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VIRGINIA DEPARTMENT OF AGRICULTURE AND IuMMIGRATION,
Richmond, Virginie, July 6, 1905.

In the summer of 1904 arrangements were made by the Vir-
ginia Board of Agriculture and Immigration, and the Board of
Visitors of the Virginia Polytechnic Institute, for a Geological
Survey of the mineral resources of Virginia. In accordance with
this arrangement Dr. Thomas I.. Watson, Professor of Geology in
the Virginia Polytechnic Institute, was appointed Geologist in
Charge of the Survey. Dr. Watson entered at once upon a field
study of the Zinc and Lead Deposits of the State, devoting
the latter part of the field season of 1904 and a part of the spring
of 1905 to this problem. The field work was supplemented dur-
ing the winter of 1905 by a chemical and microscopical study of
the material collected during the summer and fall of 1904.

The results of this careful study of the zinc and lead deposits
of the State are embodied in the present report, which is pub-
lished as Volume I of the Geological Series of the Survey. The
increasing demand for information on the zine ores of Virginia
makes this report especially opportune at this time, and it has heen
prepared to meet the needs of those seeking information on the
Virginia deposits.

Committee of Publication:
J. M. McBRrYDE,
Member of Board of Agriculture and Immigration.
G. W. KoINER,
Commissioner of Agriculture and Immigration.

LETTER OF TRANSMITTAL

To the Members of the Virginia Board of Agriculture and Immi-
gration and the Board of Visitors of the Virginia Polytechnic
Institute

GENTLEMEN—I have the honor to submit herewith a report on
the Zinc and Lead Deposits of Virginia, and to request that it be
published as Volume I of the Geological Series of the Virginia

Survey. Respectfully,

' TrOMAS L. WATSON,
Geologist-in-Charge.
Blacksburg, Va., July 6, 1905.
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INTRODUCTION

This report forms the first one of a series to be published on the
geology of the mineral resources of Virginia.. At present, field
work is in progress on the following subjects, which as soon as com-
pleted separate reports will be published on them: Water Powers,
Brown Iron Ores, Clays and Clay Industry, Cement Materials and
Industry, and Building Stones. This report is based on the results
of a field study of the lead and zinc region of Virginia, during the
months of August and September of 1904, and a part of the spring
of 1905. All the known deposits of these two metals in the State

- were visited and the district as a whole was studied as carefully as

the time permitted. Specimens of the ores and the associated
rocks ‘were collected and studied both chemically and microscop-
ically in the laboratory, and a large amount of chemical data in
the form of analyses is incorporated. ‘ ‘
Because of the active interest which is being manifested in th
zine deposits of Virginia, this report is published with the hope that
it will be of service to those who may be engaged in the exploration
for zine, or who may be interested in the material development of
that part of the State in which the deposits are found.
Establishment of the Survey and Acknowledgments.—At & meet~
ing of the State Board of Agriculture held in Richmond the early
part of August, 1904, an appropriation was voted for the purpose
of making a geological survey of the mineral resources of Virginia.
In order to further expedite this very important work and to in-
crease the facilities for conducting it, the Board of Visitors of the
Virginia Polytechnic Institute set apart the necessary laboratory
space and equipment for adequately conducting the laboratory
study, chemical and microscopical, of all material collected by the
geologists in their field study of the various problems. The Pro-
fessor in charge of the Department of Geology and Mineralogy in
the Virginia Polytechnic Institute was appointed Geologist in
charge of the Survey. The Survey is, therefore, under the direct
supervision of the State Board of Agriculture and the Virginia

~ Polytechnic Institute. The importance of such work to the State
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of Virginia cannot be over-estimated, and too much credit cannot
be accorded -thé gentlemen composing the. two Boards for their
action and recognition of a work which has been so greatly needed
and yet entirely heglected by the State since the Rogers Survey from
the years 1835-1841 inclusive.

To the gentlemen composing these twoBoards the writer wishes to
make very grateful acknowledgment for making the work possible.
To the President of the Virginia Polytechnic Institute, Dr. J. M.
McBryde, the writer owes more than he can acknowledge, for to
him more than to any single individual is due whatever of value
there may be in this report. He has had the counsel and guidance
of Dr. MeBryde throughout the work, which he most gratefully
acknowledges. - In the spring of 1905 the writer had the pleasure
of visiting the Virginia-Tennessee lead and zinc region in company
with Mr. H. Foster Bain of the U. 8. Geological Survey, to whom
he is indebted for many helpful suggestions. Kspecially indebted
is he to Mr. Bain for the half-tone illustrations used in this report,
from photographs taken on our visit over the area during the spring
of 1905. ,

To Dr. W. E. Barlow, Mr. J. R. Eoff, Jr., and Mr.J. 1. Gibboney,
the writer is indebted for the many accurate chemical analyses used
in this report. '

The cordial interest shown in the work by the people of the lead
and zinc district, and their willingness to codperate in any way what-
soever, have been constant sources of encouragement and help to the
writer. To name all of these would make too long a list, but to Mr.
C. M. Hicks of Austinville, and Mr. J. D. James of Pulaski, the
writer is especially indebted for many courtesies.

HISTORICAL

The lead and zinec mines of Virginia may be grouped into two
divisions: (1) Those of Southwest Virginia, limited to the Great
Valley region; and (2) those of the Crystalline belt or Piedmont

region, east of the Blue Ridge mountains, Barring the slight pro-

duction of these ores from the Faber mine in Albemarle county,
near the western margin of the Crystalline area, practically the
total production of these ores in Virginia has come from the South-
west Virginia area.

The first authentic records of Jead mining in Vlrgmla seems to
date back more than 150 years, and the Austinville mines in Wythe
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county, Southwest Virginia, were the site of the first work. Surface
exposures of the ore in the limestone. decay led to the discovery of
the metal in this locality. Who the first discoverer was the writer
has been unable to find out. Colonel Chiswell, a native of Wales
and one of the earlier adventurers in Southwest Virginia, appears
to have been one of the first operators of the Austinville mines.
His operations at Austinville commenced in the year 1750 and
closed shortly after the beginning of the Revolutionary War in the
year 1776, covering a period of about 25 years. From that time to
the present day mining has been carried on almost continuously in
the Virginia area.

Systematic mining in the Wythe county area dates back about 75
years. At that time the larger portion of the lead produced by the
Wythe county mines is reported to have been hauled in wagons to
Baltimore, Maryland, a distance of several hundred. miles. In the
year 1843 the Wythe Lead Mines Company, which had acquired
possession of the Austinville mines, commenced the manufacture
of shot. For many years thereafter much of the lead produced
from these mines was made into shot of very excellent quality and
an air-shaft, 262 feet deep, was utilized as the shot tower.

For a long period of years after the Virginia mines had been
operated, the zinc ores were either unrecognized, or, if recognized,
they were regarded as of little value. Hence, the early work was
confined exclusively to that of mining lead and the leaving behind
of the zinc ores. The mining of zine ores in this region dates back
to the year 1879, when the Bertha mines were first opened and a
small shipment of the ore was made to Providence, Rhode Island.
Since that time the production of zinc ores has increased and that of
lead ores has proportionately decreased until, for some vears, the
Virginia mines have heen more important as a source of zine than
of lead.

Much if not most of the ores yielding the lead made into bullets
for use by the Confederate soldiers in the Civil War was produced
by the Virginia mines, principally those of Wythe county, with
some from the mines near Faber, in Albemarle county. Ore was
first discovered on the property near Faber, in Albemarle county, in
the year 1869. '

The ores mined are calamine, hydrous silicate of zinc; smith-

! For a more complete historical deseription of the Wythe and Albemarle county
lead and zine mines see pages 56-57 and 68-71 of this volume.



16 LEAD AND ZINC DEPOSITS OF VIRGINIA

sonite, carbonate of zinc; sphalerite, sulphide of zine; galvena,
sulphide of lead ; and cerussite, carbonate of lead. In order of pro-
duction. calamine and smithsonite have been the most important
ores of zine, and sphalerite of less importance. In the future,
however, sphalerite will undoubtedly form the important source
of zine from the Virginia mines.

PREVIOUS WORK

No systematic report treating of the zinc and lead deposits of
Virginia as a whole has been published. Numerous papers, usually
brief in character, have been published from time to time by various
writers on individual mines, particularly those of Wythe county,
which treat more especially of the economic and engineering phases
of the properties than of the geology. There are, however, several
noteworthy exceptions to this of papers published in which much
geological information that is of value has been developed.

Numerous papers have been published on the geology of South-

west Virginia, but with several exceptions these do not bear directly
on the geology of the immediate localities of the zinc and lead de-
posits and, therefore, are not noted in the bibliographical list -ap-~
pended below. '

Tour of the folios of the Geologic Atlas of the United States,
published by the United States Geological Survey, have been com-
pleted for parts of Southwest Virginia; and they include areas in
part over which some prospecting for zinc and Jead has been done.
These are the Pocahontas, Tazewell, Bristol and Hstillville folios.
They contain topographic sheets,areal and economic geologic sheets,
and structure sections of the areas studied, with descriptive text.”
The folios do not cover, however, any portion of the present pro-
ductive area of the zinc and lead deposits in Virginia

BIBLIOGRAPHY
The list which follows below includes all titles of the principal
papers published relating to the zinc and lead deposits of Virginia.

Boyd, Chas. R., The Wythe Tead and Zinc Mines, Virginia. Engi-
neering and Mining Journal, 1893, Vol. 55, pp. 561-562, 566.

2These folios may be obtained from the Director of the U. 8. Geological Survey
‘Washington, D. C. The price is 25 cents each.. S
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USES OF ZINC

Zine has a bluish-white color when pure, and a specific gravity of
6.86 to 7.3. At the ordinary temperature zine is quite brittle.
Between temperatures of 100° and 150°C. it can be rolled into thin
sheets, but above 200°C. it becomes brittle again. It melts at a
low temperature, 412° to 434°C., and it boils at a temperature of
1040°C. When heated in the air it burns with a bluish flame, form-
ing zinc oxide. Zinc alloys readily with the common metals, form-
ing with copper a number of alloys known as brass.
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The use of zinc in the arts and its production on a commercial
basis is of comparatively recent date.® Zinc was first manufactured
in America at the Government Arsenal in Washington about 1838.
However, the putting into practice the principle upon which the
modern process of zinc smelting is based, was discovered in Silesia
in 1799, or thereabouts.* In America oxide works were established
in 1851, although the regular manufacture of spelter did not begin
until later, 1858-1860.5 In 1903, 59,562 short tons of zinc oxide
and 159,219 tons of spelter were manufactured.® In 1904, the
production of spelter amounted to 186,702 short tons.*

Zinc is used for a great variety of purposes. The Mineral Indus-
try for 1899, Volume VIII, estimated that of the spelter consumed
in the United States in 1899, 50 per cent. was used in galvanizing;
15 per cent. in brass making; 20 per cent. in the form of sheet;
and 15 per cent. for other purposes which included a great variety
of minor uses. It will be observed from this that the most im-
portant use for spelter is in galvanizing.

Zinc oxide, commercially known as zinc white, is made from the
spelter in Europe ; but.in the United States it is made directly from
the ore. At Austinville, in Wythe county, Virginia, the lower
grade ores are being used in making zine oxide, and the oxide is
charged in the furnaces at Pulaski for making spelter. Zine oxide
or zinc white, is used chiefly as a pigment, either alone or mixed
with white lead or barytes. It is also used less extensively in the
manufacture of rubber goods.

The higher grade of Virginia spelter, made by the Bertha Mineral
Company, at Pulaski, Virginia, is sold largely abroad for use in
government work, for use in bronzes and brasses, and for friction
metal. The lower grade spelter is used chiefly for galvanizing,
although for some uses in galvanizing the higher grade has distinct
advantages over the lower grade; such as for galvanizing telephone
wire, which will admit of more bending when coated with the
higher grade metal than when the lower grade is used.

3Ingalls, W. R., Production of Zine, 1902, pp. 1-6.
tIngalls, W. R., Op. Cit. p. 4.
5Ingalls, W. R., Op. Cit. p. 14,

6§ Kirchoff, Charles, Quoted by H. ¥. Bain in Bulletin No. 246, 0. B, Geologlcal
Survey, 1905, p. 12,

* Mining Magazine, 1905, Vol, X1, p.771.
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PRODUCTION

The production of zine in Virginia properly dates back to the
very beginning of the mining of the ores in the State in 1879, when
the Bertha mines were first opened. Mining of the ores in Virginia
has continued from that date to the present, the output being
greater in some years than in others. It is impossible, however, to
give accurate figures for either the total production, or the produc-
tion by years for any period of consecutive years, of the Virginia
mines. The years for which statistics of zinc ore production in
the Southeastern United States are available, the production in
Virginia is combined with that of Tennessee and the two States are
rated together as one area. The Mineral Industry, Volume 1T,
gives the annual production of zinc ore in Virginia and Tennessee
from 1887 to 1893 as follows:

Years Tons (2000 1bs.)
18T e e e 8,420
1888 Lttt 11,500
188D oottt 12,906
1890 © ittt 14,969
180 e 20,286
1892 L 20,295
1898 L. 21,000

The same authority statcs that Tennessee produced 3,799 tons of
blende, zinc sulphide, in 1899, and 3,968 tons in 1900. There are
no recent statistics of the production in Virginia, but the annual
output from the Virginia mines from 1894 fo 1903 inclusive,
would probably not exceed 15,000 tons. Practically the entire pro-
duction from the Virginia mines, from the beginning in 1879 to the
present time, March 1905, consisted of the soft ores, carbonate,
smithsonite; and silicate, calamine, largely the latter, assaying
about 40 per cent. metallic zinc.

In 1893, the Bertha mine alone, in Wythe county, Virginia, was
producing 200 tons of ore per day, hoisted from 17 shafts, with a
working force of 300 men.” 'This mine was reported at that time
as yielding 12,000 to 15,000 tons of unwashed ore to the acre, and
the ground was reported as being worked over at the rate of from
three to four acres per year. The zinc ores are now regarded as
having been practically exhausted at the Bertha mine, and the

7Moxham, E. ., Engr. and Ming. Jour. 1893, Vol. LVI., p. 54.
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mine is being worked at present for brown iron ore. Working out
of the ore at Bertha has been followed by a decrease in production
of zine ores in Virginia. This condition has been productive of

more systematic search than formerly for new deposits of zinc ore
over the Virginia district, and at present much prospecting is in

progress over parts of Southwest Virginia. Recent exploitation has

by no means been in vain; and while the development work has

not been carried far enough in some places, it has in others, and it

is believed that in the future the production will entirely equal if

not exceed that of former years. However, the main production in

the future will be of original sulphide ores, blende, and not, as in the

past, of soft ores, silicate and carbonate.

THE GEOGRAPHICAL AND GEOLOGICAL DISTRIBUTION OF
THE LEAD AND ZINC DEPOSITS

Geographical Distribution.—Excepting the single deposit in the
extreme southwestern part of Albemarle county, the known work-
able deposits of lead and zine in Virginia are limited to the Great
Valley province west of the Blue Ridge. This province crosses the
State in a general northeast-southwest direction. All mining and
prospecting for lead and zinc ores in the Valley province have been
confined to its southwestern half, extending from and including
Roanoke county on the northeast, to and including Scott county on
the-southwest. Ores both of lead and zinc are known to occur
either sparingly or in quantity in the following southwestern coun-
ties of the State: Roanoke, Montgomery, Pulaski, Wythe, Smyth,
Bland, Tazewell, Russell and Scott. Of this number, only one
county, Wythe, has shown as yet producing mines. More or less
prospecting has been attempted, however, in a majority of the coun-
* ties named, and very small amounts of the ores have been mined in
a number of them. At present prospecting is in progress in the
southwest corner of Wythe county at Cedar Springs, and ten miles
west at Rye Valley in Smyth county. The conditions are very en-
couraging at both localities. ‘

It can be definitely stated that perhaps in a majority of the
localities where lead and zinc ores have been noted in the counties
of Southwest Virginia, the occurrence of these amounts to scarcely
more than a trace, and that workable deposits of them do not occur.
In a number of localities, however, indications appear favorable to
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the existence of workable deposits of the ores, though developments
are lackng upon which to base a definite statement. '

Sparing amounts of lead sulphide, galenite, are known to occur
in many of the counties in the Piedmont region of Virginia east of
the Blue Ridge, more especially in association with the ores in some
of the gold and copper mines. ~Possibly with one or two exceptions,
workable quantities of lead ore do mot occur over this area of the
State. Thus far Albemarle county furnishes the only locality in
the Piedmont region where lead and zinc have been mined. A
description of the Albemarle mine is given on pages 56-67 of this
report.

Geological Distribution.—The occurrence of zinc and lead ores in
Southwest Virginia is limited to the magnesian limestone of Cam- '
bro-Ordovician age, known as the Shenandoah limestone. As else-
where shown in this report the Shenandoah limestone is the equiva-
lent of the Valley limestone or formation No. IT of Professor Wm.
B. Rogers. The known workable deposits of zinc and lead ores
occur near the eastern side of the Valley, though several promising
prospects are opened mnear the western side. Vertically they are
found in the limestone from near the bottom to the top. Iead
and zine ores have been reported from a limestone in Southwest
Virginia of Lower Helderberg, Lewistown, age, but this needs
further study and confirmation.

Where observed, the occurrence of lead and zinc ores over the
Piedmont region, is in micaceous schists of different mineralogical
types. The exact age relations of which have not yet been deter-
mined, but were grouped by the older geologists as Archaean.

ASSOCIATION OF THE LEAD AND ZINC ORES

As a rule, the ores of lead and zinc are intimately associated over
the Virginia area; where the ores of zinc occur those of lead are
likely to be intermingled in more or less quantity with the former.
This is naturally what would be expected, but the zine ores are the
dominant ones in the Virginia localities. Not in a single instance
where developments have been at all extensive do ores of lead occur
in quantity sufficient to justify the working of them alone. On
the contrary the properties have proved to be, in each case, zinc
properties with more or less of the lead ores intimately associated
with those of zine. The two mines which practically produced all
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the lead mined in the State when first opened, the Austinville mines
in Wythe county and the Faber mines in Albemarle county, have
proved on depth to be zinc properties. Lead ores are still found in
the mines of these two counties but the dominant ores are zinc.

GENERAL GEOLOGY
~ Physiography

The Virginia lead and zinec deposits are, with one exception, lim-
ited entirely to the Great Appalachian Valley of Southwest Virginia,
which is bounded on the southeast and northwest, respectively, by
the Blue Ridge and the Cumberland Plateaus. The Appalachian
Valley forms a long, narrow belt, whose general surface is depressed
below that of the highlands on either side. It has a general north-
east-southwest trend which conforms to the structural axes of the
Appalachians. It is not a simple valley, but is a structural belt of
marked irregularities, composed of successively smaller valleys
separated by moderately high and fairly steep-sided ridges, which
in many places present a relief of as much as a thousand feet and
more. When studied in detail the general surface of the Valley
is very different in different localities. In places the surface relief
is not great, while over much of the belt the surface is rougher and
in places is so rough and broken that it is difficult to cross.

The Valley shows a gradual increase in altitude of 2000 feet at
the Tennessee-Virginia line to 2500 or 2700 feet at its highest point
on the divide between the New and Tennessee rivers. From this
point it descends to 2200 feet in the valley of New river to 1000 or
1500 feet in the James river valley.

The Valley occupies a belt of intensely folded strata, which in
many cases have been broken across and thrust for considerable
distances out of their original position. It owes its characteristic
features directly to the structure and character of the rocks. The
valleys are usnally deep and narrow and have been determined by
the soft and weaker underlying shales and limestones. The form
and altitude of the ridges are determined by the character of the
rock and the position of the strata composing them. In other
words the lines of drainage over the region are well adjusted to the
rock structure. The sireams have established their courses largely
on the soft rocks, shale and limestone, which form the valleys, and
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they have avoided the harder and more resistant rocks such as sand-
stone and quartzite, which are ridge forming.

The Appalachian Valley has been a land area since early Mesozoic
time. During this time the region has not remained stationary
with respect to sea level, but field evidence indicates several periods
of uplift followed by intervals of quiescence. - Fach period of eleva-
tion caused increased activity to the streams and to the atmospheric
agents in general, which resulted in the lowering or down-wearing
of the surface. The periods of quiescence which followed each up-
lift, were sufficiently long to enable the streams to establish a system
of base-levels over the entire region ; and the region was also station-
ary for a time sufficient to admit of the interstream areas being
lowered.to an approximately uniform level. The harder and more
resistant rocks, such as sandstone and quartzite, were never entirely
reduced, but they mark partially unreduced residuals which stand
in relief above the general level of the erosion plane.

Accordingly, evidence favoring several periods of base-leveling
and planation is recorded over the Virginia area. The oldest and
most extensive peneplain was probably formed in Cretaceous time.
The surface of the Cretaceous peneplain is believed to be marked by

- portions of the crestline of Cove, Little Walker, Big Walker, Rich,

and East River mountains over the central and western parts of
the Southwest Virginia Valley region. The period of quiescence
which resulted in the formation of the Cretaceous peneplain, was
interrupted by a gradual uplift which raised the surface much above
its former position. This elevation was not equal over all parts of
the region and the plain was warped by differential uplift. Follow-
ing this period of uplift were periods of quiescence of shorter dura-
tion, which resulted in the formation of other peneplains during the
Eocene and Neocene periods. More recently the region has again
been elevated and the major sireams have cut down their valleys
nearly or quite to base-level.

Drainage—The Appalachian Valley region of Southwest Vir-
ginia is included mostly within the basins of the New and
Holston rivers, and is drained by them and their tributaries.
A part of the eastern portion of the region is within the basin of
Roanoke river and is drained by its tributaries. The southwestern
part of the Valley, in Virginia, is drained by Powell, Clinch, and
Holston rivers and their tributaries, which flow in prevailing
southwesterly courses. New river crosses the Valley region in a
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general north-south -direction and has cut across theé numerous
ridges forming deep and narrow V-shaped gorges. Its tributaries,
which enter from the east and west sides, flow in many cases for
long distances, approximately along the strike of the rocks. In
many instances, however, the tributaries have turned and cut across
a bounding ridge to again take up its course along the strike of the
rocks on the opposite side of the ridge. The Roanoke river, formed
by several branches which head in the Valley region, flows south-
eastward across the Piedmont and Costal Plain regions of Virginia
and North Carolina into the Atlantic ocean.

Stratagraphy

The rocks included within the limits of the zinc and lead area of
Southwest Virginia range from Lower Cambrian to Carboniferous
in age. They are, without exception, of sedimentary origin. They
include shales, sandstones, conglomerates and limestones presenting
considerable variety in composition and appearance. They have
been subjected to the action of more or less intense metamorphism
and in consequence are considerably changed, as a rule, both litho-
logically and structurally.

Excepting the Albemarle Zinc and Lead mine at Faber’s station,

in Albemarle county, the known workable deposits of these metals

in Virginia are confined to the Shenandoah limestone, which is
shown below to be of Cambro-Ordovician age. Description, there-
fore, of the rocks belonging to the Devonian and Carboniferous

strata are omitted, and only description of the Shenandoah lime-

stone and the formation next above and below the limestone is

given,

The Eussell Formation.—This formation, consisting usually of

alternating shales and thin beds of limestone, with, in places, thin

sandstones, was named by Campbell® for Russell county, Virginia,
where large areas of it are exposed with its characteristic fauna.

In the Russell county area the rocks belonging to this formation
<contain the Olenellus fauna, and consequently are of Lower Cam-

brian age. The probable correlative of this formation further east
in Montgomery and Pulaski counties is designated by Campbell®

the Graysonton formation. Campbell remarks on the unfossilifer-

8 Campbell, M. R., Geologic Atlas of the U. S. Estillville Folio, Kentucky-Vir
gmia—Tennessee, U. 8. Geol. Survey, 1894,
~ 9Campbell, M. R., Paleozoic Overlaps in Montgomery and Pulaskl Counties, Vir-
ginia, ;Bulletin, Geol. Soc. Amer, 1894, Vol. V, p. 175.
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ous character of the Graysonton formation, but from its relations to
the overlying Shenandoah limestone concludes that it is probably
of Middle or Lower Cambrian age. The Russell formation can,
perhaps, be further correlated as the probable equivalent of the
upper part of Rogers'® formation No. 1, or Potsdam.

Where stratigraphic breaks do not disturb the sequence of the
rocks over the area comprising the zinc and lead deposits of the
State, an unknown thickness of red, green and gray shales, and
interbedded thin limestones, lies immediately beneath the Shenan-
doah limestone in apparent conformity with it. The thin beds of
limestone are usually impure, more or less siliceous. The shales
are both siliceous and argillaceous, rarely entirely free from carbon-
ates. As a rule, the formation affords conclusive evidence of much
disturbance, being considerably crushed, crumpled and folded.. No
reliable estimate of its thickness could be made at any point within
the area.

The general character of the shales and of the interbedded lime-
stone of the Russell formation over parts of the zinc and lead area
is indicated in the following chemical analyses:

I 11 I

Silica (Si0)ccveevarrnrererneeinennns 62.29  54.95  42.62
Titanium oxide (TiOz)..cecevinnentnn 1.19 .48 undet.
Alumina (ALOg)eeevvuieneicneninnnss 17.85  21.41 22.45
Iron oxide (Fe,Og).cvuvvennnnniiuenens 4.73 5.00 4.22
Manganese oxide (MnO).............. .13 .21 trace
Magnesia (MgO)ieaaveneennennnann .92 —_ 0.92
Lime (Ca0)ev.vvrniirrnreaenecnennn .34 .23 1197
Soda (Na,0)evvvrenvnanennneenniarnn . 0.35
Potash (K;0) . vvvriiniinnnannneinnn, 2.26
Water (HyO)vovvrnriiiiiieneninnnens 4.25
Carbon dioxide (COp)..vuvevneriavnn 10.20
T R 99.24

1. Thinly laminated purplish red shale; fine textured; somewhat siliceous;
closely jointed and interbedded with shaley limestone, One-half mile
south of Delton, in a shallow cut along the zinc mines railroad, Wythe
county, Virginia. Thomas L. Watson, analyst. i

II. Thinly laminated purplish red shale; fine textured; closely jointed and
penetrated by knife-edge stringers of white calcite. Wertz property, two-
and three-quarter miles 8. 55° W. from Roanoke city, Roanoke county,,
Virginia. Thomas L. Watson, analyst.

III. Shaley limestone. Bluish (slate) gray and thinly laminated. East limits
of Roanoke city, Roanoke county, Virginia. Dr. W. E. Barlow, analyst.

10 Rogers, Wm. B., Reprint of the Geology of the Virginias, 1884, p. 208 et seq.
11 Total insoluble residue is 69.19 per cent. in 1:1 HCL
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The Shenandoah Limestone.—This is the principal zinc and lead
ore-bearing formation in Southwest Virginia. The name Shenan-
doah was proposed by Darton'? in 1892 for the limestone of the
Shenandoah valley of Northern Virginia, where it outerops over
extensive areas. It forms the great Cumberland, Shenandoah and
East Tennessee valleys. The formation was first described as
such by Darton'® in the vicinity of Staunton, Virginia. This lime-
stone was called by Rogers** the Valley limestone, and has been
correlated with the Knox dolomite of Eastern Tennessee. As shown
by Campbell,** however, the Knox dolomite represents but a part of
the Shenandoah limestone in Southwest Virginia, the latter lime-
stone including all of the Knox formation and at least 1500 feet of
Cambrian strata beneath it.

Where exposed the lower portion of the Shenandoah formation
is usually unfossiliferous but it is probably of Cambrian age, while
the upper portion is fossiliferous in many places and is certainly of
Ordovician age. In the eastern slaty beds of the Shenandoah lime-
stone, near Natural Bridge, fossils have been found and determined
which indicate Middle Cambrian age for the lower portions of the
Shenandoah limestone.!* In 1892 additional fossils were found
which are of Cambrian age.” The line of division between the
Cambrian and Ordovician apparently is not indicated by any
physical break in the limestone and the formation is regarded there- -
fore as a lithologic unit of Cambro-Ordovician age.

The eastern portion of the Staunton quadrangle, as mapped by
Darton, is underlaid by the Shenandoah limestone, which comprises
several members. The lowest of these is described as a thick series
of dark magnesian limestone, grading upward into a series of
‘lighter colored beds, which contain nodules and layers of chert
irregularly distributed. The upper member of the limestone is
described as a purer and more thickly bedded formation, having a
thickness of from 200 to 350 feet and very fossiliferous.'® Accord-
ing to Campbell?® there appears to be no way of distinguishing the

12 Darton, N, H., American Geologist, Vol. X, p. 13.
13Ibid.
14 Rz(igers, ‘Wm. B., Reprint of the Geology of the Virginias, 1884, .pp. 169-173, 209-

15 Campbell, M. R., Geologic Atlas of the U. S. Pocahontas Folio, U. 8. Geol. Sur-
vey, 1896,

18 Walcott, C. D., Amer, Journal of Science, July 1892, p. 53.

17 Waleott, C. D., Ibid. December 1892, p. 478.

18 Darton, N. H., Geologic Atlas of the U. 8. Staunton Folio, U. S. Geol. Survey,
1896.

1% Campbell, M. R., 1bid. Bristol Folio, U. 8. Geol. Survey, 1899, p. 8.
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top from the bottom of the Shenandoah limestone where exposed in
the Bristol quadrangle.

In certain localities in Southwest Virginia the extreme top of the

Shenandoah limestone is distinguished by a few feet of a dark blue, -

sparingly fossiliferous limestone. In other localities, notably in
the vicinity of the city of Radford along New river in Montgomery
and Pulaski counties, the top of the formation is marked by heavy
beds of a limestone conglomerate, the exact significance of which
has not been fully determined. Campbell is of the opinion that
the presence of the conglomerate indicates the existence of overlaps
in early Paleozoic time, “probably during the deposition of the
Shenandoah limestone itself.”2® The lower or basal portlon of the
Shenandoah limestone is somewhat shaley in places.

