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Industrial Limestones and Dolomites in Virginra:
James River District West of the Blue Ridge

Bv RevmoNn S. EunruNosoN

ABSTRACT

The area described in this repoft is approximately 2,100 square
miles or about two-thirds of the James River drainage basin west of
the Blue Ridge. Natural boundaries include the Blue Ridge on the
southeast and a part of Allegheny Mountain along the West Vlrginia-
Virginia line. The southern boundary ties in closely with the area
described in a report by Dr. B. N. Cooper (19+4) entitled Nez;; Riaer-
Roanoke District, the first in the series of publications on the industrial
limestones and dolomites in Virginia. The James River district on the
north joins the area previously described by the writer (19+5) in the
second repoft of the series entitled Northern and Central Parts of
Shenandoah Valley.

The James River district contains deposits of high-calcium lime-
stone averaging about 97 percent calcium carbonate. The New Market
limestone, where free of chert, and the Murat facies of the Lincolnshire
limestone are the important high-calcium limestones in the southeastern
part of the district. Quarryable thicknesses of the New Market occur
also near the southwestern end of Warm Springs Valley. Other forma-
tions, locally containing units of high-calcium limestone, comprise a
part of the Helderberg group in the central and western parts of the
district.

Extensive exposures of Shady dolomite, containing more than 42

percent magnesium carbonate, are described from the general viciniqy
of Natural Bridge Station and Buchanan in Rockbridge and Botetourt
counties. Most of the sampled dolomite units in the Waynesboro, El-
brook, Conococheague, and Beekmantown formations contains less

than 40 percent nagnesium carbonate.
Special study was made of the carbonate rocks suitable for chem-

ical use and favorably located near railroads. Limestones, containing
less than 95 percent lalcium carbonate, were studied locally in some

detail. Descriptions of the belts of industrial limestone and dolomite
are supplemented by a geologic map, sections, physical tests, and chem-
ical analyses.

trl
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INTRODUCTION

Location of the District

The most important deposits of limestone and dolomite in Vir-
ginia are in the Ridge and Valley province. This natural division of
the State, west of the Blue Ridge, may be defined as a long relatively
narrow belt of ridges and valleys underlain by folded Paleozoic strata.
It is divided longitudinally into rwo parts: an eastern broad almost flat
valley with local ridges and hills, and a western belt of narrow parallel
ridges and valleys. The eastern belt (Stose et al., 1919, p. 7-11) known
as the Valley of Virginia, is further subdivided, from north to south,
into Shenandoah, Fincastle, Salem, Dublin, and Abingdon valleys. The
area described in this report (Fig. 1) lies within the James River drain-
age basin, including a part of the westem belt of narrow ridges and
valleys, the southern portion of Shenandoah Vailey, and Fincastle
Valley. It has an area of approximately 2,100 square miles or about
two-thirds of the entire James River drainage basin west of the Blue
Ridge.

Natural boundaries include the Blue Ridge on the southeast and a
part of Allegheny Mountain along the West Virginia-Virginia line
northwest of Callaghan and Mountain Grove. The southern boundary
ties in closely with the area described in a report by Dr. B. N. Cooper
(l%+) entitled New River-Roanoke District, the first in the series of
publications on the industrial limestones and dolomites in Virginia
by the Virginia Geological Survey. The James River district on the
north joins the area previously described by the writer in a report
(19+5), the second in the series of industrial limestones and dolomites,
entitled Northern and Central Parts of Shenandoah Valley.

Purpose and Scope of Report

It is the main purpose of this report to give information on the
location, ttrickness, and chemical composition of the important occur-
rences of limestones and dolomites in the James River district west of
the Blue Ridge, \/irginia. In addition, the report contains a few phys-
ical tests of the rocks which were made by the Division of Tests,

Virginia Department of Highways.
'fhe information in this paper should be helpful to quarry opera:

tors and others interested in the expansion of the stone industry. SP"-
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cial study was made of those mappable units which contain high-
calcium limestone and high-magnesium dolomite. The physical char-
acter and chemical composition of the impure carbonate rocks at a

few selected localities are discussed.
The introductory part of the report contains a summarv of the

geologic column, g"otogl" strlrctures, and tentative correlations of the
formations. The rocks are mapped (Pl. 1) as lithologic units composed
of rocks of similar composition, such as limestone, or rocks more or
less uniformly varied in character, as an altemation of limestone and
dolomite or limestone and shale. All of the units mapped, except for
the belt of high-magnesium dolomite, include rwo or more geologic
formations.

It is thought that the data in this paper arc adequate to oudine the
most important belts of carbonate rocks and to serve as a guide in
selecting particular localities for more detailed geologic investigation
and testing.

Field Work and Acknowledgments

In 1942 a study of the industrial limestones and dolomites in the
Appalachian Valley of Virginia was planned by the State Geologist.
The area northeast of Roanoke was assigned to the writer and the
area southwest of Roanoke to Dr. Byron N. Cooper, then geologist
with the Virginia Geological Survey. This report is the fourth in the

series on the limestones and dolomites of present and future industrial
value in the State.

Most of the field work was done iointly with Dr. Byron N.
Cooper during the summer of 7945. The survey was continued by the
writer for three rveeks in 1946 and for about two weeks in 1956. The
reporq including the geologic sections and map, was PrePared by the

wiiter. Samples collected during the field investigations were analyzed
by Froehling and Robertson, Inc., Richmond, Virginia, and by Dr.

John H. Yoe of the University of Virginia, also chemist with the Vir-
ginia Geological Survey. Wherever possible, rock chips for analyses

were collected from fresh material at stratigraphic intervals of 1 to 2

feet. This is believed to yield the average composition of the full
thickness of the rock sampled.

The geologic map (Butts, 1933) of the Appalachian Vallev of
Virginia served as a guide for all of the field investigations. Only minor
changes, made locally along the belts of high-calcium limestone and

high-+nagnesium dolomite that were studied in detail are incorporated
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in the map accompanying this report (Pl. 1). In addition to thrs ac-

knowledgment, many salient feaflues of the geology discussed in this
report are taken from Virgihia Geological Survey Bulletin 52, which
is complementarv to the geologic map of the Appalachian Vallev.

The belt of high-magnesium dolomite and associated structure
along the southeastern boundary of the district southwest of Buena

Vista was sketched from a manuscript map made by Dr. Robert O.
Bloomer for the Virginia Geological Survey. The writer has used also

manuscript maps by Dr. Herbert P. Woodward which are in the files

of the Division of Mineral Resources. These maps give the geology of
the Natural Bridge and Eagle Rock quadrangles. The base maps used

during the survey include county maps prepared by the Virginia De-

partment of Highways and quadrangle topographic maps of the U. S.

Geological Survev. Although different mappable units are shown on

Plate I from what appears on the Geological Map of the Appalachian
Valley, the boundaries are essentially the same, and the reader will un-
derstand that the r,r'riter makes little pretense to oliginality.

The r.vriter is indebted to members of the Virginia Geological
Survey for suggestions concerning the preparation of this report and

for editing the manuscript and illustrations for publication. Special

acknowledgment is due quarry operators for assistance in field inves-

tigations and for valuable information on special uses of limestone and

dolomite. To A4r. Shreve Clark, Testing Engineer, and Mr. W. T.
Parrott, Engineering Geologist, of the Virginia Department of High-
ways the writer wishes to acknowledge their cooPeration in furnish-
ing data on physical tests of the rocks cited. Many citizens of the dis-

trict have helped in the collection of data and have extended every

courtesy to the writer.

Definition of Terms

Carbonate rocks are of sedimentary origin and are composed

essentially of calcium carbonate or calcium and magnesium carbonates.

They range in color from white through pale shades of gray, blue,

and brown to black. In this report, Particularly in the geologic sec-

tions, the term lirnestone is used in the general sense of applying to
rocks composed predominantly of calcium carbonate (CaCOs). Dolo-
mite is.tt"d ir, the same sense for those rocks composed chieflV of the

double carbonate of calcium and magnesium (CaCOs'MgCO3). A pure

dolomite contains abottt 46 Percent magnesium carbonate and 54 per-
cent calcium carbonate. None of the carbonate rocks in Virginia have
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this theoretical purity. Rocks containing about l0 to 30 percent mag-
nesium carbonate are referred to in this report as rnagnesian or dolo-
witic limestone. If sufficient chemical data are available, rhe rocks are
further subdivided into high-calcium lirnestone, containing more than
95 percent calcium carbonate, and higb-magnesiutn dolornite, contain-
ing more than 40 percent magnesium carbonate and generally less
than 4 percent noncarbonates. Since the noncarbonate constituents
are important for certain uses, irmpure liwestone is used in the text to
describe those limestone formations which are commonly low in mag-
nesium carbonate and contain more than 5 percent noncarbonates.
These noncarbonates, or impurities, include chiefly silica, alumina, and
iron oxide. Phosphorous, sodium, and potassium are generally present in
very small amounts.

The descriptive terms fine-, rnedium-, and coerse-grdined refer to
the texture of the rocks. Fine-grained varieties are composed of min-
eral grains too small to be distinguished without magnification. The
coarse-grained rocks are composed largely of particles, perhaps aver-
aging not less than 2 millimeters in diameter, which are readily dis-
tinguished by the naked eye. Other rocks which show intermediate
granularity are described as rnedium-grained. The term cornpnct
refers to a very fine-grained, dense, homogenous rock which breaks
with a smooth fracture, similar to glass.

The color adjectives, unless otherwise designated, refer to the
color of freshly broken rock surfaces.

Uses of Limestone and Dolomite

Certain uses of limestone and dolomite are dependent upon their
chemical composition, whereas other uses are largely controlled by
their physical character. Uses (Bowles and Banks, 1933, p. 7-11) in
which physical properties are most important include dimension stone,
concrete aggregate, road stone, railroad ballast, asphalt filler, riprap,
sewage filter beds, stucco and teffazzo, poultry grit, sand, roofing
gravel, vard and playground surface, concrete-block manufacture,
whiting, and whiting substitute.

The important uses of carbonate rocks which are determined
chiefly by their chemical composition are given in Table 1, compiled
from a report (Lamar and Willman, 1938) of the Illinois State Geo-
logical Survey. The classification of limestones and dolomites given
in this table is used in the seneral sense described under the defnition
of terms.
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USES

Agricultural limestone. . .

Alkalies. . .......:...............
Aluminum.
Ammonia (cyanamide proeess).
Baking powders
Calcium carbide.
Oalciumnitrate. ........ ... . .. .

Carbon dioxide.
Coal-mine dusting.
Dolomite refractories.
Dye works.
Epsom salts.
Explosives.
Fertilizers.
Flux:

Open-hearth furnace.
Blast furnace
Nonferrous metals.

Glass manufacture..
Lime:

High-calcium.
Low-magnesium.... ..
High-magnesium. . . .

Hydraulic.
Magnesium.
Mineral feeds. . .

Natural cement.
Paper:

Sulphite pulp (
Sulphite pulp (
Soda pulp and

Portland cement. .

Tower system)...... . . . .

milk-of lime system). . . .

sulphate pulp. . .

Rock wool.
Salt refining.
Soap purification.
Sugar refining
Technical carbonate.
Whiting substitute".
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The value of limestone, including crushed and broken stone (Met-
calf, R. W., 1955, p. 9) and lime (Metcalf, R. W., 1955, p. 7) produced
in Virginia in 1955, as given by the U. S. Bureau of Mines, is sum-
marized in Tables 2 and 3.

Tasr,p 2.-LrMEsroNE (Cnusnno enn Bnoruv Sronn) Sor,o on Usno ny
Pnooucnns rn Vrncrxre rw 1955

Short tons Value

Riprap.
Fluxing stone. .

Crushed stone:
Concrete and road metal. .

Railroad ballast.
Agriculture.
Miscellaneous

Total

404
547 ,r82

4, 519 ,086
348 ,871
585, 165

_ 
3,7rt,662

I ,712,370

$ 404.00
8,15,515.00

6,034,403.00
408,460.00

1 , 134,031 .00
5 ,728 , 580. 00

$ 14,151,393.00

Tasr,o 3.-Lrun (Qurcr e.Nn Hyonerno) Sor-o ny Pnooucnns rN
Vrncnrre rN 1955

Agricultural
Building.
Chemical anC other industries.

Total

Short tons Value

333,464.00
52,034.00

4,663 , 199 .00

494,293 5,048,697.00

26,945
4, JDO

462,993
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Relief and Drainage

The Appalachian Valley, described by Fenneman (1938, p. 195)

as the "Ridge and \,-alley Province," is bounded on the east by the
Blue Ridge and on the west by the Appalachian Plateaus and extends
northeasiand southwest far biyond the boundaries of Virginia. The
eastern escarpment of the Plateau section lies west of the James River
basin, but is represented in the extreme southwestern part of the State.

The Appalachian Valley which includes the headwaters of the

James is divided longitudinally into two divisions, the Great Valley
on the southeast and a wide belt with linear parallel ridges separated
by narrow valleys on the northwest. Except for a few tributaries
which rise in Monroe County, West Virginia, the James River basin
is entirely within Virginia-the divide on the northwest being along
the Virginia-West Virginia boundary and extending from the head-

waters of Back Creek in northern Highland Counqy southwestward
to the viciniqy of Mountain Lake in Giles County. The northern
boundary of the basin within the Appalachian Valley extends in a

southeasterly direction from Allegheny Mountain in Highland Counqy
to the Blue Ridge in southern Augusta County, passing near High-
town. Doe Hill, Elliott Knob, North Mountain Station, and Lofton.
The southern boundary is irregular, but extends in an easterly direction
from Mountain Lake in Giles County to the Blue Ridge in Botetourt
Counly, following for the most part the crests of Johns, Sinking Creek,
Brush, and Catawba mountains.

The total arca of the James River basin west of the Blue Ridge is
estimated to be about 3,100 square miles; that poftion of the basin, here

described as the James River district (PI. 1), is about 2,100 square

miles. That part of the drainage basin not described in this rePort
includes the area north of Mountain Grove in Bath, Highland, and

Augusta counties; and south of Fincastle in Craig and Botetourt coun-
ties.

The Great Valley occupied bv the James River and its tributaries
is a broad lowland ranging in altitude from about 2,000 feet along the

James-Shenandoah divide between Lofton and Little North Mountain
to about 700 feet at Balcony Falls where the river flows through the
Blue Ridge. A4ost of the summits of the low rounded hills on the

valley-floor in the vicinity of Natural Bridge range from 1,200 to
1,400 feet. North of Buffalo Creek the average width of the valley
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is about 12 miles, but to the southwest it narrows rapidly to only about
2 miles in the vicinity of Buchanan. Srose and Miser (1922, p. 7) have
suggested that although the valley between Lofton and Buchanan is
drained by the James River, it is topographically continuous with that
part of the valley drained northeastward by Shenandoah River and
could therefore be considered a parr of Shenandoah Valley. Con-
spicuous land forms which rise far above the general altitude of the
surrounding valley are Big and Little House mountains northwest of
Lexington and Shorc Hills, a narrow ridge extending from the viciniqy
of Murat southwesfward to Purgatory Creek north of Buchanan.

Southwest of Purgatory Mountain the valley again widens to a

rectangular area about 10 to 12 miles wide and 18 miles long. Only
a few rounded summits, such as Timber Ridge, Cedar Ridge, and
Rich HilI rise above 1,500 feet. Most of the valley region, except near
the James which is entrenched several hundred feet below the valley
floor, is berween 1,000 and 1,500 feet. Altitudes of 1,500 feet or less

are not restricted to the valley poftion of the James River district. The
1,500 foot contour mav be followed for many miles in the central part
of the Ridge and Valley section along Craigs Creek to a point south
of Newcastle, along Cowpasture River to northern Bath Count/, and
along Jackson River for several miles north of Covington, Alleghany
County.

The northwestern belt of the Appalachian Valley, characterized
by alternating narrow ridges and valleys, extends from the w'estern
margin of the Great Valley nofthwestward to the Allegheny Frong
the conspicuous escarpment defining the eastern limits of the Appa-
lachian Plateaus, Prominent ridges, all trending in a northeasterly di-
rection, from west to east along the James-Potomac divide are Alle-
gheny, Lanv., Back Creek (Montere/), Jack, Bull Pasture, Shenandoah,
Great North, and Little North mountains. The highest altitudes, ex-

ceeding 4,600 feet, are along the crest of Allegheny Mountain at the
Virginia-West Virginia boundary in western Highland County. Alti-
tudes greater than 4,000 feet occur also at isolated localities along
Monterey, Jack, Shenandoah, and Great North mountains. Fllliott
Knob with an altitude of 4,173 feet is the highest point on any of the
ridges bordering the Great Valley, except for Allegheny Mountain.
Most of the valley ridges have summit areas which avetage between

3,000 and 3,500 feet. The maximtim relief of the James River basin,

i.e. the difference between the highest and lowest points, is approxi-
mately 4,000 feet.

All of the district is drained in an easterly direction by James
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River and its tributaries. A few of the important tributaries shown
on Plate 1 are Potts, Craig, and Catawba creeks southwest of Covington
and Eagle Rock; Jackson and Cowpasture rivers in the northwestern
parr crf the Ridge and Valley section; and Maury (Norch) River which
rises in the valley ridges, flows tfuough Goshen Pass, and thence across

the Great Valley to join the James in the vicinity of Balcony Falls.

Hydrographers give the drainage area of the Jackson River at Coving-
ton as 440 square miles and for the James at Buchanan as 2,060 square

miles.

Transportation Facilities

The James River district is served adequately by two imporcant

railways and by a number of state and federal highways. The Norfolk
and Western Railway extends northward across the eastern part of
the districto passing through Buchanan and Buena Vista and thence

northward through Shenandoah Valley. The Chesapeake and Ohio

Railway enters Virginia in western Alleghany County and extends in

an easterly direction across the area. At Clifton Forge it is divided into
tw'o lines: the northern route passing into the Piedmont Province via

Goshen, Staunton, and Waynesboro; whereas the southern route' or

James River division, closely parallels the course of James River and

passes through the Blue Ridge at Balcony Falls. Branch lines of the

Chesapeake and Ohio Railway also serve Hot Springs, Bath County,
and Lexington, Rockbridge County.

U. S. Highv'ay ll, the main thoroughfare through the Valley of
Virginia, extends southwestward through Greenville, Lexington, and

Buchanan. Other federal highways include U. S. Highway 60 which
crosses the district in a northwesterly direction, passing through Buena

Vista, Lexington, Clifton Forge, and Covington; and U. S. Highway
220 v-hich eitends in a northerly direction through Fincastle, Coving-

ton, and Warm Springs. The area is also served by numerous state

highways which "ott*"t with the main highways and offer ready

accessibility to most of the limestone and dolomite deposits.

11
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GEOLOGY

General Statement

The land features, rocks, and soils within the James River district,
as well as throughour the Appalachian Valley, are the result of a suc-
cession of events through a long period of geologic time. These narural
changes are continuing today, but so slowly that they are not generally
observable.

The history of the Appalachian Valley began with the subsidence
of a narrow belt in the eastern part of North America, extending at
least from Newfoundland into Alabama. This gradual subsidence re-
sulted in the formation of a large trough (Appalachian geosyncline)
which was gradually flooded many rimes by interior seas. Srreams
flowing from neighboring land areas, and to a lesser extent the wind,
transported and deposited sediments in this ancienr sea\May throughout
most of the Paleozoic era. The deposits of mud, silt, sand, and gravel
were compacted and cemented into stratified or layered shale, sand-
stone, and conglomerate. The limestones and dolomites were formed
from limy materials, in part derived in solution from the bordering
lands. A{any of the rocks show shallow-water features, such as mud
cracks, cross-bedding, and ripple marks; thus it is assumed that at no
time during subsidence was the bottom of the interior sea at great
depths and at times a part of it was dry land.

A study of the rock record shows that deposition in this geosyncline
was not continuous throughout the time assigned to the rock column,
nor was the same type of sediment universally distributed. A com-
parison of two or more separated geologic sections frequently exhibit
the fact that certain beds identified in one area may not be represented
at another locality. In other instances a shale may grade into a lime-
stone, or a dolomite into a limestone, thus giving rise to change in facies.
A thickness of approximately 25,000 feet of sedimentary rocks is esti-
mated for the James River district.

The extremely long period of deposition in the geosynclinal trough
was followed toward the end of the Paleozoic era by intense crustal
movements which compressed the thick mass of sedimentary rocks and
elevated them above sea-level. During this period of orogeny, the rocks
were folded, fractured, and faulted. In some areas the rocks were
broken into large segments and thmst northwestward one upon the
other. One of these major overtlrrust faults, the Pulaski-Staunton fault,
extends for more than two hundred miles in the Appalachian Valley.
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Erosion has heen active since the rock strata which became the old
mountains began to rise above sea-level, having been renewed and
intensified from time to time by vertical uplifts of the region. The
sftucture and relative resistance to destructive forces of bedrock play
an important role in shaping the landscape. Resistant rocks, such as

firm sandstones, form ridges; whereas less resistant rocks, such as lime-
stone and shale, become valleys.

Rock Types

Geologic formations used by stratigraphers within the James River
disuict and the mapped units (Pl. 1) of this repoft are shown in Table
4. The pre-Martinsburg, post-Beekmantown formations are taken from
a recent paper by B. N. and G. A. Cooper (1946); upper Silurian and
lower Devonian units after F. M. Swartz (1929, p.27-75;1939, p.
29-91); and the remaining part of the column ai:e the names used by
Butts (1940). The probable correlation of the newer and older names

for the Lower Middle Ordovician is eiven in Table 5.

Camtrrian Dolomite

Shady (Tornstot:sn) dolomite.Jhe thick succession of Lower
Cambrian clastic rocks which crop out mainly on the lower north-
western flanks and spurs of the Blue Ridge is overlain in norrnal geologic
sequence by the Shady dolomite (Pl. 1, unit A), the oldest carbonate
formation in the Appalachian Valley of Virginia. This belt of Cam-
brian dolomite, meeting the specifications of high-magnesium dolomite
as defined in this report, crops out at several localities in the vicinity
of Natural Bridge Station, Indian Rock, Buchanan, and Lithia (Pl. 1,

unit A). Locally, the Shady dolomite is concealed by older rocks along
overthrust faults southwest of Natural Bridge Station and, so far as

known, is entirely covered by material washed down frorn the Blue
Ridge nofth of Buena Vista. Notwithstanding this general iestricted
distribution, there are two active quarries along this belt and several
additional potential quarry sites.

The belt of Cambrian dolomite, although not fully displayed in
any exposure, has a thickness of approximately 1,200 feet at a localiqy
(Pl. 1, loc. 82) about one-fourth of a mile north of Natural Bridge
Station. Other incomplete exposures which were measured commonly
show a thickness of from 500 to 700 feet. The rock is medium- to
fine-grained, and varies in color from bluish-gray to flesh-colored; the
lighter colors predominating in the middle portion of the section near

t3
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Natural Bridge Station. All of the sampled units throughorrt the area

contain more than 40 percent magnesium carbonate; the mafority about
42 percent; and a few more than 43 percent. Details concerning the
thickness, rock character, and chemical composition are given under
the discussion, high-magnesium dolomite.

Cambrian Dolomite and Limestone

This mapped unit (Pl. l, unit B), with an estimated thickness of
about 6,000 feet, includes in ascending order the Waynesboro, Elbrook,
and Conococheague formations.

Waynesboro (Rome) formation.-The Waynesboro or what is
called the Rome formation southwest of Roanoke, Virginia, directly
overlies the Cambrian dolomite and crops out mainly in one broad belt
in the eastern part of the James River districg extending southwest-
ward through \/esuvius, Buena Vista, and Buchanan. A P"tt of the
formation, occurring as faulted slices along the Pulaski-Staunton fault,
has been noted also becween Eagle Rock and Buchanan' and in the

vicinity of Newport in southern Augusta Counqy. Elsewhere within
the district erosion has not extended to sufficient depths to expose the

W-aynesboro. Excellent exposures of parts of the formation may be

studied along the Norfolk and Western Railway between Buchanan

and Lithia and in the vicinity of Indian Rock, Rocky Point, and Buena

Vista. The Waynesboro is extremely heterogeneous in character, being

composed of variable proportions of red and green shale, _brown 
fine-

grained sandstone, and impure limestone and dolomite. The intercala-

tions of maroon-colored shales and layers of impure dolomite (Pl. 2C)

which weather to ochreous rocks are distinctive features for identifica-
tion. Most of the sampled dolomite layers in the lower part of the

Waynesboro contain from about 36 to 39 Percent magnesium carbonate

and from 7 to l0 percent silica. These layers, although not meeting the

requirements for high-magnesium dolomite, are suitable for construc-

tion purposes. Although no complete sections of the Waynesboro were

observed by the rvriter, it is probable that the section by Butts- (1940'

p. 63) in the vicinity of Buchanan which gives a thickness of about

2,000 feet may apply in other parts of the district.

Elbrook formation.-The Elbrook formation, in normal sequence

above the Waynesboro, crops out in three main belts; along the south-

eastern side of the district; east of the Pulaski-Staunton fault in the

central part of the valley; and along the North Mountain fauk north
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of Lexington. The largest area underlain by the Elbrook is between
Fincastle and Buchanan in Botetourt Counry. Like the underlying
formations, there are no exposures of the Elbrook in the western part
of the district. The Elbrook is composed largely of dolomite with
minor amounts of intercalated bluish-gray limestone. Many thick zones

within the formation are clavev limestone and dolomite which weather
to shaly plates (PI. ZB). Sainpled units of the more massively bedded
dolomites generally show from about 37 to 40 percent magnesium car-
bonate and from 7 to 9 percent silica. One exception was noted in the
vicinity of Buffalo Forge (Pl. 1, loc. 112) where 200 feet of dolomite
within the upper part of the Elbrook contains 42.5 percent magnesium

carbonate. On the basis of detailed measurements along the Chesapeake

and Ohio Railway northwest of Buena Vista a thickness of about 2,200

feet is assigned to the Elbrook.

Conococheague lirnestone.-The Conococheague limestone iJ ex-

posed on the flanks of the Natural Bridge syncline; west of the Pulaski-
Staunton fault north of Lexington; and, in the central and western Parts
of Fincastle Valley. Three different facies were noted in the James
River district: impure limestone with minor amounts of dolomite east

of the Pulaski-staunton fault north of Buchanan; interbedded limestone
and dolomite in the northwestern belts; and largely dolomite with
minor quantities of limestone in the area befween Compton and Eagle

Rock. The formation is marked by rwo distinctive features: thin
Iaminae, containing siliceous material, which stand out as crinkly ribs

on weathered surfaces (Pl. 2A) of limestone, and beds of coarsg-grained,

friable sandstone. The siliceous banded limestones are generally more

abundant near the top of the forrnation. Sampled units of the limestone

contain from 71 to 89 percent calcium carbonate; those of dolomite
from 33 to 38 percent magnesium carbonate. Silica varies from about

7 to 17 percent. The thickness of the Conococheague southeast of
Natural Bridge is approximately 2,100 feet.

Ordovician Dolomite and Limestone

Dolomites and intercalated limestones of Ordovician age croP out

in several belts in the eastern part of the James River district and along

rhe crests of the Rich Patch and Warm Springs anticlines west of the

Great Valley (Pl. 1, unit C). This mapped unit (Table 4) includes the

Chepultepec limestone at the base and the overlying Beekmantown

formation.

19
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Chepultepec liwestone.-The Chepultepec limestone is one of the
best horizons for mapping purposes throughout most of the Valley
of Virginia. In this region, it is composed largely of bluish-gray,
slightly laminated, fine-grained limestone and minor amounts of thin
intercalations of dolomite and magnesian limestone. The maximum
thickness of the formation is estimated at 500 feet. Sampled units
commonly contain from about 85 to 90 percent calcium carbonate,
around 6 percent magnesium carbonate, and from 4 to 6 percent silica.
The Chepultepec, for the most paft, crops out in narrow valleys bor-
dered by low hills underlain by the more resistant impure rocks of the
Conococheague and Beekmantown formations.

Beekmantown forrmation-The Beekmantown formation, with an
estimated thickness of about 1,500 feet, is composed largely of gray,
fine- to medium-grained dolomite. In the eastern belts, limestone Per-
haps comprises from 10 to 15 percent of the total thickness, whereas

only an occasional thin limestone layer was noted in the western Por-
tion of the valley. The layers of dolomite are commonly characterned
by distinct intersecting furrows on weathered surfaces. Sampled units
of dolomite contain from 34 to 39 percent magnesium carbonate and

from 5 to 10 percent silica. Chert, although generallv not abundant,

occurs locally as scattered irregular masses and as distinct beds at
several horizons in the formation. The Beekmantown is admirably
suited for construction purposes, but does not meet the specifications
for high-magnesium dolomite as defined in this bulletin.

Ordovician Limestone

The unit mapped as Ordovician limestone (Pl. 1, unit D) as well
as the overlying unit, Ordovician limestone and shale (Pl. 1, unit E),
contain stratigraphic problems which have been described in a pub-
lication on northern Virginia (Cooper and Cooper, 19+6, p. 35-114).

This paper indicates that many of the Lower Middle Ordovician rock
units of older reports and maps have not been consistently named and,

therefore, should be supplanted by new stratigraphic names which
facilitate a clearer and more accurate understanding of the geologic
eYents.

A tentative correlation of the new stratigraphic names in Shenan-

doah Valley (Cooper and Cooper, 1946) with those used on the geo-

logic map of the Appalachian Valley in Virginia (Butts, 1933) are

given in Table 5. Since only a few sections were studied u'est of the
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Tesr,o 5.-TnNTATTVE Connor,.{.rrow on rnn Pnn-Menrrxsnunc-Posr-BnnrueN.rows
Fonuarrows on Burrs Wrtn rrm Rnvrsno Cr,esstrrcerron or B. N. el{D

B. N. and G. A. Cooper p.7r-92) Butts (1940, p. 95-219)

2l

Martinsburg formation Martinsburg formation

G. A. Coopnn rN SnnwaNoo.c.n Ver,r.ny, Vrncrxr.r

Collierstown limestone; Oranda forma-
tion in central and northern Shenan-
doah Vallev.

Edinburg formation:

Liberty Hall and Lantz Mills facies

Botetourt limestone member

Christiania bed of the
limestone

Chambersburg

Chambersburg limestone

Athens formation

Whitesburg limestone

Lincolnshire limestone
and Holston limestones

Whistle Creek limestone

New Market limestone Murfreesboro and Mosheim limestones

Beekmantown formation Beekmantown formation

lAccording to Butts (1933; 1940, p. a38) the Lowville-Moccasin limestone
on the northwest side of the Appalachian Valley within the James River district
is in contact with the Lenoir limestone and the formations which intervene between
th,: Lenoir and Martinsburg in Shenandoah Valley are absent.

Great Valley, no attempt is made
area. The rocks are referred to as

stones.

Nezu Market lirnestone.-The name New Market limestone (Coop-
er and Cooper, 1946, p.7l-74) was proposed for the succession of pre-
dclminantly dense, fine-grained limestone above the Beekmantown and
below the dark-gra/, medium-grained, commonly cherty Lincolnshire
limestone, or locally as in the Lexington area the Whistle Creek lime-
stone. The New Market limestone is essentially the same as the forma-
tion identified by Butts as Mosheim in northern Virginia. At other
localities, mainly along the belts northwest of Lexington and Newport,
it includes also Butts' Murfreesboro, which is composed of impure
limestone and angular fragments of chert and locally intervenes be-

to assign age relationships in that
Undifferentiated Ordovician Lime-
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fw"een the Beekmantown and Mosheim. The New A4arket limestone
is composed largely of thick-bedded, compact to a glassy, bluish-gray
to dove-gray limestone. Among distinguishing iharacteristics are
tp:"!- of transparent calcite scartered through many of the layers and
thin films of chalk-like material on weathered surfaces. The ihickness
ranges from a few feet in the belts northwest of Lexington to a pos-
sible maximum of more than 200 feet in the Highbridge Church-In-
dian Rock belt. Howeveq the occurrence of chert and oiher impurities
in the lower part of the abnormally thick sections indicates that the
full thickness does nor meer the specifications of high-calcium rime-
stone. Field studies indicate that this formation. the chief .,ouarrv

rock" of the Appalachian Valley, contains ar leasr 100 feet of'high-
grade limestone at several localities in Warm Springs valley. Sampled
units, except where containing chert nodules, generally a,rerage aboot
97 percent calcium carbonate.

The upper members of the unit mapped as Ordovician limestone
include, depending upon locality, the Whistle Creek and Lincolnshire
limestones.

Whistle Creek lirnestone.-The Whistle Creek is named (Cooper
and Cooper,1946, p.7+-75) and described as a cherty, dark-bluish
to brownish-gray, irregularly bedded limestone r,vhich underlies
the Lincolnshire limestone in the Lexington area. and succeeds the
New Market limestone. The thickness is"given as 82 feer at the rype
locality about 2 miles northwest of Lexington. It comprises the lor,ver
part of the Lenoir limestone as previously described and mapped in
older reports.

Lincolnshire limestone.-The Lincolnshire limestone (Cooper and
Cooper, 1946, p.75-78) includes those beds above the New Market
(Mosheim of Butts) limestone or locally the Whistle Creek and below
either the brownish-weathering beds of the Botetourt (Whitesburg
of Butts) limestone or below younger beds of the Edinburg formation.
The Lincolnshire varies from dark-gray, cherty limestone with minor
intercalations of light-gray, coarsely granular limestone to thick units
composed chiefly of the coarse-grained, high-calcium limestone. It is
essentially the same as Butts' Lenoir limestone in northern Virginia
and the Lenoir and overlying Holston limestones recognized by him in
the Lexington area. The Holston limestone has subsequendy been
described as representing not a time-stratigraphic unit, but only a

characteristic facies of clastic reefy high-calcium limestone within the
Lincolnshire formation.
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The maximum thickness of the Lincolnshire or its equivalent
Lenoir and Holston limestones is about 200 feet in the viiiniry of
Murat southwest of Lexington. sampled units of this coarsely granurar
limestone, or Murat lirnestone facie{of the Lincolnshire, along the belt
berween I-exington and Murat contain from 97 to 98 perceni calcium
carbonate and represent some of the largest limestone reserves in the
James River district.

