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

By Raymoxnp S. Epmunpson

ABSTRACT

The area described in this report 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 Virginia-
Virginia line. The southern boundary ties in closely with the area
described in a report by Dr. B. N. Cooper (1944) entitled New River-
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 (1945) in the
second report of the series entitled Northern and Central Parts of
Shenandoab 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 vicinity
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 magnesium 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 calcium 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.

[1]
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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 two 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 western belt of narrow ridges and
valleys, the southern portion of Shenandoah Valley, 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
(1944) 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
(1945), 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, thickness, and chemical composition of the important occur-
rences of limestones and dolomites in the James River district west of
the Blue Ridge, Virginia. In addition, the report contains a few phys-
ical tests of the rocks which were made by the DlVlSlOIl of Tests,
Virginia Department of Highways.

The information in this paper should be helpful to quarry opera-
tors and others interested in the expansion of the stone industry. Spe-
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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 summary of the
geologic column, geologic structures, 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 alternation of limestone and
dolomite or limestone and shale. All of the units mapped, except for
the belt of high-magnesium dolomite, include two or more geologic
formations.

It is thought that the data in this paper are adequate to outline 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 (eologist.
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 jointly with Dr. Byron N.
Cooper during the summer of 1945. The survey was continued by the
writer for three weeks in 1946 and for about two weeks in 1956. The
report, including the geologic sections and map, was prepared by the
writer. 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 Valley 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-magnesium dolomite that were studied in detail are incorporated
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in the map accompanying this report (Pl 1). In addition to this ac-
knowledgment, many salient features of the geology discussed in this
report are taken from Virginia Geological Survey Bulletin 52, which
is complementary to the geologic map of the Appalachian Valley.

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 Survey. Although different mappable units are shown on
Plate 1 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 writer makes little pretense to originality.

The writer 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 Mr. 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 limestone is used in the general sense of applying to
rocks composed predominantly of calcium carbonate (CaCOs). Dolo-
mite is used in the same sense for those rocks composed chiefly of the
double carbonate of calcium and magnesium (CaCO3MgCOs). A pure
dolomite contains about 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 10 to 30 percent mag-
nesium carbonate are referred to in this report as magnesian or dolo-
mitic limestone. If sufficient chemical data are available, the rocks are
further subdivided into high-calcium limestone, containing more than
95 percent calcium carbonate, and high-magnesium dolomite, contain-
ing more than 40 percent magnesium carbonate and generally less
than 4 percent noncarbonates. Since the noncarbonate constituents
are important for certain uses, impure limestone 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-, medium-, and coarse-grained 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 medium-grained. The term compact
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 terrazzo, poultry grit, sand, roofing
gravel, yard 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 general sense described under the definition
of terms.
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TaBLE 1.—IMPORTANT CHEMICAL USES OF LIMESTONE AND DoOLOMITE

USES

High-ealeium lime-
stone

Limestone and im-
pure limestone

Magnesian limestone
and dolomite

dolomite

High-magnesium

Agricultural limestone.............. ... .. ..
Alkalies. . ... PP
Aluminum. . ...
Ammonia (cyanamide process)...............
Bakingpowders.............................
Calcium carbide.......................... ...
Calcium nitrate.................... ... ... ...
Carbondioxide. .. ..........................
Coal-mine dusting...........................
Dolomite refractories. . .....................
Dyeworks............ ... . ... L.
Epsomsalts. ..................... . .0
Explosives..... ...
Fertilizers.................. e
Flux:
Open-hearth furnace.....................
Blast furnace. . ....... .. ... .. oL
Nonferrous metals. . ............. ... ...
Glass manufacture. .. .......................
Lime:
High-caleium......... B
Low-magnesium.........................
High-magnesium. .......................
Hydraulie.................co o ..
Magnestum. ............. ... .. ...
Mineral feeds. ..............................
Natural cement.............................
Paper:
Sulphite pulp (Tower system)............
Sulphite pulp (milk-of lime system)......
Soda pulp and sulphate pulp.............
Portland cement.......................... .
Rockwool...................o il
Saltrefining............................... .
Soap purification............... ... ... ... ....
Sugar refining.............. ... ... ... ...
Technical carbonate.........................
Whiting substitutes. ........................

P B4 b b e

ol

VRV VEVRY

sPhysical properties more important for certain uses.
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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.

TaBLe 2.—LIMESTONE (CRUSHED AND BROKEN Stone) SoLp or USED BY
Propucers N ViRGINTA IN 1955

Short tons Value
Riprap........coooi i 404 |$ 404.00
Fluxing stone.......... ... ... ... 547,182 845,515.00
Crushed stone:
Concrete and road metal . ....... ... ... ... 4,519,086 6,034,403.00
Railroad ballast. ........................ 348,871 408,460.00
Agriculture.......... ... ... .. ... . . 585,165 1,134,031.00
Miseellaneous................. ... ............ 3,711,662 5,728,580.00
Total................ 9,712,370 |$ 14,151,393.00

TaBLe 3.—Lime (Quick aND HYDRATED) SoLp BY PRODUCERS IN
Vircinia 1§ 1955

Short tons Value
Agricultural. ... ... ... . . . 26,945 ($ 333,464.00
Building....... ... ... ... 4,355 52,034.00
Chemieal and other industries................ 462,993 4,663,199.00

Total............. ... ... 494,293 ($ 5,048,697.00




GEOGRAPHY

Relief and Drainage

The Appalachian Valley, described by Fenneman (1938, p. 195)
as the “Ridge and Valley Province,” is bounded on the east by the
Blue Ridge and on the west by the Appalachian Plateaus and extends
northeast and southwest far beyond 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 County southwestward
to the vicinity 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 County
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
County, following for the most part the crests of Johns, Sinking Creek,
Brush, and Catawba mountains.

