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PREFACE.

The object of this hand book is to presentiin convenient and
concise form a complete list of the minerals occurring in Virginia,
together with a description of the various deposits of ores and
miuerals, and the present state of development of same.

In its preparation all existing available publications have been
freely used, supplementing extended personal investigation of the
different mining enterprises and partially developed deposits.

Alphabetical arrangement 'of the various subjects has been
followed throughout, and mineralogical descriptions of the differ-
ent miverals have been included j }n the hope that such will make
the book more useful.

" Among the publicatious made se of should be mentioned
«The Minerals and Mineral Localities of Texas” which has been
closely followed in the matter of arrangement; Dana’s ¢“Miner-
alogy” (New Edition); Prof. Roger’s ¢ Geology of the Virginias;”
Prof. A. 8. Mc¢Creath’s ¢“Mineral Wealth of Virginia;” the Trans-
actions of the Americau Society of Mining Engineers; the various
bulletins and reports of the United States Geological Survey; and
in the section on Mineral Waters and Spring Resorts, Walton’s
«“Mineral Springs of the United States and Canada;” and Crook’s
«¢ Mineral Waters and their Therapeutic Uses.”

The analyses quoted of mineral waters are the latest available.

RicumonND, VIRGINIA,
1904.
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INTRODUCTION.

It is necessary for a thorough appreciation of the extent and
variety of the mineral resources—many of which only await
capital and enterprise to become renumeratively productive, that
some gemeral knowledge be had of the geological formatxons
occurring in this State.

Geographically, Virginia is divided into six natural divisions
known respectively as: Tidewater, Middle, Piedmont, Blue
Ridge, Valley, and Appalachia. These  divisions succeed each
other in nearly parallel belts running from the coast to the western
State line, and are suggested by the geological divisions to which
they closely correspond. It will therefore suffice for a general
idea of the geology of the State, to take the geographical divisions
above mentioned, and note the geological formations and the chief
minerals found in each.

TipEwaTER: This region includes the eastern and south-
eastern part of the State, and extends west to a line running from
Acquia Creek on the Potomac, skirting Fredericksburg, Rich-
mond, and Petersburg, through Em poria to the North Carolina
line. Within this area the geological formations found are the
Quaternary or Post-Tertiary, the Upper Tertiary or Pliocene, the
Middle Tertiary or Miocene, and the Lower Tertiary or Eocene.

The Quaternary or Post-Tertiary is the sandy shore of the
Atlantic and bay, and is made up entirely of sand and small
gravel.

The Upper Tertiary or Pliocene is the first terrace above the
Ocean, and is composed of light colored sand and clays. It
covers a large part of the Eastern Shore, and contains some clays
snitable for brick making.

The Middle Tertiary or Miocene—the next step westward,
extends from the western border of the preceeding formation to a
line running north and south, a little west of the 77 degrees meri-
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dian. This formation is characterized by beds of yellow and blue
marl. The yellow variety is the richer of the two, containing as
high as 87 per cent. Carbonate of Lime. At some points the beds
are of great thickness and these localities present good opportuni-
ties for the manufacture of Portland Cement on tidewater.

The Lower Tertiary or Eocene constitutes the surface of the
narrow strip of country extending from the western boundary of
the Middle Tertiary to the head of tidewater. This formation is
eomposed of beds of clay of various kinds, and the characteristic
«green sand marl.” This marl owes its green color and its high
value as a fertilizer to the presence of a greéen Potash mineral
named ‘¢ Glauconite.” The marl and brick and pottery clays con-
stitute the only valuable minerals found in this formation.

MmoLe VirciNia:  This region is a great undulating plain
which gently rises from the limit of tidewater to its western boun-
dary—tbe low, broken ranges of hille forming the outliers of the
Blue Ridge, and stretches from the Potomac at the northern part .
of Fairfax County, to the North Carolina line in the southwest
corner of Pittsylvania County.

The rocks found in this region are chiefly of the Azoic or
Primary formation, with several enclosed areas or basins covered
by or filled with the Triassic and Jurassic or New Red Sandstone
rocks. )

This great area of crystalline rocks contains many of the
most important minerals and ore deposits in the State. The list
includes granite—the best of which is the fine biotite variety
extensively quarried around Richmond, gneiss of various kinds,
slate, steatite or soapstone, mica and accompanying minerals,
serpentine, asbestos, limestone, copper, iron and manganese ores,
and gold.

Copper ores are found in well defined veins in Buckingham,
Prince Edward, Charlotte and Halifax Counties, while extensive
beds of hematite iron ores and contiguous ledges of limestone are
exposed along the James River Valley.

Gold occurs associated with pyrite, galena and other sulphur-
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ets, in quartz veins, over a large part of the area of crystalline
rocks. ' :
Of the several isolated areas of the Triassic and Jurassic
formations already mentioned as occurring within the region of
Primary rocks, the most important is that lying in Chesterfield,
Goochland, Powhatan, and Henrico Counties, and constituting
the ‘*Richmond Coal Field.” This area is underlaid with valuable
beds of bituminous coal.

Thin seams of coal have also been found along the edges of
similar basins known as the Farmville and Danville areas.

The rocks of the Triassic and Jurassic formations are sedi-
mentary, i. e.: are composed of particles of sand and other rocks
deposited in their present position by water, and include some tine
sandstones suiiable for building purposes. The well known
Manassas ‘‘Brownstone ” is from this formation.

PiepMoNT VIRGINIA: This is the belt of country stretching
from the western boundary of Middle Virginia to the eastern base
of the Blue Ridge. The rocks of the region are Primary or
Arzoic, like those of Middle Virginia, but present many different
characteristics from those of the more easterly section. They
consist of chloritic and talcose gneisses and slates, with much
hornblende, and epidotic or greenstone rocks are conspicuous in
places.

Within this region the minerals of value are roofing slates,
soapstone, asbestos, limestone and iron ore.

Tur BLuE Ringe:  The rocks of the eastern flank and sum-
mit of the ridge are still Primary, but the epidotic character
noticed in those of some parts of the Piedmont section, is much
more pronounced, and gives the rocks of this region special
peculiarities.

The minerals occurring are epidotic and syenitic granite for
building purposes, sandstones and slates. In this region are also
located the tin ore deposits of Rockbridge and Nelson Counties,
and the copper deposits which have been developed to some extent
in Warren County.
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On the western flank of the ridge, the rocks belong to the
Cambrian formation, and are composed of the Primal or Potsdam
sandstone, a close-grained white or light colored stone, and beds
of slate and shale.

The formation yields very large quantmes of excellent brown
and red hematite iron ore, and at numerous points along the
western base of the ridge, deposits of high grade manganese ore
occur, the best known of which is that at Crimora, Augusta
County.

Tue VaLLey: This is the great belt of limestone land lying
between the Blue Ridge and the various broken ranges of moun-
tains running parallel to it. It extends from the Potomac to the
Tennessee line—a distance of more than 300 miles, and includes
gome of the richest and most beautiful country in the State.

Geologically, the region is that of the Cambrian and Lower
Silurian rocks, composed of slates and limestones. These rocks
are very rich in valuable minerals including great deposits of red
and brown hematite iron ores, and the important zinc and lead
ores of Wythe and Pulaski Counties. A great variety of lime-
stone occurs. Some deposits have the characteristics of statuary
marble; others of great purity, yield on burning, a building or
agricultural lime of the highest grade, while at several points in
the Shenandoah Valley, great beds of argillaceous limestone
occur, which constitute a Portland Cement rock equal to that of
the Lehigh Valley.

Arparacuia:  This region extends west from the Valley to
the State line, and is traversed throughout by the mountain
ranges of the Appalachian System. ’

It is thus broken up into & succession of high ridges and
narrow valleys, and all the formations from the Lower Silurian
to the Carboniferous are exposed at various points.

On the castern edge of the region—the mountains forming
the western boundary of the Valley, the rocks belong chiefly to
the Upper Silurian and Devonian formations. (Rogers Nos. IV
to IX inclusive.) The Upper Silurian rocks aré sandstones, red

~



INTRODUCTION. VII

shales, and limestones, and in the shales occur important beds of
red *¢fossil”” iron ore, while the overlying limestone constitutes a
valuable flux. The Devonian rocks exposed include the Oriskany
Sandstone, Vergent Shales, and Old Red Sandstone. In the Oris-
‘kany Sandstone lie great deposits of brown hematite iron ore, which
constitute the chief source of supply for the blast furnaces at
Lowmoor and Longdale.

Exposures of the Sub-¢arboniferous rocks (Rogers X and XI)
are found in narrow belts along the southeast flanks of North
Mountains. These rocks are the Pocono or Vespertine Sandstone,
and overlying the sandstone, the Umbral Red Shales. In the
Sandstone many fine beds occur, yielding excellent stone for
millstones, grindstones and general building purposes, and just at
the top of this formation lie the important anthracite coal deposits
of Montgomery, Pulaski, and Wythe' Counties. The Umbral
shales and sub-carboniferous limestone of the same formation are
the accompapyiug rocks of the great gypsum and rock salt
deposits of the Holston Valley in Smyth County.

' Formations XII to XV of Rogers—the Carboniferous or true
coal bearing rocks, are exposed over more than 1,000 square miles
in the southwest counties of the State. These formations are
made up of sandstones, slateg, and seams ot the finest bituminous
coal.

In accessability, numben of the seams and quality of the coal,
the coal fields of the Pocahontas or Flat Top region in Tazewell
County, the Clinch Valley and Big Stone Gap districts in Lee and
Wise Counties, stand unequalled.

Enough has been indicated in the above gketch of the geologi-
cal and mineralogical features of the State to show the possibili-
ties of varied and profitable development of mining enterprises. -
The general conditions are most favorable. The climate permits
active operations all the year round, labor is cheap, water abun-
dant, and outside markets are readily accessible.

Particulars of the various ores and other deposits will be
found under their respective headings, in the following pages, but

-
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attention may be drawn here to the excellent prospects of renum-
erative returns on capital invested in the fuller development of
the copper deposits, in the careful working by modern methods of
many of the larger ore bodies in the gold field, in the reopening
of the Richmond -coal field, in the development of the deposits, as
yet practically untouched, of the finer qualities of clay, and in the
manufacture of Portland Cement from the cement rock of the
Shenandoah Valley, and from the marls and clays of tidewater
» Virginia. :
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ACTINOLITE: Calcium-magnesium-iron, Amphibole,Ca(MgFe) 4
(8i0,) 5. |

Specific Gravity, 3-3.2. Hardness, 5-6. Streak, uncolored. A
light green mineral oceurring in fibrous, columnar, bladed or gran-
ular massive form. Long slender crystals of a rich green color
are found in the micaceous gneiss at the foot of Willis’ Mountain,
Buckingham County. Fine radiated olive-green crystals are also
found in the gneiss footwall of the mica mine near Hewlett’s
Station, Hanover County, and at Taylorstown, Loudoun County.

AGATE: Vauriegated Chalcedony.

The colors are distributed either in straight, wavy or circular
bands, in clouds, or in spots due to visible impurities. Agates
varying in size from 9 inches to 3 inches in diameter, are found in
vonsiderable guantity, at Point Pleasant on north side of Walker’s
Mountain. Bland County, and at several other points in Giles and
Mountgomery Counties.

ALABASTER: See Gypsum.
ALBITE: Soda Feldspar, Aluminum-sodium Silicate. Nag O.
Al,03. 6 8i0,.

Specific Gravity, 2.62. Hardness, 6-6.5. Tricilinic. Color,
white, occasionally light bluish white, gray or green, opalescent.
Occurs in the old Rutherford Mica Mine near Amelia Courthouse
from which beautiful specimens have been taken ; also in the Mica

Mine near Hewlett’s Station, Hanover County.
ALLANITE: Orthite: A Silicute of Aluminaum, Calcium, Iron,

Cerium, Lanthanum, and other rare earths.
It is a brownish black, brittle mineral, with a sub-metallic or
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resinous lustre, occurring in tabular, or elongated crystals; also
massive and in grains. Hardness, 5.5-6. Specific Gravity, 8-4.2.
It has been found in the massive form at Fabers’ Mills, Amherst
County, and in the Rutherford Mica Mine, Amelia County.

ALAMANDITE: Iron-aluminum Garnet. See Garnet.

ALUM SHALE: Large quantities of alum shale are found in
Rockbridge, Bath, Bedford and W ashington Counties, and are the
source of the well known Alum S\prings occurring in these locali-
ties. On Jackson River, in Bath County, the celebrated ‘¢ Alum
Rock ” consists entirely of alum shale, and presents an interesting
appearance, thus described by Rogers:

<<It rises in an abrupt and lofty cliff, forming a semicircle at the
bend of the river, and presenting a scene which is at once curious
and imposing. Over the surface of the wall-like precipice, streaks
and stains arising from the copperas or ferruginous matter of the
rock, and of the gize of a bomb, lie here and there imbedded in
the mass.” '
ALUM EARTH: In the Green Sand Marl deposits along the
James and Pamunkey Rivers, occasional beds are found containing
masses of crystals of sulphate of iron and alumina imbedded in clay.
At the Evergreen farm, about 1§ miles below City Point on the
James River, such a deposit is to be seen.

AMAZON STONE: Green wvariety of Orthoclase.  Potash
Feldspar. .

Specific Gravity, 2.56. Hardness, 6.3. Color, light green or
bluish green, the cleavage faces having vitreous to pearly lustre.
Large quantities of this mineral were obtained from the mica mine
near Amelia Courthouse, when the mine was in operation.

AMETHYST: Amethystine Quartz. A violet variety of quartz.

Specific Gravity, 2.66. Hardness, 7. Found in Nelson

County, Albemarle County and Buckingham County, near Willis’
Mountain. Beautiful samples bave also been obtained from the

Mica Mines of Amelia County.
AMTIANTHUS: Fine silky variety of asbestos. See Asbestus.

*
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AMPHIBOLE: Hornblende. Magnesium-calcium-iron-aluminum
Silicate.

Color, varies from dark green to black. Specific Gravity,
2.9-3.4. Hardness, 5.-6. This mineral is found very abundantly
in the granite rocks and schists of Virginia.

ANDRADITE: Calcium-iron Garnet, 3 CaO Fez05 3 SiO,.
See Garnet.

APATITE: Calcium Phosphate.

Occeurs in various forms—hexagonal prisms, and in fibrous
masses; also massive granular. Color, white, yellow, gray, green
and blue. Spevitic Gravity, 3.2. Hardness, 5. In Amelia County,
near Amelia Courthouse, it has been found in translucent white
crystals,

A large deposit of Apatite, mixed with Magnetic Iron Oxide,
exists in the vicinity of Lovingston, Nelson County, but so far
no profitable use has been made of it.

ARAGONITE: Calcium Curbonate, CaCOg.

Specific Gravity, 2.93. Hardness, 3.7. Color, yellow,
yellowish white and yellow brown. Shape, columnar, fibrous,
stalactitic, banded, massive.

Composition of a sample from Murat, Rockbridge County:

1 1 0.10 per cent.
Calcium Carbonate .. . vee 9810
Magnesium CArbONALe ..y cvet evriiiiiiiieiesirsiiniianeisoeeneaees. W88 8
Alumina .. ...... g2 w w
Ferric Oxide ..... .

w.& 13 "

Prof. F. C. Dunnington (Metallurgical Review, May 1879),
reports vn a peculiar sample from Wythe County, as follows:

LIMe (CAO) e veteuiarntarsetossnesconee  svessssssacssosancos sesnssonnnas 51.819 per cent.
Lead Oxide (PH0). .... it tiiiiiiiii it siie s sre e 6087 ¢
Carbon Dioxide Oxide (COg) .... .. 41.800 *+
Ferric Oxide (Fa Og)........ ceee 083
Silica (81 Og)......... teve bereeereeeeses ae ees 012 0
Water (Ho O) . ..eiviiiiiiieiiiiiiiiiins iiiinanasenasnanecanene o ovene 070 ¢
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ARSENO-PYRITE: Mispickel Arsenical Iron Pyrites, Fe Sz,
Fe Ass.

Composition, Arsenic, 46 per cent. Sulphur, 19.7 per cent.
Iron, 34.3 per cent. Specific Gravity, 5.9-6.2. Hardness, 5.5-6.0.
Occurs as prismatic crystals, or in compact massive form. Color,
silver-white to steel-gray. Streak, grayish-black. Metallic lustre.
Very brittle.

This mineral is found in small quantities in many of the
crystalline rocks of the State, and is a frequent constituent of the
auriferous sulphurets of the gold belt.

It is found in considerable quantity in a mica schist occurring
in Floyd County, near Ferris’ Ford, and a plant has recently been
established at that point by the United States Arsenic Mines
Company, for the production of white Arsenic from this rock.

ASBESTUS: One of the varieties of Amphibole.

Occurs in slender easily separable fibres of a white, green or
brown color, and is the amphibole variety of the commercial article,
Asbestos. It occurs quite extensively in pockets, and also in well
defined veins, throughout the granitic and schistose rocks of the
State. Though much less valuable than the chrysotile variety of
Asbestos, it is easily mined and prepared for market, and for all
purposes where the strength of the fibre is not essential, such as in
the manufacture of fireproof safes, paints, wall plasters, boiler
coverings, etc., it can equally well take the place of the rarer and
more expensive chrysotile variety.

There are several localities in Virginia where amphibole
Asbestos is being mined and prepared for market. Near Chestnut-
fork postoffice, in Bedford Countv, a number of veins and seams
from 8 to 50 inches thick have been opened up. A considerable
amount is also found in pockets in soapstone about two miles east
of Rocky Mount, Franklin County. The qnality of the latter
deposit is excellent, the color being beautifully white, and the fibre
long and silky. Other localities in which Asbestos has been found

are:
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On land of United States Mineral Company, Whitehall, Buck-
ingham County.

At foot of Whllig’ Mountain, Buckingham County.

Chula, Amelia County.

Near Appomattox River, Amelia County.

On Little River, Wythe County.

At Barton’s and Singer’s, Floyd County.

Near Northern Copper Lode, Grayson County.

Barnett’s Mills, Fauquier County.

Near Maidens, Goochland County.

AZURITE: Blue Copper Curbonate, Hydrous Copper Carbonate,
3CuO, 2CO,, Hp0.

Specific Gravity, 3.83. Hardness, 3.5-4. Color, deep blue,
azure blue, Berlin blue. Monoclinic. Occurs in modified rhombic¢
prisms; also massive; often earthy. JFound in nearly all the surface
workings of the Virginia Copper Mines. See Copper Ores.

BARITE: Barytes, Burium Sulphate, Heuvy Spar., Ba S O,.

Specitic Gravity, 4.3-4.486. Hardness, 2.5-8.5 Brittle. Color,
usually white or yellowish white, but sometimes tinged red,
blue or brown. Lustre, vitreous or pearly. Transparent or trans-
lucent. Crystallizes in tabular or prismatic forms. The massive
varieties are frequently lamellar.  Also -found fibrous, granular,
and compact.

Barytes is found and has been mined in various parts of
Virginia. The greater part of the mineral mined has been
obtained from Campbell, Pittsylvania, Bedford, Tazewell, Smythe,
Bland and Russell Counties. The production in Virginia in 1902
was 17,400 tons.

The following are the principal localities where deposits are
found:

Campbell County—Evington, several localities near and on
Beaver Creek, near Lynchburg.

Bedford County—Bore Auger Mountam

Tazewell County—Richlands.

Pittsylvania County—Pittsville Postoflice.
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Botetourt County—Near Buchanan.

Smythe County—Marion.

Washington County—Glade Springs.

Russell County—Along Clinch River.

Wythe County—Wytheville, Brown Hill—in large masses.

Bland County.

Rockbridge County—Near Brownsburg, Buffalo Mills, near
Lexington.

Nelson County.

Buckingham County—Eldrige’s Mines.

Amberst County.

Orange Connty.

Warren County—Riverton.

Fauquier County—Near Marshall and Upperville.

Frederick County—Near Winchester.

BAUXITE: Hydrous Aluminum Oxide, Al,03, 2H ;0.

Specific Gravity, 2.55. Structure, clay-like, massive, oolitic.
In color, the purest variety is whitish or grey-yellow, hut the
presence of iron produces various shades of brown. Samples of
very pure bauxite have been reported from Henry County.

BERYL: Aluminum-beryllium Silicate, 3 Be O, Al3 O3, 6 SiO,.

Specific Gravity, 2.6-2.8 Brittle. Vitreous lustre. Hexa-
gonal prisms. Color, emerald green, pale blue, yellow and white.
Beautiful crystals of Beryl with perfect terminals have been found
in the Rutherford Mica Mine, near Amelia Courthouse.

BIOTITE: A Magnesium-iron Mica. See Mica.

BORNITE: Purple Copper Ore, Variegated Copper Ore, Erubescite,
Sulphide of Copper and Iron in varying proportions.

Specific Gravity, 4.5-5.4. Hardness, 3. Occurs usually in
compact granular massses. Copper-red to brown in color, showing
iridescence where tarnished. Lustre metallic. Found in most of
the copper deposits of Virginia particularly those of the Virgilina
district, and at various points on the copper belt running from
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Virgilina through Halifax, Charlotte and Prince Edward Counties.
See also Copper Ore.

BOULANGERITE: Sulphide of Antimony and Lead.

Specific Gravity, 5.5-6. Hardness, 2.5-8. Found in plumose
masses of crystalline stracture; also granular and compact. Metal-
lic lustre. Color, bluish lead-gray. Occurs as fine tibrous crys-
tals associated with lead and zinc in Walton and Tinder Mines,
Louisa County.

BUILDING STONES: An abundance of stone of many kinds,
suitable for building purposes, is found over a large part of the
State. Some of the deposits, notably the granite quarries of
Henrico and Chesterfield Counties have been extensively worked,
and the stone is well known in maﬁy parts of the country, but
in the main the development of the building stone deposits, has
only been sufficient to supply local demand.

The list of stones:found, includes light-gray, dark-gray and
red granite, gneiss, diabase or trap, red, brown, and white sand-
stone, slate, steatite or soapstone, rerpentine, limestone and
marble of various colors, including some fine statuary marbles.

From the coast to the eastern edge of the primary rocks,
which may be represented by a line running south from Alexand-
ria through Fredericksburg, Richmond, Petersburg and Emporia,

- the surface rocks are of the Teritary Age and furnish no building
stone of consequence.

The chief source of the building stone is the belt of Archaean
or crystalline rocks extending across the State from the line above
mentioned to the eastern edge of the Blue Ridge, and running in
a southwesterly direction parallel to that range. It furnishes gneiss
granite, slate, trap, steatite, serpentine, limestone and marble.

Within the above area are several narrow isolated belts
belonging to the Triassic formation, yielding red and brown
sandstone, while overlying the primary rocks at its extreme
eastern edge, there is a belt of sandstone, running more or less
continuously, from Petersburg to the Potomac.
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West of the Blue Ridge, the chief building stones occurring,
are the sandstones, limestones and marbles of the Valley of
Virginia.

GRANITE, GNEISS AND TRAP: The most important granite
quarries are those of Henrico and Chesterfield Counties in the
immediate vicinity of Richmond. The gray biotite granite from

these quarries is well known and has been used extensively in all
the Atlantic cities.

The principal public buildings which have been built of it are
the postofice and city hall, Richmond, and the postoffices at
Philadelphia and Harrisburg, Pa. '

The chief individual quarries are those of the Richmond
Granite Company, and Old Dominion Granite Company, on the
north side of the James, and those of Netherwood, Mittendorf,
Wray, Brown and Mc¢Coy, south of the river. All of these quar-
ries are producing massive gray biotite granite for monumental
work, paying stones and general building purposes.

Near Tuckahoe, Henrico Connty, a quarry was opened, but is
not at present operative, which furnished the stone for the Wash-
ington monument in Richmond. The stone is fine grained in one
part of the quarry, and coarse in another, and is noted for its
great durability.

Several varicties of granite are quarried near Petersburg on
the Appomattox. These are gray and occasionally greenish-
gray in color, both fine and coarse grained in texture, and are
noted for their strength and decay-resisting properties.

West of Richmond the granite becomes gneissoid in character,
and many fine exposures occur all along the James River Valley.
A few of the quarries that are being worked, or have been worked,
may be mentioned, but there are numerous localities along the
‘James River, between Richmond and Lynchburg, where good
quarries could be opened, with very good shipping facilities.

At Columbia in the southeast corner of Fluvanna County, a
gray biotite gneiss is obtained from the quarry of J. F. Seaz.

In Willi’ Mountain, Buckingham County, a unique gneiss of
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a rich pink or purple color occurs in great abundance, and from
its hardness and great durability, constitutes a valuable building
material.

Near Buckingham Courthouse, an exposure of a beautiful
coarse grained granite occurs, favorably situated for working.
Still further west in Ambherst and Campbell Countics near Lynch-
burg, a hluish-gray biotite gneiss is quarried for general building
purposes, and is used in Lynchburg, Danville and other points.
In the Amherst County quarries on the north bank ¢f the James,
opposite Lynchbu g, the rock can be readily split out in slabs
from three inches to any desired thickness. In the same district
an exceptional gneiss quite freé from iron is quarried on Fishing
Creek about a mile and a quarter from Lynchburg.

Between Lynchburg and the Blue Ridge, many exposures of
syenitic gueiss and trap occur. Near Harris’ Creek, a few miles
above Greenway, a dark syenitic trap was much used in the con-
strpction of the locks aud culverts of the canal. The rock is hard
but easily dressed, and very resistant to decay. i

In Bedford County, a dark variegated gneiss is quarried at
the Eagle Eyre quarry, and a black trap which is very closc-
grained and hard, and takes a high polish, is found at Coleman’s
Falls.

A valuable lighter colored trap occurs at Colling’ Ferry which
has been quarried for millstones; the same variety is also found
on Butfalo Creek and Whipping COreek, Halifax and Campbell
Counties.

A good deposit of red granite well suited for ernamental and
general building purposes, which is as yet undeveloped, occurs at
"Saxe, Charlotte County, on the land of the Jeremy Improvement
Company.

In the northern part of the State, a quarry has been opened
at Catlett Station, supplying the trap for paving blocks and gewer
construction in Washington.

SANDSTONE: Many beds of sandstone of various colors, and in
some places, of great thickness, occur in different localities.
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On the belt of rocks of this character already referred to as
overlying the extreme edge of the primary rocks from Petersburg
to the Potomac, many quarries have been opened and extensively
worked at different times.

In the neighborhood of Fredericksburg and Acquia Creek,
the quarries show thick beds very uniform in texture, and vary-
ing in color from nearly white to brownish gray. The gray sand-
stone used in the construction of the White House and old por-
tion of the Capitol was quarried at Acquia Creek by the United
States Government. '

Of the sandstone quarries found in the isolated belts of the
Triassic formation, that at Manassas, in Prince William County,
is most important. It is very similar to the well known Seueca
sandstone at the mouth of Seneca Creek, Maryland. The Manas-
sas quarry has been extensively worked, and the stone has been
used in the construction of public buildings in Washington, Balti-
> more, Danville and Charleston, West Virginia.

A bed of a beautiful pinkish-brown sandstone is found near
- Warminster, Buckingham County, and similar beds occur in the
same formation in Orange County.

‘At Naruna in Campbeil County, on the property of Mr. Jobn
W. Scott, a compact pink-brown sandstone of excellent quality
occurs, which has been used locally to some extent for sills,
chimneys, etc.

A very fine bluish-gray sandstone was extensively quarried
near Lynchburg. At Leesville in Bedford County, and at various
points between Scottsville and Lynchburg, on a continuation of
the same belt, valuable beds of quartzite or quartz slate are found.

The deposit at Lee’s Mountain near Leesville, consists of very
large layers of this mineral with a pronounced slaty structure, so

that it is easily quarried out in slabs of any desired size and.

thickness from one inch upwards. It is capable of being highly
polished, and is very suitable for interior decoration, table tops,
etc. A special branch of furniture manufacture for wkich it
would be particularly suitable, on account of its not being affected
by carbonic or other acids, is fittings for the soda fountain

~
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business. Its acid-resisting property would also make it a valuable
material for acid tower construction in chemical works.

Frequent extensive exposures of white or yellowish-gray sand-
stone occnr along the western side and base of the Blue Ridge,
particularly -in Page, Rockingham, Augusta and Rockbridge
Counties, but they have not received any attention for building
purposes. '

In Southwest Virginia sandstones ocour at various points. At
Big Stone Gap, in Wise County, gray, pink and brown varieties
suitable for building purposes are found. Similar beds occur in
Bland County, near the Courthouse, and at Pulaski City, in Pulaski
County.

The marble and limestone deposits, though extensive, have
not been developed to any extent: for building purposes. An
important deposit is found at Craigsville, Augusta County. It
produced a unique and beautiful crenoid marble, fine grained and
semi-crystalline, of -a pinkish-gray -color, and capable of a high
polish. It was extensively used in New York, Baltimore, Boston,
as well as St. Louis, Chicago and other western cities, for interior
work in buildings, furniture, aod ornamental purposes.

A very fine white marble having all the characteristics of
statuary marble is found near the mouth of the Tye River, in
Nelson County.

Throughout the Valley of Virginia many bands of limestone
occur of a color and texture which entitle them' to be considered
as ornamental marbles. The following varieties are mentioned
by Prof. W. B. Rogers:

Dun-colored marble of homogeneous and close texture, sus-
ceptible of fine polish. This marble is abundant in the northern
and middle Counties of the Valley. Amonrr the localities where-
it is found may be mentioned.near New Market and Wood-
stock, in Shenandoah County, and on the east side of Massanut-
ton Mountain in Page County.

Mottled bluish marble, also capatle of good polish, though
not so fine grained as the preceeding variety, is also found mexr
New Market, and is traceable for miles.
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A massive fine gray marble is exposed on Stone Run about
three fourths of a mile southeast of Buchanan, underlying dark
blue limestone. White marble is found at several points in the
Valley, but a particularly fine variety, very close grained and
capable of taking very high polish, occurs in Rockbridge County
about five miles from Lexington, the exposure being about 15
feet thick. '

Red marble occurs as a compact maseive deposit near Chap-
man’s Ferry, Giles County, and a red and grayish mottled variety
is found in abundance in Scott County, a short distance west
of the coarthouse. *

At Rockbridge Baths, Rockhridge County, on the lands of
G. M. and T. F. Anderson, there is a deposit of beautiful ounyx
marble, very compact in texture and susceptible of high polish.

A fine grained black variety occurs near Blacksburg, Mont-
gomery County, and at several other points in Southwest Virginia
go0d deposits may be found which are as yet entirely undeveloped.

SLATE: Next to the granite, the fine roofing slate beds of Buck-
ingham County have been more developed than any other building
mateirial in the State, and are of great importance on account of
the quality and extent of the deposits. The principal belt is on
Hunt’s Creek in the neighborhood of New Canton, and quarries
have been opened along this creek for several miles. The slate
beds have a general northeast strike, and the dip of the strata is
almost vertical. The slate splits easily and with good regularity
into sheets of any desired thickness. It has a fine texture, is very
dense, and resists atmospheric influences admirably. '

The two chief quarries presently operative, are those of Messrs.

.J. R. Williams & Company, of Richmond, aud Mr. A. L. Pitts, in

the same vicinity, both of which are being successfully worked on
a large scale.

The same belt has been opened at several other poiunts both
north and south of the river, to a small extent, with every
indication of the same excellent quality of material being found
at depth.
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Further west near the hase of the Blue Ridge, in Ambherst

and Bedford Counties, another belt of slate occurs which is
believed to be of the same geological age as the Buckingham belt.
Large exposures are found north and south of the river a few
miles below Balcony Falls, and several quarries have been opened,
yielding slate of fine quality. - On the northern side about two
miles northeast of ' the river, the Virginia Slate Mining Company
are working a large quarry, producing a dense fine grained roofing
slate of excellent quality. '
STEATITE OR SOAPSTONE: A belt of this material runs in
a southwesterly direction through Albemarle, Nelson and Amherst,
with occasional deposits in Campbell and Bedford Counties. The
most. important portion of the belt is that lying in Albemarle
County. At Alberine on the Southern Railroad and near Schyler
Postoffice, Nelson County, the deposit is being very extensively
worked. The soapstone is tough, compact and very regular.
Almost all the product from these quarries is put on the market in
the form of mannfacturcd articles such as wash tubs, fireplaces,
grates, etc. :

Between the two quarries above mentioned--a distance of
about eleven miles, the soapstone can be traced almost con-
tinuously. o

In Southwest Virginia near Troutdale, Meadow Creek, and
Coal Creek, Grayson County and in Floyd County near the court-
house, other deposits of steatite occur.

CALAMINE: Hydrous Zinc Silicate, 2 Zn O, SiO,, H,O.

Specific Gravity, 3.4-3.5. Hardness, 4.5-5, Rhombic prisms;
also massive, mammillated or stalactitic. Color, whitish, some-
times bluish, greenish or brownish. Vitreous lustre. Transparent
to translucent. Streak white.

Found in the Zinc mines of the Bertha Zinc Company, Wythe
County.

CALCITE: Cualc Spur, Iceland Spar, Calcium Carbonate. Ca-
COg. ‘
Specific Gravity, 2.5-2.8. Pure crystals, 2.71. Hardness, 3.
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Various crystalline forms—tabular or prismatic; often granular
and compact. Also fibrous, stalactitic or nodular. Fine crystals
abound in many of the limestone quarries of Shenandoah Valley.
CASSITERITE: Zin Stone, Tin Dioxide, SuQyg.

Specific Gravity, 6.8-7.1. Hardpess, 6.7. Compositioa, Tin
78.67 per cent. Oxygen 21.33 per cent. Crystals prismatic, very
frequently in twins; also found massive, in graius, reniform and
fibrous. Color, brown, black, yellow or white, the crystals
having an adamantine lustre. Streak, brown, yellowish brown,
yellow or white.

In 1883 a well defined lead of tin ore was discovered on Irish
Creek in the eastern corner of Rockbridge County. Much
interest was aroused in the find, and a considerable number of
openings were made on the vein, but the work was done very
injudiciously, and through lack of capital to thoroughly prosecute
the development, the: operation did not achieve any satisfactory
results. The tin area extends from a few miles north of the
James River, along the east edge of Rockbridge County  parallel
to the Blue Ridge, into Nelson Couuty. The veins occur in the
crystalline rocks of the. Blue Ridge, underlying the Potsdam
sandstone. The rocks are chiefly coarse hornblendic and por-
phyritic granite, and at some points, wica schist. The general
strike of the veins, which aré almost vertical, is vearly north and
south. The veins aire undoubtedly true fissures, containing at
times almost pure tin ore, and at other points with quartz replac-
ing or partly replacing the ore. At the surface the veins are
small, the pure tin ore varying from seven inches to less than one
inch in thickness. . The development work has not been sufficierit
to permit of any estimatz of the extent or value of these deposits
being made, but the amount of high grade cassiterite obtained
from the surface work, and the well defined character of the veins,
undoubtedly justify more careful and systematic explorations.

CERRUSITE: ZLead Carbonate, White Lead Ore, Pb CO 3.
Specific Gravity, 6.46-6.5. Hardness, 3-3.5. When
puie, contains Oxide of Lead 6.5 per cent. Carbonic Acid, 16.5
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per cent. Crystals, prismatic, pyramidal, or tabular, occurring
often in twins, and six rayed groups. Often massive, granular
and compact, but rarely fibrous. Color, white, gray, grayish-black,
sometimes tinged blue or green by some of the salts of Copper.
Transparent to sub-translucent.

Found occasionally in tke Bertha Zinc Mmes, Wythe County,
Virginia.

CHABAZITE: Hydrous Calcium-Aluminum Silicate, CzAlg
(SiO4)3 (SigOg) 3-18 H,O.

Specific Gravity, 2. Hardness, 4.5. Always found as nearly
cubical crystals.  Color, white or colorless, gray, yellowish,
brick-red and flesh-red.

Has been found in Mica mibe at Amelia Courthouse.

(.,HALCANTH ITE: Blue Vitrol, Copper Sulphute. Cu SO,
<15 H3O0.

Specific Gravity, 2.1-2. 3. Hardness, 2.5. Crystals, oblique
prisms; also as efflorescence or incrustation, massive, stalactitic
or fibrous. Color, deep sky-blue. Streak, uncolored. Vitreous
lustre. Occurs in most of the sulphide copper ores of Virginia,
notably in ores in Charlotte and Buckingham Counties. See
Copper Ores.

CHALCEDONY: A Crypto-crystalline variety of Quartz, SiO ,.

Specific Gravity, 2.62. Hardness, 7. Color, usually pale-
gray, bluish, whitish, or light brown. Translucent, with waxy
lustre, Formed in cavities by the deposition of silica from
silicious waters.

Found'in Bland, Montgomery and Giles Counties.
CHALCOCITE: Coppw Glance, Redruthite, (’opper Sulphide,

Cllgs

Specific Gravity, 5.7. Hardness, 2.5-3. Composition,
Copper 79.8 per cent. Sulphur 20.2 per cent. Occurs as prismatic
crystals; also massive, granular, or compact. Color, dark lead or
steel gray to black, with metallic lustre; sometimes tarnished blue
or gréen. Occurs associated with Bornite and Chalcopyrite in
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many of theVirginia copper ores, particularly in the Blue Ridge

copper district in Orange County. See Copper Ores.

CHALCOPYRITE: Copper Pyrites, Copper Iron Sulphide, Yellow
Copper Ore, Cu Fe S,.