Throughout the zinc and lead area of Southwest Vlrglma the
Shenandoah limestone shows considerable variation in character; it
usually contains much chert in the form of nodules and layers.
The chert as a rule is not regularly distributed through the lime-
stone, and in some beds it is entirely absent. It shows much varia-
tion in color and texture, varying fromvery dark,nearly black to very
light in color ; from compact texture and typically banded to porous
or spongy and oflitic masses without banding, the cavities of which

“are frequently lined with a quartz druse. Over the Southwest Vir-

ginia area the chert is more abundant in some beds of the limestone
formation than in others, and to this extent it can probably be re-
lied on as a criterion for subdividing the formation. The limestone
is very much folded and crushed, and is usually interlaced by in-
numerable vein-like lines and knife-edge stringers of white crystal-
lized calcite and dolomite, which recement the limestone fragments.
Except in certain places in the limestone, the filling of caleite and
dolomite more nearly simulate veins, but along the fault directions
particularly, the rock has been frequently crushed and broken into
smaller masses and fragments and recemented by the filling of cal-
cite and dolomite which form a typieal limestone breccia. It varies
from a fine granular, dark blue, nearly black, rock to a fine and
fairly coarse crystalline, light gray, nearly white limestone. In
places, there appear occasional bands of a homogeneous, compact
and dense textured, light gray limestone within the formation,
which doubtless would prove to be a fair grade of lithographie

20 Campbell, M. R., Paleozoic Overlapsin Montgomery and Pulagki Courities, Vir-
ginia. Bulletin, Geol. Soc. Amer,, 1894,
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limestone. The formation is still marked in other places by bands
or streaks of a nearly pure limestone, well suited to the making of
lime, for which it has been quarried at a number of points. The
Shenandoah limestone, however, is generally a heavy bedded, dark
blue to gray, dolomite, with an estimated thickness of not less than

4000 feet.

The following‘ chemical analyses serve to

indicate the general

character of the Shenandoah limestone over Southwest Virginia :

: I II III Iv v
Insoluble residue................. 290"  0.594 0.45 020 ——
Silica (SiO0g).vveveinvnniinnnnn.. trace .073  trace  trace 7.37
Titanium oxide (TiO,)............ none none  none none .09
Alumina (ALOy).....vouvven..n.. 0.43 0344 024 0.37 1.92
Ferric oxide (Fe,05)..0vvvn... ... 0.94 0.19 0.17 0.22 0.29-
Ferrous oxide (FeO)............., 0.63
Manganese oxide (MnO).......... none  0.193 (.37 trace  none
Lime (CaO).....oovvnn ool 30.06  29.085 29.50 30.71  28.3%
Magnesia (MgO).................. 18.41 20.54 19.93 21.56  18.30:
Baryta (BaO).................... none none ' trace none —_
Potash (K,0)......viiuiiiiL 0.24 022 0.56 0.12 1.09
%Sda (N%O(;. P LARALITIIL 0.21 0.38 1.08 0.10 Ogg
ater — L eeiniennen g .09-
Water (BLO) 100°C+ f L0000 830 258 373 392 GO0
Carbon dioxide (COy)..0vuunnn.... 43.98 4540 44.01 43.88  41.85
Phosphorus pentoxide (P0;)...... none. - none  none  none 0.03.
Sulphuric anhydride (80,)........ none  none  none none
Total......ivivevnvininnnn.n, 100.47  99.599 99.99  101.08 100.63:

I. Limestone. Massive grayish black fine granular, crushed and recemented

Martin property, two and three-
quarter miles southwest of Roanoke city, Roanoke county, Virginia. Dr.

with stringers of pure white calcite.

W. E. Barlow, analyst.

II.-Limestone. Grayish white and moderately coarse crystalline.
mens taken from the 190-foot level in the Austinville zinc and lead
mines, Wythe county, Virginia. Dr. W, E. Barlow, analyst.

III. Limestone. White, coarsely crystalline, and crushed. Specimens taken
from the 80-foot level at bottom of open cut, in the Austinville zinc and:

lead mines, Wythe county, Virginia.

Dr. W. E. Barlow, analyst.

Speci-

IV. Limestone. White and medium crystalline. Specimens taken from the-
80-foot level at bottom of open cut, in the Austinville zine and lead mines,
Wythe county, Virginia. Dr. W. E. Barlow, analyst.

V. Limestone. Staunton, Augusta county, Virginia.
lyst. Bulletin, U. 8. Geological Survey, No, 228, p. 306.

George Steiger, ana-

AThe residue consisted of1.39 per cent. of sand and cla

ter lost on ignition—apparently earbon.

y and 1.51 per cent. of mat-
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Partial analyses of specimens of the Shenandoah limestone col-
lected from other lead and zinc openings in Wythe, Smyth and
Russell counties, Virginia, are given elsewhere in this report in the
description of properties under the above named counties, which
may be compared with the analyses given above.

The Chickamauga Limestone and Martinsburg Shale. — The
Chickamauga limestone is named from Chickamauga creek in Walk-
er and Catoosa counties, Georgia, where the rocks of this formation
seem best developed. Over parts of the Georgia area, especially
in Polk county, this formation includes a considerable thickness of
slate overlying the limestone, and designated by Hayes as the Rock-
mart slate. Hayes correlates the formation in the Georgia area
with the Trenton, Chazy or Maclurea of Smith and Safford.” To
this Spencer?® adds the Hudson. In Virginia, Campbell®* states
that the Chickamauga limestone is probably equivalent to the base
of Rogers’ No. I11.

Over Southwest Virginia where the rock sequence is normal, the
Shenandoah limestone is overlaid by a blue flaggy, fossiliferous
limestone, which is heavier bedded toward the base and 1s designated
the Chickamauga limestone. Its basal portion is usually character-
ized by a heavy blue bed carrying much black chert, which serves to
fix the houndary of this with the underlying formation in many
places. The Shenandoah limestone is usually characterized as an
impure gray magnesian limestone, which at times will serve in a
general way to separafe it from the fossiliferous blue beds of the
overlying Chickamauga limestone.

The average thickness of the Chickamauga limestone for South-
west Virginia is probably less'than 1000 feet. Like the shale for-
mation (Russell) underlying the Shenandoah limestone, the, Chick-
amauga limestone has no value as a zine and lead-bearing forma-
tion in Virginia.

In the vicinity of Staunton, Virginia, and to the north near Mar-
tinsburg, West Virginia, in the Great Valley, the Chickamauga
limestone is lacking and the Shenandoah limestone passes upward
into a series of shales, for which Darton® proposed the name Mar-

2 Hayes, C. W., The OverthrustFaults of the Southern Appalachians. Bulle-
tin, Geol, Soc. Amer., 1881, Vol. II,p. 143.

2 Spencer, J. W., The Paleozoic Group. Geol. Survey of Georgia, 1893, p. 45.

26 Campbell, M. R., Geol. Atlas of the U. 8. Pocahontas Folio, U. 8, Geol, Sur-
vey, 1896. i

2% American Geologist, Vol, X, p. 13.
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tinsburg shale. Prosser® correlates the Martinsburg shale with the
Utica and Hudson shales of the Mohawk Valley in New York.

Structure

The rocks of the zinc and lead region of Southwest Virginia con-
sist entirely of sedimentary deposits laid down during the Paleozoic
era. No igneous rocks are known to be exposed at present anywhere
within the region. When originally laid down on the sea bottom
these rocks must have preserved an approximately horizontal posi-
tion. Over most of the region, however, the original position of
the rocks has been profoundly disturbed. They have been intensely
folded and in many places broken by great faults, along which the
strata have moved to unknown distances.

Folds, prineipally of the anticlinal and synclinal types, are repre-
sented over the southwestern region, many of which are over-turned
and closed, while others are more gentle and open. The prevailing
trend of the folds is approximately northeast-southwest. The un-
symmetrical type of fold is the rule. To this extent, at least, the
folding harmonizes well with the normal Appalachian type in pre-
serving somewhat gentler dips on the southeast side, and corres-
pondingly steeper ones on the northwest.

The structure over much of the region is considerably compli-
cated, largely by reason of the frequency of profound faulting. In
many places the intense folding has been accompanied by faults of
great but unmeasured displacement. The faults are of the over-
thrust type with the fault-planes dipping southeast at varying
angles. In case of the major thrust faults an approximate general
parallelism in strike is ohserved along a northeast-southwest direc-
tion. Stated somewhat differently, the major thrust faults main-
tain parallelism to the lines of folding or to the main anticlinal
axes. [Exceptions are noted in the case of minor or cross faults in
which the direction of fault and strike is independent, and the
faults further bear apparently no relation to the folds. Both low
and steep dips are somewhat common to the fault-planes. A num-
ber of the major thrust faults are traceable for several hundred
miles in the direction of the strike. Minor faults characterize
many parts of the region.

2 Prosser, C. S.,' The Shenandoah Limestone and Martinsburg Shale, Jour, of
Geol. 1900, Vol. VIII, pp. 662-663.
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THE ORES AND ASSOCIATED MINERALS

The minerals of the lead and zinc region of Virginia are not
numerous as to species, but they are confined chiefly to a few of the
commoner forms. They may be divided with respect to the plain
of ground-water level into (a) the original sulphide forms, which
include sphalerite, galenite, pyrite, and scant chalcopyrite, found at
and below the level of ground-water; and (b) the secondary or
oxidized forms, which have been derived from the original sulphide
minerals and occur in the residual decay, clays, of the fresh rock.
The altered or oxidized minerals include smithsonite, calamine,
limonite, and cerussite. Some unaltered galenite is found in the
residual clays of some of the mines associated with the oxidized
mineral forms mentioned above. '

A number of minerals of the non-metallic type are found asso-
ciated with the metallic forms enumerated above. Named in the
order of their importance they are dolomite, calcite, fluorite, quartz
and barite. - None of these have any commercial value in their oc--
currence in the Virginia mines. Quartz in association with fluorite,
is only known in the Albemarle Zinc and Lead Mine, in Albemarle
county. Some calcite is also reported from this mine.. Fluorite
is the principal gangue mineral at the Albemarle Zine and Lead
Mine, and is also found at Cedar Springs in Wythe county; on the
MecCarter place in Rye Valley, Smyth county, and sparingly at two
other mines in the same county. Barite in association with the
lead and zine ores occurs at only two places in the State, namely,
the Bertha Zinc Mines, and the New River Mineral Company’s
Mines near Ivanhoe, Wythe county.

THE ORES
Lead Ores

(alenite—Also known as galena, lead sulphide; which when
pure it contains theoretically, 86.6 per cent. of metallic lead and
13.4 per cent. of sulphur. As a rule, however, such a high per-
centage of lead is rarely found in galenite, except in selected pieces.
Tn the Virginia mines galenite may occur both in the form of crys-
tals, usually cubes, rarely as cubo-octohedrons, and as granular and
massive granular.

(alenite occurs in many localities in the State, éspecially in as-
sociation with the zinc ores in the zinc mines; and with pyrite, gold
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and chalcopyrite in. some of the gold and copper mines. Other
occurrences of the mineral, not in association with the sulphide
minerals mentioned, have been noted in the limestone of a number
of counties in Southwest Virginia. In most of these localities the
galenite is present in scarcely more than traceable quantity and is,
of course, without commercial value. In a few of the localities the
mineral apparently. promises well and may prove to be present in
workable quantity. : «

Selected specimens of galenite collected by the writer from the
Austinville Zine and Lead Mines, Wythe county, Virginia, yielded
Mr. Jas. H. Gibboney the following results on analysis in the labo-
ratory of the Virginia Polytechnic Institute.2

Per Cent.
Lead (Pb)eceiiininiiieiniieiiillal, 73.89
/1T /) 9.31
Iron (Fe)..ooiiiiiiiiiiiiiiiiiiiinn, .22
Sulphur (8)..... iiiiiiiiiiiiiiinenn... 16.20
Silica (8i0)..c.ven... S e iseeriaereeaeas .54
Total ..ot e 100.16

Recalculating the analysis and proportioning the sulphur with
the percentage amounts of lead and zine found necessary to form
the sulphides of the two metals, according to the formulas, PbS
and ZnS, we get:

Per Cent.
Lead sulphide (PbS).......... 85.29
Zing sulphide (ZnS).......... 13.87 ‘
Iron (Fe)........ooiuuen... .22 Fe§, equivalent
Sulphur (S).cvviveeiiani.i. 24 0.46 per cent.
Bilica (8i0;) veeeenrvnnionin.. . .54
Totale.ovii it 100.16

~ Practically all of the lead produced in Virginia from the earliest
mining to the present time has been from lead ores, principally
galenite, associated with zinc ores in the zinc and lead mines of
Wythe and Albemarle counties. In the early mining at Austinville,
Wythe county, only the lead ores were removed and used, the zine
ores being discarded.

The galenite, lead sulphide, forms the original mineral from
which the oxidized lead ores were derived. Excepting the lead
carbonate, cerussite, found in largest quantity perhaps in the Austin-

27 Average of three analyses,
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ville mines, galenite is the only lead ore which occurs in sufficient
quantity to be mined.

Cerussite.—This is lead carbonate and it is also known as white
lead ore. It is a secondary mineral derived from the alteration of
galenite in the zone of oxidation. When chemiéally pure cerussite
contains 83.5 per cent. of metallic lead. It has been notéd in more
than a trace only at one locality in the State, namely, the old Wythe
Lead and Zinc Mines at Austinville, in Wythe county, where it is
not an altogether uncommon ore among the altered forms.

Tt occurs distributed through the residual clays of the limestone
as stringers and small irregular masses. The earthy form greatly
predominates. As such the clayey admixture is readily identified by
its weight, specific gravity. Crystals grouped in clusters and aggre-
gates of white and light grayish color, distributed through the
clay, are not uncommon. It further occurs as a white powder-like
coating on the crystals and masses of granular galenite.

Anglesite.—~Anglesite, the sulphate of lead, and a secondary
mineral derived from galenite, while sparingly present in some Jead
districts is, to the writer’s knowledge, unknown in the Virginia
mines.

Zince Ores

Sphalerite—Theoretically, sphalerite contains 67 per cent. of
metallic zinc and 33 per cent. of sulphur. Sphalerite is also known
as zin¢ blende, and by the miners it is commonly called “black
jack,” or simply “jack.” It is the most important ore over much
of the Virginia district; and it forms the original zinc mineral
from which the secondary zinc ores, concentrated above ground-
water level, have been derived. It is found usually below the level
of ground-water, and in some of the mines not yet worked to this
depth it has been found but sparingly; especially true is this of the
original Bertha mines in Wythe county.

In the Virginia mines, the sphalerite varies in color from yellow,
through brown to nearly black; the black color being due to im-
purities, particularly iron. In some of the larger mines, especially
the Austinville mines in Wythe county and the lead and zinc mines
near Faber’s station in Albemarle county, sphalerite is associated
with much galenite, lead sulphide, in places; some pyrite, iron
sulphlde and occasionally with very little chalecopyrite, copper-
iron sulphide.
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The occurrence of sphalerite in the Virginia mines is in the form
of disseminated grains, masses and stringers in the magnesian
limestone of the southwestern part of the State; and in similar form
but mostly as stringers in quartz-fluorite lenses intercalated in a
crinkled talcose schist in Albemarle county. - At Cedar Springs,
Wythe county, and Rye Valley, Smyth county, blende of exceptional
quality is found, as indicated in the analyses below. It is of yellow
color, massive in form with perfect cleavage, but not preserving out-
ward crystal form.

Sphalerite, as stated above, is rarely free from impurities, some
of which have an important bearing on the market value of the ore.
Chief among these impurities are probably lead and iron, for which
deductions in price of the ore are made should the amount of im-
purities exceed a certain percentage.

The following analyses made on selected pieces of 'sphalerite col-
lected by the writer from the Virginia mines in Albemarle, Wythe,
and Smyth counties, serve to indicate the general character of the
mineral :

, I 11 IIT v

Zine (Zn)......oiiiiiiiii, 65.01 66.76 66.94 62.11

- Sulphor (8)........... ... 31.93 33.44 33.26  34.45
Iron (Fe).......ooolivvaine... 1.94 .50 .30 3.44

- Lime (CaO)..ovvvviiinininnn .08 trace  trace .05
Magnesia (MgO)............... none trace trace  none
Silica (SiO).....ovvenenin..... .33 .10 .08 .26
Total..:..ooviiiiiiiniaaLL. 99.29 100.80 100.58  100.31
Zinc sulphide (ZnS)............ 96.94 - 99.56 99.86 = 92.70

I. Sphalerite collected by Thomas L. Watson from the Austinville Zinc and
Lead Mines, Wythe county, Virginia. Mr. Jas. H. Gibboney, analyst.

II. Sphalerite -collected by Thomas L. Watson from Cedar Springs, Wythe
county, Virginia. Mr. J. R. Eoff, Jr., analyst.

II. Sphalerite collected by Thomas L. Watson from the Scott Place, Rye Val-
ley, Smyth county, Virginia. . Mr. Jas. H. Gibboney, analyst.

IV. Sphalerite collected by Thomas L. Watson from the Albemarle Zinc and
Lead Mines near Faber, Albemarle county, Virginia. Mr. Jas, H. Gib-
boney, analyst.

Smithsonite.~—Smithsonite is the carbonate of zine, which theoret-
ically contains 64.8 per cent. of zinc oxide and 35.2 per cent. of
carbon dioxide. The equivalent of metallic zine in smithsonite

' is 52 per cent. when pure. The smithsonite of the Virginia ‘mines
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" is a secondary mineral formed by the alteration of sphalerite in
the belt of oxidation, probably in the following manner:
ZnS (sphalerite) by simple cxidation is changed to ZnSO, (zinc sulphate).

1f the zinc sulphate (ZnS0,) reacts on calcium carbonate (CaCO;), smithsonite
(ZnCOy) is produced.

One set of reactions is as follows:

ZnS -+ 40 = ZnSO, :
ZnS0, -+ CaCO, + 2H,0 = ZnCO; (stithsonite) + CaSO,.2H,0.

In the zinc mines of Wythe county, Virginia, smithsonite forms
a fairly important ore of zinc. Tt occurs here in the residual clays
derived from the magnesian limestone, concentrated usually in the
bottom portions of the clays and resting immediately on the ir-
regularly weathered surface of the limestone. "It is intimately as-
sociated with calamine, which is described below.

Smithsonite occurs both in the granular and earthy form, prin-
cipally the latter, as crystalline incrustations, and as a porous.or
spongy material with the cavities sometimes filled with a powdery
earthy form of the ore. In color it may vary from light gray
through yellow to brown, according to the impurities present.

Samples apparently of mixtures of smithsonite and calamine in
which smithsonite greatly predominated, from the Falling Cliff
Zine Mine at Bertha, Wythe county, Virginia, yielded Mr. F. P.
Dewey the following results on analysis :*®

I I

Zinc oxide (ZnO).....covvvnnnnens 61.99  59.88
Carbon dioxide (COy)..... e 25.88  29.07
Silica (Si0g)eeervmerenrenneeveens. 7.07 4.83
Tron oxide (FeyOg)evvenceennensers 1.44 407
Alumina (ALOg)eeeveneerriasecio. 66 .14
Manganese oxide (MnO)........... A1 .21
Lime (Ca0)...vvvnrrnneneeionss SN .16 b7
Magnesia (MgO)...oovvvnveennnnes .21 .35
Water (H,0).vevvveeninnnnes R 2.58 1.46

Total.seocnininnnennsnas vurns 100.10 100.58

Recalculating these results by allotting first, to the lime and
magnesia the necessary amount of carbon dioxide to form calcite
and magnesite, respectively, and assuming the overplus of carbon
dioxide to combine with zinc oxide to form smithsonite; and pro-

' %8 Dewey, F. P., Note on the Falling Cliﬁ" Zine Mine. Trans. Amer. Inst. Min,
Engrs., 1881-82, Vol. X, p. 111, '
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portioning the overplus zinc oxide with tﬁe necessary amounts of
silica and water to form calamine, the following percentages of
smithsonite and calamite are obtained from the two analyses: .

. I II
Smithsonite (ZnCOz)...cvvvvenn vnnns 75.62 79.99
Calamine (Zn (OH),. 8i0,)........... 22.22 12.05

Calamine.—Calamine is a hydrous silicate of zinc which contains
theoretically 67.5 per cent. of zinc oxide, or its equivalent 54.16
per cent. of metallic zine.

Like smithsonite, calamine is a secondary mineral derived from
the alteration of sphalerite in the belt of oxidation. It is much
more abundant than smithsonite in the Wythe county mines, and
until recently it has been the principal ore of zine mined in this
county. In fact the principal source of zinc in Virginia has been
from this ore, calamine. In occurrence it is closely similar to that
of smithsonite, with which it is intimately associated. It is in-
deed very difficult, and in some cases impossible, to separaté the two
ores, so intimately admixed are they.

In the Wythe county mines, calamine occurs in the residual
clays, usually in the bottom portions, immediately on and next to
the irregular weathered surface of the underlying limestone. Beau-
tiful white incrustations of the mineral presenting both mammil-
lary and stalactitic surfaces, have been observed at times between
layers of the more solid massive zinc ore. Granular, massive and
honeycomb forms of calamine are quite common. Much of the
calamine in the Bertha mine is reported to have been in sheet form,
rarely in contact with the limestone, but concentrated several inches
away from the limestone surface and having the intervening space
filled with a mixture of loose powdery calamine and smithsonite.

The following chemical analyses of specimens of calamine from
the Wythe county mines show the general character of the ore:

I I II1

Silica (8i0;).vcveeininanen 23.95  25.01 25.33
Zinc oxide (ZnO)............ 67.88 67.42 67.15
Water (H,0). .ocvvviinnnnn 8.13 832 7.47
Total...o.ovvivviniennennss 99.96 100.75 99.95
Sp. Grotiiinrninnnnanns 3.338 ——— 3.40

L. Maclrby, Chem. News, 1873, Vol. 28, p. 272.
IL. Genth, F. H., Proc. Amer. Phil. Soc., 1885, Vol. 23, p. 46.
IIL. Jones, A., Journ. Amer. Chem. Soc., 1892, Vol.. 6, p. 620.
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A specimen of calamine from the Falling Cliff Mine, Wythe
county, Virginia, yielded Mr. F. P. Dewey the following results
on analysis:? )

N Per Cent.

Zinc oxide (ZnO):i...viiveenneiiieaiinenn, 61.84
Silica (8i0,)....cvvuits et 24.47
Water (HpO)uoovvvvvvniiiiiiiiennt 8.27
Iron oxide (Fe,05) eeevvviiiiviiinnann, 2.10
Alumina (ALO;)..cvinvinni i i iiiann 1.24
Lime (Ca0) ... voviviiiiiiieniieeininnnnns 0.53
Magnesia (MgO) v.vviininiiiiiiniiniat, 0.21
Manganese oxide (MnO)....ovvvvnvinniann. 0.16
Carbon dioxide (COyp)..teveennn.n. PR 1.80

Total...oovviriiiiie i eenans 100.62

Recalculating these results in the same way as described above
under smithsonite, Mr. Dewey’s analysis yields the following per-
centages of the minerals calamine and smithsonite:

Per Cent.
Calamine (Zn (OH),. 8i0). cvvvvnvvnninnens. 88.52
Smithsonite (ZnCO;)...vvvviuniirinnenenen. 3.26

In a paper entitled “Contribulions to Mineralogy” Dr. Genth
makes the -following statement concerning the occurrence of cala-
mine at the Bertha Zinc Mines in Wythe county: “A peculiar
variety of calamine which closely resembles hydrozincite, occurs as
an incrustation upon a ferruginous calamine, the principal ore at
the Bertha Mine, Pulaski county, Virginia.”

“It is earthy and cryptocrystalline and some of the incrustations
had a thickness of 5 mm. T observed that after ignition it was
dissolved by dilute hydrochloric acid almost instantaneously, far
more readily than the hydrous mineral.””s®

An analysis by Dr. Genth gave:3?

Per Cent.

Silica (Si0;)..cvunvnnn. et 25.01
Zinc oxide (ZnO)..vevvvrninerieaneninnns 67.42
Water (H,0)..vvvvvnnnen.. cteieaieraaes 8.32
7 e 100.75

2% Dewey, F. P., Note on the Falling Cliff Zinc Mine, Trans. Amer. Inst. Min,
Engrs., 1881-82, Vol. 10, p. 111. '

30 Genth, F. A., Contributions to Mineralogy. Proceedings Amer. Phil. Soc., 1886,
Vol. 23, p. 45.

8 Genth, F. A, Ibid., p. 46.



THE ORES AND ASSOCIATED MINERALS 39

“Buckfat.”—“Buckfat” is the name applied by the miners to a
mixture of the common clay with the minerals calamine and smith-

sonite. . It is not a definite mineral but is in reality a lean ore too

low, as a rule, in zinc to be profitably used in the present practice of
smelting. The zinc content shows wide variation, however, rang-
ing oftentimes much higher than that given in the analysis below.
It is both-hard and soft and is accordingly called by the miners
“hard buckfat” and “soft buckfat.” Its separation from the rich
ores is effected by hand-sorting and by subsequent washing and
Jigging. Treatment which consisted in violent washing in water of
the “soft buckfat” and crushing and jigging of the “hard buckfat,”
was practiced at the Bertha mines previous to the conversion of the
ore into spelter. -

A chemical analysis of a zinc-bearing clay from the neighbor-
hood of the Bertha Zinc Mines, Pulaski county, Virginia, yielded
Mr. Heyward the following results:

Per. Cent.
Silica (8i0,) i iviiieriniiieeeieenninnnnnns 37.38
Alumina (ALOg)..evviviiiiiiiiiennnn. 24.67
Iron oxide (Fe,Og).vvvvinniivnienaiinians. 6.34
Zincoxide (ZnO)....covuiiiiiinennnnnnnannns 12.10
Magnesia (MgO).....ovviveiiivanninnnnn, .27
Potash (K,0) . oviiniiiiii it i .47
Soda (Nag0)eueeterrniieineeeeiannnnns, .27

Water (H,0) 100°C—.....ovviiinininnnnnns, 6.69
Water (H,0) 100°CH.... ..ovvvenviainnn.. 10.35
Total. . ovviiiiiii i it 98.54

~Iron Ores

Tron ores are very abundant in the lead and zinc district of Vir-
ginia and in places they have been rather extensively mined. In
several instances mines formerly worked for zinc ores are now being
worked for iron ores. At several points along the Cripple Creek
branch of the Norfolk and Western railroad a number of blast
furnaces have been in operation from time to time, for some years,
within close proximity to the zinec mines of Wythe county.

Pyrite, the disulphide of iron, is rather a frequent associate
of galenite and sphalerite in some of the Virginia lead and zine
mines. It occurs in the fresh rock below the belt of oxidation. In
the Austinville lead and zinc mines, pyrite is disseminated through
the magnesian limestone in places, in the form of small grains and
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crystals, in intimate association with the sulphides of zinc and lead.
It is by no means uniformly distributed through the rock but, in
places, it is sufficiently concentrated to be noticeable, and rarely, if:
ever, is it present in quantity large enough to be hurtful to the lead
and zine ores. '

Limonite, hydrous oxide of iron and also known -as brown
hematite and yellow ochre, has wide distribution over the district.
Tt is limited to the belt of oxidation and is, in part at least, a pro-
duct of the alteration of pyrite. The old Bertha zinc mine in
Wythe county, until recently the largest producer of calamine and
smithsonite in Virginia, is being worked at present for brown iron
ore. Likewise, brown hematite has been mined at other mines in
the district which were originally zinc producing.

Hematite, the anhydrous oxide of iron and known as red iron
ore and red ochre, is less common in the lead and zine district than
limonite or the brown ore. The light and deep red colored clays
which occur so abundantly with the lead and zinc ores in some of
the mines of Southwest Virginia, within the zone of weathering,
owe their color largely if not entirely to the presence of hematite.

Manganese Ores

The black oxide of manganese occurs in many places in the resi-
dual clays of the lead and zinc district. It has been observed at
times, mainly as a coloring matter, in the form of very impure wad,
and is entirely without commercial value.

" Copper Ores

These have no importance in the Virginia lead and zinc mines,
as they have been noted only in traces in a few of them. Occasionally
very small amounts of the original copper ore, chalcopyrite, cop-
per-iron sulphide, impregnates very sparingly the fresh rock below
ground-water level in several zinc mines of the State. To the
writer’s knowledge, other common ores of copper are unknown in -
the lead and zinc mines of the State.

ASSOCIATED MINERALS

The associated minerals found in the Virginia lead and zine
mines are limited both as to species and occurrence. These are,
named in the order of their importance, dolomite, calcite, fluorite,
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.

quartz ‘and -barite. Of these, calcite; fluorite and quartz, have
been noted in the Jead and zine mine near Faber’s station in Albe-
marle county, where they form the gangue minerals. Calcite oc-
curs only sparingly at this mine, while quartz and fluorite consti-
tute the principal gangue minerals. Fluorite is the dominant
mineral. - In the Southwest Virginia mines dolomite and calcite
form the most common minerals with some barite and less fluorite.
Here the dolomite-and calcite cccur filling the fractures between
the magnesian limestone fragments, forming a distinet limestone
breccia. )

Calcite—Calcite, calcium - carbonate, in the form of limestone
is one of the most common minerals of the region. It further oc-
curs with dolomite in massive crystalline form filling the fractures
between the broken limestone fragments which cement them to-
gether as breccia. It is prevailingly white in color and frequently
occurs in perfect cleavable masses of the rhombohedral type. A
specimen of the white, cleavable massive calcite collected by the
writer at Cedar Springs Zinc Mines in Wythe county gave Mr.
J. R. Boff, Jr., the following results on analysis: ’

Per Cent.
Caleium carbonate (CaCOy)..evvnnnrnnnnn.. 98.89
Magnesium carbonate (MgCOy).....vvvunn. .78
Iron and Alumina (Fe,0,4-ALO;) ... ....... .10
©Silica (S10,) e e e ittt i .34
BT 100.11
S 5 U P '2.66

In 1878 Professor F. P. Dunnmgton reported the occurrence of
aragonite, orthorhombic calcium carbonate, crystals containing lead
from the Austinville mines in Wythe county. The following
analysis of the aragonite crystals was made by Dunnington :*2

. Per Cent.
Lime (Ca0)..... S 51.819
Lead oxide (PbO)...cveiiieiiniiiiianiain. 6.087
Carbon dioxide (CO,)...oovvvuininiiinnnn. 41.800
Iron oxide (Fe,O) ..ovv ovvniiniins. .033
Silica (8105) v vvrive i iie e .012
Water (HyO).oovenviiiovnennatns e .070

B 99.821
R 3.078

3 Dunnington, F, P., Proceedings Amer. Chem. Soc., Vol. II, No. 1, p. 14. The
Metallic Review, 1878, Vol. II, p. 284, March-August.
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Dolomite.—Dolomite, calcium-magnesium carbonate, is much
more common than calcite over the Virginia area. - Like calcite it
occurs largely as composing the country rock and in crystallized
massive form filling the spaces between the broken limestone frag-
ments. '

In both occurrences it is associated with calcite and is more

“abundant. Individual crystals of either calcite or dolomite are
rare. Small perfect rhombs of calcite are found lining minute
cavities in the limestone of the New River Mineral Company’s
mines near the western limits of Ivanhoe.