Ordovician Limestone and Shale

The unit mapped in this reporr (Pl. 1, unit E) as Ordovician lime-
stone and shale includes the Edinburg formation and the collierstown
limestone. No commercial thicknesse-s of high-calcium limestone were
observed in this unit within the James River district.

Edinburg forrnation.-The name Edinburg formation (Cooper and
Cooper, 1946, p.78-86) has been proposed for a relatively thick sec-
tion of impure limestones and shales which extends from the top of the
Lincolnshire to near the base of the Martinsburg, being separared
from the N{artinsburg by the Collierstown limestone. The Edinburg
is equivalent to the beds identified by Butts as Whitesburg, Athens,
and Chambersburg limestones in the Great Valley and the Lowville
limestone in Warm Springs valley where the other formations men-
ticrned are absent. The Edinburg consisrs of two facies-Liberty Hall
and. Lantz A4itls. The Liberty H"all facies is composed mainly oi bl"ck
limestone and black shale; the Lanz Mills facies, cobbly to nodular,
buff-weathering limestone. Near the base of the Edinburg, locally in
the James River district, are a few feet of rusty-weathering g;ranular
limestone of Whitesburg lithology which has been renamed (Cooper
and Cooper, 19+6, p. 80) the Botetouf, limestone. The thickness of
the unit, Ordovician limestone and shale, in this area varies from about
500 to 1.000 feet.

Collierstown limestane.-The Collierstown limestone is a zone of
dark-colored, impure limestone and buff shales, generally less than 75

feet thick (Cooper and Cooper,1946, p. 90).

Ordovician and Silurian Sandstone and Shale

Noncarbonate rocks conspicuously displayed in the Valley and
Ridge section of the James River district include about 3,000 feet of
sandstone and shale. According to the geologic map of the Appala-
chian Valley in Virginia the formations comprising the unit mapped
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as Ordovician and Silurian sandsrone and shale (Pl. l, unit F) include,
in ascending order, the Martinsburg shale, Juniata formation, Tus-
carora (Clinch) sandstone, and Clinton formation. A brief statemenr
of the rock character of each formation listed above is given in Table
4, compiled, in part, from a comprehensive report on geology of the
Appalachian Valley by Charles Butts (1940).

Upper Silurian and Lower Devonian Limestone and Sandstone

This unit (PL l, unit G)'includes the Ridgeley sandsrone, Keyser
limestone, and several limestone and sandstone formations comprising
the Helderberg and Cayuga groups. The upper member of the Cayuga
group (Tonoloway limestone), the Keyser limestone, and the Coey-
mans, Nelv Scotland, and Licking Creek limestones comprising the
Helderberg group are the carbonate members which were measured
and sampled at a few localities within the James River district. Cor-
relation of the Keyser limestone and Helderberg group from Monterey
to Prices Bluff is given by F. M. Swartz (1929, fig. 17). The calcareous
rocks of the Helderberg group are overlain by a coarse-grained, friable
sandstone identified as the Ridgeley formation. In the vicinity of f,ow-
moor and at Island Ford in Alleghany County the thickness is esti-
mated to be about 25 feet. In the absence of detailed faunal studies
the boundaries within the Helderberg group shown in the various geo-
logic sections should be considered tentative.

Tonoloway lirmestone.-The Tonoloway limestone is a thin-bedcled
or laminated, fine-grained, clark-gray to black, impure limestone. No
completely exposed sections of the Tonoloway were noted in the James
River district, but to the north in the vicinity of Monterey, Highland
County, the thickness is reported (Butts, 1940, p. 263) to be about 450
feet.

Keyser limestone.-According to F. M. Swartz (1929, p. 51, 57),
the Keyser limestone shows notable changes within the James River
district. The Big Mountain shale member separating the lower lime-
stone member from the upper limestone of the Keyser is maintained
as far south as Bolar, Virginia, and then tongues out, giving place to
sandstone. Tongues of sandstone are also introduced into the limestone
members of the Keyser, beginning in the sections west of W'arm
Springs and Hot Springs. These sandstones (Clifton Forge member
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of the Keyser) thicken in a southwesterly direction and at Clifton
Forge have an aggregate thickness of 66 feet.

The carbonate part of the Keyser consists of dark-gray, fine- to
medium-grained, in part nodular weathering liinestone. The thickness
determined at several localities in the central part of the James River
district ranges from about 100 to 17 5 feet. 

:

Coeyrmuns lirnestone.-The Coeymans limestone, cornmonly re-
ferred to as a marble, is a coarse-grained, gray to pink crinoidal lime-
stone. Usually the boundarlz with the underlying Keyser is sharp,
whereas the upper boundary may be transitional where massive crystal-
line limestone is developed in the lower part of the New Scotland
(Geologic Sections 48 and 49). The thickness var-ies from about l0
feet at Island Ford sourheast of Covington to a possible maximum of
about 50 feet in the vicinity of Callaghan. At Dunlap Beach southeast
of Callaghan the full thickness of about 45 feet shows 96.4 percent
calcium carbonate, I percent magnesium carbonate, and less than I
percent silica.

Neluu Scotland lirmestone.-The New Scotland limestone in the
vicinity of Monterey is dark-gray, fine-grained, cherty limestone. South
of Monterey, the New Scotland is described (Swartz, 1929, p.4l) as

becoming arenaceous in its lower half, as at Bolar and Dry Run, and
finally the calcareous sandstone (in part arenaceous limestone) entirely
replaces the cherqr limestone, forming the Healing Springs sandsrone
member.

Licking Creek lirnestone.*Sttdies try Swartz (1939, p. 69) show
that the rocks, originally described as rhe Becraft limestone, lying be-
fween the New Scotland limestone or Healing Springs sandsrone and
the overlying Ridgeley sandstone of the Oriskany group in the Clifton
Forge region should be designated the Licking Creek limesrone. Lesure
(1957, p. 49) describes the Licking Creek limestone in the Clifton
Forge area as composed of rwo distinct lithologies segregated to form
an upper member of light- to medium-gray, arenaceous coarse-grained
limestone and a lower member of medium- to dark-gray, cherty fine-
grained limestone (Pl. 48). At certain localities within the James River
district the upper member of the Licking Creek limestone shows a

thickness of about 50 feet and contains from abott 92 to 95 percent
calcium carbonate. Other localities show an abundance of quarz sand
and w-hite chert.

25
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Devonian Shale and Sandstone

Broad belts of Devonian shale and sandstone (Pl. 1, unit H) in
the western part of the James River district are well displayed in the
Elliott Knob syncline north of Rockbridge Alum Springs, the McClung
syncline between Clifton Forge and Eagle Rock, the Monterey syn-
cline west of Warm Springs and Covington, and along the eastem

flanks of Allegheny Mountain at the Virginia-West Virginia line.
These clastic rocks, with an aggregate thickness of about 5,000 feet,
are shown separately on the Geologic Map of the Appalachian Valley
in Virginia as the Onondaga, Millboro, Brallier, and Chemung forma-
tions.

Mississippian Shale and Sandstone

Small trelts of Price shale and sandstone occur west of the Pulaski-
Staunton fault along the Botetourt-Craig Counry line.
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STRUCTURE

The sedimentary rocks in the James River district are now gen-
erally inclined at angles to the almost horizontal position in which they
v'ere deposited. The presenr attitude and distribution of these rocks
indicate that thev have been bent into upfolds (Pl. 7C), or anriclines,
and downfolds, or synclines, and subsequently deeply eroded. A4ost of
the axes of these folds'and the truncared edges of the strata which crop
out along the limbs of the strucrures are approximately parallel and
trend northeastward. In many places the normal geologic sequence of
for"mation is modified by great fractures (faults) along which rhe strata
are displaced. A few of the larger srructures in the district are briefly
described below.

One of the maior stmctures in this district is the Massanurten
Mountain syncline, which extends frorn the vicinity of Buchanan, Bote-
tourt County, on the southwest, northeastward into Berkeley County,
West Virginia. The main area of the syncline, occupied by Martins-
burg shale and sandstone, terminates in the vicinity of Greenville,
Augusta County, but in a broad sense the syncline includes also the
carbonate rocks which ffop out on the flanks of the structure in the
vicinity of Natural Bridge and east of the Pulaski-Staunton fault as

far southwestward as the Rockbridg'e-Botetourt County line. The
formations, chiefly limestones and dolJmites, of the Massanutten Moun-
tain syncline are bounded on the northwest side by the Pulaski-Staun-
ton fault, a major overthrust which extends northeast-southwest far
beyond the limits of the area described in this paper. Locally, along
the trace of this fault there are faulted slices and diverging branches
which constitute a faulted zone.

In the broad area referred to as Fincastle Valley there is an irreg-
ularly shaped structural basin with Ordovician limestone and shale
occupying the medial part of the fold. Like the main valley to the
northeast this area is limited on the northwest side by an overthrust
fault.

The western part of the Great Valley, between the Pulaski-Staun-
ton fault and the general position of Little North Mountain or other
ridges bearing the same relation to the valley on the northwest, is
characterized by a number of small plunging folds and associated
faults. Some of the more prominent of these structuxes are the Short
Hills syncline, Rapps Mill anticline, and several alternating anticlines
and synclines northwest of Lexington. Another major overthrust in
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the Valley of Virginia is the North Mountain fault which enters the

James River district north of Newport and extends thence southwest-
ward to the vicinity of the Rockbridge-Botetourt Counqy line.

The principal geologic sffuctures nofthwest of the Great Valley,
including more than two-thirds of the total area of the James River
district, consist of a number of relatively long, naffow overlapping
folds (Pl. 1). Except in the Rich Patch and Warm Springs anticlines,
erosion has not penetrated deep enough to expose rocks older than

Silurian sandstones and shales.

For a detailed discussion of the geologic structure in central and

vzestern Virginia the reader is referred to selected references cited in
the bibliography of this report.
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DEVELOPMENT POSSIBILITIES

General Statement

No pretense is made in the following discussion to recorumend any
particular locality as meeting all the requirements for commercial de-
velopment. Any such ,tat"*errt would 

-necessitate 
more detailed geo-

logic study, actual testing by core-drilling, and a careful consideration
of numerous economic and technological factors. It is the purpose
of this repoft to outline the distribution of the various types of car-
bonate rocks and to give for selected localities an interpretation of the
thickness, structure, lithology, and chemical composition. In addition,
the physical properties of selected samples are summarized in Table 8.

Suggested use of this report is as follows:

1) Consult Table 7 which lists the chemical cornposition of the
sampled units and note which meet the specifications required;

2) Eramine the geologic map (Pl. I) for the general location and
distribution of the rocks described and analyzed;

3) Study the particular geologic section in the text which gives
the general geologic sequence, lithology, and thickness of the
rocks.

High-Calcium Limestone

Highbridge Charch-lndiun Rock belt.-This narrow belt of Or-
dovician limestone, locally containing thick deposits of high-calcium
limestone, extends from a point about one mile northeast of Highbridge
Church southwestward to the vicinity of Indian Rock, a distance of
six miles. The rocks comprising the northeastern end of the belt are

paftly exposed along U. S. Highway 11 northeast of the Rockbridge-
Botetourt County line; whereas, in Botetourt County, to the southwest
they crop out atrout three-fourths of a mile east of the highway. Some

of the best exposed sections of rocks are in the valley of Roaring Run
and along State Roads 610 and 622 which cross the area in a south-
easterly direction.

James River, a meandering stream flowing northeastward along
the western foothills of the Blue Ridge, is about half a mile east of the
Ordovician limestone belt at Rocky Point (Pl. l). This river at an

altitude of 7 50 feet along the Rockbridge-Botetourt County line is

entrenched several hundred feet below the general level of the dis-
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sected valley surface on the northwest. Most of the higher points of
the valley section in this area range in altitude from about 1,200 to
1,400 feet. Because of this rather deep entrenchment of James River
and its tributaries none of the quarries which have operated on this belt
of Ordovician limestone have been troubled with groundwater.

The Highbridge Church-Indian Rock belt of Ordovician lime-
stone is well situated with regard to rail transportation. The James
River Division of the Chesapeake and Ohio Railway closely parallels

James River on the west side; whereas, the Shenandoah Division of the
Norfolk and Western Railway is on the east side.

Geologically, this belt of Ordovician limestone is a part of a

faulted slice along the Pulaski-Staunton fault, a maior overthrust in the
Valley of Virginia. The units mapped (Pl. 1) in this faulted slice, from
west to east, include Cambrian dolomite and limestone; Ordovician
dolomite and limestone; Ordovician limestone; and, Ordovician lime-
stone and shale. Only the unit mapped as Ordovician limestone con-
tains thick deposits of high-calcium limestone.

Geologic Sections I to 5, beginning with number one near the
Rockbridge-Botetourt County line (Pl. 1, loc. 1), give the character
and thickness of the rock comprising the Highbridge Church-Indian
Rock belt of Ordovician limestone

Georocrc SrcrroN l.-Nri.rn Rocxnnroce-Bororounr Coumv LINE ABour 500 r'oor
sourHEAsr or U.S. Flcnwev 11, Bororounr CouNrv, VrncrNre

Thi'ckness

Ordovician limestone and shale Feet

Edinburg formation (lower part)
g.Botetourt limestone member, dark-gray, coarse-grained,

nodular, rusry-weathering .... ........ 10-1-5

Ordovician limestone: strike N. 45"-65" E.; dip 50" SE.
Lincolnshire limestone (205 feet)

8. &Iurat limestone facies, light-gray, chiefly coarse-grained... 60-75

T.Coveredinten'al i..'.... 75

6. Limestone, dark-gray, fine-grained, sparsely cherry, partlv
covered 35

5. Limestone, light-gray, fine-grained to compact. 5

4. Murat limestone facies, light-gray, coarse-grained...'.'.... 10

3. Limestone, dark-gray, fine-grained. 5

New Market limestone
2. Limestone, light-gray, compact. 60

Ordovician dolomite and limestone
Beekmantown dolomite (upper part)

1. Dolomite, gray, fine-grained........... 150
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Although no samples were collected for chemical analyses here,
it is thought that units 2, 4, and 8 would meet the requirements of
high-calcium Limestone 

-as^ 
defined in this report. Generally speaking,

all of the light-colored, coarse-grained limestones (Murat facies of the
Lincolnshire) and the light-gray, compact limestone (New Market
limestone) in the James River district, which are free of chert nodules
and clayey partings, contain more than 95 percent calcium carbonate.

The Ordovician limestone belt continues southwesrward to State

Road 610 along Roaring Run where the units shown in the follorving
composite section (Pl. l, loc. 2) were measured.

GBor,ocrc SacrroN 2.-Aroxc Srero Roao 610 eNn rN THE HrLL asour 100 vARDs

NoRTHEAsT or RoanrNc RuN lsour l% rwnns NoRTnEAST on Rocrv PorNt,
Borerounr Couurv, Vrncrxra

Thickness
Feet

Cambrian dolomite and limestone thrust upon Ordovician limestone
and shale along the Pulaski-Staunton fault.

Ordovician Iimestone and shale

Edinburg formation (lower part)
8. Limestone and shale, crumpled, brecciated; probably in-

cludes about 10 feet of brecciated Botetourt limestone at the
base .. 40

Ordovician limestone: strike N. 4D"-45'E., dip 35"-50' SE.

Lincolnshire limestone (191 feet)

7. Murat limestone facies, mainly light-gray, coarse-grained
sheared; contains beds mottled with dark-colored fragments
of fossils; thickness estimated because of uncertain stnrcfirre;
CaCO3, 97.75; MgCO", 1.00; SiO2, 0.33; AI2O3, 0.36; Fe2O3,
0.,K1 total, 99.88 .. 144!.

6. Limestone, gray, medium-grained, impure. 14

5. Limestone; dark-gray, shaly, cherry; contains a few reddish
streaks . 13 

,

4. Murat limestone facies, dark- to medium-gray, coarse-
grained 20

New Market limestone (82* feet)
3. Limestone, Iight-gray, compact- to fine-grained; sheared in

lower part
Analysis of units 3 and 4, sampled thickness 92 feet; CaCO3,
96.71; MgCOs, 1.33; SiO2, 0.74; A12Os,0.31; Fe2O3, 0.50; to-
tal 99.59. A separate analysis of a hand specimen of unit 3

' shows 97.,10 percent of calcium carbonate.
2. Covered interval; takes to top of dolomite.....

3l

10+
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Ordovician dolomite and limestone
Beekmantown dolomire (upper part)

1. Dolomite, gray, fine-grained, cherty, CaCOr, 53.49; NIgCOt,
35.90; SiOr, 7.28; I'l"Os, 2.52; FerOs, 0.80; total, 99.99. . . . . 307

Between locaiities 2 and. 3, a distance of three-fourths of a mile,
the lower or New Market limestone part of the Ordovician limestone
belt is displayed along Roaring Run and in the adjacent steep valley
slopes on the northwest. Field studies indicate that this zone of high-
calcium limestone thickens in a southwesterly direction.

The quarry of the Liberty Limestone Corporation, when visited
in 1956, had a length of about 800 feet and a width estimated to be

400 feet. The depth varied from about 60 feet along the northwest
side to a maximum of 100 feet at the southwestern end. The thickness

and character of the rocks which crop out at the southwestern end of
the q.uarry (Pl. 1, Ioc. 3) are shown in the following section.

Geor-ocrc SocrroN 3.-SoutrwnsrERN END op Lrstnrv LrmtsroNB ConpourloN
euARRy ABour A MrLE NoRTH or Rocrv PorNt, Borarounr CouNrv, Vrncrrvra

, Thi.ckness
Feet

Cambrian dolomite and limestone thrust upon Ordovician limestone and

shale along the Pulaski-Staunton fault.

Ordovician limestone and shale

Edinburg formation (lower 68 feet)
16. Shale, black; weathers yellowish-brown; thickness estimated 60

15. Botetourt limestone member, dark-gray, medium-grained,
nrsty-weathering; lower boundary uncertain. 8

,Ordovician limestone; strike N. 43" E; dip 47' SE.
Lincolnshire limestone (206 feet)

14. Limestone, dark-gray, medium-grained, nodular.
13. Murat limestone facies, light-gray, coarse-grained. ..
12. Limestone. gray to dark-gray, medium-grained.....
11. Limestone, dark-gray, medium-grained; contains shaly part-

ings . .

10. Murat limestone facies, light-gray, medium- to coarse-

grained
9. Lirnestone, dark-gray, fine-grained.
8. Limestone, dark-gray, cobbly, chety.
7. Limestone, dark- to medium-gray, medium-grained. . . .. .. .

New Market limestone (150'{- feet)
6. Limestone, dove-gray, compact.
5. Limestone, black, compact; contains thin layer of shale.....
4. Limestone, dove-gray, compact.
3. Limestone, dark-gray, fine-grained.
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2. Limestone, black, compact; forms dip slope on western side
of quarry

1. Covered interval; first exposure of dolomite is about 50 feec
west of quarry.

Ordovician dolomite and limestone

The Liberty Limestone Corporation quarry is along Roaring Run
at a locality where the stream cuts southeasrward across the limestone
belt. The altitude in the lowest paft of the quarry is approximately
1,000 feet, whereas the prominent hill between the quarry and State
Road 622 on the southwest is 1,300 feet. Since the belt of Ordovician
limestone, striking N. 43" E., and dipping 47o SE., crops out on the
surface across this high ground it is probable that the quarry could
be extended in a southwesterly direction for approximately one-fourth
of a mile.

One of the best exposed sections of the Highbridge Church-
Indian Rock belt of Ordovician limestone is along and in the low
ridge northeast of State Road 622 about midway between U. S. High-
way i 1 and Rocky Point. The structure app€ars to be regular along
a traverse beginning at the Beekmantown-New Market boundary and
extending in a southeasterly direction to the western edge of the in-
active quarry (Pl. 1, loc. 4) along State Road 622. Farther east, in the
direction of the Pulaski-Staunton fault, the section is complicated by
folding and shearing. For example, dark-gray, nodular, cherty lime-
stone, tentatively identified as the upper part of the Lincolnshire and
the Botetourr limestone member of the Edinburg, crop out east and
w-est of the quarry. These rocks are repeated again along State Road
622 by a small anticline which exposes a part of the underlying Azlurat

facies of the Lincolnshire limestone. The traverse distance across the
strike of the Adurat limestone at this localiqy is about 150 feet.

The following section, beginning with the impure limestone along
the eastern side of the inactive quarry, was compiled from exposures
along and north of State Road 622.

G'or.ocrc',iiillr,i;;tr"il"":y"i,'ff 
Hr"Tff,tKf i+?:Jrr{ALFAMI'r

Ordovician limestone: strike N. 10'-35' E: dio 35"-55' SE.
Lincolnshire limestone (units 7-12, 217 feir.)

14. Limestone, dark-gray, nodular, cherqr.

Thickness
Feet

10-F

))

50
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13. Murat limestone facies, light-gray, coarse- to medium-
grained; structure uncertain, exposed in roadside quarry;
CaCO.r, 97.62; MgCO", 0.76; SiO2, 0.39; AI2O3, 0.47; Fe2Os;
0.24; total, 99.48. 80
Note: Section continues from west side of quarry with rock

similar (?) to unit 14 at top of Lincolnshire.
12. Limestone, dark-gray, nodular, chercy; thickness estimated 10=
11. Murat-limestone facies light-gray, coarse- to medium-grained 65

10. Limestone, medium-gray, slightly cobbly weathering... ... 22

9. Murat limestone facies, light-gray, medium- to coarse-
grained 65

8, Limestone, dark-gray, fine-grained, cobbln cherty. 30

7. Murat limestone facies, gray, medium- to coarse-grained;
CaCO", 98.66; MgCOe, 0.62; SiO,,0.07; ALOa, 0.35; Fe"O",
0.22; tota1,99.92... 25

New Market limestone Q25 feet)
6, Limestone, light- to dark-gray, compact; CaCQs, 96.14;

MgCOr, 1.45; SiO2, 0.99; Al2O3, 0.43; Fe2O3, 0.32; total,
99.33 85

5. Limestone, dark-gray, fine-grained, cherqr. 15

4. Limestone, dove-gray, compact, massively bedded. t8
3. Limestone, dark-gray, compact, cherqr. 7

2. Largely covered; few exposures of impure compact lime-
stone; thickness uncertain. 100+

Ordovician dolomite and limestone

Beekmantown dolomite (upper part)
1. Dolomite, shaly, ash-9ray...... 6

Since the repetition of the Murat facies would add to the reserves
of high-calcium limestone, it is recommended that more detailed study,
including core drilling, be done at this localiqy to determine accurately
the extent of the minor stmctures and thicknesses of the units cited.

The Ordovician limestone belq although partly covered, extends

from State Road 622 southwestward for about 2 miles to a locality
near State Road 614 where it is concealed by older rocks along the
Pulaski-Staunton fault. Limestones formerly quarried along this belt
w-ere hauled by a spur-line raiboad to kilns at Indian Rock. Some of
these high-calcium limestones are well displayed along the eastern

slopes of a narrow valley tributary to Rock Run. The character and

thickness of the rocks which are fully exposed in an inactive quarry
(Pl. 1, loc. 5) located about midway between State Roads 614 

^fld 
622

are given in the following section.
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Gnorocrc SocuoN 5.-Ixecrrvn euARRy rHREE-FouRTHs oF A MrLE sourHrMEST oF

Srem Roeo 622 eNo 1% tvntns NoRTsEAST or INoraN Rocr,
Bororounr couNrv' vrncrNra 

Thickness

Ordovician limestone: strike N. 50" E.; dip 45" SE. 
Feet

Lincolnshire limestone (156* feet)
6. Murat limestone facies, light-gray, coarse-grained; covered at

the top 120

5. Limestone, dark-gray, nodular, clayey. 18

4. Nlurat limestone facies, light-gray, coarse-grained... i8

New A4arket limestone (195* feet)

3. Limestone, light-gray, compact. 7i
2. Limestone, light-gray, granular; contains 4-foot bed of fine-

. grained, nodular limestone near base. 33

1. Limestone, light- to dark-gray, compact; base not exposed.. 89

Analysis of units 1-4, sampled thickness 273 feet; CaCO",

97.65; I,IgCOr, 1.35; SiOr, 0.30; AlrOr, 0.48; FerO3, 0.14;

total,99,92

Ordovician dolomite and limestone

Ti.rnber Ridge-Murat belt.-The Timber Ridge-Murat belt of Or-
dovician limestone extends from the Pulaski-Staunton fault east of
Timber Ridge southwestward to a locality about one mile southwest
of Murat, where the rocks wrap around the end of a southwesterly
pitching anticline (Pl. 1). This belt, locally containing thick deposits

of high-calcium limestone, is crossed by U. S. Highway 60 northwest
of Lexington, State Highway 251 

^t 
Murat, and by several secondary

roads. A branch line of the Chesapeake and Ohio Railway which ends

at Lexington is the nearest shipping point.
Field studies indicate that this belt of Ordovician limbstone, due

to gentle folding and low dips, crops out in a relatively broad area

where crossed by Whistle Creek and Maury River west of Lexington;
whereas to the southwest the rocks are confined to a narrower belt
because of more regular and steeper dips. None of the sections meas-

ured near the northeastern end of the belt contain thick occurrences

of high-calcium limestone, although the total thickness of the mapped

unit is perhaps greater than in the central or southwestern parts of
the area. Generally speaking, the coarsely granular Murat facies of the
Lincolnshire limestone in the James River district is not Persistent over
wide areas and commonly shows marked variations in thickness within
distances of a few hundred feet along the strike. The lower part of
the Ordovician limestone belt, known as the Nerv i\{arket limestone

35
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or "Mosheim" limestone, is generally thin in this area. However, in
Shenandoah Valley to thq northeast, it is the chief "quarry rock."

The most northeasterly exposure of the Ordovician limestone belt
is about a mile north of State Road 716 and about half a mile east of
Timber Ridge (Pl. 1, loc. 6). At this locality, there is about 20 feet of
sheared, light-gray, compact New Market limestone, underlain by
Beekmantown dolomite and closely overlain by about 100 feet of
granular, dark-gray, mostly impure Lincolnshire and Whistle Creek
limestone. It is thought that only about 13 feet of coarse-grained
limestone, occurring near the base of the Lincolnshire, would meet the
specifications of high-caicium limestone. The upper part of the exposed
section is within 100 feet of Cambrian dolomite and limestone along
the Pulaski-Staunton fault. A description of a full sequence of the
Ordovician limestones about 1 mile southwest of locality 6 is siven
in the following section (Pl. 1, loc. 7).

GRorocrc SscrIoN 6.-Ar-oNc Srerp Roeo 7I7 er,ov't oNE-FouRTH oF A rvrrr-E

NoRTHwEST or U. S, Fftcnway 11 er.rr I MrLE sournwEsr or Trunrn Rrocq
Rocrgnrocp coun.' vrncrNre 

Thickness
Feet

Ordovician limestone: strike N. 58" E.; dip 30' SE.
Lincolnshire and Whistle Creekl limestones (202 feet)

7. Covered interval; abundant chert float. 18

6. Limestone, dark-gray, medium-grained, cherqz. 29

5. illurat limestone facies, gray, coarse-grained 17

4. Limestone, dark-gray, medium-grained, nodular. 101

3. lVlurat limestone facies, dark bluish-gray, coarse-grained.... 21

2. Limestone, dark-gray, impure, sparselv cheryr. 16

New Market limestone
1. Limestone, bluish-gray, fine-grained, sheared impure... .. .. 2+

Ordovician dolomite and limestone

Although no samples for chemical analyses were collected at lo-
cality 7, it is reasonably certain that only units 3 and 5 in the above
section, with an aggregate thickness of 38 feet, are high-calcium lime-
stone. The general southwesfward trend of the Ordovician limestone
belt between localities 7 and 8 is modified by gende folding. A small
anticline and syncline, both pitching southwestward, are displayed

I Although the Timber Ridge-Murat belt west of Lexington is the type area
of the Whistle Creek limestone, no attempt is made in this paper to distinguish it
from the overlying Lincolnshire. It may be assumed that the beds of cherty lime-
stone overlying the New Market are Whistle Creek, but without detailed faunal
studies the upper boundary of the unit would be questionable.
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along State Road 717 about half a mile northwest of U. S. Highway 11.

The character and thickness of the rocks which are partially exposed

at locality 8 are given in the following section.

Gaor-ocrc SocrroN 7.-AroNc Sr.lrn' Roal 728 esour rHREE-FouRTHs oF A MrLE

NoRTHwEST oF TrrE JtrJNclIoN on $raro Roeo 645 eut 5 lrrr-ts NoRTHEAsT oF

LBrrNcroN. RocrsRrncn CouNrv. VrnctNrl
Thickness

Ordovician limestone and shale

Edinburg formation (lower part)
8. Botetourt limestone membet, dark-gray, medium-grained,

rusty weathering . .. . 30

Ordovician limestone: strike N. 57' E.; dip 20"-30' SE.
Lincolnshire and Whistle Creek limestones (333 feet)

7. Covered intewal; underpass of abandoned railroad........ 110

6. Limestone, dark-gray, fine- to medium-grained, cherty. ... . 58

5. Covered interval; abundant chert float. 30

4. Murat limestone facies, light-gray, coarse-grained. .. .. .. . . . l0
3. Limestone, dark-gray, cherry; partly covered 125

New Market limestone (32 feet)
2. Liinestone, fine-grained, impure, sheared. 29

l. Limestone, dove-gray, compact. ..' :..' . . . 3

Ordo'r'ician dolomite and limestone

The thickness assigned to covered or Paftly covered intervals in
the above section should be considered only as estimates, since these

figures are based upon an assumed average dip of 20 degrees southeast.

It is interesting to note that none of the exposed limestones, excePt

unit 4, appear to be of good- qualit/, thus these observations agree

closely with other descriptions along the belt of Ordovician limestone

to the northeast, Southwestward from locality 8 to the vicinity of
Maury River at Limekiln Bridge, a distance of 3 miles, the belt of
Ordovician limestone is largely covered. Beginning with the first
exposures betrveen Maury River and State Highway 39 and extending

southwesfward to the vicinity of Murat, high-calcium limestone com-

prises a large part of the mapped Timber Ridge-Murat -belt an-d there

ure -rny exposed sections for detailed study. In some of the following
descriptions only that part of the Ordovician limestone belt, which
conrains high-calcium iimestone is shown in the geologic sections.

Some of the best exposules of the Murat facies of the Lincolnshire in
the Lexington area are along Maury River (PI. l, loc. 9) in the viciniqy

of Limekiln Bridce.

37
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Gsor,ocrc Socrrox 8.-AroNc Srere Ro.no 631 yusr souruwEsr or Lrrvrorrr,N Bruoce
AND ABour 2 urrns NoRTH oF LrxrNcrox. Rocrsnroce CouNry. Vrncrxre

Thickness
Feet

Ordovician limestone: strike N.70' E.; dip 15' SW.
Lincolnshire and Whistle Creek limestones (upper 147 feer)

4. Limestone, dark-gray, nodular, ch.rry;- covered ar top. .. . 10+
3. Murat limestone facies, light-gray, medium- ro coarse-

grained; CaCO3, 97.49; MgCO3, 0.85; SiOr, 1.28; NrOe.
0.20; Fe2Os, 0.16; P2Os, 0.063; total, 100.04.. 32

2. Murat limestone facies, lighr- to bluish-gray; chiefly medium-
grained; few covered intervals; CaCO3, 97.29; MgCO", 1.06;
SiOr, 1.46; Al"Oe, 0.06; FerOr, 0.08; P2O5, 0.098; total,
100.04 . 65

l. Limestone, Iight- to bluish-gray; intercalations of compact
and clastic beds; takes to end of bridge. 40

The same units of coa$e- to medium-grained limestone as shown
in the above section are exposed in the bluff, approximately 100 feet
high, along Maury River from the north end of the bridge southwest-
ward to the mouth of Whistle Creek, a distance of approximately one-
fourth of a mile. Additional exposures of high-calcium limestone in
this general atea are along State Road 664 and in the bluff of Maury
River east of I-imekiln Bridge.

The Ordovician limestone belt (Pl. 1, loc. 10) is well displayed
along State Road 664 for a distance of one-half mile northwest of its
junction with State Road 631. No attempt was made to determine
thickness of the beds in the upper part of the section, since the strike
and dip change rapidly as the axis of.the local syncline is approached.

The lower part of the section includes about 72 feet of New
Market limestone with clastic chert fragments in the basal beds. The
overlving Lincolnshire and Whistle Creek limestones begin with about
130 feet of dark-gray, granular limestone with thin intercalations of
shale near the base and grades upward into the typical Murat lime-
stone facies which comprises the main paft of the traverse to the
vicinity of Limekiln Bridge.

The general area of Limekiln Bridge is recommended for detailed
study and core drilling. Such work is indispensible in proving any
site, since variable thicknesses of overburden and underground solution
cavities, often filled with clayey materials, are commonly found in
limestone regions. It is also important to study carefully the speci-
fications required of the rock for specific chemical uses. For example,
the relatively high content of phosphorus pentoxide shown by the
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analyses in Geologic Section 8 may be objectionable for certain chem-

ical uses.

The Ordovician limestone belt, due to gentle folding, is largely
exposed along Whistle Creek for approximately three-fourths of a

mile west of Maury River. The character and thickness of the high-
calcium limestones along Whistle Creek near the iunction of State

Roads 665 and 669 (Pl. 1,loc. 11) are given in the following composite

section.

GBorocrc SnCrron 9.-ArONc WurSrr-B CnBer rren THE INTERSECTION Or SratS RoeOS

665 aNl 669 enour oNE-FouRrH oF A MILE NoRTH oF U. S. Hrcnwav 60 exo

2 ntnBs NoRTHTMEST or LBxrNcror, RocrsRlocB CouNtv, VlncrNre

Thickness
Feet

70

7

85

5

25

IU

2-r

39

Ordovician limestone: strike N. 50' E.; dip 15" SE.

Lincolnshire and Whistle Creek limestones (327 feet)

11. Limestone, dark-gray, nodular, sparsely chert/; few covered

intervals
10. Murat limestone facies, light-gray' coarse-grained; bedding

indistinct; CaCOr, 98.08; MgCO3, 0.79; SiO2, 0.84; Al2O3'
0.24; FeeOs, 0'16; P2O5, 0.065; total, 100'17..