'

Specific Gravity, 4.1-4.3, Hardness, 3.5-4. Lustre,
metallic.  Color, brass yellow, subject to tarnish aad often
iridescent. Streak, greenish black. Opaque. Fractare conchoi-
dal, uneven. Composition, Copper, 34.8 per cent. Iron 30.5 per cent.
Sulphur 84.9 per cent. Distinguished from iron pyrites, by its
deeper yellow color, and being much softer.  Chalcopyrite is
found in all the copper mines of Virginia, with the exception of
those of the Virgilina belt, and constitutes the principal ore of
copper mined in this State. It is also found in the pyrites mines
of Louisa County. See also Copper Ores.

CHERT: Hornstone—a variety of Chalcedony.

Chert is a term often applied to any impure flinty rock
including the Jaspers.

It occurs in all the limestone deposits in Virginia, sometimes
in bauds several feet thick. In Montgomery and Giles Counties,
beds of Chert occur which verge into burr stone of an open vesi-
cular structure. /

In the first named County, heavy deposits of flint occur as
boulders in clay, cresting the hills.along Tom’s Creek Valley.
CHLORITIC GROUP: This is an important group of silicates
of a green color closely related to the micas, but differing from
the latter in containing little or no calcivm or alkalis.

Chloritic minerals form a considerable portion of the crystal-
line rocks of the Piedmont region of Virginia, and examples of
the various members of this group are found all over the above
area. .

CHLORITE: Ripidolite, Hydrous Mugnesium-ferrovs-abuminum-
Silicate. MggFe Alzsigo 11 —I- 4 Hzo. )

Specific Gravity, 2.65-2.85. Hardnees, 1.5. Usually occurs
in dark olive green masses, having a'granular texture; also foil-
ated like tale and in radiated form. Rarely in hexugonal crystals.
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Lustre, a little pearly. Subtranslucent to opaque. Lamine
inelastic. Chlorite and chloritic slates are abundant in Virginia
constituting the country rock over a considerable portion of the
crystalline area. )

Some samples of chloritic mineral containing platinum are
claimed to have been found in Fauquier County, and a sample of
chloritic schist carrying Arseno-pyrite, received by us from near
Danville, did contain traces of that metal.

CHLOROPAL: Hydrous-ferric-Silicute. Fe; 3, 38Si0,,5 H,0,

Specific Gravity, 1.80. Hardness, 2.5-4.5. Massive and opal-
like in appearance. Of a greenish yellow color, '

CHRISTOPHITE: Bluck Sphalerite Zinc Blende. ZnS.

Specific Gravity, 4. Hardness, 3.5-4. A brilliant-black Sul-
phide of Zine. Crystals have been found in the zinc deposits of
Wythe County and also associated with galena, in cherty lime-
stone in the same region.

CHROMITE: Clrome Iron Ore. FeO CryOg. )

Specific Gravity, 4.3-4.6. Hardness, 5.5. Color, iron-black.
Metallic lustre. Occurs in snall granules in the eruptive peri-
dotite and pyroxenite rocks, and in the serpentine and télcose
rocks derived from the above by alteration.

In Virginia, chromite has only been found in small amount,
particularly in Loudoun County; no occurrence of economic
importance has yet been discovered.

CHRYSOCOLLA: Hydrous Copper Silicate. Cu Si Og, 2 H,0.
See also Copper Ore. ,

Specitic Gravity, 2-2.3. Hardness, 2-4. Occurs usually as
incrustations; massive or earthy. Also in thin seams and
stains. No fibrous structure apparent.nor any appearance of cry-
stallization. Vitreous lustre. Color, bright green, bluish green.
Translucent to opaque. Found in the copper mines around Vir-
gilina, in Charlotte County and in the Blue. Ridge miues.

CLAYS: Brick Clay, Fire Clay, Kuolin or China Clay, Pottery
Clay.
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Deposits of clay of various kinds from that used for the
manufacture of common brick, to pure kaolin or china clay, suit-
able for use in porcelain making, are found widely distributed
throughout the State. The development of the industry, however,
has been mainly confined to small brick yards supplying local
demands for common building brick; the finer qualities of clay
having received very little attention.

The most important clay area of the State is that of the
coastal plain, the western border of which may be represented by
a line running through Alexandria, Fredricksburg, Richmond,
Petersburg and Emporia. This area includes the Potomac,
Pamunkey, Chesapeake, Lafayette and Columbia formations.

The first named formation is exposed in narrow belts near the
western border of the coastal plain, particularly in the neighbor-
- hood of Fredricksburg, and contains many clays valuable for the
higher grades of stoneware, tiles, refractory and front bricks.

An extensive deposit of a fine grained gritty clay, with a
grayish tint, occurs near Summit Station on the R. F. & P. Rail-
way which is well suited for the manufacture of pressed brick, fire
brick, or stoneware. A sample recently examined by us had the
following compositiow:

The sample dried at 212 degrees Far. contains:

Silica....ooooe. Ceete ittt e treeees teiereerecesesiereereaiees o seesenee. 6376 DOr cOnt
Alumina.......... . 24386 ¢«
Ferric Oxide 2.00 * “
B % 1) U TN trace
Magnesia .. .... 38 % w
Potash ere e ;0 "
S0dR -.ereeenen enn et e v e e e e 32 4w
Loss on ignition 864 ¢ w
99.96 ¢

By rational analysis the mineral ingredients in the above
were found to be.

Clay substance (Kaolinite'... . .............. oo L, 59.70 per cent.
Feldspar......coveeeuvrannes vee o 5.52 “
[0 T3 o - N 348 v

The dry clay required 27 per cent. water to produce a work-
able paste, which shrunk 3.5 per cent. on drying and an additional
5.6 on burning, makihg a total shrinkage of 9.1 per cent. On
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firing, incipient fusion took place at 2250 degrees Far. and vitri-
fication at 2500 degrees Far. the brick produced baving a very
pale buff color.

Many other deposits of a somewhat similar character occur
about and below Fredericksburg, which are suitahle for pottery,
encaustic tiling and terra cotta ware. »

In the Pamunkey and Lafayette formations there are con-
siderable beds of brick clay at places, but nothing of much
importance.

The Chesapeake formation containg many thick beds of clay,
which are exposed at various points along the Rappahannock,
Mattaponi, Pamunkey and James Rivers. According to Prof.
Rogers the Miocene clays frequently contain sulphate of iron, but
many of them are well suited for pottery and brick manufacture,

A sample from this formation from an extensive bed on James
River, near Ferguson’s Wharf had the following composition:

£ 1 1 N - .28 1= ) 1
Alumina........ S 1745 bl
Forric OX1dO... toive vevere tvr vevieniiese  diiis see cessesceens 481 ¢ &
LAD@. et cieeuarnes  © tetnens seee sreeiesanananaresananas 3.08 ¢
MAZIMOBIA +oeovtivrtiiiin vovninnns soeasnunns taunr cirenennnnnareren caan R:) A
0 7 - ) N 197 & o«
SOAB tevv:vrnsvinns treratrranss tor teaenararens sasieaateaties sesesanoes 1.68 ** ¢
LossOn IGNItiOn.cooviviiivii iy tiii iiies cieen s crirenen o eeeee 821 %W
99.83 ¢

- This clay burns to a dense red brick at a low temperature.

The Columbia formation is the most important source of the
loams and other alluvial clays suitable for brick making. It over-
lies all Norfolk and Princess Anne Counties, and many thick beds
of the brick clays belonging to it are found on the terraces of the
Rappahannock, Potomac, Mattaponi, York, Chicghominy,Pamun
key and James Rivers.

The loams of this formation are particularly well adapted for
brick making, and further north have furnished the most of the
bricks used in Washington and Baltimore. They are character-
ized by a moderate plasticity, and contain suflicient iron to yielda
good red color when burned.

West of the coastal plain and extending to the Blue Ridge,
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lies the area of crystalline rocks, and residual clays more or less
impure, resulting from the decomposition of these rocks are
widely distributed.

Beds of kaolin of good quality have been reported from a
number of localities, but the development has been slight, and
comparatively little is yet known about them.

On the eastern fringe of the area at Bon Air, nine miles from
Richmond, a good deposit of kaolin is well exposed in the cut of
the Southern Railway. The rational analysis of the crude kaolin
dried at 212 degrees Far. yielded the following results:

Clay Substance (kaolinfte ...............cco. v o e 68.55 per cent.
QUATEZveev v venevnersirien aeranes oeree anevoanenaneneianee cieee oo oee BL4G 4
FOIASPAT. ..o ocee cvvr . teeeiee o seeians veeeies aee teiiensees s aiaaes ., tTACE
lm.m . .
After washing the dry kaolin had the following composition:
SIHOR e0er orevtrnnrnnenoiass o seriaeeiies et sinsnae seriereenne seeeeess 4871 per cent.
N 04 1 T S N 3762 »* 0%
FerricOxide.... . .. ...cooiiiiiiiiiiiiann e 110 ¢«
D 7 B - SR
MAZNOSIA ¢eueeereninne corenniserorineeoiansisiens L e q4 00
Potashand Soda . ............ ..... ettt eiieei et tiet e traces
L0888 0N TZMIEION . .ovt cue it ceiee s ciiteie e eeieee ceee  aeeeeeanas 1410 ¢ ¢
_7”6‘9le .

This deposit was worked to some extent a number of years
ago, and a considerable amount of very pure washed kaolin was
shipped. ’

Residual clays more or less refractory are produced by the
decomposition of the gneiss and granite, and occur as thick beds
at various points along the eastern edge of the crystalline area.

At Clayville, Powhatan County, extensive works are in
operation manuf#tturing light-colored pressed brick, which have a
large sale in Richmond and other cities.

‘At Lorraine, in Henrico County, on the land of Mr. F. B.
Deitrick, extensive deposits of a very fine grained plastic clay
occur, which is well suited for the manufacture of stoneware.

The cldy is very dense and tough and remarkably free from
grit: A workable paste, which is very plasyc, is obtained with
35 per cent. of water. This pasteshrinks 12 per cent. on air-drying
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and an additional 7 per cent on firing, and burns to a dense hard
brick, bright red in color, at 1750 degrees Far. Its composition
is as follows:

(SAIPLE DRIED AT 212 DEGREES FAR.)

SIHCA -evvervene tviaiincineniienn. . 62.80 per cent.
Aluminga ..... .... e 21.30 **
Oxideof Tron.... ...... .... . 480 * ¢
Lime ......coovvviiiiinnan be ot
Magnesia....coooiiiiit ciiiiiiiies e . BT
POBASH. ....iviiee teiiee e eerit + bt eeaaen e een e 235 ¢ v
1T T B 83 ¢ ¢
Loss.on Ignition 700 ¢
100.19 “
A rarional analysis showed it to have the following mineral

composition.

Clay Substance (ksnllnite)
Feldspar . e
Quartz..

vv «v.. 60.90 per cent.
PPN RSN 1671

10000 =

A deposit of crude kaolin has recently been developed to
some extent near Abbeyville, Mecklenburg County, on the property
of the Kaolin Mining and Manufacturing Company

The mass, which is apparently a very large one, is in three
layers separated by thin bands of ochre, and samples from each of
the layers drawn and analyzed by us had the following composi-
tion:

(SAMPLES DRIED AT 212 DEGREES FAR.)

No. 1 layer, No. 2 layer, No. 3 layer.

4’ thick, 2 thick, 30’ thick.

Sillca..o veier cienninns 6940percent . 69.01 percent 6036percent.

Aluming....coeveeeennn 20 85 2097 * 24.82 ¢

Ferric oxide ........... 140 ¢ 136 ¢ 1.60 **
Lime ....... ...o..vveuen . . A1 0 40 0
Magnesia.... trace 43 0
Potash ¢ 2.01 ¢ 260
_ Soda . e o 119 ¢« ¢ 472 ¢
Titamc Acld ....... . .65 ¢ o .65 ¢ 1.01 ¢
Loss on Ignition ....... 470 ¢ 4.62 ¢ 3.93 « ¢
99.96 ¢ 99.92 ¢ ¢ 99.87

The clay slacks to a very lean mass possessing slight plasti-
city. Briquettes shrunk 2.5 per cent. in air-drying and additional
2.5 per cent. on firing, and at a temperature of 2250 degrees Far.
burned to a hard, cream colored brick. :
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Deposits of kaolin and fire-clay are reported at various points
along the James River Valley, in Powhatan, Cumberland and
Appomattox Counties. In Campbell County near Lynchburg, on
the land of Messrs. Carroll Brothers a deposit of excellent kaolin
occurs. It is pure white in color, and very pure as shown by the
following analysis of it made by us:

(SAMPLE DRIED AT 212 DEGRERS FAR.)

£ 1 L Y 45 13 per cent.
Aluming...........oouu. Nanteaassansasnt i, amasass ausesisswace  asexare 37.96
Ferric Oxide........ .c.coovvinene T - S
Sulphuric Acid...... .. et bt ebeene eeeestan teee seaeie e besses oo s .0p ¢
Phosphoric Acid... . ...... .. ... el RN Ceriaenes o ot
Lime (Ca 0).......c.c.. ... Cveh ersesesnsssesens tetes suesssres esavesened 85 ¢
Magnesia (MB0)..... coiiieiie tiiiiieineeaeronecoronrseonostncesaesans . 28 v
0T T S reieiesasene b2
Potash (Kg0).......... .. et et e e e raee e 310
Water and Loss........... Ceeeieieeiens S eeee ceerssererierererrarenss 1459
”.m (0 [

At the same place a vellow clay which makes a bright-red,

strong brick and a blue plastic clay sunitable for pottery ware are
found.

Their composition is shown in the following analyses:

(SAMPLE ORIED AT 212 DEGREES FAR.,)

. YELLOW CLAY. BLUE CLAY.
Silica ..... ettt vreereaneens 61.75 per cent. 44.70 per cent.
Aluming . .....civiiiiiieiiiiens viienn el 2146 ¢ i %50 v
Ferric Oxide .............. I X (: I v 3.46 * *
Maneanese Oxide oo oo
Sulphuric Acid .... .... .. .ol 02 - .08
Phosphoric Acid ........oolieenivn veeee. 0B L oo
Lime (Ca0) ... c.coovvvver viieiiinenn .85 * [OOSR B ( "
Magnesia (MgO) ..... ..ccocvvrvvnienonnnns B3 e a2 e
Soda (NaO) ...... Ceeaeses seee s eesees 87 e ereees 16 ¢ -
Potash (KaO ...... ... .... eeenieniianes it i iiees e 87 ¢ d
Water and Loss............ ceriis e eees T2 e iiereraane 18.55 * d
TR om e

In Rockbridge County, near the mouth of North River,
fire-clay said to be of a superior quality has been mined. Large
beds also occur in Amherst and Bedford Counties. ’

West of the Blue Ridge deposits of kaolin are reported at
Black Rock, Lipscomb and Sherando, Augusta County; also near
Wytheville, Wythe County, and in Henry and Patrick Counties.
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The deposit at Sherando, about seven miles southwest of Waynes-
boro, has been worked to a slight extent at various times, produc-
ing pottery, fire-brick and tiles.

It covers considerable area and has a thickness in places of 30
feet. A section shows on the surface sand, gravel and cobbles,
next, a bed of yellowish silicious clay, and underlying it, the
white kaolin deposit. The latter is a tine grained plastic material,
very free from quartz. A sample analyzed by us had the folloaing
composition: .

Silca c.oveiriiin tiiieen cane cee e teeeess seneseiieseseieienes oo ee.. 47.90 per cent.
Alumina .. ....... 39.86 “
Ferric Oxide.......... Cieiee e hee eee eenereiaes sbees ceae 24 0w
Lime ........ IETTRTTI 93w
Magnesia... -..... 19 ¢ -
Alkalis  ........ 156 * “
Loss on Ignition 9.85 ¢«
”72 " .o

Fire-bricks made of a mixture of this clay and the more
silicious clay overlying it have given good results in practice.

Many deposits of impure residual clays from the decom-
position of the Cambro-Silurian rocks, are found throughout the
Valley of Virginia, and are used to supply the local demand for
commor building brick. o

Highly refractory clays occur at many points in the coal
measures of Southwest Virginia, but so far have received little’or
no attention.

COAL: The coal-bearing formations cover an area of about 2120
square miles, of which 1850 square miles belong to the Northern
Appalachian coal field, situated in the southwest border Counties
of the State, and the remainder to the Triassic coal field, the chief
depos,ts of which are those of the Richmond coal basin.

It is estimated that 50 per cent, cf the area of the Triassic
field and 80 'per cent. of the area of the Appalachian field, con-
tains beds of workable coal.

The most important deposits in the Applachian region are
- those of the Pocahontas Flat Top Field, in Tazewell County, The
Clinch Valley, and Big Stone Gap districts in Wise and Lee
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Counties, and the hard coals of Price and Brush Mountains,
Montgomery County.

THE FLAT TOP FIELD: This coal field is a triangular-shaped
region, with an area of about 150 square miles, consisting of the
Great Flat Top Mountain and its spurs running southeast to the
Bluestone River. It lies partly in Tazewell County, Virginia, but
mainly in Mercer, Wyoming, McDowell and Raleigh Counties,
West Virginia. :

The formation, which has a thickness of 1000 to 1100
feet, belongs to the lowest member of the Coal Measure (the great
conglomerate of other sections and has been named by Prof. Fon-
tain the ¢ Quinnimont Group.”

The stratification is regular, and almost horizontal, the slight
dip to the northwest being about 25 to 30 feet to the mile.
Thirteen beds of coal are exposed, varying in thickness from 1
foot to 12 feet, the total thickness of the coal beds of the series
being about 47 feet.

COAL BED NO. 3: Also called the¢¢ Nelsow or Pocahontas Bed,”
is the most important and extensively worked of the series. The
unumerous operations on it, on the outcrops on the sides of the
ridges lying between the many small streams emptying into the
Bluestone, show that it varies from 4 to 12 feet in thickness. At
Pocahontas its thickness is 11 feet to 8 inches, the structure from
the roof to the floor according to Prof. A. S. McCreath, being as
follows:

COABL, DOMY .+ cetiiit vviiitt tettiane crtsenaaennstae torenrsaanes ciareise vernarens 0 8
Coal with irregular thin slate streaks. ........ ..coo. coevviiiien ceenen o0 .0 47 87
Slate....... .. e TN 0’ 0%
L0 Y 6 0"
Slate.....cvveeiiiinnns N 0’ 38"
Coal. civi tieriiiiiiiiiiii e Cessseaess P T | I
Total thiCKNEsS Of DA c.vvvniiviieriiiiinton ter covenurinnns son ceranvenaenos AL B
Thickness of coal to be mined ........  ..... .... PSRN 1” 8

The average thickness of the two overlying workable beds,
No. 5 and No. 6 is about 3 feet 6 inches.
From many analyses and exhaustive practical trials, the
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unequalled character of the coal from this field for steam raising
and coking purposes, has been fully demonstrated. The
following table of analyses taken from Prof. McCreath’s report,
shows its average composmon compared with that of other standard

coals:
VOLATILE FIXED
NAME OF COAL. MOISTURE. MATTER CARBON. SULPHUR. ASH.

Per cent. Per cent. Per cent. Per cent. Per cent®
Flat Top Coals, average of

10 samples... ...covuen 694 18.832 74.066 761 5.647
Flat Top Co1ls,average ot

8samples, No. 3. Bed.. .698 18.756 73.406 763 6.388
Cumberland Coal, average

of 2 samples. ..ce cieens 985 19.139 72.708 787 6.408
Clearfield Coal, ave age of

3 samples .....cooeeeennn . 1.186 22.168 69.270 .983 6.443
Broad Top Coal... ... 594 17.651 71.334 976 9.545
Connellsville Coklng

COBL tovvrinnimnnreenan s 1.260 30 107 59.616 T34 8.233
Westmoreland Coal ...... 1.430 36.145 55.801 .939 5.5 5
Cardiff Coal, Wales........ 2.552 33.123 66,774 1.828 6.225

The Clinch Valley and Big Stone Gap Fields in Wise County
embrace an area of about 300 square miles, all of which is
underlaid with coal, and most of it contains two or more beds of
workable thickness

In the Clinch Valley district the Coal Measures belong to the
Middle Coal Series of Virgiuia, which are identical with the Lower
Productive Coal Measures of Pennsylvania. A general section of
the Measures is given by McCreath and D’Invilliers as follows:

1. Edward’s Coal Seam on hill top ........ . 4’4" to 5’6

Interval: Slate and thin sandstone about .... ....... . .. 400°
2. Upper Banner Coal Seam; averaxing ........ veeeae .. B’toex™

Interval: Shales . ....... . 100° to 125°
3. Lower Banner Coal Sea.m' avemzing ...... 3°to4’ 2

Interval: Shale and massive sandstone.... €5 to 75°
4. Widow Kennedy Coal Seam; averaging ..... 5’to 6

Interval: Shale and thin sandstone ... .. cereens 165° to 200
5. Imboden Coal Seam: averaging ........ 3°4” to 4’6"
Interval: Largely sandstone ..... -~ weress 100 to 160°
5. Jawbone Coal Seam; AVeraging «..c..ecoveevereeiiviirniosenenes ... 682to11”
The coal from the various beds is of excellent quality; very
regular in composition, and suitable for steam, coking and domes-
tic uses. The following table of analyses from the report of
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McCreath and D’Invilliers gives the average composmon of the
different beds:

JAWBONESEAM KENNEDY SEAM LOWER BANNER UPPER BANNER EDWARDS
AVERAGE OF 4 AVERAGE OF 3 AVERAGE OF 3 AVERAGE OF 3 1

ANALYSKS. ANAL\ SES, ANALYSKS. - ANALYSES. SAMPLE.

Per cent. Per cent: Per cent. Per cent. Per cent.
Water.... .. ... 1.072 .909 .583 6825 870
Volatile matter 83.239 81.331 84195 34.028 33.865
Fixed Carbon.. 51.488 59.888 60.031 59.394 56.0:7
«Sulphur........ 14 797 .866 .600 1.623
P ¥:) « RPN 13 487 4.075 3.97 5.358 8135
10..000 100.000 100.000 100.000 100.000

The centres of the numerous operations in this field areTacoma,
Coeburn, Tom’s Creek, Virginia City and St. Paul.

On Tom’s Creek the Mines of the Virginia Iron Coal ahd
Coke Company have a capacity of 1,200,000 tons annually, and
800 bee-hive coke ovens are in operation with an annual output of
350,000 tons of coke. . —

The following are analyses of the coal mined at Tom’s Creek
and the coke produced from it:

COAL. COKE.

FiXed CAIDON.. ceouveeens ceirneens cenens 63.400 per cent ........ 88.01 per cent.
Volatile matter ........... e eeeeas 31200 ** 0 ...l 1.86 *
Ash .......... PN e reesreaeeees 3.446 % ieesnes 1013 * s
Moisture ......... «eoiiiiiiiiiinans Nernanes 1865 L. LU

]m m o " lw m [ “"
Sulphur ... .o v viiiiiiiiies teanns 0576 * 0.56
Calorific POWer ...oov covn vee cen cnvennnns 16129 B.T.U. ’

THE BIG STONE GAP FIELD: This field in Virginia has an
area of about 120 miles, lying between Stone Mountain—its
southern boundary, and- the State line running along the summit
of Black Mountain.

Its length from the eastern limit at Norton in Wise County,
to Pennington Gap in Lee County, is about 20 miles. The coal
measures exposed in this fleld have a thickness of about 3000 feet,
and include the conglomerate series of the Flat Top Field and the
Lower Productive Measures of the Clinch Valley District.

More than 20 coal beds are exposed, of which a number are
of great economical importance.

Near the crest of Little Black Mountain, a seam of very fine
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splint coal, varying from 5 feet to 7 feet in thickness is exposéd,
and has been proven very reliable in extent and composition.
Another ted of importance, which varies in thickness from
44 feet to 6% feet has been opened and worked to some extent,
along the face of Iittle Black Mountain, about 200 feet from the
base. 1t yields a bituminous coal, which produces good coke.

Of greatest importance, however, in average thickness of the
bed, and character of the coal is the ¢ Imboden ” seam, said to be
identical with the well known" ¢¢ Elkhorn™ coking coal of Pike
and Letcher Counties, Kentucky.

It varies in thickness from 5 feet to 20 feet, the greatest thick-
ness being in the neighborhood of Stone Mountain, and covers an
area in the field of at least 90 spuare miles. If an average thick-
ness of 5 feet be reconed over the above area, 400,000,000 tons of
coal are estimated to be available from this one bed.

Underlying the ¢ Imboden” bed, another seam of coal, very
similar to it in character occurs. It is under drainage over most
of the field, and where exposed is much broken up, except at and
vear Norton at the eastern limit of the field. At this point it is
from 8 feet to 10 feet thick with one to three small partlnus and
is now being extenswely worked.

The following table of analysis of the coal from the four
seams above described, taken from an article on this field by Mr.
James M. Hodge, (Trans. of American inst. of Min. Eng. 1893),
shows the excellent character of the product:

HIGH SPLINT.  THIRD COKING. IMBODEN.
Average of 2 Average of 2 Pigion Looney Looney
Anulyses. Analyses. Creek. Creek. Creek.
Authority........ P. P. McC. McC. McC.
Per cent. Per cent. Per cent. Percent. Per cent.
Moisture ......... 1.80 1.40 1.464 '1.400 1.154
Volatile Matter.. 83.90 34.10 96.206 33 660 35 346
Fixed Carbon.... 59.25 69.84 59.741 58 365 60.107
Ash (..o coeeian. 5.05 4.68 1.730 5. W 2.0
100. 100.
Sulphur ..... ... 0.714 0.566 0.799 0.705 0.843

100. 0. - 100
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LOWER COKING.

Muad Lick Ca- Black Copper Ent. Baker Ent.

lahan Creek. Creek. Powell River. Powelll River.
Authority........ McC. McC. P. P.
Moisture ......... 2.008 per cent. 116)per cent. 1.000 per ce't. 6.80 per cent.
Volatile Matter..  31.437 * 84016 ¢ 3330 ¢ 3260 ¢ o
Fixed Carbon. ..  57.70¢ * 54708 ¢ 630 ¢ 6350 ¢
Ash..... coovennn 8.200 * v 820 ¢ 860 ¢ 310 ¢ ¢

100,00 ¢ ** 10000

Sulphur.......... 0.651 ** b b W6 (AR 0769 ¢ ¢ 0.742 ¢ .

10000 4 10000 ¢ %

The Stonega Coke and Coal Company is operating five coal
mines in this field, three of which are at Stonega, one at Osaka
and one at Roda, in Wise County. It has also 966 bee-hive coke
ovens, 666 being at Stonega and 300 at Osaka. Other large
operations are those of Virginia Iron, Coal and Coke Company,
Imboden Coke Company, Intermont Coal and Iron Company,
Norton Coal Company, etec.

The Hard Coal Deposits of Price and Brush Mountain,
Moutgomery County:

These deposits occur in the Pocono (Vespertine) sandstone
formation, No. 10 of the Virginia Scries, and in view of the
recent extensive and successful development of them by the
Virginia Anthracite Coal Company, now have a commercial
importance hitherto denied them.

They have been known and worked in a crude fashion for
many years, but only supplying local demands, consequently the
many openings on the outcrops on Price and Brush Mountains,
were never carried furtber than could be conveniently worked
without machinery. Most of the coal obtained from these surface
workings contained too high a percentage of ash to enable it to
compete with the purer coals of other fields; the deposits,
therefore, never got beyond this surface development.

Recent and more systematic work has demonstrated that the
coal at greater depth shows great improvement; the formation
becomes regular and the percentage of ash is greatly reduced.

The deposits are being vigorously developed by the Virginia
Anthracjte Coal Company. A standard gauge railroad 64 miles
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long, has been completed from Christiansburg to the mines on
Price Mountain, and a breaker with a capacity of 1000 tons per
day has been erected.

Two veius occur on all the property. * One known as the
¢« Big Vein,” averages 5 feet to 8 feet thick, with thin slate
partings; the¢¢ Little ” or ¢¢ Bottom Vein ” varies formn 24 feet to
10 feet in thickness, and is practically free from slate.

In the larger vein, which dips at an angle of about 28 degrees,
a large working slope has now been driven to a depth of 700 feet,
and at this point a section shows 70 inches of coal. The mine is
fully equipped with the most modern machinery and is under
expert management. :

From the results of the completed development, there seems
every indication that this property will produce at least 40,000,000
tons of high-grade anthracite, excellently suited for domestic use,
the composition of which is shown in the following table of
analyses:

ANALYSIS OF BEST ANALYSIS OF AVERAGE

VIRGINIA ANTHRA- VIRGINIA ANTHRACITE
CITE, BY A. 8. MC- . BY FROEALING &

CREATH. ROBERTSON.

Moisture.............. K per cent. .82 per cent.
Volatile Matter..... 10520 ¢ % e TR b I ¢ SR
Fixed Carbon........ 82020 ** % Ll eeeeaen vese oo 80173 ¢
Sulphur .......... ... B o 413 v
ASh coviereriinniianns 8.306 ** Y it e eeaeeciieens 7520 ¢
100000 10000 * ¢

RICHMOND COAL BASIN: This area is the most important
of theTriassic coal fields of the Atlantic Coast, and has been known
and worked sinee the beginning of the 18th centnry.

Its form is that of a broad basin nearly 10 miles wide in the
southern middle portion, tapering towards each end. The northern
extremity is in Goochland County, about 94 miles north of the
James River, and it extends for about 31 miles south, embracing
part of Goochland, Henrico, Powhatan and Chestertield Counties.
Several outlying basins occur outside the edge of the main area
both north and south of the James River.

Although this coal field has been known and worked for an



30 MINERALS AND MINERAL RESOURCES OF VIRGINIA,

extended period, being in fact one of the first opened by the
miner, the development has been confined to the fringe of the
main basin and to the smaller outlying basins on the eastern
border. Not more than twelve hundred acres in all have been
worked and the central area of the basin has not even been
exvlored. '

The eastern edge of the basin is clearly defined, and the coal
horizon has been traced except where it is hidden by the alluvial
deposits of the Swift Creek drainage area. On the western side,
the border is not so clearly shown, the coal outcrops being mainly
found in the region of the James River.

The part of the basin in the vicinity of the James River has
been most carefully studied. In this section the beds on the
eastern margin dip gently westward with flexures downthrown in
the central part; on the western edge the beds are broken and
irregular but dip chiefly eastward.

. There is also at various parts of the western margin evidenc®
of faulting and in the southern portion, considerable deformation
of the strata whereby north and south troughs separated by arches
or rolls have been produced. The coal seam frequently pinches
out at the crests of these mine arches, but is again found by con-

tinuing on the same slope downward and through the roll.

The evidence derived from the mining on the eastern margin
of the basin, as well as the results obtained from borings in the
tract south of the James, indicate that the dip of the strata
in this section carried the coal beds to a depth of twenty-five
hundred feet at a distance of about a mile from the eastern edge
of the basin.

The development along the eastern outcrop of the main basin,
has been mainly at three points—at Gayton (Carbon Hill) nor.h
of the James, where the mines of the Richmond Coal Mining and
Manufacturing Company are located; at the Midlothian Mines
about five miles south of the River, and at Winterpock (Clover
Hill) in the southern part of the basin

In the Gayton field four workable beds are found. Nearest
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the surface there is a bed of natural coke 5 to 6 feet thick under-
lying which are three beds of bituminous coal.. The one nearest the
coke is a good workable bed 5 to 7 feet thick; the next is four feet,
and the bottom bed, which is banded with slate, is 5 to 10 feet
thick.

At these mines two shafts have been sunk to the natural coke
seam, about half a mile apart, and slopes have been driven along
the seam for about 1500 feet, the two slopes being connected by a
gangway. The bituminous seams have been worked by a separate
shaft and slope, the latter being 1660 feet long, and reacblng a
perpendicular depth of about 600 feet.

The mines have not been working for a few years, but have
recently been unwatered preparatory to a resumption of operations.

In the old Midlothian mine one of the beds has an average
thickness of 20 feet. The shaft reached this seam at 722.5 feet,
and 36 feet of coal was found at this point. A sinking shaft was
put down in 1874 to a depth of 1022 feet and bored an additional
317 feet in an attempt to reach the deeper beds of the Midlothian
field, but was abandoned before the coal horizon was reached.
Three beds are reported by Heinrich in the Grove shaft south of
Midlothian, the upper of which was 144 feet, the middle 12 feet
and the lower 3% to 4 feet thick.

This field has not been worked since the surface equipment
was burned a few years ago. It is stated that the old workings
showed plenty of good coal in sight, and the mines are now being
unwatered for reopening.

At the Winterpock (Clover Hill) mine the Raccoon slope
exhibits three seams. The top and bottom seams ave 4 feet thick
while the middle one varies from 18 to 30 feet.

The coal produced from the Richmond field, is of two kinds
—-a normal bituminous and coking c¢oal, and natural coke or car-
-bonite. The bituminous coal is very black and bright in appear-
ance, fairly hard and strong, and yields an excellent strong coke.
-The following analyses shows the composition of the coal:
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Midlothian (average) W. R. Johnson 2.455 20.796 53.012 14.787 068 220
Midlothian (screened) - 1785 34.497 54.0683 9.656 202 184
Clover Hill b 1339 31.698 56.831 10.132 b5l4 2.11
Barr’s Deep Run o 1.785 19.783 67.9568 10.476 8.43
Gayton (Carbon Hill) O.J. Heinrich 1.40 20.60 60.80 17.20
Crouch & Sneads
(Gayton) W. R. Johnson 1.785 23959 59.976 14.280 421 250
Midlotnian Froehling & Robertson 1.931 33.426 53.8314 11.329 204 1.93
Gayton i 640 33470 62.320 3.570 1.97

The natural coke or carbonite is found usually in one of the
seams at least, in the basin of the James River. It is the result
of the intrusion of igneous matter, either as a dike cutting
upward across the bed, or as a sill following the upward rise of
the seam. The coke is of two kinds, depending on its proximity
to the igneous rock. That found close to the dike, or sill is very
hard and cellular, burns slowly except under strong draft, snaps
when burning, and is known as hard or popping coke. The better
quality, which is suitable for household use, is found further
removed from the dike or sill, as dense blue-black masses, and is
known as soft or free-burning coke.

The following analyses give the composition of some samples:
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PER CENT PER OENT PER CENT PEROCENT PER CENT

Gayton 0.J. Heinrich 167 9.6t 79.93 8.86 8.29
Gayton Dr. Wallace Glasgow 156 1426 81.61 224 33 5,12
Midlothian Froehling & Robertson 1.63 13.47 75.94 8.96 1.70 5.63
Gayton “ 1.03 828 8056 1014 1.8 9.3
Gayton s 149 1263 97.14 874 2.01 611

As regards prospective development, it may be stated that
these deposits possess many of the conditions necessary for the
growth of a highly successful coal field.

They are within a few miles of Richmond and Tidewater,
having therefore an assured local market, and cheap transportation
to other large centers of the eastern seaboard. The coal is of
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excellent quality, and the main scams developed are of great
thickness. On the other hand, the geological structare of the
ficld is such as to present many new difficulties and problems to
the miner, as the conditions existing in this field are peculiar and
difficult.

The coal producing vegetation originally grew very close to
the granite bottom of the basin, in some parts of the field only a
few inches of slate have been found separating the coal from
the rock, and consequently the coal deposits originally followed
the rough, irregular formation of a granite basin. In addition to
this, after the coal formation and the deposition of the overlying
sandstone strata, the beds were subjected to more or less displace-
ment by extensive disturbances in the crystalline bed-rock, con-
sequently the geological structure of the basin is one of great
intricacy.

The prevailing practice in the operations in the past has been
to develop from the coal outcrops on the margin of the basin or
from shafts sunk near the outcrops, without any exploration by
drilling of the ground in advance of the workings, consequently
nothing is known of the coal beds underlying the central part of
the basin.

There is, however, no reason to doubt that the coal deposits

underlying this area are very extensive, but the problem of their
winning must be undertuken with the fullest possible knowledge
of the existing conditions, and careful and modern methods of
mining.
FARMVILLE AREA: In this basin, which has an area of about
60 square miles, lying in Buckingham, Cumberland and Prince
Edward Counties, a number of thin seams of bituminous coal have
been found, but no development has taken place, except to a very
slight extent on the thin seams outcropping around the margin,
and nothing is known of the interior of the basin.

The most promising portion of the area is a small detached
basin six miles south of Farmville.’

TAYLORSVILLE AREA: Coal is reported to have been found
on this area, which lies on the extreme edge of the Piedmont
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district about 20 miles north of Richmond. Exposures are fonnd

pear Taylorsvillz on the R. F. & P. Railroad, but so far the results

of investigation have not offered any inducement to lead to

development.

COLUMBITE: Iron-manganese-niobium-tantalate, (Fe Mn) (Nb
Ta)zOs.

Specific Gravity, 5.8-7.3. Hardness. 6-6.8.  Color, pitch
black, brownish-black or grayish, often showing characterirtic
iridescence. Lustre, sub-metallic or vitreous. Streak, dark or
reddish-brown. Crystallizes in rectangular prisms usually in
parallel groups. Very fine crystals of Columbite are found in the
feldspar of the Mica mine at Amelia Courthouse, Amelia County.

COPPER, NATIVE: Cu.

Specific Gravity, 8-8.9. Hardness, 2.5-3. Occurs in backly
masses, in sheets, and in arborescent and filiform shapes.
Color, copper-red. Ductile and malleable.