The general character of the mineral dolomite is shown in the
analyses given below, made by J. R. Eoff, Jr., on specimens collected
by the writer from the zinc mines in Wythe county.

Austinville Cedar Springs .

Calcium carbonate (CaCOq)...vvvvnn.n. 54.85 54.75

Magnesium carbonate (MgCO,)........ 44.58 45.11

Iron and Alumina (Fe,0,+AlL0O;)..... .48 .66

Silica (S10,) . -ueennnenennnrnneeanencs .22 .22
Totaleouuiviviiiinneinineivennans 100.13 100.74
1S ) T 5 O 2.97

In each of these analyses the ratio of calcium to magnesium is
1 : 1, which is the ratio of normal dolomite.

Fluorite—Also known as fluorspar, calcium fluoride. This is
much the most abundant mineral found at the Albemarle Zinc and
Lead Mine, near Faber, Albemarle county,. Here it occurs in both
large and small lenses in the crinkled schist, usually of white
color,though the violet shade is fairly cornmon. It has been sparing-
ly found at several localities in Southwest Virginia, in association
with the metallic sulphides. The principal ones are Cedar Springs,
Wythe county, and the McCarter place in Rye Valley, Smyth
county.  Fluorspar occurs in the Southwest Virginia region (1)
as distributed through and enclosed by the blende; (2) as- dis-
tributed through the dolomite and calcite filling of the limestone
breccia; and (8) in association with dolomite and calcite filling
and lining small cavities or vugs in the limestone. See figures 1
and 20. It is violet in color, though some green fluorspar is re-
ported to have been found in one of the Cedar Springs openings.

Quartz—This mineral is found in direct association with the
lead and zinc ores only at the Albemarle Zinc and Lead Mine near
Faber in Albemarle county. It is admixed with the fluorspar, as
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fluorspar-quartz lenses, which contain the lead and zinc ores dis-
tributed through them. Quartz is very much less abundant than
fluorspar. | Quartz in the form of chert is very abundantly dis-
tributed through the zinc and lead bearing Cambro-Ordovician
limestone of Southwest Virginia, but the chert is rarely or never
seen in close association with the ores. Quartz, in the form of per-
fect crystals and druses lining cavities, is very freely distributed
through the limonite ores of the New River Mineral Company’s
mines just west of Ivanhoe. It has mot been observed in these
mines in association with the lead and zinc ores.

Barite—Barite, barium sulphate, also known commercially as -
heavyspar has been found in small quantity in the Bertha zinc
mine, in Wythe county. It seems not to have been conspicuous
here. Barite is very abundant in the New River Mineral Com-
pany’s mines just west of Ivanhoe. Here a little of the blende was

 observed to be enclosed by the barite-filling of the limestone.

Barite is a common mineral over parts of the limestone region
of Southwest Virginia and has been mined in several places, but it
is not associated with the lead and zinc deposits except in the two
mines mentioned above.

THE ALTERATION OF THE ZINC AND LEAD ORES

It has been pointed out elsewhere in this volume that the second-
ary ores of zinc and lead comprised within the belt of oxidation
have been derived from original metallic sulphides, galenite and
sphalerite. In the Virginia mines the important secondary ores
comprise calamine, smithsonite and cerussite which have been
formed from the sulphides by oxidation, carbonation, silication and
hydrati('Sn——Weathering—above or near ground-water level. More-
over, practically the total output of zinc ores in Virginia has been
from the Wythe county mines, which consisted almost entirely of
calamine and smithsonite. At the old Bertha mines operations
were confined to the zone above ground-water level and calamine
and smithsonite were the only zinc ores removed. Similar con-
ditions obtained at the Austinville mines, though much development

- work has been done near and below ground-water level in the origi-

nal sulphide ores, sphalerite and galenite.
Sphalerite, zine sulphide (ZnS), and galenite, lead su]phide (PbS),
by oxidation are changed to zinc sulphate (Zn80,), and lead sulphate
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(PbSO,). The sulphate solutions react on the enclosing limestone
according to the following equations:

ZnS0,+CaC0y+4-2H,0 = ZnC04+CaS0,. 2H,0. ‘
PbSO,+-CaC0,4-2H,0 = PbCO,-CaS0, 2H,0.

1t is probable that a second set of reactions may result, whereby
.the zinc sulphate formed from the oxidation of the zinc sulphide,
sphalerite, reacts on the soluble calcium bicarbonate formed from
the interaction of the percolating atmospheric waters containing
carbon dioxide in solution on the limestone, to form zine carbonate.
In this case at least one intermediate step is involved, namely, the
conversion of the basic zinc carbonate, under natural conditions,
into the mormal zinc‘carbonate, smithsonite.

The reaction between the two solutions, zine sulphate and caleium
bicarbonate, results in the formation of a basic zinc carbonate
which is a mixture of ZoCO,+Zn(OH), the molecular propor-
tions of which vary according to the conditions under which the
precipitation takes place. Whether the conversion of the basic
carbonate into the normal carbonate takes place in nature, and
under what conditions, are questions as yet unanswered.®’ Labo-
ratory experiments conducted in the Virginia Polyteéhnic Institute
laboratories have conclusively proved the formation of the basic
zine carbonate when the two solutions, zinc sulphate and calcium
bicarbonate, react on each other. , : ;

That a similar reaction takes place in nature as outlined above
is shown possibly in the occurrence of the mineral hydrozineite, a
basic zinc carbonate, corresponding perhaps to the formula, .ZnCO,.
2Zn(OH),, in the zinc mines of Missouri, New Jersey, and else-
where. In the same way probably hydrocerussite, a basic lead car-
bonate, is formed, though sparingly, corresponding perhaps to the
formula 2PbCO,. Pb(OH),. o

The Zinc Ores.~-Below ground-water level in the fresh limestone,
the mineral form of the zinc ore is the sulphide, sphalerite. -Above
this level in the belt of Tesidual decay only the altered forms, oxi-
dized ores of zinc, are found, calamine and smithsonite, the former,
calamine, always predominating. Smithsonite is found in larger
quantity in some mines than in others. TUnaltered sphalerite seems

3 The chemistry of the changes involved in the transformation of the original
sulphides, sphalerite and galenite, into the numerous secondary or oxidized forms is
being investigated by the writer and Dr. F. D. Wilson, in the laboratory of the
Geological Department of the Virginia Polytechnic Institute.
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not to occur in the decay of any of the mines, but it is replaced in-
stead by the two oxidized forms mentioned above.

Portions of the country rock next to the bottom portions of the
loose decay, once containing grains and crystals of the sulphide
ores, sphalerite. and galenite, are now porous and open-textured in
many places, a condition resulting from the removal of the sphale-
rite and galenite in solution. In many places where the alteration
has been complete, apparently the rock is extremely cavernous and
presents a typical honeycomb appearance. In still other places the
ores have been observed in the limestone in various stages of oxi-
dation and the cavities left are either entirely vacant or are
occupied by a film of iron oxide. -

In the process of alteration the oxidized ores may be removed a
short distance or they remain practieally in place; usually
migration is indicated.

The Lead Ores—In the same mines lead ores are admixed in
large and small proportions with those of zine. Like that of zinc
the mineral form of the lead in the fresh rock is the sulphide, gale-
nite, admixed usually with sphalerite. In the belt of decay more
or less closely associated with the secondary zinc ores, the oxidized:
form of lead is cerussite, lead carbonate, which is present in very
appreciable quantity in the Austinville mines. In addition to the
carbonate of lead, cerussite, a large proportion of galenite occurs:
in the weathered belt admixed with the secondary ores. This is in
accord with the properties and behavior of the sulphide
ores of zine, lead and iron, all of which are found in the Wythe
county mines. Galenite, lead sulphide, being more difficultly
oxidizable than the sulphides of zinc and irom; and being greatly
less soluble than the limestone in which it occurs, are circumstances.
which account chiefly for the presence of much galena admixed
with the secondary ores in the weathered zone.

The cerussite is sometimes observed coating or incrusting the
galenite and occasionally it has been noted in crystals on the galen-
ite. In some specimens of the galenite not incrusted by the altera-
tion product, cerussite, the surfaces appear dull and.are much
roughened, pitted from etching. The same specimens, when broken,
show the bright metallic luster of the unaltered galenite, on the
inside. A few specimens were noted, which were apparently all
cerussite, but on breaking they proved to be only partially altered;
the outer portions of the original galenite being entirely coated
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with a varying thickness of the lead carbonate, and the inner part
composed of the fresh unaltered galenite. In still other specimens,
limited to the zone of weathering, the alteration seemed complete,
with no trace of the original sulphide ore indicated. Between
these two extremes of alteration nearly all gradations are observed.

fARAGENESIS AND ASSOCIATION

No definite order of deposition of the original minerals can be
positively made out. The meétallic sulphides (lead, zinc and some
iron) and the gangue minerals seeni to have been introduced and
crytallized at about the same time. The various sulphides are
usually so intimately mixed as to preclude any attempt at deter-
mining the order of deposition. Variations in the association of
the metallic sulphides and the gangue minerals, and the relations
of these to the enclosing rock, are shown.

A common association is the more or less replacement of the
country rock, limestone, on one or both sides of the fracture by the
sulphides, and the filling of calcite and dolomite without metallic
sulphides distributed through it. In places the broken fragments
of the limestone are either partially or completely rimmed by a
narrow band of sphalerite. At times both forms of filling rudely
resemble banding on a small scale, in which it appears that the
sulphides were perhaps introduced somewhat in advance of the
gangue filling. When it is remembered, however, that all grada-
tions are observed between this form of filling and those stated next
below, where the evidence seems conclusive for contemporaneous
deposition, it seems reasonable to assume that deposition of the ores
and the associated minerals for the district as a whole, was made at
about the same time. Moreover, cases are observed in which calcite
and dolomite are entirely enclosed by the metallic sulphides and
vice versa. Similar relations of fluorite to the sulphides, and
fluorite to calcite and dolomite, are observed. As shown in figure 20
fluorite is entirely enclosed by the calcite-dolomite filling and also
fluorite is entirely enclosed by blende. Again, the filling of very
small cavities in the limestone by fluorite and calcite at the Mec-
Carter Place in Rye Valley shows in some cases a somewhat broken
irregular lining of the cavity by fluorite next to the limestone, and
the remainder filled in by calcite, as shown in figure 1. This as-
sociation of fluorite and calelte points to a filling of fluorite in ad-
vance of the caléite; but occurrmg immediately ‘along’ side of this
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may be observed a similar cavity filled with intimately admixed
fluorite and calcite from the walling to the center of the cavity,
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limestone by metallic sulphides and the gangue minerals without
any replacement of the limestone by the sulphides indicated. In
this case the sulphide eres are distributed through the filling of
calcite and dolomite. In still other cases the fracture may be filled
for its entire width at intervals along its length with the sulphides,
and the intervening spaces filled entirely with calcite and dolomite,
or with a mixture of the gangue and sulphide minerals, as shown
in figure 2.

Sufficient developments in the fresh limestone are lacking upon
which to base any statement of a grouping corresponding to a ver-
tical order of succession of the dominant metallic sulphides. - The
idea prevails over the district that galenite, lead sulphide, is more
abundant in the upper portions of the rock and decreases in depth,
followed by an increase of blende. So far as developments have
gone evidence is not wholly lacking to support this idea. At Austin-
ville, where mining has been more extensive in the fresh limestone
than elsewhere, blende indicates an increase over galenite in depth,
although much galenite occurs at the depth thus far reached.

Little or no blende js found within the zone of alteration at the
Austinville mine, while galenite is by no means an uncommon min-
eral within this zone. This is due, however, not to the absence of
blende orginally within the fresh rock of this zone, but more to the
readiness with which blende alters than galenite. Indeed the large
accumulations of the oxidized zine ores, calamine and smithsonite,
found within the zone of decay, affords every evidence of the pres-
ence originally of much blende in the fresh rock of this level.

SECONDARY ENRICHMENT

Because of the more extensive mining in the fresh limestone, the
Austinville mine again becomes the only one in the district that can
be looked to for evidence of secondary enrichment. The common
evidences of secondary enrichment are wholly lacking in this mine,
but the ore-bodies in the fresh rock are regarded as unmodified ores
of primary deposition, or of first concentration. Careful study in
the workings of this mine show the conditions to be against rather
than favorable to secondary enrichment. Briefly stated these are:

1) Recrysta.ﬂizationr from solution and cementation of the
rock below, resulting in the closing of the original spaces
which precluded the downward circulation of the waters.
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(2) The absence of lean sulphides necessary to produce precipi-
tation. Sufficient pyrite in the limestone is lacking to pre-
cipitate zinc and lead as sulphides from their oxidized salts.
On the other hand zine sulphide as blende was present in
places in sufficient quantity to have precipitated the lead
salts as sulphide had the conditions been favorable to the
subsequent downward circulating waters.

(3) The conditions favorable to the conversion of sulphates into

the carbonate and silicate of zinc, formed from the oxidation

~ of the original sulphides. This follows in part at least from

the statement made in (1) ; and as stated elsewhere the con-

centration of the oxidized zinc ores near and along the ir-

regular weathered surface of the limestone in the bottom
portions of the residual clays.

MODE OF OCCURRENCE -

The Sulphide Ores—The bulk of the Southwest Virginia ores
belong to the disseminated replacement breccia type. As a rule the
process of replacement has played an important part in the ore for-

mation, but in some instances very little replacement of the lime-

stone by the ore is indicated. In the latter case the ore would be
more properly designated a straight breccia type in which a mini-
mum or no replacement has occurred. On the other hand the ore
at Austinville has originated largely through a replacement process.

The breceia is usually made up of sharp-angled fragments of the
country rock, magnesian limestone, cemented by a matrix of white
crystallized calcite and dolomite, and blende, with or without re-
placement of the limestone fragments. This type of ore-breccia

is perhaps best shown at Cedar Springs, where a little violet ﬂuor-‘_

spar is associated with both the calcite-dolomite filling, and the
blende. The blende is exceptionally pure and it occurs in crystal-
line massive form with good cleavage development, but without
crystal form. The breccia zones are associated with faulting and

folding. Not all parts of the breccia zones are mineralized but the

ore is distributed at somewhat irregular intervals. Where min-
eralized and so far as can be judged from developments, the ore con-
tinues with depth. Tndeed there appears no reason why the ores
should not extend in depth to near sea-level as sufficient “head”
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was probably developed, provided the fractures and spaces extend
through the limestone to that depth. ’ .

At Austinville, where the most extensive developments are made,
clear crystallized calcite apparently does not occur, but the rock has
been largely recrystallized and small “eyes” of the dark nearly un-
altered rock distributed through the recrystallized portion. Here,
Jointing is freely developed, and ore concentration and replacement
of the recrystallized limestone by the ores have taken place along
the bedding and joint planes, mostly wheye the two sets of planes
intersect, forming large and well defined ore-shoots. Thus far
Austinville is the only place over the Southwest Virginia district
where the ore-bodies take the form of well defined ore-shoots.
Similar bodies of sulphide ores are developed near Tazewell in
Claiborne county, Tennessee. As elsewhere explained the process
of mineralization at Austinville began first by filling the fine cracks
and then extending into and replacing the anhedra of dolomite by
ore, along some crystallographic direction.

At Austinville there seems to be no well defined order of occur-
rence indicated in the relations of the sulphides to one another in
the fresh limestone. The blende and galenite are intimately in-
termingled. Many parts of the limestone, both small and large,
show all blende, with only here and there sparing dissemination of
galenite through the rock, closely intermingled with the blende
Other parts of the limestone, usually much smaller in area, show
a preponderance of galenite with little or no disseminated blende.
The same relation holds true for the very small amount of pyrite
present in the rock, which may be intermingled with the galenite or
blende or both. The relations between the galenite and blende in
the limestone as described above are made plain in figures 13
and 14. , o ' ' ~

The Ozidized Ores—As already noted, the important oxidized
ores of the Virginia limestone district comprise calamine, smithson-

“ite and cerussite, formed from the sulphides, sphalerite -and gale-

nite. Where sufficient developments have been made, as in the Wythe
county mines, the oxidized ores usually show- mueh richness, and
they are often concentrated in massive form as large irregular
masses and layers. This is especially true of the calamine, which
forms the dominant oxidized ore. So massive was the calamine .
in places in the old Bertha mines that blasting is reported to have
been necessary at times for its removal. ) o
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Concentration of the oxidized ores in the Wythe counfy mines
has taken place principally at and near the bottor of the residual
clays, closely hugging the irregular weathered surface of the lime-
stone. Frequently several inches separate the massive form of the
ores, calamine and smithsonite, from the limestone. This space
may be filled, and oftentimes is, with a loose powdery form of ad-
mixed calamine and smithsonite. At times the partially decayed
limestone, in pulverulent granular form, partially or entirely fills
the space. Much galenite is intermingled, in places, with the con-
centrated calamine and smithsonite in the lower portions of the
clays. Usually, when associated with the oxidized ores in the way
mentioned, the galenite is observed to diminish in quantity upward
more rapidly than the calamine and smithsonite.

Smithsonite, which is present usually in quantity much smaller
than that of calamine, is admixed, as a rule, with the calamine, and

" the two concentrated in the basal portion of the clays next to the

limestone surface. Cerussite, carbonate of lead, occurs largely in
stringer-form penetrating the clays; and as a coating on the masses
and nodules of galenite. The stringers of cerussite show considerable
variation in thickness and extent, but in the larger ones a nearly
vertical position in the clays is offen assumed. '

As a rule the clays are highly ferruginous. Limonite, the hyd-
rous oxide of iron, is found in more or less concentrated form in
the clays and at some position in the clays just above the concen-
tration of the zinc and lead ores. 'The limonite was derived in part,
at least, from the oxidation of the original sulphide of iron, pyrite,
disseminated through the limestone in association with the sulphide
ores of lead and zine, galenite and sphalerite. The limonite, -as a
rule, is of good grade, and it occurs so extensively in some of the
mines originally worked for zinc ores, that attention is now given
entirely to the mining of the iron.

The relations between the ores, the limestone and the clays, as
described above, are brought out in figures 10 and 16.

THE RELATION OF THE ORES TO THE GEOLOGIC
STRUCTURE

Folds—It has already been pointed out that with one exception
the zinc and lead ores of Virginia are limited in distribution strati-
graphically to the Shenandoah limestone. Furthermore it was

A
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shown that the limestone hag been greaﬂy disturbed over parts of

“the region, resulting in folding and faulting. Only in one locality

have developments progressed sufficiently far in the mining of the
ores to afford any indications, if they: exist, of the possible re-
lations of the ores in mode of occurrence to the geologic structure
«of the associated rocks.

At the Austinville mines in the extreme southern part of Wythe
ctounty mining operations have extended to some depth below local
ground-water level into the unaltered sulphide ores, sphalerite and
galenite.  New river cuts across an anticlinal of the Shenandoah
limestone near the mines. The accumulation of the ores is in the
magnesian limestone strata which dip about 45° southeast, and form
the corresponding limb of a faulted and subsequently eroded anti-
cline. About eight and a half miles northeast of these mines, on
the same (south) side of New river about one mile are located the
old Bertha mines. Here operations were entirely limited to sur-
face mining of oxidized ores over a belt about 1500 feet wide ex-
tending in the direction of the strike of the limestone, which is
south 35°-40° west. The dip of the limestone where measured
was 25° northwest, with flatter dips reported.

. Recent prospecting about 20 miles west of Austinville in the ex-
treme southwest corner of Wythe county at Cedar Springs seem-
ingly indicates that the ores occur on or near the faulted crest of
an anticline. The distribution, therefore, of the ores in Wythe
county is along a narrow belt which crosses the southern part of the
county in a north of east direction. This belt is a structure zone—
one of anticlinal folding and faulting, and the ores are deposited
along and near the fault in the shattered and recemented limestone
of the anticline. Precisely similar relations obtain in the East
‘Tennessee lead and zine district, which is a continuation south-
westward of the Virginia district. ’

Over other parts of Southwest Virginia, beyond the limits of the
Wythe county area, where lead and zine occur, practically no de-
velopments have been made, hence no statement of the relations of
the ores to the folds, if any, can be made.

Faulls—FExamination of the Wythe county area further indi-
cates a zone of intense metamorphism along an appreximate north-
east-sonthwest direction. The limestone of this zone shows distinct
evidence of crushing and recementation. Tt has been largely
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rendered moderately coarsely crystalline, nearly white in color,
yielding practically a fairly coarse grained light gray marble, as
shown in plates VIIT and IX. As later explained the ore formed here
and over Southwest Virginia district is of the disseminated replace-
ment breccia type. It has already been pointed out that the district
is one of faulting. Moreover the faulting has taken place in many
cases along the anticlinal folds, and as a result the limestone has
been shattered and recemented along the breakage direction, form-
ing more or less distinct breccia zones. The ores have been de-
posited in these breccia zones, usually, showing much replacement
of the limestone by them. It is not always possible to locate
definitely the exact position of the fault, but wherever prospecting
has been done and ore found its occurrence in the brecciated lime-
stone is noted.

In the underground workings of the Austinville mines, breakage
lines in the limestone which conform to three directions of the
compass can probably be referred to faulting. Above ground these
breakage lines are much less apparent, and so far as could be de-
termined in the workings below the surface the fractures are ap-
parently confined to the limestone. Careful examination failed to
reveal any localization or accumulation of the ores in these lines of
breakage below the surface, but they impregnate the crushed and
recrystallized limestone on one or both sides of the breakage lines.

At the Osborn zine mine in Russell county faulting is very
distinctly shown in the openings. At Cedar Springs in Wythe
county, and in Rye Valley, Smyth county, faulting is equally ap-
parent.

LOCALIZATION OF THE ALTERED ORES

Alteration of the original sulphide ores into oxidized forms
within the zone of weathering has resulted in the localization of
the secondary ores mostly on or near the irregular weathered sur-
face of the limestone between the limestone and the residual clays.
See figures 10 and 16. Some accumulation of the ores has further
taken place in the partings and open spaces in the clay, and may
occasionally partially penetrate the irregular fractures of the lime-
stone. Seams of the oxidized ores are frequently observed in the
residual clays, ramifying in all directions. Both the cerussite, lead
carbonate, and calamine, hydrous zinc silicate, conform in part,
in places, to this mode of occurrence in the Wythe county mines.
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AGE

Since the ores have been shown to follow rather closely the
faulted breccia zones they were formed after the period of defor-
mation which resulted in the folding, faulting and shattering of
the limestone near and along the lines of breakage. This period
of deformation probably dates back to late in, or after the close of,
the Carboniferous. The original sulphide ores must antidate the
secondary ores, since the latter were derived from the former by the
usual processes of atmospheric decay. The altered or secondary
ores originated with the.periods of peneplanation, of which there
were several, the earliest and most extensive one being of Creta-
ceous age, followed by later and less extensive ones cut during
Eocene and Neocene times. The original sulphide ores may be as
old as the Permian or as young as late Mesozoic, but evidence is
lacking on which to fix their age more definitely.

DESCRIPTION OF THE MINES

Since the ores of lead and zine are distributed to some extent
over parts of two geologically unlike areas, the deposits naturally
group themselves into two provinces: (1) Those deposits occurring
in the Crystalline area; and (2) those deposits occurring in the
Great Valley region of Southwest Virginia. This division of the
lead and zinc deposits of Virginia into two districts is adhered to
in the description of the mines below.

THE CRYSTALLINE AREA

General Statement.—The Crystalline area comprises the middle
province of the State, named the Piedmont Plateau, which forms
a part of the continuation of the same province to the north and
south of Virginia. In Virginia the Crystalline area extends east-
ward from the Blue Ridge to the fall-line, which line marks the
contact in the overlap of the Crystalline area by the more recent
Coastal Plain sediments. In Virginia as in the states immediately
north and south, the fall-line is not a straight contact line between
two geologically unlike areas, but it is marked by considerable ir-
regularity. Tt enters Virginia at a point on the Potomac river,
several miles west of Washington, D. C., and is traced in a general
southward direction, passing within approximately two miles west
of Frederickshurg; close to the cities of Richmond and Petersburg,
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and the town of Emporia in Greenville county, thence southwest-
ward through the Carolinas and Georgia.

Geologically, the Piedmont Plateau is composed essentially of a
complex of granite-gneiss-schist rocks. These include both igneous
and sedimentary masses. The rocks are referred in part to pre-
Cambrian and in part to post-Cambrian age. The age and struct-
ural relations of the rocks composing this geologically complex area
are yet far from being solved. V

Distribution of Lead and Zinc Ores~—Lead and zinc ores have
as yet been observed in workable quantity only in one locality
within the limits of the Crystalline area, namely, near Faber, in
Albemarle county. In addition to the occurrence in Albemarle
county, galenite, sulphide of lead, has been noted in very sparing
quantity in a number of counties within the Crystalline area, where
it occurs in association with other sulphide ores in some of the gold,
copper and pyrite mines of the State. At none of these localities,
however, can the mineral galenite be seriously considered commer-
cially, for the reason that its occurrence amounts to barely more
than a trace in quantity. -

The ores of zinc are less widely distributed within the Crystalline
area than those of lead. The only development in this area is in
the southern part of Albemarle county near the Nelson county line.
Only the sulphides of the metals, lead and zine, are known to occur
in the Crystalline area. These ave galenite, sulphide of lead; and
sphalerite, sulphide of zinc.

ALBEMARLE COUNTY

The Albemarle Zine and Lead Company’s Mine

Historical —The first discovery of lead and zine orves in Albe-
marle county, Virginia, was made in 1849 by an old gentleman
named Burford. A piece of lead ore found by Burford on the sur-
face of his property, which occupied the east slope of Butler’s
Mountain, two miles northeast of Faber, a station on the Southern
Railway, led to the discovery. The fragment of ore was carried by
Burford to Faber’s Mill, now Faber, and melted by William Faber
in his blacksmith’s forge. Messrs. William Faber and Nicholas
L. Martin purchased the property of Burford and with their farm
hands opened it up in a crude way. Enough work was done by
them to sofficiently develop the vein to enable them to sell it at a
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good profit to a northern party whom it is claimed, removed a good
quantity of lead ore. The ore was shipped to New York for smelt-
ing and it is said to have contained some silver, a part of the ore
running as high as 31 ounces of silver to the ton. The owner hav-
ing failed to meet some of the deferred payments on the property,
it was again sold under mortgage to the first party. More recently,
the property has been sold to a party of Philadelphia capitalists,
who are now operating it under the title of the Albemarle Zine and
Lead Company, Ine.”

The mine was worked by the Confederates durmg the Clvﬂ War
and it is claimed that their government paid a royalty on 7,204
pounds of lead mined. It was being worked by the Confederates
when Geperal Sheridan crossed the Blue Ridge at Rockfish Gap, but
work was abandoned during the raid.

Until recently the property was worked entirely for lead, or for
it and silver which the lead contained, the zinc ore having been over-
looked by all previous workers. The present owners are just com-
pleting an 80-ton concentrating mill and are further actively en-
gaged in underground developing.

Description.—The property includes about 750 acres, located two
miles slightly north of east from Faber, a station on the Southern
Railway, just across the Nelson county line in Albemarle county.
The main developments consist of three shafts sunk at depths of
25, 50 and 120 feet on the vein at a distance of something less than
1,000 feet between the two extreme shafts. In addition to the three
shafts the vein was cut by an adit level run into the hill slope and
a cross-cut run from the adit tunnel in and along the vein for a dis-
tance of 140 feet, which extends beyond the middle and deep shaft.
Map, figure 3, is a sketch of the workings and plant,

As indicated on the accompanying map, figure 4, the area in
which the openings have been made is located in the eastern foot
hills of the Blue Ridge and its topography is correspondingly rough
and irregular, composed of a pronounced hilly type. The rocks are
metamorphosed crystalline schists cut by a series of basic igneous
dikes of diabase and diorite. -The microscope reveals several types
of the schist, which are easy of differentiation in’ the field in the
moderately fresh outcrops. These are thinly schistose sericitic,

-chloritic and talcose schists, alternating or interbedded with a

quartz-mica conglomerate schist. (See plate IV, figure A). The
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sericite is quite garnetiferous in places,filled with small perfect crys-
tals of red garnet. The chlorite schist is the ore-bearing rock. It

* is thinly fissile and strongly crinkled, the axes of the erinkling

making an angle of about 90° with the plane of fissility as nearly as

Fig. 3.
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Plan of Albemarle Zinc and Lead Company’s Mine, near Faber, Albemarle County,
Virginia. .

could be determined. Tt contains little or no quartz and feldspar
but is largely composed of the ferromagnesian silicates. By the
addition of quartz, this grades into the conglomerate-schist, which
is composed of quartz,a little feldspar, and some mica which is more
or less altered to chlorite. The rock contains small fragments of
granite, gneiss and schist which are orientated in the direction of the
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schistosity and are partly crushed and mashed from pressure effects.
The fragments are in part rounded and in part angular. A few pleces
of calcite were observed and a scant sprinkling of chalcopyrite
occurs. This rock is also cut by thin stringers of quartz and peg-
matite. Figure 5 is a cross-section of the gulch in which the _
mine openings are made and which shows the relations of the crink-
led schist to the conglomerate schist.

Fig. 4.

Igneous Lead and Zine
Dikes Deposits

Map of Lead and Zinc Deposits in Albemarle County.
Based on the Buckingham Sheet, U.S. G. S. Geology by Thomas L. Watson.
Scale 4 inch=1 mile.” Contour Interval 100 feet.

"Study of this series of rocks both in the field and in the laboratory
leaves no doubt of its sedimentary origin. The strike is N. 45°-50°
E. and the dip is 70°-85° N. W. The exact age of these rocks is
yet undetermined. Rogers mapped them as pre-Cambrian or Arch-
aean, but more recent work further north in Pennsylvania and
Maryland, in similar areas, probably indicates a younger age, as
late as Cambrian and possibly post-Cambrian. Not until more
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DESCRIPTION OF THE MINES
extended and detailed work over the Virginia Piedmont area is
done can we hope to definitely settle the age of the rocks in question.
’ Fig. 6.
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dikes show considerable alteration of the minerals composing them.

be determined the diorite dikes have observed trend of N. 45° E.,
which direction is parellel to that of the metalliferous vein. These

Fluorspar lens, Albemarle Zinc and Lead Company’s Mine, near Faber.

included stringers of the schist. One-half natural size,
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The most abundant constituent is hornblende and its common alter-
ation product, with quartz and some feldspar. The dike of diabase
at the depot is entirely unaltered in fresh pieces of the rock. It
is of the normal Mesozoic type and is probably younger than the
series of diorite intrusions.  Its trend is some different from that
of the diorite, it being about N. 5°-10° E.

