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PREFACE

This volume, Mineral Resources of Virginia, authorized by the Governor
of Virginia and the Virginia Jamestown Exposition Commission, has
been published in order to direct attention to the economic value, location,
and commercial possibilities of Virginia’s varied mineral wealth. The
evidence here presented shows that the State is well supplied with a great
variety of mineral resources, many of which are being rapidly developed.
There is probably no state in the Union of the same area as Virginia that
can show a greater diversity in geologic resources. This most important
fact taken in connection with the mildness of the climate, which permits
of a long season of outdoor work, and the cheapness of labor, are conducive
to a very extensive mining industry. The total value of production of the
mineral resources of Virginia for the year 1906 has been estimated at
$30,000,000.

At the July (1906) meeting of the Virginia Jamestown Exposition
Commission, it was agreed that a handbook illustrative of the vast mineral
resources of Virginia was a necessity. The writer was accordingly authorized
to prepare a handbook setting forth, as completely as our present knowledge
permitted, the vast and varied mineral resources of the State. He was
further authorized to devote several months in the field to a study of the
mineral resources in those portions of the State where information was
most needed for the purpose of collecting the necessary data for this
volume. The work has proved far more exacting than was at first con-
templated, in that the widely scattered literature on the geology of Virginia
had to be overhauled in the preparation of the volume.

The principal sources of information, forming the basis of this volume,
sre “A Reprint of the Geology of the Virginias,” by Professor William
Barton Rogers, State Geologist of Virginia from 1835 to 1841, inclusive;
“The Virginias,” a monthly journal edited by Major Jed Hotchkiss from
1880 to 1885, inclusive (six volumes); the numerous excellent publications
of the United States Geological Survey; and the published and unpub-
lished reports of the recent Geological Survey of Virginia conducted jointly
for two years by the Board of Visitors of the Virginia Polytechnic Institute
and the State Board of Agriculture. In addition to the above publications
much valuable information has been obtained from general treatises on
special geologic subjects, such as from Merrill’s “Non-Metallic Minerals,”
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careful field study of the areas by the authors, made possible by the recent
Geological Survey of Virginia in codperation with the United States
Geological Survey, especially in the study of the Cement and Cement
Materials by Doctor Bassler, and of the Iron Ores by Professor Holden.
The contribution on Clays by Professor Ries was extracted by him from
his report on the Virginia Clays published as Bulletin No. II of the
Geological Survey of Virginia.

The general interest manifested in the work by many people in the
State, especially the mine and quarry operators, and by many residing
outside of the State but who have mining interests in Virginia, aided
greatly in the preparation of this volume. To all of these the writer is
under deep obligation for many courtesies extended. Acknowledgments are
also due to Messrs. Joel H. Watkins and Henry F. Day, former students
in geology at the Virginia Polytechnic Institute, for valuable services
rendered. Mr. Watkins prepared the line drawings and maps illustrating
this volume. Mr. Day assisted the writer in the field during a part of the
summer of 1906.

To Governor Claude A. Swanson and the members of the Virginia
Jamestown Exposition Commission, especially Hon. W. W. Baker of
Chesterfield county, who made this work possible and have rendered every
asgistance during its preparation, the writer makes most grateful acknowl-
edgment.

With a full realization of the deficieneies in this volume, it is published
with the hope that it will supply a widespread and increasing demand
among our people and among others for information on the mineral resources
of Virginia.

THOMAS LEONARD WATSON.

University of Virginia, Charlottesville,
September 30, 1907.






PART 1.

GENERAL GEOLOGY OF VIRGINIA.

GEOGRAPHIC POSITION OF VIRGINIA.

The State of Virginia is situated on the Atlantic slope of the Appalachiar
Mountains, halfway between Maine and Florida. It is included between
the parallels 36° 31’ and 39° 27’ north latitude, and between the meridians
75° 13’ and 83° 37’ west longitude, and extending from the sea-coast west-
ward beyond the Great Valley to the Alleghany Front. The extreme
length of the State from the Atlantic border to Kentucky is 476 miles, and
greatest width from north to south is 192 miles; its area is 42,450 square
miles. Of this area 2,325 square miles are covered with water, giving
40,125 square miles of land surface. Its principal inland waters are the
Chesapeake and Mobjack bays, Hampton Roads, and Lake Drummond.
Except in the eastern section no navigable streams traverse the State, and
transportation is necessarily limited to railways.

SURFACE FEATURES.

Considered with reference to its surface features—physiography—Vir-
ginia is divided into three major provinces: (1) An eastern plain region
vsually designated the Coastal Plain or Tidewater region; (2) a central or
plateau region, designated the Piedmont Plateau; and (3) a western or
mountain region, designated the Appalachian Mountain province. The
boundaries of these provinces are indicated on the map, forming figure 1.

As is indicated on map, figure 1, the western or Mountain province is
divided into three well-marked physiographic belts, which extend the entire
length of the province in the State from northeast to southwest. These
are, named in order from east to west, (a) the Blue Ridge. (b) the Great
Valley or Valley of Virginia, and (c¢) the Alleghany Ridges, known also
as the Alleghanv Mountains.

The three larger well-defined topographic provinces of the State
differ markedly in the nature and origin of surface features, and in the
age and kinds of rock. They are intimately related to the geologie
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GENERAL GEOLOGY OF VIRGINIA. 3

structure and hence have an important bearing upon the mineral resources
of the State. These are therefore considered in order below.

THE COASTAL PLAIN PROVINCE.

The Virginia Coastal Plain province, the most easterly of the three
larger physiographic provinces and comprising approximately one-fourth
of the total area of the State, is separated from the higher-lying Piedmont
Plateau province on the west and the deep Atlantic Ocean basin on the east.
The boundary of the Coastal Plain to the eastward is marked by the steep
slope of the continental shelf which lies from 30 to 50 miles east of the
present shore line. The western limit of the Coastal Plain is defined by
the belt of metamorphic crystalline rocks known as the Piedmont Plateau
province. Figure 2 shows the relations of the Coastal Plain sediments
along its western margin to the Piedmont crystalline rocks. The Virginia
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Fig. 2.—Diagrammatic section illustrating the relationship between the Pied-
mont Plateau and the Coastal Plain. A. Crystalline rocks of the Piedmont
Plateau. I, II, III, IV, and V. Coastal Plain formations.

Coastal Plain region is more than 100 miles wide and includes approxi-
mately 9,500 square miles of territory or about one-fourth the area of the
State.

Because of marked geologic differences in the two provinces, most of
the largest streams and many of the smaller ones, are characterized by
falle or rapids where they cross the western margin of the Coastal Plain,
and they always show a marked decrease in the velocity of their currents
from this point eastward. For this reason, the name “fall-line” has been
given to this boundary, the position of which is marked on the accompany-
ing map, figure 1. The position of the “fall-line,” near the head of
navigation and the source of water-power, has been an important factor in
determining the location of many of the towns and cities of the Atlantic
Coast. In Virginia, the “fall-line” passes near to or through the following
important cities or towns: Washington, D. C., Fredericksburg, Richmond,
Petersburg, and Emporia. As indicated on the map, figure 1, the line
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drawn through these places approximately separates the Coastal Plain from
the Piedmont Plateau. OQutliers of the Coastal Plain are frequent along
the eustern margin of the Piedmont province. and the older crystalline
rocks of the Piedmont can be followed along the valleys of the larger
streams for some distance into the Coastal Plain sediments, where the
mantle of the latter has been cut through.

The Coastal Plain region, characterized by broad, level-topped stretches
of country of low relief. gradually declines in slope from the Piedmont
Plateau border to the shore line. In the vicinity of Washington elevations
of over 400 feet are reached. Southward the western margin gradually
declines in altitude to less than 200 feet in the southern portion of the
State. Because of these differences in elevation the topography is more
diversified in the northern than in the southern portion of the State.
Passing from these elevations along the “fall-line” or western margin. the
Coastal Plain declines in slope eastward to sea-level elevations along the
Coastal border. Probably the average elevation of the Virginia Coastal
Plain is but siightly more than 100 feet above tide.

According to Professors Clark and Miller. the formations comprising
the Virginia Coustal Plain are given in the following table:

Formations of Virgwmia Coustal Plawm.

CeNzoI1C:
Quaternary.
Recent.
i Talbot,
Pleiswocene ..... ....... ~ Wicomico. - Columbia group.
| Sunderiand, )
Tertiary.
Pliocene. ........... ... i %:f:f;:eitz.
Yorktown, L
Miocene................. f.;“;l;gkvs‘ “hesapeake group.
Calvere, J
{ Nanjemoy. )
Bocene. . ...... ...oo.... ‘LAqu'z:. . Pamunkey group.
Mxsozoic:
Cretaceous.
Lower retaceous........ .. Patapeco,
Jurassic?

Upper Jurassic?... .. ..

' \rundel, Potomac group.
° \ Patuxent,

The deposits of the ‘custal Plain comsist chiefly of unconsolidated
beds of sand, gravel, clay. and marl. which may be locally indursted by
a wement either of iron oxide or carbonate of lime. These indursted
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Fig. 1.—View from Richmond-Manchester bridge looking down the James
river in flood. Granite boulders and reefs not entirely covered by the high
water.

Fig. 2.—View from Richmond-Manchester bridge looking down the James river
during low water stage. Kocky (granite) character of river bed is con-
spicuously shown.

HIGH AND LOW WATER STAGES IN JAMES RIVER AT RICIIMOND.
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ledges in the vicinity of Acquia creek and, in places, southward along the
western margin representing the oldest formation of the Coastal Plain
series, have afforded sandstone suitable for building purposes. The beds
strike in general from north to south, although some variation occurs,
with a low but variable easterly dip.. Although not actually horizontal,
except locally, the beds generally appear so in any given section, because
of this relatively low dip. Figure 2 is a diagrammiatic section, which illus-
trates the relations of the Coastal Plain beds to each other. In age the
Coastal Plain beds range from Lower Cretaceous to Quaternary.

The broad and deep estuary of the Chesapeake Bay, which crosses the
Coastal Plain region, finds an outlet seaward between the Capes Charles
and Henry. This sheet of water affords unparalleled transportation
facilities. and its principal tributaries, the Potomac, Rappahannock, York,
and James rivers, give access to vessels as far westward as the Piedmont
border—the “fall-line.”

THE PIEDMONT PLATEAU PROVINCE.

The Piedmont Plateau province lies between the Coastal Plain and the
Appalachian Mountains. It extends from the eastern slope of the Blue
Ridge eastward to the western margin of the Coastal Plain, and it widens
southward (map, figure 1). Its width increases from about 40 miles
in the northern portion along the Potomac river to nearly 175 miles along
the Virginia-Carolina boundary. The nearly horizontal and unconsoli-
dated sediments of the Coastal Plain lie across the bevelled edges of the
highly crumpled crystalline rocks of the Piedmont, presenting such marked
stratigraphic and lithologic contrast that the geologic boundary between
the two provinces is sharply defined (figure 2). The transition on the
west is less sudden and well-marked. )

The Piedmont province contains a greater variety of mineral resources
than that of either of the other two provinces. - In general, the surface
of the plateau has a gentle southeastward slope from an average altitude
of 1,000 feet along the western margin to from 200 to 400 feet on the
east, where the plateau rocks pass beneath the Coastal Plain sediments.
The western border of the region is an irregular one, marking the change
to the steeper slopes of the Blue Ridge and its outliers. The topography
of the plateau is much older and more varied, and its geology more
complex than of the Coastal Plain. Its topography is of a more or less
smooth, broadly rolling or undulating upland, of moderate elevation into
which the streams have rather deeply sunk their channels. Scattering
hills and ridges—unreduced residuals—rise in some cases several hundred
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cases, steeper, sometimes almost or quite vertical. In general they strike
approximately northeast and southwest. Variations, however, in both dip
and strike are frequent over the region.

The age relations of the rocks of the region are largely unknown.
Excepting the areas of Newark rocks, the crystalline rocks were regarded
as Archean by the older geologists, and they were so mapped by Professor
Rogers. More recent studies, however, based in part on fossil evidence,
reveal the fact that a part of them are as late as Ordovician in age.

THE APPALACHEIAN MOUNTAIN PROVINCE.

The Appalachian Mountain province embraces the western portion of
the State. Its eastern boundary, the southeastern slope of the Blue Ridge,
forms in places not a gradual transition but an abrupt change from plateau
to mountain conditions, and is reasonably well-defined. In other places
the change is not so abrupt and the boundary is less well-defined. The
western limits of the province are artificially drawn in the western boundary
of the State. This province, like the Piedmont Plateau and Coastal Plain,
extends northeast and southwest far beyond the limits of Virginia.

The topography of the Appalachian province is varied and picturesque,
and on the basis of topographic types represented, three subdivisions of
the province are recognized which, named from east to west, are: (1)
The Blue Ridge; (2) the Great Vallev; and (3) the Alleghany Ridges.
The limits of these suhdivisions are indicated on map, figure 1.

The Blue Ridge, which forms the eastern boundary of the Appalachian
province, maintains an uneven and knobby crest entirely across the State,
in a northeast-southwest direction. and has an average elevation of not
less than 2,000 feet above tide-level. At Harper’s Ferry the altitude of
the Blue Ridge above tide is less than 1,000 feet, but southward through
Virginia the ridge becomes higher and broader, and opposite Luray, Stony
Man, and Hawks Bill, 4,031 and 4,066 feet respectively, are the highest
summits of the Blue Ridge north of North Carolina. Plate XV, figure 1,
and plate LXXIYV, figure 1, indicate the uneven, knobby crestline of the-
Blue Ridge at different points in Virginia.

The Blue Ridge is composed largely of pre-Cambrian rocks. represented
in part, at least, by various igneous types, but sandstones and shales of
Cambrian age are exposed along the western slope. It is a natural
dividing line between the Paleozoic sediments comprising sandstones,
limestones, and shales on the west, and the pre-Paleozoic and other rocks.
on the east. Figure 3, adopted from the Harper’s Ferrv folio of the
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The James and Roanoke rivers flow eastward through the Blue Ridge
from the Alleghany Ridges, while the New river heads east of the Blue
Ridge in North Carolina and flows northwest in Virginia across the Blue
Ridge, the Alleghany Ridges, and the Alleghany Front, into the Ohio.

The two most westerly sub-provinces, the Valley and the Alleghany
Ridges, bounded by the two principal ranges, the Blue Ridge and the

Nam, 0 " 8xzc- OmARAOTER OF ROOES. CRARACTER OF TOFOSRAPEY AFD
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Survey. (After N. H. Darton.)
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Alleghany Front, on the southeast and northwest, respectively, are here
treated together under the Greater Valley region. These two bounding
nearly parallel ranges are separated in Virginia by a distance varying
from 75 to more than 100 miles. Considered broadly, the Greater Valley
region is composed of narrow valleys and linear ridges arranged in more
or less complex relations. Some of the ridges, rising to considerable
elevations, are narrow, of even crestlines, and of great length. Others
are less persistent and have less regular crests, while others still, which
make up the minor irregularities of the surface, such as, the hills, knobs,
and lower ridges, are of lower elevations.

At Harper’s Ferry on the Potomac the Valley proper is less than 300
feet above tide, but it gradually rises southwestward until it reaches the
height of 1,700 feet in southwest Virginia. It will average from 20 to
30 miles wide and is higher along the western side next to the Alleghany
Ridges than on the eastern side. The Alleghany Ridges vary in average
elevation from 1,000 to 3,000 feet above tide. Many of the ridges exceed
3,000 feet in height, and Elliots Knob, 20 miles west of Staunton, has
an elevation of 4,473 feet.

Ordinarily the ridges are unsymmetrical, one slope being much steeper
than the other. In some cases the two slopes are more nearly equal and,
in cross-section, the ridge approaches that of symmetry.

The Greater Valley region is composed throughout of Paleozoic sedi-
ments, which range in age from Cambrian to Carboniferous. The prin-
cipal rock-types include limestone, shale, and sandstone. Four generalized
sections, adopted from the Geologic folios of the U. S. Geological Survey,
in the northern, central, and southwestern portions of the Greater Valley
region, are shown in figures 3, 4, 5, and 6. These include formation name,
columnar section, thickness in feet, character of rocks, and character of
topography and soil. The principal formations of the Greater Valley
region or western Virginia, especially those of the Cambrian and Ordovician
systems, are described in some detail by Dr. Bassler under Cement and
(‘ement Materials on pages 86-167. to which the reader is referred. The
distribution of the formations over the Greater Valley region are shown
on the accompanying color geologic map, and in part on the section maps,
figures 16, 17, 20, 25, and 28, and on plate XVII.

The simple horizontal arrangement of alternating hard and soft beds
of the (reater Valley region which prevailed at the time of deposition,
have been greatly complicated by folding and faulting. The present
attitude of the beds indicates that in general they have been arched into
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a sufficient length of time are attacked and gradually lowered in elevation,
not equally but unequally, some areas more rapidly than others and some
parts of the same area more rapidly than other parts. All conditions being
equal, that area which has been continuously above water for the longest
time has suffered the greatest effects from the atmoepheric agents.

Accordingly an examination of the surface rocks over all parts of
Virginia shows some effects from atmospheric action. Of the three major
provinces of the State described above, the Coastal Plain, on account of
its very recent geologic history, has suffered the least. The remaining
two provinces, on the other hand, Piedmont Plateau and Appalachian
mountains, bear striking evidence over all their parts of profound decay
and erosion, which have resulted in the removal of vast quantities of rock
material. Just how much of their surface has been lowered or what
vertical thickness of material has been removed from these land areas and
carried seaward, would probably be very difficult to say, but that it has
been large cannot be doubted. Because of its greater geologic age and
the vast length of time it has been a land area, the Piedmont Platean has
probably suffered the removal of the greatest thickness of material, which
contributed in part to the building of the Appalachian province on the
northwest, and to the Coastal Plain on the southeast.

Through this process of degeneration—weathering—which has been
going on for many thousands of years, a mantle of varying thickness of
decayed rock material overlies the still fresh or sound rock, except where
the erosive action has not been too excessive and the slopes too steep for
its accumulation. This decayed product is loose and porous or incoherent,
consisting usually of clay, sand, and gravel, and on the immediate surface
forms soil. On depth it passes by imperceptible gradation into the hard
and fresh unaltered rock. The thickness of this mantle of rock decay in
Virginia varies from a few inches to 50, 60, and, in extreme cases, 100
feet. Over many parts of the State, so profound ‘is this decay, that
exposures of the hard rock are rare except along the stream courses where
the mantle has been cut through by erosion.

This process of rock decay is of very great economic importance.
Apart from the consideration of the great variety of soils resulting there-
from, which forms perhaps Virginia’s most valuable asset, workable ore-
deposits have been formed by it from sparsely disseminated and non-
workable mineral matter in the original rocks. This is best illustrated
in the manganese deposits, in a part of the iron and zinc deposits, and in
other ore-deposits described in the following pages of this volume.



GENERAL GEOLOGY OF VIRGINIA. 15

DIVERSITY OF RESOURCES.

There is probably no state in the Union of the same area as Virginia,
that can show a greater diversity in geologic resources. This is confirmed
by the actual exploitation thus far made; and it might be naturally
inferred from the position which the State occupies with reference to
disturbed and undisturbed areas as described above. As indicated above
and from an examination of the geologic map, the State stretches
from the Atlantic Coast westward nearly entirely across the Appalachian
Mountain System. Within this area are found rocks ranging in geologic age
from pre-Cambrian to Recent, and representing all the principal divisions of
geologic time. Equally as great a variety of rock-types, both sedimentary
and igneous, of structure which characterizes both profoundly disturbed
and undisturbed rock masses, and of topography, is shown.

VALUE OF RESOURCES.

- The total yearly value of production in mineral resources of Virginia
for 1902 to 1906, inclusive, has been estimated as follows:

Year Value
1902............ $10,500,000
1903............ 12,633,000
1904............ 12,606,000
1906............ 21,752,000
1906............ 30,000,000

The above figures have been compiled from the most authoritative
sources, but they must be regarded only as approximate. They probably
represent under- rather than over-estimates of the true total value of
Virginia’s mineral production. The figures of production for 1906 are
based on those of 1905, and when the exact value of the mineral production
for 1906 becomes available it may show some variation in either direction
from the estimated value given above. A very striking feature in the
above compilation is the enormous increase in the value of mineral pro-
duction for the years 1905 and 1906 over the preceding years. In 1905
the production nearly doubled that of 1904, and for 1906 a marked increase
is shown over that for 1905.
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DESCRIPTION OF GRANITE AREAS.

The Petersburg Area.

The Petersburg granite area includes the extreme northeast
part of Dinwiddie county and the contiguous southeast corner

Fig. 7.—Map showing location of granite quarries in the Petersburg area. Quarries indicated by heavy dots.
Based on the Bermuda Hundred and Petersburg to phic sheets, U. 8. Geol. Survey.
Scale, § inch equals 1 mile, approximately. ntour interval, 20 feet.

of Chesterfield. Granite quarries are opened and operated about
2 miles west of the city of Petersburg and at a similar distance north of
the city. The principal quarries, shown on the map, figure 7, include the
Lassiter and the Petersburg Granite Company’s on the west side of Peters-
burg, and the Cook quarry on the north side of the city.

The rock from these quarries is a closely similar biotite granite, of
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DESCRIPTION OF GRANITE AREAS.
The Petersburg Area.

The Petersburg granite area includes the extreme northeast
part of Dinwiddie county and the contiguous southeast corner

Fig. 7.—Map showing location of granite quarries in the Petersburg area. Quarries indicated by heavy dots.
Based on the Bermuda Hundred and Petersburg to, phic sheets, U. 8. Geol. Survey.
Scale, § inch equals 1 mile, approximately. ntour interval, 20 feet.

of Chesterfield. Granite quarries are opened and operated about
2 miles west of the city of Petersburg and at a similar distance north of
the city. The principal quarries, shown on the map, figure 7, include the
Lassiter and the Petersburg Granite Company’s on the west side of Peters-
burg, and the Cook quarry on the north side of the city.

The rock from these quarries is a closely similar biotite granite, of
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DESCRIPTION OF GRANITE AREAS.
The Petersburg Area.

The ~Petersburg granite area includes the extreme mnortheast
part of Dinwiddie county and the contiguous southeast corner

Fig. 7—Map showing location of granite quarries in the Petersburg area. Quarries indicated by heavy dots.
on the Bermuda Hundred and Petersburg topographic sheets, U. 8. Geol. Survey.
Scale, § inch equals 1 mile, approximately. Contour interval, 20 feet.

of Chesterfield. Granite quarries are opened and operated about
2 miles west of the city of Petersburg and at a similar distance north of
the city. The principal quarries, shown on the map, figure 7, include the
Lassiter and the Petersburg Granite Company’s on the west side of Peters-
burg, and the Cook quarry on the north side of the city.

The rock from these quarries is a closely similar biotite granite, of
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Fig. 1.—Cook's granite quarry, north of Petersburg.

Fig. 2.—Granite quarry near Richmond, showing massive ledges of superior
monumental granite.

GRANITE QUARRIES IN PETERSBURG AND RICHMOND, VIRGINTA, AREAS.
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Company, 2 miles west of Petersburg and a half mile west of the Lassiter
quarries. The 2 openings are designated as Quarry No. 1, known as the
Asylum quarry, and Quarry No. 2, known as the Dibble quarry. The
openings are large and are made in flat surface. gxpdsures of the granite.
About 5 feet of stripping, comprising sand end .gravel of the Coastal
Plain and decayed granite, must be removed before the quarrying of fresh
granite can be carried on. o

During the summer of 1906, Quarry_ No. 1 was, bemg operated under
lease by Baltimore parties, and the stone was being used almost exclusive-
ly for building purposes in Petersburg. Some of it is used for coping in
cemetery work. Quarry No. 2 has not been operated for four or more
years. A large quantity of stone has been quarried and used for the various
purposes made of granite. The joint-planes are widely spaced and
dimension stone of almost any size can be readily obtained.

The Petersburg Passenger and Power Company’s quarry.—During the
summer of 1905, the Petersburg Passenger and Power Company was
operating a quarry at the dam across the Appomattox river, 7 miles west
of Petersburg.

The Richmond Area.

The Richmond granite area, covering parts of Chesterfield and Henrico
counties, in the immediate vicinity of the cities of Richmond and Man-
chester, is the largest producing area in the State. The quarrying of
granite in this area dates back to the early part of the last century, and
a large number of quarries have been worked from time to time. These
are opened largely in the granite bluffs along the James river, extending
in a general westerly direction from the city of Richmond for a distance
of more than 5 miles. To a smaller extent quarries have. been opened
to the north and south of Richmond in the low granite ledges exposed
along smaller streams and in the flat surface exposures on the inter-stream
areas. Many of the quarries are very extemsive openings, and have been
worked to a depth of nearly 200 feet, from which an enormous quantity of
excellent stone has been obtained. In some of the larger quarries, the
depth reached in quarrying is below that of the river level. The quarries
opened are well located with reference to transportation facilities, and
admit of easy working.

The location of this granite area at the head of navigation in the
James river affords cheap transportation of the stone by water north and
south.
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The quarried granites are feldspar-quartz-biotite rocks, which vary
from fine to medium granular in texture, and from dark to light gray in
color. Near Midlothian, 13 miles west of Richmond, and extending for a
north-south distance of about 20 miles, is a beautiful coarse, porphyritie,
biotite granite, which has not yet been quarried to any extent.

Jointing is usually well developed in the granites but the planes are
spaced sufficiently far apart to admit of almost any size stone being
quarried. Pegmatite veins or dikes, coarse crystallizations of quartz and
feldspar, are not sufficiently numerous to cause waste in quarrying.

Two grades of the granite occur and are quarried, one a fine-grained
dark blue-gray rock extensively used as monument stock, the other a coarse
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Fig. 8.—Relations of the blue to the graggunite as shown at the Neth-
erwood quarry west of Richmond. le, 1 inch equals 150 feet.

and lighter gray rock admirably suited for building purposes. Both are
homogeneous even-granular granites, possessing good working qualities.
'The fine-grained dark bluc-gray granite is susceptible of high and per-
manent polish and is a superior monumental stone, possessing as it does
that strong contrast in color betwcen the polished and unpolished rough
or dressed surface. Figure 8 shows the structural relations between the
two granites as exposed in the Netherwood quarry west of Richmond. The
Richmond granites are thoroughly suited for all classes of work in which
granite is used.

Probably the most elaborate granite structure in the country and the
most important building yet constructed of the Virginia granites is the
State, War, and Navy building in Washington, built of the Richmond
granite.
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The following is a list of the principal quarries in the Richmond area:

Name. Location.
Belle Isle Quarry, Belle Island, above Richmond—Manches-
ter bridge.
Donald Quarry, Half mile E. of Belt Line Railway, S.

side of James river.
Granite Development Company’s Quarry, One-eighth mile E. of Granite, 8. side of
Southern Railway.

Hawkins Quarry, North side of So. Railway at Granite.

Krim Quarries, Three-eighths mile 8. W. of Granite.

McCloy Quarry, One-quarter mile W. of new reservoir.

McGranigan Quarry, One-eighth mile W. Belt Line Railway,
on James river.

MecGowan Quarry, Two miles 8. of Manchester.

McIntosh Quarries, Half mile S. W. of Granite.

Middendorf Quarries, One-quarter mile S. W. of Granite.

Netherwood Quarries, Two miles W. of Richmond, on 8. side

of James river.
0ld Dominion Granite Company’s Quarries

(Middendorf), One-fourth mile N. 30° E. of Granite.

Philadelphia Quarries, ) East end of Settling Basin, on N. side of
James river.

Richmond Granite Company’s Quarries, 4.5 miles N. of Richmond, near R. F.
& P. Railway.

Smith Quarry, Canal locks W. of Richmond, N. side of
James river.

Tidewater Quarry Company’s Quarry, Two- rpi]es S. E. of Manchester, on James
river.

Westham Quarries, 4 miles W of City Hall in Richmond, on

’ -S. side of James river.

Winston and Company’s Quarry, .North side of James river, at Settling
Basin. -

Wray Quarry, Three miles W. of Richmond, on S. side

of James river.

Of these, the following quarries were being operated during 1905 and
1906: McCloy, McGowan, McIntosh, Middendorf, Netherwood, Richmond
Granite Company, Winston and Company, and Wray. Some of the others
have not been operated for some time, and in part they include the most
extensive openings in the area. This is particularly true of the Westham
quarries out of which stone the War, State, and Navy building in Wash-
ington was constructed, and the quarries of the Old Dominion Granite
Company, known at present as the Middendorf quarries. Only those
quarries which are mentioned above as operating during 1905 and 1906
will be described. The other quarries are equally as important and are
capable of producing unlimited quantity of excellent stone, but many of
the openings were partially or entirely filled with water at the time of
1y examination and were not entirely open to study. Map, plate III,
shows the distribution and location of granite quarries in the Richmond
area.
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McCloy quarry—The McCloy quarry is opened in a flat surface ex-
posure of granite, located about 300 yards from the James river branch of
the Richmond, Fredericksburg, and Potomac railroad, and about a quarter
of a mile west of the new reservoir. The quarry opening includes about 1
acre of ground. At several places about the edges of the opening the
granite is decayed to a depth of 3 or 4 feet, which must be stripped before
fresh stone can be obtained. The rock is cut by several well-defined sets
of joints which vary in direction, from N. 5° to 85° W. and N. 10° to
v5° E., and in dip from vertical to 55° N. W. The rock is a very fine-
grained and even-textured, dark blue biotite granite, admirably suited for
monumental stock, The principal uses made of it are for monuments
and building, and for street purposes as blocks and curbing. The quarry
waste is crushed and utilized for street concrete or cement work. It is
marketed in a number of statcs. including Virginia.

McGowan quarry.—This quarry has been worked for about 10 years
exclusively for monumental stone. It is located 2 miles south of Man-
chester, about 300 yards east of the Petersburg turnpike, and 600 feet west
of the Seaboard Air Line Railway, with which the quarry is connected
by a spur track for shipping. The opening, which is a large one, is made
in a flat surface exposure of granite, and the average depth of stripping,
including soil and partially decayed granite, necessary to the quarrying of
fresh stone, is about 5 feet. It is a fine-grained dark blue-gray biotite
granite, of uniform texture and color, and a most desirable monumental
stone. The quarry waste is utilized largely for paving purposes. It has an
extensive sale in the monument trade in many states, including Virginia.
Views of this quarry are shown in plates IV, V, and VI. 4

Meclntosh quarry.—The Meclntosh quarry, formerly known as “flat-
rock,” is probably the most extensive working granite quarry in the State.
It is located near Granite, a station on the Southern Railway, 5 miles west
of Richmond. A spur track for shipping connects the quarry with the
Southern Railway at Granite. It has been operated for about 15 years.
About 2 acres have been stripped from the flat ledge exposure to a depth
of 37 feet. The fresh rock is exposed at the surface and no stripping of
decayed material is necessary. All work is done by compressed air
machinery. The stone is of excellent quality and is used for all classes
of building and monumental work, and for all purposes for which granite
is handled, except in the form of crushed stone. The principal directions
of jointing are N. 10° W. and N. 65° E. All the approaches, steps, etc.,
to the new Capitol building in Richmond are from the granite of this
quarry. It has an extensive market in and out of Virginia.
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Fig. 1.—McGowan granite quarry, south of Richmond, showing horizontal
jointing.

Fig. 2.—Granite quarry near Richmond, showing jointing as in Fig. 1.

GRANITE QUARRIES IN THE RICHMOND, VIRGINTA, AREA.
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Middendorf quarry—The Middendorf quarry is located on the Belt
Line Railway west of Manchester, and 760 feet north of the crossing of the
Petersburg turnpike by the above railroad. The rock is a banded biotite
granite-gneiss, penetrated by many pegmatite dikes and veins which vary
in width from a fraction of an inch to several feet. Directions of jointing
are N. 65° E. and N. 45° W. Strike of the gneissic structure or banding
is N. 65° E. Several acres of the gneiss have been stripped to a depth
of about 25 feet. The stone is used for ballast and paving blocks, largely
the former. '

Netherwood gquarry.—This is one of the most extensive quarries in the
Richmond area, and it is reported as having been worked as early as 65
years ago, although operated under the present management for about 8
years. The quarry opening is made in the high granite bluff on the south
side of James river and immediately on the Southern Railway, about 2.5
miles southwest of Richmond. The greatest depth reached in quarrying is
65 feet of fresh granite covered by about 2 feet of red clay on top. The
ledges of granite average from 20 .to 22 feet in thickness. Two grades of
granite are produced, a medium coarse light gray for general building
purposes, and a fine-grained dark blue-gray for monumental purposes.
Neither joints nor pegmatites are too closely spaced nor too numerous to
prevent the quarrying of dimension stone—any size blocks of both the
gray and the blue stone being readily obtained. It has an extensive
market in and out of the State; and is used for general constructional
and monumental purposes, curbing and blocks for paving, and crushed
stone for all purposes made of granite. Its principal use, however, is for
building and city (street) work, which comprises mostly the light gray
coarse granite.