Native copper occurs finely disseminated through the igneous
rocks of the Blue Ridge Copper belt, together with Cuprite and
Malachite. See Copper Ores.

COPPER ORES: The occurrence of copper ores in Virginia,
particularly in the Appalachian region, was known in very early
times. Old pits and surface workings showing copper ore, which
are said to antedate the Revolutionary War, are found in various
localities in Southwest Virginia, but no actual mining is known to
have been carried on until after the discovery of the Ducktown,
Tennessee copper deposits in 1850. Following that discovery, a
great deal of exploration was done on the extensive gossan covered
deposits in Grayson, Carroll, and Floyd Counties; the search being
mainly directed to the finding of black copper ore similar to that
occurring at Ducktown. Considerable quantities of this ore were
mined and shipped, but when the rich ores were exhausted, and the
underlying pyrrhotite carrying but a small percentage of copper
was reached, the workings were gradually ahandoned.

The Virginia copper deposits occur in four principal localities:
In Southwest Virginia, in Grayson, Carroll and Floyd Counties
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in the Virgilina belt and the continuation of this belt running in
a northerly direction through Halifax, Chbarlotte and Prince
Edward Counties; in the auriferous quartz veins in Buckingham,
Louisa, Fluvanna and Goochland Counties, and in the igneous
rocks of the Blue Ridge, notatly in Warren County.

The deposits in these four localities are each representative of
one of the four types of copper deposits occurring in the Southern
States, as described in Mr. Walter H. Weeds’ valuable article
““Types of Copper Deposits in the Southern United States.”
(Trans. Am. Ins. of Min. Eng. 1900.)

The Grayson, Carroll and Floyd deposits are the immense
pyrrhotite copper bearing veins underlying the ¢¢great gossan
lead.” These pyrrhotite veins are similar to the well known
Ducktown, Tenn. deposits, and are a continuation of the Ore Knob
deposits in Ashe County, North Carolina. From Ore Knob the
lead.may be traced north to the Virginia line, then, beiug deflected
toward the northeast, it runs through Grayson, Carroll and Floyd
Counties. In the western part of Grayson County the lead is
only visible here aud there, but after passing New River the
¢“gossan ” cap is found in immense masses, and continues practi-
cally without break for a distance of five miles.

The vein reaches the great width of 200 feet in places, but
the average width is from 20 to 40 feet. It is a true fissure vein,
the filling being chiefly pyrrhotite. Some pyrite is found in
places, and the copper occurs as chalcopyrite disseminated through
the mass. ’

In formation, extent and character of the ores, the great pyrrho-
tite bodies of Southwest Virginia, particularly in Carroll County,
resemble the deposits of the Ducktown district. The same rich
copper ores were found in both, underlying the gossan cap, and
when these ores were exhausted mining operations ceased in both
fields. The Ducktown Mines, however, were reopened, and
working on a low grade pyrrhotite ore, are now able to produce
15,000,000 pounds of copper per annum. The copper in the
Ducktown ores is said to run about 3 per cent., while in the
Virginia field it varies from 1 to 5 per cent. with occasional rich
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shoots of almost pure chalcopyrite. The development in the
latter field has not been sufficient to definitely determine the
average amount of copper that may be expected ia the varions ore
bodies, but there is every reason to believe that very large masses
exist, containing quite as much copper as the Ducktown ores, and
which would yield as favorable results if developed on a large
scale with the same skill and liberal capital expenditure.

The Virgilina Copper belt, situated in Halifax County,
Virgiuvia, and Granville and Person Counties, North Carolina, has
attracted much attention of recent years, Development work has
progressed steadily, and several of the mines are in a position to
make regular shipments of ore as soou as railroad connection is
obtained.

The ¢ Holloway” Mine, which has railroad facilities, has
already shipped over 20,000 tons of ore averaging about 8 per cent.
copper to the Eustis Smelter at Norfolk. '

The country rocks in this belt are schists, with a strike nearly
noith and south, and the veins are true fissures, in the main con-
forming with the schists, but in some instances crossing them, and
are made up of a succession of lenses connected by quartz
stringers. :

The ores are chalcocite, bornite, cuprite and malachite.

The best developed mine is the ‘“Holloway,” situated about
four miles south of the town of Virgilina. It is owned by Mr.
W. E. C. Eustis, of Boston, who has developed it carefully along
sound lines. It is now 500 feet deep, and is being worked by
levels north and south of the shaft every 50 feet from 75 feet
down. The vein varies in width from 3 feet to 75 feet, the cop-
per occurring as.chalcocite.

Onthesame vein as the ¢‘Holloway mine,” are the ““Yancey” and
«‘Durgy,” situated eight miles south of Virgilina. These properties
show excellent prospects of ore in good quantity, which averages
about 10 per cent. copper, and only await railroad connection to
begin regular shipments. The mines have been developed to a
depth of about 150 and 9C feet respectively.
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Numerous other mines have been opened and partially devel-
oped both north and south of the Virginia-Carolina line, among
which should be mentioned the ‘‘Blue Wing,” three miles south
and the ¢ Apaconda” one and a half miles north of Virgilina, both
of which are developed to a considerable extent, and have produced
and shipped good ore.

One of the most promising of the various mines in Halifax
County is the ¢ High Hill,” situated nine miles north of Virgilina.
The quartz outcrop of the vein varies from 3 to 15 feet in width
and is easily traceable for about a mile south from the bank of the
Hyco River. The mine has been opened by shafts and pits at
npumerous points along the outcrop, in all of which ore is found.
Eight shafts varying from 50 to 170 feet in depth have been sunk,
with levels at various depths, and considcrable ore has been stoped
out, The ore is bornite, malachite and tetrahedrite, and averages
about 15 per cent. copper with small gold and silver values.

On the continuation of the Virgilina belt running through
Halifax, Charlotte and Prince Edward Counties, openings have
been made at many points, and development is progressing with
good prospects.

In the southwest portion of Charlotte County, near Red Oak,
the Carnegie Copper Company have recently opened up a vein on
their property, and Lave already secured some good ore, consist-
ing of bornite, malachite and glance.

In the same County about one and one balf miles from Keys-
ville, a number of veins of the Virgilina type are found, and
have been investigated to some extent during the past year.

On one of the properties, the quartz vein can be readily traced
for 1800 feet, running nearly north and south, and a number of
holes opened on it have all shown copper. A shaft has been put
down to a depth of 43 feet, and when examined by us at 30 feet,
the vein had a width of 81 inches, and contained 39 inches of cop-
per ore in three bands, separated by slate. An average sample of
the ore at this depth yielded 10.25 per cent. copper. The results
of the prospecting at this point, have been such as to justify the
development of several of the veins found in this vicinity.



38 MINERALS AND MINERAL RESOURCES OF VIRGINIA.

In Buckingham County several copper deposits occur belong-
ing to the type of the auriferous quartz vein, which have been
more or less developed during the past few years. Among these
may be mentioned the ‘‘Lightfoot” and the ¢ Staples” Mines.

At the former, some very fine chalcopyrite has been obtained
at a depth of 120 feet, carrying nearly 40 per cent. copper. Near
Dillwyn the Q. Q. Copper Company have recently begun to
develop a very promising deposit on their property. The
shaft has been carried to a depth of about 60 feet, at which point
the vein carries 4 feet of very fine ore—chalcopyrite and melaco-
nite, yielding on the average 12 per cent. copper. Arrangements
are now being made to vigorously prosecute this very promising
deposit,

About 138 inches of pure chalcopyrite occurs next the footwall
of the well known pyrite veins of Lounisa County.

The copper deposits of the Blue Ridge belong to what is
called the Catoctin type, from their frequent occurrence in the
Catoctin schists. These ores consist of native copper with copper
oxides and carbonates occurring along the cleavage surfaces in the
epidotic and chloritic schists, as well as in the metamorphic mas-
give igneous rocks.

These ores seem to be produced by the leeching of the copper
from the igneous rocks, with concentration and subsequent deposi-
tion within the fractures of the vein.

As a rule the copper values do not continue at any great
depth.

‘Considerable work has been done at various times on these
ores, the most promising region being on and near High Knob, a
spur of the Blue Ridge, near Linden, Warren County.

The rock at this point is a hard bluish green altered basalt,
in which native copper, cuprite, malachite, and occasionally some
azurite aceur along the cleavage lines, or in thin quartz veins.

In Green County, five miles north of Stunardsville, some
development work has been done in ore of a type similar to that
occurring at Linden, and a considerable amount of good ore has
been obtained.
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CORUNDUM: Oxide of Aluminum. AlyOg.

Usually cccurs in six sided prisms; also granular massive.
Colors, blue, grayish-blue, gray, red, brown or black. Harduess,
9.—next to the diamond. The importance of this mineral as an
abrasive, gives great interest to its occurrence in various parts of
the Appalachian crystalline belt. This crystalline belt 18 contin-
uous from central Alabama to New Jersey. It is made up princi-
pally of gneisses, with masses of granite and dikes of basic
igneous rocks. A narrow belt of basic magnesian rocks traverses
about the middle of the crystalline area, forming as a rule small
lenticular masses. The chief deposits have so far been found in
these peridotite rocks. This belt is well defined through Virginia,
numerous outcrops being known, and while very few occurrences
of Corundum have been reported in this State, there would seem
to be good reason to believe that it will be found in several
localities. Crystals have been obtained from Louisa and Patrick
Counties. '
CUPRITE: Red Copper Ore, Cu,O.

Specific Gravity, 5.9 6.1. Hardness, 8.5-4.  Crystallizes in
regular and modified octahedrons; also massive, granular and
sometimes earthy. Color, red or dark-red. Streak, cochineal-red,
brick-red or crimson-red. Brittle. Composition, Copper, 88.8
per cent., Oxygen, 11.2 per cent. Occurs associated with native
copper in the mines of the Blue Ridge from Stanardsville to the
Potomac River. See Copper Ores.

CYANITE: Kyanite, Aly SiO5.

Specitic Gravity, 3.6. Hardness, 5-7. Usually occurs in long
thin-bladed reticulated crystals; sometimes columnar and finely
fibrous. Color, pale bluish-green to sky blne, with vitreous to
pearly lustre.

Found in gneiss and mica schist in Buckingham and Spottsyl-
vania Counties; aiso in the Rutherford Mica Mine, Amelia Courty.

DOLOMITE: ZPearl Spar, Calcium Magnesivm Cairbonate, (Ca
Mg 2 CO3.

Specitic Gravity, 2.8-2.9. Hardness, 2.5-4. Crystallization,

rhombodedral, with faces of the rhombohedrons often curved,
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Usual structure, granular massive, occurring in extensive beds.
Color, generally white, but often tinged yellow, red, green,brown
or black, dae to metallic oxides. Lustre, vitreous to pearly.
Nearly transparent to translucent. Dolomite is very widely dis-
tributed throughout Virginia, constituting much of the ¢ Great
Magnesian ” limestone formation of the Valley of Virginia and
Middle James River belt. See Limestone.

EMERY: Emery is a mixtare of Corundum in very fine granular
condition, magnetite, and sometimes hematite. It feels and looks
like tine grained iron ore for which it is frequently mistaken. One
of the few occurrences of emery in Virginia, is as a heavy ledge
near Whittle’s on the line of the Southern Railroad in Pittsylvania
County. This deposit, of which analysis is given below, is. very
hard and tough, but somewhat deficient in abrasive power:

AIUMINA tovotiiitietiietitetieetaeeesstiosssestoeess tesosessssssessssonses 65.74 per cent.
FerriC OXide v iiiiiiiiers ti tiiiiitin ittt taraieireseesnanionesees 1650 ¢ ¢
Ferrous OXIAe....ovvviiiiiiiiiiiiniiiiies tinnieniees seasrerneies e 2077
SIHCA ..+ teveiin veee it i e L eeeeeae e e eeeiaaenees .68 .
TitANIC OXIA@ .o ivviiiiriiiiie s iiiiiiiiiriee ciiniennneniieeee. o oo oo 186 0 %
£ 1T R - 1 T

EPIDOTE: Pistacite. Hydrous Aluminumsferric calcium Silicute..

Specific Gravity, 3.25-3.5. Hardness, 6.7. Prismatic crystals,
sometimes fibrous. Occurs massive granular and forming rock
masses. Color, yellowish-green (pistachio green) gray, brown, or
almost black; also occasionally yellow and red. Transparent to
opaque with vitreous lustre. Epidote is a very frequent consti-
tuent of the crystalline rocks of Virginia, especially in the horn-
blendic schists. A sample from near Shadwell Station, Albemarle
County, on the Chesapeake & Ohio Railroad analyzed by us had the
following composition:

E 0 1 Ceeeees beeressrerees . 37.60 per cent.
AUMING coit tiir tiiiiiiiiiitiiiit direseisees serreiaiine cieeeeaans 1827 ¢
Ferric OXIA@ ...vvviiiiiiiiiiieviiievees tienin vaens sesenrersenneneneaees 1325 ¢ %
Ferrous Oxide.... ...ovvveiit tiviiniinens o0 aens P X - | "
LAme (CAO) .oietvviviiuiiiit v iieiee certiiiiisiisne s caeeenieees R11B 0
Magnesia (MZ0). couviieeiiiiitiiiiieieiiniieioes o ceveriatinieniaainsion 142 ¢ ¢
LR 7 LW e o
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FELDSPAR: See Orthoclase. Albite. Lubradorite.

FERRO-CALCITE: Calcium-iron- Carbonate.

Found in the gray veins of the so-called Onyx Marbles of
Page, Rockingham and Scott Counties.

FIRE-CLAY: SeeClays.
FLINT: A variety of Quartz. SeeChert.

FLUORITE: Fluorspar. Culcium Fluoride. Ca F.

Specific Gravity, 38-3.25. Hardness, 4. Cabical crystals
most common. Occurs also granular compact, and massive.
Colors, white, green, purple or clear yellow; these are the most
common, but red or sky blue specimens are sometimes found.
Transparent or translucent, with vitreous lustre. Occurs in
gneiss and in pegmatic dikes in various parts of Virginia. Finely
crystallized cubes and octahedrons are found near Woodstock,
Shenandoah County, and the massive variety, mostly of a light
green color, in the mica mines of Amelia County.

GALENA: Galenite. Lead Glance. Lead Sulphide. Pb 8. ¢

Composition when pure, Lead 86.6 per cent., Sulphur 13.4
per cent. Specific Gravity, 7.25-7.35. Hardness, 2.5. Color and
streak, lead-gray. Shining metallic lustre. Crystallizes in cubes
and octahedrons.

Galena occurs in many localities in this State, particularly in
Wythe, Pulaski, Smyth, Giles, Bland, Tazewell, Russell, Scott
and Grayson Counties. In Wythe County, the lead and zinc ores
exist in very large bodies over an extensive area. In the Wythe
County lead mines at Austinville on New River, the galena, with
occasionally some carbonate of lead, occurs along with zinc blende,
smitksonite and calamine in large more or less lenticular masses
in the magnesian limestone. The deposits have been worked for
over a century and thoroughly proven over a length of more
than two miles, by shafts and tunnels. The principal vein is 40
feet thick, and is reached by a tunnel 1600 feet long. The work-
ings have been carried to a depth of about two hundred feet without

N
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reaching the bottom of the deposit. After concentration the lead
ore contains from 55 per cent. to 75 per cent. of metallic lead, and
3 per cent. to 7 per cent. zinc, while the concentrated zinc ore
yields about 30 per cent. zinc and 10 per cent. lead.

Galena is also found at other points in Wythe County, parti-
cularly in the Bertha Zinc Mine, in the eastern end of the County
aud in the Forney Miue a little to the west of the Bertha; also at
Sayers on Little Reed Island Creek, and on Upper Cripple Creek.
Pulaski County also embraces a portion of the lead and zinc basin,
and galena, zin¢ blende and other lead and zinc minerals are
mined on New River about two miles below the mouth of Reed
Island Creek. At Tract Mountain and in the lower Helderbery
limestone of Big Walkers Mountain in the same County, galena
also occurs but has not yet been developed to any extent.

In Smyth County near Sugar Grove, in the South Fork
Valley,"galena is found in what is apparently the same strata, that
carry the extensive lead-zinc deposits of Wythe County and the
indications at this point are such as to justify more development
work than has yet been done. .

Other points of lesser importance at which galena occurs are:
In the lower Helderberg rocks on Dismal Creek and East River in
Giles County; near Sharon, and in Garden and Flat Top Mountains
in Bland (ouuty; on Clinch River near the mouth of Maiden
Spring fork, Russell County; on Little River in Floyd County;
Peach Bottom copper lode, Carroll and Grayson Counties; in the
Faber Mine, Albemarle County and in the Allah-Cooper, Taflt and
Walton Mines in Louisa County.

GARNET: Andradite. Lime-iron- Garnet. 3Ca0.Fe303. 3Si0,.

Specific Gravity, 3 6-3.9. Hardness, 6.5-7.5. Colors, various
shades of red, (ruby-red, Hyacinth-red and brownish-red) to wine
yellow, green and black. Crystals occur of various sizes from a
pin’s head to several inches in diameter, in dodecahedrons and
trapezohedrons, sometimes variously modified. It is fonn(.l in
mapny of the gneisses; in micaceous and hornblendic schists;
sometimes in serpentine, and also in trap and other igneous rocks.
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Beautiful specimens have been secured from the wall rock of the
Mica Mine near Hewlett’s Station, Hanover County; also in the
neighborhood of New Canton and Gravel Hill in Buckingham
County.

GLAUCONITE: Green Earth. IHydrous Iron-potassium Silicate.

Specitic Gravity, 2.2-2.4. Hardness, 2. Occurs as dark-
olive-green to yellowish-green grains, with dull lustre. Contains
from 5 per cent. to 12 per cent. of Potash.

It is this mineral that is the characteristic constituent of the
‘¢green sand marls” or Eocene marlg, so abundant in the tidewater
regions of Virginia, and which makes these marls of so much
value as fertilizers. Large deposits of marl carrying varying
quantities of Glauconite are found along the banks of the James,
Pamunkey, York, Rappahannock and Potomac Rivers and tribu-
taries,

A deposit from 10 to 20 feet thick is exposed along the James
River almost continuously from Coggin’s Point to a little above
City Point, a distance along the River of about eleven miles.

The great value of these green sand marls of Tidewater
Virginia was fully pointed out by Prof. Rogers, but they have
received comparatively no attention.

GNEISS: A rock having the same constituents as granite but
with the ingredients arranged more or less in layers, and so usually
capable of being quarried out in slabs. This is the most commonly
occurring rock in the Southeastern and Southern portions of
Virginia. See also Building Stones.

GOETHITE: Hydrous Ferric Oxide, Fe3O03. H,O.

Specific Gravity, 4-4.4. Hardness, 5-5.5. Color, yellowish
to dark brown, with sub-metallic lustre. Occurs in prismatic
crystals; also acicular, stalactitic, radiated and fibrous, Frequently
found in cavities in the limonites and hematites of Southwnst
Virginia.

GOLD: Aau.

Snecific Gravity, 15.6-19.3. Harduess, 2.5-3.  Occurs native

in strings of crystals forming arborescent shapes; also in nuggets,
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grains, thin plates and in masses. The color varies from very
pale yellow when alloyed with much silver, to the golden yellow
of pure gold.

It is very malleable and ductile, and these properties alone
readily distinguish it from iron or copper pyntes—mmeralb which
are frequen.ly mistaken for gold.

The gold mines of Virginia are found within the area of
crystalline rocks which extends unbroken from Montgomery
Jounty, Maryland, in a general northeast and southwest trend
through Virginia, North Carolina, South Carolina, Tennessee,
'Georgia, to near Montgomery, Alabama.

The western boundary of this belt in Virginia, runs parallel
to and on the east side of the Blue Ridge, while its eastern edge
may be represented by a line running almost due south from
Washington, skirting Richmond, to the North Carolina line.

Within this region occurs the auriferous belt following the
same general northeast and southwest trend, and varying in width
from 9 to 20 miles, with a total area of more than 4,000 square
miles, the best developed portion being in Fauquier, Culpeper,
Stafford, Orange, Spottsylvania, Fluvanna, Louisa, Goochland and
Buckingham Counties. West of the Blue Ridge there is another
small belt of minor 1mportauce in Montgomery, Floyd and Gray
son Counties.

The country rocks of the crystalline area are micaceous,
garnetiferous and chloritic gneisses and schists, with frequent
occurrence of granite and diabase dikes. The prevailing dip of
the rocks is to the east, at steep angles.

The auriferous vein matter is variegated quartz, frequently
containing pyrites, sulphurets of copper, and occasionally some
galena.

The veins occur as irregular lenses of varying size, and in
general conform to the strike and dip of the country rock.

The wall rock of the quartz veins invariably shows much
modification in structure and composition, and is frequently
auriferous from the penetration of small stringers of vein matter



MINERALS AND MINERAL RESOURCES OF VIRGINIA. 45§

—facts which point to the formation of the veins being of a later
period, than that of the country rock.

The existence of gold in this belt, particularly in bpottsyl-
vania and adjacent Counties was known in early colonial days,
but the first actual mint returns from Virginia date from 1829.
From that year until the beginning of the war, the mint deposits
were about one and a half million dollars. After the clese of the
war there was considerable activity in these gold fields, and mill-
ing and reduction plants were erected at various points. These
attempts at development, however, met with little success, and
most of the ventures have been practically abandoned.

In many instances the failures must undoubtedly be attributed
to irexperienced mining and bad management—conditions under
which none of the gold mines of the Southern Appalaohlan region
"can be profitably operated.

It is true that the surface ore of most of the veids was rich—
in some inetances exceptionally so, owing to the local concentra-
tion of the gcld from the erosion of the upper part of the vein,
and practically all the gold produccd in Virginia, has been
obtained from these decomposed outcrops, and from placer
deposits, but the main bodies of the ores, though often present in
large amount, are low grade. Below water level, the ore in most
of the mines, carries sulphurets, in which only a portion of the
gold is in the free state, and the problem in the successful opera-
tion of most of the mines in this belt, is the recovery of the gold
from these low grade sulphurets carrying from &4 to $7 per ton.
Since the gold they carry is only partially free, amalgamation
does not yield satisfactory returns, and must be supplemented by
treatment of the mill tailings. Until the introduction of the
Theis chlorination process, no successful method for the treatment
of these low grade sulphurets had been found, but from the highly
satisfactory results which have attended tbe working of this
process, under careful and scientific management, in other parts
of the Southern Appalachian field, there is no reason why its
application to some of the ores in this belt, should not be attended
with profitable returns.
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This process is in operation at the Haile Mine, Lancaster
County, South Carolinz, and Franklin Mine, Cherokee County,
Georgia, and in view of its applicability to many of the sulphuretted
ore bodies in this belt, a brief description of the process, as worked
at the Haile Mine, is here given, the description being obtained
from the valuable paper of Messrs. Nitze & Wilkins (Trans. Am.
Inst. of Min. Eng.—1895).

The ore is a silicious micaceous and argillaceous schist impreg-
nated with auriferous pyrites, some free gold and emall quartz
stringers. The percentage of sulphurets in it varies from 2 per
cent. to 25 per cent., and the ore is milled so as to yield 7 to 8 per
cent. of sulphurets. It is first crushed to 14 inch size in Blake
crushers, and conveyed to the mill bins in 8 ton narrow gauge,
bottorn dumping cars. The mill has 60 stamps, 30 on each side,
back to back, and was built by the Mecklenburg Iron Works, of
Charlotte, North Carolina. The crushing capacity is two tons per
stamp in 24 hours.. Kach stamp has chilled iron shoes and dies,
weighs 750 pounds, and drops 6 inches, 86 times per minute. The
amalgamation is effected in the mortar by a curved front plate of
No. 17, silver plated sheet copper, having a sarface of 14 square
feet, which is attached to the lip of the mortar immediately below
the discharge, and can be readily removed. Outside the mortar
the amalgamating plates are of No. 12, silvered sheet copper, with
an area af 32 square feet to each battery of 5 stamps. These are
the full width of the mortar and are arranged in four steps, each 2
feet long, and overlapping the next by one inch, the inclination
being two inches per foot. There are three additional plates with
an area of 12 square feet arranged so that the pulp drops from one
to the other before entering the main launder.

The inside plates are removed and cleaned every 24 hours;
the outside plates being cleaned when necessary. About one-third
of the gold is caught on the inside plates.

The pulp passes to 20 Embrey concentrators, through rifle-
lined launders, 80 feet long. The belts of the concentrators travel
5 feet per miuute, receiving in that time 192 percussious. The
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" product contains 90 per cent. iron pyrites and has an average value
of 25 to $35 per ton. :

The concentrates are then roasted in two donble-hearth rever-
beratory, and one revolving pan-furnace, the sulphur being reduced
from' 43 per cent. to about } per cent. Each double-hearth fur-
nace has a capacity ot 2 tons of roasted concentrates per 24 hours,
a2 similar output being obtained from the revolving pan furnace in
the same time.

The cooled ore is elevated to the top of the chlorination house
which contains three chlorination barrels, eleven filtering tanks,
two storage tanks, and three precipitating vats.

The chlorination barrels are of cast iron, and are each 60
inches long and 42 inches in diameter.

Each barrel is charged with about a ton of roasted concen-
trates, 120 gallons of water, from & to 11 pouhds of bleaching
powder and 12 to 15 pounds of sulphuric acid. 1t is then closed
and revolved for three hours at the rate of 15 to 18 revolutions per
minute, after which time it is opened and the contents discharged
through a lead-lined semicircular trough, on to 4 lead-lined filters
on the tloor below. -

These fllters are 6 feet by 8 feet, by 18 inches deep, and the
filtering medium is one to two inches of clear sand on the top of
four inches of conrse pebbles 4 inch to 4 inch in size, supported on
a wooden rack resting on perforated tiles on the bottom of the
filter. After the solution has passed through, the pulp is washed
twice with water, which removes all traces of chloride of gold.
The filtered solution is stored in two tanks, and goes from these to
the precipitating tanks as required. The latter are 6f wood coated
inside with asphalt and are eight feet in diameter, and three feet
high. In these the gold is precipitated in the metallic state, by
fresh ferrous sulphate solution, and after thorough scttling, the
gold precipitate is drawn off, filtered on paper and dried. It is
then mixed with half its weight of borax and soda, in equal pro-
portien, melted in graphite crucibles, and cast into ingots 990 fine.

The cost of roasting and chlorinating one ton of councentrates
is given as $3.02 equivalent to $0.19 per ton of ore mined.
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The enormon.s bodies of free milling and sulphuret ores, such
as cxist in the Haile Mine, cannot be found in Virginia, but many
of the larger ore bodies in this belt, which were abandoned after
the free milling ores had been worked out, and the sulphurets
below water level reached, might be made to yield renumerative
returns, by the application, under careful management, of the
Thies process or by the Cyanide process, applied to the roasted
sulphurets.

At the Morrow Mine, in Buckingham County, an attempt was
made in 1893-4 tb work the sulphurets by the Mears’ chlorination
process.  The experiment failed on account of the mechanical
defects in the process used, though a satisfactory gold extraction
was obtained. '

The operations at the Hughes’ Gold Mire, situated five miles
from Bremo, in Fluvanna County, may be cited as an instance of
the successful application of the Cyanide process to a typical ore
of the Virginia belt. .

The veins developed at this mine are quartz carrying pyrite,
chalcopyrite and galena. : ’

Oi the main vein, which varies from 1 to 5 feet in thickness,
a shaft has been opened to a depth of 60 feet, while on a cioss
tissure about 2 feet in thickness, another shaft has been carried to
a depth of 110 feet.

The ore i¢ conveyed in half-ton damping cars by an elevated
trestle to the top of the mill house, and is there delivered to the
stamp battery. The pulp from the stamps passes to four Frue
concentrators, from which the bigh grade sulphurets are conveyed
to a double hearth reverberatory roasting furnace, and the tailings
pass direct to the cyanide department.

The roasted sulphurets and tailings are subjected to cyanide
extraction and the gold recovered from the cyanide solution by
means of charcoal—a novel means of precipitation which has been
found to yield excellent results.

The charcoal is periodically burned, the ashes smelted with
litharge in erucibles, and the bullion vbtained for mint shipment
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by cupellation. A maximum extraction of 98} per cent of the
gold content of the roasted sulphurets, is obtained by the atove
process.

According to Mr. Wm. Bugbee, the manager of the mine, the
told extraction of the heavily sulphuretted ore is 90 per cent. of
assay value, effected at a total cost for mining, milling, and
general expenses, of $3 50 per ton of crude ore, on an output of
100 tons per week.

Several of the mines on the Fisher lode in Louisa County,
present opportunities of development along these lines. This lode
has been proven persistent and continuous over a length of several
miles, by numerous mines opened on- it to a maximum depth of
250 feet; the most prominent of these openings are the Luce, Slate
Hill, Warren Hill, Louisa and Harris Mines.

Another type of ore occurring in this belt, of which the
Tellurinm Mine is the best known example, is that of the heavy
sulphuret, carrying small gold values. Over 1,000,000 is stated
to have been taken from the Tellurium Mine, and when operations
were discontinued, the ore carried about $10.00 per ton.

Ore of this character and value if worked on a large scale by
roasting, followed by chlorination or cyaniding, should yield a fair
margin of protfit under careful management.

The mines which have been most extensively worked at
various times are located on a number of parallel veins, forming a
belt about 15 miles wide, running from Fauquier and Stafford
Counties, southwest through Orange, Spottsylvania, Louisa, Gooch-
land, Fluvanna and Buckingham, Gold is also found on the con-
tinuation of the same belt in Appomattox, Prince Kdward,
Charlotte, and Halifax, but no operations have been carried on in
the last named Counties.

Around the junctnre of the Rappahannock and Rapidan
Rivers in Fauquier, Culpeper, Orange, Spottsylvania and Stafford
Counties, there is a group of mines, all of which have yielded
considerable gold. In the southern part of Fauquier County near
Morrisville are the Leopold, Franklin and Wycoff Mines.
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The Eagle, Monroe and Lee Mines are situated in the western
part of Stafford County. The Eagle was extensively worked until
1894 by the Rappabannock Gold Mining Company. Large
amounts of nuggets, some of them of considerable size, were
obtained from the Rattle Snake, a gulch-placer mine northwest of
the Eagle. In Spottsylvania County, southwest of the Stafford
group, some of the oidest mines of the State are located. That of
the United States Mining Company in the northwest corner of the
County, was extensively worked as early as 1835, yielding at that
time an ore of average value of %25 per ton. The Marshall
and Gardiner mines are in the same locality. Continuing south-
- west, in the same County are the Whitehall, Higgins, Pulliam,
Grindstone Hill, Johnstone, Mitchell and Goodwin Mines.

In Orange County are the Vaucluse, Orange Grove, Green-
wood and Melville Mines, and further west the De Grasty Mine.

The Vaucluse was one of the earliest mines in which milling
was practiced, its plant in 1843 being valued at %70,000. The
Culpeper mine is 18 miles west of Fredricksburg on the Rapidan
River and the Richardville and Ellis’ are in the same neighbor-
hood.

At least four well defined parallel lodes traverse the central
part of Louisa County, in a southwesterly direction, and several
important mines have been opened on the various veins. Near
Mineral City are the important pyrite mines. These immense
lenses of pure pyrite, carry only a trace of gold, thongh gold
bearing quartz veins are found iu the banging and footwalls with
occasional chimneys of rich ore.

At the northern extremity of the pyrite mines are the well
known Tinder Flats placer deposits, from which a large amount
of gold was taken by primitive methods in earlier days. Recent
and exhaustive mill tests of the gravel from all over this deposit,
have yielded about 40 cents gold per ton, and a company is now
putting in a steam dredge and other modern machinery, to work
it on a large scale.

Northeast of the Tinder Flats is the Allah Copper Mine,
while on the same lode but half a mile southwest of the pyrites
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mines, is the Walton, from which some very rich ore has been
obtained.

Parallel to the pyrite vein but two miles further east is the
Fisher lode already referred to.

The Luce Mine on this lode is situated about a mile from
Pendleton Station. It has been developed to a depth of about
250 feet, and drifts over 1,000 feet in length have been opened
along the vein, which has a thickness of from 3 to 8 feet. A
Frazer & Chalmers 30 stamp mill is on the premises. The Slate
Hill Mine adjoins the Luce on the southwest, and has also been
extensively worked. A Huntington mill-plant was erected in
1895. ,

Southwest of the Slate Hill, on. the same lode, and on the
south side of South Anna River, is the L’aigle D’or Mine., while
still further southwest along the boundary of Goochland and
Fluvanna Counties, the Busby, Fisher and Moss Mines were
extensively worked prior to the war.

The last named mine, located about 2 miles west of Cale-
donia, Goochland County, is at present under lease to the Telluric
Gold Mining Company, and has been considerably developed by
them during the past year. The results of these operations have
been very prowmising, and arrangements are now being made to
secure the necessary capital for fuller development.

Two veins traverse the property, extending about 1,500 feet
on the strike. One of the veins—the Mass is composed of highly
laminated quartz lying in lenticular masses between micaceous
slate walls, and dipping normaliy about 45 degrees southeast.

Down to 130 feet on the dip the gold is practically all free-
milling, but immediately below this depth the sulphides are
reached.

Assays show values running from a few dollars to several
hundred dollars a ton, and a recent sampling of entire workings,
gave an average value of $16.00.

The developments by the present lessees consist of two main
shafts, known as Nos. 1 and 2. No. 1 shaft has been carried on
a pitch of 55 degrees to a depth of 118 feet, and at this depth
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levels east and west have been driven a total length of 285 feet in
ore milling $15.00 per ton. In the west level a small shoot was
cut through which averaged about $150.00 per ton Gold and 40
oz. of Silver.

No. 2 shaft has been carried to a depth of 130 feet, and levels
driven 60 feet east and west yielded ore milling $14.40 per ton.

The milling plant consists of one Frazer & Chalmers battery,
of three stamps and another of similar size made by the Mecklen-
burg Iron Works. The milling practice consists of inside amal-
gamation plates, and one 4 x 6 feet copper plate, outside of each
battery. .

Regular assays of tailings indicate an average value of $2.00
per ton. .

The Bowles, Bertha and Edith, Tagus, Belzora, Collins,
Walters, Manning and Gilmore Mines located also in Fluvanna
and Goochland Counties, have all been the scene of considerable
development at different times.

In Buckingham County are found the Booker Mine near
Whitehall, and the ¢London and Virginia,” seven miles north
of the Booker, which were extensively worked for some years.
The ore of the Booker Mine milled $13.00 per ton. Other mines
in the same County are the Morrow, Buckingham, Garnett,
Mosley and Morton, all of which were actively worked at one
time. :

West of the Blue Ridge gold has been mined in Floyd and
Montgomery Counties, chiefly in placers along Brush.and Laurel
Jreeks. It is also fonud in Patrick, Carroll and Grayson
Counties in small quantities.

GRANITE: Specific Gravity, 2.5-2.8. An igneous rock usually
found associated with the oldest metamorphic rocks. Ordibary
granite consists of quartz, feldspar and mica, which ingredients
can be readily distinguished by the naked eye in coarse specimens,
the quartz being the transparent ingredient, the mica the shining
plates or scales, and the feldepar the white or pinkish material.



MINERALS AND MINERAL RESOURCES OF VIRGINIA. §3

Hornblende and talec are sometimes present in addition to the
above ingredients, or replacing the feldspar and mica.

The common granite is usually gray, flesh-colored, or dark-
gray according to its compesition. Other varieties, named accord-
ing to their eharacteristic constituent are, porphyritic, albitic,
microcline, hornblendic¢, black micaceous, chloritic, etc. See also
Building Stones.

GRANULYTE: A variety of granite containing very little or no
mica.
GRAPHITE: Plumbago. Black Lead, Curbon.

Specific Gravity, 2. 2. Harduess, 1-2.  Crystals, hexagonal.
Common structure, foliated or scaly; also massive granular and
compact. Plates very flexible. Color, dark-steel-gray to iron-
black, with a dull metallic lustre. Feeis greasy to the touch, and
soils paper. |

The purer deposits contain from 90 to 96 per cent. of Carbon.

It is widely distributed throughout the crystalline belt of
Virginia, occurring frequently in the mica schists of the Piedmont
region. A large exposure of graphitic shale is found on the land
of Mr. Sommers near Sommerset, Orange County, and at the
same point a vein of iron pyrites mixed with much graphite exists.
Near Variety Mills, in Nelson County, graphite, similarly
associated with irou pyrites is found. Some very pure specimens
have been obtdined from near Green Spring, in Louisa County,
and in Charlotte County on the road from Drake’s Branch to
Saxes, some good specimens have been obtained. Masses of
graphite are said by Rogers to occur in Amberst and Buckingham
Counties, and its occurrence near Jefferson Postoftice, Powhatan
County, is reported.

The bulk of the graphite found in Virginia is of the
amorphous variety, which has to be very pure to be of much
value. Some of the graphitic shales, however, contain the more
valuable crystalline form, which could be separated from the shale
by crushing and wet concentration.
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GYPSUM: Iydrous Calcium Sulphate, CaSO ,, 2H ;0.

Speeific Gravity, 2.31-2.838. Hardness, i.5-2. Flat, prismatic
or acicular crystals. Common structure, fibrous, columnar, granu-
lar, and compact massive. The crystallized varieties are usually
nearly or quite transparent; the massive, translucent to opaque.
Color, white, gray, yellow, brown, reddish-brown to black. The
principal varieties of the mineral are:

Selenite—Transparent colorless crystals or foliated masses.

