process
of handling.

Steam shovels and log washers have been installed in some of the
mines with fairly satisfactory results, though in some cases poor
results have been obtained owing to poor management. A factor
that has to be dealt with, however, is the pockety character of the
deposits. All of the deposits are pockety with considerable masses
of barren clays. In mining by hand these can be left untouched, but
the steam shovel requires their removal; it is doubtful if this method
will prove economical in all of the mines. Some recommend* the
practice of washing with a 16-foot log washer, crushing and rewash-
ing with a 12-foot washer. Where water is available, by washing at
the mines there is a saving of 25 per cent or more in the cost of
milling.

The hydraulic method would undoubtedly prove most advantag-
eous in handling these residual clays, but water under sufficient head
is not available in the Sweetwater district.

*Fohs, F. J., Kentucky Geological Survey, Ser. IV, Vol. I, pt. 1, p. 537, 1913,
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Preparation for the market—The preliminary treatment in the
preparation of the ore for market comprises handpicking before
placing on the dump, screening, handcobbing, grading, washing,
crushing, and concentrating. Much of the crude material under-
goes only the first three of these processes, viz., picking, screening
and handcobbing. This method, however, is adapted only to the
coarse material and the large quantities of fine stuff resulting from
breakage, and the pebble ore, are lost.

Where log washers are employed, the ore is graded and the finer
ores along with the clay inclosing them are sent direct to the washers.
Where the product consists of both coarse and fine material in rather
large proportions it is usually screened through an inch mesh screen
and the lumps removed for handcobbing and tl.e screenings for wash-
ing if a log washer is available. The proportion of fine or “gravel”
ore is much greater in some mines than in others and hence the in-
installation of the log washer makes possible the operation of mines
which otherwise can not be worked with profit.

Only one grade of barite is marketed in tne Sweetwater district,
viz. the No. 1, or pure white variety. The ore is practically free from
calcium carbonate, and manganese oxide and runs 98 to 99 per cent
barium sulphate. The silica runs from .30 to 1 per cent and the
alumina and iron from .40 to 1.50 per cent. Ore that does not com-
ply with these requirements is rejected. Doubtless much of this
might find a market as second and third grade following the classifi-
cation of the Kentucky report*, according to which the second grade
may contain as high as 20 per cent of impurities, such as calcite,
limestone, fluorspar, etc., while the third grade includes material that
is off-color, usually deeply reddish from iron oxides and running as
high as 40 per cent in fluorspar, limestone, calcite, etc. Material of
this character of the second and third grades is not regarded as com-
mercial barite in the Sweetwater district. Should a demand for such
low grade ore develop, a considerable amount of material now re-
jected or left untouched would find its way to market.

Most of the mines controlled by the Durex Chemical Corporation
are owned by the company. The others are operated in the main
under lease. Where worked on royalty the royalty varies from 25 to
75 cents per ton.

*Fohs, F. J., Kentucky Geological Survey, Ser. IV, Vol. I, pt. 1, p. 536, 1913.
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The cobbing may be done by the use of a small hatchet, hack ham-
mer, or pneumatic pick. By this means the larger masses containing
iron oxide, zinc blende, galena, or clay, may be freed from most of
their impurities and raised to the highest grade.

Transportation.—Haulage is done by wagon and as the roads are

only in part macadamized this constitutes an important item in the -

cost of marketing the ore. During rainy seasons it often becomes
necessary to suspend work altogether. The injury to roads and
teams would be considerably lessened by the use of wagons with wide
tires. The cost for hauling is $4.00 to $5.00 per day for man and
team. On the average two mules will haul from 4000 to 5000 pounds
per load. Where haulage is by the ton instead of by the day the
rate is fixed according to distance in such manner as to make the
amount equivalent to the prices paid per day. The cost of labor has
increased considerably since the government report for 1915 was
prepared. -

THE MANUFACTURE OF BARIUM PRODUCTS

The following description of the manufacture and uses of barium
products is taken from an article by James M. Hill in Mineral Re-
sources of the United States for 1915, Part II, pp. 181-185, 1916.
A footnote to this report states that the sections dealing with manu-
facture of barium products had been read and criticised by Mr. Hugh
Rollin, of the Rollin Chemical Company and Mr. Maximilian Toch,
of the Durex Chemical Company :

Ground Barite.—The treatment of crude barite to make ground barite varies
in different plants. The general practice, however, seems to be to crush to
about 1 inch and log-wash and jig to remove clay, calcite, fluorite, silica, and
part of the iron oxide. This cleaned material is next crushed to one-fourth
to one-eighth inch at some plants, and at others ground and subjected to a
bleaching process. The bleaching, largely to remove iron oxide, is accom-
plished by treating the material with sulphuric acid from 8 to 12 hours in lead-
lined wooden tanks. The bleached product is washed several times and ground
in burr mills or pulverizers to pass 200 to 300 mesh, and in some plants is
water floated to insure a uniformly fine product, and is then dried, pulverized,
and packed. Much care is required not only in the bleaching, but also in the
drying operation to insure a uniformly perfect color. Details of the manipu-
lation during bleaching and of the drying machinery are not made public.