9. Limestone, dark bluish-gray, shaly, nodular; CtCOs, 92,72;

A4gCO3, l'27; SiO2, 5.04; AI2O3, 0.60; FerO3, 0.40; total,
100.03

8. Murat limestone facies, light-gray, coarse-grained; CaCOy
97.29; MgCOs, 0'76; SiOr, 1.32; AlrOr, 0.44; FerO3, 0'16;

PrOu, 0.066; total, 100.03.

7. Limestone, dark bluish-gray, cobbly weathering.

6. Limestone, medium bluish-gray, medium-grained. .. " " " '
5. Limestone, dark bluish-gray, medium-grained, irregularly

bedded
Analysis of units 5-7, sampled thickness 48 feet; CaCOs,

96.49; MgCOs, 1.06; SiO2, 1.52; AI2O3, 0.40; Fe2O3, 0'12;

total, 99.59

4. Limestone, dark-gray, fi ne-g'rained, nodular'
3. Limestone, dark-gray, sparsely cherty.
2. Limestone, bluish-gray, thin-bedded, impure.

New Market limestone
1. Limestone, bluish-gray, fine-grained; contains detrital chert

Ordovician dolomite and limestone

30

8

9

In the above section unirs 1-4 were measured along whistie creek

at a locality about 500 feet east of u. s. Highway 60. These beds do not

contain high-calcium limestone. It is notable, however, that the uPPer

part of th'e section (units 8 and l0) contains about 150 feet of lime-

itone showing more than 97 Percent calcium carbonate'
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The following section (Pl. 1, loc. 12) although not sampled, is
well displayed along the northeast side of Whistle Creek.

"T:S:::S':i.'r#{{1fu 
*.,trJrtr"*#.ff sy,$?:i*'rs'ur200

Thickness
Feet '

Ordovician limestone: strike N. 45" E.; dip 15"-25' SE.

Lincolnshire and Whistle Creek limestones (252 feet)

8. Murat limestone facies, light-gray, medium-grained, thick-
bedded; covered at the top......... 100

7. Limestone, dark-gray, cobbly. 10

6, Murat limestone facies, light-gray, medium-grained, mas-
sively bedded .....:.. 35

5. Limestone, dark-gray, medium-grained, cobbly weathering 30

4. Limestone, dark-gray, nodular weathering. 30

3. Limestone, dark-gray, nodular, sparsely cherty. 32

2. Limestone, dark-gray, fine-grained, cherty. 15

New Market limestone

1. Limestone, dove-gray, compact; contact appears to be an
erosional surface on the underlying dolomite 10-20

Ordovician dolomite and limestone

The thickness and purity of the New Market lirnestone varies

widely along the Timber Ridge-Murat belt. For example, along State

Road 63i about one-fourth of a mile northeast of Limekiln Bridge, the
Beekmantown dolomite is closely overlain by the Lincolnshire cherty
limestone; whereas about one-fourth of a mile to the west along State

Road 664 the thickness of the New Market is estimated to be about
70 feet. Variations in thickness, ranging from about 2 to 30 feet, are

to be noted alone Whistle Creek from U. S. Highway 60 to localiqy
12, a distance of not more than 2,000 feet. Field evidence suggests that
these variations in thickness are due to an irregular Beekmantown sur-
face upon which the Nerv Market was deposited. At certain localities
the Nev' Market is very chert/; whereas, other sections show it to
be high-calcium limestone. The thickness and composition of the
New Market limestone.along U. S. Highway 60 just east of the bridge
over Whistle Creek (Pl. l, loc. 13) is given in the following section.
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Grorocrc Sncrrox ll.-Ar.oNc U. S. Hrcnway 60 esour 2 urrns NoRTHwEST oF

LtxtNctoli, Rocrnntocn CouNrv, Vrncrxr.q.
Thickness

Feet
Ordovician limestone (Iower part)

New Market limestone (31 feet): strike N.55'E.; dip 18'SE.
3, Limestone, light-gray, 6ne-grained, thick-bedded. 16

2. Limestone, light bluish-gray, medium-bedded, sparsely cher-
ty'... 2

l. Limestone, light bluish-gray, thin-bedded; a few fragments of
chert near base... 13

Analysis of units 1-3, sampled thickness 31 feet; CaCO3,
96.70; MgCO3, 0.85; SiOr, 2.00; AlrOr, 0,30; FerO., 0.12;

PrO., 0.0451 total, 100.01

Ordovician dolomite and limestone

Coa-rse-grained high-calcium limestone (Murat facies of the Lin-
colqshire) is largely exposed on both sides of U. S. Highway 60 frcrn
the vicinity of "Old Liberty Hall" northwestward to Whistle Creek
bridge, a distance of approximatly three-fourths of a mile. San-rples

collected through a thickness of about 75 feet by H. D. Campbell
and J. L. Howe at locality 14 show an average of 1.33 percent in-
soluble matter, less than one-half of one percent magnesia, and more
than 98 percent calcium carbonate.l

High-calcium limestones of the Timber Ridge-Murat belt are well
displayed in an inactive quarry (Pl. 1, Ioc. 15) near State Road 672

about one mile northwest of Lexington. This quarry is about 300 feet
long, 250 feet wide, and 75 feet high at the northeastern end. Coarse-

grained limestone, dipping 15o to 20o SE., and without noticeable clay
seams or solution cavities, comprises the northeastern wall of the

qualry.
Exposures are inadequate for detailed study for about two miles

southwest of locality 15. Farther southwest the Ordovician limestone

belt is well exposed along State Roads 67 4 and 67 0, along State High-
way 251 at J\,Iurat, and in a broad area about one mile southwest of
Murat. The thickness and composition of the limestones at a locality
(Pl. 1, loc. 16) about 3 miles southwest of Lexington are given below.

l Analyses published with permission of the owner, Dr. Richard P. Bell, Staun-
ton, Virginia.

+r
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Goor-ocrc socrrox 12,-Aroxc srers Roan 674 lrr,ovt 2 narr,es NoRlHEAsr or. Muxar
eNn J ultns sourHwnsr on LnxlNcroN, Rocrsnrocn CouNrv, VrncrNr-q

Thickness
Feet

Ordovician limestone and shale

Edinburg formation (lower part)
20. Botetourt limestone member, dark-gray, medium-grained,

rusty-weathering .... Zz

Ordovician limestone: strike N. 45' E.; dip j5'-50. SE.
Lincolnshire and Whistle Creek limesrones (245 feet)

19. Limestone, dark-gray, nodular.
18. A,Iurat limestone facies, Iight-gray, coarse-grained... .. .. ... llj
17. Limestone, light-gray, medium-grained. .. .. 22
16. Limestone, light-gray, medium- to coarse-grained; partly

co'ered 1g
15. Limestone, medium-gray, fine-grained...... j

Analyses of units 15-18, sampled thickness 160 feet; CaCO.*,
97.26; MgpOs, 0.94; SiOr, 1.04; Al,Or, 0.36; FeoOu, 0.12;
toral.99.72.

l8

14. Largely covered; few exposures of light-gray limestone....
13. Limestone, dark-gray, fine-grained.
12. Covered inten'al under bridge; thickness estimated.
11. Limestone, dark-gray, fine-grained, sparsely chertv.

New Market limestone (41 feet)
10. Limestone, light-gray, compact, cherty.
9. Covered inten'al
8. Limestone, light-gray, compact; chert nodules and stringers
7. Limestone, bluish-grav, compact.
6. Limestone with clastic chert frasments......

22

20

10

15

15

10

+

10

2

Ordovician dolornite and limestone
Beekmanrown dolomite (trpper 17 feet)

5. Dolomite, Iight-gray, fine-grained. S

4. Chert bed ... t-2
3. Dolomite, light-gray, fine-grained. 4
2. Limestone, bluish-gray, fine-grained. 1

1. Dolomite, light-gray, fine-grained. 6

Scattered exposures along the strike of units 13 and 14 witl'r an
aggregate thickness of about 40 feet, appear to be high-calcium lime-
stone, thus the total thickness of high-calcium limestone ar rhis locality
is about 200 feet. This thickness 

"agrees 
closely with more accurate

measurements at a locality about one mile northeast of Murat (Pl. l,
loc. 17) and given in the following section.
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Gnorocrc SrcrroN l3.-Jusr EAST oF srere Roao 670 asour I MrLE NoRTHEAsT o!-
Mun-lr exo 4 lvrrr-ns sourHwEs'or LrxrNcrol+, Rocrsnrocn couNry, VrncrNre

43

Ordovician limestone and shale
Edinburg formation (lower part)

6. Botetourt limesrone member, dark-gray, medium_grained,
cobbly, clavey .

Ordovician limestone: strike N. 60' E.; dip 30.-40. SE.
Lincolnshire and Whisrle Creek limeitones (290 feet)

5. Murat limestone facies, Iight-gray, coarse-grained, thick_
bedded; CaCOr, 98.38; MgCOr, 0.64; SiOr, O.72; LIrOr,0.20;
FerOr, 0.08; PrO^, 0.049; total, 100.069.

4. Murat limestone facies, light-gray, coarse-grained; CaCOu,
97.89; MgCOr, 0.61; SiC),, 0.92; AlrOu, O.32; FerOr, 0.16;
P"Oo, 0.072; total, 99.97 .

3. Limestone, dark-gray, medium-grained; 1 foot of cherty
limestone at top; CaCOr, 96.50; MgCOr, 7.64; SiOr, l.4ii;
Al'o,,0'24;Fe,o,,0'08;P2oo,0.08;total,100'02.

2. Limestone, dark-gray, sparsely cherty; nodular near base. i.
New Market limestone

1. Limestone, Iight-gray, compact, cherty; partly covered....
Ordovician dolomite and limestone

Tlticknes;
F'eet

30

65

35

55

68-f

7'hickness
Feet

3+

18

The above described locality is considered the best along the
Timber Ridge-Murat belt for study and sampling, since practically
every bed is exposed (Pl.5A). However, the thicknesses cited are sub-
ject to some possible revision, since the bedding is not well defined.
This is characteristic of most occurrences of clastic thick-bedded hieh-
calcium limestones.

The trend of the Ordovician limestone belt southwest of Murat
changes from a southwesrerly to a northwesterly direction by wrapping
around the end of an anticline which pitches gently southwest. The
character and thickness of the high-calcium limestones near the end
of this structure (Pl. 1, loc. 18) ai-e given in the following section.

Gnorocrc SncrroN 14.-Asour HAr-F A MILE solrrH oF Srere Roen 677 aNo oxlr
MrLE sourr{wEsr or Muner, Rocrnnrocn CouNrv, VrncrNre

Ordovician limestone and shale
Edinburg formation (lower part)

6. Botetourt limestone member,
cherty; weathers rusty-brown

dark-gray, medium-grained,

Ordovician limestone: strike N. 40' E.; dip 15" SE.
Lincolnshire and Whistle Creek limesione: (upper 236feet)

5. Murat limestone facies, light-gray, coarse-grained.
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4. Limestone, dark-gray, impure. 12

3. Murat limestone facies, light-gray, coarse-grained. ......... 186

2, Limestone, dark-gray, n-redium-grained, nodular. 4

1. Murat limestone facies, light-gray, coarse-grained; base not
exposed 76

Analysis of units 1-5, sampled thickness 236 feet: CaCO3,

9.10; MgCO3, 1.06; SiO', 1.32; AlrO3, 0.28; FerOu, 0.20;

total.99,96.

It should be noted that units 2 and 4, with an aggregate thickness

of 16 feet, are included in the above analysis, thus this may account
for the relatively high silica content.

Collierstoutn-Rapps Mill belt.-This belt of Ordovician limestone,

repeated by folding and locally disarranged by faulting, is located
between Murat and Collierstown on the northwest and extends from
the general vicinity of U. S. Highway 60 southwestward to a locality
about 5 miles southr.vest of Rapps Mill (Pl. l). Short Hill forms a

natural eastern boundary of this limestone belt southwest of fuIurat.

The follou'ing descriptions begin with locality 19 which is along
Buffalo Creek about l% miles northwest of Murat.

Gnorocrc SecrroN l5,-AroNc Brrnrelo Cnnnr Nnan JuNcrroN or Srern Hrcnwevs
251 aNn 281 asour 1]12 ltlr,ts NonrHwEsr oF Muner, Rocrsnrocn CouNw, Vrncrnre

Tbickness
Feet

Ordovician limestone and shale

Edinburg formation (lower part)
17. Botetourt limestone member, dark-gray, medium-grained,

cherty . 28

Ordovician limestone: strike N. 20" E.; dip 40'-70' N.W.
Lincolnshire and Whistle Creek limestones (412 feet)

16. Limestone, dark-gray, medium- to fine-grained; a few im-
pure partings; CaCO3, 89.95;' MgCO3, 1.58; SiOr' 6.68;

Al2O", 0.36; Fe"Os, 0.96; total, 99.53. 109

15. lVlurat limestone facies, light-gray, coarse-grained.......... 98

14. Limestone, gray, cobbly, impure. 1l
13. Murat limestone facies, light-gray, coarse-grained..... '. ... 20

Analvsis of units 13-15, sampled thickness 131 feet: CaCOr'
96.50; MgCOo, 1.18; SiOr, 1.52; AlrOu, 0.24; Fe.O*, 0.20;

total,99.64.
12. Limestone, dark-gray, medium-coarse-grained; about 2 feet of

cherty limestone near base; CaCO., 93.31; MgCOr, 1.33;

SiO', 4.52; AloOo, 0.24; FerOo, 0.28; total, 99.68. 37

11. Limestone, medium- to dark-gray, medium-grained, cherty 39

10. Limestone, dark-gray, cherty. 18



Dnveloplr-eNT PossrBrlrrrEs

9. Limestone, light-grav, compact.
8. Lirnestone, dark-gray, fine-grained, cherty.
7. Limestone, light-gray; few compact beds. ..
6. Limestone, dark-gray, thin-bedded, cherqy.
5. Limestone, light-gray, fine-grained.
4. Limestone, dark-gray, fine-grained.

Nerv Malket limestone (48 feet)
3. Limestone, light- to dark-gray, compact; a few cherty beds
2. Limestone, dark bluish-gray, cherty.
1. Limestone, light-gray, compact.

Ordovician dolomite and limestone

45

10

10

5)

7

7
o

28

)
15

Although the greater part of the total thickness of units 12-15 in
the above section is coarse-gratned limestone, the occuffence of inter-
calated impure cobbly and cherty layers reduces the general average

puriqF of the deposit. It is thought that units 13 and 15, with an
aggregate thickness of 118 feet, represent the best grade limestone
*'T#""ltil".ter 

and thickness of the ordovician limestones about
two miles northeast of Buffalo Creek (Pl. l, loc. 20) are given in the.
following section.

Geor-ocrc SocrroN 16.- Anour oNE-FouRTH oF A MrLE sourHEAST or Toeo RuN
.lnn 5 ltuns wEsr oF LrxrNcroN. Rocrsmocn CouNrrr. VrtcrNre

,r';!:'*
Ordovician limestone and shale

Edinburg formation (lower part)
18. Limestone, black; shaly partings; several hundred feet
17. Botetourt limestone member, dark-gray, medium-grained.... 15

Ordovician limestone: strike N. 45' E.; dip, ovemrrned, 75" SE.
Lincolnshire and Whistle Creek limestones (353 feet)

16. Limestone, dark-gray, cobbly, cherty. 24

15. Limestone, dark-gray, cobbly. 18

14. Limestone, dark-gray, cobbly, cherty. 18

13. Limestone, dark-gray, cherty. 50

12. Limestone, gray, medium-grained. 9
11. Covered inten'al 12

10. Limestone, cobbly, impure. 15

9. Limestone, medium-gray, medium-grained. .. .. 24

8. Limestone, cobbly . 6

7. Murat limestone facies, light-gray, medium- to coarse-
grained 111

6. Covered interval 24

5. Limestone, dark-gray, cherty; contains wavy laminations... 42
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New Market limestone (43 feet)
4. Limestone, light-gray, thin-bedded, compact.
3. Siltstone (t) ...
2. Limestone, light-gray, compact.
1. Limestone, light-gray, compact, cherqt.

Ordovician dolomite and limestone

Although none of the rocks were sampled in the above section, it
is apparent from the lithology that only units 7, 9, and 12 with an
aggregate thickness of about 144 feet, would meet the requirements
of high-calcium limestone.

Limestones of Ordovician age are partly exposed along State Road
672 east of its lunction with State Road 673 and in a broad area aiong
State.Road 641 rvhere the limestones wrap around the axis of a syn-
cline pitching gently southwestward. About 60 feet of coarse-grained
limestone sampled at locality 2l along the western limb of this syncline
near the intersections of State Roads 672 and 676 contained 98.06 per-
cent calcium carbonate, 0.97 percent magnesium carbonate; and 0.92

percent insoluble material.
This belt of Ordovician limestone, consisting of very cherry lime-

stpne in the lower part and coarse-grained, high-calcium limestone near

the top is repeated by gentle folding along and southeast of State Road
672 for approximately a mile west of Toad Run. Some of the more

pronounced displays of cherty limestone in this are are shown in
Plate 4A.

The finest exposure of the belts mapped as Ordovician limestone
and Ordovician limestone and shale noted in Rockbridge County is
along State Highway 251 and Colliers Creek (Pl. 1, loc. 22) about 6

miles west of Lexington. The following detailed description of the
rocks comprising the lower part of the Ordovician limestone beit is
modified after a section by B. N. and G. A. Cooper (1'946, p. 104-105).

Groroclc Sncrrox l7.-AroNc Corr-rons Cnntr eNl SrerE Hrcuwtv 251 lrrlorJr 2%

MrLEs sourHEesr op Cor,r,reRsrowN Posr Orrrcr, Rocrsnroco CouNrv, Vncrxre

Ordovician limestone and shale

Edinburg formation (lower part)
53. Botetourt limestone member, dark-gray, medium-grained,

rusty-weathering . .. .

Thi.ckness
Feet

8-{-

Oldotician limestone
Lincolnshire limestone (235 feet)
' 52. Limestone, dark bluish-gray, medium-bedded.. '... 20

51. Limestone, dark-grav, medium-grained, impure, cherqy. .. . 67

8

4
6

25
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50. Limestone, dark-gray, medium-grained, nodular. 51

49. Limestone, medium-gray, coarse-grained, impure. 5

,18. Limestone, light-gray" coarse-grained 6

47. Limestone, dark-gray, nodular. 11

46. Limestone, dark- to medium-gray, medium-grained. .. .. .. ... i
45. Limestone, light-gray, coarse-grained 5

44. Limestone, dark-gray, medium-grained, nodular, impure. .. 8

43. Limestond, Iight-gray, coarse-grained 12

Analysis of units 43,45, and 46, sampled thickness 22 feet:
CaCOr, 97.10; MgCO*, 0.64; SiOr, 1.52; AlrO3, 0.36; F'eeOj'
0.08; total, 99.70.

42. Limestone, dark-gray, impure, sparsely cherty. 40

41. Limestone, Iight- to medium-gray, coarse-grained..... '... 5

Whistle Creek limestone ('165 feet)
,ft). Limestone, dark-gray, medium- to fine-grained; contains

siliceous partings and weathers rusty-biown. 22

39, Limestone, dark-gray, medium- to coarse-grained, sparsely

cherty . 8

38. Limestone, cherty; weathers brown. 4

37. Limestone, medium-gray, medium-grained, even-bedded. .. ' 11

36. Limestone, dark-gray, medium-grained.. . . . 30

35. Limestone, medium-gray, medium-grained; contains a few
siliceous partings 29

34. Limestone, gray, medium-grained, nodular. 6

33. Limestone, dark bluish-gray, medium-grained, very cherty 4

32. Limestone, dark bluish-gray, medium-grained. 9

31. Limestone, dark bluish-gray, medium-grained, very cherq'. 9

30. Limestone, dark-gray, fine-grained, sparsely cherty; contains
few irregular impure partings (PI. 5C) 3J

New Market limestone (120+ feet)
29. Limestone, light-gray, compact. . . 3.5

28. Limestone, light-gray, clastic.. 3-7

27. Limestone, dark-gray 0.i
26. Limestone, light-gray, compact. .. 2n

25. Limestone, clayey, sparsely cherty. 5'4

24. Limestone, medium-grav, fine-grained, cherty. 1.4

23. Limestone, dark-gray, very cherqt. 1.7

22. Limestone, medium- to light-gray, comPact to fine-grained,
sparsell' cherty . 30.0

21. Limestone, dark-gray, fine-grained. 5'3

20. Limestone, light-gray, compact, even-bedded. 5.J

19. Limestone, dark-gray, fractured. 1.8

18. Limestone, dark-gray, cherty. 4.5

17. Limestone, light- to dark-gray, mottled. 4.0

16. Limestone, light-gray, compact; a few thin clayey partings.. 4'4

15. Liniestone, light-gray, compact. 1.3

14. Limestone, Iight- to dark-grav, moftled. l2'o
13. Limestone, comPact; weathers smoke-gray. 0'6

47
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12. Limestone, clastic 0,2- I t. Shale . 0.2
. 10. Limestone, light-gray, compacr. ll.+

9. Limestone, doiomitic; weathers drab-gray. 1.0
8. Limestone, dark-gray, compacr, laminated. 1.6
7. Limestone, dark-gray, banded; contains small grains of pyrite 2.4
6. Dolomite, drab-gray, impure. 1.7
5. Limestone, dolomitic, bluish-grby; weathers bulf . . . 0.9

, 4. Limestone, drab-gray, impure; conrains small fragmants of
' limestone and chert . 0.9' 

3. Limestone, dark-gray, compact; a few curly buff partings
of impure limestone..... .... 5.0

2. Limestone, dark-gray, fine-grained, even-bedded. 6.0
1. Dolomite; contains pebbles of dolomite, limestone, and chert 2.O

Analysis of units 1-29, exclusive of shale and chert beds,
sampled tl.rickness 120 feet: CaCO., 90.24; MgCOs, 2.48;
SiOq, 6.20; AlrO,, 0.56; FerO", 0.12; total, 99.60.

Ordovician dolomite and limestone

High-calcium limestone in the above section is restricted to sev-
eral thin layers (Pl. 58) intercalated with impure rocks. It is reasonably
certain that none of these occurrences are of commercial value. Farther
southwestward along this belt the coarse-grained limestones thicken
to about 76 feet (Pl. 1, loc. 23).

Goor-ocrc SecloN 18.-AroNc AND EAsr or Srero Roao 611 agour 3 lrrr-os
sou'rHwEsr or Muner. Rocrsnroco CouNrv, VrncrNre

Thickness

Ordovician limestone and shale

Edinburg formation (lou.er part): strike N.8" E.; dip 28" SE.
13. Botetourt limestone member, dark-gray, medium-grained;

weathers rusty-brorvn 15

Ordovician limestone
Lincolnshire and Whistle Creek limestones (391 feet)

12. Limestone, dark bluish-grly, frne- to medium-grained, cherty 48
11. Limestone, dark-gray, medium-grained, impure; weathers

nodular 22

10. Limestone, dark-gray, riodular, cherty. 43

9. Limestone, dark-gray, coarse-grained. impure. 15

8. N'Iurat limestone facies, light-gray, coarse-grained; contains
few irregular masses of compact limestone. 19

7. Limestone, medium-grained, nodular. 12

6. Murat limestone facies, light-gray, coarse-grained.......... 45

Analysis of units 6-8, sampled thickness 76 feet:
CaCO', 97.i0; MgCOr, 0.55; SiOr, 1.40; Al"O3, 0.16; Fe,O'
0.20; total. 99.61.
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5. Limestone, dark-gray, coarse-grained, nodular, impure....
4. Limestone, dark bluish-gral, fine- to medium-grained, cheny
3. Limestone, dark-gray, cherry.

New Market limestone (upper 27 feet)
2. Limestone, drab-gray, laminated, chertlr.
l. Limestone, light-gray, compact; covered at bbse.

Ordovician dolomite and limestone

49
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?s

12

l5

Approximately 58 feet of light-gray, coarse-glained limestone, sim-
ilar to unit 5 in the above section, crops out about one-fourth of a

mile southeast of State Road 611 and 3% miles southwest of Murat
(Pl. 1, loc.24). It is thought that this limestone unit thins rapidly in
a southwesterly direction, since it was not observed in the viciniqy of
Rapps MilI or in the area southwest of the Rockbridge-Botetourt
County line. The following description of the Ordovician limestones
exposed near the southwestem end of the Rapps Mill belt (PI. 1, loc.
25), is modified after a section published by B. N. and G. A. Cooper
(19+6, p. 106).

Grorocrc Snc"rroN l9.-Aeour HAr,F A MrLE sourH oF DuNreno Cuuncn ANo

4larr-Bs sourHwEsr or Repps Mrrr-. Bornrount CouNrv. Vrncrrla

Thi.ckness
Feet

Ordovician limestone and shale

Edinburg formation (lower part)
7. Botetourt limestone member (type section)

c. Shale and limestone; deeply weathered.
b. Limestone, rusty-brown, coarse-grained
a. Limestone, rusty-brown, nodular, clayey; contains few

thin beds of coarse-qrained limestone
Ordovician limestone: strike N. 30" E.; dip 20'-30' SE.

Lincolnshire and Whistle Creek limestones (266 feet)
6. Limestone, dark-gray, nodular, cherty. 157

5. Limestone, medium-gray, medium- to coarse-grained. .. ... 17

4. Limestone, dark-gray, nodular. 13

3. Limestone, dark-grav, nodular; contains a few thin ioarse
beds .. 22

2. Limestone, dark bluish-gray, cherty. 57

New Market limestone
1. Limestone, dove-gray, compact, cherty. 20

Ordovician dolomite and limestone

High-calcium limestone in the above section is restricted to several

thin intercalated beds. It is reasonably certain that none of these oc-
curences are of commercial value.

6

t8

42
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Limestones comprising the v'estern part of the Collierstown-Rapps
Mill belt extend from the end of pitching anticline about 117'2 rniles

southwest of locality 25 northeastward to an overthrust fault 2 miles
east of Collierstown. Approximately 50 feet of high-calcium limestone
is exposed near the northeastern end of this belt about 2 miles east of
Collierstown (Pl. l, loc.26).

The thickness and composition of the rocks in the upper part of
the section along Colliers Creek (Pl. l, loc.27) about one mile south-
west of localiqy 26 are given in the following section.

Georocrc Sacnor 20.-AroNc Srere Hrcnwav 251 ano Cor-r-rsns Cntrr esour
I larlr sourHnesr on ColrrEnsrowN, Rocrsnroco Counrv, VrnctNre

Thickness
Feet

Ordovician limestone: strike N.43' E.; dip 30" SE.

Lincolnshire and Whistle Creek limestones (upper 110 feet)
4. Limestone, dark-gray, medium-grained nodular. 7

3. Limestone, light- to medium-gray, fine- to coarse-grained.. 9

2. Nlurat limestone facies, light-gray, coarse-grained... 47

Analysis of units 2-3, sampled thickness 56 feet: CaCO3,

97.66; A4gCO3, 1.15; SiOr, 112; Al2o3, 0.24; Fe"o3' 0.16;

total.100.l3.
L. Limestone, dark-gray, medium-grained..... 47

Farther southwest the rocks comprising the belt of Ordovician
Iimestone are partially exposed at several localities along Spring Branch
southwest of its iunction with the North Fork of Buffalo Creek.

The following section was compiled from two localities (Pl. I, locs.

28 and 29) in this area.

Grorocrc SBcrroN 2l.-OnoovrcreN LIMESToNE eroNc Spmxc BneNcn eeou'r

2% tttrrtp:s NoRTHEAsT or Rapps Mrrr, Rocxrnrlcn CouNlv, Vrncrxr.t
Thickness

Feet

Ordovician limestone: strike N. l0' W.; dip 15'-20" NE.
Lincolnshire and \,Vhistle Creek limestones (297 feet)

6. Limestone, dark-grav, cobbly, impure. 12

5. Murat limestone facies, light-gray, coarse-grained; CaCO3,

97.26; MgCA", 0.86; SiOr, 1.12; AlrOr, 0.40; FerO.*, 0.12;

total, 99.76 60

4. Limestone, dark-gray, fine-to medium-grained, cherty; partly
covered, thickness estimated. 225

New Market limestone (49 feet): strike N 30' E.; dip 22' SE.

3. Limestone, light bluish-gray, comPact; a few buff-weather-
ing clayey partings and chert fragments. 31
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2. Limestone, light bluish-gray, compacr, cherry at base...... 10

1. Limestone, light- to bluish-gray, mottled, clayey; a few
small chert fraEments. 8
Analysis of units 1-3, sampled thickness 49 feet: CaCO3,
88.59; MgCOp., 3.70; SiOr, 6.56; AloOs, 0.52; FerOu, 0.28;
total, 99.65.

Ordovician dolomite and limestone

Immediately above unit 6 in the above section at locality 28 is
about l0 feet of dark-gray, rusty-wearhering Botetouft limestone. This
limestone is succeeded, although partly covered, by about 285 feet of
black, shaly limestone of the Edinburg formation.

A few small scattered exposures of Ordovician limestone were ob-
served along State Roads 612 and 661 west of Spring Branch, but none
of these outcrops were adequate for detailed study. Farther northwest-
ward, at locality 30 about l/2 mlles southwest of Collierstov/n Post
Office, the lower 100 feet of limestone in this belt..is composed of
light-gray, compact, cherty limestone. An examination of the rocks
in the localities cited, although restricted because of incomplete ex-
posures, suggests that there are no thick deposits of high-calcium
limestone in the Collierstown-Rapps A,till belt southwest of Colliers-
town.

Zack-Kerrs Creek belt.Jhis belt of Ordovician limestone, locally
modified by folding and offset by cross faulting northwest of Browns-
burg, extends from a localiqy about 5 miles northeast of Newport,
Augusta Count/, southwestward to the general vicinity of Kerrs Creek,
Rockbridge County. The Zack-Kerrs Creek belt of Ordovician lime-
stone has a length of approximately 20 miles, passing east of Zack and
clossing State Highway 39 about one mile west of Rockbridge Baths
(Pl. 1).

The character and thickness of the Ordovician limestones near
the northeastern end of the belt in Augusta Counry are given in the
following section (Pl. 1, loc. 31).

GBorocrc SncrroN 22.-Onoovrcrer.r Lrnmsroxr eroNc Stelr Roeo 603 esour
5 unts NoRTHEAST or Npwponr. Aucusre CouNry. Vrncrwte

Ordovician limestone: strike N. 80' W.; dip 37' NE.
Lincolnshire and lVhistle Creek limestones (341 feet)

4, Limestone, dark-gray, fine- to medium-grained, cherty. ...
3. Limestone, light-gray, compact.
2. PanIy covered; a few exposures of dark-gray, fine- to

medium-grained, cherty limestone.

5r

Thickness
Feet

138

)

200-+.
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New Market limestone
1. Partly covered; a few exposures of light-gray, compact,

cherty limestone . .. . 50-75

Ordovician dolomite and limestone

The estimated thickness of units 1 and 2 in the above section is

based partly upon observations of the lower part of the Ordovician
limestone belt at locality 32 where the following section is fully
exposed.

Gnorocrc SecrroN 23.-OnoovrceN LIMEsToNE eroNc Srarn Roeo 602 esour
4 ntnns NoRTHFAST or Zecr<, Aucusre CouNrv, VrncrNrl

Thickness
Feet

Ordovician limestone: strike N. 34' E.; dip, overrurned, 75' SE.

Lincolnshire and Whistle Creek limestones (360 feet)

6. Limestone, dark-gray, nodular; contains thin siliceous part-
ings .. 75

5. Limestone, dark-gray, medium-grained, sparsely cherty. .. . 51

4. Limestone, light-gray, compact. 5

3. Limestone, dark-gray, fine- to medium-grained, cherry.... 229

New Market limestone (69 feet)
2. Limestone, Iight-gray, fine-grained to comPact? sparsely

cheftfi contains thin buff-weathering bands. . 14

l. Limestone, light-gray, banded; contains thin intercalations of
impure buff-weathering dolomite; lower boundary uncer-
tain .. '. 55

Ordovician dolomite and limestone

The Ordovician limestone belt is well exPosed along State Road

681 about 2 miles northeast of Zack (Pl. 1' loc. 33), but due to minor
folding it is difficult to measure the thickness. The beds along the

contacl with the Beekmantown dolomite are overturned 45 deerees

ro the southeast; whereas the upper part of the section is essentially

verrical. Of special significancJ at this locality is the occurrence of
atrout 40 feet of light-gray, medium-grained limestone which was not
noted at any of the localities along the strike to the northeast.

High-calcium limestone, of similar lithology, croPs out, at several

localities in the general vicinity of Lack. The charactel and thickness

of one of these belts which comprise the west limb of a.small anticline

along State Road 725 are given in the following section (Pl. I' loc' 34)'
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Gnorocrc, SecloN 24.-OnnovrclAN LIMESToNE ALoNG tND NEAR Srem Roau 725

enour 1 MrLE NoRTHEAsT: on Zecr, RocremocE CouNtv, Vrncrrrre

Thickness
Feet

Ordor,'ician limestone and shale

Edinburg formation (lower part)
4. Botetourt limestone member, dark-gray, medium-grained;

rveathers rusty-bro\Mn 23

Ordovician limestone: strike N. 37' E.; dip, vertical
Lincolnshire and Whistle Creek limestones (upper 98 feet)

3. Limestone, dark-gray, medium-grained, impure. 30

2. Nlurat limestone facies, Iight-gray, coarse-grained; CaCO3,

98.26; MgCO3, 0.55; SiO", 0.56; AloO*, 0.28; FerO3, 0.12;

total, 9.77 68

1. Limestone, dark-gray, fine- to medium-grained, cherry; ex-

posed along crest of small anticlinal fold; thickness unde-
termined.

The belt of Ordovician limestone, although shifted to the west
by rwo small folds, continues in a southwesterly direction Passing iust
east of Zack where the following section is exposed (Pl. 1, loc. 35).