Radiated or Plumose Gypsum. Radiated structure.

Fibrous Gypsum or Satin Spar.

Snowy Gypsum,

Alabaster or Compact Massive Gypsum.

Earthy or Rock Gypsum.

Ground raw Gypsum is extensively used in agriculture under
the name of ¢¢land plaster.” Calcined and ground, it constitutes
¢ plaster of paris.” The alabaster varieties are used for statues
and other ornamental purposes.

Gypsum occurs in small quantities in various parts of the
State, but the only locality in which it occurs in large quauntity, is
the Valley of the Holston, in Smyth and Washington Counties,
in Southwest Virginia. These extensive deposits have been
known since the early part of the nineteenth century, and the
oceurrence of the accompanying salt brines, was known at a still
earlier period.

The Gypsum deposits occupy deep basins eroded in the Lower
Carboniferous shale or limestone, and in the calcareous Knox
sandstones.  The origin of these remarkable deposits has been
variously explained by different authorities. Prof. W. B. Rogers
was of the opinion that the Gypsum was the result of the decom-
position of pyritic slate, in contact with fragments of limestone;
others consider them as derived from the evaporation of sea water,
or lakes, with resulting deposition of the Gypsum and salt, or
from the action of suTphur springs on the limestone. The results
of the latest geological work done on this field, favor the theory
of deposition from sea water.
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The Gypsum occurs in huge irregular masses imbedded in
dark colored or reddish clays, and is usnally covered with only a
few feet of earth. Underlying it at various depths, are exteusive
deposits of rock salt. The great thickness of these deposits is
indicated by the fact that borings have been made at several points
to a depth of 600 feet passing through nothing but gypsum and
gypsum bearing slates. Below that depth there is about 200 feet
of salt beds and enclosing rocks, the total depth of the basin being
estimated as about 1000 feet.

Development of the deposits is being carried on at a number
of points along the belt, the total production during 1901 being
15,236 tons.

By far the most extensive operations in the district are those
of the Beuna Vista Plaster aud Mining Company at Plasterco,
about a mile southeast of Saltville. The bed worked at this point
is thirty fect thick, and has been mined to a depth of 280 feet.
About 11,000 tons per annum are mined, part of which is ground
for land plaster, and part calcined for plaster of paris. A certain
amount of the calcined material is made into wall plaster by the
addition of retarder and hair.

The following analyses of the crude and ground rock from
these mines, made in this laboratory, show its average composition:

RAW ROCK. GROUND ROCK FOR
LAND PLASTER.

. No. 1. No 2. -~

LIME e vvvieruiaioranonenens 33.20 per cent. 33.32 per cent. 31.82 per cent.
Sulphuric Acid....... .... 4“7 - 45.06 * ¢ 40.24 * -
Magnesia....cc.eovienniinne 05 ¢ * D6 * 175 ¢ o
Baryta ...ocooiieiiinnee aen J9 ¢ o 33 ¢ " 1.10 bl
Alumina and Iron........ 46 ¢ 09 ¢ 195 ¢« 0«
SIHCA. . evvveririiinraniens 49 v 39 ¢ 168 ¢«
Water....cocieeeenr connonne 20.85 ** e 20.80 b 21.30 .

%98 1 (13 lm‘o‘ [ (13 99.84 (3 "

At the Buchanan property, three miles west of Chathain Hill
Postoflice, the deposits are being worked by an open cut about
thirty feet deep, and fifty feet long. The Gypsum is of excellent
qnality, and many extensive exposures of it occur in the same
vicinity, but the lack of railroad communication, has prevented
more than a small development
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About three miles east of Broadford and north of the River,
mining is also being carried on to a limited extent on the Barnes
property.

The workings here are now underground, on a slope follow-
ing the dip of the beds. The product, about 500 tons a year, is
ground for land plaster, and is of high grade, as shown by the
following analysis by Prof. M. B. Hardin:

Calcium Sulphate ... covvvviiriieriinces o aus : 78.60 per cent.
L T 7 N . 279 ¢ .
Calcium Carbonate 21
calclum Chloride ....... ool cieiiieiiienes o0 tere sereies ciieeen..... trace
Magnesium Chloride.. NP 1 - Y613
Organic .. a2 o
Silica, Oxlde otIron s.nd Alumlna .................................... 23 ¢ ¢
E.Fll "

At several other points openings have been made at various
times, ‘but the lack of marketing facilities in the greater part of
the belt has preveuted any very extensive development.
HEMATITE: Red Hematite. Iron Sesquioride. FegOj.

Specific Gravity, 4 9-5.3. Hardness of Crystals, 5.5-6.5.
Occasionally found as tabular crystals, but more usually in the
massive graular form; also botryoidal, stalactitic, micaceous or

earthy. Color, steel-gray to iron black, giving a red streak or
powder. See Iron Ores.

HORNBLENDE: S8ee Amphibole.

ILMINITE: Menaccanite. Titanic Iron Ore. FeO. TiOs,.

Specitic Gravity, 4.5-5. Hardness, 5-6. Crystals, tabular,
resembling specular iron. Often found in thin plates or seams in
quartz; also in grains and massive. Color, iron black. Streak
and powder, red to black. Lustre submetallic. Occurs in large
quantities in Bedford County near Forest Station, Norfolk &
Western Railroad, also near Midway Mills, Nelson County.

IRON ORES: The four varieties of ore nsed in iron manufacture
are: Magnetite or Maguetic Orve. Specular Ove or Red Hematite,
Limonite or Brown Hematite, and Spathic Ore (Carbonate of
Iron.) All of these varieties are found in the iron ore rcgion of
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Virginia, the first three in great abundance. The various deposits
occur in several well defined belts, the most easterly of which
inclades the limonite or ¢¢gossan ore” overlying the pyrites
and gold bearing veins in Spottsylvania, Orange, Louisa, and the
eastern edge of Buckingham County; also the belt of magnetic
and specular ores in the eastern part of Buckingham and western
edge of Cumberland Counties.

Tne first iron furnaces erected in Virginia were on this belt,
and used the ¢ gossan” ore overlying the pyrite deposits, until
about 1879, when the pits bad reached a depth at which the ore
became too highly contaminated with sulphur to produce gvod iron.
The ores were of excellent quality, averaging about 52 per cent.
iron, and very free from phosphorous, titaninm and manganese.
While these gossan deposits have been worked down to pyrites at
many points, there are many localities along the belt where much
good ore is still available.

The deposits of magnetic and specular ore on this belt in
Cumberland are worthy of attention. Theseoresareapparently quite
disticct from the limonite deposits derived from the pyrites veins,
They are found in several well defined leads, the most important
of which runs from near the eastern flank of Willis’ Mountain,
close to, and in the same direction as the Buckingham-Cumberland
County line. A few miles further west a second lead occurs,
showing much fine ore in various openings.

The next iron ore belt is that of the Middle James River.
This belt extends from Albemarle County through Nelson, Buck-
ingham, (western edge) Amberst, Appomattox, Campbell,
Pittsylvania and Henry Counties. The ores consist of limonite, .
micaceous specular ore, red hematite, and, in Campbell, Pittsylva-
nia and Henry Counties, of magnetite. They are all very low in
phosphorous and manganese and with the exception of the magne-
tites, are free from titanium..

The part of this belt which has been most extensively worked
is that traversed by the James River from the neighborhood of
Howardsville to within a few miles of Lynchbarg—a distance of
about thirty-five miles in a direct line.
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Thesc beds of limonite supplied most of the ore used in the
James River Valley furnaces in earlier days, and were extensively
mined at Norwood, Greenwood, Elk Creek, Christian’s Creek, and
Stonewall Creek.

The red hematite and magnetite deposits have furnished a .
large quantity of ore of excellent quality. At Greenway the vein
is from two to six feet thick and is practically continuous for a
distance of nearly ten miles. Other points at which the specular
hematite has been largely mined are Stapleton, Riverville and

Mount Athos.

The following analyses made in this laboratory show the
composition of average samples of the ores from the points
mentioned: :

No.1l. No.2. No.3. No.4. No 5 No.6. No.7. No.8.

) Perct. Perct. P rct. Perct. Perct. Perct. Perct. Perct.
Silica.....ovvnnnnnn 14.70 16.94 504 4.13 2.64 296 6.91 11 41

Ferric Oxide...... 73.63 3.37 93.05 92.25 ¥5.77 94.15 90 01 82.41
Manganese Oxide 1.05 .08 13 .09 13 .05 .19
Alumina ......... 4.64 4.93 1.23 94 61 2.01 2.46
Lime (Ca0).... ... 14 .07 .05 .06 28 .31 .03 116
Magnesla (MgO).. 26 .04 .06 .07 .13 02 .28
Titanic Acld...... .96 L9
Sulphuric Acid... .03 J3 07 .09 .3

Phorphoric Acid. 402 97 .066 082 A 112 238 .67
water.....cooveee 5.14 8.51 a1 .93 56 .68 1.71 1.14

99.892 19.14 100408 94642 99.96 100042 100.008  99.96
No. 1. Sleepy Hollow tract, Norwooud, Nelson County—brown hematite.
No. 2. Stonewall, Riverville, Nelson County—brown hematite.
No.3 Harris Vein No. 1, Greenway, Nelson County—specular hematite.
No. 4. Vein No. 16, Greenway, Nelson County - specular hematite.
No.5. Vein No. 6%, Riverville, Nelson County.
No.8. Ve.n No. 6, Riverville, Nelson County.
No. 7. Maud Vein, Stapleton, Amherst County.
No.8. Wingtield Ore Vein No. 11—3tapleton.

Southwest of Mount Athos, the ores are specular hematites
largely mixed with magnetite. They contain 58 per cent. to 65 per
cent. metallic iron and from a trace to .05 per cent. phosphorous.

A continuation of this belt runs through the northwestern
part of Pittsylvania County into Henry County. In Pittsylvania,
the high grade steel ores have been extensively mined in the
neighborhood of Pittsville. In Henry and Patrick Counties
many deposits of true magnetite occur.

The next westerly iron ore belt is that of the Valley of Vir-
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ginia extending from the Potomac on the northeast to the Tennes-
see line in the Southwest—a distance of 330 miles.

The Blue Ridge and its extensions in southwest Virginia,
form the eastern boundary of the Valley, while ou the western
side, are the North and Brushy Mountains, of which the exten-
sions in the southwest are known by various local names. The
iron ores occur along both of these ranges in the Primal or
Potsdam sandstovne, and Lower Silurian Limestone formations.
These are the ores which have been the great source of supply of
all cold blast furnaces of the Valley of Virginia and Southwest
Virginia, and which now supply the furnaces at Milnes, Goshen,
Longdale, Lowmoor, (in part), Iron Gate, Buena Vista, Roanoke,
Salem, Pulaski, Ivanhoe, Graham, Kayoulah, Max Meadows and
Rural Retreat.

The varieties found are red and brown hematites, and, at the
southern extremity of the Valley, some magnetite. In the lower
part of the Potsdam Sandstone formation occur series of slates,
which carry a red hematite—the specular iron ore of the Blue
Ridge. This ore has been extensively developed in Botetourt,
Bedford, Bockbridge and Augusta Counties.

In the more northern Counties the beds are usually too lean
for profitable working, but in those Connties above mentioned,
particularly in Botetourt and Bedford, beds varying from two
feet to four feet in thickness, are found over large areas, yielding
ore, the composition of which is indicated by the following
analyses:

No.l.  No.2. No. 3. No. 4. No. 5. No. 6.
Percent. Percent. Percent. Percent. Percent. Per cent.

Metallic Iron.......... '43.14 4755 42.19 42.75 40.24 43.30
Metallic Manganese.. .03 .02 .03
Phosphorous .......... 258 314 210 076 272 468
Sulphur...oo.ovvininnn 02 .02 02

3 1 T T 33.46 18.63 34.81 2500 35.65  80.54
No.1l. From the Glenwood Estate Analyst—Dr. Henry Froehling
No. 2. “ . . .“ . Prof. A. S. McCreath
No. 3. i * Cloverdale Mine * Dr. Heury Froehling
No 4. ' * . i e Prof. A. 8. McCreath
No. 5. “ *  Arcadia e i Dr. Henry Froehling

No. 6. “ “ . “ " Prof. A. S. McCreath
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Above these slates, in the Potsdam Sindstone itself, occurs a
bed of iron ore, high in phosphorous, and, when used by itself,
giving a cold short pigiron. This ore is limonite, generally hard,
compact, and brittle. It is mined in Rockbridge County near
Vesuvius Station, on the Buena Vista property, and opened on
the Glenwood estate.

The following analyses are typical of its composition:

No. 1. No. 2. No. 3.

Silica ...ov ciieeieenenn . 7.9% per cent. 8 46 per cent. 6.12 per cent.
Metallic Iron............. 63.22 ¢« ¢ 5212 ¢+ 55.63
Metallic Manganese .... B3 27 0w RUNRY b
Sulphur...........
Phosphorus .....ccoeeeeens 1.233 ¢ . 1.372 ¢ o 1.105 * e
Sample No. 1. Ore from Cold 8hort Bank Vesuvius Analyst—Prof. A. 8 McCreath

& No.2. * ‘¢ Buena Vista property s Dr. Henry Froehling

¢ No.3. * * Glenwoud Estate “ . . i

The source, however, of the iron ore used in the old charcoal -
furnaces of the Valley of Virginia and of the new coke furnaces,
is in the upper slates of the Potsdam Sandstone formation, lying
immediately below the bottom of the magnesian limestone. From
Page County to Roanoke County, these beds have yielded, and
will continue to yield large quantities of brown hematite ores, of
excellent quality. The following analyses, made in this labora-
tory, of the ores from the various paris of this formation show

their character:
No.l. No.2. No.3 No.4. No.5i. No.6. No.7. No 8.
Perct. Perct. Perct. Perct. Perct. Perct. Perct Perct.

Metallic [rou........ 5233 5106 5461 69.65  6.11 5635  56.76  52.11
Metallic Manganese 2.8¢ 1.94 3.26 13 23 .08 0.94
Phosphorus 183 <143 .161 198 368 112 .5(3 193
Stlica  ..oeeeeieenn 6.86 8.12 5.92 319 - 428 6.47 4.96 9.95
No. 1. Ore from Milne's Iron Ore Bank—Lump Ore.
NO. 2. .. " (1] L " . W&Sh Ore

No.3. * * Cornelia Mine, Luray Station—Lump.
No. 4. * % Buena Vlst.a propercy Big Workings.

No. 5. *“* * 90 t6. Vein.
No. 6. * ¢ Purgatory Iron property near Buchanan—Lump Ore.
No. 7. * * Rig Hill Iron property “ i

No. 8. * “ Blue Ridge Mine near Blue Ridge Springs.

Overlying the limonite of the upper Potsdam Slates, impor-
tant beds of red and brown hematite and magnetic iron ore are
found in the Magnesian Limestone formation, constituting the
ores of the Valley Limestones. The ores of this formation have
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not been greatly developed in the northern portion of the Valley,
but the extensive deposits of soft limonite occurring throughout
the southwest Counties, particularly in Wythe Pulaski and
Smyth, constitute the source of most of the ore used in the cold
blast charcoal furnaces of that region. All three kinds of ore
found are of exceptional purity, and very uniform in composition
over large areas. The following analyses show the composition
cf the samples of each kind of ore:

No. 1. No. 2. No. 3. No. 4. No, 5. No. 6.

Percent. Percent. Percent. Percent. Percent. Per cent.
Metallic fron......... 63550 50.24 61.00 59.15 55.00 53 04
Phosphorous ..... ... .51 028 09 24 A2
Suiphur...... ... .. . 002 02 16 .08
SiHCa.coviiennninia. 5.210 1.83 7.61 7.8 5.76 853

No. 1. Magnetite, near Pearisburg, G'les Counry Analyst—Prof. A. 8. McCreath
3 L . - 3 .

No. 2. . . . F. A Genth
No.3. Red Hematite Newport, . . * *  A.S8.McCreath
No.4 = i Ab ngion, Wash.  * o .- -

No 5. Limonite, Fishersville Augusta * L . J. W. Mallet
No. 6. o Bland Courthouse. Bland ** **  Froehling & Rober son

Two more important varieties occur in the Valley belt,
namely the red hematites found in the shales of the No. 5 or
Clinton formation, and the limonites of the Oriskany Sandstone
or No. 7 formation.

The hematites of the Clinton group are, in the upper beds,
usually shaly in character and deep red in color, and are known
a8 ‘‘red shale ores,” while the lower beds are frequently fossili-
ferous, constituting the ‘“fossil ores.” Large exposures of these
ores are found on Purgatory aud May’s Mouutains, near Eagle
Rock on North Mountain, on the Rich Datch property near
Covington, and in Fort Valley of the Massanutton Range, a bed
nearly thirty feet thick is said to have been proven over a consid-
erable area. The ores usually have a soft glaty structure and are
almost always of very superior quality. ‘

The following analyses by us show the composition of
average samples from different points: ,

No. 1. No. 2. No. 3. No. 4.
Metallic Iron.. 58.20 per cent. 47.60 per cent. 57.63 per cent. 56.49 per cent.
Phosphorous.. g2 o 489 ¢ ¢ A22 o 031 ¢
gilica .......... 2,06 ¢ 13.66 ¢ 640 « - 1596 ¢

——— —_— ——— —_——
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No. 1. Red Shale Ore, Sheet property, Eagle Rock.

No.2. * **  North Side Purgatory Mountain.

No.3. * " ‘¢ Iron Gate mines, Alleghany County.

No.4. ¢ % ¢ Middle ridge between North and Catawba Mountains.

The brown hematite beds of the Oriskany Sandstone or No. 7,
formation, constitute in respect of quantity and quality, one of the
most important sources of iron ore in Virginia.

Lowmoor and Longdale furnaces draw their chief supplies
from this horizon, and produce from it a particularly soft and
strong foundry iron.

Long continued and extensive mining operations on the
numerous beds of this ove, particularly at the Lougdale, Lowmoor,
Glen Wilton and other mines in the Rich Patch region, have fully
proven the thickness and continuity of the stratum, and the regu-
larity of its composition has been thoroughly demonstrated by the
excellent character of the . iron produced from it at various
furnaces.

The deposits have been most extensively developed on Rich
Patch Mountains, at Eagle Rock, Catawba Creek, Iron Gate,
Craigs Creek, Potts’ Creek and John’s Creek.

The following series of analyses made in this laboratory, of
average samples from openings at various points on this formation,
show the composition of the ore:

No. 1. No. 2. No. 8. No. 4. No. 5.
Metallic Iron 56.77 Per Ct. 59.64 Per Ct. 51.97 Per Ct. 51.28 Per Ct 51.60 Per Ct.
Phosphorous bug ot 462 ¢ Jd76 616 = 2.93 ¢
Silica 496 ¢ 246 ¢ ¢ 726 v 1109 ¢ 9.20 ¢ ¢
No. 6. No. 7. No. 8
Metallic Tron 52.28 Per Ct. 41.23 Per Ct. 5364 Per Ct.

Phosphorous ... 121 ¢ v 342 v 401 o

Silica 8493 ¢ 1121 * ¢ 9.10 ¢
No. 1. From Big Hill, Botetourt County.
No. 2. Peake's property. Eagle Rock.
No. 3. *  Ore Bed supplying Catawba Furnace.

No. 4. .** Roaring Run »roperty, Botetourt County.
No. 5. **  Glen Wilton Mines

No. 6. ¢  Cralgs Creek Botetourt County.

No. 7. ¢ Potts’ Creek, Craig County. .

No. 8. ¢ John’s Creek, near New Castle Craig County.

The following table of analyses of the ores from the
numerous mines of the Virginia Iron Coal and Coke Company
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shows the average composition of the deposits being extcnsively
worked in Botetourt and the southwestern Counties of the State.

. §z’ PR SR .

MINE. POSTOFFICE. X2 &£ £ 3 bl

;‘l - B E ; ) TONS.

Ren Hur.......... oo T 00 5 13 3076 12000
Barren springs  pStRe (s}i;:lr'n']fé‘; L. 5266 13 1 10 88 24000
Cedar Run........ Doani ounty s 19 6 1180 - 12000
Crawford ........ Pattomson " 1 sas A3 L0 142 3000
Dewey............ Bose ‘ﬂﬁ:,fé’ bhngs 4218 29 09 2934 40000
Edith Iron Mines gﬁfgtﬁilﬁf Spriogs  98.65 .30 19 1860 16000
Foster Falls...... Yr’g;&? ggx‘f?.'f OT Y™ .31 2.79 12.98 16000
Grubb Mines,.... Bl Gﬁ?&egﬁ?ﬁs 4.9 101 118 9.26 20000
Homatitq Mmes woilof RO " o a4 112 13 . 600
Hurst Mines ... po'§EON™ -t s A8 1500 16.20 3500

Bedford County .
Blue Ridge Spllngs 88.00 37 A2 36 84 000

Little Wythe .... ~vythe County ..

Ironville Mines..

Cripple Creek...... 5177 A2 b5 9.79 10000
Locust Hill ... w¥BCCOMY " 42 40 8 1598 15000
Posey Mines ..... Fomme Gots™ . s140 a2 &4 1168 7000
Rich Hill .. ..... PRI Rl AT 22 47T 1388 22000
Reed Island ..... Eg:ans}(sllf:&l MY sem 12 2 12.95 17000
Rorer Mines ..... gg:ﬂgﬁ County - a0 k] 8 1518 30000
Sanders Mine ... pthe ;252“.'...'.'.' 5422 .10 19 T3 20000
Swecker Mines.. pthe é’&‘iﬁ% T osar 12 47T 1810 16000
Walton Mines. %’},’;‘t‘;‘: Tl s0s0 13 8 1L10 15000

JASPER: A variety of Quartz, Si0,.

Color, yellowish-brown, reddish-brown. Occurs in epidotic
rocks of the Blue Ridge in several localities, particularly at
Thornton’s Gap.

KAOLINITE: Kaolin. Hydrous-Aluminium Silicate (Al,0 3.
2 Siog. 2 H,0). .
Specific Gravity, 2.6-2.65. Hardness, 2-2.5. Occurs in clay-
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" like masses, generally white or slightly tinted gray or yellowish.
Kaolin is the name applied to the clay resulting from the
decomposition of feldspar, which decomposition consists pricei-
pally in the removal of the aikali (potash) with part of the silica,
and the addition of water. It is used in the manufacture of the.
better grades of porcelain ware, and as a filier in the manufacture
of paper.

Kaolin is widely distributed in Virginia. It occurs in
extensive beds on the edge of granite region, where it has been
derived from the decomposition‘of this rock. See Clays.

LAMPADITE: Cuprovs Manganese. Bog Manganese ( Wad)
containing Copper.
Locality, Howardsville, Albemarle County. .

LIGNITE: Thin seams of lignite are met with in the soft
sandstones of the upper secondary strata, particularly, dn the
nelo'hbmhood of Taylorsville, Hanover County, but no deposits
of any economic importance are known.

LIMESTONE: The limestone deposits of the State are of great
extent and importance. They include an unlimited amount of
building stone of various varieties, from that suitable for general
building purposes to fine ornamental marbles, an abundant store of
stone for flux, in close proximity to the iron ore beds, and many
high grade deposits from which the best quality,of lime for archi-
tectural and agricultural purposes is produced.

The deposits are found in two of the geolooical horizons
—the No. 2 or Great Magnesian Limestone, and No. 6 or Lower
Helderberg Limestone formaticns. The [ormer underlies almost
the entire Valley of Virginia, with frequent exposures, particu-
larly in the upper end and along the James River, while thick
beds of the lower Helderberg limestone are exposed at numerous
points on the high ridges of the middle and southwestern parts of
the Valley.

The beds occurring in the Magnesian Limestone formation
are characterized by a high percentage of maguesia, and at some
points are true dolomites. Dolomite is used in the manufacture
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of refractory lining for furnaces employed in the manufacture of
steel by the basic process. Magnesian limestone has also a limited
use as a hydraulic cement after calcination. Its use for building
purposes, however, is the most important, and many fine exposures
of the massive close grained varieties are found throughout the
Valley. Though a high percentage of magnesia is a characteristic

of the limestone of this formation, deposits occur at numerons
points, containing only traces or small amounts of tkis ingredient,
and which consequently are well suited for flux, and the
manufacture of agricultural and building lime.

In the upper part of the Valley, at Strasburg in Shenandoah
County, an important deposit is being very extensively worked by
the Powbatan Lime Company. The rock at this point is of
exceptional purity, as is shown by the following series of analyses
made by us, of representative samples:

No. 1. No. 2. No. 3.
Calcium Carbonate .. ...... 98.71 per cent.  98.93 per cent. 97.98 per cent,
Magnesium Carbonate........ 685 o 61 2
Slica . .-- eeeiieiiieiiies aee 25 0w ) K 7O
Oxide of Iron and Alumina.. 81 22 29
Organic matter, etc. ...... ... trace trace Je ¢
9993 % v goeg ww 9089 v w

This rock, as might be expected, produces an architectural
lime of the highest grade.  Three kilns are at present in
operation, producing 360 barrels of lime per day, and three
additional kilne are now completed and ready for firing, which will
increase the daily output to 720 barrels. On the same property
there is a large deposit of argillaceous limestone excellently suited
for the manufacture of Portland Cement. ,

The deposit has been thoroughly proven by numerous core-
drillings to a depth of over 80 feet, and more than fifty analyses
made in this laboratory, of the samples of the core taken at every
five feet, have shown that the material has all the characteristics of
high grade cement rock, and closely approximates the composition
of the well known cement rock of the Lekigh Valley.

The following series of analyses, published by permission,
shows its composition at various points and depths, and for com
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parison, analyses of the Lehigh Valley rock, and of a typical
cement mixture before burning, are inclnded:

No. 1. No. 2. No. 3 No. 4 No. 5.
Per cent. Per cent. Per cent. Per cent. Per cent.
Ciereus se see 11'.'0 13 26 10.20 10.84 14.58
............. . 7.2 5.02 2.62 49¢
.................. 1.76 1.40 1.28 142
Calcilum Carbonate ....... .... 3.40 76.14 8100 33
Magnesium Carbonate . . 1.55 1.06 2.27 2,73
Calcium Sulphate ............. X —— —_— —_ —_—
Water and Organic matter .... 2.9 2.62 4.30 149 2.74
99.70 949.81 99.88 99.50 78
LEHIGH LEAIGH
No. 6. No. 7. CEMKNT  CEMENT
ROCK. MIXTURE.
Per cent. Per cent Per cent. Per cent.
BIHCR cevre cececenes tonsensnssecncsdoeees 1124 15.99 15.40 13.20
Alumina....... 4.20 6.22 4.2 4.20
Oxide of Iroun... . 1.40 1.32 1.38 112
Calcium Carbonate ....... < eees 1756 1.8 74.66 .10
Magnesiun Carbonate.. [ X 1 3.06 2.66 3.80
Calcium Sulphate feee ee aee ——— —_— 86 —_—
Water and Orgunlc matoer tetereranns 2 36 1.38 0.78 .86
99.77 9) 81 100.00 100.10

At Harper's Ferry an exposure of limestone very free from
magnesia is shown and has been developed to some extent for lime.
Ab analysis of a sample from this point is given by Prof. W. B.
Rogers, as follows:

Caleium CArbONALB..vve .t ver cerenes tostiianas covenaitnesinnaes  1as 95.86 per cent.
Magnesium Carbonate e e e 146 ¢ o
Silca . . .e . 1.68 .
Oxide of lronand Alumlna . N .
Water and LOB8 ....cccouteirereiiisies see o soteotesteeittetenicones 85 ¢
lmm “ L

At Riverton, Warren County, on the forks of the Shenandoah
River another deposit of limestone of great purity is found, of
which an analysis gave the following result:

CRICIUM CAIDODALE. .. cctvarrtraraansoaaassitoestsionscaneosatssnaneinoes 97.98 per cent.
Magnesium Carbonate ...... veee Bt ©
Oxide of Iron and Alumina.. q9 ¢ w
Sllica .. .cvvvereneiiesiiiiiannns 43 ¢ .
OrganicMatterandInss PP ¢; S
Y

This limestone has been burut for lime for many years,
yielding a product of very high grade, which has an extensive
sale throughout the State.
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Similar deposits more or less free from magnesia, are found
at various points in Rockingham, Augusta, and Rockbridge
Counties, and have been slightly developed, furnishing lime for
agricultural and building purposes. Prof. Rogers reports an
occurrence of a dun-colored limestone half a mile west of New
Market, which is quite free from magnesia. At Craigsville in
Augusta County, there are important quarries, furnishing stone
containing very little magnesia. The product of one of the
quarries is used to a large extent in the manufacture of the well
known ¢¢Old Domivion” brand of Portland cement. In the
neighborhood of Staunton, Fishersville and other localities in the
same county, lime-burning bas been carried on to a small extent.

Along the mountain ridges separating Bath and Alleghany
from Rockbridge and Botetourt Counties, as well as in various
other localities in the two Counties last named, frequent exposures
of the Lower Helderberg limestone are met with and some fine
quarries in this and the Great Magnesian Limestone formation are
being worked, which supply excellent limestone for lime-burning,
and flux for the numerous furnaces of this region.

At Bell’s Valley in the northwest corner ‘of Rockbridge, the
limestone from No. 6 formation is largely quarried as flux for the
Victoria Furnace, and the furnaces at Lowmoor and Longdale
also get their supplies from bluffs in the same formation.

Architectural lime is being made at several quarries from a
very fine coralline limestone found extensively along the James
River in Botetourt and Rockbridge Coanties, conspicuous
exposures being at Eagle Rock, Indian Rock and in the immediate
vicinity of Lexington.

At the places above named the limestone is exceptionally pure
and yields a building lime of the best quality.

At Eagle Rock it is being extensively worked by the Moore
Lime Company, whose five kilns at this point produce 780 barrels
of lime per day, while at Indian Rock large quantities are quarried
for flux and lime-burning at Dillon’s lime kilns. "
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The great purity of the deposits at these points is shoirn by
the following analyses made in this laboratory:

m . Peak Quarry s, -

Mpore pmele.  Eavionock  DllionsQuer
Rock. Quarry. Rock. Fiux.

Calcium Carbonate...... ... 98.641 per oent. 96 786 pel cent. 92.857 per cent,
Magnesium Carbonate...... 433 ¢ 642 s 1.362 ¢ d
Oxide ot Iron and Alumina 306 ¢ 1448 3.013 ¢« ¢
Siliza. .vier ciiieniiiieieee 273 J30 e e 2.340 ¢ -
Phosphoric Acid.. .......... (121 B o 024 ¢ e 037 .
Water and Organic Matter 268 b e 2060 ¢ ¢ 220 ¢
w'ga7 [ " st [ [ 99‘829 [ [0

At Balcony Falls the magnesian limestone has been used for
many years for the manufacture of hydraulic cement by the James
River Cement Works. This cement was extensively used in
building the dams and locks on the James River Canal:

The following ie an analysis of the rock from near Glasgow,
by Prof. Rogers:

CAICTUIN CAIDONALE .« nrnveeiin tiannn seannn e raasesocsse teseaeanes 57.87 per cent.

Magnesium Carbonate.. teieteses eeseseseciesnee seane .. 3290

SIHCA ceveveiernn.  ceiinniaenns ee 710

Alu-nlnaa,ndeldeot B o+ N 83 o

B/ =) o v oereeiaaeeen 27 0

Organic Matter....... ..................... Gestess sieees seresiesnenace o0 103 ¢
m (1 “

East cf the Blue Ridge, the chief deposits are found in the
belt of magncsian limestone running in a southwesterly direction
through the eastern edge of Albemarle Connty and having' its
most prominent exposires along the James River iron ore belt,
from Howardsville to Lyonchburg, a distance by the River of
about fifty miles.

The northern extremity of the belt appears to be near
Keswick in Albemarle County, at which point lime has been
burned for local use. Between this point and the beginning of
the extensive ledges exposed along the River, there are ouly infre-
quent and unimportant outcrops, but from Howardsville on, the
limestone is everywhere abundant. At several localities along the
belt, the stone has the fine close grained characteristics of marble.
The deposit of this kind at the mouth of Tye River has been
referred to under ¢¢ Building Stones.”
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The bulk of the limestone in this region is highly magnesian
in character, but at several localities deposits are found which do
not carry enough of this ingredient to prevent the stone being
suitable for flux and for lime-burning. At these points quarries
have been opened and developed to some extent,

Those near Norwood, Warminister, Greenway, Walker’s
Ford and Stonewall Creek have all furnished limestone for small
lime-burning operations, the composition of which is shown in
the following table of analyses: .

. H . =

A B SR -

o @ N EE -

& = z %5 &

2 = = iz zx

o % @ < 8 5}

Z ; © B &

Per cent. Percent. Percent Percent Per cent.
Calcium Carhonate............ 91.33 89.13 86.74 92.03 88 41
Magnesium Carbonate ........ 2.41 3.87 5.63 4,13 8.81
Oxide of Iron and Alumina... .50 1.12 1.82 .60 .83
SiliCA..cvvviiiieiiiennneeennnns 5.54 5.07 5.91 3.10 1.68
Organic Matter, etc. ......... 22 31 40 14 27
10000 10000 1000 10000 10000

At numerous other localities along the same belt stone for -
flux was quarried, while the iron furnaces in this region were in
blast

The old-Dean furnace at New Canton was supplied from beds
two miles below Warminister, and the furnace at Elk Creek used
a limestone occurring in the same vicinity of which the following
is an analysis made by us:

Calcium Carbonate veereeesen... 8377 per cent.
Magnesium Carbonate .... eeeeeneiens ceee 301 o
Oxideof Iron and AlUMING ..o vvvtiireiiaene ivir ses suieeee. treecnnnnnan 140 ¢ e
£ 51 U ORI § 1) S
Water and Organic Matber .......c...ciiiei ittt iicnsesioninneenan -6 BECCED

10000 ¢«
The tlux used at the Lynchburg Furnace was obtained from
a thick bed of limestone near the base of Mount Athos, which is
said to contain about 92 per cent. Carbonate of Lime.
Southwest of Mount Athos occasional exposures of limestone
are found on this belt; a quarry on Back Creek, northwest of
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Leesville, Campbell County, is reported by Prof. Rogers as
yielding a compact light blue rock of the following ccmposition:

Calcium CATDONALE ..oovvvieei i ettt titinieseseiiiiiiiin e, seneesieaen s 92.76 per cent.
Magnesium Carbonate .......coo.vieiniiiannans 244 0
Oxide of Iron and Alumina ... ....coeveerr cov o0 oy b6 v
15 1 [ Y 8.84 ¢ .
Water and Loss ... ... “earcvanese esessasaess caasesvsenes + esecsnsaiiann 40 o
lww . (13

Both the Helderberg and Magnesian Limestones are frequently
exposed throughout Southwest Virginia, and deposits are being
worked at many places which supply flux for the iron furnaces at
Roanoke, Radford, Graham, Pualaski, Ivanhoé, Kayoulah, Max
Meadows, White Rock aund Bristol, as well as lime kilns at
Christiansburg and other localities.

A limestone of fine grain and uniform texture which has
been used to a slight extent for lithographic stone, is found at
Fincastle, Botetourt County.

LIMNITE: Bog Iron Ore.
Peters Creek, Craig County.

LIMONITE: Brown Hematite, Hydrous Ferric Oxide, 2 Fe,O .

Specitic Gravity, 3.6-4.0. Hardness, 5-5.5.

Usually occars in massive form, but also botryodal, stalacti-
tie, concretionary or earthy. Color, various shades of brown, to
ochre yellow. '

This is the most abundant iron ore in Virginia. See Iron
Ores.

MAGNESITE:  Muegnesim Curbonate, Mg CO3.

Specific Gravity, 3-3.08. Hardness, 3.5-4.5. Lustre, vitreous.
Color, white or yellowish. Occurs in thin seams in soapstone in
Amelia County near Chula.

MAGNETITE: Muagnetic Tron Ore. Ferric and Ferrous Oxides,
Fe; O3 FeO.

Specific Gravity of crystals 5.16-5.18; when massive, 4.9-5.2.

Hardness, 5.5-6.5. Crystals, octahedrons and dodecahedrons,
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usnally very perfect; also occurs massive granular to compact.
Color and streak, iron black. Lustre, metallic to sub-metallic.
Occurs extensively in the iron ore belts in two varieties:

1st. Ordinary Magnetite, very free from phosphorous, and
containing practically no titanic acid, and

2nd. Titanic Magnetite, also very free from phosphorous,
but containing considerable titanic acid.

The deposits of the southwest continuation of the Middle -
James River iron ore belt in Campbell, Pittsylvania and Henry
Counties belong to the first type, while the magnetites found in
Patrick and Grayson Counties are frequently highly titaniferous.
See also Iron Ores.

MALACHITE: Green Copper Carbonate, 2 CuO CO,. H,O.

Specific Gravity, 3.7-4.01.  Hardness, 8.5-4. Usually occnrs
in massive form or as encrustations. Structure, botryoidal or
stalactitic, and often fibrous or banded. Color, light green.
Streak, pale green.  Occurs in most of the copper mines in
Virginia. See Copper Ores.

MARCASITE: White Iron Pyrites. Bisulphide of Iron, Fe S,.