The Richmond Granite Company’s quarries.—The quarries of this com-
pany, owned and operated by Copeland and Brown, are located 4.5 miles
north of Richmond, near and on the east side of the Richmond, Fredericks-
burg, and Potomac Railway. It was first operated about 15 years ago.
The dimensions of the principal opening are 500x100 feet and 50 feet
deep. A spur track is operated between the opening and the Richmond,
Fredericksburg, and Potomac Railway. Two principal sets of joints,
spaced at distances of 2, 6, 8, and more feet apart, intersect the granite,
with directions varying from N. 10° to 70° W. and N. 30° to 35° E.
These dip from the vertical to 35° S. E. The rock is not sheeted but is
perfectly massive, and is an excellent grade of biotite granite. Pegmatite
dikes or veins varying in width up to 8 feet occur, but are not numerous
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and do not interfere with the quarrying of dimension stone. A crusher is
operated at the quarry for working up the quarry waste for the various
uses made of crushed stone. The principal uses made of the granite are for
street work in the form of blocks and curbing, for building and monu-
wents, and for crushed stone in its varions forms.

Winston and Company’s quarry.—This quarry, formerly known as the
Mitchell and Copeland quarry, under whose management it was first
opened and worked for 12 years, many years ago, is located west of Rich-
mond at the city settling basin, just completed. The quarry is opened in
the granite bluff on the north side of James river, and is of large dimen-
sions. The present operators, Winston and Company, contractors for the
construction of the settling basin, began working the quarry about 3 years
ago to supply crushed stone (concrete) and rip-rap for building the
settling basin. The stone was quarried by blasting. The principal joints
strike N. 5° W. and N. 30° to 70° E. Pegmatites are not numerous. The
granite is sheeted to the entire depth of working, the sheets being thickest
at the bottom and thinnest at the top.

Wray quarry—This quarry, operated since 1895 for monumental stock
exclusively, is opened in the high granite bluffs on the south side of the
James river and immediately on the Southern Railway, about 3 miles
southwest of Richmond. The stone is of the excellent dark blue-gray
biotite granite, of uniform color and texture, and is admirably suited for
the use made of it. The joint-planes are widely spaced, admitting of almost
any size stone being quarried. The working face in 1905 had a depth of
about 75 feet. Occasional pegmatites not exceeding 3 inches in width occur
in the granite but give no trouble in quarrying. Its sale is practically
limited to the principal cities in the State for monumental stock.

The Fredericksburg Area.

The Fredericksburg area includes the region to the west and north of
the city, in Spottsylvania county, in which granite quarries have been
opened. The granite exposed along the Rappahannock river north of
Fredericksburg extends into Stafford county, but no quarries have yet
been opened in that county.

Two types of granite have been quarried in the Fredericksburg ares,
one a very light gray, medium-textured, muscovite granite, the other a dark
blue-gray, very fine-textured, biotite granite. In texture and composition.
the latter is identical with the fine-grained dark blue-gray granite quarried
in the Richmond area and so extensively used for monument stock. The



MINERAIL. RESOURCES OF VIRGINIA. PLATE V.

Fie. 1.—Granite quarry near Richmond, showing joint struc- Fig. 2.—McGowan quarry near Richmond, showing large
ture. inclusion of banded gneiss. The hammer spans con-
tact between granite and gneiss.
GRANITE QUARRIES IN TIHIE RICIIMOND, VIRGINIA, AREA.
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Fredericksburg granite is a shade darker in color than the Richmond stone
and it is a superb monumental stone for which it has a wide usage. Map,
figure 9, shows the location of the quarries in this area.

Fig. 9.—Map showing location of granite quarries in the Fredericksburg area.
Quarries indicated by heavy dots. Based on the Fredericksburg
topographic sheet, U. 8. Geol. Survey. Scale, § inch equals
1 mile, approximately. Contour interval, 50 feet.

7

Hazel Run light gray granite—A very light gray muscovite granite
of medium texture is exposed along Hazel Run,.a tributary of the Rappa-
hannock river, and about 1 mile west of Fredericksburg. It somewhat
resembles the Stone Mountain light gray muscovite granite 16 miles east
of Atlanta, Georgia, which is so extensively used for general constructional
purposes. In the spring of 1879 an opening was made in the flat ledge
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immediately on the south side of Hazel Run, about 1 mile west of Fred-
ericksburg, and enough stone quarried to build the Presbyterian Memorial
Chapel in Fredericksburg. No stone has been quarried since. The joint-
planes are widely spaced, two sets of which strike N. 75° W. and N.-S.

Cartwright and Davis quarries.—The quarries of Cartwright and Davis,
located along the Rappahannock river 3 miles north of Fredericksburg,
are the only ones operating at present in Spottsylvania county. The
quarries comprise 8 openings, 6 of which are made in the granite bluffs
along the south side of the Rappahannock river, for a distance of nearly
half a mile. The granite, an excellent grade of monumental stone, is a
massive uniform dark blue-gray colored and fine-textured rock. It is
intruded into an irregular banded gneiss of similar mineral composition.
Strike of gneissic banding or schistosity is N. 25° to 40° E. The granite
is cut by several sets of joints so spaced as to admit of any size blocks
of stone being quarried. The principal joint-planes strike N.-S. with a
dip of 40° E.; N. 60° to 80° E., dipping 10° to 30°, and N. 20° to 80° W.
In places, pegmatites are abundantly developed in the granite, which occa-
gion at times considerable waste in quarrying.

No dimension stone is sold in the rough but it is all worked up at the
“yards” located in the northern limits of Fredericksburg, and is used ex-
clusively in the monument trade. The yards are commodious and well
equipped with the necessary modern machinery for all grades of polish and
dress work. The stone is conveyed from the quarries to the yards, a dis-
tance of 3 miles, by canal. A crusher is operated at the yards for sizing
the waste which is utilized for local purposes.

The monuments made from this granite have an extensive market in
and out of the State.

The Fairfax County Area.

Granite has been quarried in Fairfax county at the following localities:
South of Falls Church and west of Annandale. The quarried rock is similar
in the two localities and is taken from less schistose portions of the
granite mass. It is homogeneous, of even texture and good color. It is
not materially effected by schistosity, and works out readily in stones of
moderate_size. Some of the beds in the Falls Church area are colored by
pink feldspar. Many portions of the granite-gneiss furnish good material
for foundations and similar rough work. This stone is schistose and con-
sequently not obtained in large masses. It is easy to quarry and is strong
and durable. Many portions contain pyrite, which unfits it for ornamental
use. Many of the more massive beds of mica-gneiss are suitable for
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building and resemble the more schistose portions of the granite mass.
They are used locally in the construction of dams and foundations. From
the thinner and more micaceous beds flagstone can readily be obtained.

The granite quarried in the Fairfax county area has been used entirely
for local purposes.

Falls Church area—The granites in the vicinity of Falls Church are
of two varieties. One is a medium- to fine-grained crystalline rock and is a
biotite granite carrying a variable quantity of muscovite. The other, a light
and dark speckled rock, is a fraction more coarsely crystalline and is a horn-
blende-biotite granite. It is the only representative of a hornblende
granite yet found in the State and it is closely associated with diorite
masses on the one hand and with foliated mica-granites on the other.

The Trip quarry, located about 1 mile south of Falls Church, was first
opened about 1872, and has supplied considerable stone for local purposes,
principally for foundations and buildings. The granite is massive, of
medium texture and of variable light gray color, depending upon the
amount of mica present. Several sets of joints are developed which usually
cut the granite at close intervals and limit the size stone that can be
quarried. The directions of these joints vary from N. 10° to 80° E., and
N. 10° to 80° W. '

The Presbyterian and Catholic churches at Falls Church were built of
the granite in the rough from this quarry.

Annandale area—The Hoffman and Miller quarry, located about 2
miles west of Annandale, directly on the west side of Accotink creek, has
not been operated for 12 or 13 years. The opening is made in a boulder
ledge exposure on the above stream and at water level. A stripping of 8
to 12 feet of soil and red clay is necessary for the quarrying of fresh
granite. The rock is a massive biotite granite of uniform medium texture
and light gray color. Good dimension stone can be readily quarried. The
joint-planes strike N.-S. and N. 50° to 80° W.

The Nottoway—Prince Edward Counties Area.

In the northwestern corner of Nottoway county and in the adjacent
portion of Prince Edward county is a very promising area of massive gray
granite of fine texture and uniform color, which has been opened and a
little stone quarried for local use at a single point in both counties. The
granite is exposed at the surface in flat-doming masses and as boulders.
This area lies close to the Southern, and the Norfolk and Western Railways.
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The Wingo quarry in Nottoway county, located 3.5 miles north of Jen-
nings and 2.5 miles south of Jetersville, an the east side of the Southern
Railway. was operated some vears ago for ballast. The rock is a fine-
grained massive, medium gray. biotite granite, of uniform texture and
color. It is a desirable stone and can be used for any purpose made of
granite.

In the vicinity of Rice’s Depot, Prince Edward county, granite was
quarried some yvears ago for use in bridge construction along the Norfolk
and Western Railwavy.

Granite, suitable for general building and other purposes, occurs in
other counties of the crystalline area. but in none of these has it been
developed. A beautiful coarse-grained granite is found in Buckingham
county. near the Court-House. but no quarries have been opened. Likewise
a coarse-grained light gray biotite granite occurs 3 miles west of Thaxton.
a statiok on the Norfolk and Western Railway. A red granite, well suited
for ormamental and general building purposes. but undeveloped, is reported
from Save in Charlotte county.

The Blue Ridge Area

In the mountain district of Loudoun county, extending northward
across the Potomac into Marvland and southward into Fauquier county,
Virginia. granite is widely distributed in long belts up to six miles wide.
The cgterops increase in extent and number southward from the Potomac
in Virginis.

According te Ketth. the minerals composing the granites are chiefly
quartz. and orthwlase and plsgioclase feldspar: besides biotite, garmet,
epidote, and biue quartz ocvur. forming four types of granite in different
aress. The granite s light gray in color and has been extensively altered
by pressure.  Acvonding te the degree of alteration the rock is a granite,
goeiss, or quartz schist. No qusrries hive been opened in the granite,
but where boulders could be obtained without much labor local use has
been made of the granite.

Unakite.

The name urskite was vropesad for 3 unique variety of granite, com-
posel of the eswntial minersls veidlow-green epidote, pink feldspar, and
quarts, frore the Unaks mnge of the Great Smoky Mountaing, in North
Careling.  The effect of the rowek in either rock-faced or polished work is
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quite pleasing and it might be used to good effect in certain forms of
ornamental work.

Unakite occurs in two localities in Virginia, namely, near Luray, at
Milam’s Gap in Page and Madison counties, in the Blue Ridge; and about
2.5 miles south of Troutdale along the Marion-Jefferson public road, in
Grayson county.

The Milam’s Gap unakite is a moderately coarse but irregular crys-
tallization of red feldspar, quartz, and green epidote. Irregular crystal-
lization of the rock is shown in the variation of masses composed of more
than two-thirds of the red feldspar through all gradations to masses
composed of quartz and epidote without fcldspar. Thin sections of the
unakite from Milam’s Gap show epidote, orthoclase, quartsz, iron oxide,
zircon, and apatite. The epidote is secondary, replacing pyroxene and
feldspar, both plagioclase and orthoclase. The unakite from Grayson
county shows deeper colored feldspar and epidote than that from Milam’s
Gap.

As shown by the analysis below of the Milam’s Gap unakite, made by
Phalen, the rock is relatively basic for a granite:

Per cent.

Silieca ..............oiiiian 58.32
Alumina ...........ccc0.... 16.77
Ferric oxide................. 6.56
Ferrous oxide................ 0.89
Magnesia ................... .09
Lime ....cooviiiiiiinnnnnnns 11.68
Soda ............. 00l 0.32
Potash ..................... 4.01
Water ........co00viinennnn. 1.73
Phosphorous pentoxide....... .48
Manganese oxide............. .13
Zirconia .........0.00iiin.L, trace

Total......oonvvenenn... 09.98

2. SYENITE.

TUnder the name syenite is included a crystalline granular rock which
consists essentially of orthoclase, with or without one or more of the
accessory minerals, mica, hornblende, or augite. It is sold on the market
as granite and is used for the same purpose but differs from granite only
in the absence of quartz. Most of the known areas of syenite in Virginia
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contain hornblende as the chief accessory mineral, and the rock is accord-
ingly a hornblende svenite.

In Charlotte county, an exposure of hornblende syenite has been traced
from Drakes Branch. a station on the Southern Railway, to within 2
miles east of Charlotte court-house. a distance of about 5 miles. The rock
is entirely massive, varving from gray to deep pink in color, and in texture
from medium 10 coarse-grained. It would make a desirable stone for the
varioug uses to which granite is put. No attempt has been made to quarry

In Carroll county. extending northward from the northwest edge of
Sylvatus, iz an area of hornblende svenite. the exposures of which show
pronounced crushing and shearing from pressure metamorphism. The
rock in this vicinity could only be used for the rougher grades of work.
Northeastward from Sylvarus along the Carroll county line and on Big
Feed Island creek, an area of coarsegrained pink hornblende-biotite
svenite. carrving more or less quartz. oocurs. Study of this area will
probably show the rock to grade into a true granite.

Along the west side of the Blue Ridge and topographically below the
basalt. a coarse-grained. massive, dark grav svenite has been observed in
Warren. Madison, and Greene counties. This rock has been found along the
west side of Dickev’s Hill, 4 miles south of Front Royal in Warren county;
at Milam’s Gap in Madison county where it forms the unakite-bearing rock;
and between Elkton and the High Top Copper Company’s mine, in Greene
county. Where observed, the svenite appears entirely massive except at one
or two points in the Greene county locality, where a schistose structure has
been developed in it. In the Warren county area the rock varies from
medium to coarse texture. The svenite of the above localities has nowhere
been quarried. but it should prove a desirable stome for gencral construe-
tional work and many other purposes for which granite is employed.

According to Phalen. the svenite of Milam's Gap, Madison county, the
unakite-bearing rock. a hypersthene-quartz-diallage syenite, is a coarse-
grained dark grayish-green aggregate of essentially feldspars and black
prroxenes. The microscope shows the following minerals: Orthoclase,
plagioclase, orthorhombic and monocline pyroxene, quarts, microcline,
iron ore. apatite, and zircon, with the alteration products epidote, chlorite,
and sericite. Phalen gives the following analvsis of the syenite from
Milam’s Gap:



BUILDING AND ORNAMENTAL STONES. 33

Per cent.

Silica ..oevveeniiiiiiiian 60.52
Alumina ................... 16.99
Ferric oxide................. 60
Ferrous oxide................ 6.563
Magnesia ..........c0000nnn 1.59
Lime .............c0iiiinnn 4.58
Soda ....cciihniiiiiiiiian.. 2.83
Potash ..................... 3.91
Water .......c.ciiiiinennn. .88
Phosphorus pentoxide........ 74
Manganese oxide............. 25
Chromium oxide............. trace
Zireonia .........c0.000000000 trace

Total...........ovvivenen 99.42

A syenite occurring in the northwestern corner of Floyd county on Lick
Fork and Flat Run, and closely similar to the northern Blue Ridge rock, has
recently been described by me. The area is a large one, and the rock, both
in hand specimens and in thin sections, is strikingly similar to the syenite of
Warren, Madison, and Greene counties. The microscope shows the follow-
ing minerals: Orthoclase, plagioclase, microcline, pyroxene, biotite, horn-
blende, garnet, quartz, and some minor accessories. The rock is typically
exposed in the nickel openings on Lick Fork.

Additional areas of syenite are referred to by the older writers in a
number of other counties in the crystalline area. Although admirably
suited for many uses, practically no development of the syenite areas in
Virginia has been made.

8. GNEISSES.
The Lynchburg Area.

On the north and east sides of the city of Lynchburg is an extensive
belt of gneiss cut across by the James river and lying partly in Amherst
and partly in Campbell county. Excellent exposures f the gneiss are
found along the James river and some of its tributaries, near the city,
and numerous quarries have been opened and stone supplied for general
building and street purposes in Lynchburg. The quarries are located along
the north side of James river, in Amherst county, opposite Lynchburg,
where the river has cut directly across a broad anticline of gneiss; and
to the east of Lynchburg, in Campbell county, along the tributaries of the
James river.

The stone is a fine-grained dark blue-gray biotite gneiss well suited
for the uses made of it. It splits out readily into slabs of any desired
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thickness, is hard but easily dressed, and very resistant to atmospheric
egents. Plate VI, figure 2, is a view in one of the quarries east of Lynch-
burg.

The Fairfax-Alexandria Counties Area.

Extending southward from the Potomac river and covering much of
Fairfax and Alexandria counties, are two extensive belts of gneiss, one of
which is a metamorphosed granite, the other of doubtful origin. The
former rock, known as granite-gneiss, is of fairly uniform color and
texture; the latter, which is of doubtful origin, is quite irregular both in
color and texture, and composition as well. The granite-gneiss has beex
quarried quite extensively from time to time for local use, from the ledges
along and on the south side of the Potomac river.

When fresh the rock is a dark bluish-gray gmeiss of rather fine but
uniform texture. The principal minerals are quartz, orthoclase, plagio-
clase, muscovite, and biotite, with frequently small amounts of garmet
chlorite, hornblende, tourmaline, and pyrite.

The gneiss of doubtful origin has been designated by Keith, the Carolins
gneiss, and is composed of alternating layers of gnmeiss and schist of s
prevailing gray color, dark bluish-gray when fresh. The bands vary ir
thickness. Quartz and mica are the predominant minerals in the schist;
and quartz, feldspar, and mica, in the gneiss. So far as I am aware the
Carolina gneiss has not heen quarried in this area.

Other Gneiss Areas.

Gneisses of granitic composition form one of the most widespread rock:
types in the Virginia crystalline area, and large areas occur in many of
the Piedmont counties of the State. Like their granite equivalents, from
which they have been derived in part, at least, they are usually of the bio
tite tvpe. although hornblende occurs in the gneisses of the Richmond an¢
Fredericksburg areas. Structurally the gneisses vary from irregular banded
rocks like those of the Richmond and Fredericksburg areas described above
to regular banded forms like the gneiss of the Lynchburg area. Texturally
they vary from fine- to coarse-grained rocks. The more regularly banded
cnes of uniform texture and color are suitable for general building pur
poses. and all of the Virginia gneisses are well adapted to the roughel
grades of work, such as for all forms of street work. for concreting and
ballast. retainine walls. and foundations. and as metal for road construc
tion.
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Fig. 1.—McGowan granite quarry and dressing yard, south of Richmond.

Fig. 2—Gneiss quarry just beyond the scutheast limits of Lynchburg,
Campbell county.

GRANITE AND GNEISS QUARRIES IN VIRGINIA.
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In addition to the quarries of gneiss opened in the Lynchburg area,
gneiss has been quarried in Fluvanna, Bedford, and Pittsylvania counties.
A gray biotite gneiss has been quarried at Columbia in Fluvanna county,
and a large area of dark gray biotite gneiss is exposed for some distance
elong the Norfolk and Western railroad at Bellevue. A similar gneiss in
color, texture and composition, has been quarried near the depot at Chatham.
on Cherrystone creek, in Pittsylvania county.

4 MICA SCHIST. ' .~ = -

Mica schist is probably the most abundant type of crystalline rock
occurring in the Virginia Piedmont region. It is.usually. thinly foliated,
composed essentially of mica and quartz with or without feldspar, and is
quite variable in character. Because of its thinly foliated and irregular
character, its uses are limited to the lower grades of comstructional work.
Ordinarily the rock is more or less deeply decayed and fresh exposures of
it are not very common. It has been quarried in several localities in the
Piedmont region for strictly local use.

One of the best grades of mica schist yet quarried in the State is in
the vicinity of Rocky Mount, Franklin county. Quarries have been opened
in the schist belt, near Rocky Mount, which yields a gray rock well adapted
for flagging and other purposes. The stone can be quarried in smooth
slabs of any desired thickness. It has been used in Rocky Mount and to
some extent in the city of Roanoke for street work. The strike of the schist
is 40° east of north, with a dip of 80° to the southeast.

Production.
Value and uses of granite produced in Virginia from 1900 to 1905
inclusive.
g g
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1900 | $54,225 $76,757 $25,415 $38,850 $15,833 $211,080
1901 | 49,293 98,141 25,230 60,008 43,029 275,701
1902 |, 33,668 80,452 45,191 78,276 | 44,470 282,046
1903 , 39,785 68,585 38,101 110,006 | 52,859 209,335
1904 |, 50,933 104,060 67,806 239,335 l 48,6564 510,788
1906 41,639 67,130 30,718 256,899 | 57,004 452,390
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large as the Pittsylvania county dike are found in other counties of the
crystalline area.

The following analyses made by me of the rock from the Pittsylvania
county dike, and from nearby smaller ones west of Chatham depot, show
their composition:

: Olivine Diabase | Olivine Diabase | Quartz Diabase

Constituents. Per cent. Per cent. Per cent.
Silich.cccoeeerrreneeceinennen 45.78 47.87 52.06
Alumina . 13.48 14.48 13.67
Ferric oxide. 11.60 11.66 156.97
Lime.......... 9.92 10.46 8.16
él;;ignuia. 15.40 10.58 5.01
W 3.24 38.47 3.36
Potash. ... 0.47 0.61 0.86
Water ..ccccevnnennnnnnnnn. 0.94 1.82 1.05
Total.cceeere cenenennnne. 100.78 100.78 100.13

Specific gravity -...... 3.026 —_— 2.968

In the Blue Ridge region of northern Virginia, extending from the
Potomac river southward through parts of Loudoun, Clarke, Fauquier,
Warren, Page, Madison, and Greene counties, are extensive sheets or flows
of basalt and diabase. The basaltic rock is dense, heavy and dark-colored,
and varies texturally from a basalt to a diabase, parts of which are usually
altered and sometimes schistose. According to Keith the schistose character
prevails in the Harper’s Ferry region, and the rock is known as catoctin
schist on account of its great development in Catoctin Mountain in Mary-
land. The schistose character of the rock further south in Virginia, from
Front Royal southward, is much less well-defined. As & whole it appears
more massive than schistose, though in places it is sheeted vertically from
close jointing along shear zones.

Two varieties of the basic rocks are recognized near Harper’s Ferry
by Keith, a lower diabase sheet, and an upper basaltic sheet, both altered,
with the upper one largely epidotized. Thin sections of the rock show
variations from fine-grained basalt to, in the coarser varieties, diabase
with pronounced ophitic or diabasic texture. The principal minerals are
augite, plagioclase, magnetite, some olivine, much secondary epidote and
chlorite, and in many of the sections leucoxene. The following analysis
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made by C. H. Henderson of speeimens of the rock from South Mountain,
Maryland, shows the chemical compoeition:

The silica was determined by George Steiger of the U. S. Geological
Survey in 2 samples of the basaltic rocks. collected from the following
localities in Virginia: 6 miles southeast of Harper's Ferry, and east
of Browntown. The results were 45.66 per cent. and 46.04 per cent,
respectively.

According to Campbell and Brown. about 3 miles north of Rapidan,
a station on the Southern Railway, are to be seen two rounded knolls of
similar shape and size, forming rather conspicuous objects in the landscape.
These are sometimes called the “Twins,” although known by other names
ic the neighborhood. On top of the knob nearest to the railroad,
beautiful perpendicular, pentagonal and hexagonal basaltic columns form
the face of a cliff. Some of these columns are 60 feet high and from 20
to 25 feet in diameter. The stone from the side of the “Twins” is quarried
under the name of granite, but it is in reality a hypersthene diabase.

Along the railroad, between Rapidan and Mitchell stations, for a mile
or more, the same rock appears in the cuts. A few miles east of Culpeper
enurt-house, Mount Pony. an isolated peak, stands out so prominently that
it has been used as a signal station upon various occasions. The greater
part of this peak is composed of rock of the same character as the “Twins.”
Other knobs and dikes of diabase occur in this region.

The composition of the diabase from the quarry on the “Twins,” and
from a dike in the railroad cut not far from the “Twins.” is shown in
the: following analyses, made by W. G. Brown:

1 I
Per cent. Per ceat.
Siliea ... 51.31 50.88
Alumina .. .. e 13.64 13.17

Fereie oxade e 0.52 1.11
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Manganous oxide trace
Lime ......oocoiiiiiiiiiiinnnn. . 10.19
Magnesia 13.056
Potash . 0.31
Soda .....i.iiiiiiiiiiiiiiiiiiee., . 117
Titanium oxide -
Phosphoric oxide : _
Ignition 0.14

Total . 99.67
Specific Gravity . 3.10

I. Hypersthene diabase from the “Twins” quarry.
II. O ivine-hy’})enthene diabase from dike in railroad cut not far from the
“T'wins.’

Notwithstanding the wealth of diabase of excellent quality found in
Virginia, only a few quarries have as yet been opened. The principal
quarries opened in this rock are in Loudoun, Fauquier, and Culpeper
counties. In the former county, Loudoun, diabase has been quarried
near Goose creek, about 3 miles from Leesburg. Excellent stone was found
at the surface and few natural joints appear, the rock splitting with ease
in any direction. Its texture is coarse and uniform, but it is darker in
color than ordinary granite. The stone from this locality has been found
to stand a pressure of 23,000 pounds per square inch, and, according to
Merrill, the stone undergoes no change on an exposure of 25 years, other
than a slight and in no way objectionable darkening of color.

In Fauquier county, near the Prince William county line a short dis-
tance east of Catlett, a station on the Southern Railway, diabase has been
quarried. The rock is of coarse texture, dark gray color, very strong, and
apparently durable.

As yet the stone quarried at the above localities has only been used
for paving purposes and for bridge abutments, although it is apparently
well adapted to all kinds of work for which its color and hardness qualifies
it.

In other parts of the crystalline area surface boulders of diabase
have been worked up for strictly local use. Apart from the utilization
of this stone in the better grades of work for which it is well adapted,
it should have an extensive use, on account of its general excellence, as
road metal, in the construction of permanent good roadways over the
crystalline area.

DIORITE.

Diorite is the name given to a granitoid igneous rock consisting
essentially of plagioclase feldspar and hornblende. More or less black
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The word gabbro i= emploved 10 designxte a gramitoid igneocus rock
oompossd of plagioclase feldspar and prroxeme. As ver very little is
known of the cocurrence of this rock in Virginis. Like diorite it is limited
In jts oocurTemce 10 the crysalline area east of the Bloe Ridge. It has
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guarmed a1 anv point In the State.
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6. SLATE.

INTRODUCTION.

\

Slate suitable for roofing and other purposes is found in many localities
in Virginia, and quarries have been opened and worked in Buckingham,
Albemarle, Amherst, and Fauquier counties. Slate of commercial value
but of which no producing quarries have been opened is found in Prince
William, Stafford, Fluvanna, and Craig counties. Along the northeastern
base of Massanutten Mountain in the upper or northern part of the Shen-
andoah valley a little prospecting in the Paleozoic black shales encourages
the possibility of obtaining a reasonably good grade of black slate. Of
the slate areas worked, that of the Arvonia belt in Buckingham county is
the most important. The several slate belts are separately described in
some detail below. :
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DESCRIPTION OF SLATE ARKAS
The Buckingham-Fluvaana Counties Belt.

In his annual reports of the Virginia Surver from 1835 to 1841,
Professor W. B. Rogers called attention to the slate deposits east of the
Blie Ridge in Buckingham. Fluvanna, and Fauquier counties. His
reference to the Buckingham-Fluvanna slate belt follows: “This [roofing
slate] makes its appearance on both sides of the James river, dipping east
st an angle of about eighty degrees with the horizon. In Buck-
ingham the bed is largely exposed in the neighbourhood of New Canton on
Slate river. . . . In texture, density and capacity of resisting atmospheric
agents, it can scarcely be excelled by a similar material in any part of the
world. This quarry was firt opened to procure slate for roofing the
capitol: and notwithstanding it has been thus long known, and its value
established, but little further use has been made of it, until the activity of
the present proprictor has again brought it into notice. The buildings of the
Tniversity will scon be furnished with a complete covering of slate from
this guarry.”

Map. figare 10. in part adopted from Dale. shows some of the important
features of this belt.  The beit is crossed br the James river a short
distance west of Bremo and lies partly on the north side of the river in
Fluvanna countv and partlv on the south side in Buckingham county. On
the north side of the river the belt is approximately 1.5 miles wide and
strikes NX. 20° E. On the south side of the river at Arvonia, in Bucking-
ham county. the belt of commercial slate is less than 1 mile in width and
strikes N. 35° E.

On the north and south sides of the river the slate belt is limited on
the east by a micaceous quartzite interbedded in places with thin leaves
of slate. Slate also occurs on the east side of the quartzite. The strike
of the quartzite is NX. 13° to 23° E. and dips 63° to 90° E. On the west
side of the belt at Virginia mills there are schists largely chloritie, sericitic
and quartzose in composition. which strike N. 25° E. and dip 90°. The
belt is frequently traversed by dikes of olivine disbase which range in
thickness up 10 12 feet. Several of these larger dikes are exposed in some
of the larger quarries at Arvonia.

The finding of fossils (crinoids. brachiopods. and trilobites) in the
slate by Darton at some of the Arvonia quarries shows it to be of Orde-
vician age. Ulrich referred the slate on the above fossil evidence to the
Tpper Ordovician. The dikes of dishase are of Mesozoie age.
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Fig. 1.—Slate quarry in the Arvonia area, Buckingham county, showing
the nearly vertical slaty cleavage.

Fig. 2.—Slate quarry in the Arvonia area, Buckingham county.

SLATE QUARRIES, ARVONIA, BUCKINGHAM COUNTY, VIRGINIA.
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Fig. 10.—Map of the Arvonia slate area, Buckingham county. Quarries
shown by heavy dots; strike of commercial slate by arrows. Based on
the Palmyra topographic sheet, U. S. Geol. Survey. Scale, § inch
equals 1 mile, approximately. Contour interval, 5C feet.
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Fig. 1. —View in oue o1 tue Willinus Sinte Company'~ quarries at Arvomis
Buckingham county.

Te - s e o veeutesbd satk guurrd at Arvom. Buckingham county.

.1 s s ose 4rhvooNle BUCKINGHAM COUNTY. VIRGINIA.
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micaceous and the more quartzose beds are crystals, lenses, and particles of
pyrite, numbering about 25 to each square millimeter and measuring up
to 0.09 millimeter, rarely 0.15 and 0.42, with their longer axes parallel
to the cleavage. These probably include a little magnetite. There are
also biotite scales transverse to the cleavage, about 22 per square millimeter,
and measuring up to 0.12, rarely 0.2 millimeter. Almost, if not quite, as
abundant are plates and rhombs of carbonate. There are occasional scales
of chlorite interleaved with muscovite, a few grains of plagioclase feldspar
0.047 millimeter, rarely one of zircon, some tourmaline prisms 0.014
millimeter long, much extremely fine graphitic (or carbonaceous?) material,
a few particles of hematite, and some rutile needles. Sections parallel to
the cleavage are unusually brilliant in polarized light, owing to the abun-
dance of quartz, biotite, and carbonate.”

Recent tests made by Professor Merriman on the slate from the Williams
and Pitts quarries are given by Dale as follows:

2 E © T 'g .
L i omi g o4
Color and . 8% ge 8 £ §'§ -4 o=
firm. Sg .53& g8 o ‘Eg'a B e 38
«2 ®2a. g8 F& BE-> 33 2.8
3 EEg4 52 §% éEE3F EF oy
2e #sa8 S8 &L SaxE cws B3
Blue. W1 8,590 0.17 2.788 0.073 0.105 0.281
Williams W2 8,260 .19 2.754 .038 .090 .801
Slate W3 10,700 .31 2.795 .097 .209 .223
Company W4 8,620 .24 2.788 .033 .167 .270
Means 9,040 227 2.781 .060 .143 .394
Blue. P1 8,540 0.26 2.805 0.095 0.332 0.248
A. L. Pitts P2 9,010 0.18 2.790 .159 _ 0.662
es Ps 11,970 .25 2.788 .188 154 .275
P4 9,880 .22 2.781 .038 .163 .218
Means 9,860 225 2.791 .108 .216 .323

Although Dale’s results on the microscopic study of the Arvonia slates
show the presence of some carbonate, an appreciable amount of ferrous
carbonate cannot be present, for the use of these slates on buildings in
Richmond more than 60 years ago, and on buildings near the quarries for
more than a century, show no discoloration whatever. Strength and dura-
bility would naturally follow from the highly crystalline character of this
slate.
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Bremo.—Slate has been prospected at several places north of the James
river several miles west-northwest from Bremo in Fluvanna county. The
strike and dip of the slate are approximately the same as south of the
river at Arvonia—the strike being N. 18° to 23° E. and dip nearly 90°.
A dike of olivine diabase about 10 feet wide cuts the slate about 2 miles
northwest of Bremo.

The slate from near the surface is dark gray, which color will probably
prove darker on depth. It differs from the Arvonia slate in finer texture,
possibly lighter shade, and slightly increased pyrite; but less biotite and
no carbonate. It contains a little graphite, does not effervesce in cold
dilute hydrochloric acid, is sonorous, and very fissile. Arranged in order
of abundance the chief constituents are, according to Dale, muscovite,
quartz, pyrite, kaolin, chlorite, graphite (or carbonaceous material), rutile,
with accessory tourmaline, zircon, biotite, and hematite.