Gnoroctc Secrrox 25.-NBen Srern Roao 602 asour oNE-FouRTH oF A MILE

sourHEAST or Zecr, Rocrsmoco CouNrY, VrncrNre

ordovician limestone: strike N. 37" E.; dip, veftical 

Tbi'ckness

Lincolnshire and lVhistle Creek limestones (360 feet)
7. Limestone, dark-gray, nodular cherty. 65

6. Limestone, dark-gray, coarse-grained 15

5. Nlurat limestone facies, light-gray, coarse-grained; contains
' algal stmctures 26

4. Limestone, dark-gray, medium-coarse-grained, cherty. .. ... 12

3. Limestone, dark-gray, fine- to medium-grained, cherty. . . . 65

2. Limestone, dark-gray, medium-grained... .. 9

1. Limestone, dark-gray, fine- to medium-grained. . . .. 168

New Market limestone

Although no samples were an^Iyzed from the above section, it is

probable that units 2,5, and 6 contain more than 95 percent calcium

iarbonate. No thick occurrences of high-calcium limestone were noted

along the Ordovician limestone belt from the vicinity of Zack south-

westward to State Road 724. The general character of the rocks' Per-
haps including about two-thirds of the total thickness of the Ordovician
limestone.belt, at a locality about midway between Zack and Jump
(Pl. 1, loc. 36), is given in the following section'
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Gnorocrc Secnon 26.-Anour HALF A i\,rrr,E wEST oF SrerB Roen 731 eNr
lyz MLLES SouTH oF Zecr, Rocffimocr Couxrv, Vrrcrrru

Thi.cknets
Feet

Ordovician limestone: strike N. 30' E.; dip, overturned,4S' SE.

Lincolnshire and Whistle Creek limestones (lower 150 feet)
7. Limestone, dark-gray, fine- to medium-grained, cherty. .. . 138

6. Limestone, light- to dark-gray, fine-grained to compact. .. . 12

New A4arket limestone (67 feet)
5. Limestone, Iight-gra1', compact; a few thin beds of dark-

grav, cherty limestone.
4. LimeStone, medium-gray, compact.
3. Limestone, dark-gray, cherty.

18

7

8

2. Limestone, gray, compact, striped. 10

1. Limestone, dark bluish-gray, striped, impure; a few thin
beds of impure dolomite near base. 24

Ordovician dolomite and limestone

The structure of the Ordovician limestone belt berween Browns-
burg and Rockbridge Baths is shown on the Geologic Map of the
Appalachian Valley as an anticline overridden on the southeast side

by Cambrian dolomite and limestone and offset by a cross fault near
State Road 724 at the northeastern end. Additional work by the w'riter
in the vicinity of Brorvnsburg suggests that the overthrust sheet I'ras

been locally eroded through exposing younger rocks beneath and giving
rise to a fentser. Dark-gray, rusty-weathering Botetourt limestone croPs

out along State Road 724 at the intersection of State Road 731 (Pl. 1,

loc. 37). An estimated 50 feet of high-calcium limestone, underlving
tlie impure rocks mentioned above, is exposed on a low hill 200 vards
southwest of localiry 37 and along State Road 731 about 100 vards
farther southwest. Apparently, this is a local occurrence of high-
calcium limestone, since all of the limestones are impure at locality 38,

about 1% mlles southwest of State Road 724.

The character and thickness of the Ordovician limestones along
State Road 731 are.given in the following section (Pl. I, loc. 38).

Groroclc SBcloN 27.-AroNc Srlrp Roeo 731 aeour 2 naIrps NoRTHEAST oF

RocxnnrocB BerHs, Rocrenrrce CouNTv, VrncrNre

Thickness

Ordovician limestone; strike N.54" E.; dip, oveftumed, 74" SE. 
Feet

Lincolnshire and Whistle Creek limestones (139 feet)
' 2. Limestone, medium-.to dark-gray, fine- to medium-grained,

chertv . 139
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Ner.v Market limestone
l. I.imestone, light-gray, compact to fine-grained, sheared;

CaCOu, 91.53; MgCO3, 2.21; SiOr, 4.04; Al2O3, 0.32; Fe2Ou,

0.161 total, 100.26 .

Ordovician dolomite and limestone

The thickness of the Ordovician limestones iemains about the
same along the strike to the southwest for a distance of 500 feet, but
only about 15 feet of New Market was measured. This rather sudden

change in thickness is common in the New Market limestone, since it
lies unconformably upon the Beekmantown dolomite.

Incomplete exposures of the Ordovician limestone belt, chiefly
cherty limestone, were observed at Iocality 39 about one-fourth of a

mile east of State Road 623 and 3 miles southwest of Rockbridge Baths.

Farther southwestward in the area southeast of Kerrs Creek School,

the belt of Ordovician limestone wraps around the end of a south-
v,esterll plunging anticline and continues eastward to an overthrust
fault v'hich crosses State Road 631 just east of the bridge over Kerrs
Creek. In this area there are conspicuous layers of coarse-grained lime-

stone, some of which probably are of suficient thickness to warrant
small-scale operations. The general character of the uPPer Part of the

belt of Ordovician limestone just south of Kerrs Creek (Pl. l. Ioc. '10)
is given in the following section.

Gporocrc SocrroN 28.-Anour 1000 roor sourH oF THE rNTERsEcrroN oF

Srern Roeos 623 eNo 631 ,lNl L ilr ro oesr or Knnts Cposr ScHoor-

Rocrsnrnco CouNrv, VrncrNra
Thickness

Feet

30

65

20

60
15

t)
I5
40

r8

20

t5
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Ordovician limestone and shale

Edinburg formation (lower part)
10. Botetourt limestone member, dark-gray, medium-grained,

rusry-weathering . .. .

Ordovician limestone
Lincolnshire and \,Vhistle Creek limestones (upper 268 feet)

9. Limestone, dark-gray, fine-grained, cherty.
8. Covered inten'al
7. Limestone, fine-grained, sparsely cherry; contains few layers

. of coarse-grained high-calcium limestone.
6. Covered interval
5. Limestone, medium-grained, rusty-weathering.
4. Largely covered
3. Limestone, dark-gray, fine-grained, cherqt.
2. Limestone, medium-gray, medium-grained. .. ..
1. Limestone, medium-gray, medium-grained, sparseliz cherty;

covered at the base
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The following section with practically every bed exposed is dis-
played along Kerrs Creek (Pl. 1, loc. 4l) about half a mile east of
locality 40.

Gnorocrc SocrroN 29.-AroNc KBnns Cnoor JUsr EAsr oF THE cRossrNc otr

Srarn Roeo 631, Rocrnnrocn CouNty, Vrncrure

Thickness
Feet

Ordovician limestone: strike N. 30' E.; dip, overturned, 25'-40' SE.
Lincolnshire and Whistle Creek limesiones (lower 172 feet)

14. Limestone, dark-gray, fine-grained; covered at the top......
13. Limestone, dark-gray, cherqr.
12. Limestone, medium-gray, fine- to medium-grained; few thin

irreguiar siliceous partings; CaCOr, 93.03; MgCOs, 1.64;
SiOr, 4.52; AlrOr, 0.60; FerO,, 0.36; total, 100.15.

11. Nlurat limestone facies, light-gray, medium- to coarse-
grained

10. Limestoire, dark-gray, fine-grained, impure, gnarlv weather-
rng .--

9. Murat limestone facieg gray, medium-grained. . . . .

Analy5i5 of units 9-11, sampled thickness 32 feet: CaCO3,
97.06; MgCOr, 0.85; SiOr, 1.64; AlrOr, 0.32; FerOu, 0.08;
total,99.95

8. Limestone, dark-gray, cobbly, cherty. r0
7. Limestone, dark-gray, fine-grained, impure, gnarly weather-

irg ... 40
6. Limestone, dark-gray, cobbly-weathering. .. 10

5. Limestone, dark-gray, compact to fine-grained; boundary
uncertain; may belong with underlying unit. 25

New Market limestone (73 feet)
4. Limestone, light-gray, compact to fine-grained. ............ 10

3. Limestone, cobbly, impure. 3

2. Limestone, light-gray, compact to fine-grained; contains
cherty zones at intervals of 5 to 10 feet. 45

1. Covered interval 15

Ordovician dolomite and limestone

St e e I e s 7' av e rn-B uff al o C r e e k b e lt.-Small discontinuous exposrues,
containing high-calcium limestone, occur near the trace of the Pulaski-
Staunton fault northwest of Steeles Tavern, crossing Buffalo Creek
about 4 miles southwest of Lexington, and along Purgatorv Creek
about 2Yz miles north of Buchanan (Pl. 1). Another small detached
belt of Ordovician limestone occurs in the viciniqy of Brov'nsburg,
but field study shows that this area does not contain quarryable thick-
nesses of high-calcium limestone.

Ordovician limestone northwest of Steeles Tavern is part$ ex-

l0
5

40

22

5
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posed from the vicinity of Moores Creek northeastward to a locality
about half a mile northeast of the Augusta-Rockbridge Counry line,
a distance of two miles. The thickness and composition of the lime-
stones near the northeastern end of this belt at the Cyms McCormick
Museum (Pl. 1.-loc. 42) are as follows:

Geor'ocrc:"ffi:\::;#.;t3n::,T"^?:ff 
ff "HH:"#"1.i:\;1R",i""*"'

Thickness

Ordovician limestone
Lincolnshire and Whistle Creek limestones

2. Limestone, dark-gray, medium-grained, cherty; covered at
the top 50

New Market limestone
1. Limestone, light bluish-gray, compact, sheared; CaCO3,

97.06; MgCOr, 1.60; SiOr, 1.12; AlrOr, 0.48; Fe2O3, 0.08;

total, 100.14 50

Ordovician dolomite and limestone

Ordovician limestones were observed at several localities between
the Augusta-Rockbridge County line and State Road 706,btt the ex-
posures were not adequate for accurate deterrnination of thickness.
The belt of Ordovician limestone southwest of State Road 706 and
about half a mile northeast of the county line is overridden by older
dolomites along the Pulaski-Staunton fault.

Farther southwest discontinuous deposits of high-calcium lime-
stone, occurring along the trace of the Pulaski-Staunton fault, v'ere
observed along and east of U. S. Highway 11 about 4 miles south\rrest
of Lexington and along Buffalo Creek at several localities abort 2/2
ndles southeast of Murat (Pl. l). It is estimated that there is about 100

feet of coarse-grained limestone exposed in a vertical cliff along State
Road 610 and Buffalo Creek (Pl. 1, loc. 43). Although the rocks at
this locality could not be examined in detail, thin zones of dark-gray
limestone containing black chert were noted at the base, near the
middle, and at the top of the exposure. Immediately above and form-
ing the rim of the cliff are Beekmantown dolomite and limestone which
have been thrust upon the younger limestones. Faulting is also indicated
at a locality about one-fourth of a mile to the southwest where the
dolomite is in contact with the Edinburg shalv limestone. At locality
44, abott one-fourth of a mile east of the lunction of State Roads 610

and 678, the Ordovician limestones are well displayed in the bluff of
Buffalo Creek. Here approximately 100 feet of Murat limestone con-

57
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tains 98.78 percent calcium carbonate, 0.40 percent magnesiun car-
bonate, and 0.71 percent insoluble mater. Partial exposures of these
high-calcium limestones were observed for about 1,000 feet southwest-
ward along the strike. Beyond this point, the Beekmantown dolomite
is again in contact with the Edinburg shaly limestone.

The Valley of Virginia in the viciniry of Buchanan narrows ro
not more than two miles, being limited on the west by Purgatory
Mountain and on the east by the Blue Ridge. High-calcium limestone
is well displayed along and east of Purgaiory Cieek (Pl. 1, loc. 45)
about 2ll mlles slightly norrheast of Buchanan, Boretourt County.
Although the strucrure in this area is uncertain, the general distribu-
tion of the limestone units suggests that they occur as faulted slices
along branch faults of the Pulaski-staunton overthrust.

Exposures of Ordor.ician limestone extend from a low hill about
half a mile southwest of State Road 611 northeastward along the
strike across State Road 611 to a point about one-fourth of a mile south-
east of Gray l-edge, a distance of approximately one mile. The belt is
terminated at the northeast and southwest by a branch fault of the
Pulaski-Staunton fault. Since beds of similar lithology occur at several
horizons within the exposure along Purgatory Creek for a traverse dis-
tance of approximately 1,000 feet, it is thought thar some of the units
have been repeated by faulting. To assume a normal geologic sequence
at this localitv lvould involve the occurrence of high-calcium lime-
stone in far greater thicknesses than known elsewhere in the Valley
of Virginia.

Analyses of three units (Table 7 ,loc. 45) sampled along Purgatory
Creek, each representing approximately 150 feet of limestone, show
more than 95 percent calcium carbonate.

Southr.vest of Buchanan the Valley of Virg'inia widens to about
10 miles and maintains this average width in a sJuthwesterly direction
to Tinker A4ountain, a distance of about 15 miles. This division of the
Valley of Virginia has been named by Stose (1922, p. 8) Fincastle
Valley, from the town of Fincastle near its center.

Ordovician limestone, locally containing deposits of high-calcium
limestone, occur-s in two belts-the Fincastle belt north and west of
Fincastle and the Eagle Rock belt, a faulted slice along the Pulaski-
Staunton fault in the western part of the valley.

Fincastle beb.-The Fincastle belt of Ordovician limestone is ex-
posed on the flanks of a basin-like syncline located north and west of
the town of Fincastle (Pl. 1). The middle part, or trough, of this fold
contains Ordovician limestone and shale. Minor faults occur near U. S.
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Highway 220, about 2 miles north of Kyles Mill, and in the viciniqy
of Fincastle. The character and thickness of the Ordovician limestones
near the northeastern end of the syncline (Pl. l, loc. 46) are given in
the following section.

Gnor-ocrc Sncrrorr 3l.-Noen U. S. Hrcnwey 220 esour lYz t*m,ns NoRTHwEsr

. oF Kvr,ns Mrr,u Borerount CouNrv. VrncrNu
Tbi.ckness

Feet

Ordovician limestone: strike N.43' E.; dip, vertical
Lincolnshire limestone ( 149 feet)

4. Limestone, dark-gray, nodular-weathering, sparsely cherqy. , llz
3. Limestone, dark-gray, medium-grained; contains impure thin

wavy partings .. . .. 13

2. Murat limestone facies, light-gray, coarse-grained... 24

New Market (?) limestone
1. Limestone, dark-gray, impure, nodular-weathering. .. . . . .. . 33

Ordovician dolomite and limestone

Although no samples for chemical analyses were collected here,

it is thought that only unit 2, with a thickness of 24 feet, would meet

the specifications of high-calcium limestone as defined in this rePort.
Of particular importance is the fact that not a single bed of New
Market lithologv ,such as overlies the Beekmantown dolomite in the
viciniry of Firrcastle, was noted at this locality. However. Dr. B. N.
Cooper (oral communication, 1957) suggests that bed number 1 in
the above section may be the New Market horizon. Partial exPosures

of Ordovician limestones were noted along State Road 606 and at the
intersection of State Roads 600 and 666.

The character and thickness of the rocks comprising the Fincastle
belt along State Road 670 southwest of Fincastle (Pl. 1, loc. 47) re
given in the following sections.

Gnor,ocrc SecloN 32.-Jusr wEST oF Srers Roeo 670 Nnen cRossrNc or Cetewrle
CnoBr asour 2 .utos sourHwEsr or Frxcasrr-r, Borcrounr CouNtv, VrncrNr.c'

Thickness
Feet

Ordovician limestone: strike N. 75" E.; dip 45' N.W.
Lincolnshire limestone (176 feet)

5. Limestone, ash-gray, nodular, crumblv-weathering. 105

4. Limestone, dark-gray, fine- to medium-grained; contains
thin war,y impure partings. 7l

New Market limestone (65 feet)
3. Limestone, light-gray, compact; CaCO., 93.03; MgCO3,4.94;

SiOr, 2.04; AIrOr, 0.12; FerOr, 0.24; total, 100.37. 51
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2. Limestone, Jight-gray to buff-colored, compact, impure. ...
Ordovician dolomite and limcstonc

Beekmantown dolomite (upper part)
1. Dolomite, medium-gray; a few thin beds of bluish-gray
. limestone

The belt of Ordovician limestone, although disarranged by fault-
ing in the vicinity of Fincastle, continues in a northeasterly direction,
crossing State Road 630 east of Fincastle and State Road 635 in the
vicinity of Kyles A4ill. The besr exposures noted in the Fincastle area
are given in the following section (Pl. 1, loc. 48).

GBorocrc Secrrox 33.-Aroxc Srarn Roao 630 asorrr 1 MrLE EAsr oF
FTNcASTLE, Bornrounr CouNry, VrncrNre

Thickness
Feet

Ordovician limestorre: strike N.-S.; dip 30" W.
Lincolnshire limestone (88 feet)

L Limestone, dark-gray, fine-grained; covered at top. ....... 10

7. Limestone, dark-gray, nodular, crumbly-weathering, sparsely
: chefty ... 24

6. Limestone, dark-gray, fine-grained, nodular. 29

5. Limestone, dark-gray; e few impure partings and chert frag-
ments . .. 25

i lrtrew Market limestone (106 feet)

, SiO2, 2.16; AloO., 0.52; Fe2O*, 0.16; PoOu, 0.016; total,

i*r 99.86 .. . . - . i.. .. 72
' 3. Limestone, Iight-gray, impure 14

2. Limestone, light-gray, magnesian. 9
1. Limestone, banded, conglomeratic; lower boundary uncer-

tain ll
Ordovician dolomite and limestone

The data give in Geologic Sections 32 md 33 show that the belt
of Ordovician limestone in the general viciniry of Fincastle contains

from 50 to 75 feet of New A,{arket limestone which averages about 97

percent total carbonates and from about 93 to 9+ Percent calcium

carbonate. Coarse-grained, high-calcium limestones, such as occur
along the northwest limb of the syncline north of Fincastle (Pl. I'
Ioc. 46), are too thin to be considered of commercial importance.

Eagle Rock beh.-The Eagle Rock belt of Ordovician limestone'

locally containing high-calcium limestone, is in an area of comPlicated

srruciures (Pl. 1). It is a relatively narrow belt of limestone extending

t4
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from the vicinity of Eagle Rock southwestward for about 10 miles
along or near the trace of the Pulaski-Staunton fault. Woodward has

described the Salem block of the Pulaski overthrust (1935, p. 321-
333) and the fault-line phenomena r'e^r Eagle Rock (1936, p. I35-I+2)
rvhich includes the northeastern part of the belt that has been exten-
sively quarried and mined. Farther southwestward, the Ordovician
limestones crop out near the middle of a wedge-shaped block,
Iying between the main fault on the east and one of its branches on
the 'nr,'est that begins at a point about 5 miles northwest of Fincastle
and extends norrheastward for about three miles beyond James River.
The line of faulting, marked by the trace of the Pulaski-Staunton fault,
or by this fault and associated minor faults, extends in a northeasterly
direction along the northwestern side of Fincastle Valley to a localiqy
about three miles east of Eagle Rock and then swings abruptly
southeastward, passing around the southern end of Purgatory Moun-
tain near Buchanan.

There was no production of high-calcium limestone in the Eagle
Rock area when visited in 1957. However, at the time of the survey
in 1945, the Eagle Rock Lime Company was operating a quarry along
the west side of U. S. Highway 220 about one mile southwest of Eagle
Rock Station. Older workings by the Moore Lime Company, Virginia
Products Company, and by the Eagle Rock Lime Company include
two large quarries (Pl. 1,loc. 50) and a mine (Pl. l,loc. 49) which are

located along the belt of Ordovician limestone becween U. S. High-
way 220 and James River.

The last quany to be operated by the Eagle Rock Lime Company
(Pl. 1, loc. 51) is estimated to be 1,000 feet long, 250 feet wide, and
has a maximum depth of about 90 feet along the southeastem face.
The rocks exposed in the quarry and along U. S. Highway 220 to the
east are overturned, dipping about 35' SE. Beekmantown dolomite
rvhich crops out along the eastern side of the highway appears to be

in normal geologic sequence with the Ordovician limestone, including
25 feet of typical New A4arket limestone. However, east of the high-
way the New Market limestone and the overlying nodular limestones
in the lower part of the Lincolnshire thin rapidly and in the limestone
mine (Pl. 1, loc. 49) the Beekmantown dolomite, forming the hanging
wall, is resting directly upon the coarse-grained high-calcium lirne-
stones (Pl. 38). Faulting is discussed by Woodward (1936, p. 135-l+2)
to explain the discordant stratigraphic sequence.

The best exposures of the Ordovician limestone belt in the Eagle
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Rock area are along U. S. Highway 220 and in the adjacent inactive
quaffy of the Eagle Rock Lime Company (Pl. 1, loc. 5l).

Grorocrc SrcrroN 34.-AroNc U. S. Hrcurvev 220 eNo rN THE rNAcrr\,.E euARRy oF
rnn E,c.crn Rocr Lruo CorvrpeNy enour 1 MlrE sourglvEsr or Eecrr Rocr

SrerroN, Borerounr CouNry, Vrncrxre
Thi.ckness

Feet
Ordovician limestone: strike N, 25' E.; dip, overturned, 35' SE.

Ordovician limestone of uncertain agel
5. Limestone, gray to lieht buff-colored, medium-grained; ex-

posed along floor and west wall of quarry.
4. Limestone, light-gray, coarse-grained

Analyses of units 4 and 5, sampled thickness ll2 leet: CaCO3;
97.65; MgCO3, 0.95; SiOs, 0.43; Al2O3, 0.69; Fe"Or, 0.26;

total, 99.98

3. Limestone, light-gray, compact.
Lincolnshire limestone

2. Limestone, dark-gray, fine- to medium-grained, nodular,
cherty; contains abundant fossils.. 45

Analysis of units 2 end 3, sampled thickness 48 feet: CaCO*,
86.17; MgCOu, 1.65; SiO2, 9.77; AlrOs, 1.16; FerOr, 0.62;

total,99.37
New Market limestone

1. Limestone, light-gray, compact; partly covered by highway;
CaCOr, 96.54; MgCOr, 1.61; SiO2, 1.03; AI2O3, 0.01; Fe"O3,
0.72; total,gg.gl .. .. . . .. .: 25

Ordovician dolomite and limestone
lDr. B. N. Cooper, who has made faunal studies in this area, suggests (Oral

communication, 1957) that until better correlation is possible these rocks sl'rould
be referred to as "Ordovician limestone of uncertain age."

The belt of Ordovician limestone is largely covered from the
vicinity of the Eagle Rock Lime Company quarry southwesrward
to State Road 682 where the following section was measured (Pl. 1,

loc.52).

Georocrc SocloN 35.-Anour 100 venns NoRTHEAST or Srert Rolo 682 eNu

FOUR-TENTHS OF A MII-E NORTH\T/EST OT ITS INTERSECTION 1VITH

Srern l{oeo 681, Bornrounr CouNrv, Vtncrxre
Thiickness

Feet

Ordovician limestone and shale
Edinburg formation (lower part)

4. Shale and limestone. dark-colored: includes about 8 feet of
granular, rusty-weathering Botetourt (?) limestone at the
base.
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Ordovician limestone: strike N. 65"-75' E.; dip, overnrrned, 45'-60" SE.
Ordovician limestone of uncertain age

3. Limestone, light-gray, medium- to coarse-grained.......... 75

Lincolnshire limestone
2. Limestone, dark-gray, fine-grained, cobbly, cherry. 38

New Market limestone
1. Limestone, dove-gray, compact to granular. 25

Ordovician dolomite and limestone

Partial exposures of Ordovician limestones near the southwestern
end of the belt (Pl. l, loc. 53) are thought to be of similar composition
to those described at locality 52 and sampled along the U. S. Highrvay
22A at the Eagle Rock Lime Company quarry.

Outlying areas of Ordovician limestone associated with anticlinal
folds in the western part of the James River district are described in
this report as the'W'arm Springs Valley belt and the Rich Patch belt.

Wann Springs Valley belt.--The median part of Warm Springs
Valleyi extending from the viciniqz of Warm Springs, Bath County,
southwesrward to a point about 3 miles southeast of Falling Springs,
Alleghany County, is occupied by carbonate rocks of Ordovician age.

The follor.ving description of the geology, exclusive of the geologic
sections and chemical analyses, is a summary of a manuscript prepared
by Dr. Charles Butts:

The outcrop of the A4osheim borders that of the Beekmantown
dolomite. The Beekmantown crops out in the middle of the
valley from the vicinity of Falling Springs Church northeast-
ward to Healing Springs. At the south end of the valley,
opposite Falling Springs Church, the outcrop is split into rwo
prongs by a synclinal area of the overlying impure Lenoir
limestone. Northward two bands 400 to 600 feet wide border
the Beekmantown on both sides to a point east of Healing
Springs village where they combine and continue northward
as a single band to a point nearly lYz miles north of Mitchell-
town where the N4osheim pitches beneath the Lenoir lime-
stone. The largest area of Mosheim is in the south end of the
valley on an east-west line through Falling Springs Church.
The thickness as computed from the width of outcrop and the

. angle of dip, is about 140 feet. The overlying Lenoir is a

dark to nearly black, finely crystalline limestone. Its layers
are more or less irregularly laminated and on weathering tend
to break down into ragged lenses, or they are commonly com-
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posed of small irregular nodules of limestone invested with
anastomosing clayey laminae. The formation is everywhere
characterized by nodules or irregular bodies of black chert.
The thickness of the Lenoir is about 125 feet.

It should be noted that the geologic map of this report (Pl. 1)
is generalized and does not show the structural detail suggested by
Butts as a result of more recent studies.

Since the post-Beekmantown Ordovician limestones in this area are
different in lithologic character from the sections examined east of the
Pulaski-Staunton fault, it is thought best not to attempt any definite
correlation in this report. They will be referred to as undifferentiated
Ordovician limestone.

The character and thickness of the rock comprising about the
lower half of the Ordovician limestone belt near the southern end of
Warm Springs Valley (Pl. 1, loc. 56) are given in the following section.

","i'"T:,:rffi x"'^1;.",HT,tr'J"ilrlllY;l;"1ff;:;^1iif; :HJ:TH'ff '
Thickness
Ft. In.

Ordovician limestone, undifferentiated (lower 212 f.eet)
30. Limestone, light-gray, compact; CaCO3, 96.64; MgCOs,

1.52; SiOr, 1.00; AleO3,0.28; Fe2Os, 0.20; total, 99.6+........ 104

29. Limestone, light-gray, compact, cherry. 3

28. Limestone, light-gray, compact. 48

Analysis of units 28 and29, sampled thickness 5l feet: CaCO3,
92.68; l\,IgCOs, 2.5O; SiOr, 3.40; AlrOr, 0.93; FerOr, 0.28;
total,99.79

27. Limestone, thin-bedded, impure. ......... 10

26. Limestone, ribbon-bedded, impure; partly covered . ........ 4

25.Limestone, gray, compact..... 2

24. Covered interval 2

23. Limestone, clayey, crumbly-weathering. 1

22. Limestone, gray, compact, laminated. 4
21. Limestone, buff-colored, clayey. .. 0

20. Limestone, light-gray, compact. 5

19. Limestone, bluish-gray, striped. 2

18. Dolornite siltstone 3

17, Limestone, buff-colored . . .. .. .. . 1

16. Dolomite siltstone; contains chert fragments. .. .. . ... . .... . 2

15. Limestone, shaly . 0

14. Dolomite siltstone 1

13. Limestone, bluish-gray, striped. I
12. Dolomite siltstone; smooth fracture. 0

0

0

0

0

6

6

6

6

0

8

0

6

0
6
0
4

z

0

6
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[1. Limestone, bluish-gray, suiped.
10. Chert breccia I
9. Limestone, bluish-gray, ribbon-bedded, impure. 2

8. Shale, calcareous 1

7. Dolomite siltstone; weathers dingy-gray. 3

6. Limestone, bluish-gray, clayey. I
5. Dolomite siltstone, bluish-gray; weathe.rs brown. .. .. ... .. 0

4. Limestone, bluish-gray, ribbon-bedded I
3. Shale and thin-bedded limestone. ......... I
2. Chert conglomerate 0

1. Limestone, bluish-gray, ribbon-bedded 0

6

0

6

6

4
2

8

0
6
I
8

Ordovician dolomite and limestone

The same belt of Ordovician limestone is partly exposed east and
west of U. S. Highway 220 about 500 feet north of the Bath-Alleghany
Counqy line (Pl. I, loc. 55). Here 60 feet of light-gray, compact
limestone, exposed about 100 yards west of the highway, contains 97.31

Percent calcium carbonate, 1.50 percent magnesium carbonate, and
0.25 percent silica. About 50 feet of impure limestone (Pl. 3C) repre-
senting the lower part of the Ordovician limestone belt is exposed
along the east side of U. S. Highway 220 east of the above localify. A
composite analvsis of these beds shows 91.19 percent calcium carbonate,
2.50 percent magnesium carbonate, arnd 4.99 percent silica (Table 7).

The most northeasterly exposure of high-calcium limestone ex-
amined by the writer in Warm Springs Valley is in the village of
Healing Springs (Pl. 1, loc. 54). Here an estimated thickness of 125

feet of light-gray, thick-bedded, compact limestone underlain by about
30 feet of thinner bedded, slightly impure limestone is exposed along
U. S. Highway 220 and in the steep bluff to the west which rises about
60 feet above the highway.

Field studies indicate that there is at least 100 feet of limestone
containing more than 97 percent calcium carbonate, that could be
quarried at several localities (Pl. 1, loc. 54-57) in the southwestern
part of Warm Springs Valley.

A large deposit of travertine or calcareous tufa occurs along
Falling Spring Creek (Pl. 1, loc. 58) west of the water-gap through
the southwestern end of Little Mountain. The deposit is not worked
at the present time, but when visited in 1944, it was being quarried
by the Falling Spring Lime Company. The workings consisted of shal-
low open-cuts in a small valley about 200 feet west of the base of the
prominent waterfalls along the creek. Material recovered from these
operations v'as hauled by narrow gauge raihoad to the grinding plant
at Falling Spring viliage, a distance of 2 miles. An analysis of a sample
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of travertine dislodged from the old workings, a short distance north
of U. S. Highway 220, shows 97.85 percent calcium carbonate, 0.90

percent magnesium carbonate, and 0.48 percent silica.

Rich Patcb bctt.-The Rich Patch belt of Ordovician limestone is

exposed on the flanks of an anticlinal fold, the median part of which
is occupied by Ordovician dolomite and limestone. Details of the
stratigraphy in this area are given in a'recent report by Lesure (1957).
Several partial exposures of Ordovician limestones crop out along State
Road 621 between Rich Patch Church and Hooks Mill.

The following section is generalized and represents a composite
of three localities (Pl. 1, locs.59-61) within one-half mile of Rich
Patch Church.

Goorocrc SncrroN 37.-Aror.ic Srern Roeo 621 BETwEEN Rtcs Plrcn Cnuncn
euo Floors Mrr-r,, Arrrcnenv CouNrv, VrncrNre

Tbickness
Feet

Ordovician limestone
Lincolnshire and V/histle Creek limestones (252 feet)

7. Limestone, medium-grained, cherty; upper boundary uncer-
tain l8

6. Limestone, dark-gray, medium-grained, very cherqr. . .. .. . 214

New Market limestone (176 feet')
5. Limestone, pearl-gray, compact, thick-bedded; CaCO s, 97 .45 ;

MgCOr, 1.26; SiO2, 0.40; AlrOr, 0.29; FesO3, 0.28; total,
99.68.. .. 20

4. Limestone, dark-gray, medium-grained, sparsely cherty. . . . 3

3. Limestone, pearl-gray, compact; a few chert bands... ..... 89

2. Limestone, pearl-gray, medium-grained; a few bands of
nodular black chert. 32

l. Covered interval; chert fragments in soil. 32

Ordovician dolomite and limestone

Light-gray, compact limestone, similar to unit 5 in the above sec-

tion, was observed at several localities along the northeastern end of
the Rich Patch belt of Ordovician limestone, but none of the localities

examined appear to contain quarryable thicknesses of high-calcium
limestone. Zones free of chert generally range from a few feet to a

maximum of about 20 feet.

lron Gate-Callaghan belt.-The Iron Gate-Callaghan belt of Upper
Silurian and Lower Devonian limestone and sandstone, locally con-

taining high-calcium limestone, is exposed at several localities along
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or near the Chesapeake and Ohio Railway from the vicinity of CaI-

laghan on the west to Iron Gate on the east. Covington, the counqF
seat of Alleghany, and Clifton Forge are the principal towns.

The unit mapped (Pl. 1, unit G) as Upper Silurian and Lower
Devonian limestone and sandstone includes the Ridgeley sandstone,

Keyser limestone, and several formations comprising the Helderberg
and Cayuga groups. The upper member of the Cayuga grouP, Tonolo-
way limestone, the Keyser limestone and the Coeymans, New Scot-
Iand, and Licking Creek limestones of the Helderberg grouP are the

carbonate formations measured and sampled at a few localities in this

part of the James River district. Additional sections and the details of
the stratigraphy of these units, including a listing of diagnostic fossils

for correlation, have been given by Swartz (1929, p;27-75) and Butts
( 1e4o).

The character and thickness of the rocks comprising the Helder-
berg group along the eastern limb of the Iron Gate anticline southeast

of 6*ton-Fotg" 1lt. l,loc. 62) are given in the following section.

Georocrc Socrrox 38.-Aroxc Cnasepnern ero Orno Rlrrwev eNn U. S. F{rcnwav
220 aeour 1% lvrtlos sourHcAsr'oF Cr-rrror.r Foxce, Ar-lncHeNv Couuw, VrncrNra

Thickness
Feet

Heldertrerg group: str-ike N. 55" E.; dip 45"-55" SE.
Licking Creek lirnestone (108 feet)

8. Covered interval 4O-r

7. Limestone, dark-gray, medium- to fine-grained, cherty; cov-
ered at the top 68

New Scotland formation (Healing Springs sandstone member)
6. Sandstone, medium-gray, medium- to fine-grained. calcare-

ous; a few thin beds of sandy limestone. 16

Coevmans Iimestone
5. Limestone, gray to pinkish-gray, medium-grained; CaCO3,

95.74; MgpOs, 2.10; SiOe, 0.73; AlrOr, 0.31; Fe"Or, 0.60;

total, 99.48 .,... ... 18

Keyser limestone (128 feet)
Upper limestone member

4. Limestone, gray; medium-grained, sandy; CaCos, 91,72;

MgCOr, 3.74; SiO2, 3.55; Al2O3, 0.50; Fe2o3' 0,80; total' 99.71 34

Clifton Forge sandstone member
3. Sandslone and thin shale partings; partly covered 63

Lower limestone member
2. Covered interval 6

1. Limestone; dark-grav, nodular; covered at the base. ....... 25
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Although exposures of the upper part of the Licking Creek lime-
stone are not adequate for detailed measurement at this localiqy, it is
assumed that about 40 feet of gray, medium-grained limestone, such
as occurs along the strike on the north side of the river, may be repre-
sented in the covered interval.