Specific Gravity, 4.9. Hardness, 6-6.5. Crystallizes in low
pyramids of the orthorombic system, but is more common in
stalactitic, botryoidal, or concretionary forms of a grayish
yellow color.  See Pyrite.

MANGANESE ORES: Deposits of manganese ore, including
high grade oxides (pyrolusite and psilomelane) and manganiferous
iron ore, occur widely distributed throughout the State,
particularly along the James River Valley and the Valley of
Virginia, and have been cxtensively developed at several points,

Of high grade ores, Virginia has for many years supplied the
greater part of the total output of the United States, the most of
it coming from the well known Crimora Mine, situated in Augusta
County, about two miles east of Crimora Station. At this place
a synchrinal basin in the Potsdam Sandstone about. 900 feet long
by 500 feet in width, has been fliled with the clay derived from
the decomposition of the feriferous shales overlying the massive
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sandstone. The manganese was originally disseminated through
the rock and has beccme concentrated in the clay resulting from
its decomposition. The ore which is psilomelane with a very
little pyrolusite, is fonnd irregularly distributed through the clay
in nodular masses varying from pebble size to lumps a ton or
more in weight.

Tle deposits have been developed by means of a shaft now
considerably over 100 feet decp, with levels driven at 75 and 105
feet.

The maximum thickness of the ore-bearing clay is apparently
about 300 feet. The ore is crushed, washed and screened to
remove fines, and after drying is ready for shipment. The lump
ore is mostly .sent to Englard and the tines tc Pittsburg. This
mine has produced as high as 50 tons per day, during some years,
of the highest grade of ore, the composition of whiche is shown
by the following analysis:

COMPLETE ANALYSIS BY PROF. A. 8. MCCREATH OF LUMP ORE.

Binoxide of Manganese .. . 81.703 per cent.
Protoxide of Manganese Ceieeee e 7.281 ot
Sesquioxide of Iron....... .. chee e 633 oo

Oxide of Cobalt ... .. .... 854 oo
Oxide of Nickel ........... 006 oo
Oxideof Zinc ............ RN .623 oo
Oxide of Copper... .........
Alumina ..ooovvvviviiiininn .896 R
Baryta ... ...... .829 oo
Lime ...... v cevviivennnn e .880 oo
Magnesia.....o.ovoiieiiiin it ceeeiiiien . .630 oo
Sulphuric Acid.......covvvvieeiiniinnnnnn..
Phosphoric Acid ........... ...... [ 1 § oo
AlKAlS ..oooviinniua Cesnecsssesaes saseses 467 o *
Water ... e 8405 o o
Silica ....oiiiiiiiaa. 2.132 “ “
lm.m ‘e "
Metallic Manganese ... .. te t et aieree e eneetaeearatennetataretennenanen 57 291 per cent.
Metallic Iron.. ..cooc. o vivreannns 33
PHOSPNOTOUS «vuvnnnnninnnttvranasies suarinanssesssaeeesoarensannnss oo 00

As illustrating the high quality of regular shipments from
this mine, the following analyses made in this laboratory, of
samples of various foreign shipments are given:

1. 2. 8. 4. 5.
Binoxide of Manganese 84.08 per ct. 84 04 per ct. 83.43 per ot. 19.43 per ct. 79.97 per ct-



MINERALS AND MINERAL RESOURCES OF VIRGINIA. 73

At several other points in the James River Valley and
Valley of Virginia, deposits have been opened and deveioped to
some extent.

Near Norwood, on James River, about two miles from
Midway Mills, a deposit of high grade manganecse of much
promise was opened some years ago, and fully 500 tons of ore of
excellent quality was mined and shipped.  The mice, however,
was shut dewn, it is said, on account of insufficient equipment to
handle the water, and bas not been reopened. The ore produced
contained about 58 per cent. metallic manganese, 1.5 per cent. iron
and about .15 per cent. phosphorous. '

In the same locality near Warminister, another deposit was
opened about the same period and worked for a time, yielding a
considerable quantity of ore very similar in character to that
mined at Norwood. Further up the River, in the vicinity of
Mount Athos, another deposit of good quality was mined to some
extent.

At several other places on the southwest continnation of the

. Middle James River iron belt, througa Campbell and Pittsylvania
Counties, deposits of promise have been opened, but no develop-
ment work has been done. One of the most recent openings
near Hurt Station in Pittsylvania County has shown indications
of a considerable deposit of bigh grade ore. From the large
pumber of surface samples received by us from this belt, there
are apparently numerous deposits along it worthy of investigation.
A few miles southeast from Mount Athos, at Concord in Appo-
mattox County, several openings have recently been made, and
some good ore exposed.

The following are analyses of two samples received from
these openiugs.

\

No. 1. No. V2.

Metallic Manganese 66.60 per cent 52.92 per cent.
Metallic Iron ..... .. ... 28 & " 253 “w
Phosphorous .......oocvunivinniennee R 7 S 002
SIHCA.....iee cietiiiiies diideiicenes 99 ¢ 1053 -

Deposits are also reported in the vicinity of Willis’ Mountain,
Buckingham County, and near Spiers Mountain, but dnly surface
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samples have beeun obtained from these localities. Undeveloped
deposits are also reported from Albemarle and Orange Counties,
but vothing is known regarding them.

In the northern part of the Valley of Virginia the manganese
mined has been chiefly in the form of manganiferous iron ore,
though deposits of high grade ore have been opened at a few
points. In Page County manganiferous iron ore has been mined
about three miles east of Milne’s Station, and a promising deposit
of high grade ore apparently of considerable extent, is found on
the Garrison tract about two miles east of the railroad.

The followiug two analyses by Prof. A. S. McCreath, show
the character of the ore:

FINE ORE. LUMP ORE.
Metallic Mangapese.. .. .... .. 52691l percent. ................ 58636 per cent.
MetallicIron........ .. ..... ..o 232% ¢ ¢ e e 1637 ¢
Phosphorous.. e e 24 Y 327 ¢
Silica «.ooiviiiiiiiiiiin C. 2795t 1.95%

In Rockingham County manganiferous iron ore of good qual-
ity for the manufacture of spiegel, has been opened on Big Run
Creek.

In Augusta County the clays derived from the Potsdam Sand-
stone have yielded manganese at several places north and south-
west of Crimora. North of Crimora a deposit was opened at
Grottoes, yielding ore of good quality, as shown by the following
analysis made by us:

Metallic MaDZANEGSE...... c.oiviiiiiiniiiier it iieaiiee teieiiaa. . eeeees . 48.70 per cent
B 2] N T 229 ¢
Silica.. e ereieeaeeen S ee i ieheceeiicaaaiiine Liiiie sessesesns eies 6.98 had
Phosphorous .. cee e 40

A few mlles northeast of Elkton, an opening was made a few
years ago, which gave promise of yielding much good ore, but so
far as we know, has not beén developed. A sample examined by
us had the following composition :

Meta.llchangauese Ceee eeetiiii. eessisseaesecieeessieseess ... B4.50 per cent.
Phosphorous .. . 18 ¢

At and near Sberando a number of years ago, several hundred
tons of high grade ore were taken out of open cuts, and while the
work done was small, the results pointed to the existence of a
large amount of ore in this locality.
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At Lyndhurst Station deposits are also reported, and at
Stuart’s Draft Station, a few miles southwest of Lyndhurst, the
Kennedy Mines produced a considerable amount of ore, the com-
position of which is shown by the following analysis by Prof. F.
P. Dunnington:

Metallic MADZANESO .. .ovvvievnniinnrs canennnn vveere eeas . .... 43.30 per cent.
Metallic Iron.. .......... e eheenieeeee ir eeeeaeieeaeeeesaeaieniaeies 388 * .
LT PP C e e e 17.69 &
PROSPHOTOUS ..ot .ivt © vt tiviveiniennns cit seniveessionenerneennsnancras 052 ¢

Continuing southwest, at Vesuvius, in Rockbridge County, a
deposit of rich manganese was opened up, and a considerable
amount of high grade ore was mined and snipped. At Midvale,
in the same county, another deposit exists, from which some good
ore was obtained, but nothing has been done for a few years.

In Botetourt County, a highly manganiferous iron ore has
been extensively mined and shipped from the ore bank of the
Houston Mines, one and a quarter miles from Houston Station.
At places the bed contains almost pure manganese ore.

The following analyses by Prof. A. S. McCreath show the
composition of the manganiferous iron ore and of eelected manga-
nese ore:

MANGANIFEROUS : MANGANESE
IKON ORE. ) ORE.
Metallic Manganese............. 24710 per cent.  ........co...... 59.87T per cent.
Metallic Iron.......cccev vevveiins 20110 = 500 s
PhOphorous «. «vovevevveneeneee. 88 & % .l 049 ¢ -
Silfea ..oovv i 770 « Ceerereriennie. 23800 .

In other parts of this county prospecting has been carried on,
and small amounts of ore taken out at different places, but no
deposits of consequence have yet been found.

In Roanoke County considerable work was done some years
ago, a few miles southeast of Roanoke, and some high grade
manganese ore was found.

Occurrences of manganese and manganiferous iron ore are
reported from the southwestern counties of the State. In Lick
and Draper Mountains, Wythe County, Flat Top Mountain near
Bland County line, and in the mountains in the western part of
Bland, considerable surface work has been done, and some promis-
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ing ore has been exposed, but the development has not been enough
to determine the quantity of any of the deposits.

In Smyth County, near Marion, the Stalie’s Creek Manganese-
Iron Company have recently opened a bed of high grade psilome-
lane, and are developing same.

A sample of the ore analyzed by us had the following compo-
sition:

Metallic Manganese ................ 55.80 per cent.

Metallic Iron.. R 11 | 3 s
PhOSPhOrOUS «ccxvvvusvaneninnn .. e eeieeeieeeneeee o e e s 47
BIHCA cevr cevcveirenanes tineniieneeeiererentanescnsssnseoreenne cavaces ooe 993 ¢

Many other surface samples received from the southwest, indi-
cate the occurrence of deposite over a large area, the extent aund
value of which can only be determined by further development.

MARL: Extensive and valuable deposits of Miocene or ¢ Calca-
reous” marl, and Eocene or ‘‘green sand” marl are found all over
the Tertiary region, large exposures being visible more or less
continuously along the banks of the Potomaé, Rappabannock,
Mattaponi, Pamunkey, York and James Rivers.

The Miocene marl district includes all the area from the coast
to, roughly speaking, a hypothetical line running north and south
throngh Coggins’ Point on the James. From this hypothetical
line to another passing from the mouth of Acquia Creek, through
City Point on the James, and continuing south, the Eocene marl
formation is largely exposed with the Miocene overlying it at
points.

Tke different varieties of Miocene marl found are white or
yellow, blue, and brownish in color. The white or yellow varie-
ties are richest in Carbonate of Lime, as a rule coutammg 80 per
cent. and upward of this ingredient.

The blue colored marl is usually much more clayey than the
white—the color generally being due to organic matter, though
occasionally a considerable amount of ¢‘green sand” is found in it.

The brownish or reddish marls are of less importance, being
usually composed of sandy clay, and often in hard masses which
cannot be broken easily.
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The great benefit derived from the use of the marls in agri-
culture is well known, and the beds are worked in many localities
in the tidewater region for local use.

The white and yellow marl is generally very suitable for the
manufacture of Portland Cement. An abundance of suitable
clay—the other necessary raw material, is everywhere at hand, and
coal can be obtained at a moderate rate from the great coal fields
of Southwest Virginia. Uader these conditions several localities
on James River present exceptional opportunities for the estab-
lishment of a Portland Cement plant on tidewater.

The EKocene marl is of great value as a fertilizer on account
of the large amount of ‘‘greensand” which it frequently contains.
See Glauconite. ‘

MARTITE: Isometric form of Hematite. Ferric Oxide. Fey05.

Specific Gravity, 4.809-4.832. Hardness, 6-7. Crystallizes
in octahedrons like magnetite, from which it is considered to be
derived by oxidation. Lustre, submetallic. Color, iron black,
with sometimes a bronze tarnish. Streak, reddish-brown or pin'-
plish-brown. Fracture, conchoidal. Is not magnetic or only
slightly so.

MELACONITE: Black Copper. Cupric Oxide. CuO.

Specific Gravity, 5.9—6.25. Occurs in two varieties. Most
commonly as dull black earthy masses, which soil the fingers, but
sometimes as steel-gray metallic scales. In the massive form it is
found in several copper deposits in Buckingham County, particu-
larly that of the Q. Q. Copper Mining Company near Dillwyn.
See Copper Ores.

MELANITE: A variety of Andradite. Cdalcium-iron Garnet.
See Garnet.
MENACCANITE: See Ilminite:

METEORIC IRON: Four finds of meteorites have been recorded.
from different parts of the State, namely :

1. Meteoric Stone, which fell in Chesterfield County, June
4th, 1828.
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2. Meteoric Iron found inR oanoke County.

3. Meteoric Iron found in Grayson County.

4. Meteoric Iron—four separate pieces found in the neigh-
borhood of Staunton, Augusta County.

The four pieces from the neighborhood of Staunton are all so
similar in composition that they evidently represent different por-
tions of the same fall. "The analyses of the four pieces made in

the laboratory of the University of Virginia, are reported by
Prof. J. W. Mallet, as follows:

No. 1. No. 2. No. 3. No. 4.
Iron.............. 88.7068 per cent. 88.385 per cent. 89.007 per cent 91.439 per cent.
Nickel ... ..... . 10063 *+ = 10242 ¢ 9.964 7.559
Cobalt......... L3986 e A28 v 38T v 608
Copper........... 003 ¢ 004 ¢ 003 0210
Tin ............ . 002 ¢ b a£02 “ 003 ¢ . trace
Phosphorous.... B4l 362 R 11 B 063
Sulphur.... ..... 019 v 008 ¢ 026 018
Chlorine......... 003 ¢ 002 v 004 v trace
Carbon.. B [ JA85 o S t- A Jd42 0
bl iconmssmca) 067 ¢ 061 ¢ 056 ¢ 108 ¢

9T ¢ % 9069 M 99947 4 % 99068 ¢ o

MICA: Muscovite. Potash Mica. Common Mica. Aluminium.
Potassium Silicate. K,O, Alg (8104)3.

Specitic Gravity, 2.75—3.1. Hardness, 2-2.5. Crystals, six-
sided, tabular. Cleavage, perfect, yielding easily thin elastic
laminae of extreme tenuity. Found usually in thin foliated plates
or scales. Color, white to colorless, gray, yellow, brown, violet
or greenish. Lustre, vitreous.

Muscovite is practically the only varlety of mica which has
been mined in Virginia. It is widely distributed throughout the
‘State east of the Blue Ridge, as a constituent of many crystalline
rocks. It is only, however, when the crystals or plates are found
of sufficient size to be cut into sheets, one by one and one-half
inches, and upward, that it becomes an article of commercial value.
Deposits of commercial mica occur in the crystalline belt of Vir-
ginia in veins or dikes of pegmatite, in Caroline, Spottsylvania,
Hanover, Goochland, Powhatan, Buckingham, Prince Edward
and Awmelia Counties.
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These\pegmatitic dikes vary in thickness from a few inches to
many feet. and run parallel to the schistosity of the accompanying
rocks, or cross these at varying angles. As a rule the dikes or
veins, in which the feldspar and quartz have crystallized out in
large masses, are found to yield the best mica.

Small veins, therefore, do not give promise of commercial
mica, as the crystals are usually too small to be of value.

The pegmatite in one of the mines in Amelia County, when
fully exposed, had the exact appearance of granite, magnified
about a thousand times. This mine, the Rutherford, yielded
blocks of muscovite 18 x 23 inches and 12 inches thick, masses of
quartz and blocks of feldspar weighing 4 to 1 ton, and nearly all
the crystallized minerals found accompanying mica.

The distribution of the mica in the vein is various. Some-
tilr;es, as in the Rutherford Mine, it is fairly evenly distributed ;
at others, the center of the vein is nearly barren and tbe blocks of
mica are found near the walls. The blockseare of all sizes, from 3
inches in diameter to, in one instance in the Jefferson Mine, near
Anmelia Courthouse, 4 feet 6 inches, yielding a sheet over three feet
long and nearly as wide. In thickness they vary from one inch
to eighteen inches and over. -

No mica has ever heen found superior to that mined at
Amelia Courthouse and at the mica mine near Hewletts, Hanover
County. This latter mine has not been worked since 1872, vet
the scrap mica found lying about the place is as sound and tough
as the best mica found elsewhere.

The demand for mica Las very much increased in late years,
on account of its extensive use in the electrical industry. Much
of this demand is supplied by imports from India, and there seems
no reason why mica mining should not become a flourishing
industry in Virginia.

The minerals found, in the Rutherford Mine, Amelia County,
in addition to the muscovite and biotite mica were:

Quartz, Crystals—(some perfect: large white and smoky
varieties.)

Amethyst—massive.
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Feldepar—Albite, Oligoclase, Orthoclase, Microcline, Amason
Stone. :
Apatite—Perfect Crystals.
Allanite—Orthite.
Actinolite.
Autunite. i
Beryl—(some gems of Beryl crystals; also large Beryls with
perfect terminals.)
Cyanite.
Cassiterite.
Chabazite.
Columbite.
Enstatite.
Epidote.
Garnets.
Graphite.
Hematite,
Limonite.
Magnetite.
Menaccanite. ' .
Molybdenite.
Microlite.
Monazite.
Pyrite.
Pyrrhotite.
Phosphuranylite.
Rutile.
Samarskite.
Tiurgstite.
Uranite.
Wolframite.
Zircon.
Zoisite—(Variety, rose-red Thulite.)

4
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MILLSTONES, GRINDSTONES AND WHETSTONES. Two
kinds of stone are employed in milling practice, the one, a tough
cellular flinty rock called buhrstone, and the other, a conglomerate
composed of quartz pebbles imbedded in a hard silicious cement.
Both of these varieties of stone are found in considerable quantity
in several Counties of the State. Good specimens of buhrstone
have been obtained from the neighborhood of Martinsvilie, Henry
County, along Walker's Mountain, Bland County, and near the
southern boundary of Montgomery County.

The Montgomery buhr varies in color from yellowish white
to orange brown, possesses a uniform cellular texture and very
hard and sharp grit.

A silicious conglomerate known locally as pebbled millstone
grit occurs in large gquantities along the south side of Biush
Mountain, Montgomery Coumty, and is especially adapted for
milling purposes.

A coarse conglomerate with a very sharp hard grit is found in
large quantities in Massanutten Mountain in the upper end of the
Valley, and was at one time extensively used for millstones.

A sienitic granite which used to be quarried for millstones,
oceurs in large masses outcropping for some dnstance along the
river near Collin’s Ferry. '

GRINDSTONES. The sandstones of the Carboniferous age
furnish most of the grindstones now used, and this formation is
represented in Virginia in the extensive exposures of .the Vesper-
tine Gray Sandstone in Montgomery, Wythe, Pulaski and Bland

Counties.
The fine hard grained variety of this sandstone found at

various points along Brush Mountain, has been used to a consider-
able extent locally for millstones, for which purpose it is admir-
ably adapted. Along the foothills of the Pilot Range, on the
north side of the Mountain, there is an extensive deposit of this
_character found partly in boulder and slab form and partly in fine
powder. Within the past few years slabs of very fine even -grain
from this locality were marketed for whetstones, and the powder
for polishing purposes.
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It is difficult to find any extensive body of sandstone posses-
sing the requisite qualties of fine regular grain, hardness suflicient
for strength but not enough to prevent steady crumbling away
under fiction, so that the production of sandstone for grindstones
is usually associated with quarrying for building purposes as well.

WHETSTONES. Fine grained gray sandstone suitable for whet-
stones is fonnd at various points in Montgomery, Wythe, Pulaski
and Bland Counties. The occurrence along the foothills of the
Pilot Mountain in Montgomery County has been already noted.
In Bland County, near the Courthouse a whetstone of good
quality is found. '

Among the silicious slates of Buckingham and Fluvanna
Counties in the vicinity of Bremo Bluff, beds of stone occur of
very fine close grain and possessing in a high degree the necessary
qualities of good whetstone.

In the southern part of the State a good whetstoune is reported
at Lunenburg Courthouse, Lunenburg County.

MICROCLINE :  Potash Feldspar. Green variety— Amazon
Stone. : '

In composition and general physical properties, essentially
identical with Orthoclase, from which it is distinguished by a
slight difference in the cleavage angle.

Occurs in considerable quantity in the mica mines near Ame-
lia Courthouse. .

MOLYBDENITE: Molybdenum Disulphide. Mo Sg. -

Specific Gravity, 4.7-4.8. Hardness, 1-2.5. Occurs as hexa- |

gonal plates or scales, and in foliated masses resembling graphite.
Color, bluish lead-gray. Soft and greasy like graphite, but lighter
in color, and gives off sulphur fumes when heated.

Found in small quantity in Rutherford Mica Mine.

MONAZITE: Phosphate of Cerium, Lanthanwm, and other rare
earths. .
Specific Gravity, 5-5.5. Occurs as honey yellow or brown
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crystals or sand and is the source from which the rare earths used
in the manufacture of incandescent mantles are obtained.

Masses wcighing as much as eight pounds were obtained in
the. Amelia Mica Mines, but so far, no deposits of commercial
value have been found in Virginia.

MISPICKEL: See Arsenopyrite.

MUSCOVITE: Potash Mica, Common Mica. Aluminium
Potassium Silicute. K30 Alg (8i0)3.

Specitic Gravity, 2.76-3. Hardness, 2-2.5. Hexagonal or
diamond-shaped tabular crystals. Usually found in plates of vary-
ing thickness and as scales. 1ts color is white to colorless,but often
tinted various shades of gray, greenish, yellow brown, red or
violet. Lustre, vitreous. Transparent and translucent. See Mica.

NICKEL: No nickel ores have been found in Virginia, but occa-
sional samples are received from the crystalline belt which show
traces of this metal.

NITRE: Sualtpetre. Potassium Nitrate. KNOg.

Specitic Gravity, 1.937. Hardness; 2.0. Occurs in minute
needle form crystals, masses or encrustations on the surface of
rock walls, particularly in limestone caves. Found in Saltpetre
Cave, Rockbridge County.

OCHRE: Red. An eurthy variety of Iematite.

Found in Bedford and Campbell Counties, and other locali-
ties on iron ore belts.

OCHRE: Yellow. An earthy variety of Limonite.

Large beds of yellow ochre are found in Chesterfield County
near Bermuda Hundred; also near Bon Air, Chesterfield County,
in Loudoun County near Catoctin Mountain, in Craig County near
Roaring Run, and at other points on iron ore belts.

- OIL: (Mineral) Petroleum. See Petroleum.

OLIGOCLASE: - Soda- Lime Feldspar. Moonstone.
Specific Gravity, 2.65-2.69. Hardness, 6-7. Occurs in cleav-
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able masses and plates in gneiss in the mica mines near Hewletts
Station, Hanover County.

ONYX: A variety of quartz. SiOg.

A finer and more regular variety of agate. Found in small .

quantity with agates in Bland, Giles and Montgomery Counties.

ONYX MARBLE: A variegated banded marble found at Marion,
Smyth County and Rockbridge Baths, Rockbridge County.

OPAL: (Wood) Opalized Petrified Wood. SiO,.
Is found near Ashland, Hanover County, where cordwood and
parts of trees have been found perfectly petrified..

ORTHOCLASE: Potush Feldspar. Commou Feldspar. Alumi-
nium- Potassium Silicate K, Al, Sig Og.

Specific Gravity, 2.57. Hardness, 5. Crystals monoclinic.
Usually in modified rhombic prisms; frequently twinned; also
massive. Cleavage angle 90 degrees. Color, white, gray, yellow,
greenish brown, brownish-red. It is one of the constituents of
granite, gneiss, etc. Found in large masses and crystals in the
mica mines throughout Virginia, that obtained from the Amelia
and Hanover Counties, being of very high quality. '

"PETROLEUM: Rock Oil. Mineral Oil.
Petroleum has not been found in any quantity in Virginia.
At several points particularly about three and one-half miles north
of Bristol and near Clifton Forge, a small quantity of oil comes
to the surface, but no attempt has been made to determine if it
exists in quantity at depth.

PLATINUM: A native element. Pt.
~ Specific Gravity of native metal 14-19; when pure 21-22.
Hardness, 4-4.5. Native platinum has not been discovered in Vir-
ginia, but traces have been found combined with arsenic in a sam-
ple received by us from near Danville.
PSILOMELANE: Munganese Dioxide with water. MnO, H;O.

Specific Gravity, 3.7-4.7. Hardness, 5-6. Occurs usually as
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nodular and botryoidal masses; also reniform, stalactitic, and in
amorphous form. ‘Color, grayish-black to blueblack. Lustre sub-
metallic. Streak brownish black. Se¢c Manganese Ore.

PYRITE: Iron Pyrites. Iron Disulphide. Fe S,.

Specific Gravity, 4.95-5.10. Hardness, 6-6.5. Composition
when pure, Iron, 46.6 per cent. Sulphur 5% 33 per cent.

Crystallizes in cubes, octahedrons, and other modifications
belonging to the Isometric system, and is also found massive
and granular. Color, pale brass-yellow. Streak greenish-black or
brownish black. ,

- Marcasite known as white pyrites, has the same composition
as pyrite, but is lighter in color and its crystals belong to the
Orthorhombic system.

Pyrite is one of the most frequently occuriing minerals, and
is found in the rocks in all parts of the State. It is a constituent
of the ore of all the gold mines in the Virginia belt below water
level, and it is only when auriferous, or when it occurs compara-
tively pure and in large quantity, that it is commercially valuable.

The extensive deposits of Louisa County, which are being
worked by the Sulphur Mines and Railroad Company and the
Arminius Copper Company, are of great interest and importance,
contributing as they do about 150,000 tons annually of high grade
pyrites—more than half the total output of the United States.

The deposite extend in a northeast and southwest direction
in the vicinity of Mineral City for a distance of tive miles, and
consist of a succession of great lenticular masses of high grade
pyrite, lying comformably with the stratification of the enclosing
hydromica and talcose slate rocks. In extent these deposits can
only be compared to those of Norway, Spain and Portugal, and
they possess the advantage over the European deposits, of heing
quite free from arsenic.

The mines of the Sulphur Mines and Railroad Company
extend for about a mile along the lode from the northern end of
the outburst.

"The deposits have been extensively and carefully developed to
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a maximum depth of 700 feet. Threc shafts are at present being
worked by fifty feet levels, the deepest level being that at 650 feet
in the Tinder Flats shaft. The thickness of the veins varies from
12 feet to 55 feet, the average being about 20 feet. The ¢ ges-
san” cap at these mines was from 50 to 60 feet deep. From this
point down to about 150 feet the pyrite is generally partly decom-
posed and granular in form, below which the solid unaltered pyrite
is found.

The mines are fully equipped with the most modern plant for
producing a uniform high grade product, and have a capacity of
125,000 ton per annum.

The Arminius mines which extend for about three quarters of
a mile along the lode, are separated 1rom the Sulpbur Mines
property, by a tract which bas not yet been developed to any
extent. The workings extend to a depth of over 500 feet, and the
vein at some noints reaches the great width of 60 feet.

The pyrites produced from these deposits is of very high
grade, and is particularly characterized by its freedom from
arsenic. Numerous analyses have shown a sulphur content of
from 48 per cent. to 50 per cent. The average output of the
mines, however, contains about 41 per cent."Sulphur.

The following analyses show its composition as compared
with the pyrites from the best known foreign deposits: '

o< . 2
5 £ g 4 S ] g B
o c & < Z - & <]
[ Bs 2 < @
s % § & 8 BE B
@ ° < < E N
PER CENT PER CENT PERCENT PERCENT PER OENT PEROENT PERCENT PERCENT

Arminius .......... 49.27 43.62 1.50 38 1.32 4.23
Sulphur Mines €o.. 5000 43.00 '6.02
Wicklow, Irela~d.. 8.7 36.06 257 1.80 39 19 71
NOrway ..ceevveenes 41.55 41.92 80 1.26 338 6.15
Rio Tinto, Spain.... 4787 . 40.93 3.82 62 10 19 26 5.42
San Domingo, .
Portugal .......... 46 00 43.50 3.10 1.0 32 .80 5.18
Capelton, Canada.. 46.60 £3.10 3.15 45 16 1.30 15 5.10'

(Trans. A. I. M. E. 1884).

On the continuation of this Louisa County belt, running in &
northeasterly direction through Spottsylvania, Stafford and Prince
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William Counties, minor deposits of pyrites are found at various
points.

The only occurrence, however, of importance which has so
far been developed is that of Messrs. Dietrick and Bradley in the
neighborhood of Dumfries, Prince William County.

. 'This deposit has been developed to a considerable extent, and
is shipping pyrites of good quality.

‘PYROLUSITE: Bluck Oxide of Manganese. Manganese diox-
ide. Mn O,. ’

Contains when pure, Manganese 63.2 per cent. Oxygen, 36.8
per cent. Specific Gravity, 4.82. Hardness, 2-2.5. Color, black -
or blackish-gray. Structure, columnar, fibrous, acicular, massive
granular, and earthy. See Manganese Ores.

QUARTZ: Silica. 8i0,. :

Specific Gravity, 2.65-2.66. Hardness, 7. Occurs in many
crystalline forms and colors, the different shades being due to the
presence of small amounts of impurities. Various forms are
descrined under Agate, Amethyst, Chalcedony, Jasper, etc.

RUTILE: Oxide of Titanium. TiO,.

Specific Gravity, 4.18-4.25. Hardness, 6-6.5. Commonly
found as prismatic crystals, the faces of the crystals showing hori-
zontal striatione; often in knee-shaped twins. Sometimes found
as fine acicular crystals penetrating quartz. Color, reddish brown
to red and rarely yellowish, blue or black. Streak, pale brown.

Rutile has recently become important as a source of titanium
for the manufacture of titanium-iron alloys. The addition of a
small amount of the titanium alloy to cast iron or steel, is said to
greatly increase the tensile strength of the metal.

The most important occurrence of this mineral in the world
is that at Roseland, Nelson County, where the works of the Ameri-
can Rutile Company have a capacity of 1000 to 2000 pounds of
rutile per day. ' ‘

The mineral is found disseminated through a coarsely crystal-
line feldspathic quartz rock. The rock is mined by open cuts, and
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after crushing and concentrating yields from 5 to 25 per cent. of
high grade ratile, quite free from titaniferous iron.

SALT ROCK: Hulite, Sodium Chloride. NaCl.

Specific Gravity, 2.1-2.6. Hardness, 2.5. Usually crystal-
lizes in cubes, but sometimes in octahedrons. Also occurs exten-
sively in compact granular masses. '

Extensive beds of rock salt underlie the great gypsum
deposits of the Valley of the Holston River in Washington
County.

These deposits are probably co-extensive with the gypsum,
which has been mined over a considerable area of the Valley, but
the salt industry is confined to the immediate vicinity of Saltville,
where large works manufacturing salt, soda ash, seda lye, etc. are
operated by the Mathieson Alkali Company.

No mining of the rock salt has been aitempted, the entire salt
product being obtained from the brine wells. The rock salt of
these deposits is very pure, consequently a very high grade of salt
is mananfactured from the brine. C

The following analyses show the composition of the rock salt,
the solid matter from the brine, and the commercial salt produced:

ROCK SALT. BRINE SOLIDS. COMMERCIAL SALT.

Per cent. Per cent. Per cent.

Sodium Chloride.................. 99,08 #8.38 99 18
Calcium Chloride.. .. ........... trace 2%
Magnesium Chloride............. PN e 05
Calcium Sulphate,................ .438 122
Magnesium Sulphate............. .30
Alumina, Silica, Iron and Water 470 .. 50

100.00 100 60 100.60
AUthOTILY «ovvvveeninnevnnnns s C. B. Hayden. G. H. Cook. 6. H. Cook.

SAMARSKITE: A4 mineradl containing Cerivm.  Yttrium Loan-
thanem and other rare eurths.
Specific Gravity, 5.6—5.8. Hardness, 5. 6.
Usually occurs in velvet-black masses or grains, with a shining
submetallic lustre. Streak, dark reddish brown. Very rare, but
found in small quantity in Rutherford mica mine, Amelia County.
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SAND:  Gluss ;Sand. Mowlding Sard.

Deposits of tine white sand prcduced by the disintegration of
the Potsdam sandstone occur at several points along the south-
eastern edge of the Shenandoah Valley, and some of these are well
suited for glass manufacture. An extensive deposit of this mate-
rial occurs at Balcony, and at Stapleton Mills, on the land of A
S. Lee, there is a very fine pure white deposit.

MOULDING SAND: For 1hetiner grades of metallic castings, a
moulding sand of special physical properties is necessary, and
deposits of such a character are comparatively scarce. The sand
should be tine, and regular in size of its particles. It must con-
tain a certain amount of clay to give it the necessary plasticity for
moulding, but not sutlicient to cause shrinkageewhen exposed to
the intense heat of the molien metal.

Some deposits of sand of extra fine gnality oceur in the vicin-
ity of the city of Richmond. "That found on the land of Mr. 8. M.
Cowardin is highiy prized and shipped all over the country.
SELENITE: See Gypseun,

SERPENTINE: Hydrous Mugnesium Silicate.

Specific Gravity, 2.2-2.65. Hardness, 2.5-4.  Usually massive
and compact, but occasionally found foliated, and at times deii-
cately fibrous. Color, green, of various shades; also gray, green-

ish yellow, brownish yellow, brown and red. Lustre, slightly
' resinous. -

Serpentine rocks are met with over extensive areas in Albe-
marle, Nelson and Amhberst Counties. In Fairfax County a quarry
was opened one and one-half miles southeast of Dranesville, pro-
ducing a serpentine for building purposes.

SIDERITE:  Spthic Iron.  Iron Curbonute. Fe CO ;.

Specific Gravity, 3.83-3.88. Hardness, 3.5-4. Color, gray,
yellowish, brown, red.

This ore of iron is found in small amount in the coal regions
of Southwest Virginia, but not in sufficient quantity to be of any
economic importance.
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SLATE: See Building Stones.

SPHALERITE: Blende. Zinc Sulphide. Bluck Jack. ZnS,

Specific Gravity, 3.9-4.1. Hardness, 3.5-4. Composition
when pure, Zinc 67.18 per cent., Sulphur 32.82 per cent.

Crystailizes in dodecahedrons and modifications, with perfect
dodecahedral cleavage. Usually occurs massive; sometimes fibrous
or foliated. Color, yellow, brownish-yellow to black; also red,
white or green. Streak, white, yellowish to reddish brown.
Oceurs in the various zinc and lead mines in Wythe and Pulaski
Counties; also in considerable quantity in the Faber Mine, Albe-
marle County and in small quantities in Smyth, Giles, Bland,
Tazewell, Russell, Scott and Grayson Counties.

STEATITE OR SOAPSTONE: See Tule.

TALC: Steatite. Soapstone. Hydrous Magnesivm Silicate.
3 MgO, 4 Si()z, Hz().

Specific Gravity, 2.7—2.8. Hardness, 1-1.5. Usually fonad
in foliated masses separable into thin inelastic laminae ; also gran-
ular and compact. Color, greenish-white, pearly white; also gray-
ish, green, dark green and reddish.

An extensive belt of talcose rocks is found running through
Albemarle, Nelson and Amherst Counties, and two extensive
quarries are in operation, See Steatite under  Building Stones.”
TENNANTITE: Seulpharsenite of Copper and Iron.

Specitic Gravity, 5.1. Hardness, 4-4.5. Color and streak,
lead-gray to iron-black. Granular, compact.

Found in London and Virginia and Buckingham Mines,
Buckingham County.

TETRAHEDRITE : Gray Copper Ore. Fahlerz. 4 Cu,S,
Sb,S;. v
Specitic Gravity, 4.4-5.1. Hardness, 3-4. Crystallizes in
tetrahedrons; also found massive granular, and compact. Color,
dark lead or steel-gray. Streak, dark gray. Lustre metallic.
Occurs in the <“High Hill” Coppor Mine in the Virgilina distriet.
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TETRADYMITE: Bismuth Telluride.

Specific Gravity, 7.2-7.9. Hardness, 1.5-2. Fonnd as tabu-
lar crystals having pcrfect Lasal cleavage. Also occurs massive,
foliated and granular. Color, pale steel gray. Lustre, splendent
metallic.  Soils paper. Occenrs in many of the gold mines, par-
ticularly at the Tellurinm Mine in Fiuvanna County, and Whlte—
hall Mine in Spottsylvania.

TIN: See Cussiterite.
TITANIFEROUS ORES: Se¢ Rutile and Ilmenite.

TOURMALINE: A complex silicate of Aluminiuvm and Ircn,
Magnesium, Sodium, Culcium, or other base, and charuc-
terized vn all the varieties by the presence of Boron.

Specitic Gravity, 2.89-3 3. Hardness, 7-7.5. Occurs fre-
quently as black or brownish-black prismatic crystals, often slen-
der or acicular. Other colors are, ruby-red, green, brown, yel’-
low, ete. Lustre vitreous. Transparent or translecent. Many
fine crystals found in the mica mines of Aﬂ’le_lil County.

TRAVERTINE: Calcareous Tufa. Calcium Curbonate. Ca
CO3.

Deposited often in thick beds from calcareous waters, either
springs or rivers. Found in Jefferson, Frederick, Rockbridge and
generally along all the streams in the Valley of Virginia.