A microscopic examination of this slate by Dale gave: “There are
abundant quartz grains up to 0.09 by 0.03 and 0.13 millimeter long, the
larger ones surrounded by secondary quartz, radiating along the cleavage;
about 50 lenses and crystals of pyrite per square millimeter, measuring up
to 0.09 by 0.02 (exceptionally the lenses are 1.5 millimeter long), with
their longer axes in the cleavage. There are also square and rhombic
spaces lined with secondary quartz, measuring up to 0.6 millimeter, left
by the dissolution of cubes or distorted cubes of pyrite. In some speci-
mens there are 65 such cavities to the square inch, in others none. There
are lenses up to 0.56 by 0.11 millimeter, consisting of quartz and musco-
vite or of these and chlorite and pyrite, or of chlorite and muscovite, the
folia of muscovite and chlorite lying across the cleavage; also muscovite
scales up to 0.09 by 0.02 millimeter. Throughout the matrix much dark
gray material occurs in exceedingly fine dots (graphite?). There are
also some dots of hematite. Rutile needles are not very plentiful up to
0.01 millimeter long; also a number of very irregular particles of rutile up
to 0.05 millimeter, consisting of a network of crystals (“sagenite twin-
ning”) forming angles of 120° and 60°. A few fragments of zircon, an
occasional crystal of dark tourmaline up to 0.05 by 0.02 millimeter, rare
flakes of biotite, no carbonate.”

The Albemarle County Belt.

The Albemarle county slate belt lies about 20 miles west-northwest
of the Arvonia belt. It is reported as being crossed by the James river
at Manteo, a station on the Chesapeake and Ohio Railway, and near the
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Nelson and Buckingham county line. It has been opened at Keswick, Xs-
mont, and Buck Island creek. At the latter place the Albemarle slate
quarries were operated many years ago. Slate has recently been prospected
near Keswick. During the summer of 1906 a company begun operating a
quarry near Esmont. Slate of black, green and red colors is reported from
the Esmont quarry.

The Amherst County (Snowden) Belt.

An extensive belt of slate is found on the southeast side of the Blue
Ridge, in the vicinity of Snowden station in the southwest part of Amherst

Fig. 11.—Map showing location of Snowden slate quarries, Amherst county.
Quarries shown by black dots; strike of commercial slate by arrows. Based
on the Lexington typographic sheet of the U. 8. Geol. Survey. Scale, §
inch equals 1 mile, approximately. Contour interval, 500 feet.
county. The belt has been prospected in a number of places in the
county but only one quarry was operating during 1906, located about 3
miles north-northwest of Snowden. It is known as the Williams Brothers
date quarry on the property of the Virginia Slate Mining Company.
The quarry is further situated on the southwest side of Rocky Row
Mountain just under Saddle Gap and about 1,200 feet above the James
tiver, as shown on the accompanying map, figure 11. The slate strikes
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N. 65° E. and has quartzite southeast of it which has been referred to the
Cambrian. The structure, a flat-topped anticline, indicates a possible
overturn.

The Williams Brothers’ quarry was opened in 1880. The production
was steady from 1893 until the burning of the mill in October, 1904.
Rebuilding of the mill was in progress during the summer of 1906 and
the production was expected to begin by September of the same year. The
cleavage sirikes N. 45° E. and dips 30° S. 60° E. The bedding is strongly
marked by finely plicated ribbons of quartz and calcite several inches wide
and is cut by the cleavage at an angle of 45° and more, as shown in figure
1, plate IX. Joints are well developed, striking N. 15° to 20° E. and
dipping about 70° W., and a second set intersecting the first at approxi-
mately right angles, and dipping at about 65° east.

The slate is very dark gray, has a minutely granular texture, moderate-
ly smooth cleavage, but with little luster. It resembles the Arvonia slate
in not effervescing with cold dilute hydrochloric acid and in being quite
sonorous, but differs from it in not being graphitic nor magnetitic. Ar- -
ranged in order of abundance, the chief constituents of this slate are,
according to Dale, muscovile (sericite), quartz, chlorite, kaolin, pyrite,
carbonate, rutile, and carbonaceous matter. It is used exclusively for
roofing and is a superior slate though less crystalline than the Arvonia
slate.

Dale gives the following results of a microscopic examination of ihis
slate: “Under the microscope it shows a matrix of muscovite (sericite),
with aggregate polarization not very brilliant owing partly to the coarse-
ness of many of the other constituents. Quartz fragments measure up
to 0.08 millimeter; chlorite scales and lenses up to 0.28 in length, rarely
0.42 by 0.2 millimeter, numbering about 6 per square millimeter ; also mus-
covite scales up to 0.09 millimeter ; some carbonate, but in exceedingly min-
ute rhombs and plates ; grayish carbonaceous ( ?) matter ; about 55 spherules
«nd pyritohedrons of pyrite per square millimeter, measuring up to 0.005
millimeter ; abundant rutile needles, and occasional fragments of zircon.”

Slate was prospected some years ago on the Thompson property, less
than 2 miles northeast of the Williams Brothers quarry. The slate closely
resembles that of the latter quarry. According to Dale the strike of bed-
ding is N. 58° E. and dips 20° E., with cleavage nearly horizontal ; strike
of joints N. 38° E. and dips 20° W.



MINERAL RESOURCES OF VIRGINIA. I'LATE IN.

Fig. 1.—View in the Williams Brothers slate quarry, near Snowden, Am-
herst county.

Fig. 2—A second view in the Williams Brothers slate quarry. near Snow-
den, Amherst county.

SLATE QUARRIES, SNOWDEN, AMHERST COUNTY. VIRGINIA.
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The Fauquier County Belt.

As shown on the accompanying map, figure 12, slate has been quarried
to the north and south of White Sulphur Springs on the Rappahannock
river, about 6 miles southwest of Warrenton. In his “Reprint of the
Virginias,” Professor Rogers referred to the quarrying of this slate as
early as 1837. The slate outcrops about'1 mile south of the springs and is

Fig lZ.—Map of the Fauquier county slate area. Quarries shown by heavy
dots. Based on the Warrenton typogra Jhlc sheet, U. 8. Geol. Survey.
Scale, § inch equals 1 mile, approxima Contour interval, 50 feet.

traced northward for a distance of 2 miles, and has a minimum width of
a half mile. The strike of the cleavage over most of the belt is N. 25° to
30° E., with a reported change in strike to an east-west direction about
three-quarters of a mile south of the springs. The slate is associated with
a muscovite quartzite and with altered eruptives of the hornblendic and
epidotic types.

Openings have been made at a number of places which are indicated on
the map, figure 12. At the two openings northeast of the springs the
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strike of the cleavage is N. 25° to 30° E., with dip to the west of 20° to 25°
Two sets of joints cut the slate in the opening nearest the springs; om
set, strike joints, strike about N. 15° E. and dip about vertical; the othe
gset, dip joints, strike N. 70° to 75° W., within most cases, nearly vertica
dip.

The slate is black, of moderately fine texture, and has but little Juster
It varies from a clay slate to a mica slate. According to Dale it is ver
carbonaceous, shows much pyrite, has no magnetite, does not effervesc
with cold dilute hydrochloric acid, and has an argillaceous odor. In th
northeasterly opening Dale gives the chief constituents of the slate, ar
ranged in the order of abundance, as carbonaceous matter, quartz, musco
vite, feldspar, pyrite, and chlorite. In the opening nearest to the springs
the same author gives the chief constituents of the slate as muscovit
(sericite), quartz, carbonaceous matter, and pyrite.

At the opening about half a mile south of the springs, the cleavag
of the slate strikes about N. 80° E. and dips south at about 15°. Th
slate is bluish-black, has a coarsely crystalline texture, and a wrinkh
surface.

According to Dale this slate is properly a graphite-quartz-muscovite
schist, the chief constituents of which, arranged in the order of abundance
are carbonaceous matter and graphite, quartz, muscovite, kaolin, pyrite anc
feldspar.

Dale further says that this slate has very little luster, is carbonaceow
or graphitic, shows pyrite, has very little magnetite, does not effervese
in cold dilute hydrochloric acid, has an argillaceous odor, and is ver
sonorous. After a microscopic examination of this slate Dale remarks
“Under the microscope it shows a matrix of carbonaceous or graphiti
material, quartz, and muscovite. As the first two predominate the aggre
gate polarization is quite faint. The cleavage is serpentine, owing to th
many large quartz grains (up to 0.14 millimeter) and the cubes and lense
or distorted cubes of pyrite already referred to, most of which seem t«
be partial pseudomorphs of quartz and graphite after pyrite, the remaining
pyrite having been oxidized and dissolved. There are some plagioclast
feldspar grains almost as large as the quartz grains, with graphite inclusion
parallel to the multiple twinning. There are veinlets of quartz and lenses
of secondary quartz usually about or on either side of the cubes and lenses
of pyrite; rare grains of zircon. No carbonate or rutile detected.”

The pyritiferous character of all the Fauquier county slates is a
%ked feature.
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The Prince William—Stafford Counties Belt.

A narrow belt of black slate, to which the name Quantico slate has been
given from the creek by that name, is exposed along the “fall-line” in
Stafford and Prince William counties. This belt of slate belongs to the
crytalline rocks of the Piedmont region, and in its southern portion in
Stafford county the slate is in contact on the east and west sides with
granites and gneisses. North of Accokeek creek in Stafford county. the
belt forms the easternmost rocks of the Piedmont crystallines. Accord-
ing to Darton the slate appears to grade on the west into siliceous mica
schist or gneisses of greenish-gray color.

In Stafford county, the Quantico slate is exposed in the “fall-line” gorge
of Acquia creek, northeast of Garrisonville, and on Austin river; they
outcrop on the road a mile east of Garrisonville; and they reappear a
mile and a half east, and half a mile south of Mountain View. Darton
gives the average width of the slate belt in Stafford county as three-
quarters of a mile.

The Quantico slate is exposed to the northeast of Dumfries in Prince
William county, along the stream courses and wagon roads, and along the
narrow-gauge railroad of the Cabin Branch Pyrite mine. On the west
about 1 mile east of the Cabin Branch mine, the slate is in contact with
crystalline schists. Large and small quartz lenses and stringers are inter-
leaved with the slate. The width of the slate belt at Dumfries cannot
be less than three-quarters of a mile. The cleavage strikes N. 10° to 20° E.
and dips from 64° to 90° N. W. The slate is highly graphitic in places.

The Quantico slate has not been quarried to any extent and, so far
as I am aware, it has not been tested. [Lithologically it resembles the
roofing slate quarried at Arvonia in Buckingham county.

Production.
Production of slate in Virginia by years, from 1897 to 1905.

Roofing Total Roofing

Year  Slate, Value Value Year Slate, Value Other Total
Squares Squares purposes  Value
1879 8,067 228 1893 $117,347
1880 11,500 1894 118,851 138,151
1881 12,000 18956 92,357 111,357
1882 15,000 1896 92,163 107,863
1883 10,000 1897 130,495 145,370
1884 9,000 1898 142,446 150,946
1885 17,300 1889 174,950 183,110
1886 16,600 1900 185,211 190,211
1887 19,000 1901 178,979 ——— 178,979
1888 17,400 1902 160,950 —— 160,951
1889 30,457 1903 115,866 ——— 115,356
1891 86,059 1804 180,208 ——— 130,208
1892 40,000 1806 146,786 ——— 146,786
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7. SANDSTONES AND QUARTZITES.
GENERAL PROPERTIES.

Sandstones are sedimentary rocks, composed of grains of sand bound
together by a cementing material. With the sandstones are here included
certain rocks of similar origin but which, through the deposition of
giliceous cement, have become partially recrystallized and are known as
quartzites—metamorphosed sandstones. The so-called Potsdam sandstone
occurring along the western base of the Blue Ridge is a good example.

The sand grains in standstone may vary in size up to small pebbles
and may be angular or more or less rounded in form. The cementing
material varies greatly in composition, the usual ones being silica, iron
oxide, and calcium carbonate. The color of the rock and its adaptability
depends more perhaps upon the character of the cementing material than
upon the grains themselves. If silica alone is present the rock is light
colored, hard, and among the most durable of rocks, but hard to work.

en composed largely or entirely of iron oxide, the stone is red or brown
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and usually works readily; and when calcium carbonate is the cementing
material the stone is light-colored or gray, soft, and easy to work. Many
sandstones contain little if any cementing material, but they owe their
tenacity to the pressure to which they were subjected at the time of
consolidation.

All sandstones are not composed entirely of quartz grains but fre-
quently they contain a variety of minerals, such as feldspar, mica, and
other mineral species common to sedimentary rocks. These accessory
minerals often give character to the rock and form a basis for a division
into feldspathic, micaceous, calcareous sandstone, etc. Sandstones are of
a variety of colors, the various shades of gray, buff, brown, and red being
the most common. They occur in beds of greater or less thickness and
are said to be thick-bedded or thin-bedded.

In age sandstones occur from Algonkian down to the most recent,
although the quarrying of them at present for building purposes i this
country does not include any of later age than Cretaceous.

GENERAL STATEMENT.

Sandstones and quartzites are found in workable quantity in each of
the three larger divisions of the State. Quarries have not been opened, how-
ever, in these rocks except in a few of the more favorably situated localities.
Consequently there are large areas of stone of good quality in which there
has not been any development.

In many areas of the Piedmont province, more or less remote from
transportation facilities, small openings have been made from time to
time, from which stone was obtained to supply an immediate local need.
Most, if not all of these, are now abandoned. Practically the only sandstonc
formations in the State from which stone has been quarried for building
purposes and shipped beyond the limits of the State are the Newark, and
Jura-Cretaceous systems. Of these the latter has been much the most
extensively quarried.

The principal sandstone and quartzite formations in the State are
separately treated below under (a) the larger divisions of the State, and
(b) in order of geologic age beginning with the oldest.

Coastal Plain . Jura-Cretaceous sandstones along the “fall-line.”
. . Older crystalline quartzites of the Piedmont.
Piedmont Plateau { . Newark (Jura-Trias) sandstones.

. Cambrian sandstones.

. Silurian sandstones.

. Devonian sandstones.

. Carboniferous sandstones.

SISO A LN

Appalachian Mountains {
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THE COASTAL PLAIN REGION.

Jura-Cretaceous Sandstone.

Sandstones of various degrees of coarseness are found in many places
along the eastern outcrop of the crystalline rocks and extending for some
distance below the head of tide. Large exposures of these rocks are
seen near Fredericksburg on the Rappahannock river. Other exposure:
are noted at Falmouth, at the head of the Pamunkey, at a short distance
below Richmond, in the neighborhood of Pelersburg, and at several other
points in Chesterfield county, in the upper part of Greenesville county,
and over a considerable portion of Brunswick county.

This rock is described by Professor Rogers as a rather loose mixture
of quartz and feldspar, the feldspar often decaying rapidly on exposure.
In size the rounded grains vary from birdshot up to several inches in
diameter. In certain localities the sandstone has a fine close texture
and has been employed to a considerable extent in building. The quarries
in the neighborhood of Fredericksburg and Acquia creek show beds of
considerable thickness of a homogenous rock of light gray or buff color,
which has had extended use in buildings in Washington, Richmond, and
elsewhere.

The Acquia creek quarries were purchased by the United States Gov-
ernment in 1791 for the purpose of using the stone in the construction
of the public buildings in Washington. The material from these quarries
was used in the construction of all the important public buildings that
were commenced in Washington prior to 1837. The list includes the
Executive Mansion or White House, begun in 1792, the central or old part
of the Capitol building, the old portion of the Treasury building, the old
portion of the Patent Office building, and the foundation of the City
Hall.

The quarrying of this rock has been discontinued largely, it is said,
hecause of its unfitness for exposed work.

Among the most extensive quarries of this sandstone formerly worked
in the vicinity of Acquia creek and on the Rappahannock river near
Fredericksburg are the Stone, Gallahorn, Towson, Beard, and Addis
situated near the head of Austin’s Run; the Wallace, Brooke, and Edwin-
ton adjoining Aecquia creek; and the Fitzhugh and Taliaferro on the
lappanhannock river. According to Professor Rogers, the thickness of the
strata exposed at these localities is very considerable, varying from 20 to 50
or more feet, presenting in the different beds of rock marked varieties of
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texture and composition. The sandstone quarried is light in color, nearly
white, and of uniform texture. The beds lie nearly in a horizontal position
and blocks of any required size are readily obtainable.

THE PIEDMONRT PLATEAU REGION.

The Older Crystalline Quartzites.

Excepting the areas of Newark sandstones described below, the quartz-
ites and sandstones found east of the Blue Ridge, in the crystalline area,
are of unknown age. A great abundance and variety of this type of rock
occur within the limits of this area. Variation is from fine- to coarse-
grained and conglomeratic siliceous quartzites; and from thin to heavy
bedded rocks of usually some shade of gray color. In some areas, more or
less epidote occurs and imparts more or less of a greenish-yellow cast
to the rock. Feldspar and mica are frequent associates, the latter impart-
ing a dark color to the rock when present in any considerable amount.
Gradation is from true quartz schists on the one hand to true mica
schists on the other.

The rock has been quarried in many places in years past for use as
a general constructional material; and at present, quarries are operated
principally for crushed stone to be used for ballast and concreting. The
stone ordinarily is firm, hard and compact, highly siliceous, very durable,
and is admirably adapted to the many uses that have been made of it.

Distribution.—Quartzites of variable texture and structure are found
at various points along the James river between Scottsville and Lynch-
burg in association with micaceous schists and limestones; and as far
southwestward as Leesville, in Bedford county. To the east of Scottsville,
belts of a similar rock, largely conglomeratic in places, are found on both
sides of the James river in Buckingham and Fluvanna counties in the
vicinity of Bremo, New Canton, and Johnson. On the eastern edge of New
Market, in Nelson county, a fine to coarse granular white to red quartzite
is found. At the mouth of Owens creek near Greenway the beds dip to
the southeast and have a thickness of from 2 to 4 feet.

The area along James river in which this type of rock is found com-
prises the following counties: Fluvanna, Buckingham, Albemarle, Nelson,
Appomattox, Campbell, and Bedford. In the southern part of the latter
county, Bedford, at Lees Mountain about 1 mile west of Leesville, the
principal rock is a fine granular slaty quartzite, which readily breaks out
into masses or slabs of any regular thickness and length. Its dip is
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generally to the southeast 60° to 80°. Some layers are hard, others a
soft. The summit of the ridge or hill is composed of the white siliceou
rock in nearly vertical layers and it has been quarried in many place
The rock consists of nearly pure quartz without feldspar and mica, an
it possesses beauty and durability as a building stone.

In Albemarle county two approximately parallel belts of quartzil
occur. The most westerly one of these is on the immediate west side «
Green Mountain extending in a southwest direction toward Rockfis
river and in a northeast direction a little west of Charlottesville. Tt
second belt occurs in Findlay’s Mountain extending northeastward, Fa
Hill Mountain, Applebury Mountain, and near Charlottesville in Ragge
Mountain, and crossing the turnpike in a belt more than half a mile wid
The rock is subject to great variation over the belts, that of the easter
belt being usually of finer grain than that of the belt west of Charlotte
villee. In many places large slabs and masses of the stone are easil
quarried and it is said to possess great durability as a building material.

According to Professor Rogers, quarries were opened many years as
at the following localities: On the western flank of Green Mountai
openings at various points were made and the stone was used in the co
struction of the locks and culverts of the James river canal. The bec
dip steeply to the southeast and are from 3 to 4 feet thick. The stor
is quite uniform, easy to quarry in large blocks, and it dresses readil
It is of light gray color, hard and siliceous, and contains only a fe
scales of mica. On Rucker’s Run in the gap of Warwick’s Mountain
similar rock has been quarried. This stone is described by Professc
Rogers as a hard siliceous sandstone of gray color containing both felc
spar and mica, and is intersected by cross-joints. The beds dip to tt
southeast. At the end of Fall Hill Mountain on the east side of Rockfis
1iver, quartzite has been extensively opened and used in the comstructio
of the James river canal. The principal opening, situated at the end ¢
the mountain, exposes a hard, siliceous, light-colored sandstone containin
some mica and pyrite. Professor Rogers describes the layers as being froi
10 to 12 feet thick, of uniform texture, and well adapted for architectur
purposes. His description follows: “Beds of grey and yellow sandstor
occasionally present themselves among the darker rock and these are un
formly of a coarser texture, and in many cases are rapidly decomposed b
exposure to the air and weather. Quarries of the dark greenish and bluis
rock have been opened in many places, and furnish a material for buildin
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which can hardly be excelled either for strength or permanency under
exposure. Much of this rock, however, is so hard as to prove difficult of
separation in the quarry. This is remarkably the case with the green
variety, which occurs very abundantly for a mile or two east of Meri-
weather’s bridge on the Rivanna.

“The grey and yellowish-red sandstone, occurring in beds sometimes of
considerable breadth, and traversing the country in the general range of
rocks to a considerable distance, are found in many places to furnish
quarries of very valuable building material. Such of these beds as are
intersected by frequent veins of quartz, are found to be by far the hardest
and most valuable. In the same bed examined at points some distance
asunder, a great difference in the hardness and consequent value of the
material, may frequently be observed. Thus, the bed which on the eastern
flank of Peter’s mountain, near Gordonsville, yields a building stone which
comes from the quarry in long quadrangular blocks of great hardness and
durability, presents at the distance of several miles to the south a crumbling
mass. . .”

In Prince William county a schistose quartzite traceable for many
niles i8 described as occurring in Bull Run and Pond Mountains and in
Baldwin’s Ridge. Some of the layers are reported to be from 2 to 4 and
more feet thick, are highly micaceous, and separate with great regularity
into slabs of large size.

A gneissoid sandstone of light gray color is found in Orange county.
Some of the stone has been quarried and used for steps, sills, and other
purposes in the neighborhood. Exposures of the rock are seen at inter-
vals along the eastern base of Southwest Mountain. The rock is penetrated
by regular joints which facilitate the quarrying of large and thick slabs.

In Fauquier county less than 1 mile east of Warrenton a somewhat
similar rock to that described above in Orange county is exposed over a
considerable area and has been quarried for local use. Again, 4 miles
west of Warrenton at the western base of Watery Mountain is a gray sand-
stone which has been quarried for local building purposes and for flagging.

In Nelson county at Fabers and Rockfish, stations on the Southern
Railway, quarries opened in an irregular micaceous conglomerate are ex-
tensively operated at present for crushed stone used as ballast.
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The Newark (Jura-Trias) Sandstones.

Seven areas of Newark rocks of Mesozoic age are distributed ove
the crystalline region east of the Blue Ridge. These are shown on th
accompanying geologic map and are here designated as follows:

(1) The New York-Virginia area. This represents the southern po
tion of a continuous belt of Mesozoic rocks which extends south
westward from New York into Virginia, crossing the Potoma
river from Maryland, west of Washington. and comprising part
of the following counties in Virginia: Loudoun, Fauquiel
Prince William, Culpeper, and Orange.

(2) The Richmond area, located about 13 miles east of Richmond an
including parts of Amelia, Chesterfield, Henrico, Powhatan
and Goochland counties.

(3) The Danville area, which extends northeastward throug
Pittsylvania county into Campbell and Appomattox counties.

(4) The Farmville area in Prince Edward, Buckingham, and Cumber
land counties. The greatest length of this area is 22 miles an
its greatest width is about 4 miles.

(5) The Scottsville area, lying mostly in Albemarle county, but cov
ering small parts of Buckingham and Nelson countics.

(6) The Barboursville area in Orange county.
(7) The Taylorsville area in Hanover county.

The general shape and size of these areas are shown on the accomn
panying geologic map. The main portion of the beds forming thesc¢ area
is composed of conglomerates, breccia, sandstone, shale, and slate. Of thes
sandstone and shale are by far the most abundant. Besides these there ar
a few thin limestone layers, and deposits of coal. The rocks are usuall
more or less disturbed by faulting and with two exceptions they show !
persistent dip to the west and northwest at angles varying from 15° uj
to 70° in extreme cases, with an average much nearer the former. In th
central portion of the Richmond area the rocks have a nearly horizonta
position.

The greater part of the sandstone of the Newark system in Virginis
i8 brown or brownish-red, although occasional layers of gray sandston(
occur with yellow and mottled sandstones found in some of the areas. The
beds show considerable variation in thickness up to many feet with grada
tion into thin ferruginous shales. Likewise, wide variation in texture i
shown but in many places the beds are sufficiently thick and compact anc
uniform in color and texture to afford valuable building stome. It it
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the same reddish-brown sandstone of the Newark system that has been so
cxtensively quarried in some of the northern and eastern states, and used
so extensively for architectural purposes in the Atlantic Seaboard cities
under the name brown stone.

A few quarries of this sandstone have been opened and worked in
Virginia, which yielded a stone that could be used with pleasing effects
in a variety of combinations, and in quality not inferior to any of that in
the more northern and eastern states. The principal quarries so far worked
in this sandstone are in the vicinity of Manassas on the Southern Railway,
and were opened about 1868. The stone is fine-textured, light reddish-
brown in color and is said to closely resemble the lighter varieties from
Seneca creek in Maryland. The beds vary in thickness from 1 to G feet,
with the usual thickness of 5 to 6 feet, and are separated by a greenish-
colored shale. Blocks 40 by 20 by 4 feet in thickness have been loosened
in the quarry, and a block containing 88 cubic feet was shipped. Accord-
ing to Dr. Merrill the quarries are located near the top of a low eminence,
the strata being nearly horizontal, but with a slight dip toward the south.
Only the surface of the ledge has been quarried and to a depth not ex-
ceeding 40 feet. Up to the time of the taking of the Tenth Census some
400,000 cubic feet of the stone had been removed.

In Loudoun county, the red and brown Newark sandstones have been
quarried east of Leesburg, and to the south of Leesburg and east of Oat-
lands. The sandstone beds are separated by frequent beds of shale. Quarries
can be readily opened and the stone has been tested by long exposure
and does not deteriorate.

* THE APPALACHIAN MOUNTAIN REGION.
Introductory Statement.

The Paleozoic sediments comprise a vast thickness of rocks, principally
sandstone, shale, and limestone, which make up the Mountain province
west of the Blue Ridge. An abundance of sandstone of variable composi-
tion, color, texture, and structure, is widely distributed over many
parts of the province, but up to the present time no special in-
vestigation has been made of the qualities of the sandstones as
to their adaptability and desirability for general building and construc-
tional purposes. Stone has been quarried in places over the region to meet
an immediate and strictly local need.

The various sandstones and quartzites of the Mountain province are
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discussed below, so far as we have knowledge of them, under the geologic
systems to which they belong, beginning with the oldest. These systems
are the Cambrian, Silurian, Devonian, and Carboniferous.

The Cambrian Sandstones.

The Potsdam sandstone (quartzite)—The so-called Potsdam sand-
stone or quartzite of Cambrian age, formation No. I of Rogers, is largely
confined in distribution to the western slope of the Blue Ridge, and the
narrow belt of rugged hills and mountains which extend westward and
northwestward to the commencement of the Shenandoah or Valley lime-
stone. According to Keith a belt of Weverton sandstone, which is an
equivalent part of the Potsdam, occurs on the east side of the Blue Ridge
in Loudoun county, extending across the Potomac from Maryland into
Virginia in a slightly west of south course, passing a short distance west
of Leesburg.

In general the Potsdam sandstone consists largely of a compact, close-
grained, white or light gray rock, containing in some places, beds of a
rather coarse conglomerate of white siliceous pebbles. A brownish, slaty
sandstone occurs in places near the bottom alternating with the former,
and towards the top it passes into reddish, brownish and olive-colored
argillaceous slates or shales.

Its white or light gray color, the closeness and fineness of grain, and
the almost exclusive siliceous composition, make it generally well adapted
for a durable building material. In many places, the joint-planes, of
which there are several sets cutting the rock, are very closely spaced, sub-
dividing it into somewhat rhombic forms, do not permit 'of dimension stone
being quarried. Where spacing of the joints does not prevent the quarrying
of any size stone, the rock is so highly siliceous, compact, and close-textured,
that it is difficult and expensive to quarry. So far as the writer is aware,
stone for local consumption only has been quarried from the beds of
this horizon.

When crushed, the Potsdam sandstone is admirably suited for ballast
and concrete work. The closely-spaced joints in many places where the
rock is found serve to break the stone into small sizes, much of which does
not require further crushing. In Augusta county, about one mile east of
Basic, an extensive quarry is in operation in this formation along the
Chesapeake and Ohio Railway for crushed stone. The stone at this
Incality is broken by nature into sizes sufficiently small as not to require

ing.
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The Silurian Sandstones.

An examination of the accompanying geologic map, will show
the distribution of Silurian rocks in Virginia. As there indicated
these rocks are limited in their distribution to the area west of the Blue
Ridge.

The formations comprised within this system of rocks in Virginia
are made up in considerable part of sandstones. Two of these formations,
the Medina and Clinton, are represented by a considerable thickness of
sandstone, in many places, in the region west of the Blue Ridge. Accord-
mg to Darton and Campbell, the equivalent of the Medina formation com-
prises at least three different sandstones in places, each of which is
designated and mapped by a separate name.

The Silurian sandstones show much variation in color, texture, and
structure. In color, variation is from red ferruginous through various
shades of gray to nearly white; in texture, from fine to coarse and con-
glomeratic; and in structure, from thin to massive and heavy-bedded rocks.
In many places where these sandstones are found their quality is sufficient
to make them valuable for general constructional purposes, but as yet the
demand has not been sufficient to lead to their quarrying except for
immediate and local needs.

The Devonian Sandstones.

The principal sandstone of the Devonian age found in Virginia is the
Monterey or Oriskany which, so far as known, has its greatest development
in the middle portion of the province west of the Blue Ridge, extending
northeastward, and also recognized in places further southwesiward. Darton
gives the following description of this rock: “The prevailing material
is a hard, fine-grained, calcareous sandstone of dark blue-gray color,
which weathers to a dirty buff, porous, sandy rock of varying hardness.”

The thickness of the sandstone in the Monterey folio, which covers parts
of Bath and Highland counties, is estimated by Darton to vary from 50
to 200 feet, and over the greater part of the area it is between 100 and
165 feet. Coarser grained phases of this sandstone occur in places. In
composition, it varies from a rock composed very largely of sand grains
on the one hand, to a limestone containing but few sand grains on the
other, with nearly all gradations between these extremes.

So far as the writer is aware, no quarries have been opened in this
sandstone. The rock is generally too friable to make a good building
stone.
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The Carboniferous Sandstones.

The Carboniferous comprises much the greatest total thickness of sand-
stone of any geologic system in the State. The distribution of the rocks
belonging to this system is entirely limited to certain parts of the region
west of the Blue Ridge. For convenience of description the sandstones of
this system may be treated separately under two divisions: (1) The
Mississippian or Lower Carboniferous sandstones, and (2) the P -
vanian or Coal Measures sandstones. Like the sandstones of the preceding
gystems, those of the Virginia Carboniferous have not been investigated as
to possibilities for constructional or building material.

The Mississippian group.—As is shown on the accompanying geologic
map, the rocks of the Lower Carboniferous or Mississippian group
are distrubuted along the middle and western portions of the Valley
province, as single isolated, usually low, ridges, from Frederick county on
the north to Smyth county on the southwest. In the southwestern part of
the State the ridges are found near the middle portion of the Valley extend-
ing parallel to the Valley axis, while farther northward they are found on
the west side of the Valley as smaller and less numerous areas. Geographi-
cally, these rocks are found to some extent in the following counties:
Smyth, Wythe, Bland, Pulaski, Montgomery, Roanoke, Craig, Botetourt,
Augusta, Rockingham, Shenandoah, and Frederick.

The group comprises a variable thickness of sandstone, conglomerate,
and shale. A principal member of the group is the Price sandstone, which
attains a thickness of as much as 300 feet in places. It varies from a
fine- to coarse-grained rock, of yellow to dark gray and greenish color.
In places, it is too badly fractured and otherwise intersected by closely
spaced joints to permit of dimension stone being quarried. In other places
the joints are sufficiently widely spaced to admit of quarrying stone of any
desirable size. The rock apparently possesses those qualities in some
localities which make it a desirable stone for building purposes. So far as
I am aware, it has been used only occasionally and to a very limited extent
for this purpose. It has been quarried in Pulaski county and used to a
limited extent for building material in the town of Pulaski.

The Pennsylvanian group.—This group of rocks comprises a vast thick-
ness (about 3,000 feet) of alternating beds of essentially shales and sand-
stones partly conglomeratic, with beds of coal. The rocks are limited in
their distribution to the southwest corner of the State along the Kentucky-
West Virginia line and include the whole or parts of the following counties:
Lee, Scott, Russell, Wise, Dickenson, Buchanan, and Tazewell. The ‘ared
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lies west of the Valley region and forms the eastern portion of the Cumber-
land plateau. Its eastern and southern border portions occupy the transi-
tional zone between the disturbed — folded and faulted — rocks of the
Valley region and the nearly horizontal rocks of the Cumberland plateau.
Excepting the more or less disturbed marginal zone, the rocks of the re-
maining and larger part of the area are almost flat-lying, observing a
general northwest dip, as may be seen from the sections, figures 1, 2, 3, and
4, of plate LVI.