The main constituents of the Helderberg group and the under-
lying Keyser (PL aC) and Tonoloway limestones are well displayed in
the eastern environs of Clifton Forge (Pl. 1, loc. 63).

Goorocrc Snc'rroN 39.-Ar,oNc NoRTH srDE or Cncsepaexo eNn Onro Renwev
AND EAST or U. S. Hrcnwav 220 nnrocn rN ClrrroN Fonco,

Ar,recqeNv CouNtv, VrncrNre

Thickness
Feet

Ridgeley sandstone
15. Sandstone, coarse-grained, rusty-weathering; 6-inch layer of

pebble conglomerate near base... 18

Helderberg group
Licking Creek Iimestone (100 feet)

14, Limestone, light-graR medium-grained; l-foot chert zone
at base 3l

13. Limestone, Iight-gray, coarse-grained; 4-inch white chert
bed at trase 6

12. Limestone, gray, coarse-grained. 5

11. Limestone, dark-gray, fine-grained, cherty. 10

10. Limestone, rnassively-bedded, sparsely cherty. 12

9. Limestone, drab-gray, very cherry; weathers to a mealy"
spongy rock; secdon continued (units 1-8) on the lvest
side of a small vertical fault. .. 36

New Scotland formation (Healing Springs sandstone member)
8.Sandstone,medium-grained.... 30

Coeymans limestone
7. Limestone, gray, coarse-grained, impure. ..... 10

Keyser limestone (63 feet)
Upper limestone member

6. Limestone, dark-gray, fine- to medium-grained, impure.... 8

Clifton Forge sandstone member
5. Sandstone, fine- to medium-grained; some layers cross-

bedded; few shaly partings. 55

Tonoloway limestone (upper 37 feet)
4. Limestone, ochre-colored, shaly, partly decalcified; it is pos-

sible that this unit may belong with the overlying Keyser
limestone 6

3. Limestone, straticulate, clayey. 22

2. Sandstone, fine-grained 4

1. Limestone. straticulate', takes to crest of small anticline.... 5
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Although no samples for analyses were collected here, it is rea-

sonably certain that there are no thick units of high-calcium limestone.

The most common impurity of these limestones, exclusive of the cherqy

layers, is the occurrence of disseminated rounded quartz grains which
are usually well displayed on weathered surfaces. U. S. Highway 60'

between Clifton Forge and Lowmoor, is on Devonian shale and sand-

stone, whereas farther westward the limestone belt because of gentle
folding is repeated at several localities along the highway. One of the

best exposures of the upper part of the Helderberg limestone is in
the Lowmoor mine (Pl. 1, loc. 64), located along State Road 616 about

half a mile southwest of Lowmoor village and about five miles south-

v,est of Clifton Forge. The height of the mine, representing the upper

part of the Licking Creek limestone, is estimated to be 50 feet (Pl. 7B).

A composite sample of the limestone collected from the pillars and

walls of the mine contained 93.31 percent calcium catbonate, 1.62

percent magnesium carbonate, and 3.89 percent silica.

The upper 50 feet of the Licking Creek limestone, rePresenting

the same beds mined at Lowmoor, croPs out in a bluff along U. S.

Highway 60 midway between Lowmoor and Island Ford (Pl. l. loc.

65). An analysis of a composite sample, representing the full thick-
ness of the limestone at this locality, shows 95.13 percent calcium

carbonate, 1.24 percent magnesium carbonate, and 2.47 percent silica.

Due to gentle folding the Helderberg limestone is well exposed

along U. S. Highway 60 at Jackson River bridge and along the Chesa-

peake and Ohio Railway about 200 yards southeast of the bridge.

The following section was measured along the highway and in the

bluff at the eastem end of the bridge (Pl. 1, Ioc. 66).

Gsorocrc SeCrroN ,10.-VrcrNrrv or JecxsoN RrvEn nnrDcE er Isr-eNn Fono aeour
6 tr.rrns sourHwEST or CrtnroN Fonco, Ar,rncneNv CouNtv, VrncrNra

,rr;::rtt

Ridgeley sandstcne: strike N.50" E.; dip 50' SE.

10. Sandstone, coarse-grained, rusty-weathering... . 12

Helderberg group
Licking Creek limestone (170 feet)

9. Limestone, light-gray, medium-grained; upper part sandy;

CaCOu, 92.30; A{gCO,, 1.18; SiO2, 5.05; Al1Or, 0.11; FerOu'

0.80; total, 99.44... 60

8. Limestone, dark-gray; contains a few stringers of light-col-
ored chert in lower Paft. .. . 40

7, Limestone, dark-gray, very cherty. 70
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New Scotland formation (Healing Springs sandstone member)
6. Sandstone, gray, cross-bedded; contains sandy laminated

limestone in the middle
5. Limestone, dark-gray, nodular.

Coeymans limeston6 (24 feet)
4. Limestone, medium-gray
3. Limestone, pinkish, coarse-grained; few sandy srreaks......

Keyserlimestone
Upper limestone member

2. Limestone, gray, impure.
Analyses of units 2-4, sampled thickness 34 feet: CaCOr,
80.58; NIgCOr, 2.35; SiO2, 14.64; Al2Os, 0.70; FerOu, 1.16;
rotal.99.43.

Clifton Forge sandstone member
1. Sandstone, gray, cross-bedded; exposed in bed of Jackson

River; thickness nor determined.

{

15

9

10

The best grade limestone sampled in the Iron Gate-Callaghan belt
crops out at Dunlap Beach (Pl. l, loc. 67) about 2 miles southeast of
Callaghan. I{ere about 45 feet of high-calcium limestone is well situ-
ated for small-scale quarrying. The following section begins within
the lower part of the Licking Creek limestone and extends downward
to include a few feet of the upper member of the Keyser limestone.
It is of interest to note that the position of the lower member of the
Licking Creek limestone with reference to the overlying Devonian
shales is such that there is very little room for the upper part of the
Licking Creek limestone and the Ridgeley sandstone which in a normal
section occupy this interval.

Georocrc'*':;fr 
fl#LT::ff l.Tfl ::lff BH":i:.Tffi fi"*2uu-ns

Helderberg group: strike N. 25' E.; dip 45" SE. 
Thickness

Licking Creek Iimestone
5. Limestone, dark-gray, cherty. 27

New Scotland formation (Healing Springs rr";;;;;'*;;;;;; 
'

4. Sandstone, medium-grained, cross-bedded..... 3l
Coeymans limestone (55 feet)

3. Limestone, medium-grained, sandy. l0
2. Limestone, gray and pink, coarse-grained; CaCOs, 96.45;

MgCOr, 1.00; SiO2, 0.95; Al2O3, 0.14; Fe2O3, 0.92; total,
99.46 . 4t

Keyser limestone
Upp", limestone member

1. Limestone, dark-gray, medium-grained, sandy; coverd at
base 24
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The following section, illustrating the Helderberg sequence in the

western part of the James River district (Pl. l, loc. 70), has been taken

from Butts (19+0, p. 266-267), but modified to the extent that the
Becraft and New Scotland limestones are designated Licking Creek
limestone and the fossils listed by him for the various units are not
included.

Georocrc SrcrroN 42,-AroNc J"lcrsoN RrvBn asour 1 rvrrlE WEST oF

Krxiem. Ar,tncnlr.lrr CouNrv. Vlncrur-n
Thickness

Feet

Helderberg eroup:
Licking Creek limestone (200 feet)

11. Limestone, very thick-bedded, coarse-grained, fragmental.. 50

10. Limestone, argillaceous, knotty, chertlz. 150

New Scotland formation (Healing Springs sandstone member)
9. Sandstone, thick-bedded, white, quartzitic; limy in lower part 55

Coeymans limestone (55 feet)
8. Limestone, sandy . 20

7.,Limestone, thick-bedded, coarsely-crystalline, fragmental,
some pinkish, resembles marble. 35

Keyser limestone (176 feet)
Upper limestone member

6. Limestone, bluish, fine-grained; a few thin sandy layers. . ' ' 22

Clifton Forge sandstone member
5. Sandstone, cross-bedded, limy groundmass; more calcareous

layers in middle. .. .... .. 95

Lower limestone member
4. Limestone, verv nodular. 5

3, Limestone, thick-bedded, paftly sandy, partly finely crystal-
line, pink and gray above, basal 5 feet coaxely crystalline,
l-foot shale at base. 54

Tonolowav limestone (upper 37 feet)
2. Limestone, black . 18

l. Limestone, black, laminated; takes to river level. .. 19

The most westerly exposure of the Iron Gate-Callaghan belt of
limestone noted by the writer is along State Road 600 about half a

mile southeast of Callaplhan (Pl. 1. loc.68). Here about 50 feet of
nredium- to coarse-grained limestone rePresenting the upper part of
the Helderberg group contains 93.34 percent calcium carbonate, 1.45

percent magnesium carbonate, and +.26 percent silica. These lime-
ston"s and a part of the underlying cherty limestones are also displayed

in a bluff, about 100 feet high, near the intersection of State Roads 600

^nd 
662 (Pl. 1, loc. 69). In a small inactive quarry (Pl. 1. loc. 71) along

7l
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State Road 600 about 3 miles southwesr of Falling Springs and at
locality 72 about half a mile easr of the quarry the upper part of the
Licking Creek limestone contains abundant qrrartz sand. One analysis
of a sample represenring about 30 feet of limestone in the quarry shows
85.60 percent calcium carbonate, 0.87 percent magnesium carbonate,
and 11.39 percent silica.

Marble Valley-Goshen belt.-The Marble Valley-Goshen belt of
the Upper Silurian and Lower Devonian limestone and sandstone is
partly exposed at several localities along the west limb of the Elliorr
Knob syncline (Pl. 1).

The character and thickness of the limestones exposed along a
tributary to Calfpasture River near Marble Valley (Pl. 1, loc. 73) are
given in the following secrion.

Grorocrc SncrroN 4J.-AroNc CrayroNs Mrn CnnBr Nnan Mersr-E Var-r-oy
I^sovr 4Yz MrLES sourHwesr or Donnrrern, Aucusre CouNry. VrncrNra

Helderberg group: strike N. 22' E.; dip 42' SE.

8. Limestone, light-gray, medium-grained. .. ..
7. Limestone, dark bluish-gray, cherqz.
6. Limestone, light-gray, coarse-grained; CaCOs, 97.86; MgCO3,

0.97; SiO", 0.23; Al2O3, 0.20; Fe2O3, 0.34; total, 99.60......
5. Limestone with sandy streaks, crinkly-weathering. ..
4. Limestone, dark-gray, nodular-weathering..
3. Limestone, dark-gray, 6ne-grained; contains light-gray cherr
2. Limestone, light-grav, coarse-grained

Keyser limestone
1. Limestone, dark-gray, chety, cobbly-weathering; thickness

estimated .. ..... 50

Helderberg limestone, such as described in Sections 43 and 44, was
noted at several localities in Marble Valley, but the field studies were
not adequate for the separation of distinct members. For example, unit
6 is Coeymans lithologyl however, this layer is underlain by sandstone
and cherty limestone which resemble the New Scotland formation.
On the basis of lithologic character, it is the wrirer's opinion that unit
6 is a coarse-grained facies of the Licking Creek limesrone and unir 2

may fePresent the true coeymans.
About 80 feet of light-gray, coarse-grained limestone (Licking

Creek [t] limestone) is exposed along the trail leading to the fire
tower of Sideling Hill about one-fourth of a mile wesr of Stare Road

Thickness
Feet

50

50

60

1l
6

25
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600 and 5 miles nofth of Goshen (Pl. l, loc.74). Farther southwest-
ward along the strike there are continuous exposures along State Road
600 and Calfpasture River for a distance of about 1,000 feet The
character and thickness of the rocks at this locality (Pl. 1. loc. 75) are

given in the following section.

Groiocrc Sncrro\i 44.-Ar-onc Cerrp.lsrutr Rrvnn ar rHE sourHEAST BAsE oF

Srnnuxc Hrr,r,,reour 4 mrr-ns NoRTH oF GosrreN, RocrsRroce CouNrv, VtncrNre

Thickness

Ridgeley sandstone

9. Sandstone, medium-grained . .. . . .. ...: . .. 18

Helderberg group: strike N. 38' E.; dip 33" SE.
8. Limestone, light-gray, medium-grained; CaCOo, 93.67;

NIgCOr, 1.64; SiOr, 2.83; Al2O", 0.43; Fe2O3, 0.94; total,
99.5r .

7. Limestone, dark-gray, cherry.
6. Limestone, gray and pink, medium-grained; CaCO", 95.44;

lVIgCO., 1.92; SiO2, 1.30; Al"Or, 0.48; FerO., 0.38; total,99.52
5. Limestone, gray and pink, medium-grained, sandy..
4. Lirnestone, dark-gray, fine-grained, cherty.
3. Limestone, gray and pink, medium-grained.
2. Sandstone, fine- to medium-grained. limy; contains 1-foot

bed of shaly limestone near middle.
1. Limestone, fine-grained; a fev: thin beds of coarse-grained

limestone; covered at the base; CaCO", 92.91; MgCOr, 1.50;

SiO", 3.57; AloOr, 1.28; FeoOr, 0.70; total,99.96.

t)

38+
4A

39

l5
34

14

10

7

This belt of carbonate rocks is split into two prongs by an antr-
clinal area of massive Silurian sandstone, forming Mill Mountain, about
3 miles northeast of Panther Gap. Southwestward these bands border
the Silurian sandstone on both sides to a point east of Iron Gate where

they combine and plunge beneath the overlying Devonian shale and

sandstone. A good exposure of the upper part of the limestones com-

prising the westernmost belt referred to above is along the Chesapeake

and Ohio Railway and in an inactive quarry (Pl. l. loc. 76) along State

Highrvay 501 about half a mile rvest of Panther Gap.

Gnoroclc SccrroN 45.-INecrrvr euARRy lroxc Sratn Hrcnlvev 501 egour
3 vr.trns NoRTHwEsr or GosnaN. Bers CouNrY, VlncrNre

Thi.ckness

Ridgeley sandstone

' 6. Sandstone, medium-grained . .. . 39
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Helderberg group: strike N. 30" E.; dip 50' SE.
Licking Creek limestone (115 feet)

5. Limestone, gray, medium-grained; upper 10 feet sandy
limestone; CaCOr, 92.71; Mgp,O", 0.92; SiO", 5.04; Al"Os,
0.45; FeoO3, 0.46; total, 99.58. ..

4. Limestone, gray, medium-grained, sparsely cherry.
3. Limestone, dark-gray, fine- to medium-grained, very cherty

New Scotland (?) limestone
2. Limestone, gray, medium-grained.

Coevmans limestone
l.Limestone, medium-gray, mostly coarse-grained, thick-

tredded; 10 foot bed of pink limestone about 30 feet below
top; covered at the base.
Analysis of units I and 2, sampled thickness 60 feet: CaCOr,
92.88; MNOr, 1.98; SiO,, 3.75; Al2O3, 0.60; Fe,rOu, 0.76;
total,99.97 .

55

t2
48

10

An elongate anticline with Devonian and Silurian limestone and
sandstone occupying the crest of the fold extends from a locality 3

miles southwest of Millboro Springs southwestward for approximately
4 miles. There are excellent exposures of bedrock, although display-
ing minor folding and faulting, along State Highway 42 near the south-
western end of this belt (Pl. 1, loc.77). Here massively bedded coatse-
grained limestone (Pl. 7A,) has been extensively quarried and used as

road ballast. A composite section of the Helderberg and Keyser lime-
stones made from exposures in the roadside quarrv (units l-9) and
along Highway 42 abort 1,000 feet to the west (units 10-19) are given
in the following section.

Gnorocrc Sncrroll ,16.-Ar-owc Srers FhcHway 42 enour 7 MrEs sourHwEST
or A{[rsono SpnrNcs. BarH CouNrv. VrncrNre

Thickness
Feet

Ridgeley sandstone
19. Sandstone, medium-grained; weathers brownish. 15

Helderberg group: strike N. 30' E.; dip 70" NW. (units 10-19); 10'-20"
SE. (units l-9)

Licking Creek limestone (145 feet)
18. Limestone, medium-gray, medium- to coarse-grained; upper

5 feet sandy 75

17. Limestone, gray, medium-grained; thin chert stringer at top 12

16. Limestone, gray, medium-grained; 8-inch chert laver at top 4
Analysis of units 16-18, sampled thickness 91 feet: CaCOu,
93.83; MgCO3, 1.15; SiO", 4.08; Al"O3; 0.40; FerOr, 0.48;

total,99.93.
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15. Limestone, dark-gray, fine-grained, very cherty.
14. Limestone, gray, coarse-grained.
13. Limestone, dark bluish-gray, cherry; thin clay bed at top. .

New Scotland (?) limestone (25 feet)

12. Limestone, medium-grained; contains abundant sand grains
and sandy sreak . 7

11. Sandstone, calcareous (Healing Springs [?] sandstone mem-
ber) .. 15

10. Limestone, light-gray; grades upward into calcareous sand-

stone; faulted at base. j

Coeymans limestone

9. Limestone, gray and pink, coarse-grained. 12-15

Keyser limestone (118 feet)
Clifton Forge sandstone member

8. Sandstone, gray, calcereous.....
7. Limestone, dark-gray, fine-grained, cherty.
6. Shale. dark. contorted.
5. Sandstone, medium-bedded .....
4. Sandstone, shaly .

3. Sandstone. massivelv-bedded . ..

Lower limestone member

2. Limestone, mainly light-gray with pink layers, medium- to
coarse-grained; CaCO., 9150; MgCOs, 2'48; SiOr, 4.61;

AlrO*, 0.70; Fe"Os, 0.60; totalr 99.9. 50

Tonoloway limestone (upper part exposed along crest of anticline)

1. Limestone, dark bluish-gray, fine-grained, platy; shows col-
umnar jointing (Pl. 3,\) 32

Fordwick-Belts Valley belt.-This belt of Upper Silurian and

Lower Devonian limestone and sandstone begins about 5 miles north-
east of Fordwick and continues southwestward to Goshen, closely

paralleling the Chesapeake and Ohio Railway. The Fordwick plant of
ifre nfrigh Cement Company operates a large limestone quarry in this

belt at a locality (Pl. l, loc. 79) about one mile south of Craigsville.
Devonian shale used as a part of the mixture for the manufacture of
Portland cement by this company is obtained from a quarry located

near State Highway 42 about three-fourths of a mile northeast of
Craigsville.

The general character of the rocks comPrising the Fordwick-Bells
Vallev belt in the vicinity of Craigsville is given in the following sec-

tion (Pl. l, loc. 78).

75
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Gnorocrc SrcrroN 47.-INecrrvn euARRy er,oNc Srern Ro.qu 684 ABour oNE-FouRTH
oF A Mrr,E EAsr oF Cnercsvrr-r,r, Aucusre CouNrv, VrncrNIe

Thickness

Helderberg group: strike N. 65" E.; dip 35' NW.
ticking Creek limestone (80 feet)

10. Limestone, gray, medium-grained; a few shaly beds near
base; partly covered. 35

9. Limestone, dark-gray, fine- to medium-grained; black chert
abundant in lower paft. . . . 45

New Scotland (l) limestone
8. Limestone, light-gray, coarse-grained; four feet of impure

beds at top.... 20

Coeymans limestone
7. Limestone, light-gray to pink, coarse-grained (Pl. 6C) . .. .. . 40

Keyser limestone
6. Limestone, gray, medium-grained nodular; a few shaly part-

ings .. .. 22

5. Limestone, gray, coarse-grained. 1,4

4. Lirnestone,"dark-gray, fine^grained, sandy; weathers dark-
' . br.own to drab-gray 18

3, .Limestone,-.coars*grained; a few clayey streaks and thin
. .interaa{ations,of :fine-grained limestone. 10

. '2,:.I'irnestonen:light:gray.to; pink,,coarse-grained. 35

. -,' . I r.. Sandsrelne;r,thickness:,trndeterrrrined.

It is estimated that approximarely 300 feet of the unit mapped as

Upper Silurian and Lower Devonian limestone and sandstone is ex-
pored locally,along,the southeast slope of Black Oak Ridge befween
Craigsville'and Bells Valley. One of the best exposures of the Helder-
berg and upper Keyser limestone noted in this area is along State Road
683 about two niles south.west.of Craigsville (Pl. 1, loc. 80).

Grorocrc SncrroN 48.-Ar,oNc Srero Roeo 683 asolr 2 l.trs sourHwEsr
or Cnarcsvrr,re, Aucusr.l CouNrv, VrncrNre

Thitkness
Feet

12

Ridgeley sandstone
11. Sandstone, brownish-weathering, medium-grained, friable..

Helderberg group: strike N.40' E.; dip 25'-40" SE.'
Licking Creek limestone (125 feet)

10. Limestone, gray, medium-grained.....
9. Covered inten'al
8. Limestone, dark-gray, fine-grained, cherry. .. . r. . .

New Scotland limestone
7. Limestone, gray, medium-grained; contains diagnostic fossils

of the New Scotland.

55

30

40

10-r-
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Coeymans limestone
6. Limestone, gray and pink, coarse-grained.

Analysis of units 6 and,7" sampled thickness 54 feet: CaCO3,
' 96.6+; MgCOs, 1.56; SiO2, 0.58; Al2O3, 0.69; FerOu, 0.04;

total.99.5l.
Keyser limestone

5. Limestone, dark-gray, nodular; a few shaly partings........
4, Limestone, dark-gray, nodular; a few coarse sffingers......
3. Covered interval
2. Limestone, light-gray, coarse-grained

- 1. Largely covered; a few exposures of limestone, shaly lime-
stone, and shale; thickness undetermined.

18

ll
I)
4I

The following section is a composite of exposures just north of
State Road 614 and in an inactive quarry one-fourth of a mile southeast
of Bells Valley (Pl. 1, loc. 81). The lithology and thickness of the
units of the Kevser limestone (units t-tt) and the recognition of diag-
nostic fossils which identify the New Scotland limestone are taken
from a section published by Swartz (1929, p. 66-67).

Goorogc SBcrtoN 49.-AroNc Srare Roeo 614 eNo rN THE vrcrNrry oF AN TNACTTvE

euARRy oNE-FouRTH oF A Mrr-E solrrHEAsr or Bor-r-s Vlt,rov,
RocrnnrncB couNtv' vrncrNra 

Th'ckrzess
Feet

Flelderberg group: strike N.40" E.; dip 55' NW.
Licking Creek limestone (129 feet)

16. Covered interval 45

15. Limestone, gray, medium-grained, sparsely cherty. 31

14. Limestone, dark-gray, fine- to medium-grained, cherty. ... . 53

New Scotland limestone
13. Limestone, gray, coarse-grained; contains characteristic New

Scotland fossils (Swartz, 1929, p. 66). 15

Coeymans limestone
12. Limestone, gray and pink, coarse-grained; a few irnpure

crinkly bands . .. 46

Analysis of units 12 and, 13, sampled thickness 6l feet:
CaCO3, 96.65; MgCO3, 1.27; 5iO2,0.95; Al2O3, 0.62; FerO.,,
0.20; total, 99.69 ..

Keyser limestone
11. Thin-bedded shale and limestone; the upper surface is

extensively ripple marked 6

10. Thick-bedded crystalline limestone. 7

9. Thin-bedded shaly limestone. 3

8. Massive fine-grained limestone, weathering greenish. 42

77
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7. Thick-bedded hard gray sandstone, weathered buff to white,
forming the backbone of the knoll. Like the underlying
sandstones, this is a tongue of the Clifton Forge sandstone
member of the Kevser 4

6. Thin-bedded yellowish-green, somewhat arenaceous shale
(tongue of the Big Mountain F I shale member) 9%

5. Medium-bedded gray sandstone (tongue of the Clifton Forge
sandstone member) 1%

4. Dark-grayish soft shale, mostly concealed. ... 8

3. Calcareous sandstone, weathered buff (tongue of the Clifton
Forge sandstone member) 6

2. Thick-bedded, somewhat crystalline limestone. 10

l Concealed. Some arenaceous shale toward top. Keyser (?) l4
Tonolov/ay limestone

It is the writer's opinion that, locally, the belts maPPed as UPPer
Silurian and Lower Devonian limestone and sandstone in the western

part of the James River district may contain units of sufficient thickness

and purify to warrant small-scale operations for the production of
high-calcium limestone. Additional field study and testing is recom-
mended at those localities cited which show a minimum of 30 to 40

feet of limestone containing around 95 to 96 Percent calcium carbonate.

High-Magnesium Dolornite

Cambrian dolomite (Shady-Tomstown dolomite) in the James
River district is composed largely of high-magnesium dolomite as

defined in this report. Natural outcrops of Cambrian dolomite occur
in the vicinity of Natural Bridge Station and southwestward along the

western foothills of the Blue Ridge at sevelal localities east of Indian
Rock, Buchanan, and Lithia (Pl. 1, unit A). Cambrian dolomite was

not observed north of the general latitude of Glasgow. Notwithstand-
ing this restricted distribution, there are several large potential quarry
sites in the southeastern part of the district' Because of the poor
exposures and faulting, no acculate determination of the thickness

coold b" made. The'best estimates of thickness, based upon several

incomplete exposures, show from about 1,300 to 1,600 feet, in the

vicinity of Natural Bridge Station.
The geology of the belt of high-magnesium dolomite south of the

latitude of So"n" Vista, including the structural interpretation of
Sallings Mountain and the boundary of the noncarbonate rocks- to the

southeast, is from manuscript geologic maps made by R. O. Bloomer

for the Virginia Geological Survey.
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The character and thickness of the rocks near the northeastern end
of the exposed part of the high-magnesium dolomite belt (Pl. 1, loc.
82) are given in the following section.

Gror,ocrc SEcrroN 5O.-VrcrNrry or Neruner, Bnrocn SrerroN esour 100 yARDs

NoRTHEAsT or Srero Hrcnlvey 249 aNo wEsr oF Srarn Roao 688,
Rocrsnrocr couNrv' vrncr*re 

Thickness

Cambrian dolomite: strike N. 59' E.; <lip, overrumed, 80" SE. 
Feet

Shady dolomite (1210f feet)
10.Dolomite, dark bluish-gray, medium-grained; probably

faulted at top ... ?43

9. Dolomite, medium- to light bluish-gray, fine-grained...... 55

Analysis of units 9 and lQ sampled thickness 298 feett
CaCOr, 54.16; MgCO", 42.01; SiO2, 3.48; A12O3, 0.24; Fe2O3,
0.48: total. 100.37

8. Shale, brownish-gray 2

7. Dolomite, flesh-colored to white, medium-grained; a few
disseminated grains of quartz sand in basal bed.... 251

6. Dolomite, light-gray, medium-grained. .. .. 268

Analysis of units 6 a;nd,7, sampled thickness 519 feet:
CaCO,, 54.56; MgCO",42.98; SiO2, 1.44; AleOs,0.48; FerOr,
0.40; P"O;, 0.01; NarO, 0.054; KrO, 0.047; roral,99.97

5. Dolomite, dark bluish-gray, medium- to fine-grained; abun-
dant veins and vugs of white carbonate minerals. 194

4. Dolomite, flesh-colored, medium-grained; sugary texture... 7

3. Dolomite, light- to bluish-gray; abundant veins and vugs
of white carbonate minerals 90

2. Dolomite, light-gray and flesh-colored mottled; sugary tex-
ture .. 49

1. Dolomite, light flesh-colored, medium-grained; takes to neat
top of underlying quartzite along State Road 688. 51

Analysis of units l-5, sampled thickness 391 feet: CaCO3,
55.98; MgCOr, 42.05; SiOo, 1.00; AlrOr, 0.24; FerOr, 1.08;

total,100.35

Cambrian basal clastics

A part of the high-magnesium dolomite belt described above forms
a conspicuous bluff along the north side of James River east and west
of the crossing of the Norfolk and Western and the Chesapeake and
Ohio railwdys at Natural Bridge Station (Pl. I, loc. 83). It is thought
that some repetition of the dolomite by folding is present here, since
the underlying Cambrian quartzite, cropping out along the axis of an

anticline, was observed at least as far southwestward as State Highway
249, less than one-foufth of a mile north of James River.

79
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The character and composition of approximately 600 feet of
dolomite, perhaps occurring within the lower part of the Cambrian
dolomite unit at Natural Bridge Station, are given in the following
section.

Gnor-ocrc SecrroN 5l.-Ar-oNc CrmsepBare eNo Omo Rerr-weY a:r

Narunar Bnnce S:rerIoN, Rocrrnrocn Couxrv, VrncrNra
Thi.ckness

Cambrian dolomite: strike N.60' E.; dip 45" SE.

Shady dolomite (rvithin lower part, 603 feet)

4. Dolomite, Iight cream-colored, medium-grained. .. .. . .. .. ' 65

3. Dolomite, light-gray, medium-grained. .. .. l7l
2. Dolomite, light cream-colored, medium-grained. 247

t l. Dolomite, gray, fine- to medium-grained. .. .. l2o
Analysis of units l-4, sampled thickness 601 feet: CaCOr'
54.30; MgCO', 43.91; SiOr, 1.15; AlrOs, 0.53; FerO3, 0.38;

NarO, 0.10; KrO, 0.03; total, 100'40

The following geologic section includes the middle and uPPer

parts of the belt of ttign-.n"gnesium dolomite and the lower part of
ihe overlying unit of Cambrian dolomite and limestone. The section

begins on th; east at James River about one-fourth of a mile southwest

of Natural Bridge Station and extends northwestward to a Point near

the iunction of State Road 1001 and State Highway 249 (P1.1, loc. 84)'

Goor-ocrc sncrroN 52.-AroNc Srare Roeo 1001 eNn TRIBUTARY ro Jelnns Rrveir

ABour oNE-I'ouRTH oF A MILE WEST or Netuner- Bnroeo Sralrox,
Rocrsnrncr Couxrv, VrncrNra

Thickness
Feet

Cambrian dolomite and limestone: strike N' 48" E.; dip' overturned,

85'sE.
Waynesboro formation (lower 423 feet)

9. Dolomite, dark bluish-gray, fine-grained; a few thin shale

partings 125

8. bolomite, dark-gray to brownish-gray, fine-grained; a few

shaly beds; lower boundary unccrtain. 298

Cambrian dolomite

Shady dolomite (middle and upper, 1067 feet)

7. Dolomite, light-gray, fine-grained. 112

Analysis of units 7-9, sampled thickness 535 feet: CaCO3,

52.37; MgCO', 40.90i SiO2, 4.84; AI2OB, 1'58; Fe"O", 0'78;

total, 100.47.
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6. Dolomite, gray to cream-colored, medium-grained. .....,. 85

5. Largely covered; a few beds of light-gray dolomite....... 199-l.
4. Dolomite, cream-colored, medium-grained... 128
3. Dolomite, light-gray, fine-grained. 82
2, Dolomite, gray, medium-grained; in part banded and frac-

tured . 2+9
1. Dolomite, dark-gray, fine- to medium-grained. .. .. 212

Analysis of units 1-5, 6 sampled thickness 756-+ f.eet: CaCO3,
58.17; MgCOr, 40.20; SiOr, 1.00; AI2OB, 0.25; FeoO3, 0.58;
total, 100.20.

Since unit I of the above section closely overlies unit 4 of Geo-
logic Section 51, it is thought that the toral rhickness of high-mag-
nesium dolomite exposed in this area is approximately 1670 feet. All
of the analvses show more than 40 percent magnesium carbonate and
one sampled unit of about 600 feet (Geologic Section 51) contained
43.91 percent magnesium carbonate and l.l5 percent silica.

About 50 feet of high-magnesium dolomite is exposed in a small
abandoned quarry along the Chesapeake and Ohio Railway half a

mile southwest of Natural Bridge Station. At this localiqy the Shady
dolomite strikes in a northwesterly direction and is nearly in contact
'r.vith red shale and impure dolomite which crop out at several places
along the railroad southwest to the Rockbridge-Botetourt County line.
The only other exposure of high-magnesium dolomite north of the
County line which may represent a part of the Cambrian dolomite
belt is along the Norfolk and Western Railway about 1% miles east
of Gilmore Mills (Pl. l, loc. 85). Here light- and dark-gray dolomite
is exposed in a bluff for a distance of 300 feet. Farther southwestward,
about I mile south of Gilmore Mills, red shales crop out within 400
feet of Cambrian quartzite, thus the Shady, if represented in the cov-
ered interval, is relatively thin.

An estimated 150 feet of typical cream-colored high-magnesium
dolomite is exposed in a small abandoned quaffy (Pl. l, loc. 86) along
the Chesapeake and Ohio Railway about three-fourths of a mile south
of Rocky Point. The rocks sampled at this localiqy are of exceptional
purity, containing 55.89 percent calcium carbonate, 43.41 percent mag-
nesium carbonate, and 0.20 percent silica (Table 7).

Approximately 800 feet of dolomite, probably including the upper
part of the Cambrian dolomite and the lower part of the overlying
mapped unit, crop out along the Norfolk and Western Railway at

locality 87, about 2 miles northeast of Buchanan. Faulting is indicated
here since Cambrian quartzite on the east is within 200 or 300 feet of
the belt mapped as Cambrian dolomite and limestone on the west. The

8l
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thickness and chemical composition of the rocks which are fully
exposed at this locality are given in the following section.

Gnor,ocrc SecrroN 53.-Ar.oNc Nonrox exo WnsrnnN Ranwev,tsour 2 ttrrlrs

. 
NoRIT-EAsr or Bucne*eN. BorBrounr CouNrv, VrncrNre 

Thickness

Cambrian dolomite and limestone: strike N.42" E.; dip 60' NW. 
Feet

Waynesboro formation (lower 642 feet)
3. Dolomite, dark bluish-gray, fine:grained, impure; CaCO3,

51.03; MgCOr, 39.06; SiOr, 9.04; LlrO", 0.72; FerO3, 0.56;

total, 100.41 510

2. Dolomite, medium-gray, fine-grained, impure; structure un-
certain; probably faulted at the base;.CaCOr, 51.23; MgCOs,
36.98; SiOr, 10.28; AlrOr,0.80; Fe2O3,0.88; total, 100.17... 112

Cambrian dolomite: strike N. 15' E.; dip, overtumed, 45' SE.