TREMOLITE: A variety of Amphibole. Culciuin Magnesim
Amplibole. Ca Mgs (Si0y)3.

Specific Gravity, 2.9-3.1. Hardness, 5.6. Long bladed cry-
stals; also columnar and fibrous. Color, white and grayish.
Sometimes nearly transparent. ‘Found in the greenish talcose
rocks at Taylorstown.

TRIPOLITE: Infusorial Earth.

A very light, white or grayish white silicious earth, made up
of infusorial remains. Largely used as a polishing powder and as
an absorbent of nitroglycerine in the manufacture of dynamite.

Extensive deposits of this material are exposed in the hills
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within the City of Richmond; also on the north bank of the Rap-
pahannock River. :

TUFA: See Travertine.
TURGITE: . Hydrohematite. Hydrows Ferric Ozide. 2 Fey Oy
H,O0. '
Specitic Gravity, 4.14-4.6. Resgembles limonite, but has a

reddish streak. Occurs in limmites on the western slope of Blue
Ridge.

URALITE:  Pyroxsne alters1 to Amnhible.

Found in mica mine, Amslia Courthowse.

VERMICULITE: Hydrons Mugynesinm-alumininm-terrous-sili-
crile.

Specific Gravity, 2 7. Uardness, 1-2. Occurs as small
foliated scaler in steatitic rocks  Color, gray-brown or vellowish
brown. Lustre, pearly. Said to e an alteration product of mica.
Oceurs in Nelson County.

VIVIANITE: Hydrous Iron Plosphate. Fe,P304 8H,O.
Specitic Gravity, 2.58-2 68. Hardness, 1.5-2. Crystals,
slender prismatic: acicular; also radiated, reniform and earthy.
Color, deep blue, greenish-blue. Found in bog iron ore in Staf-
ford County and in clay excavated from James River at Richmond.

WAD: Biy Maonganese.  Impure Mavganese Dioxide.

Specific Gravity, 3-4. Harduess, 3-4.  Occurs massive, reni-
form or earthy. Color and streak, black or browaish black.
Localities: Waynesboro, Ci‘aigﬂ Creek and near New Castle.

WILLIAMSITE: A coarse fulinted variety of \erpmtme.
Locality: Fairfax County.

WOLFRAMITE :  Wolfram. Tungstate of Iron and Mauganese.
Specific Gravity, 7.2-7.5. Hardnesss 5-5.5. Crystals, thick
tabular, or prismatic; massive; compact.  Color, dark grayish or
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brownish black. Streak dark reddish brown. Submetallic to
metallic lustre. '

Oceurs in Grayson County.

ZINC BLENDE: Sce Sphalerite.

. ZINC ORES: Large deposits of zinc ores including calamine,
sphalerite (blende) and smithsonite, occur -associated with galena
and other lead ores, in Wythe and Pulaski Counties, and are
being extensively worked by the Bertha Mining Company, whose
zinc works at Martins, Pulaski County, produce a spelter of
exceptional purity.

These Wythe and Pulaski deposits have already been described
under Galena. ' : ,
ZIRCON:  Silicate of Zirconinm, Ly SiO .

Specitic Gravity, 4.68-47. Hardness, 7.5. Occurs usually
as square prisms, colorless, grayish, pale yellow to reddish brown

in color. .
Has been fourd in small quantity in Rutherford Mica Mine.
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MINERAL WATERS AND SPRING RESORTS.

The numerous and valuable Mineral Springs of Virginia
have long been famous, and for generations many of the resorts
have been annually frequented by visitors from all parts of the
country, attracted by their beauty and charm, and the curative
properties of the waters.

The chief spring section of the State embraces the moun-
tains, high plateaus and valleys of the Blue Ridge and Alle-
ghanies. Most of the best known spring resorts are located
in this favored region amid surroundings of picturesque scenic
beauty which could hardly be excelled.

East of the Blue Ridge many fine springs occur in the
Piedmont and more level country stretching toward the coast,
and some of the light alkaline-lithic waters of this section have
an extensive sale all over the eastern and southern States.

All classes of mineral water occur. The thermal springs
are confined to the mountain region, but fine chalybeate, sulphur-
etted, alum, alkaline-lithic and saline waters are numerous all
over the State.

In the following pages descriptions and analyses of all
the important springs will be found. The information con-
tained therein has been obtained partly from published works,
and partly from personal examination, and the latest analyses
available have been used throughout.

ALLEGHANY SPRINGS.

Location: Montgomery County. Postoffice, Alleghany
Springs. Distant three and one-half miles from Shawsville Sta-
tion, on Norfolk & Western Railway, from which point carriages
run to the springs.

This well known watering place is situated on the eastern
slope of the Alleghany Mountains, in the midst of some of the
finest scenery to be found in the State. The hotel and cottage
accommodations are of the best and are equipped with all mod-
ern conveniences. There are a number of springs on the prop-
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erty, but only one is used at present. It yields about 30 gallons
per hour of a limpid, pleasant tasting water, which has a tempera-

ture of 56 degrees Far.
The following analysis by Dr. F. A. Genth, shows its

composition :
Class: Sulphated— (magnesia)-—saline.

One United States gallon of 231 cubic inches contains:

Calcium carbonate .................. 3.61 grams
Magnesium carbonate .............. 0.3
Lithium carbonate ................... trace
Strontium carbonate ................ 006 ”
Barium carbonate .................. o0z 7
Magnesium carbonate .............. 006 7
Iron carbonate ..................... 016 ”
Cobalt carbonate .................... trace
Zinc carbonate ........... ... ..., trace
Copper carbonate .................... trace
Lead carbonate ...................... trace
Sodium sulphate .................... 172 7
Calcium sulphate ................... 11529 7
Magnesium sulphate ................ 5088 ”
Potassium sulphate .............. <e. 370 7
Magnesium nitrate .................. 322 7
Aluminium nitrate .................. 056 ”
Aluminium phosphate ................. 003 ”
Aluminium silicate .................. 0.21 ”
Sodium chloride .................... 028 ”
Calcium fluoride .............ccouuen. ooz ”
_ Antimonium oxnde ................... trace
SiHCa viriiii e 08 ”
Crenic acid ............... e trace
Aprocrenic acid .............. e trace
Organic matter ............cecvuenns 200 7
Gases: 18306 ”
Carbonic acid .............. ...o... 0.56 cubic mches
Sulphureted hydrogen .............. ‘trace

This water has a wide reputation and is bottled and ship-
ped to all parts of the country. It is a valuable anti-dyspeptic,
and has also a very beneficial effect in cases of liver and kidney
trouble. When taken in large doses it acts as an active diu-
retic and. cathartic, while in small doses, its action is tonic and
reconstructive, and it has been found to give excellent results
in the treatment of "anaemia, chldrosis and other diseases con-
sequent upon a debilitated condition.
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AUGUSTA OR STRIBLING SPRINGS.

Location: Augusta County. Postoffice, Stribling Springs.
Access by Chesapeake & Ohio Railway to Staunton, and then
thirteen miles northwest by stage.

This is an old and celebrated resort with a number of
Alum and Chalybeate springs, and from -its sheltered location
the climate is milder in the early sprmg and late fall than at
most other Virginia resorts.

The following analyses by Dr. T. K. Tuttle, show the
composition of these waters:

ALUM SPRING. .
‘One United States gallon of 231 cubic inches contains:

Sulphate of potassa ................. 1.008 grams
Sulphate of soda ................... 1.702
Sulphate of magnesia ............... 6.576 7
Sulphate of alumina ................ 38,408 ”
Sulphate of iron ............... ..., 12920 ”
Sulphate of lime .................... 19.112 "
Sulphuric. acid (free) ............... 6.536 7
Silicic acid ....ovviiiiineiieinae.... 2112 "
Organic matter ..................... —_

Total ...oiiiiiiiiiiir i, 88464

CHALYBEATE SPRING.
One United States gallon of 231 cubic inches contains:

Carbonate of potassa ............... .734 grains
Carbonateofsoda ................... 7.240
Carbonate of magnesia.......... ©.... 2008 7
Carbonate of iron ...,.............. 128 7
Carbonate of lime ................. 9.632 ” .
Chloride of sodium ................. 640 7
Sulphate of lime ...........oooien.. 1.248 7
Silicic acid ...ovviiii i, 640 7
21280 ”

BATH ALUM SPRINGS.

Location: Bath County. Postoffice, Bath Alum. This
well known spring resort is situated in the midst of picturesque
mountain scenery. It lies at the base of the Warm Springs
Mountain, midway between Millboro, on the main line, and Hot

HRuli2
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Springs, on the Hot Springs branch of the Chesapeake & Ohio
Railway, and is reached from the former station by stage, the
distance being ten miles. The accommodations consist of a good
brick hotel and cottages, with all modern conveniences.

There are five springs, and the following analyses taken
from the United States Geological Reports give the composition
of three of them: e

Class: Actd-chalybeate. Aluminous.

One United States gallon of 231 cubic inches contans:

" Spring 1. Spring 2. Spring 3.

Sodium sulphate....——grs. I1.13grs, —.—grs.
Calcium sulphate .. 380 ” L7 7 —— .
Lithium sulphate ...—— " trace —_ "
Magnesium sulphate 282 ” 046 7 ——
Potassium sulphate —— ” 034 ” 0.26 ”
Aluminium sulphate —— 7 2999 ” _
Ammonium sulphate—— " trace _
Manganese sulphite —— ” oo 7 —— "
Iron persulphate ...—— ” 2678 7 —— "
Aluminium phosphate . — ” —— " 315 "
Ammonium crenate 185 7 @ —— 7 1.77 7
Sodium silicate .... 202 7 @ —— 7 —— 7
Sodium chloride ..... 017 ” orr 7 —— 7
Magnesia ......... _ " == 1.28 "
Iron oxide ........ 1452 7 —— " 2177 "
Alumina ........... 1029 7 —— 7 12.29
Silica .....-........ _—7 19 7 —— 7
Sulphuric acid ...... 581 ” 288 7 788
Carbonic acid ...... 414 7 ——= 7 385 7
Aprocrenic acid ....—— 7  —— " 254 7

Oxygen with sodium 0.02 —_— —_—

4514 7 6538 7 5479
Carbonic acid gad (Spring No. 1.) ..  4.65 cubic inches.

From the unusually large amount of Sulphates of Iron
and Alumina present in these waters, they have strong tonic and
astringent properties and are very valuable in the treatment of
scrofulous diseases. They have also marked beneficial effect in
cases of chronic diarrhoea, and all diseases resulting from gen- =
gral debility, or an impoverished condition of the. blood.
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BEAUFONT LITHIA SPRING.

Location: Chesterfield County. Postoffice, Richmond.
The spring, which is located about eight miles from Richmond,
is not used as a resort, but the water is bottled and has an exten-
sive sale. It is-highly esteemed as a table water, and has proven
aseful in the treatment of gout and rheumatism, and frem its
cedative effect, in cases of nervous irritation.

The analysis made in this laboratory shows the following
composition :

Class: Light Lithic-carbonated.

One United States gallon of 231 cubic inches contains:

Magnesium bi-carbonate .......... .38056 grains.
Calcium bi-carbonate .............. 35282 7
Sodium bi-carbonate .............. .34923 "
Iron (ferrous) bi-carbonate ....... 04741 »
Manganous bi-carbonate ......... trace
. Potassium sulphate ............... 13646 7
Potassium chloride .............. 12047 7
Sodium chloride .................. .35749 7
Sodium iodide .................... .00412 "
Sodium bromide .................. trace
Sodium arsenate .................. trace
Sodium phosphate ... .00332
Lithium chloride .................. .02799 "
Alumina ........... ... .. il .02099 ”
Silicicacid ...t 96601 7
' : 278577 7
Carbon dioxide free (gas) .......... 8.5 cubic inches.

BEAVER LITHIA SPRING.

Location: Mecklenburg County. Postoffice, Buffalo
Junction. Access by Atlantic & Danville Railway to Buffalo
Junction, then one mile to the spring by private conveyance.

This spring, which has been known for its curative prop-
erties since the time of the Indians, is situated at an altitude of’
500 feet above sea-level, about four miles from the.well known
Buffalo Lithia Springs. Analysis of the water made in this labo-
ratory in 1898 gave the following results:
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Class: Sulphated-saline Lithic.

One United States gallon of 231 cubic inches contains:

Magnesium carbonate ............. 1.30574 grains.
Calcium carbonate ................ 5.16756 "
Strontium carbonate .............. .03033 "
Barium carbonate ................. o1225 "
Iron (ferrous) carbonate .......... .05074 "
Manganous carbonate ............ . .00466
Copper, zinc and lead carbonate ... traces
Magnesium sulphate .............. 14113 7
Calcium sulphate .................. 6.79113 7
Potassium sulphate ............... 55285
Sodium sulphate .................. 1.16g28
Sodium hyposulphite .... 06415 "
Sodium chloride .............. .... .35601 ”
Sodium iodide .................... .00004
Sodium bromide .................. .00058 7
Sodium, arsenate .........c...0.... .00082 "
Sodium phosphate ........ S 01458 "
Lithium chloride .................. 07849
Calcium fluoride '........... e . .03499 7
Alumina .......cooeiiliiiiineeinn.. 11080 7
Silica cvveriiiii e e 2.56016
18.44710 7
Carbon dioxide combined ......... 2.95556 7
21.40275 ”
Carbon dioxide free .............. 3.99 cubic inches.

This water is distinguished by the variety of its mineral
ingredients, some of which, though present only in minute
quantity, undoubtedly impart to it marked therapeutical prop-
erties. _

It has been extensively used with much benefit in cases of
dyspepsia, and kidney diseases, and also acts as a nerve seda-
tive and tonic.

BEDFORD ALUM SPRINGS.

Location: Campbell County. Postoffice, Bedford Springs.
Access by Norfolk & Western Railway to Forest Station, or by
Southern Railway to Lawyer’s Depot, and from either of these
points, by carriage to the springs—a distance of four miles.

These springs are at an altitude of about 1,300 feet above
sea-level, and are located i a most beautiful and interesting part
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of the country. They are within ten miles of the city,of Lynch-
burg and not far from the Natural Bridge. There is an excellent
fully equipped hotel at the springs.

The following analysis by Prof. M. B. Hardin, shows the

composition of the water: *
Class: Acid-chalybeate. Aluminous.

One United States gallon of 231 cubic inches contains:

Copper sulphate ..................... 0.06 grains.
Iron proto-sulphate (ferrous) ...... 059 ”
Iron persulphate (ferric) ........... 19.26 7
“Aluminium sulphate .................. 2418 7
Manganese sulphate .................. o19 7
Zinc sulphate ........... ...l oo7 7
Nickel sulphate ..................... 004 ”
Cobalt sulphate -...........c.iiitn -0.07 ”
Calcium sulphate .................... 499 7
Magnesium sulphate ................ 1258 7
Potassium sulphate .........7%........ 0.71 ”
Sodium sulphate ..................... 087
Lithium sulphate ..................... 024
Sulphuric acid ......... ... ........ 401 "
SIHCa et e i i e 1.69 ”
Calcium phosphate ..........iiiet. 03 7
Magnesium nitrate ........... Ceeeeeen 026 7 .
Ammonium nitrate ...........0..00.. 024 ”
“Sodium chloride ......cccivviiiiinnn. o020 ”
Calcium fluoride ........co.covenat... trace
Organic matter ......... e .029 "
Total .....ovnn..... eere e 7084 7
s:
Carbonicacid ........coviviiiinnnnnn. 6,08 cubic inches.
Oxygen ........ e eteeneeseesaasates 1.32 " ”
Nitrogen ....ooveieiieerniinnnennnnns 333 ” ”
11.63 ” ”

Temperature of water 48 degrees to 56 degrees Far.

As will be seen from the above analysis, the water is tonic
astringent, diuretic and alterative in character, and in practice it
has been found efficacious in the treatment of many diseases.
When taken in large doses it acts as an aperient, while in small,
doses it is very beneficial in cases of intestinal disorders. The
water and the evaporated residue known as “Bedford Mass” are
shipped on order.
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- BERRY HILL LITHIA WATER.

Location: Culpeper County. Postoffice, Culpeper Court-
house. Access by Southern Railway to Culpeper, thence by
private conveyance to the spring. .

This valuable spring has long had a great reputation for
curative properties, in the various counties adjacent to Culpeper,
and extensive improvements in the resort are now in progress.

Analysis made by Dr. Henry Froehling, in 1899, shows

‘the water to have the following composition:

Class: Lithic Sulphated-saline Aluminous.

One United States gallon of 231 cubic inches contains:

Magnesium carbonate ............ 2.62723 grams
Calcium carbonate ......... e 6.91651
Strontium carbonate ............. 52544 7
Iron (ferrous) carbonate ......... 21753 7
Manganous carbonate ............ .00641 ”
Magnesium sulphate ............. 13.90418 7
Calcium sulphate ................ - 93.69360 ”
Aluminum sulphate .............. 11.06467 7
Potassium sulphate .............. 95699 7
' Sodium sulphate ................. 30.44199 7
Sodium hypophosphite ........... 1.08472 7
Sodium chloride ................. 2.29773 ”
Sodium iodide ................... .00204 ”
Sodium phosphate ............... .05365 7
Lithium chloride ................. 07342 "
Calcium fluoride ................. 03499 "
Silica ..... ey s 99141 ”
16489260 7
Carbon dioxide combined ........ 4.51556 '
169.40816 7
Carbon dioxide free .............. 4.26 cubic inches.

This water possessésvaluable anti-acid, diuretic and lax-
ative properties, and in practice, has given excellent results in
the treatment in a wide range of diseases. It is recommended as
a permanent cure for dyspepsia and other stomach troubles,
and in long standing cases of gout and rheumatism, its persist-
ent use has been very efficacious. In the treatment of constipation,
torpidity of the liver, and as a general alterative its use has been
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attended by marked good results, and it is highly recommended
in chronic disorders of the female generative organs.

BLUE RIDGE SPRINGS.

Location: Botetourt County. Postoffice, Blue Ridge
Springs. Access to the springs is via. the Norfolk & Western
Railway. Station, Blue Ridge Springs.

This resort is beautifully located in a picturesque valley
in the Blue Ridge Mountains at an altitude of 1,300 feet above
sea-level. The spring yields about 130 gallons of water per
hour, having a constant temperature of 52 degrees Far.

An analysis made in this laboratory gave the following
results:

Class: Sulphated-saline. Carbonated.

Oue United States gallon of 231 cubic inches contains:

Magnesium sulphate ............. 47.01306 grains.
Calcium sulphate ................ 100.13201 ”
Sodium sulphate ................. .36740 ”
Potassium sulphate .............. 65724 7
Magnesium carbonate ............ 1,2188s5 7
Calcium carbonate .......... tee.. 396562 7
Strontium carbonate .............. 20509 7
Barium carbonate ................. .02566 7
Manganese carbonate ..... e 01740 7
Nickel and cobalt carbonate ...... trace
Iron (ferrous) carbonate ......... 10847 7
Lead carbonate ................... trace
Copper carbonate ............. .. trace
Sodium chloride ................. 1.25067 7
Lithium chloride ................. 03732 »
Sodium arsenate ................. .00210 ”
Sodium iodide .................... .0oc26 ”
Sodium bromide ................ trace
Calcium fluoride ..... Cerieianeaan .00146 "
Magnesium nitrate ............... .35574
Ammonium nitrate ............... 02814 7
Aluminium phosphate ............ .01575
Aluminium silicate .............. 15279 ”
Silicicacid ..........ooiiiiiin... 1.35298 7
\ 157.00710
Carbon dioxide combined ........ 2.57648 7
Gases: 150.58358
Carbon dioxide ............cc..... 38.2 cubic inches,
Hydrogen sulphide ..... e 300 ” ”
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The properties of the water are anti-acid and tanic. It is
very efficacious in cases of acid dyspepsia, and acts as a correc-
tive in both diarrhoea and constipation.

The water is bottled and has an extensive sale.

BRUNSWICK INN LITHIA SPRINGS.

Location: Augusta County. Postoffice, Waynesboro.
Access by Chesapeake & Ohio or Norfolk & Western Railways
to Waynesboro.

This resort is situated at the western base of the Blue
Ridge, amidst the beautiful scenery of the Shenandoah Valley.
The inn is modern in construction and well supplied with all con-
veniences for comfort and recreation.

The springs are six in number, and the composition of the
water is shown in the following analysis made in this laboratory :

Class: Alkaline-carbonated. . . Lithic.

One United States gallon of 231 cubic inches contains:

Magnesium carbonate .............. 1.342 grains.
Calcium carbonate .................. 1.5s19 "
Strontium carbonate ............... .002 ”
Barium carbonate ................... .002 ”
Iron (ferrous) carbonate ............ .003 7
Manganous carbonate ............... .001 ”?
Calcium chloride .................... 141 i
Sodium chloride ............... ee... 3617
Lithium chloride .................... 023 7
Calcium sulphate ................... 107 7
Potassium sulphate ................. 176 7
Sodium iodide ...................... ”

Sodium bromide ............... ...,
Sodium arsenate ....................
Sodium phosphate
Calcium fluoride
Silica ............
Alumina ......... e

Total ........ciiiiiiiiiina.. 4.255
Carbonic acid combined with mono-
carbonates to form bi-carbonates 1.368

5.623 7
Free carbonicacid .................... 10.28 cubic inches.
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'BUCKINGHAM WHITE SULPHUR SPRINGS.

Location: Buckingham County. Postoffice, Buchingham
Courthouse. Once much frequented, but at present little used.
No analysis is obtainable.

BUFFALO LITHIA SPRINGS.

Location:  Mecklenburg County. Postoffice, Buffalo
Lithia Springs. This well known resort is reached over the Atlan-
tic and Danville division of the Southern Railway or by private
conveyance from -Clarksville, on Southern Railway—a distance
of 8 miles.

The hotel buildings are on the cottage plan and accom-
modate 250 guests, and the equipment, including bath-house, is
of the most modern kind. The hotel is open from June 15th to
October 1st. BN

The “Buffalo Lithia” is one of the best known mineral
waters in the United States, and has a very large sale in this
country and abroad. There are three springs known respectively
as Nos. 1, 2 and 3. The waters from springs 1 and 2 are richest
in mineral matters and are those used for bottling and sale.

The following analysis of spring No. 2, by Prof. Wm.
'P. Joury, shows its composition :

Class: Lithia, Aluminous. Calcic.

One United States gallon of 231 cubic inches contains:

Magnesium sulphate ................. 0.88 grains.
Aluminium sulphate ................ 907 ”
Calcium sulphate ................... 3306 7
Potassium carbonate ................ 29.30 7
Calcium bi-carbonate ........ e 1496 "
Lithium bi-carbonate ............... 2.25 ”
Iron bi-carbonate ................... 0.30 ”
Baryta bi-carbonate ............... .. 175 7
Sodium chloride ........ N 492 7
Silica chloride ...................... 18 7
Phosphoric acid ........ e traces
Iodine .......c.ovovien... e traces
Organic matter .............. small amount

, 09836 7
Sulphureted hydrogen ............... 8.30 cu,t’>ic incl’1’es.

Carbonic acid .......c..ociviiiiinnn 59.20
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This water is of great medicinal value, and is regarded
almost as a specific in the treatment of uric acid diathesis, gout
and rheumatism. It is also used with great benefit in cases of
renal calculus, stone in the bladder, and in nervous and intestinal
disorders. : '

The water of No. 3 spring is a strong chalybeate with val-
uable tonic properties, but is only used at the springs.

BURNER’S SPRINGS.

Location: Shenandoah County. Postoffice, Woodstock.
Access by Norfolk & Western Raiiway, to Overalls Station,
thence six miles to the springs by private conveyance; or from
Waterlick on the Southern Railway, or Woodstock on the Bal-
timore & Ohio Railway, both distant twelve miles from the
springs. S

The springs, which are seven in number and sometimes
called the Seven Fountains, are beautifully located at an altitude

* of 1,500 feet. No analysis of the water is available, but it is said
to be very beneficial in the treatment of gout, rheumatism, intes-
tinal troubles and nervous disorders.

‘THE CAMPFIELD LITHIA SPRINGS.

Location: Chesterfield County. Postoffice, Manchester.
The springs are located at Temple’s, and are not used as a resort.
The water is for sale as a table water, and is also used medicin-
ally in the treatment of gout and indigestion.

The analysis by Prof. N. B. Tucker, shows the following
composition :

One United States gallon of 231 cubic inches contaius:

Magnesium bi-carbonate .......... 0.32959 grains.
Calcium bi-carbonate .............. 0.20300 ”
Iron (ferrous) bi-carbonate ........ 0.05649 ”
Manganese bi-carbonate ........... trace
Potassium sulphate ............... 0.25214 7
Lithium chloride .................. 001834 7

”

Sodium chloride .................. 0.47250
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Sodium iodide ..................... 0.00014 graivs.
Sodium bromide ............ .. ... ..., trace
Sodium arsenate ................0.... trace .
Sodium phosphate ................ 000242 7
Silicicacid ...cvvvviiiiiiiiiin.n.. 030917 "
AUMING «.viiieiiiienenneenns. c.01283 ”
Barium sulphate ............... ... 0.00027 ”

Total mineral matter .......... 1.65749 7

Free carbon dioxide ............... 6.32 cubic inches.

CHASE CITY MINERAL SPRINGS.

Location: Mecklenburg County. Postofficz, Chase City.
Access by Southern Railway to Chase City. Accommodation, a
fine hotel and sanitarium with all modern improvements.

There are two springs of widely different character, one
of which is a Chloride of Calcium water of much value.

Its composition is shown in the following analysis by Dr.
W. H. Taylor: ’

Une United States gallon of 231 cubic inches contains:

Calcium bi-carbonate .............. 7.0000 grains.
Ferrous bi-carbonate .............. 1.8%00 ”
Calcium chloride ................. 46.0900 7
Magnesium chloride ............... 8.1500 ”
Sodium chloride .................. 15.3s00 7
Potassium chloride ................ 14800 7
Potassium sulphate..... ...... .1500 "
Silicon dioxide ................. ‘ee. 24800 7
81.5900 7

This water has proven almost a specific in skin diseases,
catarrhal affections, constipation, and all discases where an
alterative is required. :

The water of the other spring, known as “Chase City
Lithia,” is a fine diuretic, and has given excellent results in the
treatment of Bright’s disease, renal calculus, gravel, uric acid dia-
thesis, and nervous and gastro-intestinal disorders.

Its composition is shown in the following by Ledoux &
Company :



110 MINERAL WATERS AND SPRING RESORTS.

One United States gallon of 231 cubic inches contains:

Sodium chloride .................... 2.3327 grains.
. Sodium bromide ..-.......c. ..., traces
Sodium iodide ..................... traces
Manesium bi-carbonate  ........... 21286 7
Calcium bi-carbonate ............... 7.0390 ”
Ferrous bi-carbonate ............... 0.0816 7
Magnesium chloride ............... 27642 7
Potassium sulphate ......... e 0.1458 ”
Sodium sulphate ................... o108 ”
Alumnia ........... e 9.0874 ”
Silicon dioxide ..................... 1.6795 ”
Lithium chloride .....:............... trace
Organic and volatile matter ........ 2.2724 7
Total mineral matter .......... 27.6420 ”

Both these waters are bottled and shipped on order to all
parts of the country. '

~

CLAYFORD CHALYBEATE SPRINGS.

Location: Tazewell County. Postoffice, Burke’s Garden.
Access from Tazewell, on Norfolk & Western Railway, twelve
miles distant, by private conveyance. Good accommodation can
be obtained at the Groseclose Inn, two miles from the springs,
in the beautiful valley known as Burke’s Garden.

The springs are in-the midst of beautiful mountain scen-
ery, the main spring being located on the mountain side at an alti-
tude of 3,100 feet. *The water has a temperature of 50 degrees
Far., and is said to be a fine chalybeate, highly recommended in
all disorders resulting from debilitated condition.

CLIFTON SPRINGS.

Location: Alleghany County. Postoffice, Clifton Forge.
Access via. Chesapeake & Ohio Railway to Clifton Forge.

The springs are four in number. The waters are alkaline
and chalybéate in their nature, and have gained for themselves
considerable reputation in the treatment of anaemia, chlorosis
and general debility. The temperature of the water flowing from
the springs is from 58 degrees to 62 degrees Far.

The following analyses of the waters of two of the springs,
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made by Prof. J. L. Campbell, show their composition. (Bul-
letin 32 United States Geological Survey) :

One United States gallon of 231 cubic inches contains:
Spring No. 1. Spring No. 2.

Soda ......cieiinnnn 0.584 gra.ns. 4.182 grains.
Magnesia ........... 0.325 ” 3.202 .”
Potash ............. 0,153 ” 0.648 "
Lime ............... 1.226 " 21.830 ”
Lithia ............... trace trace
Iron oxide ........ . L109g " trace
Manganese protoxide trace —_— 7
Alumina ............ 0076 7 —_— 7
Silica .......coovinnn 0.728 ” 1.177 ”
Chlorine ........... 0.052 ” 0.765 ”?
Phosphoric acid ..... —_—— trage
Sulpliuric actd ...... 0.721 ” 2236 7
Carbonic acid ....... 2069 7 22373 7
Organic acid {w’th ‘
ammonia!) ...... 0.422 ” —_— ’
Organic matter .... — -— ” trace
7.565 " 56.415 7

COLEMAN'S MINERAL SPRINGS.

Location: Cumberland County. Postoffice, Lucyville.
Access via. Farmville, on Norfolk & Western Railway.

Eighty-seven springs presenting great variety in composi-
tion are found at this point. Extensive developments of the resort
have been carried out, and excellent hotel and cottage accommo-
dations are available.

The following analyses by Dr. W. H. Taylor, show the
composition of two of the most important springs:

Class: Mild Alkaline-saline.

SPRING NO. 7.
One United States gallon of 231 cubic inches contains:

Calcium bi-carbonate ..... Ceieeeeene. 7.93 grains.
Magnesium bi-carbonate ............. 552 7
Iron bi-carbonate .................... trace
Lithium bi-carbonate ......... ..... trace
Potassium sulphate ................. 0.22 "
Sodium chloride .................... 187 7
Potassium chloride .................. oo4 7
Magnesium chloride ................. 0.45 ”
Silica ..ovviiiiiii i e i 338 7
Total ...t 1941 7
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“Class: Mild Alkaline-chalybeate.

SPRING NO. 19.
One United States gallon of 231 cubic inches contains:

Iron bi-carbonate ................... 1.69 grams
Calcium bi-carbonate ............... 1.52
Magnesium bi-carbonate ............ | 8 S
Sodium bi-carbonate ................ 1.24 7
Lithium bi-carbnoate ................. trace
Potassium sulphate ............ ... 013 7
Sodium chloride ..................... oi1s 7
Potassium chloride .................. 005 ”
SilHca iee i e 245 7
Total .....ceiiiiiiiiiii i, 838 ”

The watey is recommended in cases of diseases of the
stomach and intestines and in some diseases of the kidney ; also
as a tonic in general debility.

COPPAHAUNK LITHIA-ARSENIC SPRINGS.

Location: Sussex County. Postoffice, Waverly. Access

by Norfolk & Western Railway to Waverly, thence one and one-
- half miles to the springs.

There are two springs on the property, about 40 feet
apart, with a flow of about 200 gallons per ‘hour. These springs
were known and used in colonial days by the inhabitants of the,
lower counties.

The water is known for its curative properties in the incip-
ient stages of Bright’s disease, and has a very beneficial effect
in uric acid diathesis, nephritic colic, liver and stomach troubles.
It is bottled and shipped on order.

An analysis of the water from one of the springs made in
this laboratory, gave the following results:

- One United States gallon of 231 cubic inches contains:

Calcium carbonate ................ 13.62308 grams
Magnesium carbonate ............. .17816
Strontium carbonate .............. .01032 ”
Barium carbonate ................. 01248 7

Iron (ferrous) carbonate ..........
Manganese and zinc carbonate, faint traces
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Potassium sulphate ...............
Magnesium chloride ..............
Potassium chloride ................
Lithium chloride .................
Sodium chloride ...................
Sodium iodide and bromlde .......
Sodium arsenate ..................
Aluminium phosphate .............
Aluminium silicate ................

Carbon dioxide combined with
mono-carbonates to form bi-
carbonates ..........c..000n..n

Gases:
Carbon dioxide ....... ..........
Nitrogen ........ccovviiiiieennnnn
OXYZEN .« oiiiteitnnninanennennenn

COVE LITHIA SPRI

Location: Wythe County. Postoffice, Wytheville.

.14801

1.460

NG.

»

”
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This water is well known and has an extensive sale but no
accommodations for visitors exist at the spring. It is situated a few
miles northeast of Wytheville, in which beautiful town good

hotel or- boarding house accommodation can be obtained.

An analysis of the water made in this laboratory gave the

following results:
Class: Alkaline-calcic. Lithic.

One United States gallon of 231 cubic inches contains:

Calcium carbonate ................
Magnesium carbonate .............
Sodium carbonate .................
Lithium carbonate .................
Iron carbonate ....................
Manganese carbonate .............
Strontium carbonate ..............
Barium carbonate .................
Lead and copper carbonates .......
Sodium chloride ...................
Sodium iodide ...............o....
Sodium hyposulphite ..............

Sodium sulphate ..................

Sodium borate ................. fo..

.. 527 grams
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Potassium sulphate ................. .177 grains. )
Aluminium phosphate ............... 037 7 '
Ammonium nitrate .................. o017 "
Alumina ...ovvviiiinenrnnenennnnnn 056 7
Silica ..iiiiiiii e it e 1.309 ”

78 ”

Carbonic acid combined with mono-
carbonates to form bi-carbonates 2.737

Total ingredients .............. 10697 ”
Free carbonicacidgas .............. 13.4 cubic inches.
Sulphureted hydrogen ............. 38 7 ”

The water is a valuable one and is used with excellent
results in various diseases. Its action is anti-acid, tonic, diuretic,
and alterative. It has been found particularly efficacious in kid-
ney and bladder troubles, and its use in rheumatism, dyspepsia
and female disorders it attended with most beneficial results.

COYNERS SULPHUR SPRINGS.

Location: Botetourt County. Postoffice, Bonsack, Roan-
oke County. Access via. Norfolk & Western Railway to Coyners
Springs.

Five varieties of waters are said to be found at these
springs, and they have long had a high reputation for curative
properties, though no analysis are recorded.

. Preparations are now being made for reopening the resort.

CRAIG HEALING SPRINGS.

Location: Craig County. Postoffice, Eakin. Access by
Craig Valley division of Chesapeake & Ohio Railway to New-
castle; thence by carriage to the springs, about twelve miles
distant. ’

These springs are beautifully situated at Eakin near the
base of Potts Mountain in the midst of picturesque scenery.

The accommodations consist of a comfortable hotel, fully
equipped with modern conveniences.

The water, according to a partial analysis by Dr. Clifford
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Richardson, contains 74 grains per gallon of solids, consisting
of carbonate of lime, carbonic acid, iron, magnesia, lithia and
sulphuric acid. It is said to be strongly diuretic and tonic in its
effect, and is strongly recommended for stomach troubles, rheu-
matism, and skin diseases.

CROCKETTS ARSENIC LITHIA SPRINGS.

Location; Montgomery County. Postoffice, Shawsville.

Access by Norfolk & Western Railway to Shawsville, thence by
private conveyance to the springs, seven miles distant.
i This attractive resort is located at an altitude of 2,000
fect in the midst of the beautiful and picturesque mountain
scenery of the Alleghanies. A fine modern hotel, fully equip-
ped with all modern conveniences, is on the property, and many
facilities for entertainment have been provided, including lawn
tennis courts, croquet grounds and bowling alley. Good hunting
and fishing are also found in the neighborhood.

The spring may almost be classed as a thermal one, the
minimum temperature of the water being 70 degrees Far., and its
composition is shown in the following analysis made in this labo-
ratory : ,
Class: Sulphated-saline. Arsenical and Lithic.

One United States gallon of 231 cubic inches contains:

Magnesium carbonate ............... 1.18 grains.
Calcium carbonate ................. 590 ”

Strontium carbonate
Barium carbonate .................
Lithium carbonate ..................
Copper carbonate ..................
Lead carbonate .....................
Zinc carbonate ..............iinn.n..
Manganese carbonate
Magnesium sulphate
Calcium sulphate ....................
Potassium sulphate ......... e
Iron sulphate ................. .. ...,
Sodium sulphate ...................
Sodium chloride ........ccevuuun....
Sodium bromide ....................
Sodium iodide .............0iiiin...

»

”
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 Sodium arsenate ..........ce0eeeeinn 0.02 grains.

Aluminiaom phosphate .............. trace

Aluminium silicate .................. o012 "

Ammonium nitrate ............0o.n trace

Silicic acid .. .vviri i 1.29 7
1835 7

Carbonic anhydride combined with
mono-carbonates to form bi-
carbonates .........cciciiiiennnn 3.23

2

»

21.58

This water gives excellent results as an alterative, blood
and nerve tonic, and eliminator, and is used with particular bene-
fit in various chronic skin diseases. When taken in quantity it
produces very decidedly the effects of arsenic, and in the treatment
of the various diseases, in which this element is used, a free use
_ of the water it attended with much benefit.

The water is used both externally and internally, and the
bathing facilities, which are very good, are under the supervision
of a resident physician.

The water is bottled and shipped on order.

DAGGERS SPRINGS.