The softer grades of barytes are preferred by the grinders, as there is less
wear on the machines in treating this class of material. However, in some
plants, hard crystalline barite is ground successfully. Several grades of barite
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are on the market, varying from unbleached, coarsely-ground material to the
finest grade of white-bleached and water-floated pigment.

Lithopone.—Lithopone is a mixture of approximately 70 per cent barium
sulphate, 25 to 29 per cent zinc sulphide, and 1 to 5 per cent zinc oxide, which
is made by mixing hot solutions of barium sulphide and zinc sulphate. In the
preparation of high grade lithopone the solutions of barium and zinc com-
pounds must be essentially pure. The precipitate from the tanks is filter-
pressed, dried, subjected to considerable heat, quenched in water, ground to
pulp, filter-pressed, dried, and packed for shipment. A recent paper by O'Brien*
brings out the important points in the preparation of lithopone and indicates
some of the features necessary to produce a light-proof product. Lithopone
is sold under a great variety of trade names, such as Beckton White, Green
Seal, Blue Seal, Sterling White, Fulton White, Phonolith.

Barium chemicals.—The principal chemicals made in the United States are
the binoxide, carbonate, chloride, hydroxide, nitrate, and sulphate or blanc-
fixe. Some crude barium sulphide (“Black Ash”) is sold to makers of litho-
pone and manufacturers of chemicals who are not equipped to roast sufficient
barite to meet their needs.

As all the barium compounds are poisonous, care must be exercised in their
manufacture. Naturally the salts which are only slightly soluble in water are
not so dangerous as those which are more soluble. The sulphide is soluble in
hot water. The carbonate is sparingly soluble in pure water and is slightly
soluble in water containing carbonic acid. The chloride is soluble in water,
particularly hot water, but is insoluble in strong hydrochloric acid and alcohol.
Barium nitrate is slightly soluble in water, but is insoluble in concentrated
nitric acid and alcohol. Barium sulphate is insoluble in water, but is slightly
soluble in dilute acids and more so in strong acids.

As there are no published accounts of the actual methods used in manu-
facturing barium chemicals, and as it is not ordinarily possible to inspect
chemical plants, it is not known what methods are actually used in the prep-
aration of the barium salts at various plants. Applied chemistry is, of course,
essential to the success of this industry, yet a detailed knowledge of markets,
not only for crude materials but also of first products, by-products and labor
is of prime importance.

The following notes abstracted in part from Thorp’s “Dictionary of Ap-
plied - Chemistry” and Roscoe and Schorlemmer’s “Treatise on Chemistry”
are not given as a method of procedure to be followed by those desiring to
make barium chemicals, but for general information to those interested but
specializing in the subject.

The manufacturers of barium chemicals prefer to use washed, high-grade
barite of the soft variety; nevertheless they can, and some do, use barite
which could not be used for the highest grades of ground floated barite. The
first step in the barium chemical plants is the reduction of the barium sul-