Shady dolomite (upper 155 feet)
1. Dolomite, iight-gray to cream-colored, medium-grained;

covered at the base; CaCO., 52.02; MgCOr, 39.83;51Or,7.52;
AIoOo, 0.48; FerOr, 0.36; total, 100.21. 155

Since unit 1 in the above section contains less than 40 percent
magnesium carbonate and more than 4 Percent silica, it does not meet

the specification of high-magnesium dolomite as defined in this report.
The lithology of this rock does not appear to be different from any

of the high-magnesium dolomite units sampled throughout the James
River district.

One of the best natural exposures of a part of the Cambrian
dolomite is about 1/2 miles northeast of Buchanan and less than 500

feet northeast of the James River Hydrate and Supply Company quarry
(Pl. 1, loc. 88). Here about 800 feet of gray- to cream-colored dolo-
mite, striking N. 40" E., and dipping overturned 80o SE., is almost

fully exposed along a small tributary to James River. The rocks Partly
exposed west of the belt of high-magnesium dolomite included about

800 feet of dark-gray dolomite with minor amounts of silty and shaly

beds.

Grorocrc Socrron 54.-Aeour 500 ruor N9RTHEA5T or rno J.luns Rrvln Hvnn'ltt eNo

Supprv Coltper.rv euARRy aNo 1% MrLEs NoRTrlEAst or BucnaNeN,
Borerouxr CouNtv, VrncrNre

Thicknest
Feet

Cambrian dolomite and limestone: strike N.40' E'; dip. ovemrrned, 80' SE.

Waynesboro formation (lower 713 feet)
10. Dolomite, dark bluish-gray, silty; a few red and brown shale

beds .. .. 29+
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9. Mostly covered; a few beds of dolomite. 328
8. Dolomite, bluish'gray, fine-grained. 61

7. Shale, olive drab-colored; a few beds of light-grav dolomite l0
Cambrian dolomite

Shady dolomite (upper 821 feet)
6. Dolomite, white to cream-colored, medium-grained. . . .. .. .

5. Covered interval
4. Dolomite, white to cream-colored, medium-grained; a few

thin covered intervals
3. Dolomite, light-gray, medium-grained.....
2. Dolomite, gray- to cream-colored, medium-grained.......-

Analysis of units 2-4, 6, sampled thickness 588 feet: CaCOr,
54.51; MgCO.,43.65; SiOr, 1.03; AIrOr, 0.41; Fe"Or, 0.38r
K2O, 0.03; Na2O, 0.12; total, 100.13

1. Dolomite, light-gray, fine-grained.

The James River Hydrate and Supply Company quarry and plant
(PI. 1, loc. 89) are along James River and the Norfoik and'Western
Railway about 11A miles northeast of Buchanan. When visited in 1956

the quarry was approximately 450 feet wide, and 100 feet deep along
the eastern side. Quarry operations are limited on the southwest by
James River, but the belt of dolomite now being quarried can be fol-
lowed along the strike in a northeasterly direction. Although the rocks
were not sampled in the quarry, it is reasonable to assume a similar
chemical composition to those described in Geologic Section 54, less

than 500 feet northeast of the present operations.

From locality 89 southwesrward to the Liberty Limestone Cor-
poration quarry and plant (Pl. 1, loc. 90) a distance of approximately
half a mile, the belt of Cambrian dolomite is largely concealed by
James River. In the Liberty Limestone Corporation quarry, which is
approximatelv 1000 feet long and 300 wide, the Cambrian dolomite
strikes N. 40' E. and dips, overturned, 600 SE. The southwestern rim
of the quarry is approximately 500 feet above James River, thus it
represents the highest quarry face in the James River district. Cam-
brian quarzite, which is faulted upon the dolomite, crops out at the
southeastern edge of the quarry and in the ridge above the quarry face
on the southeast side. Dolomite along the western side of the quarry
is closely overlain, in normal geologic sequence, by impure dolomite
and shale of Cambrian age. One sample of ground dolomite from the
storage bin analyzed +2.98 percent magnesium carbonate, 55.87 per-
cent calcium carbonate, and 0.35 percent silica (Table 7).

Approximately 500 feet of gray- to cream-colored Cambrian dolo-
mite is exposed along a small stream paralleling State Highway 43

83
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about three-fourths of a mile southeast of Buchanan (Pl. 1, loc. 91)
and one-fourth of a mile southwest of the Liberry Limestone Corpora-
tion quarry.

The best natural exposure of dolomite observed in the southern
part of the James River district is at locality 92 about I mile south of
Buchanan.

Gtorocrc SoctoN 55.-Asour HALF A MILE EAsr oF rnr Nonrox eNn WBsrtnx
Rerrwev eNo 1 urue sourH oF BucueNar, Bororoutr: Couxtv, VrncrNre

Thickness
Feet

Cambrian dolomite: strike N. 55" E.; dip, overtumed, 75' SE.
Shadv dolomite (upper 731 feet)

2. Dolomite, lieht- to medium-gray, fine- to mediurn-grained;
CaCO3, 54.60; M$CO*, 41.08; SiOo, 3.50; Al2Os, 0.18; Fe2O3,

0.64; P2O5, 0.02; total 100.02. . 336

1. Dolomite, light-gray to cream-colored, fine- to medium-
grained; CaCOr, 54.30; MgCOs, 40.O2; SiOr, 4.48; AI2OB,

0.28; Fe2O3, 0.36; P2O5, 0.019; total 99.95. .. 395

The time available for field work was not sufficient to work out
the details of structure at the above localjly, particularly the relation
of the Cambrian quartzite to the Cambrian dolomite. A small cross

fault offsets the upper part of the quartzite formation at the eastern

end of Geologic Section 55, but such minor structures could not be

shown on the geologic map (Pl. l). It is also possible that since there

is only 730 feet of high-magnesium dolomite exposed at this locality,
or about half of the estimated thickness of the viciniry of Natural
Bridge Station, the lower paft of the Shady has been covered by over-
thrust Cambrian quartzites. Such a fault is shown at the eastern side

of the Liberty Limestone Corporation quarry (Pl. l, loc. 90) about

a mile northeasfward along the strike of the same belt.
Approximately 100 feet of light-gray Cambrian dolomite is ex-

posed in an inactive quarry (Pl. 1, loc. 93) along State Road 625 about

I mile southeast of the Norfolk and Western Railway and 2 miles

southwest of Buchanan. The northeastern face of this quarry is esti-

mated to be 100 feet high and the floor slightly above the level of
Laurel Run on the southwest. One notable feature of this oPeration is

the thin mantle rock and the apparent absence of clayey streaks and

solution cavities. Farther south\4'estward the belt of high-magnesium
dolomite is partly exposed where it wraps around the end of an anti-
cline plunging gently southwestward. The width of the outcrop belt
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at this locality (Pl. 1, loc. 94) is about 500 feet and the dolomites are

overlain in normal geologic sequence by characteristic red shales of
the overlying mapped unit (Pl. 1). This site is recommended for
detailed study and test drilling.

The most southerly exposure of a part of the Cambrian dolomite
belt in the James River district is near State Road 645 about 5 miles

southwest of Buchanan and 2 miles east of Lithia (Pl. 1, loc. 95). At
this locality the belt containing high-magnesium dolomite, although
poorly exposed, is estimated to be 650 feet wide. An analysis of a

sample representing about 125 feet of light-gray medium-grained dolo-
mite near the top of the mapped unit shows 54.60 percent calcium car-
bonate, 42.79 percent magnesium carbonate, and 2.04 percent silica
(Table 7).

The principal belt of Cambrian dolomite along the western foot-
hills of the Blue Ridge is mapped as extending in a southwesterly
direction through the northern part of Arnold's Valley to a cross

fault about 3 miles south of Natural Bridge Station. This belt of
dolomite, except for scattered exposures near the southwestern end,

is largely covered. Sampled units of dolomite cropping out within
an area estimated at one acre at locality 96 contain 43.24 percent mag-
nesium carbonate, and less than one percent silica.

Impure Limestone

Since the noncarbonate constituents are important for certain uses,

the heading impure limestone is used in this report to describe those
rock units composed largely of limestone which are commonly low
in magnesium carbonate and contain more than five percent noncar-
bonates. These noncarbonates, or impurities, include chiefly silica,

alumina, and iron oxide.
Impure limestones, exclusive of the high-calcium units, comprise

a part of the belts mapped as Ordovician limestone, Ordovician lime-
stone and shale, and Upper Silurian and Lower Devonian limestone and

sandstone. (Pl. l). Older mapped units also contain variable amounts
of impure limestone, but they are treated under the heading of "dolo-
mite and limestone."

Ordoaician limestone.-The general character and thickness of the
rocks comprising the belts mapped as Ordovician limestone ate in-
cluded under the discussion of high-calcium limestone (Geologic Sec-

tions 1-37). In some of these sections the full thickness is impure lime-
stonel whereas in others, impure units of variable thickness are asso-

85



86 INlusrnrar LrNrs,stoNBs eNn Dorolarrrs

ciated with high-grade limestone. Many impure zones, ranging in
thickness from a few feet to more than 100 feet in the southern part of
Shenandoah Valley contain from about 88 to 92 percent calcium car-
bonate, one to three percent magnesium carbonate, and from five to
seven percent silica. A much higher content of silica could be obtained
locally by sampling only the cherty or shaly beds.

Ordoaician lirnestone and sbale.-The belt mapped (Pl. 1) as Or-
dovician limestone and shale (Edinburg and Collierstown), overlying
the belt of Ordovician limestone, is composed of varying proportions
of impure black fine-grained limestone and shale. According to Camp-
bell, the succession of dark-blue limestone, argillaceous limestone, and
calcareous shale, which he named Liberty Hall limestone; in the I-ex-
ington area is about 1,000 feet thick. A few analyses of samples collected
by Bassler (1909, p. 128, 129, l3l) from various horizons.rvithin this
unit of impure limestone at several localities in the southern part of
Shenandoah Valley are given in Table 6.

Tesr-n 6.-ANALvsES oF Lrnsnrr He.r,r, LrunsroNn, Rocrrnroen Couxrx, Vrnerwr.c.

(Nos. 1, 5, and 6 analyzed by J. H. Gibboney; Nos. 2-4, 7-10 analyzed by
Wm. M. Thornton.)

VIII

10.97

4.44

q/

4.56

80 Y'

|.76 5.81
68

4.85

IX

1 .40

90. 87

5.24

99. 18

X

7 .99

2.72

6D. UO

3.75

9Y.51)

VII

8.09

3 .30

VI

sior.... . ..
AlzOa......
FezOa.... . .

CaCOs.....
MgCOa....

11 .03

r .97

83 .92
D.OO

o, 100. 15

I. Spring Cave Hill, Lexington, Virginia.
II-IV. Alcng Chesapeake and Ohio Railway, two miles east of Lexington,

Virginia.
V. Kerrs Creek, Virginia.

VI. About five miles west of Rockbridge Baths, Virginia.
VII-X. Vicinity of Murat Post Office, Virginia.

Ordovician limestone and shale is well exposed at many localities
in Augusta, Rockbridge, and eastern Botetourt counties, but, due to
repetition by close folds (Pl. 6A), it is difficult to arrive at anything
more than a reasonable estimate of the thickness of the rocks. One of

.46. D1+o'7
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the best exposures of the Ordovician limestone and shale belt, with a

thickness of approximately 800 feet, is along Colliers Creek about two
and one-half miles southeast of Collierstown Post Office (Pl. 1.loc. 22).

Goor,ocrc SncrroN 56.-AroNc Corr-rsns CneBr er.rn Srern Hrcriwev 251 asour
Two AND oNE-HALF MrLEs sorrrnEAsr or'. Corr-rtnsrowN Posr Orrrce,

RocrnnrocE, CouNrv, VrncrNrl
. Tbickness

Feet

Ordovician limestone and shale: strike N.40' E.; dip 45' SE.
Collierstbwn limestone (58 fcet)

15. Limestone, clastic textured; intercalations of irregularly
bedded shaly limestones . .. .. 50

14. Limestone, black-nodular . .. .. 8

Edinburg formation (745 feet)
13. Limestone, black, compact; contains buff-weathering shaly

partings 25

12. Limestone, black, fine- to medium-grained: contains wavy
shaly partings 20

11. Limestone, black, mainly cobbly weathering; shaly partings l3t
10. Limestone,. black; weathers buff-colored; abundant shaly

partings 55

9. Limestone, .black, compact; shaly partings. 100

8. Limestone, black, compact; contains abundant veins of
calcite . 23

7. Limestone, black, compact, even-bedded; shaly partings.... 9l
6. Limestone, black, cobbly weathering; shaly partings 31

5. Covered interval 10

4. Limestone, black, compact even-bedded; shaly partings. ... 57

3. Limestone, black, compact, cobbly weathering; 2-inch bed
of metabentonite at bottom 12

2. Limestone, black; even-bedded, compact; breaks with con-
choidal fracture; abundant shaly partings 178

Analysis of units 2-10, sampled thickness 557 feet: CaCO3,
71.68; MgCOr, 4.20; SiO', 20.24; Ll2Os, 0.48; FerOs, 1.00;

total,97.60.
1. Limestone, granular, silry (Botetourt limestone member).. 8

Ordovician limestone

Analysis of two additional hand specimens collected along Colliers
Creek are as follows:

1. Shale partinss: CaCOs, 57.91; MgCOs, 5.66; SiO", 25.27;

Al"Or, 9.31; Fe"Or, 0.79 total. 98.94.

2. Compact limestone: CaCO3, 86.72; MgCO s, 2.93 ; SiOr, 10.50;

AlrO3, 1.80; FeoOg,0.63; total, 102.58.
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It is of interest to note that even though the limestones in the
above section contain abundant shaly partings, the content of alumina,
as shown by the analyses, is small. Most of the noncarbonate material
is silica, probably present as rrery fine-grained quartz sand.

Another fully exposed section of the Ordovician limestone and
shale belt is in the vicinity of Dunkard Church (Pl. l, loc. 25).

Gnolocrc SecrroN 57.-Asour HALF A MrLE sourH oF DuNrsno Cnuncn aNp
7 mrr-ns souTH$'Esr or Neruner- Bnrocn. Borrroun:r CouNry. VrncrNre

Thickness
Feet

Collierstown limestone
Ordovician limestone and shale

9. Limestone, light-gray, medium- to coarse-grained; thin inter-
calations of metabentonite..... 75

Edinburg formation (436 feet)
8, Limestone, black, slabby to blocky. 8l
7. Limestone, dark-gray, slabby. 2l
6. Limestone, buff-gray, cobbly. 28

5. Limestone, black, cherqr 54
4. Limestone, dark-gray to black, slabby; a few thin shaly part-

ings . . 83

Analvsis of units 4-8; sampled thickness 269 feet: CaCO3,
86.78; MgCOr, 2.23; SiOo, 8.54; FerO3, 0.44; AI"O3, 1.43;

total.99.42.
3. Limestone, thin-bedded; shaly partings 107

2. Shale, black . 30

l. Limestone, black, slabby. 30

Ordovician limestone

The Barger quarry (Pl. l, loc.97) a large producer of crushed
stone, is near IJ. S. Highway 60, in the eastern environs of Lexington.
About 150 feet of compact black limestone, typical of certain zones

within the belt mapped as Ordovician limestone and shale, is exposed

in the quarry. Structurally, this locality is characterized, by a small
synclinial fold (Pl. 68), the axis of which trends in a northeasterly
direction near the middle of the workings. An analvsis of a composite
sample of black limestone, veined with white calcite across the quarry
shows 82.77 percent calcium carbonate, 6.94 percent magnesium car-
bonate, and 8.76 percent silica.

An exception to the general impure character of the rocks which
comprise the belt of impure limestone and shale was noted at one
locality (Pl. 1, loc.98) near IJ. S. Highway 11 about l% miles south-
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west of the Barger quarry. Here about 60 feet of coarse-grained lime-
stone, apparently of good quality, occur in the upper part of the belt.
Similar occurrences of high-calcium limestone have been noted at a

few other localities in Shenandoah Valley northeast of the James River
district.

The rocks comprising the belt mapped as Ordovician limestone
and shale in Warm Springs Valley have been described in a manuscript
by Butts as the Lowville limestone. A summary of his description of
these rocks is as follows:

The Lowville is composed almost entirely of limestone in layers
of vatying, but generally of moderate thickness' Except for
the beds of vaughanite, a compact, very fine-grained limestone

that breaks with a conchoidal fracture, the freshly broken
rock is finely crystalline and bluish-gray. On weathered out-
crops the Lowville limestone in mass aPPearance is dark bluish-
gray, which is in evident contrast with the light bluish-gray
of the Mosheim, and with the dark to black color of the

Lenoir. Another distinctive feature of the Lowville in this
region is the occurrence of pinkish or yellowish bands and

mottlings which suggest the beginning of the change to the
Atloccasin facies of the Lowville going southeasfward across

the strike.

The general character and approximate thickness of the impure
limestone, in the vicinity of Healing Springs, modified after Butts, is
given in the following section (Pl. 1, loc. 54).

Gnor-ocrc SogrIoN 58.-AroNe A srEEp sr-opE rN THE NoRTHIvESTERN ENVIRoNS

op FfnerrNc SpnrNcs vILLAGE, Be:nr CouNrv, VmcrNre
T'hickness

ordovician limestone and shale (530-r feet) 
Feet

6. Limestone, bluish-graR nodular, thick-bedded; contains yei-
lorv and pink bands and blotches. ,.. 10

5. Shale and limestone 70

4. Limestone, compact 30

3. Limestone, bluish-gray, finely crystalline; contains shale part-
ings .. l2O

2. Limestone, dove-colored, compact, thick-bedded. 80

1. Partly covered; a few exposures of thick-bedded limestone
with yellowish bands; may include the Lowville-Lenoir
boundary 220-+

Limestone

89
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The rocks immediately overlying the Ordovician limestone and
shale in Warm Springs Valley consist of interbedded shale and lime-
stone comprising the lower part of the Martinsburg formation. This
l-rorizon is fully displayed in the abandoned roadside quarry (Pl. 1, loc.
99) in the vicinity of Warm Springs. The Martinsburg formation in
other parts of the James River district is composed almost entirely of
noncarbonate rocks, and is thus mapped with the unit Silurian and
Ordovician shale and sandstone.

Upper Silurian and Lower De'uonian lirnestone und sandstane.-
The unit mapped (Pl. 1, unit G) as Upper Silurian and Lower
Devonian limestone and sandstone includes the Ridgeley sandstone,
Keyser limestone, and several members of the Caytga and Helderberg
groups. The upper member of the Cayuga group, Tonoloway lime-
stone, the l(eyser limestone, and the Coeymans, New. Scotland, and
Licking Creek limestones comprising the Helderberg group reprcsent
the carbonate formations which were measured and sampled at a few
localities in the James River district. Because of local occurrences of
high-grade limestone, the rocks comprising this mapped unit are in-
cluded under the discussion of high-calcium limestone (Geologic Sec-
tions 38-49).

Dolomite and Limestone

. Rocks, chiefly carbonates, described under this general heading
include the following mapped units: Ordovician dolomite and lime-
stonel and, Cambrian dolomite and limestone.

Ordo,Trician dolowite and lirnestone.-The belt of Ordovician dolo-
mite and limestone (Pl. 1, unit C) includes the Chepultepec limestone
at the base with a thickness of from 400 to 600 feet and the overlying
Beekmantown formation with an estimared thickness of about 1,500

feet. The Chepultepec formation is predominantly bluish-gray lime-
stone with minor amounts of magnesian limestone and dolomite, where-
as the Beekmantown is composed largely of gray, fine- to medium-
grained dolomite. Both formations localllz contain chert. The com-
position of the sampled dolomite units generally range from about
35 to 40 percent magnesium carbonate; the limestone units from 85

to 90 percent.

Ordovician dolomite and limestone crop out chiefly in broad areas

!n the viciniry of Newport, Rockbridge Baths, and Rapps Mill; along
the Pulaski-Staunton fault northeast of Lexingtorr, crossing U. S. High-
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way 60 betv'een Lexington and Kerrs Creek, and along the trough
of the Natural Bridge syncline.

One of the best exposures of the Ordovician dolomite and lime-
stone, although bounded on the northwest side by a fault, is in the

vicinity of Steeles Tavern (PI. 1, loc. 100).

Gnor,ocrc SncrroN 59.-BecrrxrNc JUST EAsr or Sreor-ns Tevonn AND ExrENDrNc

NoRTHwEsTwARD ALoNG Srern Roao 606, Aucusra Couxrv, Vlncrure
Thickness

Feet

Ordovician dolomite and limestone

Beekmantown formation ( 1412-F feet)

53. Limestone and dolomite interbedded; limestone bluish-gray
and sparsely cherty; faulted upon Ordovician shaie. '..... ' 65+

52. Dolomite, drab-gray, mealy-weathering. . . 3

51. Limestone, magnesian; a few thin dolomite beds. .. 27

50. Dolomite, dark-gray, medium-grained. .... 3

49. Limestone, light- and dark-gray mottled" banded. 8

48, Dolomite, dark-gray 2

47. Limestone, banded 7

,fi6. Dolomite, light- to medium-gray, medium-grained. . . '..... 4

45. Limestone, banded; a few thin beds of dolomite. l0
44. Dolomite, dark-gray, fine-grained, cherty. t3

43. Doionrite, iight-gray, fine-grained. 5

42. Dolomite, medium-gray, mcdium-grained. .. .. 4

41, Dolomite, dark.gray, medium-grained. .. . . 13

210. Limestone, banded 2

39. Dolomite, medium-gray, fine-grained. 5

38. Limestone, slabby 2

37. Dolomite, dark-gray, fine-grained. 19

36. Limestone, banded, impure. 2

35. Dolomite, medium- to dark-gray, mediumgrained". .... ." 42

34. Dolomite, medium-gray, fine-grained. 42

33. Dolomite, medium- to dark-gray, fine-grained, banded. ..... 79

32. Limestone, bluish-gray, banded, impure. 5

31. Dolomite, dark-gray, fine-grained. 18

30. Limestone, bluish-gray 4

29. Dolomite, light- tJ medium-gray, medium-grained'.. '. .. '. 29

28. Dolomite, medium-gray, medium-grained. .. .. 98

Analysis of units 28-35, sampled thickness 317 feet: CaCO3,

54.56; l\'IgCOr, 37.5O; SiO2, 7.40; AI2OB, 0.52; FerOu, 0.44;

total,100.42
27. Cberc 2+
26. Dolomite, rnedium-gray, fine-grained. 55

25. Limestone, bluish-gray 5 ,

24. Dolomite, dark-gray . .. . ; .. . 3

23. Limestone, dark bluish-gray, banded. l4

9L
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22. Dolomite, dark-gray 30
21, Limestone, bluish-gray, banded. 4
20. Dolomite, medium-gray, fine-grained. 100

19. Limestone, bluish-gray 1

18. Dolomite, dark-gray 6
17. Limestone, bluish-gray I
16. Dolomite, dark-gray, fine-grained. 77

Analysis of units 16-26, sampled thickness 296 feet: CaCOr,
50.94; A4gCOr,36.86; SiOr, 11.40; Al2O3, 0.68; FerO., 0.44;
total. 100.32.

15. Limestone, light bluish-gray...
14. Dolomite, light-gray, fine-grained.

' t3. Dolomite, bluish-gray, fine-grained sparsely cherty.
12. Dolomite, dark-gray, fine-grained.
11. Dolomite, light- to medium-gray, medium-grained. ... .. .. .

10. Dolomite, dark-gray, medium-grained; abundant irregular
carbonate veins ..

' 9. Dolomite, medium- to light-gray, fine-grained.
8. Dolomite, medium-gray, sugary texfured. . . .. .

7. Dolomite, dark-gray, fine-grained.
6. Dolomite, brownish-gray
5. Dolomite, medium-gray, medium-grained. .. ..

' 4. Dolomite, dark-gray, fine-grained.
Analysis of units 4-15, sampled thickness 593 feetz CaCO3,
52.34; MgCOr, 39.32; SiOr, 7.84; AI2OB, 0.28; Fe"O3, 0.56;

total, 100.34.

Chepultepec lirnestone (577 feet)
3. Limestone, dark bluish-gray, sheared; a few thin wavy sili-

ceous bands 175

2. Mostly covered; a few exposures of sheared bluish-gray
limestone 315 -F

Analysis of units 2 and 3, sampled thickness 490 feet: CaCO3,
: 88.59; MgCOr, 5.30; SiOo, 5.36; Al2O3, 0.32; FerO*, 0.12;

total,99.69.
1. Limestone, dark bluish-gray, straticulate; weathers smokv-

gray .. .. 87

Cambrian dolomite and limestone

Another exposure of the Chepultepec showing remarkable sim-
ilarity in thickness and composition to the preceding section is at local-
iry 101 southeast of Fairfield.

Georocrc SBcrroN 60.-Ar,oxc Srlrr, Roao 711 esour 1% rtnns sourr{EAsr oF

Fernrrnr-o, RocxsnrocR CouNrv, Vrncwre
Thi.ckness

Feet

97

6

70

49

70

9+

)T

94

48

65

18

18

Ordovician dolomite and limestone
Chepultepec limestone (494 feet)

3. Limestone, dark bluish-gray, fine-grained. .. .. .
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2. Dolomite, dark-gray, fine-grained.
1. Limestone, bluish-gray, fine-grained, sheared.

Analysis of units 1-3, sampled thickness 494 feet: CaCO3,
57.79; MgCOs, 6.06; SiOr, 4.80; AlrO3, 0.44; FetOs, 0.20;

total,99.29.

Cambrian dolomite and limestone

According to Butts (1940, p. t00) the Natural Bridge of Rockbridge
County is in the Chepultepec limestone and has an estimated thickness

of at least 500 feet. Farther southwest. Ordovician dolomite and

limestone is well exposed in a faulted slice along the Pulaski-Staunton
fault, extending from the vicinity of Highbridge Church southwest-
ward to a point about one mile southwest of Indian Rock. The thick-
ness and character of the rocks near the southwestern end of this belt
(Pl. 1, loc. 102) are given in the following section.

Gnorocrc SocroN 61.-AroNc Sram Roll 614 snrwnpN U. S. Hrcswev 11

arl INnraN Rocr, Bororounr Couxrv. VrncrNra

Thickness
Feet

Ordovician dolomite and limestone

Beekmantown formation (lower 484 feet)

33. Limestone and dolomite; limestone, light-gray, fine-grained;
dolomite, pearl-gray 19

32. Dolomite, pearl-gray, brecciated. 98

31. Dolomite, cream-colored, brecciated. 11

30. Dolomite, medium-gray, medium-grained, sparsely cherty. . 37

29. Dolomite, medium-gray and cream-colored mottled, medium-
grained 28

28. Dolomite, pearl-gray, thick-bedded. 25

Analysis of units 28-32, sampled thickness 199 feett CaCOr,
54.36; MgCO3, 39.44i SiOr, 5.72; AI2O3, 0.16; Fe"Os, 0.56;

total, 100.20.

27. Limestone, cherty 4

26. Dolomite, gray, medium-grained. 23

25. Dolomite, medium-gray 16

24. Limestone, bluish-gray 5

23. Dolomite, light-gray 7

22. Dolomite, medium-gray, medium-grained. .. .. 59

21. Dolomite, light- and dark-gray mottled, medium-grained.. 40

20. Dolomite, light-gray, medium-grained. .. .. 48

19. Dolomite, light-gray, fine-grained. 4l
18. Dolomite, light-gray, medium- coarse-grained 23

Analysis of units 18-27, sampled thickness 266 feetz CaCOs'
55.16; MgCOr, 34.83; SiOr, 9.48; AlrO., 0.25; FeoOr, 0.60;

total,100.31.

93

7

390
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Chepultepec limestone (457 feet)
17. Largely covered; a few exposures of bluish-gray limestones
16. Limestone, bluish-gray
15. Limestone and dolornite.
14. Limestone, bluish-gray, fine-grained.
13. Dolomite, medium-gray, medium-grained. . . ..
12. Limestone, bluish-gray, very cherqy.
11. Dolomite, bluish-gray, medium-grained.....
10. Dolomite, dark-gray, medium-grained, cherty.
9. Limestone, dark-bluish-gray, cherty.
8. Limestone, buff- and bluish-gray mottled; contains diagnostic

Chepultepec fossils .

7. Limestone, bluish-gray, very cherty.
6. Dolomite, sandy .

5. Limestone, bluish-gray
4. Limestone, bluish-gray
3. Limestone and dolomite interbedded.
2. Dolomite, medium-gray, fine-grained.
1. Dolomite, medium-gray, very cherty.

Cambrian doiomite and limestone

53

l)

22

28
i1

34

1i

106

6
i
I

8

t4
1'1

44

The upper 307 feet of the Ordovician dolomite and limestone
belt about l/2 miles noftheast of Rocky Point (Pl. l, loc. 2) contains
53.49 percent calcium carbonate, 35.90 percent magnesium carbonate,
ar'd 7,28 percent silica. Sampled dolomite zones of the sarne unir in
the western part of Shenandoah Valley show almost identical chemical
composition. For example, the character and chemical composition
of the upper part of the Beekmantown southeast of Collierstown (Pl. 1,

loc. 103) is given in the following section.

GBorocrc SecrroN 62.-Ar-oNc Corusns CnrBr eNo Srare F{rcnway 251 aeour
Two MrLEs sourHEAsr or Corr,rcnstowr.r Posr Onrrcn,

Rocrieruocr CouNtv, VrncrNta
Th;kness

Ordovician dolomite and limestone
Beekmantown formation (upper 380 feet)

23. Limestone, medium-gray, blocky. g

22. Dolomite, medium-gray, medium-grained; 1-foot bed of
black chert at base. I

21. Dolomite, medium-gray, medium-grained; contains vugs
lined with carbonate minerals. 2l

20. Chert, black . I
19. Dolomite, dark-gray, medium-grained, cherqr. 31

18. Dolomite, medium-gray, medium-grained.. . .. 12

17. Limestone, bluish-gray 3
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16. Dolomite, medium-gray; weathers shaly. .. . . .. .. . . .. .. .. : 17

15. Dolomite, medium-gray, sparsely cherty. 39

14. Shale, brownish I
13. Dolomite, medium-gray, medium-grained. .. .. 16

12. Dolomite, medium-gray, cherry; contains vugs lined with
carbonate minerals 8

11. Dolomite with large iregular masses of chert. . 2

10. Dolomite, light-gray, medium-grained, laminated; a few shaly
partings 49

9. Dolomite, light-gray, slightly laminated. .. 20

8. Dolomite, dark-gray, medium "or.r.-gr"in"d......:.::.::. 30

Analysis of units 8-23, sampled thickness 262 feet: CaCOr,
53.01; NIgCO., 36.88: SiO,, 9.52; AlrO", 0.12; Fe"O3, 0.60;

total, 100.13.

7. Dolomite, ash-gray; weathers soft and mealy.. 25

6. Dolornite, light-gray, even-bedded; sparsely chertv near base 39

5. Covered interval 7

4. Dolomite, medium-gray, medium-grained. . . .. 13

. 3. Dolomite, medium-gray; contains vugs lined with carbonate
minerals; a few thin streaks of shaly and sanily materials. .. 10

2. Dolomite, light-gray, medium-grained: . . .. 5

1. Dolomite, dark-gray, medium-grained..... l+
Analysis of units l-7, sampled thickness 113 feet: CaCO3,
53.60; MgCOr, 38.56; SiO2, 7.12; AloOr, 0.36; FerO3, 0.48;

total, 100.12.

An analysis of a sample of the upper 200 feet of the Beekmantown
which crops out along Colliers Creek about 700 feet east of the junc-
tion of State Highways 251 and 281, shows 51.94 percent calcium
carbonate, 34.81 percent magnesium carbonate, and 12.6+ percent silica.
At this locality chert is prominently displayed in a few beds. Another
analysis of a sample of approximately 150 feet of dolomite within the
lower part of the Beekmantown southwest of Newport (Pl. 1, loc. 104)

shows 52.14 percent calcium carbonate, 40.37 percent magnesium
carbonate, and 6.84 percent silica.

One exception to the dominant dolomite content of the upper
part of the Beekmantown was noted along U. S. Highway 11 about
four miles southwest of Lexington (Pl. I, loc. 105) where thick lime-
stone zones occur throughout an exposed thickness of about 586 feet.
The character of the rocks at this locality is given in the following
section.

95
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"*il:l"i::;:":,1i;,*llliY;:":i:ilfl *.1i:Ei:;lTcrr'xaNo
Thickness

ordovician dolomite and limestone 
Feet

Beekmantown formation (upper 586 feet)
11. Limestone and dolomite; dolomite, light-gray, limestone,

bluish-gray 148

10. Limestone, bluish-gray, slightly brecciated. 81

9. Limestone, bluish-gray 4
8. Dolomite, medium-gray 10

7. Dolomite, pearl-gray, fine-grained. 45

6. Dolornite, light-gray, brecciared; a thin limestone bed at base 12

5. Limestone, bluish-gray, fine-grained. 47
4. Limestone and dolomite, brecciated. 48
3. Dolomite, buff-colored, brecciated. 36

2. Limestone, light-gray, sandy. . 67
1. Limestone, thick-bedded, sandy; a few irregular inclusions

of dolomite. 88

The upper part of the Beekmantown formation which crops out
in the middle of Warm Springs Valley from the vicinity of Falling
Springs Church northeastward beyond Healing Springs was not studied
in detail or sampled during the course of this field investigation. Ac-
cording to Butts, it is predominantly a thick-bedded, finely crystalline,
gray dolomite, but with occasional beds of chert, some as much as five
feet thick, and also locally, so far as exposed, beds of limestone,
tweffy to fifty feet thick. Much of the dolomite is very siliceous, the
silica, on leaching of the carbonates on weathering, accumulates on
the surfaces of the weathered layers as a spong"y or cavernous incrus-
tation. a feature which attracts the attention of the observer at once.
Another feature worthy of note is the occasional occurrence of oolitic
grains, as 1,500 feet east of Tinkertown, where they are abundant in
chert.