Location: Botetourt County. Postoffice, Daggers. Access
by James River division of Chesapeake & Ohio Railway to Gala
Water Station, and by private conveyance to the springs about
three miles distarit. Daggers Springs were opened about 1842
and well patronized even when they could only be reached by a
long stage ride.

The springs are very pleasantly located at the base of the
Blue Ridge, and are well described in the Daggers’ Springs cir-
cular as follows: “Cool breezes, refreshing days, restful nights,
no mosquitoes, shady lawn, trout fishing in mountain streams,
bass fishing in James River, good hunting in its season, lawn ten-
nis, croquet, etc. Fine mineral waters, sulphur, iron and lithia, a
cool lithia pool bath within easy reach, a hot lithia tub bath at the
hotel. A resident physician, daily mails, comfortable rooms, an
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old Virginia cook, an old Virginia reel, an old Virginia wel-
come, and a very moderate bill.”

The waters are sulphur, chalybeate and lithia, but no
complete analyses have been made.

" The sulphur water is said to give good results in liver,
stomach and kidney troubles, rheumatism and skin diseases, while
the water of the chalybeate spring is used with much benefit in
anaemia, chlorosis and general debility.

The lithia water is valuable for uric acid diathesis, dys-
pepsia, gravel, calculus, etc.

FARMVILLE LITHIA SPRINGS.

Location: Prince Edward County. Postoffice, Farmville.
Access via. Norfolk & Western Railway to Farmville, from which
city the springs are only half a mile distant.

The springs are six in number and arc beautifully sit-
uated at an altitude of 550 feet above sea-level. Four of the
springs are said to have a combined flow of about 110 gallons
per hour.

The water of spring No. 2 has been analyzed by Prof. E.
T. Friscoe, with the following results:

Class: Alkaline-carbonated. Lithic.
One United States gallon of 231 cubic inches contains:

Calcium bi-carbonate ............... 133 grains.
Magnesium bi-carbonate ............ 449 7
Lithium carbonate ................. 1.99 ”
Manganous carbonate .............. trace
Ferrous carbonate ............... ... 126 7
Sodium sulphate .................... 359 7
Calcium sulphate ................... 18& 7
Potassium sulphate ........ e a8 7
Sodium chloride .................... 53 7
Alumina ................... ..., 252 ” .
Silica .o.viii i 392 7
Iodine ............c.. i, trace
Sulphuric acid .........0........... trace
Organic matter ..................... trace

26.39 7

Carbonic acid, free ................. 74.2 cubic inches.



118 MINERAL WATERS AND SPRING RESORTS.

On account of the large amount of Lithium carbonate
which it contains, this water is extensively used all over the coun-
try in the treatment of uric acid diathesis. It is also used with
excellent effect in dyspepsia, Bright’s disease, renal calculus and
as a tonic. '

FAUQUIER WHITE SULPHUR SPRINGS.

Location: Fauquier County. Postoffice, Fauquier White
Sulphur Springs. Access by Southern railway to Warrenton, and
bp private conveyance to the springs, six miles distant.

This well known and important resort is beautifully sit-
uated at the base of the Blue Ridge, in one of the most attractive
and prosperous sections of Virginia. The springs have been
known and used as a resort since the early part of the last cen-
tury, and have an interesting history. They were first brought into
prominence in 1834, when two fine hotels and several cottages
were built, with accommodations for 1,000 guests, and until the
beginning of the war the resort enjoyed a large measure of pop-
ularity. In 1862, however, the hotels were burned, and the resort
was not used for fifteen years. A handsome fire-proof hotel and
cottages with accommodations for 500 guests were built in 1877,
and since that time, the springs have recovered much of their old
time popularity.

The following analysis by Prof. Thomas Antisell, shows
the composition of the water:

Class: Sulphureted Alkaline-chalybeate.

One United States gallon of 231 cubic inches contains:

Calcium bi-carbonate ............... 7.88 grains.
Magnesium bi-carbonate ............ 247 7
Sodium chloride .................... 375 7
Calcium sulphate ................... 3.39 7”7
. Iron phosphate and iron sulphate.... 214 ”
Sodium and Potassium sulphate ..... 163 7
Calcium and Magnesium phosphate .. 064 ”
Gaseous matter ............ooeunnn.. om0 ”
Gases: Total ......... 2200 "
Carbonic acid ....................... 11.00 cubic inches.

Sulphureted hydrogen ...... small quantity
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~ The water possesses valuable tonic, diuretic and alterative
properties. It is highly recommended as a nervous tonic, and in
the treatment of female troubles. As a diuretic it is found of
much benefit in the incipient stages of Bright’s disease, and in
dropsical affections. It has also been used with much success in
the various forms of dyspepsia and intestinal disorders.

THE FONTICELLO LITHIA SPRINGS.

Location: Chesterfield County. Postoffice, ‘Richmond.
Access by electric car from Richmond to the springs, near Forest
Hill Park, a pleasure resort near Manchester.

The springs are not used as a resort, but the water is
bottled and has an extensive sale in most of the eastern cities. It
is unexcelled as a table water, but it also possesses decided
therapeutic value and is much thought of for its excellent effect
in gout, rheumatism and as a diuretic. It acts as a nervous seda-
tive and on account of its extreme lightness, can be borne by the
weakest stomach.

The analysis of the water by Dr. Henry Froehling, shows
the following composition :

Class: Alkaline-carbonated. Lithic.. . )

One United States gallon of 231 cubic inches contains:

Magnesium bi-carbonate .......... .21636 grains.
Calcium bi-carbonate ............ 48054 @
Sodium bi-carbonate .............. © 31196 7
Ferrous bi-carbonate ............. .06205 "
Manganous carborate .............. trace
Potassium sulphate,............... .20061
Sodium sulphate ”
Sodium chloride ”
Lithium chloride ................. .03207 7
Sodium phosphate ................ .00309 ”
Sodium arsenite ................... trace
Sodium bromide ................... trace
Sodium iodide .................... .00362 ”
Silica ..ovvviiiii 8645 7
Alumina ..................... ... . 00898 7
Carbon dioxide combined with 2.66092 "
mono-carbonates .............. 27526
294518 ”

Carbon dioxide free ............... 6.96 cubic inches.
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FOREST LODGE LITHIA SPRINGS.

Location: Hanover County. Postoffice, Glen Allen.
Access by Richmond, Fredericksburg & Potomac Railway. Fif-
teen miles north of Richmond.

Accommodations, a modern and attractive hotel, situated
in an extensive and handsome park.

The following analysis made in this laboratory shows the
composition, of the water:
Class: Light Alkaline-carbonated. Lithic and Arsenical.
One United States gallon of 231 cubic inches contains:

' Magnesium carbonate ............. .48579 grains.
Calcium carbnoate ................ .6g980 "
Strontium carbonate .. ... 00356 ”
Barium carbonate ...... ... 00047 ”
Iron (ferrous) carbonate . ... .01282 ”
Manganous carbonate ............. .00064 7
Potassium sulphate ............... 19676 7
Magnesium chloride .............. .10089 "
Potassium chloride ............... 01108
Sodium chloride .................. 1.33723 © "
Sodium iodide .................... .00035 "
Sodium bromide .................. .00956 "
Sodium arsenite .................. .02741 i
Lithium chloride ................. .05161 "
Alumina .........cciiiiiiiiin.., .06123 "
Silicicacid ......coovviviiinna.. 2.07612 7

°* . ) 507532 "
Carbon dioxide combined ......... .56160 ”
563692 ”

Carbon dioxide free .............. 4.62 cubic inches.

GLENOLA SPRINGS.
ForRMERLY WAYLAND SPRINGS.

Location: Nottoway County. Postoffice, Jennings Ordi-
nary.

These springs, which are distant about half a mile from
Jennings Ordinary, are extensively used locally, but have not
yet been developed as a resort.

The water of one of the springs has been alayzed by
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Prof. M. B. Hardin, with the following results:
Class: Light Iodik-alkaline-carbonated.
One United States gallon of 23! cubic inches contains:

Sodium carbonate ..........c0000000n 055 grains. B
Lithium carbonate .................. ool ” :
Magnesium carbonate ............... 026 ”
Calcium carbonate .................. o770 ”
Strontium carbonate ................ oo3 ” -
Iron carbonate .............ccoo0een 006 ”
Manganese carbonate ............... traces
Potassium sulphate .............. ... 005 ”
Potassium chloride .................. 009 ”
Sodium chloride ..........ccooiiii 034 "’
Sodium iodide ............ it traces
Sodium nitrate .....c.. i ciiiiiiieen orr "
Sodium phosphate .................. 0.01 ”
Aluminium phosphate .............. 004 "
Ammonium nitrate ........0.000.. traces
Silfca vveviiiii i i e 19z "
Aluminum silicate .................. 020 "
Calcium fluoride (suspended) ....... traces
Titanium dioxide ................... traces
Organic matter ...........c.....oeo.. traces
Carbonic acid in the bi-carbonates .... 0.71 ”

Total ....oviriiiiiiiiiiieienans 5.08 ”
Carbonic-acid gac .......ooovvvnennn 6.65 cublc inches.

HARRIS’ ANTI-DYSPEPTIC AND TONIC SPRINGS.

Location: Nottoway County. Postoffice, Burkeville.

The two springs at this point are locatéd half a mile from
ing houses.
Burkeville, the junction of the Norfolk & Western and Southern
Railways, at an altitude of 530 feet above sea-level.

The accommodations consist of a small hotel and board-

The larger of the two springs yields about 240 gallons of
water per hour, the composition of which is shown by the fol-
lowing analysis by Prof. E. T. Fristoe:

Class: Light Sulphated-saline.

One United States gallon of 231 cubic inches oontains:

Sodium hydrate (?) ..........cvu... 0.51 grains.
~ Sodium chloride .................... 0.28
Magnesium chloride ................. 0.20
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Magnesium carbonate ............... 0.94 grains.
Magnesium sulphate ............... 3 7
Calcium sulphate .....-............. 0.46
Iron oxide .......covviiunnereinnnnn traces
Aluminium ...............0 v eeeeeans 0.16
Lithium ............c.c... e traces
Calcium carbonate .................. 1.65
Nitric acid ......cvvviiiiiiiaenn. traces
Organic matter ........c.cooevvueeenns traces
Sulphuric acid .......... ..l traces
Phosphoricacid .........ovvvvnnnnn.. 078 7
31 T . 18 7
817 7

This water is well known for its good effect in cases of
dyspepsia and intestinal disorders. :
The water of No. 2 spring has not been fully analyzed, but
it contains about 10°grains per gallon of solids and is said to be a
. valuable ferruginous tonic. Both of these waters are bottled and
shipped on order.
HARRIS’ SPRING.

Location: Blackstone, Nottoway County. The water of
this spring has been extensively used locally, and an analysis
made in this laboratory, shows it to have the following compo-

SION:  (Class Light Alkaline-carbonated. Lithic and lodic.
. One United States gallon of 231 cubic inches contains:

agnesium bi-carbonate .......... .77679 grains.
Calcium bi-carbonate .............. .90276 "
Iron (ferrous) bi-carbonate ...... .04315 "
Manganous bi-carbonate .......... .00233 ”
Barium bi-carbonate .............. 00426 7
Sodium bi-carbonate .............. .77505 ”
Sodium chloride .................. .40006 "
Potassium chloride ............... .10020 "
Lithium chloride ................ “. .00362 ”
Potassium sulphate ................ .10263 7
Sodium iodide .................... o011 7
Sodium bromide .................. trace
Sodium arsenate .................. 00426 7
Calcium phosphate ................ .00139 ”
Calcium fluoride .................. trace. -
Alumina .......... ... . o0, 01049 7
Silicic acid ...l 1.13370 "
4.26190




- MINERAI. WATERS AND SPRING RESORTS. 123

This water is sedative and mildly alterative in its’ effects.
It has given excellent results in cases of rheumatism, gravel, and
calculus. Its lightness and the large amount of carbonic acid it
contains makes it acceptable to the most delicate stomachs.

HEALING SPRINGS.

Location: Bath County. Postoffice, Healing Springs.
Access by Chesapeake & Ohio Railway.to Hot Springs, thence by
private conveyance to the springs, a distance of three and one-
half miles, over a fine boulevard. :

This old and well known resort is situated in the beauti-
ful Warm Springs Valley in the heart of the Appalachian Moun-
tains. The valley is 2,300 feet abote sea-level, and is one of
greatest beauty, running for more than twelve miles, between
bold and lofty mountains, and exhibiting throughout its entire
length an endless variety of mountain and meadow, stream and
woodland scenery, while from the crests of the mountains, the
view obtained of mountain lanndscape, range upon range, stretch-
ing to the horizon, is unsurpassed.

The hotel and cottages are delightfully comfortable and
home-like, and are connected by telephone with the depot at Hot
Springs, and the hotels at Hot and Warm Springs. The sur-
roundings have received careful study from sanitary experts, and
are of the most satisfactory character.

The springs have been isolated from any possible inflow
of surface water, and the ground surrounding them has been
thoroughly drained. The bath-house and bottling-house are new
and equipped with all modern conveniences, and no expense has
been spared to make the resort charming and comfortable.

There are fowr principal springs on the property, the

waters of which are practically identical in composition. These
are:
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The Pavilion Spring, supplying the drinking water for
hotel and cottages.
The Bottling Springs, from which the water for shipping
_is obtained.
The Bath Springs, embracing a number of springs enclosel
in a brick reservoir, from which the bath-house is supplied.
The Ladies’ Bathing Pool, situated at the foot of the lawn
and reserved for ladies and children.
The first threce springs have a constant temperature of 84
degrees Far. ; that of the Ladies Bathing Pool is 81.5 degrees Far.
The Healing Springs water has had a national reputation
for more than a century and is now on sale throughout the country.
We quote this from “The Mineral Springs of the United States
and Canada,” by Geo. W. Walton, M. D., New York, 1883—page
323. “It has been well named, as it finds appropriate application
to all ulcerated conditions, whether of the skin or mucous mem-
branes. In many such cases its efficacy is undoubted. The Heal-
ing Springs water will be found to be slightly hypnotlc sedative,
diuretic, diaphoretic and alterative.”

It also gives excellent results in chronic congestion of the
liver, cystitis, and in the incipient stages of Bright's disease.
The following is an analysis of the water made by us:

Class: Sulphate-saline. Calcic and Lithic.
One United States ~allon of 231 cubic inches contains:

Magnesium carbonate ............ 3.13858 grams
Calcium carbonate ............... 20.70310
Strontium carbonate .............. .09309 "
Barium carbonate ................ .00705 7
Iron (ferrous) carbonate ......... .03040 ”
Manganous carbonate ............ .01222 "
) Zinc, lead and copper carbonates .. trace
! Magnesium sulphate ............. 5.73210 "
' Potassium sulphate .............. 1.82069
' Sodium sulphate ................. . ”
: Sodium chloride ................. .68 ”
Sodium bromide ................. . ”

Sodium iodide ....
Sodium phosphate ..
Lithium chloride ....
Rubidium chloride
Calcium fluoride .................
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AlUumina ....oovviiiiieiineennenn. .04320 griins.
L3 T P 1.36700
. . 36.65169 ;”
Carbon dioxide combined ......%. 10.75324
47.75324 "
Carbon dioxide free ............ 10.56 cubic inches.
Analysis of the Gas arising from the Springs:
Nitrogen .........ccovivnennnnn.. 90.25 per cent.
Carbon dioxide .................. 9.75
¢ (03771 1 W none
Hydrogen sulphide .............. none

HOLSTON SPRINGS.

Location: Scott County. Postoffice, Holston Springs.
Access by Norfolk & Western Railway. These springs, four in
number, are located amid wild and picturesque scenery at the base
of Clinch Mountain, two miles from Big Mocassin Gap on the
banks of the Holston River.

The following analysis by Prof. Hayden, shows the compo-
sition of the water:

Class Sulphated-saline-calcic.

One United States gallon of 231 cubic inches contains:

Calciom carbonate .................. 6.40 grains,
Sodium chloride and Ammonium

chloride ............cociii... 1.52 7
Sodium suiphate .................... trace ”
Magnesium sulphate ................ 1272 "
Calcium sulphate ...... ............ 2048 7
Aluminium sulphate ................ trace
Alluminium phosphate ............. trace

41.12 7

Temperature of water 68.50 degrees Far.

HUBBARD SPRINGS.

Location: Lee County. Postoffice, Jonesville.  Access
by Louisville & Nashville Railway to Hubbard Cprings Station,
near which the springs are located.

The springs are located in a wild region of country on foot
hills of the Cumberland Mountains, at an elevation of 1,450 feet.
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There are four springs known as the “White Sulphur,” the
“Black Sulphur,” the “Chalybeate” and the “Freestone.” .

No analyses of these waters are recorded, but they are said
to be valuable and much esteemed in the treatment of gout, rheu-
matism, liver and stomach troubles.

Accommodation for visitorg can be obtained at houses in
the vicinity.

HUNTER'S PULASKI ALUM SPRINGS.

Location: Pulaski County. Postoffice, Sassin. Access by
Norfolk & Western Railway to Pulaski, and by private conveyance
eight and one-half miles to the springs, which are located in the
midst of beautiful mountain scenery.

The altitude of the springs is about 2,000 feet above sea-
level.

The analysis of the water by Dr. Wm. H. Taylor, shows
the following composition :

Class: Aluminous. Chalybeate.

One United States galion of 231 cubic inches contains:

Potassium sulphate ................. 0.31 grains.
Sodium sulphate .................... 032 7
Lithium sulphate ................... trace
Calcium sulphate ................... 099 ”
Magnesium sulphate ............... 1.26 7
Aluminium sulphate ................ 16.40 7
Iron sulphate .................... ... 199 ”
Manganese sulphate ................ trace
Sodium chloride .................... 0.11 ”
Silica ........co i, 387 7
Free sulphuricacid .................. 063 ”
2588 ”

The analysis is accompanied by the statement from the
chemist that the above does not represent a complete analysis, and
that further determinations would doubtless reveal other ingredi-
ents.

The water has given good results in cases of diarrhoea,
dysentery and dyspepsia. It is highly recommended for catarrhal

\
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conditions of the mucous membranes and for scrofulous and other
eruptions. It is bottled and shipped on order.

IRON LITHIA SPRINGS.

Location: Tazewell County. Postoffice, Tazewell. Access
by Norfolk & Western Railway to Tip Top Station, thence
by private conveyance to the springs, two miles distant.

These springs are of recent discovery, but scem destined to
become of importance on account of the unusual valuable charac-
ter of the water, and the picturesque and beautiful location.

The springs are five in number, and are situated at an ele-
vation of 2,700 feet above sea-level in the Alleghany Mountains.
They have a flaw of about 1,000 gallons of water daily.

The following analysis made in this laboratory shows the
composition of the water:

Class: Sulphated-saline. Aluminous, Manganous-chaly-
beate and Lithic. :

One United States gallon of 231 cubic inches contains:

Magnesium sulphate - 4.71 grams
Calcium sulphate ..... 1.71

Barium sulphate ... 0.09
Strontium sulphate .................. trace
Iron sulphate ....................... so8 ”
.Manganese sulphate ................. 03 ”
Aluminium sulphate ................. 805 7
Potassium sulphate .......... e osr ”
Sodium sulphate .................... 0.25 ”
Lithium chloride .................... 018 ”
Sodium chloride .................... 03 ”
Sodium iodide ...................... trace
Alumjnium phosphate ............... orr "
Sulphuric acid (free) ................ 0.51 ”
Silicic acid .......... ... il 1.60 ”
Total ...........c.oiiiieill. 23.55 ”
Carbonic acid gas .................. 5.20 cubic inches.

This water is a fine aluminous-chalybeate containing enough
manganese to make it particularly valuable as a tonic in certain
female troubles, and has given good results in cases of this kind
and in diarrhoea, dysentery and general debility.
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JEFFERSON PARK SPRING.

Location: Albemarle County. Postoffice, Charlottesville.
Access via Chesapeake & Ohio, or Southern Railroads to Char-
lottesville, then by electric car or carriage to the hotel two miles
distant. ,

The hotel is beautifully situated near the University of Vir-
ginia, and is fully equipped with all modern conveniences for com-
fort and amusement.

The spring has been well known locally for years, and
highly esteemed for its tonic properties.

An analysis by Prof. F. P. Dunnington, gave the following
results:

Class: Chalybeate.. .S aline.

One United States gallon of 231 cubic inches contains:

Carbonate of iron .....c...civivnnnnn 843 grams
Sulphate of lime ................. ... .409
Sulphate of soda ...........cooiuntt, 526
Chloride of sodium .................. 217 7
Chloride of potassium ............... .0z5 ”
SHICA tviir it e .10z 7,
3.122 ”

JORDAN’S WHITE SULPHUR SPRINGS. _

Location:  Frederick County. Postoffice, Jordan's
Springs. Access by Baltimore & Ohio Railway to Stephenson's
Depot, and thence by private conveyance to the springs, two miles
distant,.

These springs are situated at an altitude of 1200 feet above
sea-level, in the northern part of the Shenandoah Valley, about
six miles from Winchester.

A modern hotel with all recent improvements, and a bath-
house recently built, prov1de excellent accommodation and bathing
facilities.

The composition of the water, as shown by an analysis
made by Dr. Thomas Antisell, is as follows:
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Class: Alkaline-sulphureted.

One United States gallon of 23I cubic inches contains:

Calcium sulphate ........cooviviinans 5.13 grains.
Potassium sulphate ................. 209 ”
Sodium chloride ...-c.coviiiiiiiii. 076 ”
Potassium carbonate ................ 971 ”
Magnesium carbonate ............... 288 7
Iron carbonate .......cvvvviiininiinnn trace
Manganese carbonate .............. oor ”
Hydro-sulphuric acid ... g..cvvvnee.s 079 ”
Silicic acid «vvveveieninreiniiinens 0.25 ::
Alumina ....coveevenisieennieneanann 0.01
Total viviinireneinaniiiannnn. 21.63 7

The medicinal value of this water has been known and
appreciated for many years. '

It is diuretic, aperient, tonic and alterative in its action,
and has been largely and successfully used in kidney, liver, and
stomach trouble. It is also highly recommended for the treatment

of gout and rheumatism.
It is on the market commerc1allv, and is obtainable in any -

desired quantity.

LEAKE'S MANGANESE CHALYBEATE WATER.

Location: Goochland County. Postoffice, Irvin. Access
by the James River Division of the Chesapeake & Ohio Railway
and thence by private conveyance to the springs. No hotel accom-
modation at present.

A recent analysis by us shows the water to have the - fol-
lowing composition :

Class: Alkaline Manganiferous-chalybeate.

One United States ~allon of 231 cubic inches contains:

Iron (ferrous) carbonate ........... 1.7278 grams.
Manganous carbonate .............. 7133
Calcium carbonate ................. 1.6117 "
Magnesium carbonate .............. 7641 ”
Sodium carbonate ................. 0432 7
Potassium sulphate ................. 2117”7
Sodium sulphate .................... 0763
Sodium, chloride ..........c.c.cvouu.. 5331”7

”»

Sodium phosphate ................ 0215 -
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Sodium iodide ....... e .0006 gr?;ins,
Silica vt .8265 - ”
Alumina ........ SN et .1684 "
Organic matter .........oovveeenn.n .1750

68732

Carbon dioxide combined with mono-
carbonates forming bi-carbonates 2.0574

. 89306 7
Carbon dioxide free gt eaaees 6.75 cubic inches.
This water has particular value as a uterine tonic on

account of the unusually large proportion of iron and manganese
carbonates it contains, and has also been found very beneficial in
all cases resulting from an impoverished condition of the blood.
Another spring on the same property, analyzed by Dr.
Henry Froehling, has the following composition :
Class: Light Alkaline-carbonated. Lithic.

One United States gallon of 231 ‘cubic inches contains:

”

Magnesium carbonate ............ 1.34773 grains.
Calcium carbonate ............... 1.52851 ”
Strontium carbonate .............. 01049 "
Barium carbonate ................. - .00233 ”
Iron (ferrous) carbonate .......... 06765 7
Manganous carbonate ............. .03674 7
Zinc, nickel and cooper ............ trace
Calcium sulphate ................. 48404 7
Potassium sulphate ............... 17612 7
Sodium sulphate .................. .55085 ”
Sodium chloride ................... 76080 7
Sodium iodide ........ ... .0l .00058
Sodium bromide .................. 01516
Sodium phosphate ................ trace
Lithium chloride ................. 07523
Alumina ................ ...l .03497 7
Silicicacid ...covviiiiiiii., 3.06735 7
. 8 17675 »
Carbon dioxide combined ......... 1.3785
9.55480 "
Carbon dioxide "................. 14.3 cubic inches.

This water is remarkable, for its organic purity and
furnishes an excellent table water. .
The composition of its mineral constituents give it consid-
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erable medicinal value in cases of gout, rheumatism, disordered
digestion and nervous affections.

MAGEE'S CHLORINATED LITHIA WATER.

Location: Mecklenburg County. Postoffice, Clarksville.
Access by Southern Railway to Clarksville. '

There are two springs on the property, the waters of which
are practically identical in composition, differing only slightly
in the quantity of their mineral constituents.

Analysis of these waters made in this laboratory in 1896,
Save the following compesition :

Class: Chlorinated Lalcic and Lithic.

One United States gallon of 231 cubic inches contains:

" No. 1., No. 2.

Magnesium bi-carbonate ....6.92759 grains. 6.54561 grains.
Calcium bi-carbonate ....4.99377 " 4.77741 "
Strontium bi-carbonate...... 04782 7 03849 7
‘Barium bi-carbonate ........ .04957 04898
Iron (ferrous) bi-carbonate.. .02683 ” .03499 7
Manganous bi-carbonate ..... .00175 " .00116
Magnesium chloride ........ .05466 7 .60884 ”
Calcium chloride ........... 4.52808 7 3.39936 7
Sodium chloride ............ 4903195 7 4.40243 7
Lithium chloride ............ 04315  ” .03207 "
Potassium sulphate ......... .58551 ” 46829
Sodium sulphate ............ 74122 7 62459 7
Sodium bromide ............ .03441 ” .02916 7
Sodium iodide .............. .00029 7 .00023 ”
Sodium arsenate ............. trace -+ trace
Sodium phosphate .......... 07406 " 05249 ”
Sodium bi-borate ........... trace trace
Alumina ................... 4432 7 .03033 ”
Silica ....viiiiiiiii... 268845 7 1.17219 7

. 26.67433 7 22.26662
Carbon dioxide gas (free).... 14.33 cu. in. I1.10 cu. in.

These waters have a specific action in scrofula, blood and
skin diseases, catarrhal affections and all diseases requiring an
alterative tonic.

MASSANETTA SPRINGS.
Location: Rockingham County. Postoffice, Harrisburg. -
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Access by Baltimore & Ohio Railway to Harrisburg, and by pri- -
vate conveyance to the springs, four and one-half miles distant.

The springs are situated near Massanutten Mountain in the
Shenandoah Valley, and the hotel and cottages are beautifully
located at an altitude of 1,350 feet above sea-level. The resort
has been known for many years, and the waters are regardesd
almost as a specific for malarial poisoning.

The water is fine alkaline chalybeate, and gives excellent
results in cases of anaemia, chlorosis and other conditions conse-
quent upon an impoverished condition of blood.

The following analysis by Prof. J. W. Mallet, shows its
composition :

Class: Alkaline chalybeate.

One United States gallon of 231 cubic inches contains:

Calcium carbonate ........ e 12.10 grains.
Magnesium carbonate ...... RN 578 7
Iron carbonate .....................

Manganese carbonate
Sodium carbonate
Lithium carbonate
Ammonium chloride
Potassium chloride ..................
Potassium sulphate .................
Calcium sulphate ...................

Alumina ............cciiiiiii,
Arsenious oxide (in salt) ........... trace
Phosphoric acid .........coiiinn.... trace
Silica wovviiiii i e 094 ”
Organic matter ..................... 040 7

Carbonic acid united to carbonates
as above to form acid salts ...... 8.80

Temperature of water 55 degrees Far.

MILLBORO SPRINGS.

Location: Bath County. Postoffice, Millboro. Access
by Chesapeake & Ohio Railway to Millboro, and by carriage two
miles to the springs.

The springs are located at an elevation of 2,000 feet above
sea-level and hotel and sanitarium accommodation for about 100
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guests is provided. There are several springs on the grounds
consisting of sulphur and alkaline waters.
An analysis of the sulphur water by G. B. M. Zerr, in 1‘%91

gave the following results:
Class: Light Alkaline-sulphated.

One United States gallon of 231 cubic inches contains:

Sodium hydro-sulphate .............. 3.34 grams
Calcium sulphate ............c..0... rss
Potassium sulphate ................. o.I1
Sodium bi-carbonate ............... 427 7
Magnesium bi-carbonate ............ 1.65 ”

Calcium bi-carbonate
Iron bi-carbonate ............ SN
Alumina .......oviiiiiinninninnaens
Sodium silicate ..........oiiiiin..
Sodium chloride ....................
Aluminium phosphate
Organic matter .....................

”

13.43
Gases:
Sulphureted hydrogen .............. 1.08 cubic mches
Carbonic acid ...................... 6.94 ”

This water presents a valuable combination of sulphurets
and carbonates, and is tonic, anti-acid, and mildly diuretic in its
action.

It 'is used with good results in acid dyspepsia, gout and
rheumatism, liver and kidney troubles.

MONTGOMERY WHITE SULPHUR SPRINGS.

Location: Montgomery County. Postoffice, Montgomery
Springs. Access by Norfolk & Western Railway to Big Tunnel
Station, from which point a narrow gauge branch railroad runs
to the springs.

Excellent hotel and cottage accommodations are found at
this well known and attractive resort, situated in the Alleghanies,
2,000 feet above sea-level. The scenery in the neighborhood is
beautiful and picturesque, and many interesting localities are
within reach.

The waters are of three kinds—sulphur, chalybeate and
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freestone. No complete analyses are available, but the White
Sulphur water is mildly diuretic, diaphoretic and laxative in its
action, and is used with excellent results in skin diseases, disor-
ders of the liver and spleen, gout and rheumatism,

The Chalybeate spring is rich in carbonates of iron, lime,,
magnesia and lithia, and constitutes a valuable tonic used with
much benefit in all conditions where an alkaline chalybeate water
is applicable.

MOUNT ELLIOT SPRINGS.

FOorRMERLY VARIETY SPRINGS.

Location: Augusta County. Postoffice, Variety Springs.
Access by Chesapeake & Ohio Railway to Variety Springs.

This charming resort is located at an altitude of 235 feet
on the North Mountain range of the Alleghanies. The accomn-
modations consist of a large modern hotel and cottages with a
capacity of 200 guests, well equipped with modern conveniences
for comfort and amusement.  The bathing facilities include
hot and cold healing baths and plunge baths.

There are a variety of mineral waters on the springs prop-
erty, the most important of which are the “Ferro-Manganic”
and “Alum” springs.

The following analysis of the Ferro-Manganic water by
Mr. Charles Catlett, shows it to be a valuable chalybeate. con-
taining a noticcable amount of manganese, and its use in cases
of anaemia, chlorosis, and general debility is attended with marked
benefit :

Class: Chalybeate-Manganous.

One United States gallon of 231 cubic inches contains:

Sodium chloride .................... .071 grains.
Sodium sulphate ............c.c0.... 992 "
Potassium sulphate ................. 752”7
Ferrous (iron) phosphate .......... .025 ”
Ferrous silicate ................cc..e. 353 "

Ferrous bi-carbonate ............... 1.740
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Manganous carbonate .............. .171 grains.
Magnesium sulphate ................ 2.520
Calcium (lime) sulphate ............ 5916 7
Calcium bi-carbonate ............... 2.690 ”
SilICA v eiiiiie it ”
NItrates ..v.evreernennnecenesennenns
Free Ammonia’
Organic matter .
Alumina ..... e

”

Gases:

Sulphureted hydrogen .............. trace
Free carbonic acid ...... e 13.89 cubic inches.

Air not determined.
According to an analysis by Prof. Wm. Gilliam, the Alum
Spring has the following composition:

Class: Acid-chalybeate. Aluminous.
One United States gallon of 231 cubic inches contains:

Calcium sulphate ........... ..... 13.33 grains.
Magnesium sulphate ............... 11.64 ”
Potassium sulphate ........ e 029 ”
Aluminium sulphate ............... 3441 7
Iron phosphate .................... 5.I1 ”?
Sodium chloride .................. , 029 ”
SiHCA viieitiii ittt iz "
Sulphuric acid .............o.oi... .37 "
6757 7
NYE LITHIA SPRINGS. .

Location: Wythe County. Postoffice, Wytheville.
Access by Norfolk & Westérn Railway to Wytheville, thence by
carriage to the springs, two miles distant. ~

Excellent hotel and boarding-house accommodation can be
had in Wytheville.

The three springs, two lithia and one chalybeate, are
located at the elevation of 2,360 feet in a tract of eighteen acres
of primeval oak, and in a neighborhood widely known as a
health resort.

The lithia waters are held in high esteem in the treatment of
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gout, rheumatism, stomach and intestinal disorders.
The following analysis of No. 1 Lithia Spring, is by W. L.
Dudley, and shows an extremely high amount of lithia: :
Class: Alkaline-lithic.

Omne United States gallon of 231 cubic inches contains:

- Calcium carbonate ................. 10.63 grains.
Lithium carbonate ........... eeeae 6.41 ”
Iron and alumina oxide ............. .31 ”
Silicic acid ....vviiviiiiiiiiiiii e ;g ”

1854 ”

The chalybeate water gives good results and is reconi-
mended in female troubles consequent upon anaemia, and as
a general tonic.

An analysis by J. L. Jarman, shows the following com-
position :

Class: Alkaline-chalybeate. Lithic-calcic.

One United States callon of 231 cubic inches contains:

Potassium carbonate ............... .01 grains.
Sodium carbonate .................. 81 ”
Lithium carbonate .................. 18 ”
Calcium carbonate ................. 11.60 ”
Magnesium carbonate ............... 235 ”
Iron and Alumina oxide ............ 1.33 7
Silicic acid ....viiiiiiiiiii i, 66 7
1865 7

ORKNEY SPRINGS.

Location:  Shenandoah County. Postoffice, Orknéy
Springs. Access by Baltimore & Ohio Railway to Mount Jack-
son, and thence by coaches to the springs, twelve miles distant.

The Orkney Springs, situated at an altitude of 2,300 feet
above sea-level are one of the oldest resorts in Virginia, though
little permanent improvement was made until 1874, when a good
hotel with accommodation for 750 guests, was built.

The following analysis by Prof. J. W. Mallet, skow .the
composition of three waters:
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One United States gallon of 231 cubic inches contains:

“Healing.” “Powder.” .
Class: Alkaline- Class: Alkaline
carbonated. carbonated.
Sulphureted.
Calcium carbonate .... 9.925 grains. 4.589 grams
Magnesium carbonate 1.361 ” 3.543
Iron carbonate ....... .563 7 260 7
Manganese carbonate.. .007 ” .02 ”
Sodium carbonate ..... o016 7 3903 ”
Lithium carbonate, dis. trace trace
Potassium chloride ... .036 ” 003 ”
Sodium chloride ..... 146 425 "
Ammonium chloride —-— 7 trace
Calcium fluoride ..faint trace trace
Calcium phosphate
(tri-basic) ........ .or4 " .00z ”
Barium sulphate ...... —-.-— " dist. trace
Strontium sulphate ... -.-—  ” faint trace
Calcium sulphate ..... 1.376 7 2109 7
Potassium sulphate ... .228 7 194 7
Aluminium sulphate ... .036 ” .021 ”
Silica .........cieunnn. 1.003 ” 1.662 7
Copper sulphate ...... -7 -7
Sodium sulphide (Na')S)- — 528 7
Arsenic ........c.....n. -.— " distant trace in sediment
Organic matter ....... - trace
Carbonic.. anhydride
(united to carbon-
ates, as above, to
form acid carbon-
ates) ... 5.303 ” 5.602 grains.

20014 " 22888 ”
Class: Acid-chalybeate. Lithic.
Spring No. 2, Bear Wallow.
One United States gallon of 231 cubic inches contains:

Potassium chloride ................. .079 grains.
Sodium chloride ............ PP o018 7
Ammonium chloride ................ trace
Sodium iodide ...................... trace
Calcium phosphate (tribasic) ........ .008 ”
Calcium sulphate ................... 862 7
Potassium sulphate ................. .251 ”
Lithium sulphate ................... 074 7
Magnesium sulphate ............. .. 2935 ”
Aluminium sulphate ................ .005 "
Iron (ferrous) sulphate ............ 5.451 ”

Manganese (manganous) sulphate.... .o17
Copper sulphate .............. distinct trace
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Sulphuric acid (free) ............... .426 gra’x’ins.
Silica ..... e e 1.847
Arsenic ......ooeieiii... trace in sediment
Organic matter .........coeeeeeveen. .073

12.196 7

"The various waters have been found beneficial in a large
variety of diseases. The two alkaline waters give excellent
results in stomach, kidney and liver troubles, while the acid chaly-
beate is very valuable in chlorosis and other female functional
derangements, and as a tonic in all cases consequent upon anaemia
or general debility.

OTTERBURN LITHIA SPRINGS.

Location: Amelia County. Postoffice, Otterburn Springs.
Access by Southern Railway to Otterburn Station.

The springs are located in a pleasant grove and a modern,
well kept hotel provides good accommodation.