The several subdivisions of this group of rocks adopted by the T. 8.
Geological Survey for different parts of the Virginia area which are
sandstone-bearing are given under Coal on pages 336-378. Also the
character of each horizon is given in the same tables.

Sandstone is one of the principal rocks of the area. Variation in the
sandstone is from fine to coarse grain in texture, thick massive-bedded to
thin-bedded in structure, and from white to gray in color. Not all the
sandstones of this area are desirable for constructional purposes, but some
of them are sufficiently even-textured and of uniform color, over con-
siderable areas, to render them economically important and valuable for
building purposes, as well as for other forms of constructional work. As
yet they have been but slightly quarried, owing largely to a lack of demand
for the stone and to the lack of ample transportation facilities. They have
been quarried, however, in places for strictly local use as a building stone
and for heavy masonry.

Uses.

As indicated in the table of production below, the uses made of the
sandstone quarried in Virginia are as a building material in the rough
and dressed state, and as crushed stone for railroad ballast, concrete work,
and road-making. From the description above of the various sandstonc
formations, it will be observed that the State possesses a great abundance
and wide distribution of this type of stone, admirably suited in many cases
for the uses made of it. With the recent creation of the new State Depart-
ment of Highways and the increasing demand for stone in concrete work,
a substantial increase in the production of crushed stonme in the State
may be reasonably expected. Many of the sandstone formations described
above are capable of producing stone desirable in all respects for concrete
work.

The quarrying of sandstone-conglomerates in Virginia for grindstones,
and the mining of sand for the various uses, are not included here but are
discussed elsewhere under the respective headings “grindstones” and “sand,”
to which the reader is referred.
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Production.

Value of sandstone produced in Virginia from 1899 to 1905.

Campbell, H. D.

Campbell, M. R.

Darton, N. H.

Fontaine, W. M.

Heinrich, 0. J.

Merrill, G. P.

Rogers, W. B.
Russell, 1. C.

Year Value
1899............ $ 8,000
1900.......... . 6,000
1901............ 5,303
1902............ 2,500
1903............ 4,471
1904............ 13,522
1905............ 2,000
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8. LIMESTONES AND MARBLES.

GENERAL PROPERTIES, COMPOSITION, AND OCCURRENCE.

Limestone is the name commonly applied to that group of rocks which
consists essentially of calcium carbonate. The rocks belonging to this
group differ in color, texture, structure, and origin. They are often quite
impure, the more common accessory constituents being silica, magnesia,
clay, iron, and bituminous matter. These may be present in amounts
sufficient to give character to the rock when it is designated as siliceous,
magnesian, dolomitic, argillaceous, ferruginous, or bituminous. Likewise,
they give rise to a variety of colors among which water-blue, green, vellow,
pink, red, and shades of gray to black are common.

In chemical composition the limestones show great variation. Magne-
sium carbonate may be present from traces up to the full percentage of a
typical dolomite; and silica may range from a trace up to the limit where
the stone becomes a calcareous sandstone. Such silicate minerals as mica,
tale, serpentine, tremolite, etc., are of frequent occurrence in the more
crystalline limestones.

Variation in texture, strength, and durability is as great as in com-
position. They may be fine, medium or coarse-grained, and crystalline or
sub-crystalline.

Those crystalline granular limestones which are susceptible of a fine
polish and are adapted to decorative work are grouped as marbles. Ordi-
narily, the term marble is restricted to those limestones in which the sedi-
ments have been so altered and metamorphosed as to have a crystalline
texture. ’

Limestones are found in stratified beds, among rocks of mnearly all
ages from the pre-Cambrian to the most recent. Most of those used for
building and ornamental work belong either to the Cambrian, Silurian,
Devonian, or Carboniferous ages.

DISTRIBUTION IN VIRGINIA.

Limestone has wide distribution in the State. and is found in each of
the three larger divisions, namely, the Coastal Plain, the Piedmont Plateau,
and the Appalachian Mountain province west of the Blue Ridge. It is
not equally distributed in the three larger divisions or provinces, nor is
it of the same degree of purity. It has greatest distribution in the province
west of the Blue Ridge, where it is one of the dominant rock-types. Four
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principal limestones of considerable commercial importance are prominent-
ly though unequally developed in this province.

The limestone of the Coastal Plain region is of the impure earthy form,
and in this respect it is unlike that of the Piedmont and Mountain prov-
inces. As a rule, the limestone of the Piedmont province differs from
that of the other two provinces in being more crystalline.

For convenience of description the limestones of the State may be
treated separately under (a) the larger® divisions or provinces, and (b)
according to geologic age. On this basis we have the following classification
of the limestones which is observed in the descriptions below:

I. The Coastal Plain limestones.
II. The Piedmont Plateau limestones.
(1) The older crystalline limestones of unknown age.
(2) The Newark (Jura-Trias) limestones.
III. The Mountain province or Paleozoic limestones.

(1) The Shenandoah (Valley) limestone of Cambro-Ordovician
age.

(2) The Chickamauga limestone of Ordovician (Lower Silurian)
age.

(3) The Lewistown (Helderberg) limestone of Silurian age.

(4) The Greenbrier limestone of Lower Carboniferous age.

THE COASTAL PLAIN LIMESTONES.

The Teritiary limestones called “marls” occur abundantly in eastern
or Tidewater Virginia. They are unconsolidated or at best partially con-
solidated, impure earthy limestones in no wise suited for a building stone.
Their distribution and compositon are but partly known at present, but
they have been extensively used for agricultural purposes, and on investi-
gation will probably prove to be of considerable value for the manufacture
of Portland cement. A further description of these deposits is given under
the heading Marls on pages 396-400.

THE PIEDMONT PLATEAU LIMESTONES.

The most abundant and commercially important limestones of the
Piedmont province are the older and highly crystalline ones of unknown
geologic age. More or less impure limestones of limited extent occur in
the Jura-Trias area of the Piedmont region, but so far as known, they are
of doubtful commercial value.
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The Older Crystalline Limestones.

General properties—The crystalline area or Piedmont province, ex-
tending eastward from the Blue Ridge, includes numerous areas of pure
and impure crystalline limestones, much of which is of workable grade
marble. The limestone beds of this area show much variation in color,
texture, structure, and composition. Blue, gray, white, and pink, are, in
the order named, the commonest colors. Texturally, variation is from
fine- to coarse-grained, and from thin-bedded or schistose to massive in
structure. In composition the beds vary from nearly pure limestones,
calcium carbonate, through magnesium limestones to pure dolomites,
calcium-magnesium carbonate.

The limestones of this area are associated with crystalline schists,
largely of the micaceous, talcose, and steatitic types. They do not form
continuous belts as in the Valley region and are therefore not persistent or
continuous, but form greatly drawn out lenses intercalated with the schists.
The calcareous rock is sufficiently pure to be well adapted to the manu-
facture of lime, for architectural and other purposes, and in many places
possesses the requisite properties of a desirable ornamental stone, for which
uses the rock has been quarried in the past.

Distribution, mode of occurrence, and general characters—In Albe-
marle and Orange counties, a belt of slaty rocks containing embedded de-
posits of limestone occurs to the west of Scottsville in Albemarle county,
and extends in a northeasterly course, showing at intervals the limestone
masses on Buck Island, Limestone, and Meechump, creeks. According to
Professor Rogers, the limestone at Meechump contains 83.2 per cent. of
calcium carbonate.

Exposures of the limestone are again shown about one and a half miles
east of Gordonsville, in Orange county, and also on the road from Gordons-
" ville to Orange court-house. According to Professor Rogers the limestone
beds at these localities are dark blue and slaty, presenting smooth talcose
surfaces and occasional thin veins of carbonate. West of and between the
last locality and Montpelier is found a bed of fine-grained marble, which
bears a striking resemblance to that extensively exposed on the James river
opposite Warminster, in Nelson county. The width of the exposure is
about 90 feet. The rock is white, shaded with pink, and contains occa-
sional green tale.

Doctor Henry Froehling gives the following analysis of limestone from
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the Buford property, near Manteo station, on the Chesapeake and Ohio
Railway, in the vicinity of Warminster, Nelson county:

Per cent.
Calcium carbonate........... 54.833
Magnesium carbonate ........ 33.524
Alumina
Tron onjde §reresreneeees 3.600
Silica .......cociiiiiiina... 5.600
Phosphoric oxide............. 170
Organic matter.............. .827
Water «.ooviieniiiinnnnnins 1.240
Total....covveennnnnnnn.. 99.704

Exposures of a similar rock, some of considerable extent, are found on
the Rapidan river, nearly in the general line of bearing of those referred
to above. The westernmost of these occurs nearly opposite the mouth of
Summerduck creek. The rock is pinkish, sometimes gray, fine-textured,
and parted into thin layers of from 1 to 2 inches thick. It burns into
white lime and has been used for domestic purposes and for building.
Two other ledges of limestone of considerable extent are found lower down
the river; the uppermost one, about 1 mile above the mouth of Brooke’s
run, is mostly blue, fine-granular with little or no quartz, mica or other
impurities, and exists in layers several feet thick. The strike is between
northeast and north-northeast with a steep southeast dip. Width of the
exposure on the river is about 60 feet. About 300 yards further east is
another bed about 120 feet thick where exposed, of blue and pink shades
intersected by white veins of carbonate. The beds are separated into thin
layers which have the same general dip as those above.

In the same general direction, limestone shows near the mouth of and
on Mountain creek, in Culpeper county; and on the Rappahannock river
at the mouth of Marsh run, in Fauquier county. The rock is slightly tal-
cose and micaceous, of bluish color, veined with carbonate and of slaty
structure. It has been quarried and burnt for lime in both counties. Simi-
lar interrupted limestone beds appear in Fauquier and Loudoun counties,
associated with slaty and gneissoid rocks. One of the most extensive of
these is traced along the western base of Rappahannock Mountain and
thence to the vicinity of White Plains. The rock is of variable color and
texture, sometimes light blue and coarse-grained, and sometimes light gray
with films of tale. It has been quarried at several points and burned for
lime.

Further towards the northeast, a narrow bed of limestone occurs near
Dover Mill on Little river, about 2 miles west of Aldie, in association with
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micaceous and argillaceous slates. Beyond this and in the same direction
are geveral exposures north of the road leading from Aldie to Snickers
Gap in the Blue Ridge. More or less extensive exposures are found to the
northwest and near Goose creek. The rock is fine-textured, of blue color,
about 20 feet wide, and has been quarried quite extensively at several
places.

Marble.—Calcareous masses occur at Taylortown in Loudoun county en-
closed in greenish, slaty talcose rocks. West of this are several layers of beau-
t:fully white marble of fine and uniform texture, free from veins, and can be
cbtained in blocks from 1 to 2 feet thick, and several feet long. Both the blue
and the white crystalline limestone of these localities appear to be suscepti-
ble of good polish.

Concerning the marble of the Goose creek area in Loudoun county,
Doctor Merrill says: “White and pink marbles of excellent quality also
occur in the vicinity of Goose Creek, in Loudoun county. I have seen
samples of the white, which for purity of color, fineness of grain, and gen-
eral excellence, are not excelled by any marble now quarried in the United
States, but the extent of the deposit is as yet unknown.”

Concerning the limestones of Loudoun county which Keith groups as
of Cambrian age, he says: “The limestones occur in the form of lenses in
the slate, and are developed along two lines, one being the axis of South
Mountain, the other lying immediately west of Catoctin Mountiain. Those of
the eastern line are thicker and more continuous. Most of the outcrops have
been worked for lime but the chief value of the limestones lies in the beds
of marble along the line of their eastern outcrops. The marbles are inter-
bedded with slate and schists, sometimes in one bed, sometimes in two, but
the beds are generally too small to work. At Goose Creek the marble bed
is about 52 feet thick and has been worked to a considerable depth. The
varieties there shown are chiefly white, but there occur also, banded blue
and white, serpentinized white and green, pink and white, and green and
white. These beds are pure, and the stone is of great beauty, and takes a
good polish; thus far, however, the lack of transportation has prevented
extensive quarrying. Farther south along its range the limestone is less
metamorphosed into marble and increases in thickness.

“Ornamental stones of great beauty are worked in the Newark con-
glomerate and Loudoun marbles. The Loudoun marbles have not been de-
veloped for commercial use, but for beauty and variety they compare favor-
ably with any in the country.”

An analysis of a medium crystalline, pure white, marble from Mr.
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Henry Fairfax’s place, in Loudoun county, gave Mr. J. R. Eoff, Jr., in the
laboratories of the Virginia Polytechnic Institute, the following results:

Per cent.

Insoluble matter................... ... ... 2.12
Alumina

Aluming de} ................................ 0.60
Lime ... 44.26
Magnesia ........cciiiiiiiiiiiiiiiiii 8.10
Lime equivalent in calcium carbonate.......... 79.00
Magnesia equivalent in magnesium carbonate... 17.01

Verd Antique Marble—Concerning some of the beds of marble in the
vicinity of Goose creck, in Loudoun county, Doctor Merrill says: “These
same beds also produce a green or very antique marble of great beauty. The
stone is an impure magnesian limestone, admixed with a large amount of
serpentinous matter. The prevailing hue is green but the stone is streaked
and blotched in various shadcs and often brecciated. It is well adapted to
interior work but the presence of abundant pyrite renders it unfit for ex-
terior application.”

In Grayson county, near the North Carolina line, a belt of coarsely-crys-
talline white to pink limestone (marble) is traceable in a southwest direction
for several miles. The belt as exposed will average several hundred feet
wide in places and the stone has been quarried at several points and used
for making lime and as a building stone. It is quite freely streaked with
large and small enclosures of a greenish silicate, which on a polished sur-
face should give a pleasing effect and could be used to advantage as an
ornamental stone and for the same purposes as the true verd antique mar-
ble. Figure 2, plate X. is a view in one of the openings made in this belt of
limestone.

Extending from Mount Athos, 5 miles east of Lynchburg, in Campbell
county, northeastward to Riverville, in Amherst county, is an extensive belt
of sedimentary rocks known as the “James River Iron Belt,” composed of
alternations of quartzites, micaceous, talcose, and chloritic schists, and
limestones. Parts of Campbell, Amherst, and Appomattox counties are
included in this belt, which has a general northeast direction. Within this
belt have been located a number of different limestone beds having an ag-
gregate thickness of more than 1,200 feet. The stone is crystalline-granu-
lar of white, gray and darker colors, and usually contains more or less
magnesia in its composition. It was largely quarried and used as a flux in
the old furnaces once in operaton in that section. It has also been quarried
and used to some extent for making lime.
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Fig. 1.—View in quarry of crystalline schists at Faber, Nelson county.

Fig. 2.—View in opening of marble in Grayson county.

CRYSTALLINE SCHIST AND MARBLE QUARRIES IN VIRGINIA.
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Samples of the limestone from Campbell and Appomattox counties
were collected and analyzed by J. B. Britton with the following results:

I
. I I | I v v
Constituents. Per cent. | Per cent. | Per cent. | Per cent. | Per cent.
1
| |-, !
Calcium carbonate........ ' 77.67 67.85 | '82.45 65.10 | 91.51
Magnesium carbonate..... 3.78 6.02 | 210 2.96 . 2.59
Biliea ................... 15.88 2042 | 1098 | 26,90 | 2.56
Alumina ....... 0.97 1.20 |, 0.70 0.86) |
Iron oxide................ 1.18 3.80 1 2.90 3.94( | o .n
ese oxide 0.07 trace | trace trace -
Iron sulphide —_ 0.22 | 0.19 ‘
Phosphoric oxide.......... 0.003 0.006 : trace 0.004 |
WAter .ooeeveennennnn.... o0.27 041 | 0.16 0.21 0.4l
Total..........evnnnns ' 99.803 | 99.926 | 99.48 99.774 | 99.84

I. Blue limestone from nearly vertical stratum, about 3 feet wide, on the
north side of the Norfolk and Western Railway. Supposed to be an
outcrop of a stratum 40 feet wide exposed in the bed of a branch to the
south of the railroad.

II. Light blue limestone from stratum about 25 feet wide, about 300 yards
from railroad bridge, 7 miles from Lynchburg.

III. Same as II but of dark blue color.
IV. Blue limestone from stratum about 50 feet wide exposed in branch a little
south of the railroad.

V. White erystalline limestone from stratum about 40 feet wide.

To the east of the Southwest and Green Mountains, in Albemarle
county, the belt of rocks including beds of limestone exposed on Mee-
chump’s creek and at other places is traced with but little interruption in
a general southwestward course through several counties.

Professor Rogers gives the following analyses of limestone found below
Raccoon ford at the end of Southwest Mountain:

I 11 III
Per cent. | Per cent. | Per cent.

Calcium carbonate.................. 77.48 90.40 75.44
Mlngnesium carbonate............... 5.20 6.44 5.04
Alumina

- oxide} ..................... 1.20 .52 .92
Bilica..ovveivenns ceiiiieiinn... 16.72 2.00 17.92
Water....coviniiiiiinennnnennnnnn .40 .64 .63

L De?vgil:.’k’ limestone with gray white spots, compact and crystalline. Gibson

II. Gibson quarry, south side of the Rapidan river. Grayish-blue, compact,
semicrystalline limestone, cut by white veins.

III. Deep blue compact limestone from Rapidan river, 300 yards east of Gibson
“vein.”
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At Warminster, in Nelson county, the structure of the limestone is more
. or less slaty and the general color of the stone is bluish-gray, frequently
veined with white crystallized carbonate. At this locality the limestone is
associated with talcose schist and a white and hard siliceous rock of fine
texture. According to Professor Rogers: “Near the mouth of Tye river
and on the Rockfish, a true marble is found of beautiful whiteness, and of
a texture which renders it susceptible of a fine polish, as well as being
readily wrought by chisel. A few miles from Lynchburg, in Campbell
county, a good marble is likewise found, and limestone is abundant in the
same neighborhood.” The limestone at Warminster contains according to
Professor Rogers 81.4 per cent. of calcium carbonate.

About 2 miles east of Evington, on Captain Saunders’ place, on the
waters of Back and Troublesome creeks, are several parallel beds of medium
granular crystalline limestone, which are traceable in a general southwest-
erly direction through Campbell county into Pittsylvania, in the vicinity
of Toshes and Sandy Level.

This rock is associated with fine- and coarse-grained micaceous schists
and in the Evington portion of the belt a hard- and fine-grained quart:
schist. Valuable deposits of an excellent grade of barite described on
pages 309-318, are directly associated with the crystalline limestone in both
Campbell and Pittsylvania counties, and extensive mines of the mineral
have been operated at various localities in the two counties.

The limestone beds vary in thickness up to 60 and more feet. The
stone is fine to coarsely granular, beautifully white with pink and darker
shades shown in places, and contains in some places more or less black
mica and greenish tremolite. Some pyrite and chalcopyrite disseminations
occur in the stone in many localities. In structure the stone varies from
schistose to massive, and it has been quarried in places to a limited extent
for making lime.

The following analyses of this stone made by Dr. Walter B. Ellett of
the Virginia Experiment Station shows its composition to be:

I II III
Per cent. | Per cent. | Per cent.
Insoluble matter......... 1.66 0.87 1.10
Bariumsulphate......... 0.62 0.66 1.62
E?riu!n oxide............ 0.40 0.42 1.62
umina

ot } ............ 0.24 | 0.3 | o0.96
Lime...ccoocveeions aunn 50.04 52.60 51.00
Magnesia.......... ..... 3.28 1.40 1.85
Cualcium carbonate....... 89.36 99.33 91.07
Maenesium carbonate.....| .61 2.82 8.73

r sulphide....... L — —_— 0.38

ine limestone from the Hewitt mine, Campbell county.
dline limestone from the Ramsay mine, Pittsylvania
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Newark (Jura-Trias) Limestones.

Some of the rocks of the Newark areas in the Piedmont area east
of the Blue Ridge, include thin layers of deposits of impure limestone,
but up to the present time no use has been made of the limestone. The
doubtful quantity and quality of this type of rock in the Newark areas
render it of little or no commercial value.

In describing the Newark formation in Loudoun county, Keith says:
“They [Newark rocks] consist for the most part of red and brown sand-
stone and shale, beds of gray sandstone and conglomerate and limestone
conglomerate being present in smaller amount. The limestone conglomerate
is made up of worn pebbles of limestone of various colors usually blue,
interbedded in a reddish, calcareous matrix. Rarely pebbles of slate and
gray sandstones also occur with those of limestone. The pebbles were
deposited in their matrix in a very irregular manner, and in sharply
limited areas.” _

The limestone conglomerate has been quarried on the Maryland side
east of Point of Rocks and extensively used for interior decoration under
the name of “Potomac Marble,” and is of great beauty.

THE MOURTAIN PROVINCE (PALEOZOIC) LIMESTONES.

The Paleozoic series of rocks comprises a vast thickness of sedimentary
types which make up the entire Virginia area, Mountain province, west of
the Blue Ridge. The principal rock-types are limestones, shales, and sand-
stones. Of these, limestone forms one of the most important rocks in each of
the larger geological time divisions, represented in the area. A variety of
lexture, structure, and color, is shown, which are brought out in the
separate description of the individual limestones below.

There are inexhaustible supplies of limestone in the Mountain province
of Virginia suitable for the various uses made of this rock. It has been
extensively quarried over many parts of the area for use as a furnace flux,
for lime-making in building and agriculture, for building stone, for road
metal and ballast, and for the manufacture of cement, both Portland and
Datural.

The limestones which have been quarried to a greater or less extent over
the area west of the Blue Ridge and used for one or more of the purposes
thumerated above, are the Shenandoah, Chickamauga, Lewistown, and
Greenbrier, The geographical distribution of these is given in the follow-

15g descriptions and in the order of geological succession, from the lowest
to the highest.
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The Shenandoah (Valley) Limestone.

The Shenandoah limestone, Formation No. II or Valley Limestone
Rogers, is the most persistent limestone formation in the State. It is tl
underlying or basement rock of the Great Valley (Shenandoah) of Vi
ginia, which extends from the Potomac river on the north to the Tenness
boundary on the southwest, and lying immediately west of and parallel
the Blue Ridge. It includes parts of the following Valley countie
Frederick, Clarke, Warren, Shenandoah, Page, Rockingham, August
Rockbridge, Botetourt, Roanoke, Montgomery, Pulaski, Wythe, Smyth, ar
Washington. Besides these it is found in Lee, Scott, Russell, Tazewe
Bland and Giles counties, in southwest Virginia. The Knox dolomite -
eastern Tennessee is the correlative of a part of the Shenandoah limeston

In its normal development the Shenandoah limestone is probably n
less than 4,000 feet thick and in places it is much thicker. It is separab
into several different members, which are described in some detail by D
Bassler under “Cement and Cement Materials” on pages 93-99. Profess
H. D. Campbell makes 5 distinct divisions of the Shenandoah limestone
the middle Valley portion of Virginia. These are:

Period. Name of formation. Thickness in feet.
.. Liberty Hall limestone 1000 +
Ordovician.............. Murat limestone 100—160
Natural Bridge limestone 35004
. { Buena Vista shale 600—900
Cambrian.......... .... { Sherwood limestone 1600—1800

According to Darton, the eastern portion of the Staunton quadrangle
underlain by the Shenandoah limestone, which comprises several membe
The lowest of these is described as a thick series of dark magnesian lim
stone, grading upward into a series of lighter colored beds, which conta
nodules and layers of chert irregularly distributed. The upper memb
of the limestone is described as a purer and more thickly bedded formatic
having a thickness of from 200 to 350 feet and very fossiliferous. Accor
ing to Campbell, there appears to be no way of distinguishing the top fro
the bottom of the Shenandoah limestone where exposed in the Brist
quandrangle.

The Shenandoah limestone shows considerable variation in charact
It usually contains much chert in the form of nodules and layers irregular
distributed through the limestone, and in some beds the chert is entire
absent. The chert varies much in color and texture. The limestone
much folded and crushed in places, when it is usually interlaced with i
numerable vein-like lines and knife-edge stringers of white crystalliz
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calcite and dolomite. The rock has been frequently crushed and broken
along certain lines into smaller masses and fragments and recemented as
a limestone breccia.

Variation in the Shenandoah limestone is 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 bands of a homogeneous
compact and dense-textured, light-gray limestone within the formation.
The formation is marked in other places by bands or streaks of a nearly
pure limestone well suited for the making of lime, for which it has beea
quarried at many localities. The principal member of the Shenandoah
limestone, named by Professor Campbell the Natural Bridge limestone, is
usually a heavy-bedded, dark-blue to gray magnesian limestone, frequently
dolomitic. This is the most important member of the Shenandoah lime-
stone for the production of building stone. Quarries have been opened in
it in many places through the Valley region, especially in southwest Vir-
ginia, and the stone used locally for building purposes. On account of its
high magnesian content this member of the formation has no value as a
material for the manufacture of Portland cement. The other members of
the formation contain desirable material for cement manufacture, and, for
this purpose, they are discussed on pages 93-99.

The following chemical analyses serve to indicate the general character
of the magnesian member of the Shenandoah limestone in Virginia:

I II III v A\’

Per cent. | Per cent. | Per cent | Per cent. | Per cent.

Insoluble residue.......... 2.90 0.594 0.45 0.20
Silica (8Si0,)............. trace .073 trace trace 7.87
Titanium oxide (Ti0,). none none none none .09
Alumina (AlO)......... 0.43 0.344 0.24 0.37 1.92
Ferric oxide (Fe,0;)...... | 0.94 0.19 0.17 0.22 0.29
Ferrous oxide (Fe0)...... —_ 0.63
ese oxide (MnO).. none 0.193 0.37 trace none
(0] 30.06 29.085 29.50 30.71 28.39
18.41 20.54 19.93 21.56 18.30

none none trace none
0.24 0.22 0.56 0.12 1.09
Sods (Na,0) 0.21 0.38 1.03 0.10 | 0.09

Water (H,O0) 100°C.— .

Lol 17 1oo°c+} 8.30 2.58 8.78 8.92 | 040
Carbon dioxide (CO,)...... 43.98 45.40 44.01 43.88 41.85
Phosphorus pentoxide ( P,0,) none none none none 0.03

Sulphuric anhydride (SO, none none none none
Total. oovevnennnnnnn.. 100.47 99.599 99.99 101.08 | 100.63
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I. Limestone. Massive, grayish-black, fine-granular, crushed and recemented
with stringers of white calcite. Two and three-quarter miles southwest of
Roanoke City, Roanoke county, Virginia. Dr. W. E. Barlow, analyst.

II. Limestone. Grayish white and moderately close crystalline. From the 190-
foot level in the Austinville Zinc and Lead mines, Wythe county, Virginia.
Dr. W. E. Barlow, analyst.

ITI. Limestone. White. coarsely crystalline and crushed. Bottom of open-cut
in the Austinville Zinc and Lead mines, Wythe county, Virginia. Dr.
W. E. Barlow, analyst.

IV. Limestone. \hite and medium ecrystalline. Bottom of o cut in the
Austinville Zinc and Lead mines, Wythe county, Virgi Dr. W. E.
Barlow, analyst.

V. Limestone. Staunton. Augusta county, Virginia. George Steiger, analyst.
U. S. Geological Survey, Bulletin No. 228, p. 306.

Numerous analyses made of specimens of the limestone, collected by

Dr. R. S. Bassler, throughout its extent in Virginia, are given under
Cement and Cement Materials, pages 93-99, of this volume.

The Chickamauga Limestone.

Above the white argillaceous limestone at the top of the Knox dolomite,
the equivalent of the Shenandoah limestone except the basal portion of
the latter, is a series of blue, flaggy limestones, known as the Chickamaugs,
named from Chickamauga creek in Walker and Catoosa counties, Georgia,
where the rocks of this formation seem best developed. The limestone is
of Ordovician age. Dr. Bassler discusses the stratigraphic sequence and
limitations of the Chickamauga limestone in Virginia on pages 133-137. It
becomes heavier bedded toward the base and at times is, with
difficulty, separated from the underlying Shenandoah limestone.
Campbell states that its base is generally marked by a heavy blue bed
carrying black chert which serves to fix the boundary in many places.

The Chickamauga limestone in Virginia is confined to southwest Vir-
ginia and to thc counties on the west side of the Valley. So far as it has
been studied, the Chickamauga limestone occurs in the following southwest
Virginia counties: Lee, Scott, Russell, Tazewell, Smyth, Washington, and
Bland. The average thickness of this limestone for southwest Virginia is
probably less than 1,000 feet.

The chief economic importance of the Chickamauga limestone lies in
the fact that it is the great marble-producing formation of the South. It is
this formation that carries the famous marbles of East Tennessee. The
marble of this formation (Holston) in Virginia has received little or no
attention as yet and the developments are verv meagre.

Along the northern base of Clinch Mountain, in Scott county, the
Chickamauga limestone (Holston) carries near the bottom a variable bed of
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gray and red mottled marble. The marble is extremely variable in charscter
and in thickness. In places it is highly crystalline and of good color. No de-
velopments have been made in this belt. At the northern base of Big Walker
Mountain, Bland county, in the great bend between Bland and Sharon
Springs, the Chickamauga limestone carries marble of coarse crystalliza-
tion and of light gray color. It is found in massive beds and should prove
to be a desirable building stone. It has not been developed except for local
use.

A coarsely crystalline marble of light color, collected by Bassler from
the base of the Holston formation at Speer Ferry, Virginia, gave Mr. J.
H. Gibboney on analysis:

Per cent

Insoluble residue............ 0.86
Alumina ]
Tron oxide § **" tcttres 1.10
Lime ................cciieue 55.00
Magmesia ............... ..., .08
Calcium carbonate........... 98.21
Magnesium carbonate ........ 0.17

Total....veeerniinennnn.. 100.34

Concerning the marble beds of the Chickamauga limestone in the Bris-
tol folio, Campbell says: ‘“A marble of this age [Chickamauga] is found
in the Bristol quadrangle in the vicinity of Moccasin Creek, near the west-
ern margin of the quadrangle. It is the eastern extension of a belt of gray,
coarsely crystalline marble which is particularly well shown in the vicinity
of Gate City. Its texture is so coarse that it can be used only for structural
purposes.

“In the great syncline south of Clinch Mountain there occur, in the
carboniferous limestone, one or two narrow bands of red or mottled marble
which greatly resembles the red marble of East Tennessee. Much of this
Carboniferous rock is merely red, earthy limestone, but some bands are
highly erystalline and full of fossils, like the best Tennessee marble.”

The Lewistown Limestone.

The Lewistown limestone, the equivalent of Professor Rogers’ Forma-
tion VI, and the Lower Helderberg, Salina, and Niagara, of the older
geologists, has wide distribution in the Mountain province of Virginia,
west of the Blue Ridge. It can probably be traced entirely across the State
in an approximate northeast-southwest direction, developed for the most
part at the present time along the west side of the Valley, although found
well within the limits of the Valley proper in many places. Further



78 MINERAL RESOURCES OF VIBGINIA.

distribution and description of the Lewistown limestone are given on pages
151-156. In southwest Virginia, Campbell has described and mapped the
Lewistown limestones under the names, Giles, for the area covered by the
Pocahontas and Tazewell folios, and Hancock, for the area covered by the
Estillville and Bristol folios.

The Lewistown limestone is usually a pure, thickly bedded, fossilifer-
ous limestone, containing some cherty members and occasional sandy beds,
and calcareous shales. It is especially fossiliferous in its middle beds and
in thickness varies up to 400 feet. It has its greatest development in Vir-
ginia in the middle Valley or Clifton Forge district, and thins considerably
to the northeast and southwest of this district. The thinning appears to be
greatest towards the southwest. It weathers rapidly on the outcrop and
exposures of the fresh limestone are comparatively few. Geologic sections
and chemical analyses of the Lewistown limestone for different parts of the
State are given on pages 151-156.

The two following sections, in Alleghany county, were measured by Mr.
R. J. Holden at Clifton Forge and at the ford of Potts creek:

Clifton Forge Section, Alleghany County.