The vein is reported to have been traced for a distance of several
miles on this and the adjoining properties. It varies in width, but will
average about four feet; strikeN.45°E. exactly paralleling thediorite
dike 25 feet away on the northwest side, and dips 80°-85° N. W.
Where opened it is of the lenticular type, composed of bulbous or
lenticular bodies of fluorspar admixed with some quartz through
which the ore, blende and galena, is distributed. The fluorspar-
quartz lenses vary much in size, and are often connected by a mere
film or plate of fluorspar-quartz, which in other instances may be
lacking altogether, giving the appearance to the vein in such cases,
of having given out. A marked banded structure is frequently
indicated, particularly near the walls, which is due to included
plates of the schist. These films are often characterized by some
impregnation of ore. The relations of the fluorspar-quartz lenses
to the enclosing schist are well shown in figure 6.

The ore, consisting of blende and galena, occurs principally in the
fluorspar-quartz lenses, although the schist next to the lenses is
often more or less impregnated. The blende and galena may occur
in separate bands and irregular masses distributed through the
lenses, or they may occur intimately admixed in a single band or
mass in the same lens. Figure 8, which is a sketch of a large
mass broken from one of the lenses, shows both of these occurrences.
On working out the ore the two walls are perfectly smooth and solid.
Enough work has probably not yet been done to indicate the rela-
tions of the two ores, blende and galena, but so far as developments
extend there seems to be some tendency shown in the galena to
follow or occur close to the foot-wall and the blende the hanging-
wall.  This relation may probably not continue on depth. It is
the common belief that the fluorspar and blende increase on depth
and that the quartz and galena decrease. The operations,- how-
ever, have not yet advanced beyond the prospecting stage, and
sufficient depth has not been reached nor enough work done, to -
establish any definite relationship in the ores to each other, and to
the gangue. :
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In addition fo the principal ores, blende and galena, some chal-
copyrite occurs, and some smithsonite, cerussite and azurite were
reported some years ago from the dumps, by W. H. Seamon. The
galena is argentiferous. Both arsenic and antimony are reported
in very small quantity. Fluorspar composes by far the bulk of the.
gangue with more or less admixed quartz. In addition to fluorspar
and quartz, a little calcite occurs and feldspar has been reported.
The fluorspar is mostly white, but quite a sprinkling of the ame-
thyst shade occurs at times. :

The following analysis was made by W. H. Seamon on a sample
of the ore collected by him and believed to represent’ an average of
the vein at that time 3

Per Cent.

5 U 32.00
Lead..ooovoo vt 4.02
Caleinm............ ... .00 i, 9.09
Iron..cooo 1.86
Insoluble residue.......................... 25.24
Silver, per ton............o.oi s 21t0 3 oz.
Copper.......ooiiiiiii trace
Arsenic..... ...l e eririieiea trace

Recalculated in another form the ingredients are:

Per Cent,
Zinc sulphide, caleulated from zine... . ...... 48.22
Lead sulphide, calculated from lead......... 4.65
Calcium fluoride, calculated from caleium.... 17.75
Ferrous sulphide, calculated from iron....... 2.92
Insoluble residue.......................... 925.94
Total.ooereie 98.78

The very close association of the vein with dikes of igneous rocks
makes it reasonably certain that the ores are genetically related to
the igneous intrusions. The evidence of such relationship is
strengthened when the composition of the gangue and the metallic
contents is considered. The principal and abundant gangue min-
eral, fluorite, and the metallic sulphide, argentiferous galena, with
traces of both arsenic and antimony, constitute an association of
minerals, such as can best be explained on the supposition only of
highly heated conditions. Such could only have been deposited

—_—
% Qeamon, W. H., The Virginias, 1885, Vol. VI, p. 47,
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from waters of deep-seated origin, or from waters whose source of
heat was derived from intruded igneous masses.

As to the age of the deposits it can only be said that in case the
ores are gemetically related to the dikes of igneous rocks, which
seems probable, the deposit could not be older than the diorite
dikes. These dikes, however, are found to be altered in every case
and are presumably older than the dike of diabase found east of
Faber station, which can without much doubt be assigned to Meso-
gzoic age. The deposits, therefore, can mnot be younger than the
diabase intrusion and are probably not older than the period of
dioritic intrusion, the exact age of which has not yet been fixed.

Bquipment and Treatment.—The equipment includes a concen-
trating mill of 80 tons capacity per 24 hours, recently completed ;
eight sets of dry jigs; crusher, dryer, rolls and screens; and steam
power of sufficient horse-power for operating the entire plant, in-
cluding hoist, tram-cats and cable for conveying the ore from the
shaft to the mill. Compressed air drills are used in the under-
ground mining. The water used is conveyed through pipes pumped
from ponded springs about 300 feet north of the property.

The dry process is employed in milling for separating the ore.
The problem is principally one of separiting the blende from the
fluorspar, and of freeing the zinc concentrates from lead and the
lead concentrates from zinc. The ore is crushed and sized to pass a
16 mesh screen. All ore above this size is passed back to the rolls
and crushed until properly sized. Thence the ore goes to 4-rough-
ened jigs and from here to 4-finishing jigs. By this process it is
claimed that the tailings are practically free from all ore. 1f not,
the jigs can be so regulated as to make a nearly complete separation.
The important factor involved is that of time required in regulat-
ing and running the jigs. The trials so far made at the mill re-
quired the jigging process to be repeated several times on the same
ore before a clean concentrate was obtained. In other words a
single jigging was not sufficient and it was found necessary to pass
the so-called concentrates through the jigs at least twice and better
still, a third time. '

Through the kindness of Mr. Wilkins U. Greene, Mining Engineer,
in charge of the plant, several bags of the lead and zinc concen-
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trates were sent to the writer, and separately analyzed with the
following results:

I II
Lead (Pb)....ovvvnvuann.., . .. 63.05 6.02
Zine (Zn). coveiiiiiiiniiiinn ., 1212 47.88
Iron (Fe)...oovivinen ciininns 3.16 7.26
Copper (Ca)..... ....o...uiiL.L, trace .94
Sulphur (S)...covvniiiiinnna ... 19.32 29.52
Calcium fluoride (CaF,). .......... 1.31 4.74
Insoluble residue..... ER T 1.08 2.90
Total.ooiveiiiiniinnnnnnen.., 100.04 9926

L. Lead concentrates from the Albemarle Zinc and Lead Mines, Albemarle
county, Virginia. J. R. Eofl, Jr., analyst, i

IL. Zinc concentrates from the Albemarle Zinc and Lead Mines, Albemarle
county, Virginia. J. R. Eoff, Jr., analyst.

Mr. Greene has kindly furnished the following analyses made in
Philadelphia on the lead and zine concentrates mined and milled
at the Albemarle plant.

Lead Concentrates  Zine Concentrates

, Per Cent. Per Cent.
Lead (Pb).....ovveiiunnnnnnn.... 76.49 4.42
Equivalent to galena.............. 88.31 5.11
Zine{(Zn).......ooiiiiiiiian.... 4.60 55.02

Equivalent to blende............., 6.90 82.10

It is claimed from the tests made on the concentrates from this
mill that the following results represent fairly well the average
of their composition: :

Zinc concentrates: Zine 55 pr. ct., lead 4 pr. ct. | Copper about .05 pr. ct.
Lead concentrates: Lead 85 pr. ct., zinc 4 pr. ct. | Iron about 3 pr. ct.

The dry process employed at the Albemarle county mill for
séparating the ore differs essentially from the wet in the form of
jig used. The Crum jig is used at the Albemarle plant, which
is made of screens of different size meshes, substituting air for
water. These can be set to 700 puffs per minute of air. The ore
Passes off the jig over the back or rear and the refuse or tailings
over the front.
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THE VALLEY REGION OF SOUTHWEST VIRGINIA
General Statement

The production of lead and zinc ores in the State has been almost:
exclusively from the Valley region of Southwest Virginia. The ores
have been worked in the following counties of the Valley Tegion:
Botetourt, Roanoke, Montgomery, Pulaski, Wythe, Smyth and
Russell. Of these Wythe has been the important producing county.
Work in the other counties bas been largely in the nature of pros-
pecting. Both lead and zinc are found in other counties of the
Valley region, but so far as can be determined they do not occur
in workable quantity. ‘

The rocks of the Valley region of Southwest Virginia comprise:
a vast thickness of Paleozoic sediments, ranging in age from Cam-
brian to Carboniferous, inclusive. They include limestones,
quartzites, sandstones, conglomerates and shales. Igneous rocks are
not known to occur within the limits of the region. A résumé of’
the geology of the Valley region is given on pages 23-31 of this re-
port and need not be repeated here. :

The lead and zine deposits are limited to a single formation, the:
Shenandoah limestone of Cambro-Ordovician age.

Historical

Lead mining in Virginia dates back more than 150 years, when
lead ores were first discovered and worked at Austinville in Wythe-
county, Virginia. Finding lead ore in the outeropping, partially
decayed limestome at the surface led to the discovery. Colonel
Chiswell, a native of Wales and one of the earlier adventurers in
Southwest Virginia, was the first one to work the Austinville mine..
His operations at Austinville commenced in 1750 and closed in
1776. Mining on this property by Chiswell was for lead only and it
consisted almost wholly of open work. However, an attempt was made-
by Chiswell to reach the“vein”at a lower depth,and he began driving-
a tunnel into the limestone hill from the edge of the river under
a high cliff below the mouth of Bald Hill spring branch. The-
tunnel was driven through hard limestone for a distance of 20
feet and abandoned, it being now known as Chiswell’s hole (see
map, figure 11.) The ores were washed at the Bald Hill spring-
pranch near the mining of them, and they were smelted on the hilll

" southeast of the Long Hole shaft.
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The remains of Colonel Chiswell’s smelting plant indicates that
1t was a common air furnace, the hearth and roof having been built
of fire-brick, which probably came from England. Among the
remains was found the bottom of a small cupel furnace impregnated
with oxide of lead, indicating that it. was probably used for refining
and the “trial to extract silver from lead,” which probably started
the tradition prevalent in the vicinity that Chiswell had made
silver from lead, and had buried a pot of coined silver somewhere
about the place.

Chiswell’s career ended after the commencement of the first
Revolutionary War (1774-1776). He is reported to have been
a Tory and died in jail at Cumberland C. H., Virginia, about 1776.
He being an alien, his property reverted to the State of Virginia,

and it was sold between the dates of 1780-1800 to Stephen and

Moses Austin, who continued the manufacture of lead at the mines.
From this time down to the date of acquisition by the Bertha Mineral
Company (August, 1902), the property passed through many
hands, and was worked for lead until the Civil War.

From 1838-1848 the Wythe Lead Mines Company acquired and
worked the property. During this period Scottish furnaces were
built which were called smelt mills. Shot-making was commenced
by them in 1843. Slag furnaces for smelting the slag which had
accumulated for some time, were later built on the site of the old
Scottish furnaces. During the period of 1838-1846, the amount
of lead made on this property was 6,511,450 pounds, valued at
$146,577.07. ,

From 1848-1858 the property was worked by the Wythe Union
Lead Mine Company which, if is claimed,produced 7,613,334 pounds
of lead, valued at $241,178.72. In 1851%%, 8,244 bags of shot were
made between July 3, 1851, and March 31, 1852. Shot was manu-
factured for the Confederate Government up to December 17, 1864,
when the works were burned by raiding Unionists. The damage
was repaired at the close of the war. The Union Lead Mining
Company was incorporated March 8,1860,for the purpose of mining
and manufacturing lead and shot, at $400,000 capital. The
amount of lead made from February 17, 1858, to April 1, 1868,
was 6,813,662 pounds, valued at $513,507.89. ‘

The Wythe Lead and Zine Mining Company later acguired the

% Higgins, E. Jr,, Eng. and Mng. Jour., 1905, Vol. 79, p. 610.
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property and sold it to the Bertha Mineral Company in August,
1902. The Bertha Company is now actively engaged in exploring
and developing underground the large bodies of sulphide ores, lead
and zine, in the hard limestone. During the very long period of
working this property, the zinc ores seem not to have been recog-
nized until about the time of the Civil War, all mining having
been exclusively for lead ores up to this time.

Zine ores seem to have been recognized first at the Awustinville
mines, some time during the Civil War, when at the requestof the War
Department of the Confederate States,*® several tons of the ore were
sent by the owners to the smelting works at Petersburg, Virginia.
Soon after the close of the Civil War contracts were made for the
shipment of zinc ores to the Lehigh Zinc Works, at Bethlehem,
Pennsylvania, and the Mercer Zinc Works at Trenton, New Jersey.

Zinc ores were discovered at Bertha in 1866 by David 8. For-
ney*’, who, it is claimed, was a pioneer in the active development
of this part of the Virginia mineral region. Case says that the
zinc ore was discovered at Bertha by Forney “not from any visible
outerop or float, but in the amateur pursuit of mineralogical and
geological investigations, suggested by the favorable appearance
of the region to which he came from Pennsylvania to pursue his
profession of landscape artist.”®8

Mining of zine ores in Virginia properly dates from the opening
of the mine at Bertha in the southeast corner of Wythe county,
in 1879, when a small shipment of ore was made to Providence,
Rhode Island. The results of this shipment of ore proved so promis-
ing that mining was commenced at once and was continued until
1898, when the property was leased in 1898 to the Pulaski Iron
Company, for the purpose of mining brown jron ore, limonite. At
the time of leasing the property, it was hoped that by removing the
cover of iron ore, more zinc ore would be found. The writer feels
convinced, however, that the encouragement for such hope of find-
ing workable bodies of either the oxidized (soft), or sulphide ores,
is slight. However, the property is now producing large quantities
of the iron ore.

The metal ‘obtained from the zinc ores shipped from Bertha,

.8 Higgins, E. Jr., Eng. and Mrg. Jour., 1905, Vol. 79, p. 610.
# Case. Wm. H., Trans. Amer. Inst. Min. Engrs., Chicago Meeting, Aug. 1893, Au~
thor’s Edition, p. 26.
38 Ibid., p. 26. :



LEAD AND ZINC DEPOSITS OF VIRGINIA.

Shenandoah
Limestone

Map of the Lead and Zinc Deposits in the vicinity of Roanoke, Virginia.
Based on the Roanoke Sheet, U. 8. G. S, Geology by Thomas L. Watson.
Scale 14 inch=1mile. Contour Interval 100 feet.

Plate 1.
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Deposits
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Shenandoah Lead and Zinc
Limestone Deposits

Map of the Lead and Zinc Deposits in the vicinity of Roanoke, Virginia.
Based on the Roanoke Sheet, U. 8. G. 8. Geology by Thomas L. Watson.
Scale 25 inch=1 mile. Contour Interval 100 feet.
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Virginia, to Providence, Rhode Island, proved to be of such rare
purity that attention was at once directed to the ores, and a small
smelting plant was built at Pulaski, Virginia.*® . This plant was
later remodeled and enlarged. It is owned by the Bertha Mineral
Company, and a full description of the plant is given on pages 140-
148 of this report. This commenced the manufacture of high grade
Bertha spelter which has grown into an enterprise of considerable
economic importance, and which has a world-wide reputation.

ROANOKE AND BOTETOURT COUNTIES

Ores of zinc and lead have been opened at two places in the
vicinity of Roanoke city; one on the Martin property, 234 miles
southwest of Roanoke city, in Roanoke county ; the other just across
the county line in Botetourt county, 1% mile northeast of Bonsack, a
station on the Norfolk and Western railroad. While some ore is
reported to have been shipped from the Martin property many
years ago, the work at each place is to be regarded entirely in
the nature of prospect openings.

The location of the ore deposits and the topography of the region
are shown on the accompanying map, plate II. At each place,
the ore occurs in the dark gray, crushed, crystalline magnesian
limestone of Cambro-Ordovician age.

The Martin Prospect—The openings made for lead and zinc ores

on the Martin property are located 234 miles southwest of Roanoke -

city. The work done comprises some half-dozen small openings in
limestone, scattered over an area of about three acres in extent.
These are further grouped along a small stream which has carved
a moderate valley out of the limestone. The deepest opening will
not exceed 25 feet in depth, and its surface is only a few feet
above the stream level. o

A little prospecting is reported.to have been done at this place
prior to 1840, but the principal work was done in 1885 and shortly
after, when some ore is said to have been shipped to several different
points. Very little could be seen at the time of my visit, as the
dump-piles had been cleaned up rather thoroughly of ore and the
openings were filled with water. A careful examination of the
dumps showed the occurrence of the sulphides of lead, zinc and
iron, in the form of the minerals galenite, sphalerite and pyrite,

3 Moxham, E. C.,, Eng. and Mng. Journ., 1893, Vol. 56, p. 544.
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_in close association. No ore was seen in place. Much oxidation

of the pyrite was indicated over the dumps in the presence of a
white coating of iron sulphate. So far as could be determined,
the conditions apparently indicate that very little, if any, workable
ore will be found at this place.

As shown in the analysis below, the ore-bearing rock is a magne-
sian limestone. It is dark gray, nearly black in color, finely crystal-
line, and has been much crushed and recemented by films and
stringers of white calcite or dolomite. It is further interbedded in
places with a thinly laminated, purplish red shale, which also bears
distinet evidence of crushing in its crumbling on the outcrops into
very small fragments. A partial analysis of this shale is given
below. Good exposures. of the limestone and shale are found on
the Wertz place, a short distance southeast of the openings on the
Martin place, where reliable measurements of the dip and joints
were obtained. The limestone and shale are conformable, showing
an average dip of 30° 8. E. The shale shows jointing in’ two
directions, namely, N. 55° E. and N. 20° W. In the limestone,
similar jointing was observed, their directions, where measured,
being N. 20° E. and N. 10° W. The shales at this point are closely
jointed and joint spaces filled in places with white calcite or dolo-
mite.

I II

Insoluble residue......... .v.oven. 2.900 —
Silica (810,) . vvvinerienveninvanns trace  54.95
Titanium oxide (TiO,)...vvuvennn.. none 0.48
Alumina (AL,Og).....ooviiinten 043 21.41
Iron oxide (Fe,Og).ovvvvne vuvunnn 0.94 5.00
Manganese oxide (MnO)............ none 0.21
Lime (CaO)........ooiviviininnn, 30.06 0.23
Magnesia (MgO)........evvinunn, 18.41
Potash (KyO)eeevviveininnnannnnes 0.24
Soda (NagO).ovvnvniininineininn 0.21
Water, total (H,0).... vovvennnen. 3.30
Carbon dioxide (CO,)..evn . vuninn. 43.98

Total...oovinii i, 100.47

I. Massive, grayish-black limestone from the Martin property, two and three-
fourth miles southwest of Roanoke city. Dr. W. E. Barlow, analyst.

II. Thinly laminated purplish-red shale, from the Wertz property, two and
three-fourth miles 8. 55° W. of Roanoke city. Thomas L. Watson,
analyst.

“ The residue consisted of 1.39 per cent. of sand and clay; and 1.51 per cent. of mat-
ter lost on ignition, apparently carbon.
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The Bonsack Prospect.—A single opening in the form of a
shaft has been made in the limestone on the edge of a small cut
along the Norfolk and Western railroad, about 14 mile N. 30° E.
from Bonsack, and about 614 miles northeast of Roanoke city.
This is a test-opening and probably did not penetrate the lime-
stone exceeding 50 feet in depth, and presumably much less. The
dump showed some pyrite, a little chalcopyrite and sphalerite, the
former greatly predominating. No galenite or lead ore was noted.
Here, as at the Martin openings southwest of Roanoke, the pyrite
shows much oxidation. Judging from the dump sphalerite, or zine
blende, is very sparingly present, and the prospect shows little or no
encouragement, so far as lead and zinc ores are concerned.

The only evidence of ore in place was observed in the limestone,
exposed in the small cut made by the Norfolk and Western railroad,
just below the shaft. This consisted mostly of pyrite, more or less
oxidized, concentrated in irregular stringer fashion in the lime-
stone. The limestone is entirely similar to that on the Martin
place described above. It is 4 grayish-black, crystalline limestone
which has been much crushed and recemented by the white calcite
or dolomite. Just above the shaft and back a few paces on the hill-
slope, is an exposure of the reddish shales in which a well defined
system of joints trending N. 45°-50° W. is developed.

MONTGOMERY COUNTY

More or less prospecting for zinc and lead ores has been done in
a number of places in Montgomery county, but as yet no produc-
tive areas of the ores have been found. The localities at which pros-
pecting has been done are as follows: In the extreme southwestern
part of the county, on Bony’s creck, 214 miles southeast of Shaws-
ville, on the Langhorn estate and the adjoining property owned
by Wills; on the Walker and Vaughn properties south of the Nor-
folk and Western railroad, between Shawsville and Big Tunnel;
and about two miles south of Christiansburg. Zinc ore has been
reported as occurring on the Cloyd property located on New river,
about 8 miles southwest of Blacksburg.

A small part of the work has been done recently, but most of
it is of long standing, dating back 20 years and longer. The
strongest indications of ore on any of the places examined could
hardly be called more than a trace. Samples have been shipped
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from time to time, but nothing that approached even a workable
grade of ore has been discovered.

The most extensive prospecting done was on the Langhorn estate,
located in the southwestern part of Poor Mountain, about 2%%
miles southeast of Shawsville. The area rises 2,000 to 2,500 feet
above sea-level and it presents a roughened and much dissected
topography. The rock is magnesian limestone, dark gray in color
and crystalline, and is interbedded with narrow bands of purplish
red and occasional black shales, the average strike of the series
being N. 30° E., and dipping 65°-70° 8. E. In places the lime-
stone is exceedingly porous and spongy, but as a rule it is compact
and finely crystalline in texture.

Because of long standing the openings had so caved-in that a
satisfactory examination was not possible at the time of my visit.
However, a careful examination of the openings and of the dumps
failed to indicate more than slight traces of ore. Very recently
several minor openings have been made on the adjoining property
owned by Wills, in one of the shaley bands of the limestone, show-
ing very thin stringers of lead sulphide, galenite. The shale has
been crushed and brecciated and the galenite is deposited in very
thin stringer fashion between the broken fragments of shale. At
the other places mentioned above the openings have been made in
the magnesian limestone.

The general composition of the Shenandoah limestone in Mont-
gomery county is shown in the following partial analyses made of
specimens collected by the writer:

I II IIX

Calcium carbonate (CaCOg).vvvevvvnnnn 66.43 87.35 46.46
Magnesium carbonate (MgCOg)........ 24.21 7.35 37.38
Iron and Alumina (Fe,044-Al0;)... ... .88 .38  1.33
Insoluble residue. . .oovevviennnriensns 818 6.24 14.93

T. Limestone from the Bell quarry, three miles sonthwest of Blacksburg,
Montgomery county, Virginia. J. R. Eoff, Jr., analyst.

1. Limestone from the Plunkett quarry, near the Bell quarry, two and one-
half miles southwest of Blacksburg, Montgomery county, Virginia. J.R.
Eoff, Jr., analyst.

IIT. Limestone from the Davidson farm, one mile east of Blacksburg, Mont-
gomery county, Virginia J. R. Eoft, Jr., analyst.

At no place exammed in Montgomery county can workable de-
posits of either lead or zinc be counted on.
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PULASKI COUNTY

The known occurrence of zinc ores in Pulaski county is limited
to the extreme southwestern part of the county near the Wythe
county line and in the vicinity of Allisonia and Delton, along New
river. The ore consists of the original sulphide, zinc blende, occur-
ring in the unaltered magnesian limestone, and the oxidized or
soft ores, calamine and smithsonite, concentrated near the bottom
of the residual clay derived from the limestone and the irregular
weathered surface of the hard rock. Openings have been made at
three places, only one of which has produced ore in sufficient quan-
tity to be workable. The other two openings were made in the hard
limestone dug in testing for zinc blende.

The Delton Mines.—These mines are located on the Clark prop-
erty, about one mile south of Delton and about the same distance
west of New river, where crossed by the Cripple Creek branch of the
Norfolk and Western railroad. They are further located about 12
miles southwest of Pulaski City. The mines were opened by the
Bertha Mineral Company, May, 1902, and were continuously
worked until December, 1903, when it is claimed the ore pinched
out, about 8,000 tons of ore having been mined.

Two connecting open-pits of large size and roughly circular in
outline were worked. These were aligned in a northwest-southeast
direction and were worked to a depth of about from 80 to 100 feet.
Ore was also mined from shafts and drifts run in different dirvec-
tions from the sides and bottom of the pits. The limestone pillars,
or chimneys, are not so strikingly developed here as in the open-
work at Bertha and Austinville. The soft or oxidized ores, includ-
ing zinc silicate, calamine; and zinc carbonate, smithsonite, were
the ores mined. A little lead, galenite, and some iron, limonite,
were found in association with the zinc ores. The occurrence of the
workable ores was similar to that described at Bertha and Austin-
ville.

The residual clays overlying the ores were red and yellow ferru-
ginous clays, in which the percentage of iron was sufficiently large
to warrant their being mined for iron. As such the property has
yielded much iron ore, which was mined from the same openings -
from which the zinc ores were formerly removed.

Lead and iron were the only impurities in the zinc ores. After
concentration the product contained 40 per cent. metallic zine, 0.5
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per cent. lead, and 5 per cent. iron. When the mines were first
opened, it is reported that about four tons of run-of-mine ore pro-
duced one ton of concentrates, but toward the close of operations
the ratio was higher, ranging as high as six to omne.

Mining for zinc was stopped for the reason that the bodies of
soft ore were exhausted. Drillings were made in the fresh unal-

" tered limestone, below the covering of the residual clays, to test the
presence of original sulphide ores. These proved the scant presence
of sulphides in the limestone but not sufficiently concentrated to
be workable. :

The rock containing the original sulphide ores which yielded on
weathering the workable soft ores, calamine and smithsornite, is
a medium to dark gray magnesian limestone. It is thin bedded
and much crushed, but not so coarsely crystalline as at Austin-
ville. The crushed rock is recemented with white calcite or dolo-
mite, in the form of films and stringers. TLess than half a mile
north from the mine openings, exposures of the interbedded thin
banded purplish red shale and limestone are seen along the tram
track between the mines and the mill. Several bands of the shale
are repeated with the limestone at this point. Both the shale and
the limestone are cut by well defined joints in two directions.
Measurements of the joints cutting the shale in the exposure just
north of the mines, gave N. 65° E. and N. 45° W., with minor
jointing in at least two other directions. Measurements of the
joints in the limestone 14 mile southeast of Delton and on the
Allisonia road, gave N. 40° E. and N. 50° W. Dip of the limestone
measured here and in the mine openings was 40°-45° southwest.

A partial chemical analysis made by the writer on specimens -
"of the red shale collected from this point gave the following results:

Per Cent.
Silica (S105) v e vivrrinmnsereiinnaessenes 69.29
Titanium oxide (TiO,) «.vcvvuerrreeeeeions 1.19
Alumina (ALOg). . vveerinnveirarioneinens 17.35
Iron oxide (Fep0g) e enevenrriiiainnre cevnas 4.78
Manganese oxide (MnO)......ooiveervaneens 0.13
Magnesia (MgO).ourvrrnneaiasranonaasees 0.92
Lime (CaO)...... eeeeetseseciaencsanasans 0.34

A separating and concentrating mill was built at Delton, the
railway station, about one mile from the mines, where the zinc ores
were treated before shipping to the furnaces at Pulaski for smelt-
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ing. This mill was being dismantled and the machinery moved to.
Austinville for use, during the spring of 1905. A tram road was
built and operated between the mill and the mines.

The Forney Test Openings—Two openings were made in the
limestone several years ago by Mr. D. S. Forney, on the opposite
sides of New river from each other and about one mile northeast.
of Allisonia. The first opening, a shaft sunk to an unknown but
not great depth in the limestone and located on the south and same
side of New river as Allisonia, is reported to have penetrated the
rock containing some sulphide ore. Judging from the dump, which
was carefully examined, the ore was not sufﬁmently concentrated
in the limestone at the depth reached by the shaft to be work-
able. A little zinc blende and some galenite, lead sulphide, were
observed in the rock taken from the shaft. The rock taken from
the shaft shows a well crushed and brecciated, dark-colored; crys-
talline magnesian limestone, cemented by crystallized white calcite
or dolomite.

On the opposite and north side of the river, a tunnel was driven
into the limestone slope at an elevation of 250 to 300 feet above
the river level and about 300 yards distant therefrom. The tunnel
was driven into moderately thick-bedded, dark, crystalline magne-
sian limestone, dlppmg 45°-50° southwest. The work was done
about five years ago and a little ore is reported to have been shipped.
A careful examination of the dump showed some beautiful light
yellow blende distributed through the dark limestone in small
grains and to some extent as moderately large cleaveable masses.
Some finely disseminated grains of lead sulphide, galenite, were
noted in the rock associated with the zinec blende.

The limestone seemed to be less crushed here than at the shaft
across the river, although more ‘ore was observed.  Purplish red
shales outcrop lower down the slope, about half way between the
tunnels and Allisonia, dipping slightly east of south 45°-50°.

The construction of a coffer-dam across the river, at a position
nearly between the shaft and tunnel on the two sides, showed the
presence of zinc ore in the limestone forming the river bed.

WYTHE COUNTY

 General Statement.—Wythe county has been and is now the main
producing county of lead and zine ores in Virginia. Indeed it can
be safely stated that nine-tenths of the lead and zine ores produced
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" in Virginia has been from the mines in this county. The mines

at Bertha and Austinville in the extreme southeastern corner of
Wythe county have produced practically the entire output in these

- ores. It was here that the first mining of lead and zinc ores in the

State was done, which dates back, in the case of lead, more than 150

years.. The ores mined up to the present time included only the soft

or oxidized forms, concentrated at only slight deptbs below the sur-

face. Recent exploitation below this level has developed the pres-

ence of large bodies of original sulphide ores in the fresh rock. -
Also prospecting now in progress at Cedar Springs, 22 miles west

of Austinville, in the southwest corner of Wythe county, is very

promising in that beautiful blende is being exposed which appar-

ently promises well both in quality and in quantity.

The ores of zinc include the silicate, calamine; the carbonate,
smithsonite ; and the sulphide, sphalerite. Those of lead are mainly
the sulphide, galenite; and the carbonate, cerussite. The lead ores
are principally limited to the mines at Austinville. Pyrite, sulphide
of iron, occurs in some of the mines in the fresh limestone associ-
ated with the sphalerite and galenite, but at no point is it in quan-
tity sufficiently large to be harmful to the ores of lead and zine.

The occurrence and association of the ores, and their character
and development, are described in detail below under the individual

properties. : :
The Bertha Zinc Mines

These mines are located in the extreme southeast corner of
Wythe county, 20 miles southwest of Pulaski and about one mile
south of the North Carolina extension of the Norfolk and Western
railroad. As stated above, zinc ores were first discovered at Bertha
in 1866 and the mines were regularly opened in 1879 when the first
shipment of ore was made to Providence, Rhode Igland. This
marked the beginning in systematic mining of zinc ores in Vir-
ginia.