The best determination or estimate of the thickness of the Beek-
mantown was made about three-fourths of a mile south of Healing
Springs village. Here the width of the Beekmantown ourcrop berween
the anticlinal axis and the top of the formation is 1,000 feet, and the
dip, 45' SE., from which the thickness of 700 feet is computed. Add-
ing the thickness from the road down ro the ravine, which is 200 feet,
the total thickness at this point is 900 feet. Judging from the thickness
of the Beekmantorvn in the vicinity of Staunton, it is probable that at
least 600 feet of the formation is below the lo'r,vest beds exposed in
Warm Springs Valley.
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Cambrian dolomite and limestone.-The belt mapped (Pl. 1, unit
B) as Cambrian dolomite and limestone includes the Waynesboro
(Rome), Elbrook, and Conococheague formations. The Waynesboro
formation is extremely heterogeneous, being composed of variable

proportions of red and green shale, brown fine-grained sandstone, and

impure dolomite and limestone. Except for thin occurrences along
major overthrusts in the vicinity of Newport, west of Greenville, and

southwest of Buchanan, the Waynesboro is restricted to a broad belt
in the eastern part of the James River district, extending southwestward
through Vesuvius, Buena Vista, and Buchanan (Pl. 1). Partial ex-

posnres of the Waynesboro, although not studied in detail, were
observed in the viciniqy of Buena Vista, along U. S. Highwav 50i
berween Buena Vista and Glasgow, and at several localities along the
Chesapeake and Ohio and the Norfolk and Western railways.

The following section, compiled from a rePoft by Butts (19+0,

p.61) shor.vs the general character and thickness of the Waynesboro
(Rome) formation east of Buchanan (Pl. 1, loc. 106).

":1'"T';::ff 'riJ*;tirx"#"":trff trffi ""T,'#:*x':vi:,s:""
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Cambrian dolomite and limestone
Waynesboro formation (1886* feet)

18. Shale; partly exposed; probably extends nearly to the top
of the Waynesboro .

17. Limestone, drab-colored; weathers white; partly exposed.. '
16. Shale
15. Shale with a few layers of limestone and dolomite.
14. Limestone, thick-bedded; weathers white; a layer of pearl-

gray compact limestone at top. .

13. Limestone, blue, ribbony
12. La;rgely covered; a few beds of limestone exposed.
11. Limestone
10. Dolomite, mottled
9. Shale; red streaks and thin layers of limestone and dolomite
8. Limestone or dolomite, compact.
7. Limestone and dolomite; weathers yellow; partly thin bedded

and ribbony
6. Shale, red ...
5. Shale, green ...

4. Shale, red ...
3. Shale, green .

2. Shale, red ...
1. Dolomite, gray, shaly.

Cambrian dolomite

Thi.ckness
Feet

300

180

500
234

)n

L65

100

100

30

100

100

2

t0
2

15
)
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The upper part, approximately half of the Waynesboro formation,
is fully exposed along the Chesapeake and Ohio Railway beginning
about one-fourth of a mile east of Indian Rock (Pl. 1, loc. 107). A
detailed description of the rocks comprising this interval is given in
the following section.

Gnorocrc SBcrroN 65.-AroNc rne Csnsepeerc aNo.Onro Rerr,way agorrr
oNE-FouRTH oF A MrLE EAsr oF INulaN Rocr. Borrrount Couxry. VrncrNra

Cambrian dolomite and limesrone
Waynesboro formation (upper 957 feet)

30. Shale, buff-gray; a few thin beds of dolomite.
29. Dolomite, gray, fine-grained...
28. Dolomite, shaly weatherirg. .. .

27. Dolomite, gray, medium-grained.
26. Shale, red and green..
25. Dolomite, light-gray to brownish-gray, laminated.
24. Shale, red ...
23. Dolomite, light-gray, fine-grained.
22. Shale, red; weathers to shoepeg fragments.
21. Dolomite and shale.
20. Shale. red ...
19. Shale, red and green..
18. Dolomite and shale.
17. Shale, red ...
16, Dolomite and shale
15. Shale, red ... 2

14. Dolomite, light-gray, 6ne-grained. 15

13. Dolomite and limestone; limestone v/eathers irregularly; few
layers have blotched surfaces. 156

12. Dolomite, light-gray; weathers brown. 25

11. Dolomite and shale. 53

10. Covered interval 162

9. Limestone and dolomite; a part of the limestone weathers to
a spongy looking rock resembling clinkers. 90

8. Dolomite with shale paftinEs. 27

7. Limestone, bluish-gray, 6nslgrained. 4
6. Shale, red and brown . 5i
5. Dolomite, light-gray I
4. Shale, red ... 8

3. Dolomite, iight-gray, sa.ndy..
2. Limestone, bluish-gray 9

1. Sandstone and shale, drab colored; covered at base. 5

The Lone Jack l,imestone Company quarries are located
the Norfolk and Western Railway and North River about 1%

Thickness
Feet

l4
2t
9

59

4l
17

13

7

l+
11

t2
59
4

15

18

along
miles
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northeast of Glasgow. When visited in 1956, crushed stone was

being produced from Cambrian quaftzite (Pl. 1, loc. 108), near the
northeastern end of Sallings Mountain and from dolomite in a newly
developed quarrv about half a mile northwest of the original workings
(Pl. 1,loc. 109). This dolomite is tentatively identified as a part of the
Waynesboro formation, since it is closely overlain to the northwest
by qypical red shale. The rocks were not sampled in the quarry, but
about 150 feet of light to dark bluish-gray dolomite, perhaps in the
lower part of the Waynesboro formation, which croPs out along the
Norfolk and Western Railway 500 yards southeast of locality 108

contains 51.34 percent calcium carbonate, 39.76 percent magnesium

carbonate, and 7.64 percent silica (Table 7). Other similar appearing

dolomite units occurring near the base of the Waynesboro formation
are included in a few of the sections describing the high-magnesium
dolomite.

The Elbrook formation, overlving the Waynesboro, is composed

largely of about 2,000 feet of dolomite with minor amounts of lime-
stone. Many of the dolomite layers are impure, commonly weathering
to shaly plates. The sampled zones of the more massively bedded

dolomites generally contain from about 37 to 40 Percent magnesium

carbonate and from 7 to 9 percent silica. The overlying Conoco-
cheague formation, also about 2,000 feet thick, is composed largely
of impure limestone, but with minor amounts of dolomite, in the belts

east of the Pulaski fault. Interbedded dolomite comprises approxi-
mately half of the total thickness in the western belts. Sampled units

of limestone contain from 7l to 89 percent calcium carbonate; those

of dolomite from 33 to 38 percent magnesium carbonate. Silica varies

from about 7 to 17 percent.
C)ne of the best exposures of the Conococheague and the upper

three-fourths of the Elbrook is along State Highu'^v 56, southeast of
Steeles Tavern (Pl. 1, loc. 110).

Gror-ocrc SncrroN 66.-Ar-or.re Srern FLcnwav 56 sxrnNorNc sournEAsr

or Smorns Tavenx, Rocrsmncn CouNtv, VttcrNre
Thi.ckness

Cambrian dolomite and limestone
Conococheague limestone (1898 feet)
' 86. Limestone, stratiiulate, very cherty; a few thiir beds of

dolomite 12

85. Limestone, dark bluish-gray, sparsely cherty; a few thin beds

of dolomite 180

99



100 INousrnrer, Lrl.rosroNBs Ann Dot,orarres

84. Limestone, dark-gray; contains prominent crinkly siliceous
bands

8J. Limestone, dark bluish-gray; a few lenses of black chert;
CaCO3, 88.79; MgCOr,3.73;5iO2,6.80; Al2O3, 0.40; Fe2O3,
0.28; total, f00.00..

82. Limestone, dark-gray, banded, siliceous.
81. Covered interval; Iimestone float...
80. Dolomite, dark bluish-gr^y. .. ..
79. Limestone, dark bluish-gray, banded, siliceous.
78. Sandstone, and sandy dolomite.
77, Dolomite, bluish-gray, sandy. .

76. Dolomite, bluish-gray
75. Dolomite, sandy .

74. Limestone, light-gray
73. Sandstone
72. Limestoqe, dark-gray, banded.
71. Dolomite, banded
70. Limestone, dark-gray, banded, siliceous.
69. Sandstone
68. Covered interval; abundant sandstone float...
67. Limestone, banded, siliceous; contains disseminated quartz

grains .

66. Sandstone and sandy dolomite.
65. Shale, buff, Iimy.
64. Dolomite, dark-gray, medium-grained.. . ..
63. Limestone, banded, siliceous.
62. Limestone, dark-gray, banded; contains disseminated quartz

grains .

61. Dolomite, dark bluish-gray, 6ne-grained. . . ..
60. Covered interval
59. Limestone. banded. siliceous.
58. Dolomite within thin sandstone layers. .

57. Limestone, banded, siliceous, weathers to drab-colored shale

56. Sandstone
55. Limestone, bluish-gray, banded; a few thin bands of dolo-

mite ..
54. Dolomite
53. Dolomite, dark bluish-gr^y.. . . .

52. Limestone, dark-gray, banded, siliceous.
51. Dolomite, dark-gray, shaly..
50, Limestone, dark-gray, banded, siliceous.
49. Dolomite with thin limestone partings.
48. Limestone, dark-gray, banded, siliceous.
47. Covered interval
46. Dolomite, medium-gray, brecciated.
45. Dolomite, dark- to medium-gray.
44. Dolomite and sandstone
43. Dolomite, sandy, coarse-grained.
42. Dolomite, dark-gray, banded, medium-grained. .. ..

80

125

186

60
10

78

6

9
t9
7

L

2

t2
3

19
AT

5

l0
)
2

8

18

20

22

1l
5

5

7

6
L

10

259
l4
40

8

t9
92
82

94
6
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41, Dolomite, dark-gray, banded; a few thin beds of banded

limestone 76

Analysis of units 41-46, sampled thickness 282 feet: CaCOs,
52.14; MgCO3; 32.38; SiOr, 14.12; AlrOr, 0.56; FerOr, 0.96;

total, 100.16.

40. Limestone, banded, siliceous; a few thin beds of dolomite.. 83

39. Sandstone, light buff-gray... ... 4

38. Limestone, banded, siliceous. 48

37. Limestone, banded, siliceous, sparsely cherry. 16

36. Dolomite, sandy . . . .:.... 1

35. Limestone, bluish-gray, banded, siliceous. 4l
34. Dolomite, medium dark-gray. 16

33. Limestone, bluish-gray, banded, siliceous. 4

Elbrook dolomite (upper 1505 feet)
32. Dolomite, medium-gray 133

31, Limestone and dolomite interbedded. 7

30. Mostly covered; a few exposures of dark-gray' medium-
grained dolomite 17

29. Dolomite; dark-gray, medium-grained, sparsely cherty. . . . . . 6I
28. Dolomite, dark-gray, fine-grained. 28

27. Dolomite, dark-gray, medium-grained' thick-bedded... .. '.. 180

Analysis of units 27-32, sampled thickness 426 feet: CaCO3,

52.96; lVIgCOr,37.22; SiOr, 9.00; AlrOu, 0.52; FeoOr, 0.88;

total, 100.58.

26. Dolomite, medium-gray, medium-grained, sparsely cherty..
25. Dolomite, platy .

24. Sandstone, deeply weathered. .. .

23. Shale, dark-gray, calcareous.
22. Dolomite; weathe$ shaly..
21. Dolomite, brecciated
20. Sandstone, and shale.
19. Dolomite, dark-gray; thick-bedded; a few interbedded platy

layers .

18. Mostly covered; a few exposures of platy dolomite..... '..
i7. Dolomite, dark-gray, sugary textured; a few layers of drab-

gray, plaqy dolomite.
16. Dolomite, dark-gray, banded.
15. Dolomite, dark-gray, fine-grained, impure.
14. Dolomite, medium-gray, sandy. .

13. Dolomite, medium-gray, fine-grained.
12. Dolomite, dark- and drab-gray mottled' brecciated.
11. Dolomite, light-gray, thick-bedded.
10. Limestone, dark-gray, banded.
9. Dolomite, drab-gray, brecciated.
8. Dolomite, light-gray, thick-bedded; disseminated quartz sand

7. Dolomite, drab-gray, fine-grained, pl"ry. ..
6. Dolomite, medium- to dark-gray; a few beds weather shaly

5, Limestone, dark-grav, banded.
4. Limestone. sandv .

101
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3. Limestone, clayey;wearhers to soft shale.
2. Dolomite, dark-gray, impure.
1. Dolomite, clayey, banded; weathers to soft shale; covered at

the base

Cambrian dolomite and limesrone
Conococheague limestone (lower 1532 feet)

58. Limestone, bluish-gray, fine-grained; crinkly siliceous part-
in oc

57. Dolomite, yellowish-brown, mealy-weathering.
56. Limestone, dark-gray, fine-grained, banded; veins of calcite

and quartz
55. Limestone, dark-gray, thinly-banded

Analysis of units 55-58, sampled thickness Zlt feet: CaCOr,
76.92; MgCO", 6.57; SiO", 15.08; Al2O3, 0.92; FerOs, 0.72;
total,100.21.

22

1l

95

There are no distinct differences in rock character in the above
section which could be used in locating a precise boundary befween
the Elbrook and Conococheague formations. It is probable that units
33 to 86, with an aggregare thickness of 1,899 feet, comprise most of
the Conococheague formation. Certainly at no great distance lower in
section the rocks are chiefly dolomite, some of which weathers to
shaly platy fragments charaiteristic of the Elbrook.

Another excellent exposure of the rocks comprising the belt of
Cambrian dolomite and limestone is in the broad area northwesr of
Buena Vista. The characrer and thickness of the rocks which crop our
in the eastern paft of this area near Buena Vista (Pl. 1, loc. 111) are
given in the follor.ving secrion.

Gsorocrc SrcrroN 67.-Aroxc rne Cnnsepnlre eNn Osro Rerrway AND THE

Nonrorr eNo WesrEnN ReIr,w.e.v EXTENDTNG NoRTHwEsr oF
Bunqa Vrsre, RocrsnrDco CouNry. VrncrNra

Thickttess
Feet

85

54. Limestone, light-gray to cream-colored, medium-grained... 83

53. Limestone and dolomite, light-gray. 72

52. Sandstone 2

51. Limestone, light-gray to cream-colored, medium-grained; a

few impure greenish streaks. 115

Analysis of units 5l and 53, sampled thickness 187 feet:
CaCOr, 72.30; MgCO.r, 9.42 ; SiO 2, 1 7.16; AlrOr, O.7 2 ; F e 20 s,
0.60; total, 100.20.

50. Largely covered; a few exposures of bluish-gray, banded
limestone 117

49. Limestone, dark-gray, banded. 67
48.Limestone, Iight-bluish-gray to cream-colored, medium-

grained; cherty near base... 120

50
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47. Limestone, dark-gray, fine- to medium-grained, banded.... 371

,16. Limestone, light-gray to cream-colored, medium-grained.. . 25

Analysis of units 46-50, sampled thickness 700 feet: CaCOs,

80.34; MgCOr, 6.33; SiO2, 12.'t0; Al2O3, 0.40; Fe2Os' 0.64;

total,100.1l.
'45. Covered interval 142

44. Limestone, bluish-gray, banded. 134

43. Limestone, light- and dark-gray, mottled. 2

42. Dolomite, light-gray, fine-grained, platy. . . 18

41. Limestone, dark-gray, banded. 10

40. Dolomite, light-gray, platy... 10

39. Limestone, dark-gray, banded. 9

38. Dolomite, light-gray, fine-grained. 6

J7. Limestone, 6anded, cherry; tentadvely assigned es base of
Conococheague formation 18

Elbrook dolomite (2271 feet)

36.Coveredinterval ...i.... 56

35. Dolomite, light-gray, fine-grained. 21

34. Dolomite; fine-grained, brecciated. ....:... 7

33. Dolomite, light-graY 5

32. Dolomite, bluish-gray, fine-grained. 22

31. Dolomite, shaly . 3

30. Dolomite, dark-gray, fine-grained; black chert nodules near

middle 33

29. Dolomite, dark bluish-gray; thin bedded. 48

28. Dolomite, dark bluish-gray; weathers shaly. . . 125

27. Dolomite, sandy .

26.'Dolomite, iight-gray; contains thin partings of sandy dolo-

mite . . 19

25. Dolomite, bluish-gray, laminated; weathers cream-colored" 35

Analysis of units 25-34, sampled thickness 298 feer: CaCOt'

51.66; MgCOr,38.37; SiOr, 9.12; AlrOu, 0.08; FetOt, 1'04;

total, 100.27.

24. Dolomite, mainly dark- to medium-gray, fine-grained; thin
bed of edgewise conglomerate at base. 364

23. Dolomite, bluish-gray, fine.grained. 40

Analysis of uniti 23 eind 24, sampled thickness 404 teet:

CaCOr, 50.54; MgCO3, 39.05; SiOr, 9.44; }.l2Os,0'52; Fe2O3,

0.68: total. 100.23.

22. Limestone, dark-gray
2i. Dolomite, dark-gray, fine-grained, shaly weatheritg'" "'
20. Dolomite, light-gray, thick-bedded.
19. Dolomite, Iight-gray, shaly weatheri.g. .. .

18. Dolomite, drab-gray, shaly weatheritg. .. .

17. Largely covered; a few exposures of shale.

16. Dolomite, light-gray
15. Dolomite, bluish-gray
14. Covered intewal

,
t07
ll
)l

t4
130

7

10

150



104 lxnusrnrer, LrnnBsroNns ANo Dorotr.rrns

13. Partly covered; a few exposures of an ocherous weathering
limestone and shale.

12. Dolomite, buff-gray
11. Dolomite with greenish-gray shale partings.
10, Limestone, banded, impure.
9. Dolomite, drab-gray, shaly; weathers mealy.
8. Limestone, dark-gray, banded.
7. Dolornite, light-tan, banded.
6. Dolomite and limestone, laminated.
5. Limestone, bluish-gray, banded. ........
4. Dolomite, dark-gray, shaly. .

3. Covered interval
2. Pardv covered; a few exposures of banded limestone and

blocky dark-gray dolomite.
1. Dolomite, plary, impure; Iower boundary uncertain. .. .. .. .

235

38

22

5

18

10

35

18

11

50
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Waynesboro formation

A total thickness of 2,271 feet of rocks, largely impure dolomite, is
assigned to the Elbrook formation (units 1-36) in the above section.
Southwestr.vard along the strike of this belt at Buffalo Forge (Pl. l,
loc. 112) the upper part of the Elbrook is composed of dark-bluish-
gray, fine- to medium-grained dolomite. A composite sample of the
upper 200 feet of dolomite which crops out east and west of State
Road 608 at this locality contains 53.56 percenr calcium carbonare,
42.53 percent magnesium carbonate, and only 3.56 percent silica,
(Table 7). This analysis represenrs the highest-grade dolomite sampled
from the belt of Cambrian dolomite and limestone in the eastern part
of the James River disrrict.

The character and thickness of the Conococheague southeast of
Natural Bridge (Pl. 1, loc. 113) are given in the following section.

Gpor.ocrc SncnoN 68.-Ar,oNc Sru.rn Roeo 608 exn Srerr Hrcnway 249
sourHEAsr or Nlruner Bnrocn. Rocrsnroco CouNrv, VrncrNre 

Thickness
Feet

Cambrian dolomite and limestone
Conococheague limestone (2129 feet)

29. Limestone dark bluish-gray; contains crinkly siliceous
laminae and a few thin dolomite beds. . .

28. Limestone and dolomite, dark-gray.
27. Limestone, dark bluish-gray, cherty; two thin sandstone beds

near roP
26. Covered interval
25. Limestone and dolomite, dark bluishgray; p^ftly covered..
24. Dolomite, shaly; a few rusty-weathering sandstone beds. .. .

J)
175

68

95

193

49



DnvBr-opnENT PossrBrLrrIES

23. Dolomite, cream colored, finely laminated. 8

22. Limestone and dolomite, dark bluish-gray... .. 4

21. Dolomite, light-gray; laminated; a few sandy layers near top 2

20. Limestone and dolomite, dark bluish-gray...............: 16

19. Sandstone float .. 16

18. Limestone, dark-gray, fine-grained, shaly weathering. .. .. . 65

17. Limestone and dolomite, dark bluish gray, a few beds weather
to buff-colored gritry shale... .:.......... 22

16. Sandstone and buff-colored shale. 8

15. Limestone and dolomite, dark bluish-9r1y..... 29

14, Sandstone float .. 29

13. Limestone, dark bluish-gray, laminated; a few reddish streaks

and occasional thin layers of dolomite. 36

12. Covered interv-al 54

11. Limestone and dolomite; contains crinkly siliceous laminae 53

10. Dolomite, light-gray; a part weathers shaly. 44

9. Limestone, bluish-grav, Iaminated; a few bufi-colored dolo-
mite beds 39

8. Limestone and dolomite, gray, fine-grained; partly covered 524

7. Covered interval t93

6. Dolomite, bluish-gray, fine-grained; partly covered ll7
5. Covered interval 90

4. Dolomite, bluish-gray, medium-grained; partly covered.... 108

3. Dolomite, gray, cherty. 19

2. Covered interval; abundant sandstone float... 3l
l. Shale, buff-colored; a few sandstone streaks. 7

Elbrook dolomite

Southr.vest of Rockbridge-Botetourt County line the exPosed Part
of the belt of Cambrian dolomite and limestone east of the Pulaski-

Staunton fault, includes about the lower three-fourths of the Elbrook
formation. The character and thickness of these rocks which are fully
exposed in the vicinity of Indian Rock (Pl. i, loc. 114) are as follo\4's:

GnorocrC SocrroN 69.-Ar-oNc CnnsapBerc nto Osro R"tnweY eNo Sr,us RO.qo 614

IN THE vIcINIly on IxoreN Rocr, Boreroutr CouNrv, VrncrNrl

Cambrian dolomite and limestone
Elbrook dolomite (lower 1347 feet)

Thickness
Feet

27. Dolomite with shaly partings. 215

26. Dolomite,, buff-colored, plary; a few thin shaly beds. 146

25. Dolomite, dark bluish-gray. . . .. ll
24. Dolomite, buff-colored; shaly weathering. .. .. 7

23. Dolomite, dark bluish-gray, medium-bedded.. 9

22. Dolomite, platy . . 33

21. Dolomite, dark bluish-gray, medium-grained; abundant car-

bonate veins ..... '. '.... 56

105
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20. Dolomite, buff-colored; shaly weathering. ..... . .... ;, .....
19. Dolomite, dark bluish-gray, medium-bedded..
18, Dolomite, buff-colored, plary. ..
17. Dolomite, dark bluish-gray, fine-grained, thick-bedded....
16. Dolornite, dark-gray to buff-colored, fine-grained, slabby

weathering
15. Dolomite, medium-gray, fine-grained.
14. Dolomite, light-gray, shaly weatherirg....
13. Dolomite, light-gray, thick-bedded; weathers buff-colored..
12. Dolomite, light-gray, medium thick-bedded.
11. Dolomite, light-gray, shaly weathering......
10. Limestone, light-gray, to pinkish-gray. . . . . .

9, Dolomite, dark-gray
8. Limestone, light-gray to salmon-colored, fine-grained... .. .

7. Dolomite, light-gray . ... . .. .. .. .

6. Lim€stone, bluish-gray
5. Dolomite, Iight-gray
4. Dolomite, ligjl'rt-gray, shaly weathering... ..
3. Shale and interbedded dolomite.
2. Dolomite, light-gray, shaly weatherirg. ...
1. Dolomite, gray, thick-bedded...

Another excellent exposure of about 1,300 feet of impure
mite and limestone comprising the middle parr of the Elbrook forma-
tion was observed along U. S. Highway 11, just south of Buffalo Creek
(Pl. 1, loc. 115). Although the Elbrook is characternedby abundant
impure beds which \^ieather to thin shaly plates, a considerable portion
of the formation is composed of massively bedded dense dolomite, which
is used locally for crushed stone. One of these thick zones of dolomite
described in the following section is exposed in a quarry formerly
operated by the State Department of Highways about five miles north-
east of Lexington (Pl. 1, loc. 116).

Gtorocrc SBcrroN 7O.-INecrrvB euARRy eroNc IJ. S, Hrcrrwey 11 asour FrvE l\rrrls
NoRTHEAST or LnnxctoN, Rocrsnrnco Courtv, VrncrNr.l

Thickness

cambrian dolomite and limestone 
Feet

Elbrook dolomite (near middle. 180 feet)
4. Dolomite, light-gray, fine-grained; weathers ash-gray. .. . . . 17

3. Limestone, bluish-grav, banded. 4
2. Dolomite, bluish-gray, medium-grained; weathers ash-gray 17

1. Dolomite, dark bluish-gray, medium- to fine-grained. .. .. . 142
Analysis of units l-4, sampled rhickness, 180 feet: CaCO3,
56.56; MgCOu, 33.561' SiOr, 9.36; AI2OB, 0.40; Fe,Or, 0.60;
total 100.48.
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Cambrian dolomite and limestone
Conococheague limestone (lower 1456 feet)

105. Dolomite, medium- to light-gray, medium grained.
104. Limestone and dolomite......
103. Dolomite, medium-gray, fine-grained.
102. Partly covered; a few beds of sandstone and sandy dolomite
101. Dolomite, medium-gray" fine-grained; weathers brownish-

gr^y; a few beds of sandy dolomite.
100, Limestone, bluish-gray, medium-grained, oolitic.
99. Dolomite, dark-gray, thin bedded, banded.
98. Covered interval; abundant sandstone float...
97. Limestone and dolomite; Iimestone contains crinkly siliceous

laminae
96. Dolomite, medium-gray, streaked with thin crinkly buff-

colored partings and thin sandstone bed at base'

95. Limestone, bluish-gray, banded, siliceous.

94. Dolomite, light-gray; weathers light-brown.
93. Limestone, conglomeratic, sandy.
92. Limestone, dark bluish-gray, conglomeratic, oolitic.
91. Dolomite, light-gray and pink mottled.
90. Partly covered; a few exposures of gnarly weathering dolo-

mite and abundant sandstone float...
89. Limestone, bluish-gray, banded, siliceous'
88. Limestone, bluish-gray, oolitic.
87. Sandstone and sandY dolomite.
86. Dolomite, greenish-gray, impure.
85. Limestone, bluish-gray; contains crinkly siliceous laminae"
84. Limestone and dolomite; limestone contains crinkly siliceous

laminae
83. Dolomite, dark-gray, laminated.
82. Sandstone
81. Dolomite, dark-gray, fine-grained; a ferr layers of banded

siliceous limestone and edgewise conglomerate.

107

The Department of Highways is producing stone for highway

consffuction fro- a similar zone of Elbrook dolomite in the Greenville

quarry (Pl. 1, loc. 116a), which is located about two miles northwest
of Greenville, Augusta County, Virginia.

A part of the belt of Cambrian dolomite and limestone croPs out
at seveial localities east and west of Pulaski-Staunton fault, but no con-

tinuously exposed sections of the full thickness of these locks were ob-

served. The character and thickness of the Conococheague and about

the upper half of the Elbrook east of Newport (Pl. 1, loc. 117) are

given in the following section.

Gror-ocrc Sscflot 7l.-AroNc Srere RoAD 675 ero esoat 2/z MrLEs EAsr

or Nrwponr, Aucusra CouNrv, VncrNre
Thickness

Feet
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80. Limestone, conglomeratic, oolitic.
79. Limestone, dark bluish-gray, banded, siliceous.
78. Limestone, bluish-gray; a few beds of dolomite.
77, Dolomite, medium-gray, fine-grained.
76. Dolomite and edgewise conglomerate.
75. Limestone, bluish-gray, banded, siliceous.
74. Dolomite, dark-gray
73. Limestone, conglomeratic, oolitic.
72. Dolomite, dark-gray, straticulate.
71. Limestone, conglomeratic, oolitic.
70. Dolomite, dark bluish-gray, fine-grained, straticulate. . . . . .

69. Dolomite, medium- to light-gray, fine-grained; contains lavers
of oolitic limestone.

68. Limestone, bluish-gray; contains crinkly siliceous laminae. .

67, Dolomite, dark-gray, fine-grained. .. :. .. ..
66. Limestone, oolitic; a few beds of edgewise conglomerate. .,
65. Limestone, bluish-gray; contains crinkly siliceous laminae..
64. Dolomite, dark-gray, fine-grained.
63. Dolomite, dark-gray, fine-grained, shaly weathering. .. .. .. .

62. Dolomite, dark-gray, medium-grained, fractured.
61. Dolomite, dark.gray, medium- to fine-grained
60. Dolomite, medium- to dark bluish-gray, medium-grained. .. .

59. Dolomite, medium-gray, medium-grained, cherty.
58. Dolomite, dark-gray, medium- to fine-grained
57. Dolomite, dark-gray, medium- to fine-grained. .. ...

Analysis of units 57-6.4, sampled thickness, 398 feet: CaCO3,
51.34; MgCOu, 38.02; SiOr, 9.68; Al2O., 0.52; Fe"Oa, 0.64;
total, 100.20.

56. Dolomite, dark-grav,- fine-grained,' laminated.
55. Largely covered; a few exposures of medium-gray dolomite
54. Sandstone and sandy dolomite.
53. Dolomite, medium-gray, medium-grained. .. . .

52. Sandstone and sandy dolomite.
51. Dolomite, medium- to dark-gray, medium-grained; contains

thin sandstones and sandy shales..
50. Dolomite, dark-gray, fine-grained, fractured; a few shaly

1^IT
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beds .. 53

4e. Partly covered; ;y ;;;;;;; ;;;......... 22

Elbrook dolomite (upper 1310 feet)
48. Dolomite, medium-gray, medium-grained; a few intercala-

tions of impure dolomite which weathers to shale. 63

47. Dolomite, light- to dark-gray. 85

46. Dolomite, dark-gray 77

45. Largelv covered; a few exposures of dark-gray dolomite.... 35
,K. Dolomite, light- to dark-gray, medium-grained. . .. . .. .. .. . 7t
43. Dolomite, light- to dark-gray. 52

42. Dolomite, medium-gray, medium-giained; a few beds of
shaly dolomite . .. .. 97

41. Dolomite, light-gray, fine-grained. 30
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40. Limestone, bluish-gray 3

39. Dolomite, light-gray to cream-colored, fine-grained........ 37

38. Dolomite, medium light-gray to tan-colored mottled. .. .. .. 40

37. Covered interval 12

36. Dolomite, medium-gray, fine-grained; a few pinkish-cqlored
beds .. 38

Analysis of units 36-47, sampled thickness 581 feet: CaCO3,
52.04; MgCOr,38.37; SiO", 9.40; Al2O3, 0.08'; Fe2Os, 0.56;

total, 100.45.

35. Dclomite, dark-gray, fine-grained. 49

34. Limestone, bluish-gray, medium-grained. .. .. 5

33. Dolomite, dark-gray, fine-grained.
32. Dolomite, Iight-gray, fine-grained. 14

31. Limestone, bluish-graR irregularly banded. 4
30. Dolomite, dark-gray, fine-grained. 21

29. Dolomite, medium- to light-gray, fine-grained. 14

28. Limestone, bluish-gray, banded crumbly. 3

27. Dolomite, dark-gray, fine-grained. ........ 68
26. Limestone, bluish-gray 8

25. Covered interval 60
24. Dolomite, light-gray, fine-grained. 15

23. Limestone, bluish-gray 3

22. Dolomite, medium-gray, sandy. . 5

21. Limestone, bluish-gray, oolicic. 3

20. Dolomite, medium-gray, fine-grained. .: .. . . .. .... . 42

19. Limestone, bluish-gray, fine-grained.
18. Dolomite, dark-gray to cream-colored, fine-grained. . ... .. . 40

17. Dolomite, dark-gray, fine-grained; weathers shalv. . . ... .. . 38

16. Dolomite, medium- to dark-gray; weathers buff-colored.... 17

15. Dolomite, dark-gray, brecciated. 6

14. Dolomite, dark-gray; weathers buff-colored. .. .. .. . . . .. .. . 46
13. Dolomite, dark-gray, fine-grained. 10

12. Limestone, bluish-gray, banded; a few thin beds of bluish-
gray dolomite 8

11. Dolomite, dark-gray, fine-grained; v/eathers shaly.. .. ..... 9

10. Liri'restone, bluish-gray, banded, oolitic; a few shaly partings 10

9. Dolomite, dark-gray, fine-grained. 15

8. Limestone, bluish-gray, banded. 6

7. Dolomite, dark-gray, fine-grained, plaqF... 13

6. Limestone, bluish-gray, tranded. 16

5. Dolomite, light-gray, brecciated. +5

4. Limestone, bluish-gray, oolitic. 10

3. Limestone, bluish-gray, banded. 3

2. Limestbne, bluish-gray 13

1. timestone, bluish-grav, banded; weathers shaly... 30

The boundary between the Conococheague and Elbrook in the
area east of Newport is not evident, since the Conococheague in the
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western belts contains abundant dolomite ,i*il"r to that which occurs
in a part of the underlying Elbrook. Correlation based on the distinc-
tive sandstones in the Conococheague would place the boundary at
least as low as unit 49 in Geologic Section 7. Sampled unic of dolomite
from both the Conococfreague and Elbrook formations show almost
identical chemical composition, containing about 52 percent calcium
carbonate, 38 percent magnesium carbonate, and 9 percent silica. The
lower 75 feet of the Elbrook, consisting of impure limestone closely
underlain by red shaly mudrock, along State Highway 251, about 7%

miles northeast of Newport (Pl. 1, loc. 118) contains 83.17 percent
calcium carbonate, 6.36 percent magnesium carbonate, and 9.16 per-
cent silica (Table 7).

The broad belt of carbonate rocks, chiefly dolomite, mapped
(Pl. 1) as Cambrian dolomite and limestone in Fincastle Valley, in-
cludes the Elbrook and Conococheague formations. These formations,
due to repetition by folding, are exposed ar many places along the
steep slopes adjacent to James River between Buchanan and Eagle
Rock. One representative exposnre at alocality about ZYz miles south-
east of Eagle Rock (Pl. 1, loc. 119) is descritred in the following section.