Thickness in feet

Devonian. Shale ...... ... . iiiiiiiiiiiiiiiieiiiianaan 1

Oriskany. Thin bedded Sandstonme........ teececctcecnasananee 12
r

Good limestome. ... ... ... ... . iiieiiiieniiaans 3

Sandy limestone............. Ceesesicersanenaeeses 5

Good limestone. ........c.oiiiiiiiiiiiiiaaienannn 15

Limestone with chert nodules...................... 50

. Limestone with Bryozoa........ccivevevenennnennn 18

Lewistown 4 Sgngstone . ........ e et iieeiaieieaaaes 32

Limestone, residual clay with probable limestone.... 22

Thin bedded shaly limestome...... i ieseeenacaaa 24

Sandstone ........... . .iiiiiieieiiiiiiieaaaaa, 4

Limestone, shaly............ ... ... . ... iia... 11

. —_—

] 196

Devonian. Shale ........ ... .. i iiiiiiitticacnniieainnnnn
Oriskany. Sandstome ....................cc0ieenn. .
Pure limestone (sandy in upper layers)...
Cherty limestone....... ... ... ... . iiiiiiiiiann
Lewisto {Massive SandStOme. ... .. ... ... i iiieeieiiaacaaae
Coarse reddish limestone................... e




BUILDING AND ORNAMENTAL STONES. 79

Concerning the Lewistown formation in the Monterey folio, covering
parts of Bath and Highland counties, Darton says: “The formatior. consists
of limestones which are cherty, shaly, and sandy above, more massive in the
middle, and thin-bedded or shabby below. The proportion of chert in the
upper beds diminishes to the south, but the presence of a cherty member at
the top of the formation is always characteristic. Next below there are
usually alternations of shaly limestones, which to the southeast contain
some very sandy layers. There are also included some thicker layers of
purer limestone. The middle members are irregular in character and vary
greatly from place to place. A very characteristic member near the center
of the formation is a dark-blue, wavy-bedded, massive limestone 50 to 60
feet thick, merging upward into harder, sandy limestone and hard, massive
limestone with thin streaks of chert. At its base there is usually a distinct
coralline bed. The lower half of the formation consists of slabby limestone
merging downward into an irregular series of alternations of calcareous
shales and impure limestones. . . The series of flaggy beds which con-
stitute so large a portion of the formation are quite pure limestones, dark
on fresh fracture, but weathering lighter on exposure. The beds are
mainly from one-half to 2 inches thick, with smooth surfaces, along which
the layers readily separate. To the southeast the upper part of the forma-
tion includes, just below the cherty beds, a very pure, massive, fossiliferous,
semicrystalline limestone.”

“The thickness of the Lewistown limestone averages about 900 feet over
the greater part of the Monterey quadrangle, but to the extreme southeast
it decreases to about 600 feet.” The limestone includes abundant fossils.

Along the western base of Little North Mountain, in Augusta county,
a complete cross-section is opened near Ferrol exposing, according to Dar-
ton, 200 feet of pure limestone, and farther north at Buffalo the same au-
thority states that there are several partial exposures in which about 150
feet of thickly bedded, pure limestone is seen.

In southwest Virginia, Campbell describes the Hancock limestone (Lew-
istown) in the Bristol folio as follows: “Along the southern slope of
Clinch Mountain the Rockwood (Clinton) formation is overlain by a blue
or gray cherty limestone which is generally regarded as the uppermost
member of the Silurian series and which is named from Hancock county,
Tennessee.” It is very thin as a rule but reaches in several places where
measured a thickness of 30 and 175 feet.

In the Pocahontas and Tazewell Folios of southwest Virginia, Campbell
describes the Lewistown limestone as the equivalent of a part of the Giles
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formation, names from Giles county, Virginia. He describes the Giles
formation in the Pocahontas folio as consisting of shaly limestone, mas-
give limestone, chert, and coarse yellow sandstone. The geographic dis-
tribution of the beds is uncertain, as they are generally covered on their
outcrops.

According to Darton, both the Shenandoah and Lewistown limestones
in the area covered by the Staunton folio are often suitable for marble,
but the only attempts at its production has been in the Lewistown lime-
stone at Craigsville and Bells Valley in Augusta county. The quarries at
Craigsville were moderately extensive but the marble there was found to
be too short and broken for profitable working.

Doctor Henry Froehling gives the following analyses of the Craigsville
marble, in Augusta county:

I | I I v
Per cent. ! Per cent. | Per cent. | Per cent.

Calcium carbonate . .............co.iaa.L... ’ 95.75 94.95 96.47 96.43
Magnesium carbonate........................ 110 .29 | 1.20 14
umina ) 1 o
Tren oxide} ..................... U | 110 . 1.80 .80 1.12
Silica. ..ot i e 47 .20 41 80
Water and organic matter............. ..... 1.52 2.60 1.21 1.35
Total.....ooviin i v e 99.94 99.84 99.89 99.84

I. Light gray marble.

II. Dark marble.
I1I. Dark fossiliferous marble.
IV. Red fossiliferous marble.

In many places the Lewistown limestone possesses the requisite quali-
ties of a desirable building stone, but its principal use up to the present time
has been as a fluxing material in the iron furnaces. It has been and is
still somewhat extensively quarried in the Clifton Forge district and used
for flux. It is also quarried and used for the same purpose in Shenandoah

county.
The Greenbrier Limestone.

The Greenbrier limestone, Lower Carboniferous (Mississippian) in age,
is the limestone portion of Professor Rogers’ formation No. XI and was
subsequently named by him the Greenbrier limestone. Campbell mapped
end described a Mississippian limestone in the Estillville and Bristol
quadrangles as the Newman limestone, named from Newman Ridge in
northern Tennessee. As yet full details concerning composition and local
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distribution of the Mississippian limestones in Virginia are not kmown.
Their general distribution so far as known is given on the accompanying
map. Description and analyses of the Greenbrier and Newman limestones
are given on pages 157-158.

The distribution of the Greenbrier limestone in the State is limited to
southwest Virginia, chiefly to those counties west of the Valley region
proper, which in part border on the West Virginia line. These include, so
far as known at present, Lee, Scott, Wise, Washington, Smyth, Bland, Taze-
weil, and Wythe counties. It has greater distribution in West Virginia
where it roughly parallels the Virginia boundary.

In Virginia, one of the principal lines of outcrop of the Greenbrier
limestone is along the border of the coal field. It generally consists of
heavy blue limestone, cherty at some horizons, grading upward into thin
beds of a light blue color, becoming decidedly shaly at its upper limits, and
is abundantly fossiliferous. It varies in thickness, ranging according to
Campbell, from 900 to 1,000 feet in the Tazewell quadrangle; from 1.200
to 1,700 feet in the Pocahontas quadrangle; and approximately 1,000 feet
in the Bristol quadrangle. At Big Stone Gap, Wise county, the formation
is 930 feet thick, composed in its upper part of calcareous shale, grading
downward into shaly limestone and hard blue cherty limestone. In the
Clinch syncline, Campbell estimates its thickness to be at least 1,500 feet.
It is, so far as its composition is known, a non-magnesian limestone, a fact
which renders it especially desirable for certain commercial purposes.

The Greenbrier limestone has only been utilized to a small extent in
Virginia and strictly for local purposes. At Big Stone Gap, Wise county,
the lower layers of the limestone are quarried and used for flux in the iron
furnace at that point. Lime in abundance could be produced from many
of the beds of limestone should the demand be sufficient to warrant the
working of quarries. It will probably prove to be in the future an impor-
tant source of material for cement manufacture in southwestern Virginia.

The following are analyses of the Newman (Greenbrier) limestone from
near Cumberland Gap, quoted by E. C. Eckel in Bulletin No. 285 of the
United States Geological Survey:

Per | Per ' Per | Per | Per l Per | Per | Per | Per | Per

cent. | cent.  cent. cent. ' cent. ' cent. | cent. ' cent. | cent. | cent.

8i0,........... 1.40 | 1.86 | 5.05 | 4.20 | 2.00 | 2.80 | 1.32 | 4.12 | 0.74 | 5.78

g-l"‘;‘ ...... -.11.000.96|1.86|1.50|1.00;0.90|1.23|0.42|0.24 | 0.46

an, ....... i94.57 194 85 190.05 [89.54 94.57 191.72 95.62 187.10 {95.50 | 90.90

MgCO,......... 3.08 l 2.33 ! 3.04 l 4.76 | 2.50 | 4.58 l 1.32 Il 3.30 [ 2.79 | 1.46
' | .
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MARBLE.

Marble is partly described above under the different limestones with
which it is associated west of the Blue Ridge. The localities are given
above so far as they are known. Under the present heading is assembled
in résumé form, with some description, the principal varieties of marble
found west of the Blue Ridge, chiefly from color standpoint.

Bands occur in some of the limestones of this region, especially the
Shenandoah and Chickamauga, of a color and texture adapted to orna-
mental purposes. There are according to Professor Rogers and other more
recent geologists numerous varieties of these marbles which are distin-
guished chiefly by their color. The special varieties mentioned are:

(1) A dun-colored marble of homogeneous and coarse texture, and sus-
«eptible of fine polish. According to Professor Rogers, this is perhaps the
most abundant marble of good quality found in the northern and middle
counties of the Valley. It is met with near New Market and Woodstock,
end on the opposite side of Massanutten Mountain, in Page county, and
has been traced for some distance both north and south.

(2) A mottled bluish marble which occurs a short distance west of
New Market and may be traced for many miles. It is described as being a
somewhat coarser grained rock than the dun-colored marble.

(3) A gray marble occurring some three-quarters of a mile southeast
of Buchanan near the contact of the Potsdam sandstone and the Valley
limestone. Tt is of variable color, ranging from white to gray, and is a
assive, compact. tine-grained rock. As exposed in Stone Run the bed is
about 30 vards wide.

(1) A\ white marble of exquisite color and fine-texture occurs about 5
miles from Lexington. in Rockbridge county. Professor Rogers says that
the marble of this particular locality can scarcely be excelled in suscepti-
bility of polish, fineness and evenness of grain, and purity of color. Marble
of similar color but not so abundantly nor of such excellent quality, occurs
at other localities in the Valley.

(3 A\ rd marble occurs in several of the southwestern counties.
Professor Rogers described a red marble from near the base of Angel’s Red
Mountain, w Giles county, and one of the same here in the neighborhood
of Chapman’s ferry.  ln Scott county a mottled marble occurs in con-
siderable quantity a short distauce to the west of the Court-House. In the
Valley portion of this region the dunwolored variety of marbie and others
arv alew found.

19) \ shadad marble 1s found in Rockingham county, which is said to
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be compact, susceptible of a beautiful polish, and of a yellowish-gray and
slate color. This variety is a compact, fine-textured rock, susceptible of
a good polish, has been opened and to a small extent worked in Rocking-
ham county.

(7) A black marble is found several miles northwest of Blacksburg in
Montgomery county, which is a very compact, fine-textured, homogeneous
rock and is susceptible of a good polish. It is found in considerable
quantity outcropping on a number of adjoining farms and has been opened
in a small way on Dr. Ribble’s place, but systematic quarrying has not been
sttempted. The rock is beautifully homogeneous in color, and, unless the
thin knife-edge seams of calcite do not prevent the quarrying of dimen-
sion stone, it should prove to be a most desirable ornamental stone.

Cave (onyz) marbles.—The stalactitic and stalagmitic deposits and
crusts on the walls and floors of the limestone cave and caverns, so
sbundantly developed in places through the Valley region of Virginia,
west of the Blue Ridge, furnish, when cut, occasional fine pieces of the so-
called onyx marble. Of these, the Luray caverns, in Page county, are the
largest and best example in the State. As Doctor Merrill remarks, the
stone from this source is too easily fractured and too uneven in texture
to be worked econmomically, even though the deposit were of sufficient
extent to warrant the opening of quarries. Concerning the cave marbles
in general, Doctor Merrill says: “But at best the cave marbles of America
must rank as ‘uniques’ rather than objects of commercial value. They
will never become regular sources of supply. There is too much waste
and too much uncertainty regarding amount and quality.”

Uses.

An examination of the table given below of production of limestone in
Virginia, shows the varied uses made of the stone. All purposes for
which limestone is used are shown. These include:

(1) Building stone. Limestone is one of the popular building stones
where it is convenient to market and possesses the requisite quality and
color. Marble, the crystalline variety of limestone, is the most valuable
variety. The limestones found west of the Blue Ridge in Virginia have
been used to a comsiderable extent locally for building purposes. Each
of the principal limestone formations described above has been utilized
to some extent for building.

(2) Road material and ballast. Nearly all varieties of limestone are
used for road material and ballast, but those which combine good wearing
qualities with cementing properties are the most desirable. Considerable
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limestone has been used in places in the Valley region for this class of
work. It is probable that a substantial increase in the quarrying and
crushing of limestone for this grade of work will be shown in the future
in the Mountain region of Virginia.

(3) Concrete. Limestone, crushed to gravel size or for special grades
of work to flour, is used with cement for concrete. The utilization of
limestone in the State for this purpose has only begun. Inexhaustible
supplies of stone suited for this purpose are found west of the Blue Ridge.

(4) Lime and cement. Limestone of proper composition is used in the
manufacture of lime for building and agricultural purposes and in the
manufacture of both natural and Portland cement. Large quantities of
limestone are quarried over portions of the Valley region and burned for
lime. Natural cement is made from an impure argillaceous limestone, of
which large supplies of this grade of rock occurs in Virginia and has been
and is being quarried for the manufacture of natural cement. For the manu-
facture of Portland cement a pure limestone or one containing a mini-
mum amount of magnesium carbonate is essential. A good grade of Port-
land cement should contain in the finished product not more than 3 per
cent. of magnesia. Inexhaustible supplies of limestone of excellent grade
for the manufacture of Portland cement are found in the region west of
the Blue Ridge. Only one plant, however, has yet been established in
Virginia for the manufacture of Portland cement, namely, the Fordwick
Portland Cement Company at Craigsville, in Augusta county. The cement
materials and cement industry in Virginia are discussed in full elsewhere
on pages 86-167.

(5) Furnace flux. Limestone is extensively quarried west of the Blue
Ridge and used for fluxing material in the iron furnaces over the region.
Each of the principal limestone formations described above yields some
material for this purpose.

Production.

Value of the production of limestone in Virginia by years from 1900 to
1905 inclusive.

"] Paving, ! Stone
Building| road- |Madeinto| sold to | Crushed
Year purposes | making, | lime lime |[stone, etc. Flux Total
etc. burners
1900 5070 8,721 151,687 |..o...ooofeeaail, 237,840 403,318
1901! 2,270 | 27,676 | 230,810 | 8,758 | 77,986 595,929 986,177*
1902 41,356 |[......... 241,984 |......... 19,455 220,001 634,113¢
1903 5,325 |......... 336,461 1,665 | 25,743 199,989 569, 205°
1904 9,160 |......... 277,619 |......... 38,249 65,085 840,118¢
1906 6,090 |......... 396,434 |......... 25,774 180,676 608,974

1 Includes West Virgi

nia.

3 Includes 42,750 for other purposes.
s Includes 22'for riprap.

2 Rmd-mnkln% included under crushed stone.

4Includes 11,31

¢ Includes 105 for other purposes.

for other purposes.
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Il. CEMENT AND CEMENT MATERIALS.
BY R. S. BASSLER.*

The growth of the cement industry in the United States during the
last ten years has been equalled by that of no other non-metallic structural
material. This remarkable growth still persists and bids fair to continue
because of the ever increasing building operations of the country. The
recognition of cement a8 a most valuable structural material, and its ad-
vantages over many other building materials in the matter of cheapness
and durability, will always cause it to be regarded as a staple article of
manufacture. A region, therefore, containing the natural materials from
which cement can be made, has economic resources which, sooner or later,
will prove of great value. In this respect Virginia is pre-eminent. The
Appalachian Valley and the various mountains and valleys westward, a
tract 350 or more miles long, and averaging 50 miles in width, contains
limestones and shales apparently equal in value and abundance to those of
any other region.

Geographically the state of Virginia may be divided into three parts,
the first being an eastern division commonly known as the Coastal Plain,
the second, a large, plateau-like central area bounded on the west by the
Blue Ridge Mountains, and the third, a western portion including the
Valley of Virginia and the various valleys and ridges westward to the
State line. Considered geologically, these same divisions may be main-
tained. Cenozoic and more recent rocks underlie the eastern portion of the
State; the very ancient crystalline rocks, with a few comparatively small
basins containing Mesozoic deposits, are exposed in the central area, or
Piedmont plateau, while all the main divisions of Paleozoic strata are tq
be found in the western part. Raw material suitable for the manufacture
of cement occurs in both the eastern and western divisions, but the nature
of this material in the two areas is so different that it has been deemed best
to consider them separately. The present report deals only with the lime-
stones and shales of the larger western area.

Four prominent sources of cement material obtain in western Vir-
ginia. In geologic order these are:

4. Greenbrier (Mississippian) limestone.
3. Lewistown (Helderbergian) limestone.

2. Ordovician (Trenton. etc.) limestones and shales.
1. Cambrian—impure limestone and shale.

*Published by permission of the Secretary of the Smithsonian Imstitution.
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Of these, the limestones and shales of Ordovician age are the most
promising on account of their abundance, widespread distribution, and
usually favorable chemical composition. The Lewistown limestone is now
used in the manufacture of Portland cement at Craigsville, Augusta
county, and the Greenbrier limestone will probably become an important
source of cement material in southwestern Virginia.

This article is based upon field work by the writer during the summers
of 1905 and 1906, under the auspices of the U. S. Geological Survey and
the Virginia Geological Survey. A more detailed report upon the same
subject will shortly be published as a Bulletin of the Virginia Geological
Survey.

Most of the analyses quoted in the following pages were made by Mr.
J. H. Gibboney of the Virginia Polytechnic Institute, but a few were
kindly furnished by Mr. Wirt Tassin of the U. S. National Museum, and
by Mr. Charles Catlett of Staunton, Virginia. The writer is also indebted
to Professor H. D. Campbell of Washington and Lee University for notes
and photographs of localities in central western Virginia. The Virginia
Portland Cement Company has also kindly furnished cuts and notes on the
operation of their plant.

KINDS OF CEMENT.

Of the numerous kinds of cementing materials, only those which set
under water, that is, hydraulic cements, are to be considered in the present
connection. When comparatively pure limestone is heated, carbon dioxide
is driven off and quick lime results. This, as is well known, will slake
upon the addition of water. If, however, the original limestone contained
silica, alumina, and iron oxide, in certain proportions, the resulting burned
mags will be affected by water only when finely ground; and this powder
vill be a hydraulic cement.

Three classes or groups of hydraulic cement are recognized, and mate-
rials for their manufacture occur in Virginia. These three classes, in the-
order of their importance, are: (1) Portland cement, (2) natural cement,
and (3) Puzzolan cement.

In the manufacture of Portland cement, a finely ground mixture con-
taining lime, silica, alumina, and iron oxide, in exactly determined propor-
tions, is burnt at a temperature approaching 3000° F. This burning pro-
duces a semi-fused mass called “clinker,” which, as a last step in the
process of manufacture, must be finely ground. The theoretical mixture
employed for burning consists of 75 per cent. of calcium carbonate, 20-
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per cent. of iron, alumina, and silica, and 5 per cent. allowed for mag-
nesian carbonate and other substances. This ideal composition is seldom
realized in nature, and, as a rule, an artificial combination is made by mix-
ing limestone or marl with clay or shale. In this case, one part of the
clayey materials is generally added to three parts of pure limestone.

The following are the more important particulars in which natural
cements differ from Portland cements:

(1) Natural cements are made from the rock as it occurs in nature and
not from a tinely ground artificial mixture.

(2) The natural cement rock is burned at a considerably lower tem-
perature.

(3) Natural cement is usually of a different color and of lighter weight
than the Portland.

(4) The natural cements set more rapidly than the Portland but de
not have so high a tensile strength.

Puzzolan cement is simply a mechanical mixture of pcwdered slaked
lime with either a volcanic ash or a blast furnace slag. This mixture when
finely ground will act like an ordinary hydraulic cement. In view of the
materials in Virginia suitable for the manufacture of Portland and natural
cements, Puzzolan cement is of slight consequence and is not discussed
further. Again, Portland cement has become of so much greater impor-
tance than natural cement, that the few pages toward the close of this
contribution devoted to the latter are deemed sufficient.

CEMENT MATERIALS.

It is the writer’s intention to discuss only the more important cement
materials of western Virginia and to indicate their distribution.

The most important materials in western Virginia for the manufacture
of Portland cement are pure and argillaceous limestones, shales, slates,
clays, and marls or calcareous tufa.

A theoretically pure limestone is “composed entirely of calcium car-
bonate, but, as might be expected. limestones, as quarried, differ more or
less widely from this composition. The principal impurities of limestone
are magnesia, silica, iron, and alumina. Magnesium carbonate often occu-
pies the place of part of the calcium carbonate and in that case a more or
less magnesian limestone results. Should the magnesian carbonate be pres-
ent in quantities over 5 or 6 per cent., the rock is of no vaiue as a Portland
cement material. The impurities silica, alumina, and ircn, however, when
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combined in the form of clay, are often favorable components of a lime-
stone to be used for making cement.

Shales, slates, and clays are essentially compounds of alumina and silica
with iron oxide and other impurities. Shales are clays hardened by pres-
sure while slates differ only in having an even, parallel cleavage developed
by the same means. As cement materials, these are of value for mixture
with the purer limestone in order to bring the rock to the proper composi-
tion for burning.

The marls or calcareous tufa of the Appalachian Valley are usually
carbonate of lime deposits from spring water. Such material has been
used in the manufacture of Portland cement, but in view of the more
abundant limestones and shales, it can hardly be considered here as of
economic importance.

DISTRIBUTION OF CEMENT MATERIALS.

The most important cement materials of western Virginia are found in
the pure and argillaceous limestones of Cambrian and Ordovician age, and
in the calcareous and argillaceous phases of the Ordovician shales. These
shales and limegtones have a wider distribution and are usually more ac-
cessible than such other cement rock horizons of the State as the Lewistown
of Helderbergian age and the Mississippian or Subcarboniferous Green-
brier limestone. In general the entire Valley of Virginia is underlain by
the Cambrian and Ordovician limestones, while the shales usually outcrop
along the base of the mountains bounding it. In a similar manner, many
of the valleys west of the Great Valley show these limestones and shales.
higher formations occurring on the separating ridges.

A study of the Cambrian and Ordovician rocks of Virginia has shown
that the State may be divided into three more or less well defined areas, in
each of which the geologic sequence differs to some extent. Considering all
of the State west of the Blue Ridge as western Virginia, these three areas
may be designated as the northwestern, central western, and southwestern
portions of Virginia. According to this somewhat arbitrary division,
northwestern Virginia embraces that portion of the State north of the
southern border of Rockingham county, while central western and south-
western Virginia are divided by the southern and southeastern borders of
Roanoke and Craig counties.

The major portion of northwestern Virginia is included in the Valley
of Virginia. Almost all the cement materials of the area are confined to
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outcrops in the Valley and to foothille of the mountains which bound
The Blue Ridge on the east is made up of quartzites and other rocks
suited for cement manufacture, while North and Shenandeah 4
occupying the portion of the State west of the Vallev, are composed @
strata of sandstones, quartzites, and shales of Silurian and Devonian :
also unsuitable for this purpose.

In a genera] way the geology of this portion of the State is quite s
North of Strasburg the Valley is broad, rather level, and shows two
of limestone separated by a belt of shale, which averages 4 miles in
and occupies the central portion of the Valler, its western edge pasing
east of Strasburg and Winchester. A structure section across the V.
from the Blue Ridge to Littde North Mountain, about the latitude :
Winchester (see page 106) illustrates the relation of the limestone sl
shales in this area. Massanutten Mountain occupies the central portion of, “;
the Valley south of Strasburg. extending southwest as far ac the Latitndil;
of Harrisonburg. . Here also the general geology is quite simple and ﬁ{f
shown by the structure section on page 106.

The geologic festure of<this area, most important from an M
standpoint. is the great downfold of strata occupring the central part of ﬂ
Vallev. North of Strasburg, the strata enclosed in this downfold
syncline have been worn down to the general level of the Valley, but s
of this town, a deep sag in the syncline brings the more resistant llﬂ-
sanutten quartzites below the general level of erusion of the neighborimg
mountains. Thus when, as a result of subseyuent erosion. the Great Valley
was formed. Massanurten Mountain. on awcount of ts hard quartzites, was
le’t as a ridge dividing the Shenandoah Valles. On account of the rela~
tion of Massanutten Mountain to this downfold. this syncline has beem
called ke Massarutten Mountain syncline.

Prre and argillaceous Ordovician limestones are brought to the surface
alonz the eastern and western sides of the Massarztien Mountain synclime,
hence its economic importance. Aleng the western side. the normal se-
quecce of strata is usually exposed. but on the eastern side. overthrust
faultng is not uncommon. This faulting is usually suZciert to cut out the
Lrrestores which sre of economic importance, the delomitic strata beimg
thrust upon the Upper Oniovician shales.

Tre -z narrow area [ving between the Massarutten Mountain synclime
ard tre Blte Ridge iz occupiad by dolomitic limestones and shales which
a~ 2% no importance as a sourve of Portland cement mock. Just west of the
yregr svreline. pure and arzi'laceous limestones occur in considersble

LTt
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abundance, but the central portion of the western half of the Shenandoah
Valley is again occupied mainly by the less valuable dolomitic limestone.
The latter strata continue to the foothills of Little North Mountain, where,
when faulting has occurred, they may be found resting upon the Ordo-
vician shales or upon still higher formations.

When the structure is normal along the western edge of the Valley,
essentially the same sequence of strata may be observed as farther east, with
the exception that here the Trenton formation is composed mainly of lime-
stone instead of shales, as in the more eastern localities. In addition to
the Massanutten Mountain syncline, a few smaller synclines exposing
the Ordovician shales and limestones have been noted in the Valley, but
these are usually of slight consequence. The most important of these
minor synclines lies just west of Harrisonburg.

In central western Virginia, the more important areas of outcrop of
cement materials are: (1) a narrow strip following the Massanutten
Mountain syncline which terminates, in this area, (2) a considerable out-
crop of argillaceous limestone -i tle vicinity of Lexington, and (3) a
rather broad band of limestones and 'shales just east of Little North
Mountain.

From a geological standpoint, southwestern Virginia may be considered
a8 composed of elongated, narrow, northeast-southwest blocks, in each of
which strips exposing favorable cement materials are found. The location
of these strips and description of their contained cement materials are
given later on.

CAMBRIAN AND ORDOVICIAN FORMATIONS OF NORTHWESTERN VIRGINIA.

Nearly all of the sedimentary rocks exposed in northwestern Virginia
are of Cambrian and Ordovician age. The economic importance of the
younger strata and of the area occupied by them is so small that they are
not considered in the present description of the stratigraphy. Four well
defined groups of these rocks have been recognized in this part of the State,
namely, the sandstones, quartzites, and shales of Lower Cambrian age,
the Shenandoah limestone belonging in part to the Cambrian and the
Ordovician, the Martinsburg shales of the Middle and Upper Ordovician,
and the Massanutten sandstones hitherto regarded as Silurian. Of these
four main divisions the Shenandoah limestone and Martinsburg shales
only are of economic interest in cement manufacture, and, therefore, their
subdivisions will be considered more in detail. The relations and general
character of these formations are expressed in the following table:
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by Professor Campbell as the Sherwood limestone, consists of white cry
line dolomites with heavily bedded light blue and gray magnesian I
stone and occasionally more argillaccous limestones and shales. It i
the latter occurrence that the formation may prove of some value. 'T
argillaceous limestones and shales have a composition which will g
of their use, particularly in the manufacture of natural cement.
principal outcrops of the Sherwood limestone are to be found alor
rather narrow strip just west of the Cambrian quartzites and shales.

The succeeding formation, the Buena Vista shales, is of ecom
interest because limestones suitable for the manufacture of natural cer
alternate with the shales, especially in the lower part. This formatic
the source of the rock used by the natural cement plant near Bal
Falls, Virginia. ‘

The heavy-bedded gray and light blue limestones, distinguished
Prof. Campbell as the Natural Bridge formation, compose the !
persistent formation of the Appalachian Valley. The strata are al
invariably dolomitic and upon weathering leave a mantle of chert {
ments. This chert is cspecially abundant in the upper beds, wl
geologically, are the equivalent of the Knox dolomite of Tennessee. 8t
and shaly layers arc often found in the lower third. Economically
gidered, the Natural Bridge limestone is of little importance. Thi
especially true in regard to its use as a cement rock, the magnesian
tent heing too high, as the following analysis will show:

Analysis of Natural Bridge limestone, just west of Sirasburg
Junction, Virginia.
(J. H. Gibboney, Analyst)

Per cent.
Insoluble .............oiiuiiiiii i, 10.06
Iron oxide (Fe,0;) and alumina (ALOy) ....... 1.00

Lime (Ca0).....coviven. ..
Calcium carbonate (('aCl(),) ..

Magnesia (MgO) .........coivviiiiiiiiiinnn, X
Magnesium carbonate (MgCO,)............... 37.80
1 7 A 99.93

Following the Natural Bridge formation is a series of limest«
which, economically considered, are of greatest importance. These 1
stones are of Middle Ordovician age and are composcd in large par
argillaceous and highly calcareous strata. The succession in this par
Virginia is most clearly shown in a section commencing west of Stras|
Junction, Shenandoah county, and extending eastward to the vieinit
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Natural Bridge, Virginia. View from southeast side. Type exposure of
Natural Bridge limestone. (Photo. by C. D. Walcott.)

NATURAL BRIDGE, VIRGINIA.
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Strasburg. Here the western side of the syncline forming Massanutten
Mountain brings up the strata in regular order and excellent exposures may
be found along the Southern railroad between the two places mentioned
and in the neighboring quarries and creeks. This section is as follows:

Geologic section in the vicinity of Strasburg, Virginia.

Feet

4. Martinsburg shales (Trenton, Utica, Eden). Gray and black ehales,

calcareous at the base, then more argillaceous, passing upward into
8andy Jayers..........c...iiiiiiiiiiiiiiieiiiiiiiiaa e 2,000

3. Chambersburg (Black River) formation. About 400 feet of blue and

argillaceous limestone arranged in the following order:
(i) Earthy gray limestone and calcareous shales with numerous fos-
sils, T'retaspis, Christiania, and several species of Plectambonites

occurring most abundantly.............. ... ... iiieiiiies 40
(h) Light gray earthy limestone, no fossils observed............. . 30
(g) Massive dove limestone holding numerous specimens of a large

species Of Nidulites. . .......covueeeenneeeronaennnonsascasnnns . 85
(f) Rather thin bedded dove limestone with Nidulites rare........ 60
(e) Thin bedded dark gray argillaceous limestone...... Ceereeeeas . 2
(d) Thin bedded argillaceous black.kimestone..................... 22

(¢) Nodular argillaceous dark blue- limestone ‘with numerous fossils

of which Solenopora, several species of PEpllopprina, Echinospe—

rites, and Christiania. are especially abundant.«... ............ 30
(b) Crinoidal limestome ............c.coiiiiiiiiiinninnnenennnnnn 10
(a) Crystalline blue limestone, cherty in the upper part but pure

in lower part, bryozoa abundant but a species of Subulites is

especially characteristic of this bed.......................... 80

Total thickness of Chambersburg formation.............. 3938

2. Stones River formation. About 900 feet of more or less pure and
magnesian limestones, the upper 100 feet consisting of heavily bedded,
pure dove limestone (90 to 97 per cent. CaCO,) with occasionally a
black layer. In the vicinity of Strasburg Junction these beds are
extensively quarried for lime. The remaining strata consist of
heavily bedded, alternately arranged layers of pure and magmesian
limestone. The presence of abundant gastropoda of Stones River
types and the characteristic fossils Tetradium cellulosum and Leper-
ditia fabulites in the uppermost layers determines the age of this
formation.

1. Typical Natural Bridge dolomitic limestone weathering into character-
istic chert.

Stones River formation.—The Stones River rocks in northwestern
Virginia are, in general, heavy-bedded dolomitic layers alternating with
purer limestone strata. In color and texture, the rock varies from fine-
grained dove to a dense black with dove-colored rock predominating.
Many of the layers run as high in magnesia as the underlying Natural
Bridge limestone, but the Stones River formation differs in that at least
8 few pure limestone layers are found in almost every exposure. Another
method of distinguishing the two formations lithologically lies in the
character of the soil to which each gives rise on weathering. The soil
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resulting from the decomposition of the Natural Bridge limestone is of
a deep red color and generally contains a considerable number of chert
fragments scattered through it. Stones River rocks, on the other hand,
give very little chert, on weathering, and areas underlain by them may
often be distinguished further by the fact that the resulting soil seems to
be particularly suited to the growth of cedar trees. Indeed, the presence
of a considerable number of cedar trces in an area of Ordovician strata is
quite a reliable sign that the underlying rocks are of Stones River age.

Although the analyses of the Stones River rocks show a considerable
variation in lime and magnesia, still the strata can be divided chemically
into two general classes, the purer and the dolomitic limestones. The purer
limestones are generally of fine-grained texture and of a dove color, al-
though darker strata are sometimes interpolated. These dove and dark
layers occur most frequently near the top of the formation so that this
portion may generally be depended upon to furnish the purer rock. Strings
of calcite often penetrate this dove limestone and give the characteristic
“birdseye” markings. With the exception of number II, all of the analyses
in the table below are of samples from the upper portion. The lower strata
of the Stones River formation often show a high percentage of magnesia
and silica. Their value in the present connection is, thercfore, corre-
spondingly small.

Analyses of Stones River limestones in northwestern Virginia.
(J. H. Gibboney, Analyst)

I 11 I 1v i A
Per cent. | Per cent. | Per cent. | Per cent. ! Per cent.

SiOg..o...in i e 0.36 56.26 3.11 9.10 8.06

1,0, and Fe,0,..........0 1L 0.08 | 4.82 | 0.64 132 | 1.14
CalOy.enoerennn 00 99.01 | 3388 | 94.82 | 868 | 87.68
MgUO,.... Ll 045 | 1.91 | 1.53 7 1.81

Total .. weuvve er e annn. 99.90  96.87 | 100.10 | 99.95 | 98.69

|
I. Pure dove limestone, upper part of Stones River, Strasburg, Va.
II. Siliceous limestone, lower part of Stones River, Woodstock, Va.