An analysis of the water, made in this laboratory, gave
the following results:

Class: Light Alkaline-carbonate. Lithic.

One United States gallon of 231 cubic inches contains:

Magnesium carbonate .............. 1.48827 grains.
Calcium carbonate ................ 243769 7
Iron (ferrous) carbonate .......... 13646 7
Sodium carbonate ........... .... 26009
Lithium carbonatd ............... .03615 7
Magnesium chloride .............. .05656
Sodium chloride .................. 40647 . 7
Sodium sulphate .................. .08572 *
Potassium sulphate .............. .08047
Sodium iodide ................... 00609 7
Sodium bromide .................. trace
Alumina .......... ..., .03616 7
Silica .......cciiiiiiii 2.44352 7
7.47455 7
Carbon dioxide combined ........ 2.38312 ”
0.86267
Carbon dioxide free .............. 18.4 cubic inches.

The water has for many years held a high position and has
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an extensive sale, as a table water. Medicinally it has been
largely used with marked success in acid dyspepsia, gout, and

rheumatism. .
Taken in quantity, it has a mildly tonic and alterative

action.

PALMERS SPRINGS LITHIA WATER.

Location:  Mecklenburg County. Postoffice, Palmers
Springs.

This water has been on the market for the last eight years
and during that time has earned quite a reputation for its curative
effect in scrofula, anaemia, dyspepsia, excessive menstruation and
as a uterine tonic.

An analysis of the water, made by Dr. Henry Froehling,
gave the following results:

Class: Alkaline-carbonated. Lithic.

One United States gallon of 231 cubic inches contains:

Magnesium carbonate ............. 1.30632 grains.
Strontium carbonate .............. traces
Calcium carbonate ................ 1.92683 7
Iron (ferrous) carbonate .......... 31258 7
Manganous carbonate ............. .05482 ”
Sodium carbonate ................. 35107 "
Potassium sulphate .............. .54702 7
Sodium sulphate .................. 14988 7
Sodium chloride .................. 68524 7
Sodium ijodide ................ ... .00094 7
Sodium bromide .................. .00041 ”
Sodium arsenate ................. trace
Sodium phosphate ................ 01755 ”
Lithium chloride ......... N .05365 7
Alumina ............... .00, .02916
Silica ...ccooiiiin... e 2.67006 *
8.10643 ”

Carbon dioxide combined .with
mono-carbonates to form

bi-carbonate ................. 1.67314 "
9.77957 "
Carbon dioxide gas, free .......... 14.9 cubic inches.
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THE PINEY MOUNTAIN MINERAL SPRINGS.

Location:  Washington. County.  Postoffice, Bristol.
Access by Norfolk & Western Railway to Bristol, thenge by elec-
tric car or private conveyance to the springs, two and a half miles
distant.

No hotel has yet been built at the springs, which are beau-
tifully situated on Piney Mountain, near the Virginia-Tennessee
line, but good hotel and boarding-house accommodation can be
had in Bristol.

The water is a very valuable one, as shown by the follow-
ing analysis made in this laboratory:

Class: Acid-aluminous-chalybeate. Sulphated-saline.

One United States gallon of 231 cubic inches contains:

Magnesium sulphate ............. 18.54512 grains.
Calcium sulphate ................ 13.76072
Strontium sulphate .............. .02508 ”
Barium sulphate .......... ... 01633 "
Iron (ferrous) sulphate 20.70231 ” .
Manganous sulphate .............. 1.23284 7
Nickel sulphate ................. trace
Aluminium sulphate .............. 10.29313 7
Potassium sulphate .............. .46046 7
Sodium sulphate ................. 43972 "
Sodium chloride ................. 1.04782
Sodium iodide ................... .00041 7
Sodium bromide ...... e _
Sodium arsenate ................. .02531 ”
Lithium chloride ................ .00447 7
Aluminium phosphate ............ .03791 ”
Silicic acid ...... e 1.19552 7
Sluphuric acid, free .............. 3.57431 ”
72.36046 "
Carbon dioxide free ............. 25.81 cubic inches.

This is a sulphated acid chalybeate water of great potency,
and presents a valuable combination of mineral ingredients.

In addition to its richness in iron it contains a notable
amount of manganous sulphate, which ingredient is of particular
benefit, as an alterative and tonic in all cases characterized by
anaemia and general debility. It is also used with much success
in stomach and intestinal troubles, and locally as an astringent
and tonic by spray, gargle or douche.
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POWHATAN LITHIA AND ALUM SPRINGS.

Location: Powhatan County. Postoffice, Tobaccoville.
Access by Farmville & Powhatan Railway to Tobaccoville, and
by private conveyance to the springs, three-quarters of a mile
distant. :
Two springs are found on the property, known respec-
tively, as the “Lithia’” and the “Alum” springs. No quantitative
analysis is recorded.

The water is for sale, but no development has been made
for the accommodation of guests.

RAWLEY SPRINGS.

Location:  Rockingham County.  Postoffice, Rawley
Springs. Access by Baltimore & Ohio Railway to Harrisonburg,
thence by stage or private conveyance to the springs, eleven miles
distant, over an excellent turnpike.

This old and well known resort, with its substantial and
comfortable hotel, is situated amid wild and picturesque scenery
at an altitude of 2,000 feet above sea-level. The hotel has a
capacity of 150 guests, and is fully equipped with all modern con-
veniences. .

There are several springs on the property, one of which
has been analyzed by Prof. J. W. Mallet, with the following
results:

Class: Light carbonated-chalybeate.

One United States pallon of 231 cubic inches contains;

Protoxide of iron ................. .. 1.3214 grains.
”

Protoxide of manganese ........ .0122

Alumina ........ . . .00 0514 "
Magnesia .............. .. 010" .3874 ”
Lime .............. ... ... 3536
Lithia (detected by spectroscope) .. trace

Soda ...........0.. . 000 .3068
Potash .................. .00 .0721 ”
Ammonia .............. T trace

Sulphuric acid ............. " .5208
Chlorine ....................."" .0315
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Carbonic acid (combined) .......... 1.5624 grains.
Organic matter (including humoid
acids) .........e..n.n et iteeceae 3531
The gases disolved are as follows: o
Carbonic acid ......coovvivnn.tn 7.42 cut’>’1c mc’l_mes.
OXYZEM vevvevnrenrereeeeennnnnns .. 207 . .
Nitrogen ........ e 4.18

This water has the composition of a pure light chalybeate
and is ot considerable value as a tonic in the treatment of anaemic
conditions. It is extensively sold in different cities.

ROANOKE RED SULPHUR SPRINGS.

Location:  Roanoke County. Postoffice, Red Sulphur
Springs. Access by Norfolk & Western Railway to Salem.
thence by private conveyance to the springs, nine miles distant.

Excellent hotel and cottage accommodation is found at this
charming resort, situated at an altitude of 2,100 feet above sea-
level, twelve miles from Roancke City.

The surrounding mountain scenery is beautuiful, and
excellent trout fishing and hunting are obtainable in the neighbor-
hood.

The water has been analyzed by Prof. M. B. Hardin, with
the following results:

Class: Alkaline-carbonated. Sulphuretcd.

One United States gallon of 231 cubié inches contains:

Calcium carbonate .................. 6.54 grains.
Magnesium carbonate ............... 583 ”
Lithium carbonate .................. ooz ”
Manganese carbonate ............... 00z ”
Iron carbonate ..................... 006 ”
Copper carbonate .................. trace
Sodium chloride .................... 024
Ammonium chloride ................. 002 ”
Calcium chloride .................... 003 ”
Lead sulphate ....................... trace
Barium sulphate .................... trace
Strontium sulphate .................. 1.71 ”
Calcium sulphate .................... 219 7
Sodium sulphate .................... 304 ”
Potassium sulphate ................. 0.33 ”

Sodium hyposulphite ................ 0.03
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Ammonium nitrate ......... .. 0. 0.05 grains.
AlUmIna .....ovvviirnnernrennennenns trace
SIHCA it it e 083 ”
Organic matter .................. ... 076 7
Arsenic ...... . ‘e..... trace

Total ...ovviiiiiiiiii e 2170 7

Carbonic anhydride combined with
mono-carbonates to form bi-

carbonates ..........iiiiiiiiinn, 596 ”
Total ..........ccvuiiinn. e 2766 .
Gases: . o
Carbonic acid .......ccvvvvveenin.... 12.40 cubic inches.
Sulphureted hydrogen ............... 244 7 ”

Within a few hundred feet of the Sulphur springs a good
chalybeate spring arises. The water has been analyzed in this
laboratory with the following results: ’

Class: Alkaline-chalybeate. Carbonated.

Calcium carbonate .................. 0.45 grains.
Magnesium carbonate ............... 095 ”
Iron carbonate ...................... 209 ”
Manganese carbonate ............... 009 ”
Sodium carbonate .................. 044 7
Ammonium carbonate ..... e traces
Sodium chloride ..................... 027 ”
Potassium sulphate .................. o200 ”
Sodium sulphate .................... 008 7
Aluminium sulphate ................. oo ”
Aluminium phosphate ............... 00z ”
SHICA v vvviii e e e oso0 ”
Organic matter .............c..000... 060 ”
Total ......cviiiiiiniiiiiiia., 520 ”

Carbonic acid to form bi-carbonates.. 2.00

Total ....coviuiieiiiiiiiiiinnn, 7.20

The water of the sulphur spring is believed to be of value
in the treatment of bronchial, pulmonary and throat troubles, and
the resort is much frequented by patients of this class.

The water of the chalybeate spring, is an active tonic,
valuable in all debilitated conditions.
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ROCKBRIDGE ALUM SPRINGS.

Location: Rockbridge County: Postoffice, Rockbridge
Alum Springs. Access by Chesapeake & Ohio Railway to Gaston
Station, thence by private conveyance to the springs.

These important and valuable alum springs—among the
best of the kind known, originate in the large masses of alum
shale, which constitute a characteristic feature of the geology of
this neighborhood. They are beautifully located at an altitude of
2,500 feet between the spurs of North and Mill Mountains amid
charming ‘scenery, and every effort has been made to make the
resort one of the finest in the State. The hotel and cottage accom-
modation is excellent.

The various springs on the property vary considerably in
the proportion of the different ingredients present, as is shown by
the following analyses of a number of waters. (U. S. Geo. Sur.
Bulletin 32):

Class: Acid-chalybeate. Aluminous.

One United States gallon of 231 cubic inches contains:

No.r No.2. No.4 No.6. No. 7
Grains. Grains. Grains. Grains. Grains.

Sodium sulphate ...... 0.02 0.03 0.03 0.18 0.23
Calcium sulphate ...... 1.73 3.23 2.32 0.29 331
Lithium sulphate ...... 0.02 0.02 0.03 0.01 0.02
Magnesium sulphate ... 0.89 5.01 7.36 2.65 9.22
Potassium sulphate .... o0.17 0.41 0.18 0.25 0.27
Aluminium sulphate ... 31.25 42.61 72.37 6.88 81.05
Manganese - sulphate 0.86 0.09 1.37 0.31 1.03
Iron protosulphate 0.23 0.52
Iron persulphate ...... 1.02 1.95 2.00 1.84 5.17
- Nickel sulphate ...... 0.06 0.14 0.23 0.12 0.46
Cobalt sulphate ....... 0.03 0.02 0.08 0.09 0.31
Copper sulphate ...... o.11 6.08
Zinc sulphate .......... 0.12 0.39 0.22 0.03 0.61
- Lead sulphate ......... trace trace trace
Ammonium nitrate ....trace trace trace
Calcium phosphate .... o0.02 0.15 0.05 trace 0.01
Ammonium crenate ...
Sodium chloride ...... ‘0.08 0.11 0.14 0.01 0.08
Calcium fluoride ....... trace trace trace trace trace

Antimony .......... .. trace trace trace trace trace
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Grains.  Graivs. Graine.  Grains. Graius.

Copper ...ooiviiiinnas 0.04 0.04 o.10

Iron oxide ............

Arsenic .............. trace trace trace

Alumina ..............

Silica ...eovriiiiiinnnn 3.54 3.70 4.38 2.80 3.03
Sulphuric acid ......... 3.24 3.83 3.07 2.14 4.84
Carbonic acid .........

Organic matter ...... trace trace trace trace trace

43.00 62.35 94.83 17.94 116.27

Gases: ) . . . .
cu. 1. cu, . cu, m. cu. 1n, cu. 1n.
Oxygen .....oovveennnn 1.53 1.49 4.12 1.27 I.11
Nitrogen ............. 4.19 3.98 1.64 3.62 3.19
Carbon dioxide ....... 12.37 10.89 12.72 11.39 10.38

The waters are of great value in all cases where a strong
astringent chalybeate is indicated, and give excellent results in
dysentery, chronic diarrhcea, leucorrheea and catarrhal affections
of the mucous membranes. Local application of the water in
scrofulous and syphilitic eruptions, is also attended with much
benefit, and in such cases, its combined internal and local use fre-
quently produces a permanent cure.

ROCK ENON SPRINGS.

Location:  Frederick County.  Postoffice, Rock Enon
Springs. Access by Valley Branch of Baltimore & Ohio Railway
to Winchester, from which point the springs, distant sixteen and
one-half miles, are reached by coach.

A number of springs of different kinds, some of which
have been known and used for a long time, are found in the
immediate neighborhood of this attractive resort. The hotel is a
fine one, located at an altitude of 1,200 feet above sea-level, in a
narrow valley of the North Mountain. It is surrounded by
virgin forest, and is provided with every convenience for comfort
and recreation.

Three mineral springs occur on the property—chalybeate,
alkaline, and sulphur in character. The former has been analyzed,
by Professors Gale and New, with the following results:
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Class: Chalybeate. Sulphated-saline.
One United States ~allon of 231 cubic inches contains:

Sodium carbonate
Calcium carbonate
Calcium sulphate

Magnesium sulphate ....... Vel 1289 7
Magnesium chloride ................. iz 7
Iron oxide .......... ..ot 1425 7
Manganese oxide ............c...u. ros 7
Alumina ..........oeeveennnn Cerrenen o8 7
SiHCa tvveeiiiii it e 042 ”

Total ..ovviiiiii it ieienn 4043 7

The analysis shows this to be a good chalybeate. Its
action is aperient and diuretic, and it has excellent tonic effect in
cases of anaemia or general deblity.

The waters of the alkaline and sulphur springs have not
been fully analyzed, but the former is said to possess anti-acid,
diuretic and aperient properties, and to give good results in the
treatment of diseases of the kidneys and stomach, as well as gout
and rheumatism and skin diseases.

ROCKINGHAM VIRGINIA SPRINGS.

Location: Rockingham County. Postoffice, McGahets-
ville. Access by Norfolk & Western Railway to Elkton Station,
and by private conveyance to the Springs, five miles distant.

The springs are located amid rugged mountain scenery near
the eastern base of the Massautten, at an elevation of over 2,000
feet. The accommodations for guests are a hotel and cottages.

An analysis of the water from Spring No. 3, made by
Dr. Henry Froehling, in 1898, gave the following results:

Class: Alkaline-carbonated. Lithic.

One United States gallon of 231 cubic inches contains:

Magnesium carbonate ............. 2.50088 grains.
Calcium carbonate ................. 6.44908
Strontium carbonate .............. .03966 7
Barium carbonate ................. .00525 ”
Iron (ferrous) carbonate .......... 00991 "
Manganous carbonate ............. .00233 "

Magnesium sulphate .............. 43476 7
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Calcium sulphate ...........«...... 3.96562 grains.
Potassium sulphate ................ 1.92 ”
Sodium chloride ................... 68232
Lithium chloride .................. .07581 ”
Sodium iodide ..........c..iuiiln ”

Sodium bromide ”

Sodium arsenate
Calcium fluoride

Alumina ........c.coiiiiiiiiiiiinn, .04199

Silica +iiiei i i 2.03530 ”
18.16877 »

Carbon dioxide combined ....... ... 4.14756 "
22.31635 7

Carbon dioxide free ............... 14.69 cubic inches.

The water is well known as a remedy for dyspepsia, liver
and kidney troubles, as an alterative and nervine tonic.

SEVEN SPRINGS.

Location: Washingto'n County.  Postoffice, Glade
Springs.  Access by Norfolk & Western Railway to Glade
Springs, from which point the springs are distant two miles.

No accommodations for guests exist at the springs.

The residue from the evaporation of the water, known com-
mercially as “Seven Springs Iron and Alum Mass” is on the
market, but it is to be regretted that the springs have not been
developed, as the water is a valuable one.

The following analysis by Prof. Mallet, shows its compo-
sition : .

Class: Sulphated-saline. Chalybeate. Aluminous.

One United States gallon of 231 cubic inches contains:

Sodium sulphate 0.23 grains.
Calcium sulphate 17.54 7

Lithium sulphate ‘002 7
Magnesium sulphate ................ 1600 7
Potassium sulphate ................. 006 ”
Strontium sulphate .................. trace

Aluminium sulphate ................. 1522 7
Ammonium sulphate ................. ooz ”
Manganese sulphate ................. 026 ”
Iron protosulphate .................. 0.41 ”

Iron persulphate .................... 463
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Nickel sulphate ........coovveionnee. 0.16 grains,
Cobalt sulphate .......cocoviviinnnes 0.01 ”
Copper sulphate ......ocoeieveeeeenes 0.01 ”
Zinc sulphate ......c.ooiieiiiieenn o3 7
Calcium phosphate .........ococ..nn trace
Sodium chloride ........coovivinnen 033 ”
Calcium fluoride ......coivviiaenn trace
SIHICA vvevvivnreer e Lso "
Organic Matter ..o..oooeeeerereoecnees 0.76

21.71 ”

SWEET CHALYBEATE SPRINGS.

Location: Alleghany County. Postoffice, Sweet Chaly-
beate Springs. Access by the Chesapeake & Ohio Railway to
Alleghany Station, thence by carriage to the springs, nine miles
distant.

This typical Virginia Mountain resort is beautifully situ-
ated in the heart of the Alleghany Mountains, at an altitude of
3,000 feet above sea-level. The valley in which the springs are
located, is one of the most beautiful in the State, and the sur-
rounding country presents in a marked degree all the charm of
the mountain region of Virginia.

Deer and other game abound, and excellent fishing may be
" had in the streams of the neighborhood. The hotel is commodious
and well arranged and the bathing facilities include hot and cold
mineral water baths and enclosed plunge bathing pools.

The four springs have a combined flow of 48,000 gallons
per hour, and a temperature of 75 degrees Far.

The following analysis of the water of the Red Spring,
by Prof. W. B. Rogers, shows the general composition of all the
springs:

Class: Calcic-chalvbeate.

One United States gallon of 231 cubic inches contains:

Magnesium carbonate ............... 2.70 grains
Sodium sulphate .................... 3.23 grns.
Calcium sulphate .................... 3288 7
Magnesium sulphate ................ 718  ”

Sodium chloride ............ccvvvvnn. 009 ”
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Magnesium chloride ................ 1.57 grains.
Calcium chloride ... .......... 002z ”
Iron sesquioxide ............ e 073 ”

Total ...t 4840 7

Gases:

Carbonic acid .............coin... 106.46 cubic inches
Sulphureted hydrogen ............. trace .
Oxygen .......... et ... 046 ’: "
Nitrogen .........ccoiviviiiieaan... 0.59

The water is used with excellent effect in all diseases
resulting from an impoverished condition of the blood.

SWINEFORD ARSENIC LITHIA SPRINGS.

Location: Chesterfield County. Postoffice, Richmond.

No accommodations for the entertainment of guests exist,
but the water has an extensive sale, both in its natural condition,
and carbonated, in the principal eastern cities. It is highly
prized as an eliminant of uric acid in the cure of gout and rheu-
matism.

The following analysis, made in this laboratory, shows the
composition of the water:

’ Class: " Light carbonated. Lithic.

One United States gallon of 231 cubic inches contains:

Magnesium bi-carbonate .......... 0.14813 grains.
Calcium bi-carbonate ........ .... 011839 ”
Manganese bi-carbonate .......... 0.00420 ”
Iron (ferrous) bi-carbonate ....... 0.02040 ”
Calcium sulphate ................. o.10031 "
Potassium sulphate ........... .. 016154
Sodium sulphate ................. 0.11314 . "
Lithium chloride ................. 0.00385
Sodium chloride .................. 0.34116 "

' Sodium bromide .......... . crace
Sodium iodide .................... 0.00021 "

! Sodium arsenate ..........:...... 0.00723 ” -
Sodium phosphate ................ 0.00349

' Silicic acid .......coiiiiiL, 0.60067 ”
Alumina .........oiiiiiiiiniin., 0.01983 7

Total mineral matter ...... .. 1642586 7

Carbon dioxide free ............. 12.49 cubic inches.
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TALLEY'S SPRINGS.

Location: Mecklenburg County. Postoffice, Palmers
Springs. The springs are eight miles distant from the Atlantic
& Danville Railway and eleven miles from the Seaboard Air
Line Railway.

These springs have not been developed, but have established
a strong local reputation for curative properties. No complete
analysis has been made, but the waters are said to be strong in
sulphur and iron, and to show the presence of lithia. They are
situated in a very attractive valley, having many desirable features
for the location of a good summer resort.

"VIRGINIA HOT SPRINGS.

Location: Bath County. Postoffice, Hot Springs. Access
by Chesapeake & Ohio Railway to Covington, and by the: Hot
Springs branch of the Chesapeake & Ohio Railway to Hot Springs.

.Through sleeping cars are run to the springs during the
principal seasons, March to June and August to November, su
that invalids can reach the springs without change.

This magnificent resort merits particular attention on
account of the variety and value of its mineral waters, the
exquisite beauty of its surroundings and the elaborate and exten-
sive development of the property.

It is located at the altitude of 2,300 feet in Warm Springs
Valley, with the lofty Appalachian Mountains surrounding it
on all sides. As the result of this sheltered situation, the climate
is mild and equable in the early and late months and delightful
during the rest of the year.

The mean monthly temperature for June, July and August
is 68.5 degrees Far. and the highest temperature observed during
a number of yvears was 87 degrees Far.

The scenery of the region could not be surpassed The
valley, about two miles inewidth, stretches for 4bout twelve miles
between lofty and imposing mountains, from the crests of which



MINERAL WATERS AND SPRING RESORTS. I51

a panorama of mountain ranges and beautiful valleys, stretches
to the horizon. .

Numerous rugged and’ picturesque passes penetrate the
mountains, through which the streams formed by the springs
make their way in a succession of rocky falls and cascades, narrow
chasms and deep gorges, presenting unending vistas of beauty.

The accommodations are of the finest character, consisting
of two new hotels, the “Homestead” and the “Virginia,” and ten
modern cottages, supplied, with every convenience and comfort.
The bath-house, a fine stone and brick structure, built in the
colonial style of architecture, cost over $100,000, andsis fitted up
with every variety of bath and bathing requisite, mcludmg a fine
swimming pool.

Among the many attractions are a finely laid out golf
course, splendid boulevards and dnvmg roads, and abundant
hunting and fishing. .

The various springs on this property have long been known
and frequented for their curative properties, and are considered by
high authorities to be equal to the best waters of a similar char-
acter, of the European spas.

Numerous springs, both hot and cold occur, most of which
have been analyzed by various chemists. Within the past few
years, however, complete analyses of all the important springs,
have been made in thls laboratory and these analyses are quoted
here. ‘

The thermal springs may be separated into two groups:

a. Those giving off sulphureted hydrogen in noticeable
quantities.

o b. Those in which no perceptible amount of that gas is
given off.

.- Of the first group, the two springs are known as the “Hot
Sulphur” and the “Brick.” The former yields 54,000, and the lat-
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ter 10,000 gallons of water per day, at a temperature’ being 99.4
degrees Far., prictically identical in composition.

The following analysis is that of the “Hot Sulphur” spring:

Class: Alkaline-saline-calcic. Sulphureted.

v

One United States gallon of 231 cubic inches containﬁ:

Magnesium carbonate ............ 3.25239 grams
Calcium carbonate ............... 16.91222
Strontium carbonate .............. .04922 7
Barium carbonate ............. ... .01312 ”
Iron (ferrous) carbonate .......... .o1014 "
Magganous carbonate ............. 05124 7
Magnesium sulphate .............. 5.53263
Calcium sulphate ................. "
Potassium sulphate "
Sodium sulphate .................. ”
Sodium hyposulphite ........... ... 37440 "
Sodium sulphide .................. 27818 "
Sodium chloride .................. .58257 "
Sodium iodide .................. ... 00015
Calcium flouride .................. .08631 ”?
Lithium chloride ................ 08339 "
Alumina ............ e ereteeiees 11546 7
SiiCa ittt i e 15979 "
4292826 7
Carbon dioxide combined .......... 885342
4292846 7
Carbon dioxide free ............. 20.55 cubic inches.
Hydrogen sulphide ............... 25 " ”

Much gas is evolved from this spring, of the following
composition :

Carbon dioxide ..................
Hydrogen sulphtde
Nitrogen ......c.ooiiiiiieninnnnn.
Oxygen .........covivvuninnnnnn.

Group B, includes five springs named respectively, d¢he
“Magnesia” spring, the “Boiler” spring, the “Octagon” spring,
the “Spout” spring, the 102 Degree Spring, and the composition
of the three waters first named is shown in the following table:
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One United States gallon of 231 eubic inches contains: -

“Magnesia” “Boiler” “Octagon”
Grains. Grains. Grains.
Magnesium carbonate ... 2.47559 2.70246 2.29371
Calcium carbonate ..... 17.10467 18.6320. 11.48264
Strontium carbonate ... .04782 .05598 .05483
Barium carbonate ...... .01222 .01983 .01167
Iron (ferrous) carbonate .25351 .03382 25142
Manganous carbonate .. .21974 .01808 .19367
Magnesium sulphate .... 6.49488 6.04233 7.42896
Calcium sulphate ....... 1.61133 1.82477 1.50504
Potassium sulphate ..... 94149 - 1.45733 79102
Sodium sulphate ....... 43852 .18081 46318
Sodium hypo-sulphite. . 11955 .23735 11434

Sodium sulphide ....... 21053

Sodium chloride ........ 65261 .58057 .5110T
Sodium iodide .......... 00015 .00026 .00013
Calcium fluoride ........ .07348 .07930 .05542
Lithium chloride ........ .03557 .07051 .03033
Alumina ............... - .05832 .07115 .07000
Silica ......cviiiiiin.. 1.27716 1.22468 1.60421
31.81661  33.45078 26.87158
Carbon dioxide combined 8.81068 9.64811 7.43188
40.62729  43.09889  34.30346

: cubic in. cubic in. cubic in.
Carbon dioxide free .. 206 24.6 22.14
Hydrogen sulphide.... .10 .16

Composition of Gases Evolved:

per cent. per cent. per cent.
Carbon dioxide ....... 10.25 9.10 10.30
Nitrogen ............. 87.75 90. 80 89.70
Hydrogen sulphide .. trace trace

Temperature of the water 98.2deg. F. 105 4 deg. F. 99.7 deg.F.

Flow per 24 hours...... 4,900 gal. 130,000 gal.

96,000 gal.

The water of the “Magnesia” spring is highly valued in the

treatment of gout, rheumatism and disorders of the digestive
organs and liver, and has béen extensively used in the treatment
of these diseases for more than a century.

The “Boiler” spring water is conveyed, with its natural

heat retained, through.protected pipes to the bath-house, and the
resident physicians have great faith in its internal and external

The chief cold mineral springs in the immediate neighbor-

.
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hood of the hotels are four in number and are known as the
“Soda” spring “Lithia” spring, “Homestead” spring and “Cold
Magnesia” spring.

The following table gives the composition of the first three
named : '

One United States gallon of 231 cubic inches contains:
“Soda” “Lithia” “Homestead”

Grains. Grains. Grains.

Magnesium carbonate ... .79954 80712 4.16391
Calcium carbonate ...... 15.82167  15.92781 9.83649
Strontium carbonate .... .01166 .01283 .02004
Barium carbonate ....... .00041 .00758 . trace
Iron (ferrous) carbonate  .00338 .00094 .08456
Manganous carbonate ... .00012 .00012 '
* Zinc, lead, copper carbonate . trace

Magnesium sulphate .... 5.72508 6.10006 .61701
Potassium sulphate ..... 1.00307 1.03458 .74530
Calcium sulphate ...... 2.77594
Sodium sulphate ....... .25803 .26185 .08689
Sodium chloride .......-. .58026 .59776 .76572
" Sodium iodide .......... .00537 .00560 - .00082
Sodium bromide ....... 00437 00449

Sodium phosphate ...... .00268 .00309 .01341
Lithium chloride ....... .050I5 .05138 .06094
Rubidium chloride ..... trace '
Calcium fluoride ....... .00291 .00297 trace
Alumina ........oeeennn 02916 .00350 ‘12829

Silica v.oiviiiiiiiiriia.. 1.16053 - 1.18269 67066

2546520 26.00450 19.97988
Carbon dioxide combined 7.38014 7.43088 3.66179

3284543 3343518 23.64179
cubic in. cubic in. cubic in.
Carbon dioxide gas free 7.43 7.66 7.9
A valuable alum spring is located on the property‘ about
three amd a half miles down Hot Springs Creek, having its source
in the alum shales found in that neighborhood.

The following analysis shows its composition :
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One United States gallon of 231 cubic inches contains:

Magnesium sulphate .............. 4.40525 grains.
Calcium sulphate ................. 13.20472 7
Strontium sulphate ........ D 7 4-1-7 A
Iron (ferrous) sulphate ........ .... 4.68821 ”
Manganous sulphate .............. - 02099 ”
Aluminium sulphate ........ .... 1256003 "
Potassium sulphate .. ... .30500 :
Sodium sulphate ..... .. .33008 o
Lithium sulphate ........ .. .07989
Sodium chloride .......... .. .34116 ::
Sodium iodide ............ .. 00017
Calcium fluoride ..-.........nins .01283 ”’
SiliCa vvivririiiiie eeteaaes . 16912 ”
Sulphuric acid free ................ 2.53683
39.02985 "
Carbon dioxide gas, free ......... 28.8 cubic inches.

WARM SPRINGS.

Location: DBath County. Postoffice, Warm Springs.
Access by Chesapeake & Ohio Railway to Hot Springs, and by
stage over a handsome boulevard to the springs, five miles distant.

This charming resort, famous during several generations
for its hospitality and comfort, is picturesquely located in the
northern part of Warm Springs Valley. The property embraces
the entire width of the Valley including the mountain crests on
either side—in all about 1,800 acres of land.

The fine hotel and cottages arfe beautifully situated in an
extensive lawn, and are supplied with every requisite, convenience
and comfort. The bathing pools are unique. The ladies’ bath
is a circular pool, 150 feet in circumference, holding 60,000 gallons
of water, which is supplied by numerous springs emerging all
over the bottom of the bath. Myriads of bubbles of gas constantly
given off keep the water agitated and impart to it a delightful
bouyancy. The gentlemen’s pool is an octagon 40, feet in diameter
with a capacity of 43,000 gallons of water, the temperature -of
which is constantly 96.3 degrees Far.

The combined flow from the springs, which constitutes the
Wa::m Springs Creek is estimated to be 1,728,000 gallons in
twenty-four hours.
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In composition all the waters are practicaly identical, and
the following analysis of the drinking spring, shows their charac-

ter: .
Class: Sulphated-saline. Calicic. Sulphureted.

One United States gallon of 231 cubic inches contains:

Calcium carbonate ............... 11.69859  grains.
Strontium carbonate .............. 01283 ”
Barium carbonate ....... [T .00012 i
Iron (ferrous) carbonate ......... 28576 7
Magnesium sulphate ............. 773297 7
Calcium sulphate ................. 6.99233 ”
Potassium sulphate ............... 93950 "
Sodium ‘sulphate .................. .34058 7
Sodium hyposulphite .............. 39715 7
Sodium sulphide ............ .. .46538 7
Sodium chloride ... .. .42572 "
Sodium iodide ...t .00012 "
Lithium chloride ....... Ceeereeeens .08013 ”
Calcium fluoride ............... e 00542
Alumina .......ooeiiiiiiieiine, .. .os015 ”
Silicic acid ......cvvviiiiiiinn 1.59015 ” '
. 31.02290 ”
Carbon dioxide combined ......... 5.00042 7
36.02332 ”
Gases ‘in Solution: o
Carbon dioxide free ..... e 4.025 cubic inches.
Hvdrogen sulphide free ........... 19 7 ”

Temperature, 96.3 degrees Far.

WASHINGTON SPRINGS.

Location: Washington County. Postoffice, Glade
Springs.  Access by Norfolk & Western Railway to Glade
Springs, thence by private conveyance to the springs, two miles
distant. '

The springs are located at an altitude of 2,250 feet above
9ea-level, amid beautiful and picturesque surroundings. The
accommodations consist of a good hotel fully equipped with all
modern conveniences and requisites for comfort and pleasure.

There are seven springs with a combined hourly flow of
about 30 gallons. The following analyses, by Mr. W. H. Seamon,
give the composition of two of the springs:
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Class: /Ilkalirze-calcic. Sulphureted.
Sulphur Springs.

One United States gallon of 231 cubic inches contains:

Iron carbonate ................. ..., 0.52 grains.
Calcium carbonate .................. 279 7
Potassium carbonate ...... e oI1r 7 )
Sodium carbonate .................. 029 ”
Calcium sulphate ................... 6.47
Stroatium sulphate .................. trace
Calcium phosphate ................. 014 7
Sodium chloride .................... 009 7
Arsenic chloride ...... BN trace
Hydrogen sulphide ................ present
“Total ...l ... 1041 "

Class: Alkaline-chalybeate-calcic.

One United States gallon of 231 cubic inches consains:

Calcium sulphate ........ et o.10 griins.
Magnesium sulphate ................ 404 7
Strontium sulphate .................. 038 7
Sodium sulphate ................ ee.. 397 b
Aluminium sulphate ....... ieeeaeees trace
Iron carbonate .............o.oiuen. 1.95 7
Magnesium carbonate ............... trace
Calcium carbonate ........ e 13.66 7
Sodium chloride .................... 034 7
Potassium chloride ..... e 024 "
Phosphoric acid ......... ... ... ... traces
SHICA vt e 207 ”
Organic matter ...........ccoovveennn 103
27.78 - ”

) These waters are highly prized for their beneficial effect in
the treatment of diseases resulting from anaemia or general
debility. .

YELLOW SULPHUR SPRINGS.

Location:- Montgomery County. Postoffice, Yellow Sul-
phur Springs. Access by Norfolk & Western Railway to Chris-
tiansburg, thence by stage to the springs, three and one-half miles
distant. ’ ‘

This popular resort situated on the summit of the Alle-
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ghanies, at an elevation of 2,000 feet, is one of the most attractive
of the Virginia Mountain Springs. The hotel, a fine modern
structure, equipped with all recent improvements, stands in exten-
sive grounds, shaded with virgin trees, and is delightfully cool in
the warmest weather.

The spring yields 180 gallons of water per hour, the com-
position of which is shown by the following analysis, by Prof.
William Gilham:

Class: Sulphated-saline. Calcic.

One United States gallon of 231 cubic inches contains:

Calcium carbonate .................. 8.64 grains.
Magnesium carbonate ................ 1.38 7
Iron carbonate ...................... 62 ”
Calcium sulphate .................... 63.30 ”
Magnesium sulphate ................ 2110”7
Aluminium sulphate ................. 318 7 -
Potassium sulphate ................. .10 "
Sodium sulphate .............. P 75 7
Iron Protoxide ..................... trace
Calcium phosphate .................. .01 ”
Magnesium phosphate .............. trace
Potassium chloride .................. .10 "
Sodium chloride ...................0. o7 7
Organic matter ..........coovveeenn. 373 7
10208 ”
Carbonic acid .........cooiviiiiin, 468 7
107.66 "

This water is highly recommended for a number of diseases.
In nervous affections it possesses strong sedative properties, and
its tonic influence in cases of general debility is well marked. It
is also used with good results in the treatment of chronic catarrh
of the stomach, and intestines, and in certain female disorders,
particularly aménorrheea and leucorrheea.

Used externally, good results ate produced in certain skin
diseases.
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Location:  Wolf Trap Station, on Southern Railway.

Halifax .County.

This water is obtained from a well seventy-four and one-

half feet deep, and has an extensive sale.

Its composition is shown by the following analySIS by

Prof. M. B. Hardin:

Class: Alkaline-carbonated. Lithic.

Nne United States gallon of 231 cubic inches contains:

Sodium carbonate ................
Lithium carbonate ...............
Ammonium carbonate ......... e

Calcium carbonate ............... :

Magnesium carbonate ............ )
Strontium carbonate .............
Iron carbonate ........ e
Manganese carbonate ..............
Copper carbonate ....... S
Sodium chloride .................
Sodium bromide .................
Sodium iodide ....................
Sodium nitrate ...................
Potassium sulphate ..............
Sodium sulphate .................
Aluminium phosphate ............
Silica tovriiiii e i
Barium carbonate ................
Zinc carbonate ...................
Magnesium borate ...............
Calcium fluoride .................

Titanic oxide .....................

Carbon dioxide associated with the
above carbonates in the so-called
bi-carbonates ...........00nuln

Gases:
Carbon dioxide, free ..............
Nitrogen ........ovvviniiveeeennn.
Oxygen ......... @ et

. ..trace
Organic matter (yielding ammonia) trace

20.66836

2

12.38 cubic inches.
" ’”

3.60
1.70

17.68

”

”

”

I
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