*Q’Brien, W. S., A study of lithopone, Jour. Phys. Chem. vol. 19, pp. 113-
144, 1915,
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phate to the sulphide, which is soluble in water. The barite is finely crushed
and mixed with a certain proportion of coal and common salt. The mix
varies in different plants, but is generally stated to be about one-
fourth coal by volume. This material is fed to rotating furnaces, where it is
roasted from three to four hours. The charge is next leached in most plants,
first, with a boiling, weak solution of barium sulphide, which is obtained by
washing the leached material with hot water. The ash after the leaching and
washing is waste, though it may contain some undissolved barium compounds.
The extraction of barium sulphide is ordinarily stated to be 70 per cent,
though it is known that a higher extraction can be made. The liquid from the
barium sulphide leach is stored in large heated tanks, from which it is drawn
into the different vats for the preparation of the various salts. Barium sul-
phide can be precipitated by allowing the solution to cool below 150 degrees F.
The processes of the manufacture of the varius.chemicals are intricate and
require special study and application of chemical and physical knowledge
when done on a commercial scale. The manufacturing chemists do not make
public the special methods which they have evolved for the preparation of
pure salts. It is known in general that the carbonate and the sulphate can be
precipitated from the hot sulphide liquor by the use of appropriate salts of
sodium and that a salable sodium sulphide by-product will be formed. It is
also known that barium chloride can be made by treatment of the sulphide
liquor with hydrochloric acid and by roasting a mixture of barytes, charcoal,
limestone, and calcium chloride, but the first precipitate requires purification.
Barium nitrate can be made by treating the sulphide solution with nitric acid
or by mixing hot saturated solutions of barium chloride and sodium nitrate.
The preparation of the binoxide or peroxide (BaOg2) and hydroxide
(Ba(OH)2) are said to require a particularly high degree of technical skill,
as very high and very low temperatures are required during the course of pro
"cess and the materials require careful manipulation to insure uniformity.
Barium monoxide or baryta (BaO) can be made by heating the nitrate till
the evolution of red nitrous oxide fumes ceases, but the heated mass is liable
to froth, though this can be prevented by using equal amounts of nitrate and
sulphate, which reduces the yield. It can also be prepared from the carbonate
by bringing that salt to a white heat when most of the carbon monoxide is
driven off. The hydroxide (Ba(OH)2) can be formed by the combination
of baryta and water, but as a great amount of heat is evolved, its manufacture
in this manner requires considerable care. It can also be produced by pass-
ing moist carbon dioxide gas over heated barium sulphide forming the’car-
bonate, after whch superheated steam passed over the carbonate forms barium
hydroxide with the evolution of carbon dioxide. The hydroxide can also he
made by the electrolysis of barium hydrosulphide. Barium peroxide can be
prepared by passing air freed from carbonic acid over baryta (BaO) heated
to a dull red, or by treating heated baryta with powdered potassium chlorate,
but this peroxide requires purifying.

USES OF BARIUM PRODUCTS

Ground barite of the lower unbleached grades is sold to manufacturing
chemists and to paint manufacturers for incorporation in colored mixed



78 RESOURCES OF TENNESSEE

paints; it can also be used in the preparation of rubber and in other industries
where a colored product is made. The bleached and floated barite of the
finer grades is used as a white pigment in preparation of ready mixed white
paints and as a filler for the chemical pigments. In the paper industry it is
largely used in the manufacture of heavy, stiff material, such as playing cards,
bristol boards, and the like.

Lithopone is sold and used as a white pigment for ready mixed paints,
being particularly used for the preparation of what are called the “sanitary
flat wall paints” which are used to a large extent. It is also used in some
enamels and calsomines, and in the rubber, paper, and cloth industries, where
it is replacing barite and some of the metallic pigments.*

The barium chemicals have a wide variety of uses and may enter into the
manufacture of other products. In the study of the industry the products
have not been followed beyond the plants at which the chemicals are made
from crude barite. Barium binoxide, or peroxide (BaQOg2) apparently finds
its principal market with the manufacturers of hydrogen peroxide, though
some is believed to be used in the preparation of oxygen. This salt has the
property of giving up part of its oxygen under certain conditions and of re-
combining with more oxygen under reverse conditions. This property is not,
however, everlasting, and fresh supplies of the peroxide are frequently re-
quired.

Barium carbonate is used in the preparation of other barium chemicals—
in rat poisons, as a water softener, in the manufacture of flat wall paints,
and in the ceramic industry. Probably the last is its largest use at present. It
is said that this material will fill the requirements of case-carbonizing steel,
which was formerly filled by ground bone. Ground bone, which formerly
commanded a price of $60 per ton, has risen in price and the makers of case-
carbonized steel have been in search of a substitute. The barium carbonate
for this purpose must contain no sulphur, but may carry calcium and small
amounts of other impurities. It is said the demand should be several thou-
sand tons a year.

Barium chloride is used in the preparation of other barium salts, as a water
softener, a chemical reagent, particularly for the purification of table salt, to
some extent in the ceramic arts, and in the preparation of rat poisons.

Barium hydroxide is used as a chemical reagent. It can be used in the
refining of sugar, but on account of its poisonous nature is not often em-
ployed; another reason why it is not used is the difficulty of its regeneration
from the carbonate which is formed by the reactions.

*From Rogers’ Manual of Chemistry we learn also that lithopone “does not
oxidize progressively, and this single feature has made it invaluable to the
table oilcloth and floor oilcloth industry throughout the world. Its indiscrimi-
nate use, however, is not to be recommended, and the paint chemist should be
permitted to decide when its value is the greatest. As a marine paint, either
as a first coat or for making neutral paints where other whites would be nec-
essary, it is found to outlast both zinc oxide and lead carbonate.”
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Barium monoxide has its principal use in the preparation of the binoxide
and hydroxide. It is used to some extent in the manufacture of special

glasses.

Barium nitrate is used as a chemical reagent in the preparation of “green
fire” and green signal lights and in the manufacture of an explosive known as

saxifragin.

Barium sulphate, usually sold under the name of blanc-fixe or permanent
white, is a pigment extensively used in the paint industry, in the manufacture
of highly glazed papers and of putty, and in the fabrication of rubber and

of lake colors.