III. Compact black layers in upper part of Stones River, Riverton, Va.

IV. Black limestone in upper part of Stones River, Riverton, Va.
V. Dark blue splintery limestone, Stones River, Mt. Horeb Church, Va.

Chambersburg formation.—About 400 feet of more or less pure and
clayey limestones intervene between the top of the Stones River formation
and the base of the Martinsburg shales in the vicinity of Strasburg. Al-
though these strata correspond in position to the Black River formation
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of New York, their lithologic and faunal differences were found to be so
great that the mew name, Chambersburg, was proposed by Stose* for
their reception. The rocks of this formation are well exposed in north-
western Virginia, particularly along the Massanutten Mountain syncline,
but the most detailed section is to be had at Strasburg. By reference
to the section on a preceding page, it will be noted that 9 beds are dis-
tinguished, these varying in lithology from siliceous blue limestone through
purer blue and dove limestone to argillaceous strata. and finally, at the top,
calcareous shales.

As stated before, the detailed section exposed so well at Strasburg can-
not be made out in its entirety at many, if at any, other places, and there-
fore the following generalized section is introduced for the recognition of
the rocks in any part of northwestern Virginia. The thicknesses given in
this section are those observed at Strasburg where the rocks are believed
to be well developed. Therefore it must be remembered that in other
localities considerable departure from these figures may be observed.

Generalized section of the Chambersburg formation in northwestern

Virginia.
(Martinsburg shales of Trenton, Utica, and Eden age at top) .

Teet
4. Gray earthy limestone with numerous fossils in upper part.............. 70

3. Thin bedded and massive dove limestone holding Nidulites in more or
Jess abundance. . ....... ... . . i e i e 125

2. Nodular and thin bedded gray argillaceous limestone with numerous fos-
sils in lower third.. ... ... ... ... i e 104
1. Pure limestone with cherty portions............................ ... ..., 90

The more persistent members of the (Chambersburg formation are the
massive dove and crystalline limestones holding Nidulites in abundance
(bed 3), and the argillaceous limestones in which T'retaspis and Christiania
are especially characteristic fossils (bed 4). These two divisions may be
recognized in almost every section, but the other members are seldom so
well shown as at Strasburg.

Bed 4 was recognized at practically every outcrop of the Chambersburg
formation and was found as far south as Fort Defiance in Augusta county,
where the thickness had apparently diminished greatlv. Moreover, at this
locality it rested upon the Murat limestone, which, in turn, overlapped
upon a thin bed of Stones River rock, thus indicating the relations between
the rocks of northwestern and central western Virginia as here subdivided.

*Journ. Geol., X1V, 1906, p. 211.
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Portions of bed 4 approach a cement rock with an ideal chemical composi-

tion more nearly than any of the other divisions of the Ordovician lime-
stone.

The southernmost exposure of bed 3 noted was at Harrisonburg, but
more careful search will probably reveal its presence south of this city.
The comparatively low dip of the rocks, forming the eastern limb of the
syncline just west of Harrisonburg, causes the exposure of bed 3 in this
region to be relatively wide. Along the western side of the Massanutten
Mountain syncline the dip is steeper and the width of outerop is therefore
much less. From the viewpoint of cement manufacture, these dove lime-
stones can be relied upon to furnish the purer rock for mixture.

A considerable variation in the composition of the various strata com-
posing the Chambersburg formation is to be expected because of their
diverse natures. Still these strata in general terms may be divided into
(1) more or less pure, dark or dove-colored compact limestones, and (2)
into dark, argillaceous limestone. Upon this classification, the analyses
of these rocks in northwestern Virginia have been arranged and presented
below :

Analyses of more or less pure, compact limestone, Chambersburg formation,
northwestern Virginia.

(J. H. Gibboney, Analyst)

— - i i
I II III I v ' v VI | VII | VIII IX X | XI

]

Per ct. [Per ct. Per ct. Perct. |Per ct. |[Per ct. ‘Per ct. |Per ct. [Per ct. [Per ct. Perct

|— !
810,.....ccccuene.e 2.32| 43.50| 12.10 | 8.68 ' 10.04 460 8.68| 80.72| 12.82 | 15.82° 4.04
Al b,&, Fe,O,) 0.24| 5.50| 1.48 1.2 1.48 0.56 04 3.52| 1.84 1.4 1.8
Gibo, . ...| 98.48 47.86| 84.64 | 883,71 88.67 | 92.00 62.78 | 81.07 | 82.35 ) 85.40
MgCO; .. ........| 1.09| 218| 1.68 1.34 I 1.54 2.7 0.71 262 0.21 8.%
Total... 100.08 ' 99.04 | 99.90 ' 100.05 ’ $9.61 09.95: 100.89 . 97.73 98.25‘ 99.22 | 99.60

I. Unusually pure blue limestone, lower part of formation, Strasburg, Va.
II. Siliceous blue limestone, lower part of formation, Strasburg, Va.
III and IV. Dove limestone, middle part of formation, Strasburg, Va.
V. Dark blue limestone, lower part of formation, Woodstock, Va.
VI and VII. Dark blue compact limestone, Harrisonburg, Va.
VIII and IX. Semi-crystalline limestone, Harrisonburg, Va.
X and XI. Dark blue limestone, Mt. Horeb Church, Va.

These analyses and those following are here brought together for com-
parison of the chemical constituents of these and other strata.

.
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Analyses of dark, argillaceous limestones, Chambersburg [formation,
northwestern Virginia.

(J. H. Gibboney, Analyst)

I II III 18 v VI VII | VIII| IX
Per Ct.[Per Ct.Per Ct./Per Ct.|Per Ct.|Per Ct./Per Ct.[Per Ct..Per Ct.
BiO ................ 19.78| 12.00| 14.88| 18.20( 15.88| 16.84] 23.24| 37.06| 14.68
and Fe0,........ 1.88| 2.26| 2.38( 8.00( 0.92| 7.49] 3.22| 3.60| 1.88
o.bd, ................ 74.28| 84.21| 80.36| 70.00( 82.75| 74.14] 71.07| 57.46| 81.71
MgCO;. .coven vvne oun 0.82( 1.13| 2.18| 2.00( 0.44] 1.00] 1.72| 1.47| 0.06
Total. ............ 96.76 99.62' 99.80| 98.20| 99.99| 98.97| 99.25( 99.59( 98.32

I and II. Gray, argillaceous limestone, middle and upper part of formation,
Strasburg, Va

III. Argillaceous limestone, upper part of formation, Woodstock, Va.
IV. Argillaceous limestone, Mt. Jackson, Va.
V. Argillaceous limestone, Riverton, Va.
VI. Argillaceous limestone, 6 miles east of Woodstock, Va.
VII. Argillaceous limestone, Harrisonburg, Va.
VIII. Argillaceous limestone, 3 miles west of Montevideo, Va.
IX. Kbnotty, argillaceous limestone, Mt. Horeb Church, Va.

Martinsburg Shale Group.

No sharp break occurs between the argillaceous limestones and calcareous
shales forming the upper part of the Chambersburg formation and the
overlying Martinsburg shales. From an economic standpoint, no arbitrary
lines of separation need be given, since the lowest beds of the Martinsburg
shales are as highly calcareous as the topmost part of the preceding forma-
tion. Paleontologically, however, the two divisions may be separated by
the total absence of the characteristic Chambersburg fossils in the succeed-
ing shales.

In general, it may be said that the lowest deposits of the Martinsburg
shales are fine, calcareous to argillaceous shales, dark drab in color when
fresh, and yellowish when weathered. Higher up in the series, brown or
black micaceous shales are encountered, while toward the top, the rocks
become more siliceous. The thickness varies considerably, but in this part
of Virginia, 700 to 2,000 feet expresses their variation, although in other
regions a8 much as 3,000 feet have been measured.

Three divisions of the geological time scale are represented in the
Martinsburg shales. These are, in ascending order. (1) Trenton. (2)
Utica, and (3) Eden. Although the actual lines delimiting these divisivns
are difficult if not almost impossible to determine, yet in a general way
it may be stated that the lower calcareous portion is of Trenton age, the

140 g
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brown or black shales are Utica, and the upper gray and buff shales, or
siliceous portion, belong to the Eden.

The Martinsburg shales weather into a yellow and brown clay soil
which is in marked contrast to the red soil of the limestone areas.

Trenton shales—That portion of the Martinsburg shale group, of
Trenton age consists of calcarcous and argillaceous strata of a dark drab
color and with a thickness as yet undetermined. This thickness is probably
over 100 feet and less than 300, but undoubtedly varies considerably in
different areas. Considered from an cconomic standpoint, the Trenton
phase of this shale group need not be distinguished from the underlying
Chambersburg shales and argillaceous limestones, as both will prove of
use in cement manufacture.

The main outcrops of the Trenton shale are parallel with and contiguous
to the Chambersburg formation. The main exposures in northwestern
Virginia arc therefore along the flanks of the Massanutten Mountain
syncline.

The following analyses of shales from the Trenton portion of the
Martinsburg group show such a high percentage of lime that the rock,
chemically at least, may be considered as an argillaceous limestone with a
higher silica content than usual. These analyses also indicate a close
similarity in composition to rock from the same geological horizon but
from distant localities.

Analyses of calcareous shales, Trenton horizon of Martinsburg group.
(J. H. Gibboney, Analyst)

1 | 11
Per cent. Per cent.
Insoluble .....oooiit vt ittt creeeaa 27.60 30.56
Iron oxide (Fe,O,) and alumina (Al,0;). . ............ Cees 3.36 3.82
Calcium carbonate (CaCO4). ...vieiaveeiiinninncencinsn. 66.97 61.07
Magnesium carbonate (MgCO;). .ovvvveiinneiiiiiieninnns 1.22 3.44
T 99.15 98.89

I. Strasburg, Va.
II. Harrisonburg, Va.

Trenton limestones—Along the western side of the Appalachian
Valley in northwestern Virginia. the Chambersburg formation is followed
by thin-bedded limestones with interbedded dark shales instead of the
dark calcareous or argillaceous shales just described. The surface of
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these limestones is often covered with fossils characteristic of the typical
Trenton formation of New York. The rocks themselves, moreover, are
very similar to the corresponding New York strata so that there is every
reason to believe that they are identical.

The development of limestones and shales instead of shales alone,
along this portion of the Valley, is of importance in that an additional
cement rock is furnished. Unfortunately, the geologic structure and
transportation facilities are such that at present little development of
this rock could be expected. Moreover, the dolomitic limestones are
generally thrust upon the Martinsburg shales or higher formations along
the western side of the Valley, thus cutting out the strata of economic
value. Still this limestone must be accounted as one of the cement re-
sources, and analyses of the rock are therefore introduced below :

Analyses of Trenton limestone and shale, Mt. Horeb Church, Va.
(J. H. Gibboney, Analyst)

by
Il
-
-
}I

Per cent. | Per cent.
Insoluble.... «.oiviineiiiiniiiiiiiiiinieinenrinnenionenennnns 27.44 7.80
Iron oxide (Fe,0,) and alumina (Al,05)....coovvveennininiaes, 4.06 .90
Calcium carbonate (CaCOy).....vevinueiinnrienieaneriiaennannns 65.89 90.64
Magnesium carbonate (MgCOs) . .ccvvvvniniiiiiieienieniian. 0.25 1.04

TR e eeeee e e e e s 97.64 | 100.38

I. Shale band.
II. Thin bedded, compact limestone.

Utica shale—This and the succeeding Eden shale are two of the most
constant divisions of the geologic succession of western Virginia and, with
careful search, the characteristic fossils of both may be found in almost
every section exposing the upper two-thirds of the Ordovician shales.

In comparison with the preceding shales, the amount of calcareous
material in the Utica shale has been greatly diminished, so that, except for
mixture, the rock will probably never prove of much use as a cement
material. In view of the large amount of calcareous and argillaceous
strata underlying the Utica shales, the necessity for the use of the latter
need not arise, and there is no occasion for considering the formation as a
source of cement rock. However, an analysis is introduced at this point
for comparison with the associated strata.
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Analysis of Ulica shale, Mt. Horeb Church, Va.
(J. H. Gibboney, Analyst)

Per cent.
Insoluble ........cc.iitiiiiniiieiiiennnannnns 43.94
Iron oxide (Fe,O;) and alumina (AlQ;)....... 5.18
Calcium carbonate (CaCOs)..........cconnn... 46.93
Magnesium carbonate (MgCO;)............... 0.07
Total....covviinininiiiniiiinnnnnannnnn 96.12

Eden shales and sandstones.—Following the few feet of shales
Cincinnati, Ohio, holding characteristic Utica fossils, are 250 feet of {
limestones and shales before strata of Lorraine age are reached.
these the term Eden, defined by Orton in the first volume of the “Geol
of Ohio,” is used in the Cincinnati area. These beds contain great numl
of bryozoa and brachiopods and are essentially thin blue limestones
shales. Proceeding eastward, these beds become more arenaceous u
in the Appalachian Valley sandy limestone and shales have taken the p
of the purer limestones of the west. On account of the interver
Appalachian coal field, this change cannot be traced continuously, but
relations of the strata and their fossil contents prove the correctness of
correlation beyond a doubt. Because of the high silica content, the E
shales of the Appalachian Valley are of no value as a source of cem
material.

Massanutten Sandstone Group.

At many places the crest of Massanutten Mountain is composed of
yellow, and white sandstone and quartzite, which, on account of t
conspicuous occurrence along this mountain, were named as above. '
Massanutten sandstone is divisible into two numbers, corresponding i
general way to the Bays sandstone and Clinch sandstone of the south
Appalachians. The lower member is 200 or more feet in thickness -
consists of micaceous sandy shales, coarse sandstone, and conglomer
Portions of this division contain the characteristic Bays sandstone for
which indicate the Lorraine age in terms of the general time scale. 'l
lower division has been mapped in Virginia and Pennsylvania under
name of Juniata sandstone. Fragments from the cliffs of the overly
quartzite gencrally obscure this member so that good exposures are i
One of the localities where fossils may be found is at Buzzard’s Roost
the northeast end of Massanutten Mountain.

The upper or Tuscarora member of the Massanutten sandstone is m
up of coarse conglomerates and quartzites, varying greatly in thick
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Fold in Massanutten (Tuscarora) sandstone. Panther Gap. Virginia.
(Photo. by N. H. Darton.)

ANTICLINE IN MASSANUTTEN SANDSTONE.
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but reaching a total of at least 500 feet. Fossils are scarce, although the
characteristic Arthrophycus alleghaniensis may be found upon careful
search.

GENERAL GEOLOGY AND STRATIGRAPHY OF CENTRAL WESTERN VIRGINIA.

The general geology of this division, although somewhat similar to that
of northwestern Virginia, begins to assume the complexity of the area
farther south. The great faults of southwestern Virginia are found in its
southern part, while the Massanutten Mountain syncline and the structure
along the western edge of the Valley in the northwestern part of the State
may be traced through the northern part of the division. In the inter-
mediate zone, namely, in Rockbridge county, the Ordovician limestones
are so situated as a result of faulting, folding, and erosion, that a con-
siderable area is underlain by them.

The principal features coneerned.in.the exposure of the Ordovician
strata are indicated on the ac(;ompanymg structure sections. The Massa-
nutten Mountain syncline entérs the district from Rockingham county and
occupies a portion of Augusta county, thus bringing these limestones and
shales to the surface as far .south as Gréenville. The faulting along the
western edge of the Valley becomes less and less in Augusta county until
the structure becomes practically normal. As a result, the cement lime-
stones are more abundant in this part of the Valley than northward along
the same line. In the vicinity of Lexington, the argillaceous limestones
are found over a considerable area, and on account of close folding, seem
to be of great thickness.

South of Rockbridge county, the principal Ordovician outcrops follow
the bases of the mountains and are thus exposed usually at some distance
from railroads. Moreover, on account of the unusually steep dip of the
strata, the outcrops are in long, narrow areas.

The regions of outcrop thus far noted are in the Appalachian Valley
proper. West of this, namely in Alleghany, Bath, and Highland counties,
anticlines are found, exposing these shales and limestones as their lowest
strata. With the exception of the vicinity of Hot Springs, these anticlinal
areas have no railroad facilities.

With a few exceptions, all of the geological divisions described previously
for northwestern Virginia may be found well developed in the central
western part of the State. These exceptions are the Stones River and
the Chambersburg formations. The interval between the top of the Natural
Bridge limestone and the base of the Martinsburg shale is here occupied
almost invariably by the Murat and Liberty Hall limestones.
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~ntral western Virginia. the Stones River rocks are practically
senf. s Cew areas <how a slight development, but as a source of cement
watemil Cie “ormation may he neglected. The succeeding Murat and
owpte phail tmestones correspond in a general way to the Chambersburg
:menaeon of the more northern parts of the Valley, although lithologi-
... nn renuble will be encountered in separating these different divisions.
o weasy ecierty beds of the Natural Bridge limestone are usually
w.oowems ob it Inassive gray. coarselv crystalline pure limestone to which
“avomr 4 amphell has applied the name Murat from its occurrence along
“v.laids cresm al Murat, Virginia. The limestone, as a whole, runs very
2 - caszaum carbonate and, for this reason, it is the source of the lime
i wees @0 wversl points in central western Virginia. The lower portion
..otie wuswa chert nodules upon weathering, and it was from this part that
ar veeepee th the following table giving a high silica content were
dtaeans Moout 125 feet of the Murat limestone are exposed at its type
cw e r; wal drequently the thickness is not so great.

I nalyses of Murat limestone.
(J. H. Gibboney, Analyst)

T | 1 v v
Fercent. | Percent. Percent. | Percent. Per cent.
s 1.80 5.92 11.72 1.58 1.62
Sode ven a3, 0.22 .43 6.16 .34 0.72
iy 54.50 52.00 44.14 54.40 54.18
v 97.32 92.85 78.82 97.14 96.71
S 0.07 .40 1.28 .91 0.42
Ry b7 0.15 .84 2.69 1.91 0.90
v 9y 4y 100.09 99.39 100.97 99.95
FOR s eedali, N iginia,
4 . Baltineae and Ohio Railway, northeastern edge of Staunton,
. . ’s . shint NSprings, Virginia,
¢4 e ieatteast of Greenville, Virginia.
’ froten Vinginia.

anpariatively pure Murat limestone is a succession
<lata possibly 1LOOU feet in thickness. This is the

Las ube o o ohieh was so named by Professor Campbell because
Gt S .. . near Lexinzton construeted on and of this rock.
T L VTR, Arata make up the lower third of the formation.
BRI/ PT v wr vwr s linestone oceurs in the middle third, chang-
¢ e o . .t the topmost division.  After long exposure

& Baxie. .o okt and upper divisions appear shaly at the surface.
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Fig. 1.—House Mountains, Rockbridge county. View from' Rich Hill, looking
across valleys of Liberty Hall limestone and hills of Natural Bridge lime-
stone. The mountains are capped by the Massanutten quartzite and the
slopes show the Martinsburg shale.

Fig. 2.—Fold in Massanutten sandstone, €. & O. railvoad, Eagle Mountain.

HOUSE MOUNTAINS AND FOLDED MASSANUTTEN SANDSTONE.



104 MINERAL RESOURCES OF VIRGINIA.

In central western Virginia. the Stones River rocks are practically
absent. A few areas show a slight development, but as a source of cement
material the formation may be neglected. The succeeding Murat and
Liberty Hall limestones correspond in a general way to the Chambersburg
formation of the more northern parts of the Valley, although lithologi-
cally, no trouble will he encountered in scparating these different divisions.

The heavy cherty beds of the Natural Bridge limestone are usually
followed by a massive gray. coarsely crystalline pure limestone to which
Professor (tampbell has applied the name Murat from its occurrence along
Ruffalo creek at Murat, Virginia. The limestone, as a whole, runs very
high in calcium carbonate and, for this reason, it is the source of the lime
burned at several points in central western Virginia. The lower portion
often shows chert nodules upon weathering, and it was from this part that
the samples in the following table giving a high silica content were
obtained. About 125 feet of the Murat limestone are exposed at its type
locality, but frequently the thickness is not so great.

Analyses of Murat limestone.
(J. H. Gibboney, Analyst)

11 | I 1v v

Per cent. Per cent. Per cent. Per cent. Per cent.

270 W ! 1.80 5.92 11.72 1.58 1.62
Fe,0; and AlLQ,. ... 0.22 .43 6.16 .84 0.72
Ca0.uenennnnnns 54.50 52.00 44.14 54.40 54.18
CaCOy..evnnn e 97.32 92.85 78.82 97.14 96.71
MgO........o.nn.. 0.07 .40 1.28 91 0.42
MgCOy.nunnnn.; 0.15 -84 2.69 1.91 0.90
Total......... ' 99.49 100.09 99.39 100.97 99.95

1. Eagle Mountain, Virginia.
Il. Cut along Baltimore and Ohio Railway, northeastern edge of Staunton,
Virginia.
I11. Railroad cut. Mint Springs. Virginia.
IV. 4 miles northeast of Greenville, Virginia.
V. Near Lexington. Virginia.

Succeeding this comparatively pure Murat limestone is a succession
of more argillaceous sirata possibly 1.000 feet in thickness. This is the
Liberty Hall limestone which was ~o named by Professor Campbell because
of the old historie ruin near Lexington constructed on and of this rock.
Fine-grained dark blue strata make up the lower third of the formation.
Drarker. more argillaceous limestone oceurs in the middle third, chang-
ing into calearcous <hales in the topmost division. After long exposure
to {he weather, the middle and upper divisions appear shaly at the surface.
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Fig. 1.—House Mountains, Rockbridge county. View from Rich Hill, looking
across valleys of Liberty Hall limestone and hills of Natural Bridge lime-
stone. The mountains are capped by the Massanutten quartzite and the
slopes show the Martinsburg shale.

Fig. 2.—Fold in Massanutten sandstone, ('. & 0. railroad. Eagle Mountain.

HOUSE MOUNTAINS AND FOLDED MASSANUTTEN SANDSTONE.
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Numerous brachiopods, trilobites and ostracods occur in the lowest beds,
but the higher divisions are seldom fossiliferous. The general distribu-
tion of both the Murat and Liberty Hall formations is indicated on the
accompanying map, figure 17 (page 111). Analyses showing composition
of the Liberty Hall formation are given below.

Analyses of Liberty Hall limestone.,
(J. H. Gibboney, Analyst)

I II III v v VI VII | VIII

Per ct. | Per ct. | Per ct. | Perct. | Per ct. | Per ct. | Per ct. | Perct.

Bi0peecvcannnnn. 7.10 | 8.98 | 48.80 | 19.48 6.10 | 14.96 | 9.38 | 12.64
ALD, and Fe,0,..| 0.92| 1.02| 7.60| 274| 098 | 94| 1.02| 1.82
CIb ceresesnann 51.10 | 47.12 | 22.46 | 42.16 | 51.02 | 46.64 | 49.56 | 46.86
CaCOs.evvevnnnnn 91.25 | 84.14 | 40.11 | 75.29 | 91.11 | 83.11 | 88.50 | 83.66
MgO... ........| 0.46 2.80 | 0.10 .81 0.08 12 .57 .M
MgCO,.......... 096 5.8 | 0.21 1.70 | 0.17 .25 1.21 1.50
Total.......... 100.23 l100.02 96.72 | 99.21 | 98.36 | 99.26 |100.11 | 99.62

I. Compact black argillaceous Iimestone, Eagle Mountain, Va.

II. Gray compact limestone, Eagle Mountain, Va.
I1I. Dark siliceous limestone, Fagle Mountain, Va.

IV. Shaly limestone, Mt. Sidney, Va.

V. Coarsely crystalline limestone, Mt. Sidney, Va.
VI and VIL. Fine-grained, dark blue limestone. Staunton. Va.

VIII. Subcrystalline limestone, eastern foothills, Little North Mountain, Augusta
Co., Va.

DETAILS OF LOCALITIES IN NORTHWESTERN AND CENTRAL WESTERN
VIRGINIA.

Under this caption the writer wishes to discuss briefly only the more
favorable localities in northwestern and central western Virginia showing
good exposures of the pure and argillaccous limestones. It is to he under-
stood, however, that unless otherwise stated, all discussion of these rocks
refer to their use in the manufacture of Portland cement. Analyses of rock
from other localities than those discussed are given, since a knowledge of
the composition of the rock is most essential.

Winchester—The geologic structure at Winchester and north to the
state line is somewhat complicated by faulting, but two sources of cement
material have been noted. These are: (1) a band of Stones River pure and
dolomitic limestones passing through Winchester and thence northeast
and southwest ; (2) a strip of argillaccous limestone a short distance eaxt
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of this band. The Stones River strata here are especially characterized
by the growth of cedar trees along their outcrop. The purer portion of
this formation is made up of dove or bluish limestones often showing
outlines of small gastropods upon worn surfaces. The argillaceous
materials are very similar to those described later in the Strasburg section,
and, as the analysis shows, have a favorable composition:

Analysis of argillaceous limestone, just east of Winchester, Va.

(J. H. Gibboney, Analyst)

Per cent.

Insoluble ........coviiiieinnennnenenniannnnn 14.78
Iron oxide (Fe,0,) and alumina (Al,Q,)....... 2.72
Lime (Ca0) ....covviieiiiiieiineneennnennes 44.94
Caleium carbonate (CaCOy).......c.vvvuunnnn. 80.26
Magmesia (MgO) ...........cevviieniinnnnnn. 0.34
Magnesium carbonate (MgCO,)............... 0.71

Total...ooiniiiiiiiiiiiiiiiteeinennnnns 98.46

Middletown.—This and the neighboring towns of Stephens City and
Meadow Mills are favorably located so far as transportation facilities and
abundance of cement materials are concerned. The following section taken

along the street west from the depot at Middletown gives the sequence of
rocks in the region.

Section of Ordovician rocks in the vicinity of Middlelown, Virginiu.

Feet

9. Mainly covered but apparently all calcareous shale..................... 100

8. Mainly covered but showing traces of earthy limestone.................. 1650
7. Partially covered, with bluish limestone at the top and earthy or nodular

limestone at intervals............. ... ... .. e 100

6. Nodular limestone with specimens of Echinospherites near the base...... 20

5. Arenaceous shale............. ... .. . il 20

4. Unexposed ............ ... ittt i ittt 30

3. Dark gray to black limestone with chert............... ... ... ... ... 38
2. Massive dove limestone, apparently the same bed as that quarried for lime

at Strasburg ........ oo il it e e 40

1. Mainly magnesian limestone but with a few layers of pure limestone..... 300

This section then continues westward, the magnesian and pure lime-
stones of the Stones River formation being shown in a small anticline
between Middletown and Mecadow Mills, until in the vicinily of the latter
place, the higher pure and argillaceous limestones are again exposed
in a small syncline.

Strasburg.—The abundant pure and clayey limestones in the vicinity
of Strasburg combined with the railroad facilities, makes this one of the
most promising sites for cement manufacture. As shown on the map,
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figure 16 (this page). the line of outcrop of Martinsburg shales passes
through Strasburg so that to the cast of the town an abundance of shale
may be found, while to the west occur the various limestones. The rocks
of economic importance outcrop between the town and Strasburg Junction,
a mile or more to the west, where the upper part of the Stones River

MMM Ordovician limestones

Fig. 16.—Map showing distribution of cement materials of northwestern Virginia.

Ordovician shales

formation ix being quarricd and burned into lime. The section printed
on page 106 is found exposed mainly between the two localities mentioned,
although the lower beds of the Stones River and the Natural Bridge
dolomites outerop west of Strashurg Junction. The rocks dip to the
east and are encountered in ascending order as Strasburg is approached.
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The Strasburg section is so complete that it has been employed ax a
type section for mnorthwestern Virginia. For this reason, the various
strata likely to be emploved as cement materials were carefully sampled
and analyzed. The results of these analyses are given in the foilowing
table:

Analyses of limestones and shales, vicinity of Strasburg, Virginia.
(J. H. Gibboney, Analyst)

TR | V1l

i Perct. | Perct. | Perct. Perct iPerct..\PereL Perct.

}nsolublg‘.(.ir..(.).). ................. | 2.32 43.50{ 19.78| 12.10| 8.68| 12.00| 27.60
ron oxide (Fe,Of) ... ... ....oooll. .24 |

Al o (AI,U,)' : }6.50 1.88 1.48 1.32 2.28 3.3

Lime (C80) .. eevuvnennn. ..| 54.04| 26.80| 41.60 47.40; 49.68| 47.16| 87.40

Calcium carbonate (CaCO,) 5.43| 47.86| 74.28| 84.64 88.71| 84.21| 66.97

Magnesia (MgO)........cocovnnenen. 52| 1.04| 0.39] 0.80| 0.64| 0.54| 0.58

Magnesium carbonate (MgCO). ...... 1.09| 2.18/ 0.82 1.68/ 1.34] 1.13 1.22

Total . ooovnonrnieinenininn.s 100.08| 99.04] 99.76| 99.90/100.05| 99.60| 99.15

I. Blue limestone. lower part of bed 3a, Chambersburg formation.
II. Siliceous blue limestone, upper part c¢f bed 3a. Chambersburg formation.
III. Dark gray, argillaceous limestone, bed 3e, Chambersburg formation.
1IV. Thin bedded dove limestone, bed 3f, Chambersburg formation.
V. Massive dove limestone, bed 3g, Chnmbersburg formation.
VI. Gray earthy limestone, bed 3i, of Chambersburg formation.
VII. Caleareous shales at base of Martinsburg shales.

Woodstock and vicinity.—About 350 feet of argillaceous limestones
of the Chambersburg formation may be found exposed just east of Wood-
stock before the Martinsburg shales are encountered. These limestones
and the overlying shales dip at an angle of about 40° southeast. Practi-
cally the same thickness of cement rock is exposed to the northeast and
southwest of Woodstock, but although the outcrops are not as good as those
noted in the Strasburg area, essentially the same section may be found.
As this line of outcrops is paralleled by the Southern Railroad, which is
at no place more than 2 miles distant, favorable sites for cement plants are
offered. The most promising location, however, is in the immediate vicinity
of Woodstock, since here the cement rocks outerop on the western side of
the North Fork of the Shenandoah river. Farther south the river flows
between the railroad and the cement rock outcrop, and the cost of a spur
line would thus be greatly increased.

Pure limestones for mixture with the cement rock can be found in
the immediate vicinity, west of the line of the outcrop of the argillaceous
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rock. Limestone strata, high in calcium carbonate and low in magnesia,
were found interbedded with the dolomites west of Woodstock, and more
extended search would no doubt reveal an ample supply. The following
analyses are of the pure and argillaceous limestones in this vicinity:

Analyses of limestones, Woodstock, Virginia.
(J. H. Gibboney, Analyst)

I II 11

Fercent. Per cent Per cent.
Insoluble................. e eeeeeieiaeeiaaaa, 56.26 14.88 10.04
Iron oxide (Fe,O;) and alumina (Al,04)....... 4.82 2.38 1.46
Lime (Ca0)........ «..vo.nn .. 18.96 46.00 48.48
Calcium carbonate (CaCOy)..... .. 33.88 80.36 86.567
Magnesia (MgO)........cocoiviiien cenn.e. .91 1.04 0.78
Magnesium carbonate (MgCO,)............... 1.91 2.18 1.54

T 1 96.87 99.80 99.61

I. Siliceous limestone, Stones River formation.
I1. Argillaceous limestone, upper part of Chambersburg formation.
III. Dark blue limestone, lower part of Chambersburg formation.

Harrisonburg and vicinity.—A syncline showing the argillaceous lime-
stones and Martinsburg shales occurs just west of Harrisonburg and extends
northeast-southwest for a distance of some miles. The cement rock is
especially well shown along the street just west of the Southern Railroad
depot, but exposures of the shales and undecrlying argillaceous rocks may
be seen along the country roads going northwest, west, and southwest
from the town. The thickness of the argillaceous limestones in this
vicinity could not be ascertained with certainty because of the lack of
continuous exposures, but it probably does not fall short of 200 feet.
Fossils indicating the Chambershurg age of the strata were not uncommon
in the rocks shown along the western edge of the town.

Purer limestone deposits are found in considerable quantity east and
southeast of Harrisonburg. Exposures of this rock may be seen in a cut
on the Chesapeake and Western Railroad just east of the crossing with the
Southern Railroad. Here a rather pure gray limestone occurs, having the
composition shown in analysis No. I of the table on page 113.

From 75 to 100 feet of argillaceous limestones and calcareous slates
are exposed in a cut on the Chesapeake and Western Railroad southwest
of Harrisonburg and just west of the Southern crossing. Samples from
this cut were analyzed by Charles Catlett with the result shown in analysis
No. II.
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LEGEND
Mnrunabmg shate and -
overiying formations

/ Black River limeslone
cement rock
! Murat limestone
Natural Bri magne-
E sian Ilmes?gﬁe 8

Scale .
| —] S omile

Fig. 17.—Map of the Valley of Virginia from Woodstock to Staunton.
area includes Natural Bridge limestone and underlying formations.

About 1.5 miles north of Harrisonburg the Southern Railroad passes
through a cut about 20 feet high and 400 to 600 feet in length, exposing
comparatively horizontal slaty limestone with a composition shown in
analysis No. TV.