The mines are further located about one mile south of New river
on a plateau of magnesian limestone whose average elevation is
290 feet above the river. This forms the eroded portion of the
northeast limb of the anticline cut through by New river at Austin-
ville. The limestone is light to dark gray in color. It is finer
grained, less crystalline and much less fractured than at Austin-
ville. These differences in the gemeral character of the limestone
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noted at Austinville and Bertha seem to be characteristic of the rock
on the two limbs of this fold. The dip is much flatter at Bertha
than at Austinville. Numerous measurements made on the lime-
stone beds in the mines and on the outerops between the mines and
the river gave 25° N. W.; strike N. 75° B. Between the river and
the mines several thin bands, one to six feet wide, of reddish sand-
stone and sandy shales, are interbedded with the limestone at short
intervals. Figure 9 is a structure section made from the mines
to the river at Bertha depot, which shows the position and relation
of the thin bands of sandstone and shale to the limestone.

The composition of the limestone is shown in the partial analysis
given below, made by Mr. J. R. Eoff, Jr., on specimens collected by
the writer from an outcrop between the mines and Bertha depot.

Per Cent.
Calcium carbonate (CaCOj)ivverreeenernanns 93.28
Magnesium carbonate (MgCO;)....vvvvvnenes 1.55
Iron and Alumina {Fe,0,+ALOy). - ..ottt .36
Insoluble residue............ et 2.06

The character of the ore mined at Bertha was of the soft oxidized
type, concentrated at the bottom of the residual clays on the irreg-
ular surface of the limestone. These relations are shown in figure
10, which is a section through a part of the mines. ~ The limestone
has weathered very irregularly producing, when the clay is re-
moved, a pinnacled surface, consequently the ore concentration has
been correspondingly irregular as to depth, not exceeding at any
point a depth of more than 80 or 90 feet. The “chimneys” or pin-
nacles of limestone are roughly circular in outline and show much
variation in size. Some reach to the surface, others are buried at
variable depths below the clay. Further variation is from fairly
sharp crests to flat tops and steep sides, as shown in plates IV
and V. For winning the ore the method of open cut mining,
stripping, was largely employed, although in later years the form
of mining consisted of shaft and tunnel work in the loose clays,
as shown in figure 26. This form of mining the zinc ores has been
confined to a surface belt or strip 1,500 feet wide extending across
the tract in the direction of the strike of the limestone, south 35°
to 40° west. Plates IV and V are views taken in some of the large
open pits, which show their general character.

The ores mined on this property were the silicate and carbonate
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Plate IV,

A. View in quarry of crystalline schists at Faber, Nelson County, showing schistosity

and contact of crinkled schist on left with conglomerate schist. Same rocks in which the
Albemarle Zinc and Lead Mines vein oceurs.

B, View of limestone “chimneys’ at Bertha Zine Mines, Wythe County, Virginia,
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B
A. View in quarry of crystalline schists at Faber, Nelson County, showing schistosity
and contact of crinkled schist on left with conglomerate schist. Same rocks in which the
Albemarle Zinc and Lead Mines vein oceurs.

B. View of limestone “chimneys” at Bertha Zine Mines, Wythe County, Virginia.
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of zine, calamine and smithsonite, intimately admixed. Drillings
made in the fresh limestone beneath the clay covering in many

places over the property, revealed the presence of rather sparsely

disseminated blende. At no point, however, did the drillings show

the blende to be sufficiently concentrated to be workable. Little or

no galena, lead sulphide, has been found on the Bertha property.

Several very large-masses of pyrite, iron sulphide, were observed

by the writer in one of the open pits.

The ores mined at Bertha were the result of extensive residual
accumulation of concentration of the altered or oxidized zinc ores,
calamine and smithsonite, derived from very large areas of sparsely
disseminated zinc blende in the original fresh limestone. Some.
crystallized barite is found in the smaller openings made on the
southwest end of the property. '

The residual clay covering of the open pits and cuts is intensely
red in color, and at present it is being mined and washed by the Pu-
laski Iron Company for iron ore. This company leased the property
in 1898 for the purpose of mining the clays for iron ore, when the
Tining of zinc ores was stopped.” Mining of the zine ores was sus-
pended for the reason that they were practically exhausted, but it
was hoped that by removing the ferruginous clay covering other
bodies of zinc ore would be found. There seems but slight pros-
pect for this, however, and unless zine ores are found by careful
testing other parts of the propei'ty ‘not yet worked, it must be
abandoned as a zine property. R

Very little zine ore has thus far been found in working the pit
for iron. The few pieces seen by the writer were porous masses
of calamine highly stained with iron oxide from the admixed red
clay. Some black oxide of manganese, in the form of nodules and
staining is distributed through the clays in places, but it is not
present in sufficient quantity to warrant the saving of it.

The Bertha mine has been the largest producer of soft ores in the
State. The ore as mined is claimed to have averaged about 26 per
cent. metallic zine.  When producing it yielded 12,000 to 15,000
tons of unwashed ore to the acre, and the ground was being worked
over at the rate of 315 to 4 acres per annum. The output was 200
tons of ore per day, hoisted from 17 shafts, with a working force of
about 300 men. The yield is reported to have been approximately
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B
Views showing character of limestone weathering in open cuts of Bertha Zinc Mines,

A. Weathered limestone surface showing dip of beds.” B. General view in open cut
showing limestone “chimneys.”
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B
Views showing character of limestone weathering in open cuts of Bertha Zinc Mines.

A. Weathered limestone surface showing dip of beds. B. General view in open cut
showing limestone ‘“‘chimneys.”
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one-third of the crude ore treated and the product gave the fol-
lowing average analysis when dried at 2120 F.4

o v o _Per Cent.
Metalliczine. ..coovienieiinnnennnnnnnn.. 38.08
Equivalent in zinc oxide (ZnO)...... eesenas 47.61
Silica (8i0;). .. vvvriiien it innannara. 29,87
Iron and Alumina (Fe,0;4-A1,0,)...:...... 9.23
Calcium carbonate (CaCOy)....us'en....... - 4.54
Magnesium carbonate (MgCOQ,)............. 2.05-

_ Water, combined (H,0)...........0.0..... 8.23
S Lead. i e trace
Total. coooniii i i iiiie e s 101.52

An extensive and thoroughly up-to-date equipment for hauling
and milling the ore was installed and operated near Bertha depot
at the river and less than a mile from the mines. Tram-cars were
operated between the mines and the mill. The plant was partly
destroyed by fire some years ago, and. the remaining machinery has
recently been moved to Austinville for use at the Austinville plant.
The method practiced in the treatment of the ores at the Bertha
plant is described on page 137 of this report. A washer for
cleansing the iron ores mined at the old Bertha Zine Mines is still
being operated near the site of the old zine plant near the depot.

The Austinville Zinc and Lead Mines

The Austinville Zinc and Tead Mines, owned by the Bertha Min-
eral Company, are located in the southeast corner of Wythe county,
twenty-nine miles southwest of Pulaski by rail, and ten miles west
of the Bertha mines described above. The mines are further located
about a quarter of a mile south of New river on a plateau of magne-
sian limestone at an average elevation of 290 feet above the river
level. The North Carolina extension of the Norfolk and Western

railroad passes between the river and the mines, as indicated on

map, figure 11. As stated above these mines were first worked more
than 150 years ago, when léad ores were mined by Colonel Chiswell
in 1750.* »

~ The ores occur in an intensely metamorphosed zone along the
southeast limb of an anticline which trends northeast-southwest,
and is cut through by New river at this point. Along this zone the

4 Moxham, E. C., Engr, and Mng. Jour. 1893, Vol. 56, Nov. 25, p. 544,
* For a detailed historical summary see pp. 68-71.
s
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limestone has been intensely crushed and broken and cemented,
and in many places almost entirely recrystallized. Only scattered
and very small pieces of the original dark-colored rock are shown in
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forming calcite and dolomite, with scattered “eyes” of original limestone through
the crystalline calcite-dolomite matrix. Natural size.

the recrystallized limestone of light gray, nearly white color. This
relation of the small proportion of original dark-colored rock re-
sembling “eyes,” to the bulk of the rock, now recrystallized light
colored matrix, is well shown in figure 12. 'The recrystallized lime-
stone may be either medium or coarse and even granular in tex-

ture, and may or may not contain “eyes” of the original dark-
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colored rock. In many places the extreme crushing and recrystal-
lization have nearly, if not entirely, obscured the original bed-
ding. Over most of the area, however, the bedding planes are
very clearly and sharply defined, dipping on an average of 45° S. E.
As a rule, jointing is rather strongly emphasized in the lime-
stone at the mine openings. The principal sets of joints corres-
pond to the directions N. 50°-70° B., and N. 65°-85° W., with nearly
all variations noted in minor jointing. The workings underground
show in places pronounced lines of breakage in the limestone in
three directions which are referred to faulting. These are N.-S.,
E.-W., and N.E.-S.W.
- ‘A number of complete chemical analyses have been made from
carefully collected samples of both the fresh and the partially de-
eayed limestone. These are given on pages 29, 97 and 98, and
they indicate a ‘dolomite in composition. -
' TUntil recently, the ores mined at Austinville were of the soft or
oxidized type concentrated for the most part at the bottom of the
residual clays on the irregular weathered surface of the limestone.
These relations are shown in figure 16, which is a secfion thrdugh
a part of one of the open cuts at Austinville. The weathering of
the limestone here into pinnacled surfaces and the depth and char-
acter of the residual decay covering the limestone are, in every re-
spect, similar to that described ‘above at Bertha. Plate VI _Tepre-
sents views of the pinnacles showing the dip of the limestone beds,
and of the weathered limestone surface in the Austinville mines.
The soft ores mined included calamine, hydrous zinc silicate;
smithsonite, zinc carbonate; and cerussite, lead carbonate.  Much
galena, lead sulphide, was associated with the oxidized ores. Only
thé lead ores were mined from the béginning of mining in 1750
until after the close of the Civil War when the zinc ores first gain-
ed recognition. For winning the ore the method of open cut min-
ing, stripping, was largely employed. The lead ores were then fol-
lowed down by stoping whenever found, the zinc ores, in the early
mining, being discarded and thrown to one side.

Considerable underground work has been done in the fresh lime-

stone, and the Bertha Mineral Company has been largely engaged
during the past year or more in exploring and developing the
original sulphide ores in the fresh rock. Enough work has been
done to indicate the occurrence of the sulphide ores in the form
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8
Views showing character of limestone weathering in open cuts of Austinville Zinc and
Lead Mines, A, Limestone ‘chimneys,’ showing dip of beds. B. Weathered limestone
surface; beddiog obliterated by recrystallization of limestone.
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B
Views showing character of limestone weathering in open cuts of Austinville Zinc and
Lead Mines. A. Limestone ‘chimneys,’ showing dip of beds. B. Weathered limestone
surface; bedding obliterated by recrystallization of limestone,
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of fairly well defined ore-shoots, as shown in figure 15. The ore
bodies are apparently very large; one of these recently developed
in the deep opening measured about 260 feet by 16 feet. A second

one worked out was apparently much larger. The sulphide ores

include zinc blende, galenite, lead sulphide, and some pyrite, all

more or less closely associated. In places, however, large areas
of the limestone show a predominance of zinec blende, with a little
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Specimen. of leanore from Austinvxlle Lead and ch Mines. Shows relations of
sphalerite a,nd galemt.e 1o each other and to the limestone. Two- thirds natural size.

galena and less py';ri"eeb,' while, ofhér areas qshOw a piedominaﬁéé of

galena, with - but liftle: blende” and pyhte Nearly all ‘gradations’
in ass001ahon of the sulphldes between these two are observed.

The aSSOCIatlon of biende and cralena in, the hmestone 1§ brought :

out in ﬁgurf:s 13, and 14, Whmﬁ are: drawmgs, made from hand
“gpecimens of thélean and av efage sulphide ores.

Pyrite as a rule, is not abundantly distributed through the
limestone, but is rather limited in occurrence, and is not in quan-
tity sufficiently large to be harmful to the ores of zinc and lead.
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3| GALENITE

Specimen of typical ore from Austinville Lead and Zfinc Mines, showing relations of sphalerite and galenite to

each other and to the limestone. Natural size.

SPHALERITE.
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The general character of the ore is well shown in the following
chemical analysis made by Dr. W. E. Barlow, on a carefully col-
lected sample by the writer from an average face of ore under-

ground. ~
Per Oent.

Zinc oxide (ZnO) ....ovvviiiiiiiiiiiaiane, 39,02
Lead oxide (PbO) .....ccovviiviniinennnnn, 1.205
Cadmium oxide (CdO): ..oevvivrivenenn-. 0.22
Iron oxide (FeyOg). covveivnnnnnneneennns ... 4395
Alumina (ALO,)..... e ieeiereeereaeae s 4.23
Lime (Ca0)...vvnvriniiiinnieniniiienaaes 12.23
Magnesia (MgO)...eeemeniierinvnrinnennns 9.16
1 Carbon dioxide (CO,).vevrvnvnrrennnnsann. 18.71
28ulphur (8)...coviiiiiiiiniiiiiiiiiinans 19.05
Potash (K,0).iveiiieiiniiiiniinennnnn. 0.41
Soda (Na,0)...vviiineninninnnnn. v 0.09
Silica (Si0p) .vviiiiiiiiiiniieiinan.. veees 0.32
Manganese oxide (MnO).......c.coevvnennaan trace
Water (H;O).oovi viviininiiiiiiianenanns 0.10
Titanium oxide (Ti0,).... )
Barium oxide (Ba0) ..... | ,
Strontium oxide (8r0) ... b none
Copper (Cu).......... vee |
Arsenic (A8)............ l
Antimony (8b).......... J
Total cvvvvineiveseineniincnann 109.14
Less O==S.. ... iiiiiiiiiiiiiiiiinnna. vaen 9,07
100.07
Zincsulphide (ZnS)...covivnvviiiniiinnne. 46.75
Lead sulphide (PbS)....................... 1.986
Cadmium sulphide (CdS)................... 0.275
Iron disulphide (FeS,)........u..... N 6.369

The purity of the zine blende at the Austinville mines is indi-
cated in the following analysis made by Mr. J. H. Gibboney on
selected pieces collected by the writer. ’

! The 19.05 per cent. of sulphur found was recalculated first to PbS, ZnS and
CdS. The remaining sulphur was calculated to FeS,, and the remaining iron was
expressed as Fe,O,,

? The amount of CO, theoretically corresponding to the amounts found of CaO
and MgO is 19.67 per cent. This would make the sum of the analysis 101.039.
The low result for CO, is probably due to the fact that the gweeping out’’ of
the apparatus, after the determination, was stopped too soon, because of the risk
of ‘absorbing some H,S.

|
|
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Per Cent.

Zine (Zn).veeroiiniiniinneeannnsneiienonns 65.01
Sulphur (8) ..cvviinii e 31.93
Tron (Fe) cevniriveniiiniieennnnencneeneans 1.94
Lime (Ca0). cvrveiiiniiiannnnennnesrecnes .08
Magnesia (MgO).oovivniiviis vevneiiannenns none
Silica (S10;)eeveerrveerrierirnivanansonsnns .33

Total o ovevvriiniieeieanineenns 99.29
Zine sulphide (ZnS) 1. ... ...cviieiiiiian 96.94

Specimens collected by the writer of the white recrystallized
limestone in which the sulphide ores occur yielded Mr. J. R.
Eoff, Jr., the following results: ,

Per Cent.

Calcium carbonate (CaCQOjg)....oovtvvniinn.nn 54.85
Magnesium carbonate (MgCOg)......cvviveet 44.58
Iron oxide (Fe, Q) :
Armmins CALG,) Foome .48
Silica (S10g). vt ivrnrriineecnnsrrianess .22
Total vooevvivnnrrennrennvnnns 100.13

As the analysis indicates the rock is a dolomite, the ratio of
calcium to magnesium being 1 : 1 the ratio of normal dolomite.
~ As discussed elsewhere in this report there appears no field evi-
dence in support of secondary sulphide enrichmeut either at Aus-
tinville or elsewhere over the Virginia district; but the metallic
sulphides are regarded as a product of primary deposition. At
Austinville the formation of the sulphide ores in their present
localized condition has been largely one of a replacement process,
in which the limestone substance has been replaced by the metallic
sulphides. Concentration of and replacement by the sulphide
ores have gone forward along the bedding and joint planes; largely
where the two intersect. Microscopic study of thin sections of
the ore indicates that the process began first by the filling of fine
cracks in the limestore, then extending inte and replacing the
grains of the magnesian limestone frequently as in the case of the
galena, along -some crystallagraphic direction in the limestone
grains. See plates VIII, IX and X. Moreover, as elsewhere
stated, it is believed that the conditions at Austinville favored the
introduction and deposition of the metallic sulphides as such, and
not as in Rye Valley in the form of sulphates, and the sulphates
afterwards deposited as sulphides by reduction from the organie
matter contained in certain layers of the limestone. '
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As shown in figure 11 Wh]ch is a sketch map of the Austinville
mines, mining of the ores has been by open cuts, shafts and tun-
nels. The ores have been worked on three principal levels at the
following depths below the surface: 90, 180 and 238 feet. The
main adit level has been run at an elevation of 45 feet above the
river level, and the “water hole” is 110 feet below the adit level,
or 55 feet below the river level. The lower limit of oxidation is

Fig, 15,
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Plan of the Bunker Hill opehin'gs' at the Austinville Lead and Zine' Mines,

Wythe County, Virginia,
found between the two upper levels, 90 and 180 feet. Below the
180-foot level oxidation has mot been observed. '

Treatment of the Austinville ores from the time they are mined
until they are ready for the smelter is described in*full on pages
138 and 139. As shown in this treatment of the ores the Austin-
ville plant is extensively and thoroughly equipped for handling
and milling the ores. In addition to the elaborate concentrating
mill, oxide furnaces have. recently been built and are operated,
which utilize all tailings and low grade ores that formerly were
claimed not to be usable and hence were. dlscarded
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to the limestone “chimneys” and the residual
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Plate VII.

Austinville Zinc and Lead Mines Plant.

A. General view of the Plant.

B. Oxide Furnaces,
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Austinville Zinc and Lead Mines Plant.
A. General view of the Plant. B, Oxide Furnaces.
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B
Photomicrographs of thin sections of sulphide ore from Austinville Mines, Wythe
County. Magmified 50 diameters; cross nicols. Black areas represent sulphide minerals,
A. shows crystalline character of limestone, filling of finecracks and some replacement by
sulphides. B. Shows advance stage in replacement process.
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B
Photomicrographs of thin sections of sulphide ore from Austinville Mines, Wythe
County. Magnified 50 diameters: cross nicols. Black areas represent sulphide minerals,
A. Shows crystalline character of limestone, filling of fine cracks and some replacement by
sulphides. B. Shows advance stage in replacement process.
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The oxide furnaces supply a zine oxide which averages from
70 to 80 per cent. zinc used for charging in the smelting furnaces
at Pulaski for making spelter. A system of trolley- and tram-
cars is operated between the mines and washer for handling the
ore.

At the Austinville mines not only the zinc and lead ores are
mined, but the waste is washed for iron and the ore shipped to:
the furnaces, and the limestone of the “chimneys” or pinnacles
of the open cuts is quarried and used for fluxing, thus practically
utilizing everything. )

Structure Section

This section was made in order to determine (a) the structural
relations of the limestone formation, and (b) the stratigraphic
relations of the limestone to the quartzite which forms a series of
ridges topographically above the limestone on the southeast, known.
as Poplar Camp mountain. The section begins at Thorn’s ferry on
New river at Austinville and continues 8. 70° E. (magnetic) for:
a part of the distance up the slope of Poplar Camp mountain, a.
total distance of something over two miles.

The important facts developed in this section may be briefly-
summarized as follows:

(1} Between - Austinville and the quartzite contact with the-
limestone on the southeast, several reversals in dip of the limestone-
are shown, the significance of which is made clear by reference to
the section. :

(2) The limestone is variable in color and texture, and in the-
amount of chert it contains. About 3,600 feet S. 70° E. from the
depot at Austinville is found 250 feet in thickness of purplish and.
olive colored shales interbedded with the limestone. A thin band
of limestone occurs in the shale 175 feet above the bottom of the:
shale.

(3) About 2,000 feet S. 70° E. from the upper shale contact oc-
curs a limestone conglomerate composed of long fragments of the:
limestone bound together by a calcareous cement, which is appar-
ently more siliceous than the rock fragments. The larger lime--
stone fragments are slightly bent or curved and in some cases are
broken across by cracks at sharp angles to the longer axis of the
fragments, and the cracks filled in with the matrix. The limestone-
fragments are roughly arranged in finger-like fashion. The evi--
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dence favors original deposition for this conglomerate band in the
limestone.

(4) In its basal portion the quartzite is composed - of thin
banded sandy shales grading upward into heavier bedded quartzite
with a conglomeratic facies in places. The quartzite is conformable
with the limestorie and at this point it appears to be stratigraphi-
cally above the limestone. . ‘ :

When certain structural details are considered, such as ripple
marks and mud cracks which are found in the sandy shales in
places, the rocks appear to be right side up. Yet when the sec-
tion is extended further east into the crystallines, the stratigraphic
relations seem  difficult of interpretation unless we assume over-
thrust faulting or folding. g o

Petrography

In the hand specimens.the limestone - is completely crystalline,
varying from fine to moderately coarse granular, and is light gray
to nearly white in color. Brecciation is shown in small irregular
“eyes” of the less metamorphosed original limestone of dark. color,
distributed through the more metamorphosed light-colored erystal-
line rock. In the more completely metamorphosed zone of the
limestone the bedding is frequently nearly entirely obscured. Tn
other places the bedding is very sharply defined. The rock contains
45.10 per cent. of magnesian carbonate.

In thin sections under the microscope the rock is evenly granular
and wholly crystalline, with no admixture of other mineral than
dolomite and the ores. The dolomite exhibits both the character-
istic cleavage and twinning as shown in plates VIII and IX. The
crystalline grains are filled more or less with minute inclusions
usually of an indeterminable nature. Some of these are of a dark
brown and a reddish brown color and are certainly iron oxide. Fre-
quently these have accumulated along the sutures between the
graing and extend outward into the substance of the grains, ren-
dering those parts opaque and nearly black to polarized light. Parts
of some sections show an opaque yellowish color due to discolora-
tion from iron oxide staining. In some sections the iron oxide
fills the irregular thread-like cracks and has been derived from
pyrite by oxidation, :
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Areas of fresh pyrite are distributed through some of the sec-
tions, which show characteristic replacement borders. The - peri-
pheries of the pyrite areas are characterized by re-entrant angles
which correspond to the cleavage angles in the dolomite grains.
In some instances a partial cavity. is left filled with dark amorphous
matter, resembling iron oxide, suggesting oxidation of the original
pyrite. Galenite shows equally well the evidence of formation by
replacement of the dolomite substance along the cleavage direc-
tions. The border portions of the large irregular areas show per-
fectly straight and sharply defined edges bounding re-entrant an-
gles which correspond to the cleavage angles of the dolomite grains.
From the margins are given off irregular long thread-like stringers
which ramify outward into the dolomite substance in spider-like
fashion. Some of these fill in part the sutures between the dolo-
mite grains, rimming the grains for considerable distances ; others
fill irregular microscopic fractures in the dolomite grains. This
phenomena is typically shown in plates VILI, IX and X, which are
photomicrographs of thin sections of the ore from the Austinville
mines in Wythe county. ‘ ‘ '

Weathering

As stated elsewhere in this report, the mining of zinc and lead
in Southwest Virginia has been limited in the past to the oxidized
ores, derived by weathering from the original sulphide ores, in the
belt of weathering. The country rock, limestone, containing the
original sulphide ores, likewise has been weathered for a consider-
able depth below the surface, and the insoluble parts of it con-
centrated in place as an irregular mantle or covering of residual
red clay, in and near the bottom of which the altered ores have
been concentrated.

In order to indicate the changes which the rock has undergone
in the process of weathering, carefully selected specimens of the
fresh limestone and its corresponding partial decay, were collected
from different places in the Austinville mines, and analyzed in the
chemical laboratory. The results of these analyses are given below
in tabular form.
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Photomicrographs o: thin sectiong of sul
County. Magnified 50 diameters; cross nicols.
stone, and the filling of fine cracks accompanie
crystallographic directions by the sulphides.
Sulphides. Reentrant angles along margins o
ment of the sulphide areas as a whole are well shown.

Very dark irre

Plate IX.

phide ore from Austinville Mines, Wythe

Shows crystalline granular dolomitic lime-
placement of limestone grains along
gular areas in center represent
phides and the spider-like arrange-
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Photomicrographs oi thin sections of sulphide ore from Austinville Mines, Wythe
‘County. Magnified 50 diameters; cross nicols. Shows crystalline granular dolomitic lime-
stone, and the filling of fine cracks accompanied by replacement of limestone grains along
crystallographic directions by the sulphides. Very dark irregular areas in center represent
sulphides. Reentrant angles along margins of the sulphides and the spider-like arrange-
ment of the sulphide areas as a whole are well shown.
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Analyses of the Fresh and Partially Decayed Limestone from the

Austinville Mines

Fresh Limestone  Partially Decayed Limestone

I I 11T v v VI

Insoluble residue.  .594 .452 .20 .51 1.41 .48
CaO...covuvtnnn. 29.085 29.50 30.71 30.41  29.22 29.95
MgO............ 20.54 19.93 21.56 . 20.78 - 20.12 21.15
ALOy. ..o, 344 242 .37 21 2.93 .38
FeOgevvnvnnnn. .19 By .22 21 .64 .30
MnO............ .193 .378 ' trace .11 .29 .20
ZnO............. —_ _ trace .47 .91
Na,0O......... S .38 1.02 .10 .16 .22 .1»6
KOuivviinns, .22 .56 .12 05 .05 .04
CO,.. e, 45,40  44.01 43.88 43.80 41.34 42.51
HOueovvvitil.. 2,58 3.73 3.92 3.78 3.84 4.57

Total.......... 99.52 '99.99 101.08 100.01 - 99.83  100.65

I. Grayish white and moderately coarse crystalline fresh limestone. Speci-
* mens taken from the 190-foot level in the Austinville Zine and Lead
Mines, Wythe county, Virginia. Dr. W. E. Barlow, analyst.

II. White coarsely crystalline and crushed limestone. Specimens taken from
the 80-foot level, bottom of open cut, in the Austinville Zinc and Lead
Mines, Wythe county, Virginia. Dr. W. E. Barlow, analyst.

III. White and medium textured crystalline limestone. Specimens taken from

~ the 80-foot level, bottom of open cut, in the Austinville Zinc and Lead
Mines, Wythe county, Virginia. Dr. W. E. Barlow, analyst.

IV. Partially decayed limestone. Specimens of decay scraped from the sides
of open cut between the shop and the fill across ravine to Bunker Hill,
fifteen feet below the surface. The fresh rock at this point was slightly
impregnated with galena. Austinville Zinc and Lead Mines, Wythe
county, Virginia. .J. R. Eoff, Jr., analyst.

V. Partially decayed limestone. Specimens of decay scraped from the surface
of one of the limestone “‘chimneys,” Bald Hill, at a depth of about
twenty feet below thesurface. The outer surface of the decay was colored
a deep red from iron oxide. The ore mined at this point was calamine,
with a little galena. Austinville Zinc and Lead Mines, Wythe county,
Virginia. J. R. Eoff, Jr., analyst.

VI. Partially decayed limestone from the Austinville Zinc and Lead Mines,
Wythe county, Virginia. Specimens consisted of a fine grained limestone
sand, of grayish brown orlight rusty color, collected from out-crop along
road leading from the depot to the mines near the top of the hill and only
a few rods below the mines. J R. Eoff; Jr., analyst.

In order to indicate more clearly the changes involved in the
transformation of the fresh to the partially decayed rock, as repre-
sented in the analyses above, an average of the three analyses of
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{he fresh limestone in columns I, IT, and ITI, is given below in
column A; and a similar average of IV, V and VI is given in-
column B. In column C is given an analysis of a carefully sam-
pled portion of the residual red clay from one of the large open
pits. ~

A B C

Insoluble matter in dil. HCl... .42 .80 710 TR 48,96
Lime (€a0)eenvevnrnrenrnens 20.77  29.86 .24
Magnesia (MgO)..ooeveeinnnnn 20.69 20.68 1.02
Alumina (ALOy)eeenvnnennne 22 .94 26.27
Iron oxide (Fe,O05).vevvnnnnnn 19 .38 ' 10.53
Manganese oxide (MnO)...... .19 .20 none
Zinc oxide (ZnO)e.vevvnenenn none .46 none
Soda (Na,0)eervvvveeennnennns .50 .18 } ______________ undet.
Potash (K,0)..cvveennieninn .30 .05
Carbon dioxide (COg)......... 44,43 42,55 \ H,0 above 110°C. 2. 06
Water (Hy0)eo. voenrevnnnnnnn 341 406 fH,0 at 110°C. 7.41

Total coovviniviieneiaiann. 100.21 100.16 98.22

On comparing these analyses cssentially no difference is shown
in the principal ingredients in A and B, which clearly indicates
that the early stage in the weathering of this limestone is purely a
physical one and is unaccompanied by any appreciable chemical
action. 1In the next or final stage of the decay, shown in C, the
results are markedly different, the more refractory constituents
which are present in the fresh rock in barely more than traces, are
retained as the principal ingredients composing the residual clay.
The carbonates of lime and magnesia which practically make up
the fresh rock have suffered most from solution and removal, and
are only present in the residual clay in very small amounts.

The fresh rock composing the zone within which the lead and
zinc ores are found is a recrystallized magnesian limestone. The first
and early stage of weathering is a physical crumbling of the crys-
talline Tock into a dolomitic sand varying from a light to brownish
red color, in which only slight oxidation is shown. A characteris-
tic feature of the weathered surface of the uncovered limestone
“chimneys” is a pronounced irregular pitted aspect. A close ex-
amination of the limestone surface, shows this peculiar form of
weathering to be due to solution and etching along the irregular
fracture lines in the rock. The weathering of the limestone surface
into the characteristic pinnacled or “chimneyed” surface is con-
trolled largely by the jointing of the rock.
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This form of weathering is characteristic of the openings at
Bertha, Austinville and Ivanhoe, and in some of the openings
made for mining brown iron ore. The location of each of these is
along the zone of folded and crushed recrystallized limestone.