Producers*
Ground
Companies Barite
Barbour Chemical Works, West Coast Life Build-
ing, San Francisco, Cal................... ... +

Baryta Manufacturing Company, 205 Pearl St.,
New York City ....ovviiiiiiiiiniiianeennnne ot
Beckton Chemical Company, Cleveland, Ohio.... ..
Carolina Baryta Company, Stackhouse, N. C.... +
Chemical Products Company, 616 Majestic
Building, Denver, Colo. .............cooovvue. o
Cherokee Chemical Company, 109 Hollingsworth
Street, Baltimore, Md. ...................... +
Chicago Copper and Chemical Company, 111
West Jackson Boulevard, Chicago, Ill........ ..
Clinchfield Products Company, 120 Broadway,

New York City ...covviiviiiiiiiiinnnnenneen ot
Durex Chemical Corporation, 320 Fifth Ave.,
New York City, and Sweetwater, Tenn....... +
Elkhorn Chemical Company, Elsinore and Gil-
bert Avenues, Cincinnati, Ohio............... +
J. C. Fink Mineral and Manufacturing Co., 101
Barton Street, St. Louis, Mo................. +

Globe Chemical Company, 1205 Regent Avenue,
Cincinnati, Ohio ...........ccoiviiiiiiinnnn. o0
Graselli Chemical Company, Cleveland Ohio.... ..
N. Z. Graves Corporation, 22 to 24 South Third
Street, Philadelphia, Pa..............cccoveee. o
Krebs Pigment and Chemical Company, New-
port, Delaware ..........oviiviiiininennnnnns o
Lamar Chemical Works, 44 to 56 Lewis Ave-
nue, Jersey City, N. J....cooviiiiiiiiiininnn. o
Mantua Chemical Company, 350 Grays Ferry
Road, Philadelphia, Pa. ..................... ..
Midland Chemical Company, 80 East Jackson

*Mineral Resources, U. S. Geological Survey, 1915.
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[ Ground  Litho- Barium
Companies Barite  pone  Chemicals
Boulevard, Chicago, Ill. ...............cco0en o +
New Jersey Zinc Company, 55 Wall Street,
New York City .....oviiiiiiiiiiiiiiiinnnnns o +
Nulsen, Klein and Klausse Manufacturing Co.,
Levee and Sidney Sts., St. Louis, Mo......... +
Point Milling and Manufacturing Company,
Mineral Point Mo. .........coviiiiinninnnnn, +
Port Morris Chemical Works, 141 Locust Ave,,
New York City ..ooiiiiniiiiiiiiiiiiininennn o .. +
Product Sales Company, 423 to 425 Equitable
Building, Baltimore, Md. .................... + .. ..
Rollin Chemical Company, Charleston, West Va. .. .. +
Thompson, Weinman and Company, 100 Wil-
liams Street, New York City..........cccovve. +

PRODUCTION AND PRICES

The amount of crude barite marketed in the United States in 1915*
was 108,547 short tons valued at $381,032 or an average of $3.51
per ton. This is an increase over the production of 1914 of 52,747
short tons valued at $155,647, or an average increase of .56 per ton.
Of this amount Tennessee furnished 25,074 short tons valued at
$71,390, or $2.85 per ton. In total output, Tennessee stands third,
being exceeded by Missouri with 39,113 short tons, and Georgia with
31,027 short tons.

The prices paid for crude barite in 1915 varied considerably. They
were highest in Missouri where $6.27 was paid and lowest in Ala-
bama at $3.56.

Crude barite marketed in Tennessee, 1903 to 1916.
Average price

Short tons Value per sh. ton
19033, . ccieeeiin s 14,185 $49,618 $3.49
194a......c0iiiinnnnnnn. 10,565 37,172 3.51
1905a. .. iveeieeee e 7,400 25,545 3.45
1906a. .. .covieiiiini i 1,754 6,439 3.67
1907a. .. cvveeeiinen et 20,863 45,863 2.2
1908a. ..o ovveiieennannn 7,649 17,075 1.97
1909a. ...ieiienieiennenn, 4,631 6,946 1.50
1910a. ...cooviiiie i 1,800 2,000 1.11

*Hill, J. M., Mineral Resources of the United States for 1915, p. 162, 1916.
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Average price

Short tons Value per sh. ton
11) § W 4,106 5,079 1.24
1912b. .. coveviiiinieeenn 3,718 8,682 2.34
1913b. e vecieiii i 2,098 3,568 1.70
1914b. ....coivniiiiiiann. 10,113 16,273 1.61
1915b. coviiiiiiie e 25,074 71,390 2.85
1916b. .. .oiviiiiiienenennn, 32,416 123,986 3.85

a. Reports of the Tennessee State Mining Department.
b. Mineral Resources of the United States.