GBorocrc SesrroN 72.-AroNc CHrsepeern eNp Omo Rxr-wey aNo Jenrns Rrwn
Agour oNE rrarl MrLE wEsr oF Srero Roen 688 er.ro 2% tr',lll:r:s sourgEAsr oF

Eecr,n Rocr. Borprounr Couxrv. VrncrNrl

Tbickness
Feet

Cambrian dolomite and limestone

Elbrook dolomite (middle 1257 feet)
8. Limestone, banded 3

7. Dolomite, gray, fine-grained. .. JOz
6. Dolomitg dark-gray, fine- to medium-grained. .. .. 2Ol
5. Dolomite, gran fine- to medium-grained; a few brownish

streaks 120
Analysis of units 5-8, sampled thickness 626 feet: CaCO3,
5a.56; MgCOs, 38.62; SiO", 3.85; NrO*, 2.35; FerO3, O88;
totd. 100.26.

4. Dolomite, medium-gray 235
3. Dolomite, ffayi a few thin sandy streaks. 123
2, Dolomite, dark- to medium-gray; a few thin sandy streaks 106

1. Dolomite, light- to medium-gray. t67
Analysis of units 1-4, sampled thickness 611 feet: CaCOs,
54.16; MgCO", 4O.65; SiOr, 3.62; Al2Os, 0.81; FerO3, l.l4;
total. 100.38.
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The above section underlies a thin zone of shaly dolomite which
appears to be repeated in a tightly compressed anticlinal fold.
Dolomite cropping out along the Chesapeake and Ohio Railway east

of this structure is thought to represenr units I to 4 in Geologic Sec-
tion 72. A composite sample of approximately 700 feet of dolomite at
this locality contains 49.42 percent calcium carbonate, 40.03 percent
magnesium carbonate, and 7.0e percent silica. A detailed analysis of
this thick unit of dolomite is given in Table 7. Another excellent ex-
posure of the upper part of the Elbrook formation is along State High-
way 43, abott 2Yz miles northeast of Springwood. Here much of the
dolomite is sheared and brecciated as a result of its proximity to the
Pulaski-Staunton fault (P1. 1, loc. 120).

Gnomcrc SrcnoN 71.-AroNe Srem Hrcnwev 43 esour 2% rurrrs NoRTrrEAsr oF
SpruNcwoon exo 5 rarlns sourHEAsr or Eecro Rocr, Bororounr Couvrv, Vrncrure

Thickness
Feet

Cambrian dolomite and lime*one
Elbrook dolomite (middle 445 feet)

11. Dolomite, dark bluish-gray, dense; abundant white carbonate
veins .

I0. Conglomerate, shaly. crushed
9, Dolomite. dark bluish-gray, shaly, thin-bedded.
8. Shale, bluish-gray, limy, iointed.
7. Dolomite, light-gray, medium-grained.
6. Dolomite, dark bluish-gray, fine-grained; abundant car-

bonate veins
5. Dolomite, dark bluish-gray, shaly, platy...
4. Dolomite, bluish-gray, crushed.
3. Limestone, dark bluish-gray, fine-grained, magnesian; abun-

dant carbonate veins...
2. Dolomite, dark bluish-gray, plaqy.
1. Dolomite, dark bluish-gray, crushed.

The results of field studies and chemical analyses indicate that
the unit mapped (Pl. I ) as Cambrian dolomite and fimestone in the
James River district does not contain quarriable thicknesses of either
high-calcium limestone or high-magnesium dolomite.

Crushed and Broken Stone

Stone used as an aggregate in highway construction is dependent
primarily upon certain physical properties. These tests include Spe-
cific Gravity, Absorption, and the Los Angeles Abrasion Loss. The

11I

30

t4
t9
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42
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t56
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abrasion loss is a comparative quality of the aggregate based upon a

blend of toughness and resistance to abrasion. The Virginia Depart-
ment of Highways uses three gradings and designates the quality as

A, B, and C. The requirement for Grade "A" stone is a loss not exceed-
ing 35 percent.

In Table 8, the writer is indebted to the Division of Tests, Vir-
ginia Department of Highways, for all of the data. The samples of
limestone and dolomite were collected by the writer, while employed
by the Virginia Geological Survey, and submitted to the late J\4r.

Shreve Clark, Testing Engineer, for testing. The reader is referred to
reports prepared by W. T. Parrott, Geologisq Virginia Department
of Highways, for additional tests of the physical properties of rocks
in active quarries and potential quarry sites within the James River
district.



TABLES AND PLATES



INnusrnrar, LrmrsroNns er'ro Dololarrns

ax
AA

$b6

lL4

-=x.n 6)

Fl
Ft

.a

cd 6l

fno;

:i'i bo

^m 
C

rDH
o

9oFO

@\!

h*
= =-!a
-Nd
>rc' s

=t.l

6lxNJ'lx
Q .r{
HX
b0 ol

6v

fla

6t

@
JAqo

o\N

Tlri+;
:lufi
={^-Y 6H

'-l

H9

bd

=&
PFE
=t^-Y SH

7,

Fo
a
O

J

r\

z

H

p
|l

H

3

E.B

F<

fiF
>H

ee
E-<€
61 d

ro
2.,
A.x3
x@

FO

2-
Y€
Euo<i

zt
!rv
a
P
E

r)
|l

E
FI

O
I

t-

H

^^
6 6I cri

6l cO :Fco(oi
Ncd.o

rodo)\\1
NcOCOooro

@O)o@rlJo

Fr

I

€
^O^::-iR=-::o 

-c;Asx
H-H

-i

6l;

-i

$6t61c!clq

ro cot9(o 6t ro\41
ooiiiro

n6!
NN

m$00MNN
OOI-

dINN
HM

Or ts- O)

dir(0

Fr

I

cj

cBH

NrOc€<r c6 <r
odc;

(oH6l
m6ro
;-i^i



115DnveloplvrpNr Possrsrr-ttrns

Oj

'.KE
q Fa
';iIo o
6Cr
o *3
"EE-;-#ib0l
fii-c -
'oa
ao*-9
-9.D ts

d

g-:
o:

aia

-@tor;B
=4a+

:=a

6a

cefr

=riio

o
.r@
i@9O

l+,
d

r
F.;

QA b0

OXo-o
ji dk
aPo
boE @c^oh:>

RA

@

6I@

oH
+m

AJ

N6

*Fi

;ia b0

--ox
E E'l
(D9A
b0E iDC^O9nF

h;
cn bI)

F.E.qxb0q
E;
ul-
{R
-y

@:

AD*;
Eor
bp5

9d

i@
c':
\t li
-' cr

T >,E
r) F bo

-9 .9'E
@H,r

>ur o
b0, D

-9oF

mdr@ro co col'- cQ C6

iEqry i

!ooo Ill
*lcll
ol

I

(O f- CI

-i ;^
ii

-lrol.l
ol

6l

6i

oo

;

00

^

6l

c9 co
^i^O9dScjA
c; 

-d-d;N;$;
Am-rAl-

^d^^d^^dH-H-H

ct

-i

j

roi^$i^.ro . .(ooqooq
* .6'a * .i'c\O6+O
,i^--i-i^-

6rlct
ili .l

-t- I

I

;-T-;al"?olo
I

@00fo
9-1 T

00 ci 6l(oro|o
,c;;3

el6t@NO{t
c;c;-j

*r <ii 6t ctm om ro
o u; .j .j

$il<l

;;-i
O) N<O (O
\ 6:\ I

d,o
@

6
x
o

o

o

H

b
>,

doa
>l

roo-

"aTmo)o

coo!oqt!
@ts-(g

N
@ clo: oO f-6t $
od 6iN ,o

|'6 r!) rO

ro <r co

Or*t-

v)
co l6qicoi

ro

O i-rQ 0Ots6$

b-o ooo In



a

c!d
€-Q

*50

f-
V

dE

o
cB !Q

aa
6!:
x:

I

o

t--

-dj9N
cB*
a.-
,42
a€6
OOz

a

.E

-.o:-d>

600
,a

aa)
b0t

QI

-:A

4@i*

Rt
h,o

boi

YX
c€ cd

a.g
b03
CL
9(.)

o>
Ap*H
=l64o5
B@
A?,

ooa

>'?

fiE

;@adi
*4O: O.i

9E
!/\N O

-a i\A(JN-

i* F

z\ 6 ;l

S-ige(o

RA
@=
6 rl

FO

Aq

a-

e.^
EF
.'d Fcdqoo6+
z

Fl

r\

a
o

rcI

oo

Imoustnrar, Lrlrpsroups AND DoLoMrrES

00 et

c6 ro

co ro
ts- cO;;

ct oo
iN

^;
o6llir IO

^^

roNcOi\o
J<;

NOro 6l
J .c;

o6i
o

z
FI
O
Ha
6
Fl

a5

716

O
I

z
o

F)

tsa

F
F'
O

t.la

E
Fi

F
ts
z
a

O

Fi

z

O
6
z
F
a

O
Fl

O

E

O
t.

t-

Fi

Nqo;;

iN
NO

6.1 o6r c.l

a
@

VO

F

,AN
m

R9

Pci a

*r oo

o6i

N

;

IO

6N\o

r
6!e
F-@
o)@

@

b0

O
c€

O

It\

caH



LL7Dpvei-opurNr Possrsrr,rrrps

6n 0O .li I dri$1 d lc\

>i.d+!
FE
b0

ri*

*f

F RF

rov
Q+ >
d5H
SGEo
@-Q

?Ei <

>o

xx 6
Nvd

>9:
B:- qo

bo.r4 t+

a ",q
r b0F
ootrl €
sb;

a

.d

HO

c€a
AA
anh

a

6t

-A;F=
<Oo

x1H
;Fr
o .-

6>

\r
6l

Pcc

xFq
:v

h0q

F=

@
a

ro

t€
ri bovE

dll

mo

=o!eo

:<r

Es

r) c
-^ @ .\
4E-d

Fq P

-*8t
-FcD

a

9*
'- c€

=:Foo!€

a
Ps
,q bo

a
b0xc:
v9

00 ro!q

iEqq i{q
looo looIL

oOri
^^^

r
;

oN<rro ro

.:9
(o cc

n ;1o-- l-* |:31::: l:: I

NOT

^^;
@

;
a,
a

ro o)NO)
^*i

mNm<iNo
c;o;-ic.lci

6t <r

=t_.

<r@oo

mNrormm
ocii

6t
ci-

.+r rO(9@
Jo +

roroi I OOor@co lrolo
d-j*'lJc\'

Ti
I\i

ro f- <.{9.1 f
r(oc0o000

m*ro
f- rO cg

oo\
@rmr

r)CnO 6n@roi +r c.l (0 ro



b0

a?.

a

'€
... L

.- 
.@

I

b
EX

'o -v
'iE
*ro
^E
=6 a

BE
bO!

H:HV
F

a>
..Elpi
b03
FB

ll

@a
O@

6
*ro
cB64=
+6905. io:--A YE

o>Y

rA*

HR*
Ex;

Fl

b0 ._
iaHd

(nE
',.
'a

>,8
>\N

CB

€oE
.61 docr 6

bo >.*

o.
Eg6a.A |t4

c\ .o

o"!

-E

u)a
b0q
!;-

do
d!
Og

O€trv2.; ::

qi

.Et
\a
a=
b0 I

FecaQ

cl€
f"9

:nH!

a
q@

'-'ob0
:€ E-Ea
,9q oo

v1 o_

@5-'!o€Fi

>,

Fl

INousrnr,rr, LrlrmroNns AND DoLoMrrEs

icO

6<rim

moo
6t

fiNiooBlmlco

Fr

z

O
tsa

Fl

rl

118

r)

z

Fl

Fl
Fr

F
a
F]

B
Fr

Fla

FT

a
E

Fa
R
Fr

z
a

F

z

O

z
FI
a

E

O
F1

o
E
ts

O
I

r
t
tr

Fr

=lm
^^

oo*

ro :ti

r)!i

@ro

*'ci
N

coi$r
^^

a
;cO ts-

(o oo
;-i

o;mto

ooNro

-r
6i c.j

m

ro

drN\i
roi

N
A

@m6io
-i^

ro ro
HN

<ir @

,c; cn

a

O
b!

O
(.)

o@c6 ro
^-^o@

cl

s
N

lo
00

t-

E

a
'd

z

@O

pa
a

ci

adH

@

;
o00
6t 6l
;-i



119Dpvnrop*roNr Possrsrlnrss

ao

6i

o

.oQ >VD
b0

di:

o ,-

=aAE

e.a

>e

YOqo

Y;

"rE
>,ts
63

Fs d
-c bI)bor {

^,9 4

-9>o
bO63-

-9 da

>:;
F-is@b00

Hv

Qe
=a6>
b0ttrO
ci@

h':
c€ cO

QONro
H

ta

a=t
Q€

iH.n b0

!d n5.; y
:iH.i

.ii",v
a:^

v! a
b0; ts
Ecio

!

a*

a

R3
o'E

>i\

o€
t'6<;
(, ?(tr
b0= q
tr.6-:Y
.9PH

o bI)

=l
flc€

FO

;a

a5
bo!
s;

a
hq

3-
UM
r- ob
>ic.i 

='!i
.B ci aD

p.i

c)w

ov
-oPe

b!ts
96

Eb0

cdn

HO
RA_' 

c€

cg@
Qo

j c.r
A+
oo3

.9ci

*cicor.JEOI;;;

N:ir*

di -i ci

<r000ocrar
^^^

oON I C6Or66 tOO

coco I coo
<1 N l+rco
dc; I c;o

6n

;
\oo

^^
clr

b
ci

caco@a1q
-i

<rN

caoNooc6l<)
ci -i 

^;

=ii lOo t--
ri ni

@i

!.+

c\on9
mi

*oOr@
6i cn



a

c\

> -.i

B:

H-

F;o
'a
.dz3

w!
E:

Ixoustnrer, LrrvrBsroNrs eNo Dolol.rrtns

€o

J,>x.v

ov

F

xo

'E: d

i; a
a aa

* xF
6rd

^?>5n? 63e;zP Oc
ade
bo'- E

€n F

H

z

,- Fivo

"Z c€

.a

b0 .:

S.DF(CD* o
-c€

i.€rn

m.q
,Q

d!cdZ Be
.. ^ 6l

X+ F

a !?.3oo.n-!*cn
.:6*(o

j

z

ts-

c;

v
sro
o
,-

z

o

o€
tix
dB

E\J
3e

r UPts€ a
q o.xa aE

Fl

c{;

3

(-

t20

O
I

z

3

p
j

FI
a

B
a

Fa

a

F-

F(

Z
a
O

FI

z

O

z
FI

r)
|]
O

O
I

r
Fl

Ft

its-i
a'": cl

-l @v.q ..:f:
b0 5.=

$oocl
961 !
Or O t'-

N;ooo+-'^ | 3 is$'A I o l-*tl
Xl*|*oox I 6t l?e
E i i lqqz I I

t'- t-

o6

$00cl 1

CO@COro oo co

-i -l -i
oo oot- rO

@o
-i .i

cno@\qa00 r]iro 6l
-ic;

oc\roc6i\orOili

mmci
j-ic{
roIoro

rrmi
c{ odro to

-9
!+l ltlro to

b

.^.J
cd

O

'Tn\ tr
*lq 6l m

-^lq trl cl
,ii I

z-.
d3H

000) i
6t ro c6

ro@
c6 rorO |-

h-i

z
Fi
C)

a
O

Fl

F
aa

3



T2LDBvnropnnBxt Posslsttttres

_Ya>()ao

x-1.

60:
H-!a

d-=

li:rtr
a Fv

lr\N @

P6l^-::-
v c3€oo- E
:R.9

m9r
a*
XE
J€H!
otr
ci@
€Q

R-- !0
@'!-

idi I
FT F

u

6 nM
O 6H
z

a
a

o.s5
ct:
.-a

>FQ

a=
.dz

aa

Iocn

b!

dF
S* 

";H O.i

jj E*aho
,=a
:i;i;,z

>tr?d

"g c€

z,B

a@

6

=2'

On?

>1 o
,'2

o6
O!
o>cc'n;
^e =
9a)
Y O;!E;

>boo
6eR

!60
Fl

P>j

.! Om*()-

9 
''.2!3..t'x€ 5

+cXi

- xi
=H\6rto , -)
r= >-d
OP 13

J

@

-

M

6nmi
?d

aZ
ri

O =il

;d

q\ I

*r ro ci

6gH

1

el La

co
N^

noIi
c;-c;
6oo '6o +,o

co

ro

ctq00 cn

-' c;

ooi N9q \ir (c
NTO @

co@.i. +
ro
n

-@

f- ;iro@O@Q

^51

ixx
'-@aPid

:qcd

oo* cno? n



lNouslnrer LrnesroNns eNn DolonntBs

dl

o
Fl

O
b0

a

o
O
O

+,
@Q

-6 a

Fr

z
FI
O

a
O

Fl

(\

1'r',

.d

O
I

z

;f,]

FI

F

a
U

FTa

aa.

a

'-
a
z
V
(.)

3
z

(,

z
t-i
a

O
Fl

O

E

(-)
I

N

j

'n

>-l
FO
b, 1^i:i vt
o@

ai

!@o
s alE

o6{^O

:PF
b0- r
_E*e

q.
>a

;;

d6

6;
bo b0

:E

QPoa
.i ;i

o'6

N.;

cddbO

F(*)'F
oF

O .- !
d9X€ *=ovd
b0:3
960

ib0
>jcBd

Fi..d

?B*::AY

qtr
O rnO

SxFi

ildm

@

'F r,
OF
qbn

; rJ.j

3.D
O;J
€ao

ha
Ebo

X
r9o!

qq
AF

@

Ea
a'/

.FN 
":Hbo

- 6m

iOZ

MN

^^
6lc{:fi0)

OOOO

O@
;A

NN!.cn oor$
ri oi

o?-
dr roron

&@

*N

iN

NCOim
;-io

r
r
@

cioocoN
9961 n

60mro
<, d c\' x;vf,6ro6

N@MO
cacnlo<r

m
1

+<rooc.!
;*srj

s
od

N
N

oo
N

@

m
I

00 (o@ro
.<> od

ro00mm
Nc;ci'e;

I

c{m I(0* IN i 'l

I

o6
|orO

r
N
6i
@

dz-.
cdH

H i'le I

Io



123DnvBr-opl*nNr: Possrsrr-rrrns

(o ro;;

3E S

hh;

^:tP-4 HZ
FcE
FQ-
.Sg3

€; tr

.*R
AE=
uoE E

I @S

ao

.E
H

id+j
NT
xP
,R
42
O€
€0?
€oa&
aot
EH

.$
N

r
a+

HB
+z
d

ao
snE
Oo

ro

i.i
X€*
E.=:X
Eo.q

aP
-a

P@
ao€

dH

>,R

co

YA
05 b0

a46

a

F:

E't

s::P6
.>i .F

za

lt:S^

.n b0

FF6

^o X
€o

v>-.;
bOE ts
EC>

b0

X

;
6b
>, ..:
c€ a!
Eo

jia
(DB

oots

sd

o

il

ctro
6t
>'

EI
b0 QrHFHO
oZ

(Da
aoE
Y@

OIoclaiOiNMc.l 6tictN
-l-i^^^

6n@

^-;
o(0N+r ro ro
^^^

*.6iro ro

o(omqi!

CnOdr+CCN@@O@
oodJcj

@cOOCn=!?. 1 -11
rOf'-NOO

ts- dt co ts- ro!11.!q
mm

o)mcocob
<;cic;'id
NNM6N

\iq
oo c\ cl@ro4

oomoni+rrororocoNltttl6;€bmroLo+cncl

€c0@6t o) co

-i^-i

CnCIO@C-l6N$Ob
^^-i^-:

@o
;;

6it r
oo cdmm

ooioco
MLQ

€LON@c\ oo 6n
HN\t{

iI.-ooo<rn@OoOCi il t: Cn 'd'1

MHO
.;J;

c'.@61\Tcl
cr,Nr

=fi cAc6tlrcir$ct

\o



lNousrnrer LrmnsroNns eNr Doroltrrns124

O
I

z

p
a

F
t-i

a

F
€r
O

Fa

aa,

{l

z
'a

z

(,

'.2

3
a
A

(-)
|]
O

O
I
I

ts

Ll

a

@

j

a

*

F

z

z
F
O
e
a

d
O

;b4

4".

hq
d:i

6'e

'd

€ Ar'

<l:*i
M6 9s€:e sH

a
a

.d

aa

FE

3

o

O

F

Pi

c.l

-
rt

-i
z

ci

ts-

ci

co

c.t

di

LO

o

Fl

Fr

'3 
1oi

trql coio
-ti !? I ci c\i oo.Yl (,o@N

Frl

d

caH

qo oo <r
6n co nr^-.-

ooiro

rO i ltl

Lo ro <.1

*l
@ oiJAI 09Y
': El roi
-61 al

.ilzl s

Io

ci

co
co

N

co
m

a

O
a0

aa

h

PE

F6 a

cd-

z
FI
(.)

a
O

!

r5

z
F
Fqa
C)

i

(,



125Devuopn,rpNT PossrBrLrrIES

a

a

oo
50'=

xd

O

F

o

a

b,

-d

h

aa

a

b0

@

a
L/

a
a

H

h

@

@

F]

6l

n

co

^;

c\

F
ci

m

a
Not

ca
N

\sn co

^^;

V
-i

,t .r'

-iAA

ro
o

ct*

ro
o

6t oodr C.1

oo@
\. r:
6l c.t

oc
@
N
ct

oqco

ci

ca <r
Ni
ci dr

oo
N
oi

r
N

I
oo

Nln
I



VncrNre DrvrsroN on Mrxpn-Ll, RpsovncBs Bul,r-rrrn 7J

24. crinkly siliceous_laminae in conococheague limestone near staunton,
Augusta County, Virginia.

28. Weathered Elbrook dolomite along U. S. Highway 11 abour half a mite
south of Buffalo Creek, Rockbridfe County,-Virginia.

2C. Hackly weathering red shale and impure dolomite in the upper part of
the Waynesboro formation in the vicinity of Indian Roci<, Bo'tetourt
Coun{y, Virginia.
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Vtncrxra Drvrsroil or NftxEnlr. Rnsottcrs Bur,rp'rtx 73 Prern 2

2A. Crinkly siliceous_laminae in Conococheague limestone near Staunron,
Augusta County, Virginia.

28. Weathered Elbrook dolomite along
south of Buffalo Creek, Rockbridse

U. S. Highway 11 about half a mile
County, Virginia.

2C. Hackly rveathering red shale and impure doiomitc in the upper part of
the Waynesboro formation in the vicinity of Indian Roci<, Bo-tetourt
County, Vhginia.
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3A. Jointing in Tonoioway limestone along State Highway 42 about 4 miles south-
west of Millboro Springs, Bath County, Virginia.

VrncrNre Drvrsrox oF MrNER{L Rnsouncos

3B. Inactive mine in the vicinity of
Eagle Rock, Botetourt County,
showing Beekmanrown dolomite
(dark) on Ordovician limestone.

Bur-r,errN 7i Pr-erp 3

3C. Striped weathering impure Ordo-
vician limestone overlying Beek-
mantown dolomite near the south-
'western end of Warm Springs
Valley, Alleghany County, Vir-
grnia.
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VrncrNra Drvrsron oF MrNER-{L Rnsouncps

Jointing
west of

Bur,r,lrrx 73 Pr,ere 3

3A
',4:: .. &*; :.

rn Tonolos-a1- limesrone along State Highv.ay 42 about 4 miles south-
rvililr)or() )pflngs. tJath Counry, \-irginia.

.etqj"t

JB. Inactive mine in the vicinity of
Eagle Rock, Botetourt Countv.
shorving Beekmantown dolomiie
(dark) on Ordovician limestone.

3C. Stripcd wearhering impure Ordo-
vician limestone overlying Beek-
manrown dolomite near the south-
'western end of Warm Springs
Valley, Alleghany County, Vir-
grrua.
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58. Thin intcrcalation of coarse-grained limestonc (Murat facies) in cobblv
wcathering impure Lincolnihire limestone along Colliers Creek abotit
2 % miles southeast of Collierstown, Rockbridge County, Virginia.

Contact of Ner.v llarket limestone with overlving chertv Whistle Creek
limestone along Colliers Creek about 2 miles'soitheasr;f Collierstowll.
Rockbridge County, Virginia.
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68. Folding in the Edinburg formation which was displayed (1945) in the
Barger quarr/ 

3l_ong U. S. Highway 60 just easr 6f Lexington. Rock-
ortdge uounty, va.

6C. Inactive qnarry- abolr one-fourth of a mile east of Craigsville, Augusta

9ogn.y, Va., showing Coeymans limesrone (light-colored) overlain by
dark-graR cherty limestones.
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68. Foiding in the Edinburg formation wl.rich rvas displayed (r94J) in thc
Barger^quarr)' along U. S. Highrvay 60 just east bf Lexington. Rock_
Dnoge Lounrv. va.

6C. Tnactive qu_arry. about one-fourth of a mile east of Craigsville, Augusta
County, Va., showing Coeymans limestone (light-color6d) overlai-n by
dark-gray, cherty limestones.
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7A. Lower Keyser limestone in inactive quarry along State Highway 42
about 4 miles southwest of Millboro Springs, Bath County, Va.
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7A. Lower Keyser limestone in inactive quarry along State Highway 42
about 4 miles southr.vest of l,{illboro Springs, Batli County, Va.

7C, Iron Gate arch in the gorge of James Rivcr through Rich patch Moun-
tain, about 1Z miles sout[east of Ciifton Forge, Ailleghany County, Va.
(Photo from Butts, 1940, Pl. j5A).

l)l
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Analyses (see also Table 7)
Beekmantown dolomite . 32, 9l-93, 95
Chepultepec limestone .. .. . ..92-93
Coeymans limestone 67, 70, 7 3-74, 77
Conococheague limestone

100, 102_101, 108
Edinburg limestone . .86-88
Elbrook dolomite . .. .101, 103-104,

106, 109-110
Keyser limestone . . . ..67,70,73,75
Licking Creek limestone. .69, 7 l-74
Lincolnshire limestone: Murat

facies . .31, 34, 38-39, 4t-44. 46-49,
50, 53, 56, 59,62

New Marker ]imestone. ..31. 34-JS"
41, +9, 51, 55, 57, 59,60,62,66'

Ordovician limestone of uncer-
tain age . ......62, 6l-65

Shady (Tomstown) dolomite.Tg-85
Travertine ............66
Waynesboro (Rome) formation

82,99
Anticline ..........27
Appalachian geosyncline . .. .. . .. . . .lZ
Appalachian Valley . ........9
Athensformation .......Zl,2t

B

Barger quarry ..8g-g9
Basal quartzites ..... .......17
Beelrmantown formadon . .16, Z0-Zl,30,

32, 42, 60, 63,91,93-94,125, Pls.
3B

Botetourt limestone member (see

also Edinburg formation)
15,21,23

Brallierformation .......14.26

Pece

c
Cambrian dolomite (see also high-

magnesium dolomite) ...13, 78-85
Cambrian dolomite and limestone

18-19.97 -rrl
Cayuga group . .....24
Chambersburg limestone .........21, 23

Chemung formation ........ ....14,26
Chepultepec limestone . .. .16,20,92,94
Chesapeake and Ohio Railway......1l
Christiania bed . .. .. .. ... .. .21
Clifton Forge sandstone member

(see also Keyser limestone) . .. . .24
Clinton formation .. .. .. .15,24
Coeymans limestone. . . .14,24-25, 67-68,

7A-7\74-77,PL. 6C
Collierstown limestone , 15 , 21 , 23 , 86, 88

Collierstown-Rapps Mill belt.... .,14-51

Conococheague limestone. . . .17 , 19, 99,
102, 104, 107, 125, Pl. 2L

Crinoidal limestone . . ... -. .25

Crushed and broken stone. .. .. . 111-112

D

Definition of terms
carbonate rock .. ..........5
limestone .........5
dolomite .........5
dolomite limestone ........6
high-calcium limestone . .... .. .. ...6
high-magnesium dolomite . .. .. . .. .6
impure limestone . .... .....6

Development possibilities. .. .. .. .29-112
Dolomite and limestone. .. ..... .90-111

E

Eagle Rock Lime Company......6l-62
Eagle Rock belt. .. . .....60-63
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Edinburg formation. . .15, 21, 23, 30-32,

37,42-46,48, 55, 87-88, 125, Pl. 6,{-8
Elbrook formaticn. .... .17,19, 101, 101,

105-106, l08, 110-lll, P].28
ElliottKnob .......10

F

Falling Spring Linre Company
Fenster . .. .. .. .. ...54
Fincastle belt . .. .........58-60
Fordwick-Bells Valley belt. .. . ...75-78

G

Geologic sections
Augusta County . . .51-52, 57,

72,76,91,107
Alleghany County ....64-71
Bath County ......73-75, 89

Botetourt County . ...30-35, 49, 59-60

62. 82-84,88, 97-98, 105, 1 10-1 1 1

Rockbridge County . .36-48, 50,53-56,
7 J, 77, 79-8A, 87, 92, 94, 99-106

Geology
general statement . .. .. .12-13

rock types ......13
Cambrian dolomite .......13
Cambrian dolomite and limestone

18-19

Ordovician dolomite and lime-
stone . ......19-20

Ordovician limestone . .. .. . . .. .20-23

Ordovician limestone and shale. 23-24

Upper Silurian and Lower Devc-
nian limestone and sandstone. . 24-25

Devonian shale and sandstone.... .26
Mississippian shale and sandstone..26

Great Valley ........ .......9
Greenvillequarry . ....... 107

H

Healing Springs sandstone member
(see also Nerv Scotland lime-
stone) . .....24-25

Helderberg group . .. .24,72-73
Highbridge Church-Indian Rock

belt... ......29-35

Pace

High-calcium limestone ..29-78
High-calcium limestone belts

Collierstown-Rapps Nlill. .. .. .. .4+51
Eagle Rock .. .60-63
Fincastle ......58-60
Fordwick-Bells Valley . .. ... . . .75-78
Highbridge Church-Indian Rock

29-35

Iron Gate-Callaghan . .66-72
Marble Valley-Goshen ..... ...72-7t
Rich Patch . .. . ..66
Steeles Tavern-Buffalo Creek...56-58
Timber Ridge-Murat ..35-44
Warm Springs Valley. .........6346
Zack-Kerrs Creek . . .. .51-56

High-magnesium dolomite . ... .. .78-85
F{olston limestone . .. . .. .. .22

I

Impure limestone .......85-90
Iron Gate-Callaghan belt. ........66-72

J

James River Hydrate & Supply
Company quarry . ...82-83

James-Potomac divide ......10
James River

tributaries of .... ........11
James River basin

area.. ............9
drainage ......10-11
natural boundaries . .. . ....9
elevations ......9-10

Jurriata formation .......lt,2+

K

Keyser limestone. . . . . . 15,'2+-2t, 67-68,
7 0-7 2, 7 5 -7 7, Pls. 4C, 7A

L

Lantz Mills facies (see also Edin-
burg formation) .... ...15, 21, 23

Lehigh Cement Company quarry... .75

Lenoir limestone . .. . . .. ..21-22, 6J, 89

Liberty Hall facies (see also Edin-
burg formation) .... ..15,21, 23, 86
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Liberty Limestone Corporation
quarry . .......32-33, 83-84

Licking Creek limestone. . t4, 25, 67-71,
74,76-77 , PIs. 4B, 78

Lincolnshire limestone. .16, 21-22, 30-33,
35-40, 42-48, 48-60, 62-63, 66, 124,

PI.58
Lone Jack Limestone Company

quarry . ....98-99
Lowmoor mine and quarry. . .......69
Lowville limestone .........89

M

Mapped unirs . . . .: ... .. .14-77
Marble Valley-Goshen belr. .....72-75
Martinsburg formation . . . .15, 21, 21, g0

Massanutten Mountain syncline.27, Pl. 1

Millboro shale ..
Mine, limestone .... .......61
Mosheim limestone. ...21-22, 36, 6J, Bg

Murat limestone facies (see also
Lincolnshire limestone)

23, Pt. tA-B
Murfreesboro limestone ............21

N

Natural Bridge . ............9
Natural Bridge syncline...... .......19
New Market limestone. ..16,21, 30-32,

34-37 , 39-50, 52-57, 59-60, 62-63. 66,
124. Pls. 3C.4A

New Scotland limesrone. .. .. .14, 24-25,
67 -68.70-7r.74-77

Norfolk and 
.Western Railway......ll

North Mountain fault. .28, Pl. I

o
Onondaga formation . .. .74,26
Oranda formation . .. .. . . .. .21
Ordovician dolomite and limesrone

19-20,90-96
Ordovician limestone (see also high-

calcium limestone) ....20-23. 85-86
Ordovician limesrone and shale

23-24,86-90
Overthrust sheet .. .........54
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P

Physicaltests ... .......124-125
Price shale ........26
Pulaski-Staunton fault. ....18, 27, 33-3+,

36,56,58

o
Quarries (active in 1957)

Barger . .......88-89
Greenville . .. .. .107

James River Hydrate & Supply
Company .. .82-83

Lehigh Cement Company. ...... .75
Liberty Limestone Corporation. 32-33
Lone Jack Limestone Company.g8-99

R

Rapps Mill anticline. .......27
Relief and drainage . . . .. .9-11
fuch Patch anticline. 28

Rich Patch belt. .. . 66
Ridgeley sandstone. . l+,24-25,

68-69,73-74

S

Shady (Tomstown) dolomite (see

also high-magnesium dolomite)
13, 17 ,78-85,125

Short Hills syncline. .......27
Steeles Tavern-Buffalo belt.. .. ...56-58
Structure .......27-28
Syncline .. .. ... . -. .27

T

T'imber Ridge-Murat belt. ... ....35-+4
Tonoloway limestone

15,24,68,71,75,PL.3L
Transportation facilities ............11
Tuscarora (Clinch) sandstone

15,24,PI.7C

U

Upper Silurian and Lower Devonian
Iimestone and sandstone .24-25, 66-78
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Use of report. 29

Uses of limestone and dolomite....6-8

V
Value of (1955)

crushed and broken stone..........8
lime .. ............8

Virginia Products Company. .. ..... .61

w
Warm Springs anticline . .. .. .. .....28

Pecc

Warm Springs Valley belt.. .... . .63-66
Waynesboro (Rome) Formation

17-18, 80, 82, 97 -98, Pl. 2C

Whistle Creek limestone. .. .,16, 21-22,
36-40, 42-45 , 47 -57 , 66

Whitesburg limestone .. .21,23
Wills Creek formation. .....15

z

Zack-Kerrs Creek belt. '. .51-56