The New River Mineral Company’s Property

The mines of this company are located near Ivanhoe and they
have been extensively worked for limonite. Mining on the property
dates back prior to 1874. The openings are made on the anticline
which extends southwestward from Austinville and the limestone
has suffered the same changes and is of the same character as that
described at Austinville. Tt has been extensively shattered and
recrystallized and when the residual decay has been stripped for
iron ore, the underlying limestone presents a perfectly pinnacled
surface similar to that at Austinville and Bertha. The pinnacles
of limestone are closer together and are sharper crested here than
at Austinville and Bertha. The limestone dips about 35° N. W.

On the north side of the openings nearest to and west of Ivanhoe
much zine ore is reported to have been mined. The ore comprised
the secondary forms, calamine and smithsonite, and considerable
unaltered galenite. Examination of the limestone pinnacles shows
some disseminated sulphides, spalerite, galenite and pyrite. Differ-
ential weathering has emphasized the galenite at the surface of the
pinnacles. The small bunches of the mineral stand out from the
limestone.surface as irregular black lusterless masses. Crusts of
cerussite are frequently observed on the galenite. The three sul-
phides, sphalerite, galenite, and pyrite, are closely associated and
occur with abundant masses of cavernous barite. In several in-
stances the sphalerite and galenite were observed to be entirely en-
clozed by the barite. Quartz is very abundant both in'the form
of chert and as druses of perfect crystals and grains lining cav-
ities in the limestone and the masses of limonite ore. Small per-
fect rhombs of calcite are often seen filling the smaller cavities in
the limestone.

A similar occurrence of the sulphides is noted in the Simmerman
iron ore pits mearby. Some fluorspar is associated with the sul-
phide ores in these pits in addition to the other nonmetallic min-

“erals mentioned in the pits of the New River Mineral Company.
- The zine ores mined on this property are reported to have been
shipped to Trenton, New J. ersey.
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The Price Property

In the rear of the hotel at Ivanhoe zinc carbonate and silicate
are reported to have been mined in 1874-75. The main opening
was about 75 feet long, 6 feet wide and 30 feet deep and is now
nearly completely filled in. The writer is reliably informed that
49 tons of the soft ores were shipped from this opening to Trenton,
New Jersey.

The Cedar Springs Zine Mining and Development
Company’s Property '

The general offices of this company are located in Columbus,
Ohio. William Bucher of Columbus, Ohio, is President. The
property comprises 387 acres of land located in the extreme south-
west corner of Wythe county, about 514 miles south of Rural Re-
treat and 20 miles west of Austinville. Tt was first prospected
some years ago by the Bertha Mineral Company. For the past few
months extensive prospecting has been in progress by the Cedar
Springs Company. The openings were made on the north side
and along the head-waters of Cripple creek, extending from Cedar
Springs eastward for a distance of a mile or more. The principal
and large openings are grouped reasonably close together, and are
only a short distance east of Cedar Springs. These comprise open-
cuts, shafts and funnels. The Jargest of these is an open-cut 250
feet long, 8 to 25 feet wide, and from 5 to 23 feet deep. Several
shafts, sunk at different points, have reached a depth of 50 feet. In
addition to open work some drilling has been done, the deepest of
which reached a depth of 250 feet. The openings are made on
and along the base of the limestone slope which bounds the stream
on the north side and in elevation ranging only 2 few feet above

_stream level up to 50 and 75 feet. Several openings are reported

to have reached depths of from 8 to 10 feet below stream level.
The prospected zone, which parallels the stream in an east-west
direction will not exceed 1000 to 1200 feet in width.

The topography of the area is shown on the accompanying map,
plate XI. The rock in which the openings were made is a dolomitic
limestone, as shown in the analysis below, of compact and finely.
crystalline texture. It is moderately dark in color and much
crushed and broken and the fragments recemented by well crystal-
lized calcite and dolomite, forming a typical breccia in the pro-
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spected zone.  Careful measurements made at some of the openings
gave a dip of 80° N. W., and a strike of N. 80° E. - These are not
constant, however, but abrupt and sudden changes were noted in
them, probably indicating that the zone is located on or very near
the crest of a faulted anticline. The 250-foot open-cut shows the
development of an east-west zone of slickensides in the limestone,
which, so far as evidence indicates, probably point to localized
movement at the time of brecciation and folding. Chert is dis-
tributed quite abundantly through thelimestone in places but
seems not to occur in the rock at the openings.

Between Rural Retreat and Cedar Springs the prlnmpal rock is
the Cambro-Ordovician limestone and some shales. Pronounced
reversal in the dip of the rock is shown in several places, accom- -
_ panied by the arching of both the limestone and shale. The shales
- are purplish-red and olive in color, and are much fractured and
folded. The limestone is similar - to- that described: above. at the

opening, except chert is quite freely distributed through it. A ‘
chemical analysis made of specimens of the limestone col--."

lected by the writer from the. ogemngs near Cedar Sprmgs gave ..
Mr. J. H. Glbboney the followmg results ' .

Per Cent. B

Silica (sloz) ................... S X TS
Organic matter.......... eveiseaans feveaei.s 0.62
Iron oxide (FepOs)centenerransiinivnnons

AYGIADD ( ALOp) v onrr wrsnnasiess SR } o1
Lime (Ca0)...ccvvveiimrnncnnans e 29.74
Magnesia (MgO)..coovivvnsinniiiniinene 20.11
Calcium carbonate (CaCO;)....... eresenaen. 53.11
Magnesium carbonate (MgCO;)..cvaeenenenn. 42.80

The ore is of the breccia type composed of blende, zinc sulphide,
practically without galenite, lead sulphide,and pyrite,iron sulphide.
However, a little galenite has been reported from the extreme eastern
prospect openings. Oxidized ores, calamine and gmithsonite, are
essentially absent, although the occurrence of very small amounts
of smithsonite, zinc carbonate, is reported. The blende is found
in large and small irregular crystalline masses, which show as a
rule good cleavage development. It is light yellow in color and of
exceptional purity as shown in the analysis given below made by
Mr. J. R. Eoff, Jr., of pieces collected by the writer. '
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Per Cent.
glllxll;h(:;e:gl)lnc) ..... ceieeee gg'ﬁ Eqﬁivglent to 99.63 per cent.
Iron (Fe) metallic.......... cees .50 of zinc blende, ZnS.
Insoluble matter.............
Calcium carbonate (CaCOy)...
Magnesium carbonate (MgCO,) ! trace
Water (H,0) at 110°C....... J
Cadmium (Cd).vovvnenen..... } -
Lead (Pb)........... none
Total........ Cereieee . ... 100.70
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Breccia from Cedar Springs, Wythe County, showing relations of sphalerite to calcite-dolomite
ﬁllitng almii to the limestone. Some replacement of the limestone by sphalerite is clearly shown.
Natural size.

Partial replacement of the limestone fragments composing the
breccia by the blende is shown, though not so emphasized as else-
where. The bulk of the blende is distributed through the filling
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of the white crystallized dolomite and calcite which cement the
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limestone fragments.

Thé relations of the blende to the limestone and

to the associated minerals, dolomite and calcite, are shown in

ments is in large cleavable masres of the rhombohedral type.

figures 18 and 19. Much of the filling between the limestone frag-

posited together.
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Carefully selected portions of the filling were analyzed by Mr. J.
R. Boff, Jr., with the results given below, which indicate that it
is composed of the minerals dolomite and calcite.

I II
- Calcium carbonate (CaCOz)... ... PR 54.75 - 98.89
-Magnesium carbonate (MgCO;).... ... <. 4511 . 0.78
Ironoxide (Fe,0) cvuvienenenvivinnnnns ’ VRN
Alumipa (Alzoz).3 ...................... } 066 ) ’9310
Insoluble matter........... . 0.22° 034
T DO U 10074 100.11

Sp. Gr......... s Ry 2.97 2.66

' TS : ITE
';{;,':\;\é\ LIMESTONE %%%gmmrﬁ

Limestone breccia from the Cedar Springs Zine Mining and 'Dévelopment Company’s
openings, showing the relations of fluorspar to sphalerite, and to the calcite-dolomite
filling. Natural size. Cedar Springs, Wythe County, Virginia.

Quite a sprinkling of purple fluorspar, calcium fluoride, occurs
in places. Green fluorspar is reported from one of the openings
but the writer did not see any of it. The fluorspar is distributed
through and is enclosed by both the blende and the filling of dolo-
mite and calcite, as illustrated in figure 20. In other words, fluor-
spar is enclosed by masses of blende without calcite and dolomite,
and is enclosed also by the latter minerals from which blende is
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absent. These relations certamly suggest contemporaneity in, depo-
sition of the fluorspar with both the blende and the dolormte and
calcite. = The occurrence of fluorspar has been noted at _only three
places in Southwest Virginia as an associated mineral with the
zinc and lead ores, namely, Cedar Springs, Wythe county, and on
the McCarter place in Rye Valley, Smyth county. It also occurs
in the Simmerman iron ore pits near Ivanhoe in association with
lean sulphide ores of lead and zine.

So far as developments have gone, the Cedar Springs property
must be considered a promising one, and it affords strong indica-
tions of large quantities of blende of excellent quality being pres-
ent. It should prove to be an easy milling proposition, since the
ore, blende, is distributed through the brecciated rock in fairly
coarse and massive form. The largest dump of ore, taken from
the 250-foot open-cut, will probably average as it stands 10 to 15

per cent. of blende, zinc sulpliide. A sample of the ore analyzed

by O.S. Marckworth in the Ohio Testing Laboratory, and reported
in the prospectus of the Cedar Springs Zine Mining and Develop-
ment Company, gave the following results:

Per Cent.

Zinc sulphide (ZnS)..... reereraersieenanns 43.86
Calcium carbonate (CaCOs)...... e, 53.19
Tron (Fe,O5)ccnveinniiinieenereninanins.
ALGEINE (ALLO;) - e ner e vmramemr o } o1
Organic matter....ocoeiiierviinecsnonsnnnes 0.50
Moisture (H,0) at 100°C.......c.cevteeenen. 114

{7 99.93

_ SMYTH COUNTY

General Statement—Within the last few months considerable
interest has been manifested over the probable occurrence of work-
able bodies of zinc ore in the south-central portion of Smyth county,
in Rye Valley. Prospecting was being actively engaged in during
the spring by several different companies and as many private par-
ties, representing mostly Ohio capital. Operations were entirely
confined along the South Fork of the Holston river, in Rye Valley,
extending in a general east-west direction. About 10 miles east of
Rye Valley, in the extreme southwest corner of Wythe county,
very promising bodies of zinc blende are being exploited at Cedar
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Springs. The location of these dep051ts is shown on the accom-
panying map, plate XI.

Rye Valley is fromed from a narrow east-west strip of limestone
enclosed between nearly parallel high and more or less broken
quartzite ridges. The principal drainage of the region, South Fork
of the Holston river, has been established on the weaker rock,
limestone, which accounts in some measure for the valley, although
folding and faulting have probably been important factors.
The topography of this area is represented on the map, plate XT.
The: area between Marion and Rye Valley is composed of limestone,
sandstone or quartzite, and shale. These preserve a general north-
east strike and dip to the southeast, though reversals in dip are
noted. 'The more resistant sandstone or quartzite is ridge-forming
and the weaker limestone and shale are valley-making.

The Rye Valley distriet is 6. or 8 miles: distant in an.air-line
from the néarest point on the main line of the Norfolk & Western -
railroad. However, a branch line, known as the Marion and Rye
Valley railroad, is in operation between Marion on the main line,
and Rye Valley, which offers good facilities for marketing the ore.

INDIVIDUAL OPENINGS
‘The Rye Valley Mining Company

The Rye Val‘ey ‘Company, composed of Baltimore capitalists,
contains 1814 ‘acres of land, located one- quanter,of a mile north
of Sugar Grove, and 200 yards from and on‘the north side of the
South Fork of the Holston river. The ‘property was worked for
two and a half years about eight years. ago.. About twenty-five
carloads of the ore are reported to have been shipped.  The ore
was hand-picked before shipping, there being no concentrating mill
on the property. The dumps are quite large, and they contain
some good: ore.

The openings comprise two main shafts, and a number of small
test-pits.  These are made on the strike of the rock along a N.
80° E. course. The two shafts are reported to have reached depths
of 100 and 200 feet respectively, following on the dip of the rock,
60° S. E. They are spaced 225 feet apart and are connected un-
derground by a drift at the 100-foot level.

Mineralization is along a distinet brecciated zome of variable
width, which averages about two feet across in the shafts. The
limestonie breccia is apparently included between a compact and
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fine-textured limestone of light gray and brown color, and a finely
banded white and dark “birds eye” limestone. The fragments of
the breccia are cemented by thin films of white crystallized calcite
and dolomite. The limestone is of Cambro-Ordovician age and is
much folded, broken and crushed. The surface exposures of the
limestone at the mine openjngs show distinct bedding.” The beds
dip 60° 8. E., and strike N. 80° E. ‘ '

The ore is chiefly galenite, lead sulphide, of very fine-granular
massive form. Only in the bottom of the 200-foot shaft has
zinc blende been found. - Here it is in fine-granular form of yellow
color and intimately associated with the galenite. Specimens
show blende enclosed by galenite, and galenite enclosed by blende.
The ore penetrates and fills innumerable irregular strain cracks
and fractures in the rock and, to some extent, it replaces the sub-
stance of the limestone fragments. Pyrite has not been ohserved
in the openings, but it is found in places in the limestone in the
railroad cuts near by. ,

Quite a sprinkling of violet fluorspar occurs intimately asso-
ciated with the calcite and dolomite, and with the metallic sul-
phides. The fluorspar likewise fills fractures in the rock and in
some instances encloses the metallic sulphides and in others, the
fluorspar is enclosed by the sulphides. It further occurs with
the calcite and dolomite as a thin coating on parting planes and
slickenside surfaces, as well as filling small irregular cavities in
the limestone. o ‘ ' o )

Galenite, sulphide. of lead, is reported from a number of other
places in the vicinity of Sugar Grove, especially on R. N. Ward’s
place near the depot.on the southside of the South Fork of the Hol-
ston river. A shaft was sunk to a depth of 82 feet encounter-
ing ore at depths of 78 and 82 feet.

The Calhoun Prospect.—Several openings -were- worked just
above the Calhoun dwelling house by the Virginia Lead and Zine
Company during the spring and summer of 1904. The openings
include a shaft and two open-pits dug on the top of a limestone
knoll, 2 miles west of Sugar Grove P. O. These are made at an
elevation of from 30 to 50 feet above the level of a small stream
which flows at the base of the knoll.. '

The rock is a semicrystalline limestone of Cambro-Ordovician
age. It is dark gray in color, much crushed and broken and the
fragments recemented by white crystallized calcite or dolomite,
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forming a true limestone breccia. Measurements made in the open-
ings gave for the limestone a dip of 65° S. E. and a strike of N.
60° B. The rock is of the same general character and the condi-
tions quite similar as at Cedar Springs in Wythe county.

Very little ore was visible on either the dumps or in the openings.
1t comprises irregular masses of yellow, crystallized blende similar
to that occurring at Cedar Springs, and some calamine. Galenite,
lead sulphide, does not occur. ‘

The Virginia Lead and Zinc Company

~ This company is composed of Ohio capital with offices in Colum-

bus. In addition to the work done on the Calhoun place, prospect-
ing was in progress by this company on the Scott and Livesay
places at the time of my visit. The test openings made on these
two places are separately described below.

The Scott Prospect.—The work comprises an open-cut and shaft
dug during December, 1904, and January, 1905, at an elevation
of from 10 to 15 feet above the level of the South Fork of the
Holston river, on the south side and distant therefrom about 100
yards. Tt is located about one mile.S. 80° W. from the Calhoun
openings. The shaft was sunk to a depth of 53 feet on the dip of
the Tock. Tt was almost entirely filled with water at the time of my
examination. ' '

The rock is a very dark, nearly black, carbonaceous limestone,
some layers of which part readily into very thin plates along the
direction parallel to the bedding. It has been much crushed and
broken and the fragments recemented by a filling of white crystal-
line dolomite. Slickensides are developed on the foot-wall in the
open cut, indicating subsequent movement in the rocks. The rock
dips 48° S. E. and, strikes N. 75° E. The composition of the rock
js shown in the following chemical analysis made by Mr. J. H. Gib-
boney of specimens collected by the writer from the openings on
_ the Scott place.

Per Cent.

Silica (8i0,)....... eaveaeeasraiiaaarenaen 3.46
Organic Matter. .. oo vseeerreienrenanseaenees 0.26
Tron oxide (FeyOz) eveivvrrrreascnenonans

Alumina (ALO)s.vnvernenenes PR } oss
Lime (CaO)........ TR R TR AR RRT R 30.08
Magnesia (MgO)....oocviianiicnianes SN 19.80
Calcium carbonate (CaCOg).veeverreronnnnns 53.71

Magnesium carbonate (MgCO;)..oevnrnrennns 42.14
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So far as is shown by the openings, the only mineralogical form
of ore found is blende, zinc sulphide. It occurs in massive crystal-
line form, having perfect cleavage development, and replacing in
part the limestone substance, but more often it has been deposited
with the dolomite or talcite in the once open spaces between the
crushed fragments of the limestone, forming a typical breccia ore.
Neither galenite, lead sulphide, nor the oxidized forms of zinc ore,
carbonate or silicate, has been observed. ;

The blende is remarkably clean and pure, and is of a dull sulphur
yellow color. An analysis of selected pieces of the ore gave Mr. J.
H. Gibboney the following results:

Per Cent.

Silica (Si0,).vvvivereennnan .08 .
Metallic zine (Zn).......... 66.94 1 Equivalent to 99.86 per cent.
Metallic i F 30 zine sulphide (ZnS).

etallic iron (Fe).......... Equivalent to 0.63 per cent.
Sulphur (8)...cvvveevnnnnn 33.26 J iron sulphide (FeS,).
Lime (CaO)....ovvuveennatn trace
-Magnesia (MgO)........... trace

Total..ovovevnereenennnn 100.58

The Livesay Prospect—This prospect is located about 214 miles
8. 70° W. from the Scott openings. A shaft was being sunk in the
hard limestone immediately on the edge of the South Fork of the
Holston river, and approximately at the level of the stream, in
April, 1905. Very little could be seen, as the shaft had penetrated
only a few feet in depth. .

The rock is a brecciated limestone closely resembling that on the
Scott place. Tt is steeply inclined, maintaining a dip from meas-
urements made in the shaft of 70° S. E. and a strike of N. 70° E.

Specimens of the limestone collected from the shaft by the writer
yielded Mr. J. H. Gibboney on analysis the following results:

Per Cent.

Silica (S10,) e eiireiiiieiiiininnnnn e 4.10
Organic matter......ooviuiiiiiinineansnens 0.66
Iron oxide {(Fe,Og)e oo vvivviiiiiiiiainn.
Alumina (A12023)f ........................ } 0.88
Lime (CaO)ieiuieiriiiiiriiiniiiininnanens 29.46
Magnesia (MgO).voeeei i iiiiiiininn.. 19.68

Total.e.civne vr it i e 54 78

Calcium carbonate (CaCOg)..vvvvvvnnv.n.. 52.16

Magnesium carbonate (MgCO;).. ..ot 41.88
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A comparison of this analysis with that made of the limestone
from the Scott openings indicates the practical identity of the
limestone. o

Both here and on the Scott place the ore is apparently confined
to the darker and more carbonaceous layexs of the limestone. If
this -association is found to continue on the further developing of
these two properties, it would indicate that the ore was probably
introduced in the form of sulphates and was precipitated as the
sulphides by reduction from the organic matter contained in the
limestone. ,

Enough work has not yet been done to state definitely whether
workable quantities of ore will be found or not. The slight depth
reached in the shaft shows some blende, similar in all respects to
that described above on the Scott place, associated with as much or
more galenite, lead sulphide.
© The McCarter Prospect.—The place of prospecting on the Me-
Carter property is located about 34 mile southwest of the ILivesay
prospect and from a quarter to a half mile south of the South
Fork of Holston river. The work includes a single large shaft 40
feet deep and several small openings in progress at the time of my
examination in April, 1905.

As shown in figure 21, the rock penetrated by the shaft
is a true limestone breccia, the fragments of the limestone being
cemented by white crystallized calcite and delomite. It is semi-
crystalline in texture and of much lighter color than the limestone
described above from the Scott and Livesay prospects. A further
unlikeness of the limestone occurring at this point from that de-
seribed above is in the absence of organic matter in it. The same
degree of strike is observed here, N. 70° E., but the dip is less steep,
it being 45° S. E. Much chert is contained in the limestone in
places. The rock has been faulted at the shaft, the fault-plane
forming for a part of the depth the foot-wall of the shaft. As nearly
as could be determined the strike of the fault is coincident with
that of the limestone, 8. 70° E., but the hade is steeper than the dip
of the limetsone, the former being 60° S. T., while the dip
of the limestone is only 45° S. H. In other words, the fault
intersects the limestone layers, making an angle of 15°. At present
the shaft follows the dip of the limestone, but preparations were
being made to cross-cut and follow the hade of the fault. Natur-
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ally, mineralization of the rock would follow more or less ¢’ osely the
zone of crushing resulting from faulting, which would offer
the most favorable conditions for the free circulation of the ore-
bearing solutions and the precipitation and deposition of the metal-
lic sulphides. Prospecting, therefore, should be directed along this
line of breakage, as concentration of the ore would be more likely to
take place here than elsewhere.

Fig, 21
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Breccia from McCarter place, Rye Valley, showing angular fragments
of limestone cemented with calcite and dolomite. Natural size.

So far as the prospecting has developed, blende, zine sulphide,
is the only ore found. The oxidized zine ores, carbonate and sili-
cate, and galenite, lead sulphide, do not occur.  Several pieces of
pyrite, iron sulphide, are noted on the dump, but this mineral is
very rare. The limestone is replaced in part by the blende, but
probably the bulk of the blende is distributed through the white -
cerystallized calcite and dolomite which, together with the blende,
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are deposited in the spaces between the broken limestone fragments,
forming the cementing material which binds together the rock frag-

- ments.

In addition to the filling of the spaces by blende, calcite and
dolomite, quite a little sprinkling of deep violet colored fluorspar,
calcium fluoride, occurs. The fluorspar occurs in masses large
enough to show good cleavage development and in very small grains.
At the shaft it is associated with the calcite or dolomite-filling of
the brecciated limestone. About 1,000 feet northwest. of the shaft
a test opening made in the limestone reveals numerous small cav-
ities or vugs filled in part with fluorspar and in part with calcite.
Some of these show first a lining or filling of fine granular fluor-
spar next to the limestone and the rest of the cavity filled with
white calcite. Others show intimately admixed fluorspar and cal-
cite filling the entire cavity. Figure 1 represents these occurrences
of the two minerals. In the former case it would appear that the
fluorspar was introduced into the cavity in advance of the calcite;
in the latter contemporaneous deposition of the two minerals seems
probable. In some weathered fragments of the rock, it was noted
that the deep violet color of the fresh fluorspar had faded or
altered to a light wine red color. ' ’

The Martin Prospect.—The work includes six or eight openings
made on the Martin place, located about 4 miles N. 80° W. of the
McCarter property. The openings are made near the top and on
a slope of a limestone knoll, about 500 feet north of the South -
Fork of the Holston river and at an elevation of from 50 to 100
feet above the stream level. ,

The rock is a light gray crystalline limestone, not brecciated, but
has suffered considerable crushing. 1t resembles somewhat closely
the fine grained dolomitic limestone at the Austinville mines in
Wythe county, except that the Austinville rock shows brecciation:
quite distinctly in places which is not indicated at all in the rock
at the Martin opening. :

Careful examination reveals very little ore. A litle blende, zinc
sulphide, darker in color than the blende described above from the
other openings in Rye Valley, but of the massive crystalline type,
occurs. A little galenite, lead sulphide, is associated with the
blende. The indications as disclosed by the developments thus far
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made are by no means encouraging for the finding of workable
ores. '
The VanHoy Prospect.—About 134 miles to 2 miles S. 80° E. of v
the Martin place prospecting for ore had just begun on the Van-
Hoy place at the time of my visit in April, 1905. Some blende,
zine sulphide, had been found, and the indications are reported to
be encouraging.

RUSSELL COUNTY

General Statement—Zinc ores are known at only one locality
in Russell county, namely, on Copper creek about 7 miles south
of Castlewood, a station on the Clinch Valley division of the Nor-
folk and Western railroad. Here the occurrence of the ore is in
the Knox dolomite, magnesian limestone, of Cambro-Ordovician
age, and is interbedded with thin bands of reddish and olive colored
shales. Developments have been entirely confined to one place on
Copper creek, although ore is reported on several adjoining prop-
erties. '

The Osborn Zinc Mine.—This mine, so-called, is located on the
George Osborn place, 7 miles south of Castlewood, a station on the
Clinch Valley division of the Norfolk and Western railroad. 1t is
further located on the south side of and a quarter of a mile from
Copper creek, as shown on the accompanying map, plate XIT.

The ore was first opened some 5 or 6 years ago by L. D. Crawford,
who worked the property for a period of about six months, and
afterwards optioned it to the Bertha Mineral Company. This
company worked it for about the same period of time, and after
making considerable developments, concluded it would be better
to drop the option. Crawford again resumed mining on the prop-
erty and shipped the ore to the furnaces at Pulaski. Considerable
work has been done and apparently much money has been spent in
developing the property. The principal hindrance to mining is
the distance from the railroad and the rough mountainous area over
which the ore must be hauled for shipping. ‘

The openings, which include a main large open pit and numer-
ous test-pits, are made on a north sloping shelf of a principal ridge
paralleling Copper creek, and at an elevation of from 300 to. 350
feet above the creek. Several tunnels and drifts were worked from
the large pit, all of which were of shallow depth. The shelf was
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evidently determined in part by an east-west strike fault “which
is exposed in the west end of the principal opening. Where observed
in the opening, the fault has a steep dip, nearly vertical, to the
south. The openings are made along and near the fault-plane,
extending in a general east-west direction on both sides of the
larger opening, and they are dug in the area on the downthrow side
of the fault. ,

The topography of the area is shown on the accompanying map,
plate X1I. It is rough and typical of the mountainous district
of Southwest Virginia. The rocks are folded and faulted.and are
deeply incised by stream cutting, giving a pronounced ridge-valley
type of topography. The rock is magnesian limestone of Cambro-
Ordovician age, having an average dip of 25°-30° 8. K., and strik-
ing N. 70°-80° K. Thin banded, calcareous and argillaceous, olive-
colored shales, much crushed, are interbedded with the limestone
at the openings. The shales are repeated on both sides of the fault-
plane. The rocks are further intersected by a well developed
system of joints cutting approximately at right angles to the bed-
ding and trending in a general mnortheast direction. Crushing
offects of the limestone are much less apparent here than elsewhere
and very little calcite, other than that contained in the limestone
proper, is developed.

The limestone is almost continuously exposed along the road
between Castlewood and the mines. Some crushing of the rock is
in evidence, in places, and the fragments are recemented by white
calcite or dolomite. The limetone is prevailingly dark in color,
finely crystalline, and is filled with irregular masses and nodules
of black chert. No chert, however, was observed in the limestone
at the openings. Elsewhere, the chert weathers white in color; is
compact to spongy in texture, with fine quartz druses lining some
of the cavities; and, in places, it thickly litters the surface ag large
and small masses. At several places along the road between Castle-
wood and the mines, the breaking off of fragments from the lime-
stone ledges is accompanied by a distinct fetid odor, indicating the
presence of more or less bituminous matter in the rock. About half
way between the station and the mines, the limestone is interbedded )
with a considerable thickness, probably several hundred feet, of
calcareous, olive shales.



Plate XIl.

Shenandoah Lead and Zinec
Limestone Deposits

Map of the Russell County Lead and Zinc Deposits. Based on the Bristol Sheet, U, 8. G, S.
Geology by Thomas L. Watson. Secale Y% inch=I1 mile. Contour Interval 100 feet.
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[ 1T7] Shenandoah Lead and Zinc
B Limestone Deposits

Map of the Russell County Lead and Zinc Deposits. Based on the Bristol Sheet, U. S. G. S.
Geology by Thomas L. Watson., Scale 1% inch—=1 mile. Contour Interval 100 feet.,
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The composition of the limestone is shown in the following anal-
yses:

I - II

Silica (Si0p)..vevivennsiiiniiiann. 2.76 1.94
Organic matter. .... E .80 none
Iron oxide (FeOs).evvvnnninn...

Alumina (ALO,)wevsnen il boee 2
Lime (CaO)......oovviiivnna.... 51.12  44.62
Magnesia (MgO).................. 2.32 7.60
Calcium carbonate (CaCO,)......... 91.28  79.69
Magnesium carbonate (MgCO,)..... 4.96 16.17

I. Specimen of limestone collected five miles south of Castlewood. J. H.
Gibboney, analyst,

II. Specimen of limestone collected at the zinc mine seven miles south of Castle-
wood. J. H. Gibboney, analyst,

The ores include zine silicate, calamine, admixed with some gal-
enite, lead sulphide, and zinc sulphide, sphalerite. Sphalerite
occurs only in the unaltered limestone, disseminated through the
rock as the result of a replacement process, elsewhere described.
1t is a dark yellowish gray in color, and is usually of the fine gran-
ular type. Calamine is entirely secondary and was derived from
the original sulphide ore, sphalerite, by oxidation. It occurs asso-
ciated with the residual decay of the limestone.

The usual gangue minerals, such as calcite, dolomite, etc., except
in the form of the enclosing rock, limestone, are practically absent.
While baryta, barium sulphate, has been mined further north and
is Teported as occurring over large areas in Russell county, it was
not found as an associated mineral with the ores in any of the open-
ings. Galenite, lead sulphide, was reported to be more abundant
near the surface, but on depth it decreased and blende, zine sul-
phide, increased in amount. Calamine was the principal ore ship-
ped. The total shipment of ore from this property will probably
exceed a dozen carloads. Similar ores are reported to occur on ad-
jacent properties, along an east-west direction, but no openings
have been made. :

Not all the openings were accessible for examination at the time
of my visit, but judging from the general conditions the ore is by
no means exhausted. Further development, however, is needed
to determine the general charaeter, extent and quality, of the sul-
phide ores, which occur with fresh and unaltered limestone below
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the belt of decay. Just at present the principal drawback to devel-
oping the property is its distance from the nearest railroad point,.
with a rough area intervening over which to haul the ore.