Marketed production of barium products in 1915a
Average price

Short tons Value short ton
Ground barite ............ §1,557 $ 635318 $12.32
Lithopone ................ 46,494 . 3,760,472 80.88
Barium chemicals ......... 8,823 b b

a Mineral Resources of the United States for 1915.
b. Not reported.

With the exception of ground and floated barite nearly all the
barium products used in the United States prior to 1915 were im-
ported either from Germany, England or France, the industry being
best developed in the two first named countries. Ground barite has
been produced at various plants in the United States for many years
and a small quantity of barium chemicals, but there is no published
information of the industry for these years. Following is the pro-
duction of crude barite in the United States since 1902:

Production and prices of crude barite in the United States, 1903 to 1915a
Average price

Short tons Valuation per short ton
1903....0ciiiiiiiiinnenn 50,397 $152,150 $3.02
194, .. cooiviviiiiinnnnnns 65,725 174,958 2.66
1905, . 0civeveiniiiainnans 48,235 148,803 3.08
1906, .. oo vneenennnnaien. 50,231 . 160,367 3.19
1907, 0viiniiiiiiinnens 89,621 291,777 3.26
1908. . ccveeiiieniinnnnn, 38,527 120,442 3.13

a. Mineral Resources of the United States. The price given is that paid to
the miner for the crude ore, hand cobbed, sorted and ready for shipment to
the mill. Tt is not supposed to include the cost of haulage by wagon, boat or
railway. :
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Average price

Short tons Valuation per short ton
1909. .0 ii ittt 61,945 209,737 3.39
1910, .0 vr i 42,975 121,746 2.83
32 5 38,445 122,792 3.19
1912, . oo 37,478 153,313 4.09
1913, .. 45,298 156,275 3.45
1914, ... 52,747 155,647 ‘ 2.95
1915, e 108,547 381,032 3.51
1916. ..o vvvviiiiian. 221,952 1,011,232 4.56

NOTE ON FLUORSPAR

The occurrence of fluorspar in some of the mines of the Sweet-
water district has been noted in the foregoing descriptions. Its chief
occurrence is in the Howard, Ballard and Minton mines. It appears
at certain spots in the ore body associated with barite in varying por-
tions. As its presence lowers the grade of the barite, these places
are shunned by the miners. The exposed areas are relatively small
and the extent of the deposit of fluorspar is largely a matter of con-
jecture. A considerable amount of limestone and chert occurs along
with the fluorspar and barite and the utilization of the spar is ques-
tionable. In view of the demand for this mineral, however, these
deposits merit investigation. '

Since the fluorspar and barite both withstand weathering better
than the limestone or dolomite, the surficial part of the vein contain-
ing them remains as a cavernous reef-like mass in the clays, grading
below into unaltered vein material. Where the two minerals are
easily separated they may be sorted into two products, the one con-
sisting mostly of barite, the other of fluorspar. When ground for
mixed paints, or for cold water paints the presence of a small per-
centage of fluorspar is not harmful since the fluorspar (except with
strong sulphuric acid) like the barite remains inert, will grind white,
and its triangular-shaped particles will assist in making a more com-
pact film.*

The specific gravity of fluorspar is only a little less than that of
barite. According to the author quoted above, fluorspar is helpful
as a color extender and is now used to some extent in off-color paints.

*Fohs, F. J., Kentucky Geological Survey, Ser. 1V, vol. I, pt. 1, p. 551, 1913.
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ANNOUNCEMENT

Election of New State Geologist

BY L. C. GLENN.

After the death of Doctor Purdue on December 12, 1917, Dr. L. C.
Glenn of Vanderbilt University proferred his services for attending in-
formally to the correspondence and personal inquiries of the Survey’s
office until more definite arrangement could be made. On January 10,
1918, the Geological Commission met and elected Doctor Glenn Acting
State Geologist to serve until a permanent successor to Doctor Purdue
could be secured.

The committee appointed to look up candidates reported to the Com-
mission at a meeting on April 9th and Mr. Wilbur A. Nelson was elected
State Geologist. )

Mr. Nelson graduated as bachelor of science from Vanderbilt Univer-
sity in 1910 and soon after became assistant geologist on this Survey,
which position he held for three years. His investigations during this
time covered a wide range of subjects, among which may be mentioned
especially, building sand, caves, coal, clays, iron ore, lead, lignite and
manganese.