‘Quoweml| [|BH £340qITT ‘g 3:3&5: R g ‘oucsowy| oBpug [wamuy [ siuidaip ‘uojBurxa] jo £31udIA ) Ul UOTINS dunpPnNG— @l ‘B

'3U0IBPULs UANINULSIBIY 2 ‘831198 ofeys Jinqsutisly ‘9 ‘uonswaoj Sing
-sI9quINY) ‘g ‘duojsew| J9a1y WUO)S ‘F ‘duocjsewm] oSplig [vInjeN ‘¢ {duojsewi| UBLIqQUIW) ‘7 ‘a3p1y on|g Y} jo vleMS uBLIqEE)-3LJ | ‘Sinquosvy
JO apmIne| 9y} jn0qE ‘UTRIUNOJ Yoy O[NV] 0} o3Py on|g oy) wouj vluifiip uIdsamyiou Jo yred wIdyInos o) ui £3[[BA £80408 U003 uNPNIIG— 'L ‘S1g



OEMENT AND CEMENT MATERIALS. 113

Partial analyses of cement material in the vicinity of Harrisonburg,
Virginia.

(Charles Catlett, Analyst)

I I I III - IV

|
Per cent. | Per cent. l Per cent. | Per cent.

Insoluble. . 2.08 27.06 7.00 .25.24
Iron oxide (F O,) “and alumma (AI,O,) .60 8.32 .70 1.58
Magnesia (Mg% .60 1.42 2.36 1.67
Lime (CaO)... evverrcrienieeeeee ... | 54,24 | 85.79 49.00 38.32

I. Pure gray limestone, cut on Chesapeake and Western leroad just east of
crossing with the Southern Railroad.

II. Calcareous slates, exposed in cut on Chesapeake and Western Railroad just
west of crossing with the Southern Railroad.

III. Dark, friable limestones, exposed at crossing of railroads just south of
Harriwnburg

IV. Calcareous slates, cut along Southern Railroad 1.5 miles north of Harris-
onburg.

All of the localities so far discussed are west of Massanutten Mountain
and have good railroad facilities. East of this mountain the same lime-
stone would normally occur, since the mountain itself is made up of a great
downfold of strata or syncline. Here, however, the railroad facilities
are not as good and moreover the pure and argillaceous limestones are often
cut out by overthrust faulting. The best localities showing the complete
geologic succession and with transportation facilities are at Wadesville and
Riverton.

Wadesville—The Middle Ordovician limestones exposed along the
eastern edge of the Massanutten Mountain syncline are crossed by the rail-
road at Wadesville. For a short distance north of this place, the line of out-
crop is not far from the railroad, and to the south and west for 1.5 miles
the two parallel each other, so that this locality affords an abundance of
suitable limestones within short distances of transportation facilities. The
black argillaceous limestones are especially well shown along the road
just east and west from the railroad station. The following section was
observed along this road on the farm of John M. Lock, starting about
half a mile east of Wadesville and ending at Opequon creek on the west.
The strata dip at an angle of about 40° northwestwardly.
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Geologic section, Wadesville, Virginia.

. Feet
6. Martinsburg group, gray, black, and olive shales. ..................... _
4. Dark blue and black, compact, argillaceous limestone.................... 400
8. Coarsely crystalline grayish blue limestonme...............cc0oviiiennn.. 70
2. Stones River formation: Gray, dolomitic limestone with intercalated pure

dove-colored layers, base not observed. These Stones River limestones
have much the same character described for the formation in other sec-
tions of this part of Virginia. The only strata of economic importance
are the intercalated dove-colored pure limestones. The rock may be
identified by its numerous “birdseye” markings and by the presence of
the ostracoda Leperditia fabulites.

1. Natural Bridge dolomite: Gray, dolomitic cherty limestone. These strata
show comparatively few outcrops in this particular section but the
presence of the rock can be detected by the more or less numerous chert
fragments left upon weathering.

Beds 3 and 4 of the above section form the Chambersburg formation
and are of the most importance in the present consideration, as they will
be the sources of whatever rock may be used for Portland cement. Bed 3
is a massive, rather pure limestone with some of the layers crowded with
the peculiar organism Strephochetus. The same strata occur at the base
of the Chambersburg formation in the Strasburg section, figure 15 (see
page 106), and, as analyses of that rock indicate, the lime content is high.
‘Chese particular strata therefore, together with the dove limestone of
the underlying Stones River formation, can be relied on as a source of
pure limestone for mixture with highly argillaceous rock. Bed 4 embraces
the typical cement rock of Ordovician age and is a uniform, dark. compact
argillaceous limestone. The lower portion is massive but the upper part
is less so and weathers into a shaly rock. The latter may be distinguished
from the succeeding Martinsburg shales, which it somewhat resembles
when weathered, by the higher percentage of lime as well as by the fossil
contents. As in other sections, the ball cystid Echinospherites is the
characteristic fossil of this bed. At Wadesville specimens occur sparingly
throughout the bed but are most numerous in the upper part.

Riverton and vicinity.—Three distinct bands of cement rock outcrops
are found at this place and in the immediate vicinity, on account of a fold
in the Ordovician rocks east of the Massanutten Mountain syncline. As
shown on the map, figure 16 (page 108), Riverton itself is built upon the
Martinsburg shales which form the highest beds of this more eastern
syncline, but just to the east and to the west of it, the strata of the
Chambersburg and Stones River formations may be seen. The latter
formation is being extensively quarried at a locality just northeast of
Riverton.
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Mount Sidney and vicinity—From Staunton to Mount Sidney and
thence for several miles northeast, the Valley Branch of the Baltimore and
Ohio Railroad either closely parallels or cuts through the belt of argilla-
ceous limestone brought up on the western flank of the Massanutten
Mountain syncline. The same rocks reappear on the eastern flank, 3 to 4
miles distant. The intervening country is occupied by Martinsburg shales,
all of the younger rocks found on Massanutten Mountain having been
removed by erosion. The favorable composition of the rock and the
proximity of these two belts to railroads—the western to the Baltimore and
Ohio, and the eastern to the Norfolk and Western—cause them to be worthy
of attention. The following analysis of specimens from the eastern belt
in the vicinity of Weyers Cave shows more magnesia than the average.

Analysis of argillaceous limestones near Weyers Cave, Virginia.
(Wirt Tassin, Analyst)

Per cent.
Silica (8i0;) ...c.vvviieeriieiineniiiiannnn. 14.62
Alumina (Al,0,) and iron oxide (Fe,0,)....... 6.90
Calcium carbonate (CaCO,)........co00vuenn.. 67.92
Magnesium carbonate (MgCO,)............... 4.69
Water (HiO)......oiiiiiiiiiiieiinanennans 3.94
Total. . ...ttt ieneeaanns 98.07

The section exposed along the railroad at Mount Sidney is as follows:

Geologic section, Mount Sidney, Virginia.

Feet
8. Typical Martinsburg shales.................. ... ... ... ciaiiiiienn e
5. Calcareous shales and shaly limestone with few fossils................ 200+
4. Brown shales with graptolites.................. ... ...l 60
3. Gray coarsely crystalline limestone yielding some chert upon weathering 70
2. Heavily bedded dark blue limestone..................... ... ..ot 100+
1. Dolomitic limestone.................. ... . . i een

Staunton.—East and northeast of this city the argillaceous limestones
are well developed, and, together with the shales and pure limestones
near by, offer abundant raw material for the manufacture of cement. The
railroad facilities at Staunton are exceptionally good, for here a plant could
obtain coal and ship its products over several lines. Ordinarily coal could
be had on the most favorable terms over the Chesapeake and Ohio, Lut
in times of labor disturbances in the New River field, the fuel supply could
still be obtained from the Fairmont region. The purer limestones in the
vicinity of Staunton. as a rule, run unusually high in lime, so that shales



116 MINERAL RESOURCES OF VIRGINIA.

or clays for mixture with them will be necessary. Unlimited quantities
of shale may be found in connection with the limestone, but deposits of
good clays are not so common. In this region, the lower part of the shales
are unusually calcareous, as the following analyses will show, but higher
up in the series the percentage of lime is very small:

Scale
s: 3 90, Smiles
. 7]
Martinsburg shale Liberty Hall Murat Natural Bridge
and overlying limestone limestone  magnesian limestone
formations (cement rock)

Fig. 20.—Map of the Valley of Virginia from Staunton to Natural Bridge. Ares
marked by diagonal broken lines includes Natural Bridge and underlying for-
mations.
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Analyses of Martinsburg shales and ILsberty Hall limestone, vicinily of
Staunton, Virginia.
(Charles Catlett, Analysi)

I 1I III v
Per cent. | Per cent. | Per cent. | Per cent.
Siliea (8i0,).. ...| 19.28 | 19.92 | 23.08 | 10.28
Alumina (AI,O,,) md iron oxlde (Fe,O,) ..... 9.86 10.76 10.08 4.86
Lime (CaO)... ...| 86.42 87.05 85.89 45.79
Magnesia (MgO) ....... 1.08 1.72 .94 .79
Carbon dioxide ((X),) cereeessenssessasae saee.- | 81,70 D —_ 32.80

I to III. Calcareous shales showing variation in composition.
IV. Liberty Hall limestone.

The Ordovician section in the vicinity of Staunton is best seen along
the Baltimore and Ohio Railroad tracks and the road beyond the ice factory
on the northeastern side of the city. Here it will be noted that the region
is much folded and faulted but through the aid of several sections, the
following succession can be determined :

@Qeologic section, Staunton, Virginia.

Feet
4. Martinsburg shale. Brown and yellow shales, calcareous at base....... e
3. Liberty Hall limestone. Fine-grained, argillaceous, unfossiliferous lime-
BLOM@ ...ttt e e 326+
2. Murat limestone. Gray, coarsely cryatallme limestone crowded with
Solenopora and bryozoa............ ... ... .. .. iiiiiiia., 100

1. Natural Bridge limestone. Gray dolomite strata with a few layers of
purer limestones............ ... ... . ... ... i,

All of the above formations of the Staunton section furnish cement
materials but the most important and abundant rock is to be had from
the Liberty Hall limestone. Analyses of the various divisions are given
below.

The Cambrian dolomitic limestone forming the lower part of the
Natural Bridge formation grade upward imperceptibly into another series
of strata having essentially the same composition but differing in that
extensive layers of chert are interbedded with the usual dolomites. The
area occupied by this division may usually be recognized by their topo-
graphic features, for the chert gives rise to conspicuous hills or ridges.
Chestnut Ridge, Sugar Loaf and Betsy Bell are examples of this topog-
raphy in the vicinity of Staunton. The age of this portion, which is
eepecially well exposed about Staunton, has been determined as Beek-
mantown from the gastropod and cephalopod remains found at various
points in the Valley, but particularly in the vicinity of Lexington, Virginia.
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Analyses of Liberty Hall limestone, vicinity of Staunton, Virginia.
(J. H. Gibboney, Analyst)

I 1I
Per cent. | Per cent.

Insoluble.. .............cuiell. teeeiaae cens 14.96 9.38
Organic matter.............ocoioee cuennnnn. —_— .24
Iron oxide gFe,O,) and slumina (Al,O,) ....... .94 1.02
Lime (Ca0)..cuvvieririnnnies seeer ouns 46.564 49.56
Calcium carbonate (CaCOy) ..... c.cuennn.... 83.11 88.50
Magnesia (MgO)..........c.. ... ceeee eeees .12 .67
Magnesium carbonate ( MgOO.) ............... .25 1.21

Total .................. feeeiiereacaanans 92.26 | 100.35

Analyses prepared by Mr. Catlett from samples of the lower part of
the Martinsburg shales have been given on a previous page. These
indicate that this division of the shales in the vicinity of Staunton agrees
with the same horizon elsewhere in chemical composition, the high amount
of lime being the noteworthy feature. The higher members of the shales
in the region east of Staunton show the same lithologic and other char-
acters described for central western Virginia in general.

Western edge of Valley, north of Staunton.—The outcrops of the
Ordovician limestone along the western edge of this part of the Valley
are in general so remote from railroads that, in spite of the excellent rock
shown at a few places, exploitation of this region is at present useless.
Furthermore, throughout a considerable portion of this region the argil-
laceous limestones are cut out by overthrust faulting, the magnesian lime-
stone resting upon the shales of still higher formations. But a single
area can be mentioned in which the cement rocks are exposed within
a reasonable distance of a railroad. Several miles north of Stokesville,
the terminus of the Chesapeake and Western Railroad, and a few miles
routh of Little North Mountain, good outcrops of the rock are encountered.
The quantity and quality of these limestones are such that, with the
railroad facilities so near at hand, the rock will undoubtedly prove of
economic importince. Shales are at hand for mixture with the cement
rock when its percentage of lime is too high, while pure limestones, to
increase the percentage when necessary, are found in sufficient quantity
in the Valley just to the east. Indeed, even with the present facilities, this
is one of the most promising cement localities in the Valley.



Fig. 1.—Overthrust fault in Tuscarora sandstone, near Panther Gap, Virginia,
Fig. 2.—Fields of residual decay in Shenandosh Valley, near Natural Bridge, Virginis.
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Fig. 1.—View of the upper part of the Natural Bridge lin ;
ering into bands of chert nodules. 6 miles west of Lexington, Rocl\bndge
county.

Fig. 2.—Same as Fig. 1.

NATURAL BRIDGE LIMESTONE, VIRGINIA.
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limestone in this eastern area of outcrop, are overturned to the west so
that the strata show a fairly uniform castward dip. This folding like-
wise causes the rocks to have apparently a great thickness, but a careful
examination will show the repetition of similar beds in regular order. In
addition, the core of an anticline or syncline may be occasionally obscrved,
and whenever it is possible to get a continuous section, a maximum thick-
ness not exceeding that given by Professor Campbell is found. This
close folding also involves the underlying Murat limestone, but because of
the few and relatively unimportant exposures of this formation at the
surface, it has been differentiated on the map only along the western
border of the Lexington area where its outcrops are of most importance.

The general features of the geologic section at Lexington have been
pointed out by Professor Campbell, but the following more detailed section
is offered to show the variation in these strata:

Geologic section, Lezington, Virginia, and vicinily.
Foet
III. Black River limestone including Liberty Hall, Murat, and underlying
formations.
8. Liberty Hall formation:
(d) More or less thin bedded argillaceous limestone and caleareous

shales
(¢) Fine-grained, dark, maassive argillaceous limestone with an
obscure conchoidal rACLUTE. ... .. ...¢o.ourrnnnenneensennnns 250 -
(b) Argillaceous knotty limestone with many fossils, brachiopods
and trilobites particularly numerous. Ampyr and A4gnostus

characteristic fossils................ .. ..coiiiiiiiiit, 40
(a) Crystalline and eubcrystalline limestone full of bryozoa,
sponges, etc. Often absent from sections.................... 10

2. Murat formation:
Massive gray crystalline limestone weathering into a red, clayey
soil comparatively free from chert.......................... 100
1. Massive, somewhat cherty limestone, seldom shown and of slight
thickness. Fossils numerous............ ... ... ... ... ... _
II. Stones River limestone.
Massive dove limestone. Seldom present in the section and thick-
ness slight when present................... ... ..o e
1. Natural Bridge limestone.
Gray and light blue magnesian limestone weathering into chert.
Conspicuous beds of chert near the top..................... —_—

Of the different divisions distinguished in the section, the Liberty Hall
and Murat are the only formations worthy of consideration as a source
of cement materials, the former as a cement rock itself, and the latter
a8 & more or less pure limestone which could be used in mixture.

Mr. Charles Catlett has analyzed a series of samples from the Lex-
ington strata, but the particular strata from which they were derived was
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not noted. In all probability, No. I of the subjoined table was from ihe
Murat limestone, while Nos. IT and VI represent various phases of the
Liberty Hall beds.

Analyses of limestones from Lezington, Virginia.

- (Charles Catlett Analyst)

I II m [ v v VI
Per cent.|Per cent.|Per cent.|Per cent.|Per cent.Per cent.

BIlica (5i0) . envvnrnnrnernnennnnn, 073 | 9.31| 11.86| 12.92| 17.42 | 22.60
Alumina (AI,O,,) and iron oxide ( Fe,0,) 79| 3.47| 1.76| u3.88| 4.70| 7.08
Lime (Ca0).eevennnninnnn. Cereeeens 58.71 | 46.30 | 46.64 | 45.14 | 42.44 | 36.72
e‘il M ................ . .83 .88 .74 1.87 1.68 1.69
n dloxi OO,) ............. — | —— | 38.82 | 37.20 | 35.62 | 32.52

The analyses presented in the foliowing table were made from sample:
selected by the writer:

Analyses of Murat and Liberty Hall limestones, vicinity of Lezington,
Virginia.
(J. H. Gibboney, Analyst)

I 11 111 1v

Per cent. Per cent. Per cent. Per oent.

Insoluble....... .......... ... 1.62 4.32 10.24 1.30
Iron oxide (Fe,0,) and alumina

[ 0.72 .76 0.74 0.54

Lime (Ca0)..ccvvvuniiinnnnne. 54.18 52.06 48.16 654.28

Calcium carbonate (CaC0,) ..... 96.71 92.96 86.00 96.93

Magnesia (MgO) .............. 0.42 .94 1.00 0.36

Magnesium carbonate (MgCO,)... 0.90 1.97 2.10 0.76

Total.... ...ooneinriniin. 99.95 100.01 99.08 99.563

I. Com'pa.ct white limestone, Murat formation, Reservoir Hill, Lexington, Vir-
ginia.
II. Suberystalline limestone, base of Liberty Hall beds, near Lexington, Virginia.
III. Dark argillaceous limestone, Liberty Hall formation, Spring Cave Hill, Lex-
ington, Virginia.
IV. Compact gray limestone, Liberty Hall formation, Spring Cave Hill, Lexing-
ton, Virginia.

The analyses given below indicate the composition of the rocks in other
parts of central western Virginia:
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Fig. I.—Baleony Rock composed of Lower Cambrian quartzite. Cor-
ner of Rockbridge and Amherst counties. Balcony Falls.

Fig. 2.—Clifl of Sherwood dolomite, near Sherwood. Natural Bridge station on
N. & W. and C. & O. railroads,

LOWER CAMBRIAN QUARTZITE AND SHERWOOD FORMATION.
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Analyses of limestones and shale, central western Virginia.
(J. H. Gibboney, Analyst)

I 11 Il IV

Per cent. | Per cent. | Per cent. | Per cent.

Insoluble..... wveeeer  covveoerres coreeoren. 24.12 30.24 17.88 28.60
.33
Aataine (ALOL™ }orevee | 232 | 488 | 1e0{| 33
Lime (C&0).ccceenrernnnncnererieereereennanes 1 40,24 38.00 41.84 85.08
Magnesiom carbonate (MgCO,)............. ' .10 5.81 6.38 2.39
TOfAL iuueererereenneene ceeneeccrcecene oeee | 98.80 99.54 99.60 99.81

I. Murat formation, near Rockbridge Baths, Virginia.
IL. Compact siliceous limestone, Liberty Hall formation, Kerrs creek, Virginia.
I limestone, upper part of Liberty Hall formation, § miles west
of Rockbridge Baths, Virginia.
IV. Highly calcareous shales, basal beds of Martinsburg group, 2 miles west of
bridge Baths, Virginia.

GEOLOGY OF SOUTHWESTERN VIRGINIA.

In the discussion of northwestern and of central western Virginia, the
writer has indicated no great differences in the stratigraphic succession
or the lithology of the Ordovician strata in various parts of the Valley.
In southwestern Virginia, however, a new factor in the study of these
same strata is introduced. Ordinarily rocks deposited synchronously in
comparatively small areas show no great differences either in lithological
uspect or in their foesil contents. In the division of the State now to be
discussed the Ordovician strata, particularly, differ in various areas in
both of these respects. For example, the eastern portion of the Great
Valley shows a development of Ordovician limestones and shales totally
different from that found in the westernmost part of the State. In the
study of the various sections, these differences in strata of apparently the
same age were encountered in traverses made across the Valley and ridges
to the west, while little difficulty was experienced in correlating the rocke
in directions paralleling the length of the Valley.

Major Faults.

When compared with the two divisions discussed previously, the geology
of southwestern Virginia is complicatel by great folds and overthrust
faults. The region is traversed in a northeast-southwest direction by at
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least 7 major faults and & number of minor breaks. The easternmost
of these major faults passes along the base of the Holston and Tron
mountains, where a sandstone of Lower Cambrian age is faulted against
the dolomitic limestones. Sandstone, shale, and impure limestone outcrop
east of this fault, but on account of their unsuitable chemicai composition
are not considered here.

The 6 major faults west of this eastern break have been described and
named by Professors Lesley and Stevenson in the articles mentioned in
the bibliography (page 165). These are, in order going westward, (1)
the Walker Mountain, (2) Saltville, (3) Copper Creek, (4) Hunter
Valley, (5) Wallen Valley, and (6) Poor Valley faults. These ? major
faults divide southwestern Virginia into 6 rather narrow areas, in each
of which a belt of Ordovician limestones and shales is usually exposed.
The general distribution of the cement-making materials in these areas
is indicated on the maps of southwestern Virginia (pages 143 and 147).
The relation of these faults to one another and the arrangement of the
strata in each of the areas is shown in the accompanying structure section,
figure 23.

General Distribution of Cambrian and Ordovician Strata.

The study of numerous sections including the Ordovician rocks in
this part of the State brought out the fact, as mentioned before, that
similar successions of these strata are at present exposed in long narrow
areas bounded by the major faults. The differences of sedimentation in
these various areas may perhaps most readily be shown by an outline
of the stratigraphic succession in each. In both cases the well known
Knox dolomite serves as a basal datum line and the identification of the
various formations rests upon their fossil contents as well as their litho-
logic characters.

In the easternmost area, namely the region between the Blue Ridge
and the Walker Mountain fault, or the Bristol area of the accompanying
table, the following succession of Ordovician rocks may be observed:

8. Thin bedded sandstones and sandy shales (Tellico).
2. Blue to black calcareous and sandy shales (Athens).
1. Knox dolomite.

Iocally, a thin, somewhat magnesian, blue limestone, the equivalen:
of the Lenoir limestone of eastern Tennessee. occurs hetween the Knox
and the Athens.

The narrow strip between the Walker Mountain fault and the Salt-
ville fault, the Walker Mountain area of the table, shows an overlapping
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of the formations of the next western band upon sediments of the one
just described. This section, which is most clearly shown along the rail-
road from Glade Spring to Saltville, is as follows:

Red sandy shales and thin bedded sandstone (Bays).

Yellgew and dark colored shales with thin bedded blue limestome at base
(Sevier).

Red caleareous shales and impure red limestone (Moccasin).

Beds of marble with calcareous shales (Holston).

Blue and black calcareous shales (Athens)

Thick bedded, gray, slightly magnesian limestone (Lenoir).

Knox dolomlte

el 3 S S o o

Beds of marble belonging to the Holston formation immediately
follow the Knox dolomite in the Clinch Mountain area, namely the region
between the Saltville and Copper Creek faults. Here, with the exception
that the Lenoir limestone and Athens shale are wanting, the section, as
shown below, is essentially the same as the preceding one:

Heavily bedded white quartzite and sandstone (Clinch).

Red sandy shales and thin bedded sandstone (Bays).

Yellé)ew; and dark colored shales with thin bedded blue limestone at the base
( ier).

Red calcareous shales and impure red limestone (Moccasin).

Marble at base followed by thin bedded limestones and shales (Holston).
Knox dolomite.

The marbles of the Holston formation are particularly well developed
in Tennessee. In Virginia, the northernmost occurrence of the fauna asso-
ciated with these marbles was noted at the foot of Clinch mountain, south
of Tazewell.

The strip bounded by the Copper Creek and Hunter Valley faults,
here called the Copper Creek area, contains the Knox dolomite, the
Moccasin, Sevier, Bays, and Clinch formations, but in place of the marbles
and thin-bedded limestones of the Holston, heavily-bedded, gray and dark
blue limestone is found. The difference between this and the Holston
formation may be seen in cuts along the Virginia and Southwestern
Railroad, near Speer Ferry and Clinchport. The exact equivalents of this
massive limestone have not yet been determined, but, the new name, Pearis-
burg limestone, is here instituted.

The westernmost and most different sequence of the Ordovician in
Virginia is found in the valley of Powell river, where the arrangement
of the rocks, with the exceplion of the Clinch sandstone, is exactly the
same as that obtaining in southwestern Ohio, central Kentucky, and
central Tennessee. In Virginia, these rocks are known to occur through-
out the Powell river valley eastward to the Wallen Valley fault, and in

mRw o>
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all probability the narrow strip between this fault and that of Hunter
valley is also occupied by them. The formational names employed below
for the rocks in this area are, with the exception noted before, those used
in the Ohio Valley Ordovician:

10. Heavy bedded white quartzite or sandstone (Clinch).

Red and yellow limestones and shales (Lorraine).

Yellow arenaceous shales and limestones (Eden).

Olive and yellow shales (Utica).

Thin bedded blue limestones and blue or yellow shales (Trenton-Cathey).
Dark blue crystalline limestone (Trenton-Bigby).

Yellow and olive shales (Trenton-Hermitage).

Thin bedded dove limestones and yellow shales (Tyrone).

Massive dove limestone (Stones River).

Knox dolomite.

HRRRO O N® DO

On account of the variatiom of the rocks in these different areas, the
importance, from an economic standpoint, of delimiting their boundaries,
is apparent. In the maps accompanying this article, it has been pozsible
to show only the general areas of outcrop of the purer Ordovician lime-
stones and of their associated strata.

The theories for this distribution of strata in separate areas need not
be entered upon here more than to state that Ulrich and Schuchert, in their
Paleozoic Seas and Barriers, have advanced the apparently well founded
idea that the area of the Appalachian Valley during Ordovician times was
divided longitudinally into several narrow troughs which were more or less
effectively separated from each other; and that the observed differences
in sedimentation and life characterizing the several troughs are attributable
to this separation.

The general relation of the Cambrian and Ordovician formations and
the more important cement rock horizons are indicated in the following
correlation table:
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Cambrian and Ordovician formations of southwest Virginia.

General time scale | Bristol area Walak:;Mt. ('h:(:.:.M" ('OPP::“CRQk Ptl’:; l‘lrld-
Cincinnatian Clinch Clinch Clinch Lorraine
Bays Bays Bays Eden
(Upper Ordovician) Sevier* Sevier* Sevier* Utica*
Tellico Moccasin

Trenton*
Mohawkian ﬁ:‘;;?:' IAI:I:::);:" Moccasin Moccasin _ |Tyrone*
(Middle Ordovician) (often Lenoir* Holston* Pearisburg® (Stones River*

absent)*
Canadian .
(Lower Ordovician)| | Knox Knox Knox Knox Knox
Saratogan
(Upper Cambrian)
Acadian Nolichucky | Nolichucky | Nolichucky| Nolichucky
Maryville | Maryville
(Middle Cambrian)| Honaker Honaker { Rogersville] Rogenville
Rutledge | Rutledge
Georgian
(Middle Cambrian)| Russell Rnssell Rassell Russell
*Horizons of cement materials.
Stratigraphy.

Instead of comsidering each of these areas of deposition separately, it
seems best in the present connection, because of lack of space, to give a
short description of the various formations, and to present the analyses
in tabular form. The geographic distribution of the formations and the
assignment of each analysis to its proper place in the section, must, there-
fore, be left to the reader.

Cambrian Formations.

Russell shales.—The oldest strata outcropping in southwestern Vir-
ginia northwest of Holston Mountain, are sandy shales, thin-bedded sand-
stones, and brown argillaceous shales, found in the valleys of Copper creek
and Clinch river. The sandy beds make up the greater part of this
formation, and therefore, as a whole, the Russell shales are of little value
from an economic standpoint. Argillaceous shales occur somewhat
sparingly in the upper third and might prove of value for a mixture with
pure limestones in the manufacture of cement. The great range in the
chemical composition of these shales is indicated in the following analyses:
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Analyses of Russell shales, vicinity of Clinchport, Virginia.
(J. H. Gibboney, Analyst)

I II
Per cent. | Per cent.
Insoluble ...........coivvivinrnnnn.. 41.72 89.562
Iron oxide (Fe,0,), alumina (ALO,).. 5.68 7.22
Lime (C80)..vveeneeernnnenennanns 17.32 0.40
Calcium carbonate (CaCO;).......... | 80.93 0.72
Magnesia (MgO)......ccoovnneenn... ' 9.17 1.06
Magnesium carbonate (MgCO,)....... | 19.29 2.21
TOLAL. -« eeeeeeenneneneneannnd ‘o762 | 99.67

I. Brown argillaceous shales, upper part of formation.

II. Sandy shales, several hundred feet from top of formation.

Rutledge limestone.—Impure magnesian limestones 200 to 300 feet
in thickness follow the Russell shales. Their composition varies con-
siderably but the magnesia content appears too high in all the samples
examined to make the rocks of use.

Analyses of Rutledge limestones, vicinity of Clinchport, Virginia.
(J. H. Gibboney, Analyst)

I 1I
Per cent. | Per cent.

Insoluble ......cco0ieiniiiiiinn, 2.58
Iron oxide (Fe,0,), alumina (ALO,).. i’gﬁ 1.12
Lime (Ca0)........cicviunnninnnnn.. 46.22 30.80
Calcium carbonate (CaCO,).......... 82 53 55.00
Maguesia (Mg0).................. 5.62 19.70
Magnesium carbonate (MgCO,)....... 11.80 41.37
Total.........ccooiiviiiininann. 99.57 m

I. Gray limestone near base of formation.
II. Dark limestone near top of formation.

Rogersville shale.—Separating the impure Rutledge limestone from the
purer limestone of the succeeding formation—the Maryville limestone—
is a blue calcareous shale named from Rogersville, Tennessee. This shale
is abundantly fossiliferous and contains a fauna of Middle Cambrian age.
'The shale persists as such over a large area in northeastern Tennessee,
but in southwestern Virginia it disappears from a shale formation toward
the east. Along the western side of the Valley the formation often changes
to a dark, siliceous limestone which cannot be separated from the under-
lying Rutledge limestone.
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(J. H. Gibboney, Analyst)

Analyses of Rogersville shale, vicinity of Clinchport, Virginia.

I II

Per cent. | Per cent.

Insoluble ..........ccoiiiiiiiiinna. 31.22 87.48
Il:on oxide (Fe,0;), alumina (Al,0,).. 6.20 1.32
Lime (Ca0)......coiiveeennnnnnnnns 21.41 3.60
Calcium carbonate (CaCQy).......... 38.23 6.42
Magnesia (MgO)....coo0vnvueennnnn. 10.90 1.76
Magnesium carbonate (MgCO,)....... 22.89 3.70
Total......ooveiiiiiiiiiiennn... 98.54 98.92

I.
1I.

Calcareous shales, upper part of formation.
Sandy shales, lower part of formation.

Maryville limestone.—Of all the Cambrian formations, this is the most
promising from an economic standpoint, because it is a comparatively
pure limestone which, in a combination with associated shales, might
make a good cement rock mixture. Wherever these strata occur as a
well defined formation, they are heavily bedded, blue limestones, varying

in thickness from 500 to 650 feet.

The type locality is at Maryville,

Blount county, Tennessee, but typical exposures are found in southwestern
Virginia northwest of a line following Moccasin Ridge.

Analyses of Maryville limestone, vicinity of Clinchport, Virginia.
(J. H. Gibboney, Analyst)

I II II1 1v
Per cent. | Per cent. | Per cent. | Per cent.

Insoluble... . . «vcovveveoivereee coreerrnesenns | 35.06 | 31.78 10.54 2.16
Iron oxide ( Fe,0,), alumina (Al,0y)..... 1.90 1.84 0.64 0.54
Lime (Ca0). ..cceeueriiinnencirernnnressanienn 29.16 35.78 46.74 50.80
Calcium carbonate (CaCOy)....... .| 62.07 63.89 83.43 89.43
Magnesia (MgO)......ocoeeeee ceeeeevvn| 5,33 0.93 1.82 3.79
Magnesium carbonate (MgCOy).............] 11.20 1.96 3.82 7.95
Total...cocevvn viver cevieereeneieeensennes ooa| 100,23 99.47 98.43 100.08

I and IT. Cherty black limestone.

ITI.

Blue crystalline limestone.

IV. Grayish, suberystalline limestone.
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lonaker limestone.—Southeast of a line paralleling Moccasin Ridge,
the Maryville limestone, the Rogersville shale, and the Rutledge lime-
stone, cannot be distinguished as separate formations but form a lithological
unit for which the name Honaker limestone is employed, because of good
exposures at Honaker, Russell county, Virginia. This formation is of
blue and gray limestone with a maximum thickness of 1,400 feet. It
seems worthy of exploration only as a source of natural cement rock.