GENERAL OUTLINE OF THE GENESIS OF ORE DEPOSITS
Iatroductory

Metalliferous deposits may be divided into three general groups,
namely: (1) those which are of direct igneous origin, as some
bodies of magnetic iron ore; (2) those which are the direct result
of the processes of sedimentation, such as placer gold deposits ; and
(3) those which are deposited by circulating underground waters.
By far the majority of all known ore deposits belong to the third
class, or those which owe their origin to circulating underground
waters, either of meteoric or magmatic origin, or both. To the third
class of deposits are referred the lead and zinc ores of Virginia.
The method of formation of the third class of deposits with special

yeference to the lead and zinc deposits of Virginia is briefly out-
lined below. In presenting this outline of the modern theory of
ore-deposits, the work of Professor, Van Hise is followed, free use
being made of the several excellent papers published by him on
this subject.*
Zones of the Earth’s Crust

The outer part of the crust of the earth may be divided into
three zones. These are, from the surface inward: (1) the zone of
rock-fracture; (2) the zone of combined rock-fracture and rock-
flowage; and (3) the zone of rock-flowage.

The first zone, or the zone of rock-fracture, is that near the sur-
face. In this zone the rocks, when rapidly deformed, respond by
fracturing. When this deformation is exceedingly slow—extending
through a long time interval—the rocks, within certain limits,
will bend rather than break. Iowever, the so-called folds im
rocks, which occur in the zone of fracture, are due chiefly to num-
erous parallel, small fractures or breaks. In this zone, then, the
conditions are particulérly favorable for the development of fissures
or cavities in the rocks. The most important of these are known

#Some Principles Controlling the Deposition of Ores. Trans. Amer. Inst. Mng.
Engts., 1901, Vol. 30, pp. 27-177. .

Ibid. Journal of Geology, 1900, Vol. 8, pp. 780-770.

A Treatise on Metamorphism. U. 8. Geol. Survey, Monograph XLVII, 1904, 1286
pages.
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as fault-planes, joint-planes and planes of rupture due to the dif-
ferential movement of one bed or layer of rock npon another. The
principal ore deposits occur within this zone because the conditions
are more favorable for a free circulation of water. The lead and
zine deposits of Virginia belong to the zone of fracture and the
large cavities which occur in the rocks in which the ores are found
—the limestones—are fractures produced by deformation. In
some cases the openings in the rocks have been enlarged by solution
and refilled by the ores and their associated minerals.

Below the zone of fracture is amother zone called the zone of
combined fracture and flowage, where under deformation some of
the rocks will flow while others will fracture. Moreover, certain
rocks are deformed by flowage at a much less depth than are other
rocks, because of the various factors involved. Chief among these
are the varying strengths of rocks; the variation in the rapidity of
deformation; the temperature at which the deformation occurs;
and the amount of moisture present. Van Hise states as an
instance of this a shale, which being a weak rock may be deformed
by flowage at a much less depth than that of a strong rock like
granite. It follows from this, then, that within the zone of com-
bined fracture and flowage cavities will not exist in those rocks
which are deformed by flowage, but will only exist in the more
brittle ones or those which aré déeformed by fracture.

Tn the deepest of the three zones, or the zone of rock-flowage, the
pressure is so great that, when the rocks are deformed, they respond
by flowing rather than by breaking. There are no cavities of ap-
preciable size within the zone of flowage, for as fast as they may
be formed they are filled by the inflowing of the rock from the
sides. * I{ is believed that at a depth of about 10,000 meters and
below, the strongest tocks are deformed by flowing. As stated
above, certain rocks, especially the weaker ones like shale, respond
to deformation by flowing at a much less depth than that of the
zone of flowage.

The General Circulation of Water

Of the water which falls from the clouds upon the land, a part is
evaporated and returned to the sky, a second part flows off the sur-
face of the ground into the nearest water course and is subjected
to evaporation, and the remainder sinks into the ground.

It is that part of the atmospheric water which sinks into the
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ground, which is of the most importance in the formation of ore-
deposits. A part of the water which sinks into the ground is soon
returned by capillarity and vegetation and is of no importance in
the formation of ore-deposits,

The water which enters the ground, forming the underground
wafers, flows through very circuitous and complicated channels,
passing from areas of high pressure to those of lower pressure.
This water is constantly in motion. On entering the ground at
~higher levels it emerges again at lower levels. The distance
traveled between the two levels may be short or it may be long.
The underground waters are returned again fo the surface after a
long or short journey, in the form of springs or wells; or it may
enter the streams, lakes and oceans at or beneath their surface.

On entering the ground, the atmospheric or meteoric waters pass
downward through the rocks until a point is reached below the
surface where the rocks are saturated with water. This belt is
known as the belt of saturation and the upper level of the belt of
saturation is known as the level of ground water. A second or
outer belt of underground circulation may be designated as an
upper belt of underground water circulation, next above the belt
of saturation, and extending from the surface of the ground. to
the level of ground water. The thickness of the outer belt of cir-
culation or the depth from the surface to the level of ground water,
varies greatly. In areas where the surface is but little higher than
the adjacent bodies of water, such as streams, lakes and the oceans,
the level of ground water may reach near or to the surface, thus
affording either a very thin upper belt of circulation, or none. In
regions whose topography is marked by slight elevations and ir-
regularities the level of underground water may vary from 10 to
100 feet below the surface. In regions of greater elevation and
stronger irregularities the level of ground water may be several hun-
dred feet below the surface. It may be stated in general that for
any given region the level of ground water is at the surface of the
streams, and rises to higher levels under those land surfaces back
from the streams. In other words the level of the underground
water is not horizontal but is undulating, roughly following the
topography of the land surface.  This level will vary a few feet
from season to season, for any given place, depending largely upon
the amount of rainfall. In Southwest Virginia where the lead
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and zine deposits are found, the region as a whole is one of marked
topographic irregularities, a ridge-valley type of topography-—the
ridges rising many hundred feet above the valley bottoms. The
ground water level over this region will vary from zero at the
streams to several hundred feet under the higher lands below the
surface.

* The Openings in Rocks

In its passage downward from the surface through the rocks,
the water flows through the openings in the rocks. These openings
in rocks are of various sizes and shapes and include (1) those
which are of great length and depth, as compared with their width;
(?) those in which the dimensions of the cross-sections of the
openings are approximately the same; and (3) irregular openings.

The openings of the first kind include faults, joints, fissility and
bedding partings. These are likely to be continuous for consider-
able distances both laterally and vertically. This is true to the
largest extent of the fault openings and to the least extent of the
openings of fissility. These are very important openings in the
flowage of underground waters, for the reason that they are fre-
quently nearly vertical in position, traversing the rock-layers or
beds at approximately right angles, and are usually continuous for
considerable distances. To the second class of openings belong the
spaces between the different grains of the rock which might be
called the pore space. The pore space varies greatly for different
rocks and for the same rocks under conditions of different size and
shape and different degrees of cementation. Many sandstones
contain a pore space amounting to as much as 10 to 20 per cent. of
the total bulk of the rock. 1In the case of some fine grained shales
and clays the ‘percentage of pore space will amount to 30 or 40 per
cent. Tt is necessary here to distinguish between porosity and
permeability of rocks, or the difference between the amount of water
absorbed by the rocks and the amount of water allowed to pass
through them. Certain rocks, such as some sandstones, possess a
high porosity and a high permeability, while other rocks like certain
fine grained shales or clays will absorb more water than some sand-
stones, they will allow only very little water to pass through them.
This is a very important principle in its bearing on the formation
of ore-deposits, since in many areas, beds of impervious rocks in



120 LEAD AND ZINC DEPOSITS OF VIRGINTIA

their relations to more pervious ones have exercised a very import-
ant influence upon the circulation of underground waters.

Under the third class or that of irregular openings Van Hise
includes those of the vesicular lavas and the irregular fractures of
the rocks. ‘

Openings belonging to either of the three classes designated above
may be, and frequently are enlarged subsequently by solution.
This is especially true of so easily soluble a rock, comparatively
speaking, as limestone, and may be extended.to all kinds of rocks,
however resistent, under certain conditions.  The circulation of
water is, of course, freer in the larger openings, such as those desig-
nated under the first head, and it is along these openings that the
trunk streams are formed and the ore most likely to be concentrated.

The Flowage of Underground Waters

It has already been stated that the movements of underground
water were complex. These complex movements are resolved into

Fig, 22,

Diagram illustrating the horizontal routes taken by water in flowing
from one-well (B) to another (A). (After Van Hise.)

two components, horizontal or lateral movements and vertical
movements. In general the horizontal component will probably
greatly exceed the vertical component. Again it has been stated
that the direction of flowage of underground waters is from areas
of high pressure to areas of lower pressure. Waters entering the
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ground at the surface, work their way downward through the rocks
to lower levels by the force of gravity. They do not pass directly

- Trom the point of entrance to the point of emergence, however, but

they travel by irregular and circuitous routes, so that, below the
surface, the rock in the zone of fracture is traversed through the
entire depth by the currents of water. The rate of movement of
these circulating waters through the zone of fracture varies for
different parts of the zone, being more rapid, as a rule, in the upper
part of the zone than deeper down. )

Some idea of the complexity of the circulating underground
waters can be gained from the accompanying diagrams, which illus-

Diagram illustrating the vertical routes taken by water in flowing
from one well (B) to another (A). (After Van Hise).

‘trate the paths by which the waters will pass from one opening to
-another. Figures 22 and 23 are diagrams which represent the hori-
zontal and vertical circulations of the underground water, respect-

ively, from one opening to another, such as between two wells.
Figure 22, illustrating the horizontal circulation, represents two

‘wells, A and B, separated by a homogeneous porous medium. If

we assume that in the beginning well A contains no water, and
water be poured into well B, it will flow from well B to well A

‘through the porous medium. The paths of this flowage are repre-

sented by the curved lines. Some of the water travels in a nearly

«direct course, while another part takes a somewhat curved course.
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Still other parts of the water follow a very indirect course, as
represented by the longer curved lines. Figure 23 illustrates the
vertical circulation between the two wells A and B. The water
poured into well B passes into well A, following the course of the
curved lines. A difference in head equal to the difference in the
level of the water in the two wells causes a part of the water poured
into B and passing through the porous medium to A, to penetrate
to some depth, from which it rises and enters well A.

Figure 24 illustrates the circulation of underground waters from

Fig. 24,

Diagram illustrating the routes iaken by water which enters the ground

at one point on a slope and emerges at a lower point. (After Van Hise.)
highland to lowland. This figure shows the shape of surface, the
level of ground water, and the flowage of water from a high to a
- lower point. Below the level of ground water the rocks are satu-
rated, all the openings in the rocks both large and small are filled
with water. It is further assumed in the diagram that all the
water enters at a single point A and issues at a single point B.
The paths of the flowage of the water are shown in the curved lines.
Comparison of the three diagrams (figures 22, 23, 24) illustrate
in a very clear manner the statements previously made that,(1)
the route of the underground water in passing from the points of
entrance to the point of emergence is very variable and complex;
and (2) that practically all parts of the zone of fracture are trav-
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ersed by the circulating waters. Moreover, the general circulation
of underground waters which pass downward and laterally, is
largely through the smaller openings or pore spaces in the rock. A
strong tendency is shown in these waters to flow toward and con-
centrate in the larger openings, such as fault-planes, joint-planes,
etc., where a mingling of the waters from the different sources
takes place and the principal metallic deposits are frequently made.
Reference to figure 25 makes clearer this idea. The figure repre-
gsents a vertical section of the flow of water entering at a number of
points on a slope, and passing to a valley below interrupted by two
open vertical channels, one about midway down the slope, the other

Fig. 25,

Diagram illustrating the waters descending below a slope and emerging into
vertical openings where they become ascending waters. (After Grant.) .

in the valley below. The water enters the rocks principally on the
high area, passes downward and horizontally through the small
openings and converges in the larger channel or fissure halfway
down the slope. Of course a fissure located upon the middle of a
slope will prebably receive water from above and below as well as
from the sides or laterally. The water received at the upper side
of the fissure from the high area escapes laterally, at the lower side,
and with that water entering the ground below the upper fissure,
will make its way to the fissure below the valley. The level of
ground water in the lower fissure, however, is at the surface, conse-
quently, all the water entering this fissure will rise or ascend to the
surface ‘and issue as a spring. As noted later, these ascending
currents are of much importance in the deposition of ores.

It was stated above that gravity was the principal cause of the
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circulation of underground waters. While this is true, it must be
borne in mind that in the deeper underground circulations tem-
perature also probably plays an important role. Increased depth
Afrom the surface downward is accompanied by an increase in temp-
erature. Also the increased temperature of the waters at these
depths is accompanied by a decrease in the viscosity of the waters,
which causes more rapid circulation of the waters for these depths.
In the region of the Virginia lead and zinc deposits there seems no
apparent reason for regarding them as having been formed from
the circulating waters of great depth, hence gravity has been the
cause of the underground circulations in this region.

The Work of Underground Waters

The circulation of underground waters having been described, it
now remains to enquire into and discuss the work accomplished by
these waters. So far as the work of underground waters relates
to ore-deposits, the zone of fracture may be conveniently divided
into two belts: (1) an upper belt of weathering, and (2) a lower
belt of cementation. In the first belt are grouped all alterations or
changes of rocks resulting from the action of physical and chemical
agents, which tend to disintegrate and decompose the rocks. This
belt or the belt of weathering extends from the surface to the level
of ground water and for a short distance below this level, the depth
of which varies for different areas. The second belt or the belt of
cementation, extends from the bottom of the belt of weathering to
the bottom of the zone of fracture. This belt is mainly characterized
by cementation and induration, by hydration, by deposition, and
by increase of volume of the rocks. The changes produced in this
belt which are involved in the transfer or migration of mineral
matter from one point to another are of the most importance in the
present connection. The work of the underground circulating
waters, which results in these changes, may be grouped under three
heads: (1) solution, (2) transportation, and (8) deposition.

Solution.—The solvent action of water is probably one of the
most widespread phenomena among the natural processes. Pure
water is capable of dissolving very many substances in small
amounts, but the meteoric waters both before and after entering
the eartl’s crust are never pure. As the waters fall through the
atmosphere, they take into solution certain gases, principally
oxygen and carbon dioxide, and on entering the ground they take
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into solution by virtue of the dissolved gases, more or less of the
mineral substance of the rocks. Some substances are of course
much more readily soluble than others. Among rocks, limestone is.
found to be one of the most soluble in water containing dissolved
carbon dioxide and hence suffers the most from solution effect.
Again in its passage through the rocks the waters, by continually
dissolving mineral matter, are enabled chemically to extract certain
other salts from the rocks because of the presence of those already
in solution.

Furthermore increased temperature and increased pressure aug-
ment the dissolving power of waters. As the waters descend deeper
into the earth the temperature and pressure are increased, so that
the circulating waters in the deeper and lower portions of the zone
of fracture have their dissolving power greatly increased. . While
the substances dissolved by the underground circulating waters in
their journey through the rocks are numerous and complex, only
those containing lead and zinc and iron are of the most importance
in this connection. The minute quantities of the compounds of
these metals which are scattered through the rocks are dissolved,
either in part or in whole, by the underground circulating waters.
and are carried in solution by them.

Transportation—It has already been shown, that practically all
parts of the zone of fracture are traversed by the underground cir-
culating waters, and that in their journey through the rocks of
this zone they are continually dissolving a part, at least, of the
mineral matter with which they come in contact. It is believed
further that the solution of these substances by the circulating
waters is accomplished largely by the descending currents. These
dissolved substances then are transported downward and laterally
through large areas of the rocks, mainly through the smaller open-
~ ings, tending to emerge into the larger openings, where they join
the ascending currents. In this way it is readily understood that
large quantities of soluble mineral matter are carried or transported
by the underground circulating waters from one place to another in
the earth’s crust. ‘

Deposition.—TIt is necessary to consider the conditions under
which precipitation or deposition of the mineral matter held in
solution and transported by the underground circulating waters
takes place. It is clear that the necessary condition for the pre-
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cipitation or deposition of the mineral matter from solution is
super-saturation. There are various. ways in which precipitation
from super-saturation may result. The following are regarded as
the more important: (1) by decrease in pressure; (2) by decrease
in temperature; and (3) by chemical reactions. Under the latter
head are included numerous, varied and complex reactions only
the simplest ones of which are as yet well understood.

Tt has been shown that the zone of fracture is divisible into an
upper belt of weathering and into a lower belt of cementation.
The upper belt, or the belt of weathering, is the belt in which
solutions are mainly taking place. Below the belt of weathering
is a second belt in which precipitation and consequently cementa-
tion take place, though some solution also takes place. It is within
the larger cavities that the ore-bearing solutions are mainly con-
centrated and the ores and associated minerals are precipitated
and deposited.. The ascending currents in the larger cavities are
likely to be depositing currents, because in them the pressure and
temperature are constantly decreasing, two factors which are of
first importance in causing precipitation. While decreasing temp-
erature and pressure are important factors in causing precipita-
_tion, the mingling of the ore-bearing solutions with certain other
solutions and the ore-bearing solutions coming in contact with the
wall rock are likewise of extreme importance in producing pre-
cipitation. As will be pointed out elsewhere in this volume, the
latter principle is regarded as having been the main factor which
has caused precipitation of the lead and zinc from the ore-bearing
solutions in the Virginia district, rather than decreased pressure
and temperature. Apart from the mingling of solutions, certain
of the Virginia deposits indicate that the organic matter con--
tained in parts of the limestone, where the deposits of zine are now
found, was an important, if not the important, factor causing pre-
cipitation. : '

Returning to the case of mingling of solutions in causing precipi-
tation it frequently happens that where two fissures cross the solu-
tions traveling in one fissure may be different from those traveling
in the other, enriched ore-deposits often occur, due to the difference
in composition of the two solutions mingling at or near the cross-
ing of the two fissures.
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Deposition From Ascending and Descending Solutions

It has been pointed out that ascending waters, especially in the
larger cavities are waters which tend to deposit mineral matter.
Many of the ore-deposits of the world are due to waters moving in
an upward direction. It is also true that under certain conditions
descending waters become at times depositing waters. This can
best be illustrated by the case of ore-bodies that have been brought
partly within the belt of weathering from the processes of erosion.
Those parts of the ore-bodies brought within the belt of weather-
ing are being dissolved and their solutions are carried downward.
These descending solutions from the belt of weathering meet other
solutions which are traveling in other directions, either horizontally
or, in some cases, upward, which may result in precipitation or
deposition from the descending solution. Or precipitation may be
caused by the descending solutions coming in contact with the ma-
terials of the surrounding rock.

In the Virginia lead and zinc district there seems no apparent
reason for regarding any of the original sulphide ore-bodies as hav-
ing been enriched by secondary deposition. On the other hand,
the field conditions indicate that the sulphide ores all belong to a
first or primary deposition. The evidence for this is discussed
elsewhere in this volume. In many instances, however, notably at
Bertha, as much of the first concentration of the ores in the form
of sulphides that were subsequently brought. within the belt of
weathering or solution, have been oxidized and dissolved and recon-
centrated in different mineral forms below the residual clays and
close to the weathered surface of the original rock containing the
sulphide ores. :

GENESIS OF THE ORES
General Statement

Many general statements have been made as to the ori gin of the

. Virginia deposits, but so far as the writer is aware not a single
- hypothesis has been advanced and discussed to account for these

deposits. Tn most cases where statements have heen made of the
origin of these deposits they seem so at variance with the facts
in the field that they can be dismissed without further notice being
taken of them. - It is proposed here to briefly outline an hypothesis
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to account for the origin of the Virginia deposits which is most
in accord with the observed facts in the field. This hypothesis
applies only to the zinc and lead deposits of Southwest Virginia
or the Great Valley region and does not apply to the single deposit
east of the Blue Ridge in Albemarle county. From the previous
description of the ove-deposits in the two districts, the conditions
are seen to be totally unlike. In the Albemarle county area, the
deposits are found in crystalline schists and their genetic relation
to igneous masses is fairly well established, while the deposits of the
Valley region are as definitely shown not to have any relation
whatever to igneous rocks.

Original Sourcé of the Material

The ore-deposits of the Valley region of Southwest Virginia
are not entirely unlike some of those of the Mississippi Valley
region. On the contrary there are apparently strong points of re-
semblance in the Virginia deposits to certain ones of the Missis-
sippi Valley region. TFor those of the latter region there seems to
be pretty general agreement that for the source of the material
from which the deposits were formed, the ocean in which the rocks
themselves were formed must be looked to.

In the Virginia region evidence rather strongly points in the
same direction as the original source of the material. During
(Cambrian and later time debris was received by the interior sea
from the adjacent pre-Cambrian land area on the east, which forms
the rocks composing the Virginia Valley region in which the lead
and zinc ores are found. The rocks composing the Virginia pre-
Cambrian land area on the east were in part at least of igneous
origin. Tt was from these pre-Cambrian crystalline rocks that the
lead and zinec were originally derived. Through the agents of
weathering these rocks were decayed and broken down and the
lead, zinc and associated minerals, including the lime and magnesia
which compose the country-rock, were transferred and deposited.

There are,so far as known,at present no igneous intrusions found
within the limits of the Valley region of Southwest Virginia with
which to connect the ore-deposifs. While it is true the ores are
related to the pronounced folding and faulting of the regi(;n, there
appears no good reason for regarding the ores as having been de-
rived from profound depths within the interior of the earth and
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later introduced into the limestone from such solutions. Indeed,
the evidence is against this source of the material, for when -ore
deposits have been formed by such a process they are usually
assqciated with a characteristic set of minerals, such as compounds
of arsenic, antimony and silver, and frequently by fluorspar, etc.,
all of which, with the exception of barely more than a trace of
fluorspar at three places, are entirely absent. A

Omitting the question of original regularity or irregularity of
the distribution of material, for which there has not vet been made
out any definite evidence either for or against such distribution,
the process of concentration and localization of the ores may be
considered.

Process of Concentration

The presence of very small quantities of lead and zine in the
Shenandoah limestone away from the present localized deposits of
these metals can only be inferred, for no direct tests have been
made on the limestone to prove it. Even though the usual chemical
tests were made and failed to show the presence of lead and zine in
the limestone it would not be safe to conclude that these metals
were entirely absent. Assuming that all the lead and zine localized
in and distributed as at present through the Shenandoah limestone
were uniformly distributed through this formation, it is safe to
predict that the quantity of these metals would be so very small
that the ordinary tests would probably not detect them. Grant*
quotes an estimate made of the entire quantity of ore, lead and zine,
taken from the Potosi district, in Wisconsin, where the ore was
assumed to be uniformly distributed through the adjacent rock,
Galena limestone, which gave a result of only one fourteen hun-
dredth of one per cent., or a little more than seven-millionths part
of the rock.

- In the absence of chemical proof there is some geological evidence
to support the inference. As has already been pointed out, the
Shenandoah limestone is the only formation in the district that
Is positively known to contain lead and zine ores. Other lime-
stones have good development over parts of the district, and appar-
ently offered equally as good advantages for ore-deposition as the
Shenandoah. Tn view of these facts there appears no real reason

4 Grant, U, S;., ‘Wisconsin Geol, and Nat. Hist. Survey. Bulletin No. IX, 1903, p. 79.
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why the lead and zinc deposits should have been deposited in one
formation and not in another, except that the source of the material
was limited to the single formation in which they have been local-
ized and are mow found, the Shenandoah limestone. Moreover, -
it seems unnecessary to appeal to highly heated waters either from
profound depths or from connection with igneous intrusions, as a
source of the material since, as already stated, the field evidence
is against such a process. ‘

Assuming then the original seurce of the material to have been
the Cambro-Ordovician limestone, the lead and zinc deposited
probably as sulphides at the time of the formation of the limestone
and sparsely disseminated through it, it remains to show how
the present localization of the ores was accomplished. Tt is now a
woll established fact that these materials are capable of being-
taken into solution, transported and redeposited by the circulation
underground waters. The general process would consist  first,
in the solution of the disseminated material, probably in the form
of the sulphides, by means of certain constituents, oxygen and
carbon dioxide, held in solution by the waters. Through the oxida-
tion of the sulphides the metallic compounds would be transported
by the underground waters as soluble sulphates and the redeposi-
tion of the sulphates as sulphides, either by the action of organic
matter in the rocks or by the mingling with other currents of
underground water. The prospecting thus far done in Rye Valley,
Smyth county, points to an association of the blende with the more
carbonaceous portions of the limestone, indicating that the materials
were probably introduced as sulphates and were reduced by the
organic matter present in the rock and deposited as sulphides. In
addition to the sulphate cycle it seems probable that there was a
second or sulphide cycle in which the metals were transported as
soluble sulphides and deposited as such. This was probably the
process of deposition at Austinville and in some of the other
Virginia deposits. Excepting the Rye Valley deposits in Smyth
county and the one south of Castlewood, in Russell county, analyses
of the limestone collected from the other openings failed to show
the presence of organic matter. In the case of the Austinville
deposits, however, where the limestone has been so largely recrys-
tallized, organic matter, if originally present, would hardly be
expected now. In order that the metals be transported in the form
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of sulphides it is necessary that they be in solution. In the pres-
ence of certain compounds, such as the alkaline carbonates and
sulphides, it is found that the metallic sulphides are rendered
soluble.**  Since the several complete analyses of the lime-
stone from the Austinville mines show the presence of small
amounts of both sodium and potassium, it is probable that the
neeessary compounds were present in the underground waters to
cause the transportation of the metals in the form of soluble sul-
phides. It is probable, therefore, that the metals, lead and
zine, in the Southwest Virginia district were tramsported in the
form of both sulphates and sulphides.

Causes of Precipitation

It has been pointed out that some of the Virginia deposits seem-
ingly are associated with the more carbonaceous portions of the
limestone. TIn such cases the underground waters which’ carry the
sulphates of the metals in solution would on coming in contact
with the organic matter of the country-rock be precipitated in the
form of sulphides of zinc and lead. This is a simple reducing
process whereby the organic matter withdraws the four oxXygen
molecules from the sulphate and precipitates the sulphides. Again
the mingling of solutions of different compositions may result in
the precipitation of the sulphates in the form of sulphides. Such
mingling of solutions usually takes place along trunk channels
and their presence in the Virginia district are pointed out below.
The precipitation of metallic sulphides transported as such may
result either from simple dilution of the compounds by decrease of
temperature or pressure, or by both; or from the mingling of solu-
tions and the reaction of the ore-bearing solutions on the wall rock,
limestone. It has already been shown that the Virginia deposits are
associated with the folding and faulting of the Shenandoah lime-
stone, following rather closely, in other words, the brecciation of the
rock produced by this deformation. This produced ready channel-
ways in the limestone for the free circulation of the underground
water, and it was along these directions that the conditions were
favorable to the precipitation and deposition of the metallic sul-
phides in the ways mentioned. The two processes may have acted
together. - )

2 Van Hise, C. R,, A Treatise on Metamorphism, U. 8. Geol. Survey, Monograph
XLVII, 1905 p, 1106 et seq.
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Formation of the Altered Ores

The oxidized or altered ores, carbonates and silicates, have been
described and. explained at some length in a previous part of this
report. It is only necessary here to again repeat that they have
been formed within the belt of decay by the oxidation of the orig-
inal sulphides, galena and sphalerite. They are in the striet sense
of the term secondary or derived ores.

‘ Replacement

By replacement is here meant the solution in part of the lime-
stone and the substitution therefor of the metallic sulphides, lead
and zine. The process is one of molecular interchange. Careful
microscopic study of thin sections of the original sulphide ores
from the Austinville mines, conclusively points to replacement as
having been a principal process in the formation of the ore-bodies.
Here, as described on page 95, the process begun first by filling the
fine cracks and then by the replacement of the dolomite anhedra
(grains) along some ecrystallographic direction, as indicated in
plates VIII, IX and X. Over much of the Southwest Virginia dis-
trict more or less replacement of the limestone by the metallic sul-
phides is shown. In some instances, however, none of the evidences
of replacement are shown, but instead the ores simply fill the spaces
~ in the rock as introduced and precipitated from solution. In either
case, it has been shown that secondary enrichment of the sulphides
has not taken place, but that these ores are the result of a first or
primary concentration.

General Conclusions Regarding the Ores

From the previous description and discussion the following con-
clusions seem to be warranted:

I. The zinc and lead of the Southwest Virginia district were
originally deposited with the limestone in which they were subse-
quently localized and concentrated and are now found. Unlike
the Southwest Virginia deposits the one in Albemarle county occurs
in crystalline schists and was connected with igneous intrusions. -

IT. The district is one of intense deformation—folding, faulting
and brecciation. 'The ores are closely associated with the faulting
and folding, and are of the disseminated replacement breccia t'ypé.'
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III. The accumulation and concentration of the ores were by
. circulating underground waters. These were probably transported
in the form of both sulphates and sulphides, and were precipitated
and deposited in their present position partly by organic matter
and partly by the mingling of solutions, and the reaction of the
ore-bearing solutions on the wall-rock, limestone.

IV. From the character of the metallic sulphides and the asso-
ciated minerals, neither a profoundly deep circulation of under- .
ground waters nor a circulation connected -with igneous rock masses
was responsible for the deposition of the ores.

V. The associated minerals, gangue, include dolomite and cal-
cite in crystalline form as the principal ones, with a little fluorite
and barite found in several places.

VI. Replacement has been an important process in the formation
of the ores over most of the district. The common evidences of
secondary sulphide enrichment are lacking and the sulphide ores
are regarded as the products of a first or primary concentration.

VIL The soft or oxidized ores, carbonates and silicates, were
produced by the alteration of the original sulphide ores, galena and
sphalerite.

ECONOMIC CONSIDERATIONS
Methods of Mining

Until very recently, mining of lead and zinc ores in the Virginia
district was limited wholly to the surface belt of weathering.
The mode of occurrence and the character of the ores to be mined
were such as to demand the employment of methods used in mining
secondary concentrated ores. Accordingly a system similar o that
practiced in mining brown iron ores was employed, with the neces-
sary modifications and changes made in the method as the condi-
tions demanded.

Oxzidized or Soft Ores—Up to the present time, practically all
the ore mined over the Southwest Virginia district has been oxi-
dized or soft ores, silicate, calamine; and carbonate, smithsonite,
largely the former; which have been localized and concentrated at
only slight depths below the surface. Because of the extreme irreg-
‘ularity with which the limestone weathers when stripped of the
overlying residual clay, it presents a roughened surface of large and



134 LEAD AND ZINC DEPOSITS OF VIRGINIA

small irregular chimneys and pinnacles of the hard rock, as shown
in figures 10 and 26. It is in the depressions between the pinnacles
and extending some distance upward on their sides, occasionally
passing entirely over the pinnacles from bottom to top, that the ores
have been concentrated. The ores hug somewhat closely the irregu-
lar surface of the limestone and are overlaid ordinarily by the clay.
In this mode of occurrence, the ore will range from 1 to 25 feet
in thickness, and it will not exceed in depth below the surface 80
to 90 feet, usually much less.