Mr. Nelson then spent a year’s leave of absence in graduate study at
Leland Stanford University, where he took the degree of Master of
Science in 1914. He was elected to membership while there in the hon-
orary scientific society Sigma Xi. Following this he returned to the
Survey, but later resigned to become geologist for the N., C. & St. L.
railway. After nearly two years he gave up this work to accept a re-
sponsible position with the Paga Barite Mining Company at Carters-
ville, Georgia, and was connected with this corporation when elected
State Geologist. He has also done special work for the Southern Man-
ganese Corporation and other mining concerns. His mining and other
affairs will prevent his assuming active charge of the Survey before May
1st.

Mr. Nelson comes to the Survey already familiar with its organiza-
tion and operation and with a knowledge of the State’s mineral re-
sources and the possibilities of their further development that will stand
him in good stead in continuing the State Survey on the high plane on
which Doctor Ashley originally pitched it and Doctor Purdue subse-
quently maintained it.




Report on the Caves of the Eastern Highland
Rim and Cumberland Mountains

Bf THoMAs L. BAiLEY

During the two months from July 15 to September 15, 1917, the
writer explored 109 caves and rock shelters in the eastern part of Mid-
dle Tennessee. All except eight of these were caves, these eight being
what are known as rock shelters or rock houses. This work was done to
determine the value of these caves as possible sources of niter. A sam-
ple of the earth was collected from different parts of the floors of all
the caves and rock shelters where there were sufficient accumulations of
earth to work in case it should contain a fair percentage of niter. From
large caves two samples were sometimes collected. These samples were
numbered and labeled in accordance with the numbers given to the
caves and rock shelters in this report. The descriptions of the indi-
vidual caves and shelters contained in this paper are generally arranged
in the following manner: (1) the location, both geographic and geo-
logic; (2) the topography of the mouth and its surroundings; (3) the
dimensions of the cave as nearly as can be approximately estimated;
(4) a description of the interior, including the important point of
whether there is a running stream in it or not; (5) the average depth
of any loose earth on the floor; (6) a description of the stalagmites,
stalactites, rock-rimmed pools, terraces, and other water-deposited lime-
stone formations; (7) the use of the cave or rock shelter as a burial
ground by Indians, if such were possible to determine, together with
other facts of historic interest. This order is frequently modified or
changed, but it is followed in the majority of cases. These samples of
earth were sent to the Survey’s Chemist for analysis soon after being
collected. In this investigation there was not sufficient time to go to all
caves in the counties visited, but the attempt was made to investigate
those which would probably be of most value for deposits of niter. In-
formation concerning the location of these caves was largely gathered
from the inhabitants of the region, and very likely some important
caves were left unexplored. Those which were explored, however, are
believed to be typical representatives of the caves in the region. With
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the limited amount of time, naturally much of the information here
given is only approximate.

The descriptions are given by counties arranged alphabetically. The
results of the chemical analyses follow in a brief article by Dr. L. C.
Glenn.

CLAY COUNTY.
No. 18. BAILEY CAVE.

Location.—On the farm of Ben Bailey, 5 miles south of Celina; one-
fourth of a mile north of Bailey’s house, near the foot of the mountain,
on the east side and near the head of a small hollow. It is in the Ordo-
vician limestone about 65 feet below the Chattanooga black shale. It
is 300 yards from the Celina road and two miles from the Cumberiand
River.

The entrance is in thin woods just above an open pasture, and is
a vertical hole extending downward for a distance of 20 feet or more
and then turning eastward and northeastward. There is a small stream
flowing through the cave except near the mouth where it passes beneath
the floor. This is not a very large or spacious cave but it is quite long
and sinuous, being about a half mile in length. It averages about 6
feet in width and 8 feet in height. There are three rooms of consid-
erable size located at intervals along the cave. At a distance of 300
yards from the mouth and extending back for 100 yards is a bed of
loose earth 6 feet thick that contains sparkling crystals of gypsum.
There are some other banks of loose earth farther back in the cave.
Stalagmites and stalactites are scarce. About one-fourth mile or more
from the mouth are some stones with grains of blue corn lying on them
that were thought to have been left by the Indians.

No. 19. SaALTPETER CAVE (RoCK SHELTER).

Location.—On the farm of Irving Abner, 5 miles southeast of Ce-
lina, one-half mile north of Abner’s house, 200 yards from a log house
at the head of the west fork of the hollow. It is 100 feet below the top
of the mountain and a half mile from the public road. It is in Missis-
sippian limestone, 20 feet above the Chattanooga black shale.

This is really more of a rock shelter than a cave, although there are
openings in the limestone at the back of the shelter that extend into the,
bluff about 100 feet in some cases. However, these openings are only
4 feet high and 3 feet wide. The rock shelter is 20 feet high and 100
feet wide and extends back about 100 feet, making an enormous hole
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in the side of the mountain. The earth on the floor is not over one foot
thick on the average and contains a thin, white crust of niter.

No. 20. DALY CAVE.