Nolichucky shale.—This formation, the second shale horizon of
economic importance, overlies the Honaker limestone in the Valley proper
but follows the Maryville limestone west of Moccasin Ridge. The shale
derives its name from the Nolichucky river in Tennessee and carries a
fauna of Middle Cambrian age. As a whole, the formation is composed of
calcareous shale and shaly limestone reaching a maximum of 400 feet in
thickness. West of Copper Ridge the Nolichucky shale is greatest in
thickness, but eastward it diminishes until just east of Bristol it disappears
altogether. At a few localities in this portion of Virginia, the Nolichucky
shales contain limestone lentils of considerable thickness, which, with
the associated shales, furnish the necessary raw material for cement manu-
facture. The most important of such occurrences is in Carter Valley,
where a lentil of blue limestone with a maximum thickmess of 550 feet
is found.

Analysis of Nolichucky shale, vicinity of Clinchport, Virginia.
(J. H. Gibboney, Analyst)

Per cent.

Insoluble ........... ... ittt 38.68
Iron oxide (Fe,0,), alumina (AlLLOg).......... 5.28
Lime (Ca0) ..ceuniiiiiii it iiienaennns 29.46
Calcium carbonate (CaCQ,)........covvunen.. 52.61
Magnesia (MgO) ............coiiiiiiiiiin., 0.80
Magnesium carbonate (MgCO;)........... ... 1.69

Total.....ooiviiiiiiiiii it iiies e 98.26

Cambro-Ordovician.

Knoz dolomite.—Succeeding the Nolichucky shale is the great lime-
stone formation of the Valley—the Knox dolomite. In southwest Vir-
ginia this formation varies from 2,000 to 3,000 feet in thickness, a con-
tiderable diminution from the 4,000 feet exposed in the typical localities
in Knox county, Tennessee. The Knox is generally a heavily-bedded
gray magnesian limestone or dolomite with comparatively few natural
outcrops. The line of outerop is usually indicated by the heavy mantle of
residual chert. These cherts occur in the limestone as nodular, dense
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masses of a white color, although often they appear as a porous sandstone.
At some places the top of the formation is marked by a white argilla-
ceous limestone which, if developed in sufficient quantity, and easily
accessible, would prove of value economically. The reference of this
limestone to the Knox is doubtful and the exact position of these strata
cannot be determined until more paleontological evidence is at hand.

The Knox dolomite is one of the sources of the ridges of southwestern
Virginia, but only when 1ts strata are inclined at a considerable angle.
In the process of weathering, the soluble dolomite is washed away, leaving
the insoluble chert to maintain the ridge. In this area the most promi-
nent of such ridges are Copper and Moccasin Ridges, Walker Mountain,
and Chestnut Ridge.

The lower part of the formation is generally unfossiliferous, but from
evidence found elsewhere in the Valley, this portion is of Upper Cambrian
age. The cherts in the upper part of the Knox dolomite are sometimes
fossiliferous and contain a fauna of Beekmantown age. As this fauna
has been found 1,000 feet below the top of the Knox, the Beekmantown
portion has a thickness of at least that amount.

Considered as a source of cement material, the Knox is of little, if
any, importance.

Analyses of Knoz dolomite.
(J. H. Glbboney, Analyst)

I I | m | v | v | v
Pr. cent.|Pr. cent..Pr. cent.|Pr. cent..Pr. cent.|Pr. cent.
- i - Al
] :
Insoluble . 2.54 3.98 ‘ 3.62 1.40 | 40.44 1.38
Iron oxide (Fe,O,), alumma(Al O,) 0.78 1.12 0.48 0.08 4.00 2.88
Lime (CaO) .. . 44.88 ! 37.90 | 31.48 | 16.90 | 52.48
Calcium carbonate ((.aOO,) 80.14 | 67.68 | 56.22 | 30.18 | 93.7!
Magnesia (MgO)............ coee . 6.43 . 13.50 | 20.29 | 11.42 | 0.67
Magnesium carbonate (MgCO,) . 0.87 [ 13.52 | 28.35 | 42.61 | 23.98 1.41
0 OO i60.44 98.76 |100.13 [100.31 | 98.60 | 99.38
VII VIII IX X XI XII
Pr. cent. |Pr. cent.|Pr. cent. |Pr. cent.:Pr. cent.|Pr. cent
) (I 1)) (SR 2464 | 9.60| 7.56| 8.09 | 34.62 | 12.34
Iron oxlde (Fe,O.), alumina (Al,O,) 8.66| 0.40| 0.98 | 1.52| 4.72| 2.34
Lime (Ca0) .....cccoveeninemncsnsesriannees 89.20 | 50.60 | 80.10 | 46.64 | 81.72 | 39.60
Calcium carbonate (0.00.) ............ 70.00 | 90.35 | 58.75 | 83.28 | 56.64 | 70.72
Magnesia (MgO) w.coereeeecemncennnnnena. 0.62 | 4.29| 18,00 | 3.18 1.26 | 6.22
Magnesiom carbonate (MgCO,;) .....| 1.31 9.00 | 37.80( 6.68 2.64 ; 18.06
G O3 (RN 99.51 |110.35 |105.09 | 99.57 | 98.62 | 98.46
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Purer limestone seam from thick bedded strata (Upper Cambrian), lower
portion of formation, 2 miles south of Saltville, Virginia.

Dolomitic limestone (Beekmantown), middle portion of formation, 4 miles
south of Saltville, Virginia.

Dolomitic limestone (Beekmantown), upper part of formation, 4 miles south
of Saltville, Virginia.

Knox dolomite, Lyon Gap section (Bed 1), Simyth county.

Knox dolomite, Lyon Gap section (Bed 2), Smyth county.

Dove-colored purer limestone, near Goodwin Ferry, Giles county.

Arenaceous limestone, 800 feet below top of formation, near Goodwin Farry,
Giles county.

VIIL. Bluish-gray limestone, lower part of formation, vicinity of Clinchport, Vir-

H 88«2 B 5 -

ginia.
IX. vayi dolomite limestone, upper part of formation, vicinity of Clinchport,
rginia.
X. Less dolomitic layer in upper part of formation, vicinity of Clinchport, Vir-

ginia.
XI and XII. White argillaceous limestone, top of formation, Speer Ferry, Vir-
ginia.
Ordovician Formations.

The most promising sources of supply for cement materials in this
part of Virginia, as elsewhere in the Appalachian Valley, are of Middle
Ordovician age. On account of the variation in the Ordovician formations
noted before, various names have been applied to the several lithologic
units. These names, as well as the sequence of formations in the different
areas of outcrop, have been indicated in the table on page 128, where a
name hitherto most commonly applied to the purer Ordovician limestones
of the southern Appalachians has been omitted. Explanations regard-
ing this formation, the Chickamauga limestone, are therefore in order.

Chickamauga limestone.—The Ordovician limestone exposed in the
westernmost outcrops of the Appalachians show a considerable thickness
when compared with limestones of the same age farther east.
To this thick limestone formation the name Chickamauga was ap-
plied and has been employed on the maps of many of the Valley folios.
The separation and delimitation of this purer limestone from the great
underlying dolomitic series was a distinct advance in mapping, and the
name was subsequently employed for any or all of the purer Ordovician
limestones following the Knox dolomite. As mapping proceeded, eastward
and northward from the typical area, other Ordovician formations were
distingnighed. In these cases the term Chickamauga was restricted to the
pure limestone immediately following the Knox dolomite. Thus while its
lower boundary was thought to be constant, the upper was regarded as
varisble.

At the typical Chickamauga outcrops along Chickamauga creek, in
Georgia, and east of Chattanooga, Tennessee, this limestone appears to
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contain representatives of most of the geological formations of the general
time scale between the top of the Knox dolomite and the base of the Silu-
rian. With this explanation in mind, a glance at the table of geologic
formations will indicate that in the type locality the Chickamauga in-
cludes representatives of not only the Ordovician limestone, but also of the
succeeding shales and sandstones of Virginia localities. In the eastern
part of the Appalachian Valley the term was applied to the strata to which
Safford long before gave the name Lenoir limestone; farther west, the
Holston marbles and limestones have been mapped as the Chickamaugs,
while in Powell River Valley, the generally quite distinct or different
Stones River, Black River, and Trenton strata have been grouped under
the same name.

Lenotr limestone.—A gray, slightly magnesian limestone usually mapped
as the Chickamauga succeeds the Knox dolomite in the more eastern por-
tions of the Valley in Virginia and Tennessee. To this, Safford and Kille-
brew applied the above name from its occurrence at Lenoir, Tennessee.
In Virginia & maximum of 200 feet is reached in the Glade Spring region,
but the usual thickness is much less than this amount. The Lenoir lime-
stone is of particular interest paleontologically on account of its typical
Chazy fauna.

Analyses of Lenoir limestone.
(J. H. Gibboney, Analyst)

1 1I 111

| Per cent. | Per cent. | Per cent.

Insoluble ...........ccooiiiiieeiiiiiiian, : 4.60 7.34 16.12

Iron oxide (Fe,0,), alumina (ALO,)............ : .24 0.88 3.20

Lime (Ca0) cvvviiirniiiernnineecnnnnneennns * 51.90 48.04 42.74

Calcium carbonate (CaCO4)...........ccvoutnn 92.68 85.78 76.32

Magnesia (MgO).............ooiiiiiian. .. | 1.06 307 1.34

Magnesium carbonate (MgCO,)................ i 2.32 6 45 2.82
e —

Total ...iteiii i e i 99 84 100.45 98 46

I and II. Slightly magnesian limestones, 4 miles south of Saltville, Virginia.
III. Argillaceous limestone, Lyon Gap section. (Bed 3), Smyth county.

Athens shale.—Resting either upon the Lenoir limestone, or, when this
is absent, upon the Knox dolomite, are dark and blue calcareous shales
named from Athens, McMinn county, Tennessee, where they are well de-
veloped. In Virginia, these shales attain a maximum thickness of 1,000
or 1,200 feet. The lower strata are black carbonaceous shales passing into



\
OEMENT AND CEMENT MATERIALS. 135

blue calcareous shales, which, as the top of the formation is approached,
become more and more sandy. In folio No. 59 of the U. 8. Geological Sur-
vey, the more important Athens shale areas of Virginia are shown. The
composition of all the samples selected for analysis is given below. These
analyses, which are of only the lower and middle divisions, indicate the
value of this shale as a cement material.

Analyses of Athens shale.
(J. H. Gibboney, Analyst)

I 11 III 1v \% \% ! Vil

Per ct. | Per ct. | Per ct. | Per ct. | Per ct. | Per ct. | Per ct.

Insoluble.......... eeeeeeneaan. 19.48| 11.24] g go| 17.64| 11.40| 25.80 17.58
Organic matter. ................. 1.28) .60 ___| 08| .82

Iron oxide (Fe,0,) alumina

(ALOg) s neneenrenneanannnn 1.28) .96/ o 54/ 1.40| 1.38] 3.74| 2. 44

Lime (Ca0)..eevuuereriivnnnnn. 42.20| 48.62| 47 39| 43 84| 47.14| 37.96| 43.44

Calcium carbonate (CaCO,)........ 75.36| 86.82( g4 50l 78.928| 84.18| 67.36( 77.59

Magnesia (Mg0).....c.ccouenenn.. 1.16| Trace| 4 16| 1.26| .95 0.12] 0.04

Magnesium carbonate( MgCO).. . ... 2.45| Trace| g 74| 2.64| 2.00 0.24| 0.08

Total ............ T 99.85| 99.62| 99.60/100.04| 99.78| 97.14| 97.69

I Calcareous shale, 2 miles south of Abingdon, Virginia.
II. Shaly limestone, 3 miles east of Bristol, Virginia.
III. Limestone band, 4 miles east of Bristol, Virginia.
IV and V. Dark shales about 5 miles south of Saltville, Virginia.
. VI. Dark shales (Bed 4), Lyon Gap section, Smyth county.
VII. Dark blue shales (Bed 4), Lyon Gap scction, Smyth county.

Holston formation.—The Ordovician limestone mapped by the U. S.
Geological Survey in the vicinity of Knoxville, Tennessee, as the Chicka-
mauga, contains beds of marble in its upper part, distinguished as the
Holston marble. These marbles and thin shale beds accompanying them,
hold a fauna of bryozoa, crinoids, cystids, and sponges so different from
other Ordovician formations that this Holston division or its equivalent can
easily be recognized elsewhere. In some parts of Virginia and Tennessee,
these shales and marbles immediately follow the Knox dolomite; elsewhere
they rest upon the Lenoir limestone or its equivalent, as at Knoxville,
Tennessee ; again, in more eastern belts where the marble is comparatively
thin, either the Athens shales or both the Athens and Lenoir may inter-
vene. Therefore in view of the characteristic lithology, the peculiar fauna,
and the fact that it occupies a definite position in the stratigraphic column,
the name Holston is herein accorded the rank of a formational name.
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The Holston formation is probably best developed along the nortl
ern edge of Clinch Mountain in both Tennessee and Virginia. At '
Hill, west of Morristown, Tennessee, the various strata making u
formation are well exposed, and this section as well as any other alo
same line of outcrop, may be taken as typical for the Holston. Im
west Virginia, a good scction may be observed at almost any point be
Speer Ferry and Gate City. The railroad cuttings and the natur:
posures about Speer Ferry show the following succession of rocks:

: Geologic section, Speer Ferry, Virginia.

8. Clinch sandstone. Coarse, white, massive quartzite and sandstone, out-
cropping at crest of Clinch Mountain..............................
5. Bays sandstone. Red sandy shales and sandstone containing numerous
Lorraine fossils...........cuiuiiiniiiiiiiiiiiiiiiiiieitieeaea,
4. Sevier shales. Yellow or blue shales, calcareous in lower part especially
8. Moccasin limestone. Red argillaceous limestone with a few drab-colored
R
2. Holston formation. Marble, limestone and shales in the following order:
(d) Yellow shales with thin argillaceous blue or dove limestone break-
ing up into nodular masses upon weathering....................
(c¢) Blue and gray coarsely crystalline limestone, massive when un-
weathered but splitting up into layers 2 to 4 inches in thickness
when exposed........... ... . i iiiiiieeiaaa
(b) Blue, drab, and yellow shales with numerous fossils.............
(a) Pink and gray marbles with coarsely crystalline limestone.......

1. Knox dolomite:
(b) White, fine-grained argillaceous limestone (Knox?)............
(a) Gray, magnesian, cherty limestone............................

Although the Holston formation contains & variety of diverse &
still all of them are low enough in magnesia to be considered as o
materials.

Analyses of Holston marble and shale.

(J. H. anboney, Ana.lyut)

I no o IV Vo VI

Per ct.! Per ct. 'Pr. ct |Pr. ct.iPr. ct. Pr. ct.;

I0801UbIe. .. .covesoe e, 23.54 . 0.86 39.52 33.80 [10.56 |1o.1o}

Iron oxide (Fe,0,), alumina (Al 3.52: 1.10:5.64|4.36|2.24| 2.36;

| 1 TN (010 ) O P | 39.86 : 55.00 '28.44 [35.14 48.06 49.70]

Calcium carbonate (CaOO,) ... 71.18 . 98.21 50.70 (59.18 85.82 (85.72
Magnesia (Mg0O)....ccccoeereeiieirnnnnnns 0.88; 0.08:0.83(0.66|0.70 | 0.21
Magnesium carbonate (MgCO,). ...... 1.78 | 0.17 ; 1.8511.38 | 1.48 | 0.44

Total . . 100.02 |100.34 I97 71 i98 72 100.05598.62 '

i N i
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virn | 1x | X | XI | X1 | X

Per ct. | Perct. | Pr. ct.| Pr. ct.| Pr. ct.| Pr. ct.

Insoluble ........ ceceeeeneiveciieeninnnnane. 8.16 | 4.66 |12.18 (14.96 | 8.26 | 8.42
Iron oxlde(Fe,O,), alumina (Al,O,) 1.24 | 1.46|0.98 1,70 | 1.82 | 3.66
Lime (Ca0) ........vecevereecrnmneeneinene 49.76 | 51.50 147.56 |45.08 '50.40 |47.12
Calcium carbonate (CaCOy) ............ 88.86 | 91.96 84.93 80.50 (90.89 |84.14
Magnesia (MgO)....c.c.cc.. cerrerenennnnne 0.76| 0.510.76|0.38|0.12 | 0.67
Magnesium carbonate (MgCOy)....... 1.568| 1.06 |1.68 | 0.81|0.26 | 1.41
Total eenessessaenas 99.84 , 99.14 99.67 (97.97 101.23197.68

|

1. Calcareous shale interbedded with Holston marble, § miles south of Salt-

ville, Virginia.
II. Light-colored, coarsely crystalline marble, base of formation, Speer Ferry,
Virginia.

III. Blue shale, succeeding marble, in lower part of formation, Speer Ferry,
Virginia.

IV. Drab ehales, middle portion of formation, Speer Ferry, Virginia.

V. Bluish argillaceous limestone, upper part of formation, Speer Ferry, Virginia.
VI. Dark argillaceous limestone, upper part of formation, Speer Ferry, Virginia.
VII. Heavily bedded argillaceous limestone, 3 miles north of Mendota, Virginia.

VIII. Dove limestone, 3 miles north of Mendota, Vlrgmm.
IX. Thin bedded argillaceous and crystalline limestone (Bed 5), Lyon Gap
section, Smyth county, Virginia.

X. Blue s;jgxllwoous limestone (Bed 6), Lyon Gap section, Smyth county,

Virginia.
XI. Grvly argllh.ceous limestone (Bed 6), Lyon Gap section, Smyth county,
i
XII. Dark argillweous limestone, Gate City, Virginia.
XIII. Blue argillaceous limestone, Gate City, Virginia.

Pearisburg limestone—In the table of formations on page 128, the
Pearisburg has been indicated as a formation between the Knox dolomite
end the Moccasin limestone in the Copper creek area of southwestern Vir-
ginia. This is a new formational name introduced for the limestones
occupying this interval, and particularly for the rocks at Pearisburg, Giles
county, where the following type section for the formation is exposed.

Geologic section, Pearisburg, Virginia.

4. Bevier shales ............ ... e —_—
3. Mocecasin limestone. Purglo calcareous shales and argillaceous limestones

with seams of impure dove limestone...............c.cooiunieiiinnn., 200
2 limestone:
(f) t gray compact limestone with gastropods abundant in the lower
beds numerous ostracoda in the upper part...................
(e) Fine- ed dove limestone....................ciiiiiiiiiinannnn 20
(d) Imbedded magnesian limestome.....................ccoiviinnnnn. 25

(e) t to dark gray moderately fine-grained limestone in lower part
massive cherty beds in upper division........................ 65
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(b) Dark bluish-gray limestone, subcrystalline or earthy in the upper

part and slightly cherty in the lower beds.

A Girvanella less than

0.5 inch in diameter very abundant...................ioiiiill 50
(a) Dark gray mottled massive limestone leaving a deep red chert upon
weathering. Fossils numerous, bryozoa, brachiopods, and Solernopora
being _partlcu]arly abundant............ ... 00 ittt 250
1. Knox dolomite. Magnesian limestone weathering into reddish chert...... —_
Analyses of Pearisburg limestone, vicinity of Pearisburg, Virginia.
(J. H. Gibboney, Analyst)
|1 in}m Iv| v | vi|va
'Pr. ct. Pr. ctiPr ct.| Pr. ct.| Pr. ct.| Pr. ct.| Pr. ct.
Insoluble ..... cersesses connas e eseacennn e 6.14, 7.6 5.02 3.88 3.14] 2. 16 0.52
Organic matter........e.cocevueemsuesiuns oen 260 — .43 — — —
Iron oxide (Fe,0;), alumlna(Al,O,) .94 .90, 1.00 .50 1.568 0.66 0.88
Lime (CaO)... coseoncses coes 50.30| 48. 00 51.36| 52.00| 51.60| 50.30; 51.24
Calcium carbonate (CaCOy) .| 89.82 85. 72 91.71] 92.84 92.14 89.82| 91.50
Magnesia (MgO) .. . 1.57| 2.85 1.24] 1.43 1.54] 38.62' 3.68
Magnesium carbonate (MgOO, ......... 3.30| 6.00| 2.60| 3. 3.23) 7.60 7.68
TOLAL cevoverrsrersessns soresssneserseesions 100.44100.48 wo.'lelloo.22|100.no|xoo.24;1w.os
vin| IX | X | X1 | X1 | X | xiv
Pr. ct.| Pr. ct.| Pr. ct.iPr. ct.|Pr. ct.| Pr. ct.| Pr. ct.
Insoluble .....ceoeeiiniiniiiinnnneinen el 2.24| 6.56| 0.98 6.64
Organic matter o — —| —| —
Iron oxide ( Fe,O alumina (AI 30,)....| 0.46] .64/ 0.68 0.80
Lime (C80) ..evvrveer evrerns . .| 53.80| 50.28 54.88| 50.80
Calcium carbonate (CaCQy). ............... 96.07| 89.78| 98.00 90.71
Magnesia (MgO). oovvu..correrers corrreronn. 0.48 1.66| 0.20/ 1.04
Magnesium carbonate (MgCO,). .........| 1.00] 3.48| 0.43; 2.18
Total....... -.. ettt 99.77 100.46|100.09|100.831
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I. Dark gray limestone (Bed 2a), Pearisburg, Virginia.
II. Dark blue limestone weathering into chert (Bed 2a), Pearisburg, Virginia.
III. Subcrystalline limestone (Bed 2b), Pearisburg, Virginia.
IV. Light gray, massive limestone (Bed 2¢), Pearisburg, Virginia.
V. Dark, massive limestone (Bed 2c), Pearisburg, Virginia.
VI and VII Laminar, unfossiliferous hmestone (Bed 2d), Pearisburg, Virginia.
VIII. Fine-grained dove limestone (Bed 2e), Pearisburg, Virginia.
IX. Semi-mottled limestone (Bed 2f), Pearisburg, Virginia.
X. Coarsely crystalline gray limestone, near Goodwin Ferry, Virginia.
XI. Compact, dark argillaceous limestone, near Goodwin Ferry, Virginia.
XI{I. Dark, argillaceous limestone, near Goodwin Ferry, Virginia.
XIII. Dark, compact limestone, near Goodwin Ferry, Virginia.
XI1V. Crystalline limestone, near Goodwin Ferry, Virginia.
XV. Dove limestone, near Goodwin Ferry, Virginia.
XVI1, XVII, XVIII. Massive limestone from lower part of formation, Ripplemead,
Virginia. Dr. Henry Froehling, analyst.
XIX. Compact massive limestone, lower part of formation, vicinity of Narrows,
Virgi
XX. Thin bedded blue limestone, middle portion of formation, vicinity of Nar-
rows, Virginia.
XXI. Dove-colored compact limestone, upper part of formation, vicinity of Nar-
rows, Virginia.

Analyses of Pearisburg limestone, vicinity of Tazewell, Virginia.
(J. H. Gibboney, Analyst)

I II It | 1v \Y% Vi VlI

Per ct.|Per ct.|Per ct.|Per ct.|Per ct.|Per ct.|Per ct.

Insoluble ............coovveennnn. 2.04| 1.80 5.36| 2.82] 5.94| 6.04| 4.56
Iron oxide (Fe,O,), alumina (AI,O, 0.50| 1.00[ 0.72] 0.78| 1.46] 1.14| 1.84
Lime (Ca0)..... cccueierenen-. 53.80| 53.24| 51.32| 53.90| 51.34( 51.20| 49.14
Calcinm u.rbouate(CaCO,) ......... 96.07| 95.42| 91.64| 96.25| 91.68| 91.42| 87.76
Magnesia (MgO ......| 1.83] 0.43] 0.67| 0.51] 0.33| 0.43] 2.09
Magnesium cnrbonate ( gLO,) ..... 2.78/ 0.91) 1.40f 1.06] 0.70| 0.91| 4.40
Total..... ... ...... ... .... 101.39] 99.13( 99.12(100,.91] 99.78| 99.51| 98.56

1. Massive, finely crystalline limestone, base of formation, Tazewell, Virginia.
II. Blue, coarsely crystalline limestone. base of formation, Tazewell, Vnrgmm
III. Thin bedded dove limestone, middle portion of formation, meell Virginia.

IV. Massive dove limestone, top of formation, Tazewell, Virginia.
V. Granular blue limestone. Five Oaks, Virginia.

VI. Thin bedded shaly limestone, Five Oaks, Virginia.

VII. Dove limestone, Five Oaks, Virginia.

Moccasin limestone.—East of the Powell river valley the various
Middle Ordovician limestones are followed by an argillaceous red limestone
named as above from its occurrence along Moccasin creek in Scott county.
Along Clinch Mountain in both Virginia and Tennessee, the best develop-
ment of this impure limestone occurs, with an average thickness of 500
feet. The following table gives analyses of samples from various points in
southwestern Virginia, which indicate a rather uniform composition for the
rock.
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Analyses of Moccasin limestone.
(J. H. Gibboney, Analyst)

I I [ II]|IVi V|Vl VI VIn IX |

Pr «t'Pr. ct|Pr. et|Pr. n.l!’r ct Pr.ct Pr. ctl’r ct Pr. ct Pr.ct

Insoluble.. . e ! .!3.-;‘%' ].: ‘il 1.72. 13,0 11, ,'{ 7.68 G.N% SiBl 22,24 2R.88
Iron oxide (Fe,0,),alumina {Al,0, ) LIRD 1.7 :tw 266 1.48 N2 1,240 4,080 4.50( 4.40
Lime (Ca0).. . 40 49, m SR AR 4~) 4 47.78% 50.3%| 50.10° 31.88" 33,96 85.96
Culcium curboniite 04 SR, GR.71 8107 85.32 x9.98( 89.48 506.92 60.681 64.28
Magnesia (MgO).. O.s:l 0. i 0.84 087, 24 .35 0.75 0.68' 0.25 0.5
Magnestum earbonate (\lg(‘u,) 1.74. 2,02 l.:k':! 1. b-l| SR T8l 1U6T: l.MI 0.53] LI7
7 TR .Y -71|100 5] 18,72 08 -e w11 uI .20( 99,19 o7, eo'. w7.01| 98.00

I. Arglllaceous limestone about 5 nules south of Saltvxlle Virginia.
II. Impure drab limestone, Tazewell county, Virginia.
III. Impure red limestone, Five Oaks, Virginia.
IV. Dove-colored, argillaceous limestone, Five Oaks, Virginia.
V. Granular blue limestone, Five Oaks, Virginia.
VI. Red clayey limestone, Pearisburg, Virginia.
VII. Red limestone, near Goodwin Ferry, Virginia.
VIII. Red shales, vicinity of Speer Ferry, Virginia.
IX. Red shaly limestone, Gate City, Virginia.
X. Red shaly limestone, 3 miles north of Mendota, Virginia.

Sevier shales.—In Sevier county, Tennessee, the Tellico sandstone is
followed by a great shale formation of Middle and Upper Ordovician age.
Although fossils are rare in these shales, sufficient evidence has been found
to indicate that the strata are of Tremton, Utica, and Eden age. The
Sevier shales are, therefore, apparently only a southern extension of the
Martinsburg shales of more northern localities. The lithological features
of the Sevier are also quite similar to the Martinsburg, so that a detailed
description is unnecessary. The lower strata are of calcareous shale and
interbedded limestone, the middle portion is more argillaceous, while the
upper beds are quite sandy. The lower and middle portions, therefore, are
of value as a source of cement rock. All the various horizons of the Sevier
are represented in the table of analyses below, but most of the samples were
obtained from the more important lower portion.

Analyses of Sevier limestones and shales.
(J H. Glbboney, Anzly!t)

I II oI | Iv | VI
Perct. | Perct. | Per ct. | Per ct. Perct.| Per ct.

Insoluble. 4.74 | 20.90  11.68 | 20.48 | 22.60 | 8.14

Iron oxide (Fe,0,), alumina (ALO,)| 1.72 1.30 152 2,04 2.34' 1.24

Lime (Ca0) - ..coeeeereceasese wonnsnneeee| 51,92 | 36.80 | 48.08 | 42,76 | 41.84 l 50.54
Calcium carbonate (CAGOp) +......c..| 92.71 | 85.72 | 85.86 | 76.36 | 73.82 i 90.25
Magnesia (MgO) w.ccccvoneiccceccicense | 0,13 58| 0.46' 0.51, 0.05: 0.28
Magnesium carbonate (MgOO) -..-:| 0.27 | 1.28| 0.94 | 1.08 | 011 088

TTOtAl . cvees-sussasenssssossoss o esneme | 99.44 |100.17 | 100.00 99.94|' 98.77 lloo.zl—
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VII | VIII IX X X1 XII
Per ct. | Per ct. | Per ct. | Per ct. | Per ct. | Per ct.
Insoluble .... ...cccevriiiincrene coreninnn 28.62 ( 73.00 | 29.70 [ 5.12 | 41.48 | 71.88
Iron oxide (Fe,0y), alumina (Al,0,) . 11.28| 3.18| 2,92 6.04| 8.56
Lime (Ca0)...cccceerrerecrneviriaerricnnenn . 6.76 | 36.16 | 51.16 | 28.00 | 8.54
Calcium carbonate (CaCOy).... 12.07 | 64.57 | 91.39 | 50.00 | 156.25
Magnesia (MgO) . . 004/ 080| 0.25| 0.30 | 1.27
Magnesium carbonate (MgCO;)....... 2.08| 0.09( 1.26| 0.53( 0.64| 2.68
Total ca.uiiireininiciirinsccsansnnnnn. 99.49 ( 96.44 | 98.71 | 99.96 | 98.16 | 98.37
XIII | XIV Xv XVI | XVII | XVIII
Per ct. | Per ct.| Per ct.| Per ct.| Per ct.| Per ct.
Insoluble. .....cocoevuert wenrirurirnennnn 7.08 | 33.40 | 55.60 | 23.48 [ 556.56 | 39.20
Iron oxide (Fe,0,), alumina (A1,0,)] 1.88 | 4.92| 7.60| 3.86| 8.37| 5.80
Lime (Ca0) .cccreeeecveneecennnnennnneeen 60.60 | 32.86 | 18.20 | 39.44 | 18.41 | 29.20
Calcium carbonate (CaCQ,) ...... ..... 90.36 | 58.68 | 82.50 | 70.53 | 32.88 | 52.16
Magnesia (MgO) ........... ccceuennene. 0.41 0.18| 0.61| 0.09( 0.72] 0.07
Magnesium carbonate (MgCO)....... 0.87 0.38 1.29 0.18 1.51 0.15
Total ...cevemiieneecriceeevareneees 100.19 | 97.38 | 96.99 | 98.05 | 98.31 | 97.31
I. Limestone band, lower part of formation, about 6 miles south of Saltville,
Virginia.
II. Calcareous shales, lower part of formation, about 6 miles south of Salt-
ville, Virginia.
III. Compact, black limestone, Trenton horizon, Tazewell, Virginia.
IV. Calcareous shales, Trenton horizon, Tazewell, Virginia.
V. Compact argillaceous layers, lower part of formation, Five Oaks, Virginia.
VL. Limestone bands, lower part of formation, Five Oaks, Virginia.
VII. Caleareous shales at base of formation, Five Oaks, Virginia.
VIII. Sandy shales, upper part of formation, Five Oaks, Virginia.
IX. Calcareous shales, northern part of Wythe county, Virginia.
X. Thin bedded blue limestone, lower part of formation (Trenton), near
Goodwin Ferry, Virginia.
XI. Calcareous shiales, near Goodwin Ferry, Virginia.
XII. Sandy shales from Eden horizon, near Goodwin Ferry, Virginia.
XIII. Thin bedded black limestone, Trenton horizon, Speer Ferry, Virginia.
XIV. Calcareous shales, Trenton horizon, Speer Ferry, Virginia.
XV. BSandy shales, Eden horizon, Speer Ferry, Virginia.
XVI. Calcareous shales, basal portion of formation, Gate City, Virginia.
XVIL. Upper part of formation, Gate City, Virginia.
XVIII. Calcareous shale, 3 miles north of Mendota, Virginia.

Bays sandstone—In the Bays mountains of Tennessee, the Sevier
thales are overlain by red sandy shales grading upward into red sandstones
vhich have been mapped as a separate formation. This, the Bays sand-
stone, contains fossils of Lorraine age and is one of the more widespread
formations in both Tennessee and Virginia. Its outcrops are generally
near the summits of the Valley ridges, but the strata are usually concealed
by debris from the formations above.
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Analysis of Bays sandstone, near Glade Spring, Virginia.
(J. H. Gibboney, Analyst)

Per cent.

Imsoluble ..........ccociiiiiiiiiiiiiininnns 90.18
Iron oxide (Fe,0,), alumina (ALO,).......... 5.72
Lime (Ca0)...ovvivenivennnnnnnnn. ... 0.64
Calcium carbonate (CaCO,) .. Ll4
Magnesia (MgO) ................ 0.03
Magnesium carbonate (MgCO,)................ 0.07

Total.......coiviiiiiii i ieinennnn, 97.11

Clinch sandstone.—All the more prominent Valley ridges owe their
existence to this heavy sandstone. The Clinch is a massive, coarse, white
sandstone or quartzite 200 to 300 feet thick, and is prominently displayed
along Clinch Mountain, the most conspicuous of the Valley ridges. The
sandy nature of both the Clinch and the underlying Bays prevent their use

as cement materials.
Details of Localities.

Although a variety of cement rocks outcrop in southwestern Virginia,
the railroad facilities are such that the strata are accessible at 