Such an occurrence favored working of the oves in the beginning
by the method of “open-cut” mining, the usual method practiced
in the region for mining the brown (limonite) iron ores. The
“open-cut” method of mining the zinc ores differs, however, from
that of mining the iron ores, in that the former is one essentially
of stripping, while in the latter the ores and enclosing clays are
mined together and sent to the washer for separation.

At Bertha*’, the most systematically worked of the Virginia
zine mines for soft ores, the method of “open-cut” mining was
followed until the fall of 1889, when a change in the method of
mining the ore was made. The difficulties to the “open-cut” mining
at Bertha were numerous and as the work progressed these, added
to the increased cost of removing the clay, made a change in the
method of mining necessary. The chief object, however, in making
a change was mainly to secure a steady and sufficient output for
the furnaces, as well as to lessen the cost of mining. Accordingly
a system of underground mining was introduced, the ore being
reached through shafts 314 feet in diameter sunk in the clay. In-
expensive plank shafts 38 inches square, inside diameter, were also
used. These were sunk to the limestone bottom at its deepest
points. Timbered drifts were then driven.in the ore, following
it around the chimneys. When the chimneys were thus encircled
at a given level, a second drift was established or run upon the
ore helow. In this way, one after another, drifts were carried
around and over the chimney, until all the ore had been entirely

removed from the chimney. See figure 26. The ore was wheeled to -

the shafts, where it was loaded into iron buckets and hoisted by

steam power. It was then dumped into cars of about two tons

43 For a detailed and complete description of the method employed in mining at
* Bertha, see paper by Wm. H, Case, entitled “The Bertha Zinc Mines, at Bertha, Vir-
ginia. Trans, Amer. Inst. Min. Engrs. Chicago Meeting, August, 1893, ’
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capacity and carried by a locomotive to the dumps at the head of
the water carriage. The ore as thus mined is reported to have con-
tained about 26 per cent. metallic zine.

On the Lead Mine tract at Austinville, 10 miles west of Bertha,
lead and zinc ores above ground water level have been mined for
more than 150 years. Large quantities of the ores have been re-
moved, mined principally from “open-cut.” Much underground
mining was done dbove ground water level, consisting of shafts,
drifts and stopes, reaching a maximum depth of 250 feet. Both
the open-cut and the underground mining have been done without
any apparent system. The soft lead ores were mined on this tract
for a long period of years before any attention was given to the
zine ores, if indeed they were recognized at all.

The only method used in mining the lead ores secems to have
been that of following the ore down from the surface through the
clays, wherever found, by irregular underground openings. Ordina-
rily little or no timbering was done, regard being had onlv for the
present in mining the ore.

The Sulphide Ores—Practically no sulphide ores have been
mined, and apart from some prospecting and a little development
work, practically no underground mining in the hard rock, lime-
stone, has been done in the Virginia region. This has been due not
to a lack of the sulphide ore, blende, in the limestone, but to the fact
that the soft or oxidized ores within the belt of weathering were
adequate for the needs of the furnaces. Now that the known
areas of soft ores seem very limited, considerable exploitation of the
sulphide ore-bodies in the hard limestone is in progress over the
Southwest Virginia district. The outlook seems encouraging, par-
ticularly at Austinville and Cedar Springs, in Wythe county, and
at places.in Rye Valley in Smyth county.

Preparation and Treatment of the Ores

Washing and Milling—The preparation and treatment of the
ores can best be explained by describing the methods formerly used
and at present practiced at the two largest worked and the most
extensive mines in the Virginia district, namely, Bertha and Austin-
ville. At Bertha, mining for zinc ores has been discontinued and
the mines are now being worked for brown iron ore. However,
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a description of the treatment of the Bertha zine ores will be of
interest. S

The Bertha Ores—DMining zinc ores at Bertha was stopped in
1898 when the propertv was leased to the Pulaski Iron Company
for the purpose of mining iron ores. The hope exists, however,

. that more available zinc ore will be found when the covering of

iron ore has been removed.

Two storage bins for receiving the ore as mined were built on
the bluffs overlookmg New river about 3 mile from the mines.
These were built on- timbered. trestles leading out from the hillside
and were provided with V-shaped floors, down the center of which
passed the water-trough made of cast iron 12 inches wide and 6
inches deep. The ore was hauled from the mines to the bins in
tram-cars. The ore was fed into the water-trough and carried
thence by a current of water to the dressing-house, 1,300 feet below.
The water used was pumped into a large tank on the hilltop above
the bins and there stored and fed as required. An inclined plane
between the troughs was cperated by steam-hoist, up which tim-
bers and supplies were taken to the mines.

The dressing-house was a three story building, reported to have
been well equipped with all the necessary automatic machinery
for the concentration of both zinc and iron ores. The zinc ore was
brought down the trough, falling upon a grizzly, through which the
large lumps were broken, and passed into a single log-washer, where
it was given a gentle sluicing, which selved to free the ore from
adhering clay.

Because of its porous structure and the contained gangue, clay,
in the cavities, it was necessary 4o further ¥reat sthe lump ore by
passing it through a Blake crusher, and a pair of Cornish rolls.
From the rolls the ore passed to conical, revolving screens, where it

.was sized; the large pieces dropped upon a steel-plate conveyor

and were hand-picked. The small pieces passed down to four sets
of Parson jigs, on which they were thoroughly concentrated. The
tailings resulting from this freatment were passed through a
spitzkasten, or classifier, and thence to two Harz jigs. The slimes
were discharged into a slime pond, from which the muddy Water
was drained off into the river.

The. capacity of the dressmg-house is Teported to have been 80
tons of concentrated zinec ore per day of 10 hours. The yield is
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said to have been approximately one-third of the crude ore treated,
and the product as having afforded the following average analysis
when dried at 212°. ** :

Per Cent.

Zine, metallic (Zn).....ccoovevenconiiionnees 38.08
Zinc oxide (ZnO).......: PR 47.61
Silica (Si0;)ccvennrranerennens e veseenaann 29.87
Iron oxide (Fe,03) : 9.98
Alumina (A1,Gy).. § ~*7rrr ot .
Calcium carbonate (CaCOg)eevveervenveerne 4.54
Magnesium carbonate (MgCOg)....vnneene.ss 2.07
Water, combined......covuveruerniierenae. 8.23
Lead, metallic (Pb)......coveeeeeiiannennn trace

Totaliereverneenrnnnaenvasroonseans 101.05

A roasting plant, consisting of an 8-foot Taylor gas producer
and a 30-foot cylindrical roaster, was operated for expelling the
moisture from the ore.

The Austinville Ores—The tun-on-mine ore at Austinville is
said to average in composition 28 to 30 per cent. metallie zinc, 8
to 10 per cent. metallic lead and 8 to 10 per cent. metallic iron.
A brief outline is here given of the various operations practiced at
Austinville in treating the ore from'the time it is mined until
ready for the furnaces at Pulaski.

The ore as mined is carried by trolley to tipples. From the tip-
ple, the ore is carried by tram-cars to the mill and dumped on a
4-inch grizzly ; thence to a log-washer through a 9 by 15-inch Blake
crusher, set at 114 inches,and then to 14 by 24-inch corrugated rolls,
set at 6 mm. From the corrugated rolls, the ore is carried to a
second log-washer ; thence to elevator and sizing screens of 6 mm.,
2 mm., and 1 mm. mesh, respectiv'ely. '

The oversize from 6 mm. screen goes to smooth rolls, 12 by 18
inches, and is returned to the system or second log-washer. The
undersize from 6 mm. on 2 mm. goes to 4-compartment Cooley
jigs; Ist hutch and side-draw, making clean lead ; 2nd hutch and
_ side-draw, middling; recrushed and returned to the system or sec-
ond log-washer ; 8rd and 4th hutches, clean zine. Tails are passed
to settling boxes; heads of boxes, reworked. Lighter material goes
to the oxide furnaces.

#1In the preparation of this summary of the treatment of the Bertha ores, the
writer has made use of the paper by Edward C. Moxham, published in the Eng.
and Mbg. Journ., 1893, Vol. LVI, November 25th, p. 544,
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Undersize from 2 mm. on 1 mm. goes to 5-compartment jigs; Ist
and 2nd hutches and side-draw, making clean lead; 3rd hutch and
side-draw, middling; 4tk and 5th hutches and s1de draw clean
zine. Tails go to boxes.

Undersize from 1 mm. screen goes to 3- -compartment classifier;
Ist and 2nd draw to 6-compartment jigs; Ist and 2nd hutches and
side-draw, making clean lead ; 3rd and 4th hutches and side-draw,
middling ; 5th and 6¢h hutches and side-draw, clean zinc. Taﬂs
go to boxes. .

Third draw from classifier and overflow goes o 3- eompartmenf
double jigs; Ist and 2nd hutches, making clean lead; 31‘d hutch,
middling, reworked. Tails go to boxes.

The middlings and tails from all jigs are treated the same as
4-compartments described above. The overflow from 1st and 2nd
log-washer goes to settling boxes, 25 feet long and 8 feet wide;
thence to oxide furnace, except the lower end or lighter material.

The lead concentrates, averaging 67 per cent. lead, 4.8 per cent.
zine and 3.29 per cent. iron, go to the Scotch hearth furnace, which
makes metallic lead and grey slag, averaging 31 per cent. lead, 25
per cent. zinc and 13.3 per cent. iron. This slag goes to the slag
furnace which makes metallic lead and slag averaging 3.5 per cent
lead. -
The zinc concentrates are carried by tram-cars from the mill to
the separators, where they are put through a revolving dryer to ex-
pel moisture and combined water to the amount of 7 per cent.
Thence to water-cooled scraper conveyor to top of building by ele-
vator to sizing screens of 15 mm., 1 mm., 2 mm., and 14 inch holes.
Oversize from 1/ inch is returned to 12 by 14 inch rolls, set close.
Undersize re-enters the system. From screen‘s' to bins, 4 sizes.

The four sizes which pass through screens go to magnetic separ-
ators (Wetherill), one 4- and one 6-magnet machine; the smallest
sizes going to the smallest machine. Heads from separators con-
tain 47 per cent. iron and 5 to 7 per cent. zinc, and are shipped to
the iron furnace.” Tails from separators contain 43.5 per cent. zine,
5 to 6 per cent. iron and 15 to 20 per cent. lead, and are shipped.
to the zinc furnace.. The capacity of the m111 is about 90 tons of
raw ore per day of 10 hours.

Zine Ozide Plant.—This plant, consisting of 12 furnaces, has
only recently been added, mainly for the purpose of utilizing the
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low grade ore and tailings. After thorough testing the plant has
proved entirely satisfactory. The grade of ore, including tailings,
used for making the oxide, will run from 15 to 20 per cent. metal-
lic zine.  The zine oxide is conducted from the furnaces into bags
through a 8-foot iron cylinder 600 feet long, where it loses nearly
all of its heat in transit. At present, the zinc oxide goes to the
furnaces at. Pulaski, where it is used for making spelter.

As made at Austinville the zinc oxide is white, regular oxide
running perhaps 4 per cent. of lead.

The suceessful operation of this plant at Austinville is of very
great importance, since it conclusively points out a method for
utilizing low grade zinc ores, which elsewhere are claimed to be not
profitably worked for spelter. In Hurope the oxide is made from
the spelter; and not, as at Austinville, the spelter made from the
oxide.

THE BERTHA SMELTING PLANT

- Location and Equipment—The only zinc smelting plant in the
South is located at Pulaski, Virginia, on the Bristol branch of
the Norfolk and Western railroad, and is owned and operated by
the Bertha Mineral Company. This plant was built soon after the
beginning of zine mining at Bertha, Wythe county, Virginia, in
1879. It was remodeled and enlarged in 1886, and at present it
consists of 10 large smelting furnaces, kilns, ore-sheds or bins,
refiners, coal-pit, engine-room, pottery, metal storage houses; and
across the creek, a roasting furnace. The office, laboratory and
store are located across the road from the furnaces. A small rail-
way is operated around the plant for shifting cars; and a narrow-
gauge is built and operated between the plant and the company’s

- coal mine at Altoona, from which all the coal formerly used was

derived, but at present only the “firing” coal or reducing material
is obtained. Plate XIIT, figures A and B, are views of the Bertha
Smelting Plant.

Furnaces—The ten furnaces are of the Belglan type, hand
fired, built in five blocks of two furnaces each, placed back to back.
The furnaces are 8 feet deep, 30 feet wide and 24 feet from top to.
bottom of foundation. They have an average capacity of 20,000
pounds of spelter every 24 hours. The capacity of each furnace
varies from 1,800 to 3,000 pounds of metal per 24 hours, depending
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Zinc Smelting Plant, Bertha Mineral Company, Pulaski, Virginia.

' B
‘ A. General view of Plant, 8. Roasting farnace for treating zinc skimmings,
|
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B
Zinc Smelting Plant, Bertha Mineral Company, Pulaski, Virginia.
A. General view of Plant. B. Roasting furnace for treating zinc skimmings.
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on the grade of ore used. Each furnace consists essentially of a
large skeleton combustion chamber, lined in the back with fire-
brick and having an iron framework in front, as shown in figure
7. The retorts are inserted from the front with the back ends
resting on a fire-brick support built out from the back lining, so
that when in position the retorts incline slightly toward the front

Fig. 27.

= I

Trad
Skewbacks

Feoc-line.. —
Fasting bar
Pit leadin - Tesng ey
7 chvte Tral

\ | Buectsroves

Diagram of zine smel ting furnace used by the Bertha Mineral
Company, Pulaski, Virginia. (After Higgins.)

of the furnace. Each furnace is fitted with 140 retorts arranged.
in seven rows of 20 each. '

The grates are placed 3% to 4 feet below the lowest row of
retorts, and are 10 to 12 inches wide and 13 feet long. A peculiar-
ity is that the grates have, beside the three solid bars placed length-
wise, two hollow ones arranged, one on either side, next to the
- wall.  These are charged with water under pressure.  Along the
tops of the hollow bars are perforations, through which the water
escapes when it is turned on at intervals. The water escapes
through the perforations, striking the under side of the cinder
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forming on the grate, which serves to break it up thoroughly, so
that the ash is fine and pulverulent. This produces a clear fire
and a cool ash pit. On a hot day, such as when visited, the interior
of the underground ash-pit is actually the most comfortable place
around the plant. Pocahontas coal is used, which on acecount of
its high grade and the clean grates resulting from the use of the
water-spray* described above, the consumption is low. A fairly uni-
form heat is obtained over all the furnaces.

The fire boxes are narrow, deep and long. The furnaces are
fired from either end, the entire length of the grate surface being
26 feet, with a sloping divide in the middle and chimney draft.
A very heavy bed is used so that each furnace practically becomes
a gas producer. The doors are closed and air is introduced through
small holes in the front of the furnace, which can be closed by heat-
ing, as they need. Additional draft is provided above the furnace
for regulating the heat.

In plate XIV is shown two views, one of a furnace charged and
in blast, the other of a dismantled furnace.

Retorts and Condensers—The retorts” used are of two kinds,
round and oval.: The dimensions of the first, or round retorts, are:
length, 4 feet 2 inches; inside diameter, 8 inches; thickness 114
inches; capacity, 1,251 cubic feet. The oval or elliptical retort
has a capacity of 1,228 cubic feet. This form of retort, oval
shaped, is placed on the lower rows of the furnace, each retort
being so placed that its greatest diameter is in a vertical position.
The retorts are all made at the company’s plant on a Wooley tile
machine, whose capacity is 100 retorts per day of 10 hours. These
are made from the best grade of St. Louis, Missouri, fire-clay,
principally Evans and Howard’s clay, which is perhaps not so re-
fractory as some other more silicious clays, but it is the best
material for this purpose.

The following analysis of the St. Louis, Missouri, clay affords

some idea of its composition: *

= Patented Feb. 13, 1900, by Mr. J. D. James, Superintendent Bertha Mineral Com-
pany’s plant.
% Moxham, Edgar C., Eng. and Mng. Journ., 1893, Vol. LVI, November 25, p. 544,
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" Per Cent. -

Silica {combined)........icoeiutiiiiie... 3810
Aluming. .. cove ittt i i 31.53
Combined moisture.........ceivvvvivirionns 11.30
Titanic oxide.. ... .oovviiiins vieiiinnnnns 1.50
Free silica (quartz).........covviiiiniin,. 12.70
Potash ooovniiiviniin i it i 40
0T Y AP SN none
Tron sesquioXide......covvveeniiniiniinann, 1.92
Hygroscopic moisture...........oooivvann.. .50

Total....oooiii i e 99.95

After coming from the machine, the retorts are arranged in a
drying-room for two weeks and held at a constant temperature
of about 80° F. They are then placed in another room whese tem-
perature is 100° F., where they are kept for two months. Just
before being placed in the furna,ce the retorts are stacked in kiluns
and fired for 16 hours.

The condensers are 21 inches long and 314 inches in diameter
at one end, the other end being slightly smaller than the retorts.
These are all made of local clay mixed with that from grinding
the old retorts. Shortly before being used or plackd in position
they are washed inside with a mixture of water and fire-clay in
order to prevent the metal from soaking into them. The retorts
are luted to the condensers with a mixture of one-third clay and
two-thirds coal, enough water being added to bI’an the mixture to
the proper consistency.

Materials Used in Charging.—At present the principal zine ma-
terials used in preparing the charges are: local ores, including
the silicate and carbonate of zine; crude zine oxide, containing 70
to 80 per cent. metallic zine, and made from local ores at Austin-
ville; willemite, anhydrous zine silicate, shipped from Franklin,
New Jersey, and averaging 48 per cent. metallic zinc; zinc flue
dust from the iron furnaces; and zinc skimmings from the galvan-
izers, which are first givén a preliminary roast in a special furnace
to drive off the ammonia and chlorine. Plate XIII, figure B. The
zinc skimmings are easily fired and are usually smelted alone. No
sulphide ores are handled at present. '

As a rule, the ore as delivered at the plant is ready for the
furnaces; it being sized to pass about a 6 mm. mesh screen. How-
ever, some lump ore is received which is crushed and sized to a
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14-mesh before using. The retort charges are usually mixed,
though some of the furnaces are Tun as occasion demands on special
material alone, such as the zinc oxide from Austinville. The only
difficulty in smelting the oxide alone is its slight tendency to ball
up, which makes it necessary to introduce a mechanical mixer in
order to produce a more intimate contact between the ore and the
carbon. For this reason the oxide is usually mixed with some orc
for smelting. At present some material, Bertha tailings, averag-
ing as low as 33 per cent., is being used. The writer is reliably
informed that the furnace has been run for two years at a time on
furnace charges of 35 per cent. metallic zinc.

The charges, consisting of ore and fuel mixed in the proper pro-
portions, are wheeled to the furnaces, moistened with water, and
mixed on the hearth by a process of shoveling. The charges are
all mixed by weight. Af present the oxide, willemite, crude ore;
coal and coke are mixed on the hearth as described and used for
charging. The operation of charging usually begins about 6
o’clock in the morning. The mixture of ore and fuel is charged
tightly into the retorts; the condensers are then inserted into the
mouth of thé retorts, luted and sealed perfectly tight. The
small end of the condensers is packed with coal dust, leaving
an opening of about one-quarter inch for the escape of the gases,
when the furnace is ready for a R4-hour run.

Distillation and Tapping.—The furnaces having been made ready
as described above and fired, the inside temperature of the retorts is
gradually raised until it reaches 1500° C. or more. The condensers
are not subjected, of course, to this high temperature, since their
position is on the outside of the combustion chamber. Reduction
of the zinc in the retorts takes place, according to the following
formula : ZnO-4+C=Zn4-CO. The CO acts asa further reducing
agent, thus : Zn04+CO=Zn+CO,. Thezinc vapor passes from the
retorts into the condensers, where it collects in the form of molten
metallic zine. When the furnaces are charged and fired at 6
o’clock in the morning for a run of 24 hours, the first “tap” for
metal is made at 3 P. M. This is accomplished by removing the
luting from the ends of the condensers and the molten zinc metal
+un therefrom into iron ladles, from which it is poured into the
molds for casting into slabs of a given size and shape. A secon¢
“tap” is made at 11 P. M., and the third and last at 4 o’clock the
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next morning. After the last “tap” is made the fires are allowed
to slacken, the condensers are removed, and the retorts are thor-
oughly cleaned with an iron ravel. Rach retort is inspected with a
hook before recharging to be sure of its heing thoroughly clean;
and it is also inspected for holes and cracks. It is claimed that the
retorts can not be cleaned by blowing out with steam, as is prac-
ticed in the West on account of the siliceous character of the mater-
ials used. The time required to complete the process at the Virginia
furnaces is considerably longer than at the Western furnaces, so
that in case of the former the furnaces are cooler for a much longer
time than the Western ones. ’

After the last “tap” is made in the morning, the residue from
the charge, called “seconds,” is passed into the ash-pit below
through the chute in front of the furnace. The “seconds” are ‘said
to contain from 114 to 4 per cent. metallic zine. The “sweeps,”
- composed of the old condenser ends and the luting, which con-
tain some metallic zine, are saved and added to the next day’s
charge. Retorts, which are cracked or burned out, are replaced by
new omes; and recharging and replenishing of fires completed,
when the furnaces are ready for another day’s. run. The breakage
of retorts is small, amounting to only .60 to .90 per ton of ore.

Spelter—Three grades of spelter are produced, branded according-
to purity: (1) Bertha Pure Spelter; (2) Old Dominion; and (3)
Southern. The Bertha Pure Spelter has a world-wide reputation,
there being no better grade of metal found on the market. It is.
sold under guarantee of 99.98 per cent. metallic zinc. The follow-
ing analyses afford an excellent idea of the purity of the metal:

I I1 IIL v
Zine (by difference). . . .99.8419 99.949 99.981 99.963
Tron..... ..... ...... .014 010 019 ©.012
Lead........ovnne.... 050 .035 trace .022
Sti]phur...‘ ............. none none trace .001
Silicon................ .036 .006 none .002
Carbon........... s .058 trace none none
Arsenic ............... .0001 " none - none " - none

Tand IL. Analyses by F. P. Dunnington. The Virginias, 1881, Vol. II, p.
147, ' ‘ S N
III and IV. 'Analyses quoted by E. Higgins, Jr. Eng. and Mng: Journ. ; 1905,
Vol. LXXIX, p. 659, ' e T
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As will be noted from these analyses, the Bertha brand of gpelter
is practically free from all impurities. It possesses, therefore, that
high-degree of fluidity, ductility and tenacity necessary in casting
perfect statuary. This metal is extensively used abroad and in the
United States for government work.

~ The Bertha brand of spelter- is produeed in part directly from
the furnace, but it can be produced from either of the other brands,
0ld Dominion or Southern, and it is so produced, mainly, by
refining in a special patented furnace, which amounts to redistill-
ing it carefully to avoid carrying over the lead. The Bertha grade
of spelter is cast into slabs having square corners and weighing 37
pounds per slab. R _

The “Old Dominion” brand of spelter contains from 0.2 to 0.4
per cent. of lead and is cast into rectangular slabs, or blocks, weigh-
ing 45 pounds each. The “Southern” brand will average from
0.8 to 1 per cent. of lead, and the blocks into which it is moulded
will weigh 30 pounds each. o _

The Bertha Mineral Company’s plant ig famous for the high
grade spelter produced. To some extent this seems to be due to
the purity of the material used, it being particulérly {ree from
iron, and to the added fact that only carbonate and silicate ores
have been used. It is due mainly, however, to the matter of good
fﬁrnace work. A large quantity of good metal is produced, the.
third tap, when the furnace is fired hard and ‘Vforced, running from
214 to 314 per cent. lead. This is further reduced to from 0.98 to
1.17 per cent. by remelting and settling. ‘

The high lead metal is run into finger bars having the approxi-
mate dimensions of 114”x1”x18”. These bars are treated in a spe-
cial form of furnace which, in a two weeks’ run, refines all the base
‘metal made from the ten furnaces during one month’s work. The
furnace is then cleaned up, yielding about 2500 pounds of lead, and
remains idle until the next run. ’ -

An accurate and careful sampling record is kept of all the spelter
produced. This is done by drilling L5-inch plugs from the spelter
bars or slabs, smelting the plugs of each lot to the form of a test
bar, and then boring the latter. A record is kept thus of the assay
of each row of each furnace and of each tap. - .
- The ‘metal is all marketed by Sales Agents of the New Jersey
Zinec Company. Usually the metal is shipped direct to the con-
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sumer on order ; although a small stock is kept on hand in a New
York warehouse. The higher grade metal goes largely into gov-
ernment work, both in the United States and abroad ; into bronzes
and brasses; and into friction metal. The lower grades are ‘con-
sumed in the galvanizing trade. IR DA '
' T'ests.~—Recently the Bertha Mineral Company afi’!Pulaski' has,
conducted some Very.interésting, as well as importaﬁf, experiments
at its plant, on low grade mixed ores. One of the most important
~ of these was on a lot of mixed carbonate angfl sulphide ores from
north Arkansas. It was found necessary first to give the mixture
a roast in order to desulphurize the blende, zinc sulphide. It was
found that, by giving the mixture a’slow roast, the sulphur could
be driven off without loss of zinc in the carbonate and, at the
same time, the carbonate was béneﬁted thereby in having the CO,
expelled. The success of jc}ﬁs experiment has resulted in the
willingness of the Bertha plant to treat the Arkansas ore, which at
present is a drag on the western market. . This probably opens up
a better future for thgé Arkansas ores, and at the same time points
to.an additional source of supply of ore to the Virginia plant.

Whenever it was possible to buy it, ‘Tennessee ore has been used.
However, the lime present in the Tennessee sulphide:ores- seems to
interfere with the work, since by desulphurizing the ore calcium
sulphate (CaS0,) is formed, which cannot be gotten rid of.

The Bertha Company has not been producing ore from its prop-
erty for the past year, for the reason that it has been. and is still
engaged in exploiting and developing the very promising bodies
of sulphide ore at Austinville. At the time of ‘the writer’s visit,
an average only of about 3 tons of ore per day was being shipped
to the plant at Pulaski from the company’s property. The Jocal
iron furnaces furnish about two cars of zinc flue-dust per year to
the Bertha smelting plant. ;

Furnace Work.—The furnace work of the Pulaski plant is un-
usually good. At 3 P. M. on April 10, 1905, eight of the ten
furnaces then in operation were visited, and in no. case did more
than two retorts show even a trace of zine burning: st -the face;
and 'in most cases only one. The saving for the last month as
shown by averages from authentic records, was running 89 to 91
per cent. on furnace charges; an average equivalent to ahout 49 per
cent. metallic zine. = T :
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The furnace men work in shifts of 24 hours. The last tap is
finished usually about 5 o’clock in the morning, when the new
shift, including one “foreman,” one “second hand,” one “third
hand,” and two helpers, goes on duty. The foreman works up the
fire, arranges the charges and looks over the furnace generally dur-
ing charging; while the other four men clean and charge the fur-
naces. After the charging is completed, the two helpers are
dispensed with, all work during the run, such as firing, tapping,
~ and keeping the furnaces in trim, is performed by the three remain-
ing men.*¢

FUTURE DEVELOPMENT

From the beginning of mining zinc ores in Southwest Virginia to
the present time, about 35 years, attention has been given exclus-
ively to the removal of the soft or oxidized ores, carbonate and
silicate. Now that the known supply of these ores in the district
are rapidly diminishing, the problem in the future will be that of
mining sulphide ores. Already considerable aetivity is manifested
over parts of the district in prospecting for and developing sulphide
ores. Very encouraging results are obtained in.places and there
scems sufficient reason for believing that a part of the district at
least promises well in the way of workable bodies of sulphide
ores. At Austinville large bodies of sulphide ores in the form of
ore-shoots are being developed. At other points developments
indicate a. workable grade of sulphide breccia ore. At Cedar
Springs the blende is in massive crystalline form of exceptional
purity and should prove an easy milling proposition.

The very favorable location of the district as regards abundant
fuel supplies, cheap labor and ample transportation facilities,
ghould make it possible to more profitably work lower grade ores
here than in the districts of the Central and Western states. The
Fast Tennessee district which is a continuation southwestward of
the Virginia district, and the Arkansas district, should prove to be
additional possible sources of ore for the Virginia furnaces. ~The
ores of the former district, East Tennessee, would naturally be sup-
plied to the Virginia furnaces for smelting. Since successful tests
have been made at the Virginia furnaces on the Arkansas ores, a
mixture of soft and sulphide ores, and since the Missouri furnaces

s Higgins, K., Jr., Eng. and Mng. Jour., 1903, Vol. LXXIX, pp. 658-659.
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impose a heavy penalty on the Arkansas ores, a market for these
ores is made possible in Virginia and at the same time Arkansas
offers an additional source of supply of ores to the Virginia
furnaces. ,

A word in regard to future prospecting. The ores are as yet
found only in the Shenandoah or Valley limestone. They appar-
ently extend from near the bottom to the top of the limestone, and

" they appear to be rather closely associated with the folding, fault-
ing and brecciation of the district. If this association of ore to
limestone and ifs structural features prove true then prospecting
should be more wisely directed in the future, and at a minimum
expenditure.

In conclusion it may be stated that in the writer’s judgment the
~ district is yet far from being exhausted, and that while the soft
ores are rapidly decreasing, there are good reserves of workable
sulphide ores to draw from, which should entitle the district to
not less importance than it formerly had.

The East Tennessee Deposits

In prosecuting the field study of the Southwest Virginia lead
and zine deposits it soon bécame apparent that the deposits of East
Tennessee formed a part of the same general area and that the two
could not be separated geologically. In other words similar geo-
logical conditions obtain in both areas; the type of ore-deposit is
the same, and the Tennessee deposits are but a continuation of the
Virginia deposits southwestward. Accordingly the writer visited
the Tennessee district with a view of determining the bearing of it
-on the Virginia district.

The same ores are found, including among the sulphides, sphaler-
ite and galenite, with a slight sprinkling in some of the mine open-
ings of pyrite; and the alfered ores, smithsonite and calamine. The
:associated minerals, gangue, are dolomite and calcite. These are
formed in breccias, the sulphides often replacing to a more or less
extent the substance of the limestone fragments. Like the Virginia
ores, those of Tennessee are found in the Cambro-Ordovician lime-
stone, known in Tennessee and farther southward in Georgia and
Alabama as the Knox dolomite, which is the equivalent of the
Shenandoah limestone in Virginia.
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Two belts of the ores are recognized, which follow more or less
closely the Powell and Holston rivers. Moreover the ores are
closely associated with the faulting and brecciation of the anti-
clinal folding. As in Virginia much of the zinc-mining in Ten-
nessee has been done on the soft ores, smithsonite and calamine,
alteration products from the original sulphides.
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