Location.—On the farm of Thomas Daly, 414 miles northeast of But-
ler’s Landing on the Hilham road. It is a very large cave according to
reports and during the Civil War saltpeter was obtained from it. Hop-
pers where it was leached from the cave earth are still in existence.
This cave was not visited but several people gave similar reports of it.
It probably still contains a fairly large quantity of niter.

No. 21. SHEALS CAVE.

Location.—On the farm of Ed. Fowler and his partners, a half mile
northeast of Celina near the base of a hill above a large spring in
pasture land about 100 yards from the public road. It is in Ordovician
limestone. The mouth is on the edge of an open pasture beneath a pro-
jecting ledge of rock, which forms the roof farther in. The mouth is
closed by a wooden gate and potatoes and other produce are stored in
it in the winter. A stream runs throughout almost the entire length of
the cave. It is quite large at the mouth and the large chamber extends
back about 100 feet. Then it becomes low and narrower. The roof is
almost flat. The mouth is 8 feet high and 12 feet wide while the main
chamber is 15 feet high and 40 feet wide. There is little loose earth
but no stalactites.

No. 22. RicH’s CAVE.

Location.—Five miles northeast of Celina on the land of Grover
Rich, a fourth of a mile west of Rich’s house, and two-thirds of the
distance to the top of the mountain, at the base of a limestone bluff 30
feet high. It is a quarter of a mile from the Pea Ridge road-and a half
mile from Obey River. It is in Mississippian limestone, 30 feet above
the Chattanooga black shale.

The mouth of the cave is very large and the roof is an overhanging
ledge of arenaceous limestone. It is in thick timber and is 10 feet high
and 25 feet wide. A small stream flows through the cave, which extends
back over 200 yards, but gets too low at the end of 100 yards to pene-

_trate any farther. The average height is 5 feet and the width 8 feet.
On both sides of the stream there is loose earth about 3 feet in thick-
ness. This earth is sandy, and there is much sand in the bed of the
stream. There are very few stalagmites or stalactites.
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No. 23.° WiLLIAMS CAVE.

Location—This is a small dry cave on the land of Mrs. M. Williams
4 miles northeast of Celina at the base of a limestone bluff 25 feet high,
in thick woods. This cave is so small that it is hard to penetrate and
does not seem to contain much loose earth. Its height is 5 feet and its
width 4 feet or less! ‘There are a few stalactites.

No. 24. RounpmouTH CAVE.

Location.—On the land of Ance Key, 5 miles northeast of Celina,
about 114 miles south of Key’s house, and three-fourths of a mile north-
east of Grover Rich’s house in thick woodland near the top of the ridge.
It is about a quarter of a mile from the Celina-Lillydale ridge road. It
is in Mississippian limestone, 20 feet below the Lee sandstone.

The mouth is a round hole about 4 feet in diameter, that extends
downward almost vertically for 25 feet. The cave extends in a north-
erly direction. There is no stream, but water drips from the roof in
many places, and the interior is very cold. This cave is straight and
light from the mouth, can be seen back for 150 yards, beyond which
point it can not be penetrated easily. It averages 10 feet in height and
6 feet in width.

The loose earth on the floor is: rather sandy and averages 3 or 4 feet
deep, though in some places it is much deeper while in others the floor
is of limestone. The cave formations are very abundant-and beautiful -
and the faint greenish light that enters through the mouth gives the
numerous white stalactites, stalagmites and natural columns a very
ghostly but attractive appearance. The stalactites and stalagmites ar-
ranged regularly along the walls together with the maze of natural col-
umns and slender stalagmites and stalactites at the back of the cave
give that part the appearance of a church with its altar at the back.

No. 25. WEeBB CAVE. .

- Location.—On the farm of W. C. Webb, 414, miles east of Celina, 100
yards northeast of Webb’s house. It is in Ordovician limestone at the
foot of the ridge, 30 feet below the Chattanooga black shale. The lime-
stone is rather sandy.

The mouth is roughly triangular. The cave is 10 feet wide and 5
feet high and extends northeastward for a short distance when it gets
too low to penetrate. The walls are very smooth and the curves in the
cave are at right angles following the joint planes of the sandy lime-
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stone. There is little loose material on the floor and a stream flows
along it so that any niter has probably been removed.

DeKALB COUNTY.

No. 72. SALTPETER CAVE.

Location.—One fourth mile east of Temperance Hall on the land of
Dr. Skiler Robinson. It is in the Ordovician limestone 50 feet below
the Chattanooga black shale.

The mouth is a round hole in an old field near the top of a low hill
in the edge of thin woods. It extends straight down for a distance of
35 feet and then opens into a rather large room. The cave is damp
but no regular stream flows through it. It is 500 yards long, 20 feet
wide and 25 feet high and is rather winding. There are several banks
of clayey earth that are 15 feet high, while the average depth of earth
for the cave is about 6 feet. In places the earth is coated over with
calcite. There are two very large and beautiful columns fully 30 feet
high where the stalagmites and stalactites have only recently met. They
are parallel and joined together at the top and base. At the base their
thickness in one direction is 20 feet and they are situated on top of a
rounded mound-like ‘stalagmite that covers the floor for 50 square feet
or more and is about 7 feet high. The whiteness of these columns adds
much to their beauty. There are several other thick, inverted-cone-
shaped stalagmites at various places, some of which are very pretty.
There are also some fringes of stalactites at several points that add to
the attractiveness of the cave. The back of the cave seems to be blocked
by formations of this kind. There are evidences of former work in the
cave. Marks of shovels may be seen in the banks of earth, and there
are pieces of old troughs. It is said that gunpowder was once made in
this cave.

No, 73. Snow HiLL (SALTPETER) CAVE.

Location.—Two miles southeast of Dowelltown on the land of Mrs.
W. P. Banks, 200 yards south of her house near the foot of Snow’s Hill
on the edge of a thin woodland about 100 yards from the Smithville
pike. It is in the Ordovician limestone over 200 feet below the Chat-
tanooga black shale. The mouth is at the west end of a pit-like hole
about 8 feet deep and 50 feet wide. The mouth is wide and rather low,
being about 614 feet high and 40 feet wide. It is a nearly dry cave,
but the earth is damp. The average width of this cave is 20 feet and
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the height is 10 feet. It is about a half mile long, although there are
some narrow places through which it is necessary to crawl. It is said
to open on Dry Creek over a mile away from the mouth. There is a
large amount of loose earth on the floor that has been excavated to a
depth of 8 feet in places, while the average depth is probably 5 or 6
feet. There are marks of tools in this earth and also remains of old
metal troughs. Stalactites are numerous but none are very large.

No. 74. Jim CavE.

Location.—Two and a fourth miles south of Dowelltown on the land
of B. W. Robinson, 200 yards north of Don Williams’ house, 100 feet
below the top of the hill facing Dry Creek, and between the Smithville
Pike and Dry Creek. It is in Ordovician limestone, 150 feet below the
Chattanooga black shale.

The entrance is under a low bluff of limestone in a thick grove of
young trees. It is only 4 feet wide and 3 feet high and hence is very
hard to find. It slopes downward rather steeply for 30 feet. The earth
is rather damp but there is no running or standing water present. The
cave is 400 yards long and averages 15 feet in height and 10 feet in
width. The earth in the cave is in banks 6 feet or more in thickness.
The cave is named for a negro, Jim, who killed a man and hid himself
here for some months before being apprehended. In the branches of
this cave there are a large number of bones, some of which may be
human. There are also some very beautiful calcite and aragonite for-
mations, especially near the back of the cave, and a few of the stalac-
tites are rather large. There is one very high and slender stalagmite.

No. 75. MyERs’ CAVE.

Location.—Two miles southeast of Dowelltown on the land of A. R.
Myers, 200 yards east of his house, and 200 yards from the Smithville-
Liberty pike. It is in the Ordovician.

The mouth is located about 100 feet from the base of the hill near
the edge of a grove of cedars. It is 20 feet long and 6 feet wide and
opens vertically downward for 25 feet. There is no running water
present but there are pools of standing water and the earth is muddy
in places. The mouth opens into the main room which is 200 feet long,
50 feet wide and 20 feet high. Three branches lead off from this room,
one being about 25 feet above the floor of the main room. The average
width of the branches is 12 feet and their height 6 feet. All three are
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about 50 or 60 yards long and become low at their ends. The loose
earth is mostly in these branches and is about 4 feet deep. In the main
room the earth is muddy and mixed with rocks but it is probably 4 or 5
feet deep. There are a few pretty stalagmites and stalactites especially
in the upper or northern branch, which is reached by means of a ladder.
There are evidences of digging in some of the banks of earth.

No. 76. GIN BLUFF CAVE.

Location.—One mile north of Dowelltown on the land of J. B. Stone
near the foot of Gin Bluff about 100 feet above Smith Ford. It is in
Ordovician limestone.

There are two mouths to the cave connected by a curved passage. The
north mouth is larger and is called the wet mouth since a large stream
of water, which forms a series of rapids in its course to South Fork,
flows out of it. The south mouth is dry and arch-shaped and is about
10 feet high and 7 feet wide at the base. The wet mouth is 30 feet wide
and 6 feet high. These mouths are located just above the strip of woods
and at the base of a bare limestone bluff 150 feet high. There are two
forks to the cave, the Dry Fork, which connects the dry and wet mouths,
and the Wet Fork, which follows the underground branch. From the