The total area of the James River basin west of the Blue Ridge is
estimated to be about 3,100 square miles; that portion of the basin, here
described as the James River district (Pl 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 by 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. Most 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 Creck 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. Stose 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 part 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 Short Hills, a narrow ridge extending from the vicinity
of Murat southwestward 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 Hill 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 between 1,000 and 1,500 feet. Altitudes of 1,500 feet or less
are not restricted to the valley portion of the James River district. The
1,500 foot contour may 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 County, 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 western
margin of the Great Valley northwestward to the Allegheny Front,
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, Lantz, Back Creek (Monterey), 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. Elliott
Knob with an altitude of 4,473 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 average between
3,000 and 3,500 feet. The maximum 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 Fagle Rock; Jackson and Cowpasture rivers in the northwestern
part of the Ridge and Valley section; and Maury (North) River which
rises in the valley ridges, flows through 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 important
railways and by a number of state and federal highways. The Norfolk
and Western Railway extends northward across the eastern part of
the district, 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 casterly direction across the area. At Clifton Forge it is divided into
two 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. Highway 11, 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 which extends in 2 northerly direction through Fincastle, Coving-
ton, and Warm Springs. The area is also served by numerous state
~ highways which connect with the main highways and offer ready

accessibility to most of the limestone and dolomite deposits.
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GEOLOGY
General Statement

The land features, rocks, and soils within the James River district,
as well as throughout the Appalachian Valley, are the result of a suc-
cession of events through a long period of geologic time. These natural
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 times by interior seas. Streams
flowing from neighboring Jand areas, and to a lesser extent the wind,
transported and deposited sediments in this ancient seaway 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. Many 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 thrust northwestward one upon the
other. One of these major overthrust faults, the Pulaski-Staunton fault,
extends for more than two hundred miles in the Appalachian Valley.
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Erosion has been 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
structure 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
district and the mapped units (Pl. 1) of this report 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 are the names used by
Butts (1940). The probable correlation of the newer and older names
for the Lower Middle Ordovician is given in Table 5.

Cambrian Dolomite

Shady (Tomstown) dolomite—The 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 normal 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 from the Blue
Ridge north of Buena Vista. Notwithstanding this general restricted
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 locality
(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
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Natural Bridge Station. All of the sampled units throughout the area
contain more than 40 percent magnesium carbonate; the majority 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 1, 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 district, extending southwest-
ward through Vesuvius, Buena Vista, and Buchanan. A part of the
formation, occurring as faulted slices along the Pulaski-Staunton fault,
has been noted also between Eagle Rock and Buchanan, and in the
vicinity of Newport in southern Augusta County. Elsewhere within
the district erosion has not extended to sufficient depths to expose the
Waynesboro. 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 10 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 writer, 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 fault north
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of Lexington. The largest area underlain by the Elbrook is between
Fincastle and Buchanan in Botetourt County. 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 clayey limestone and dolomite which weather
to shaly plates (PL 2B). Sampled 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 limestone.~The Conococheague limestone is 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 between Compton and Eagle
Rock. The formation is marked by two distinctive features: thin
laminae, containing siliceous material, which stand out as crinkly ribs
on weathered surfaces (PL. 2A) of limestone, and beds of coarse-grained,
friable sandstone. The siliceous banded limestones are generally more
abundant near the top of the formation. 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
the 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.
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Chepultepec limestone—The Chepultepec limestone is one of the
best horizons for mappmg 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 part, crops out in narrow valleys bor-
dered by low hills underlain by the more resistant impure rocks of the
Conococheague and Beekmantown formations.

Beekmantown formation.—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 characterized
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 generally 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, 1946, 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
events.

A tentative correlation of the new stratigraphic names in Shenan-
doah Valley (Cooper and Cooper, 1946) with those used on the geo-
loglc map of the Appalachian Valley in Virginia (Butts, 1933) are
given in Table 5. Since only a few sections were studied west of the
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TaBLE 5.—TENTATIVE CORRELATION OF THE PRE-MARTINSBURG-POST-BEEKMANTOW N
FormaTtions or Burrs Witk tae ReviSED CLASSIFICATION oF B. N. AND
G. A. CooPER IN SHENANDOAH VALLEY, VIRGINIA

B. N. and G. A. Cooper (1946, p. 71-92)

Butts (1940, p. 95-219)

Martinsburg formation

Martinsburg formation

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

Christiania bed of the Chambersburg
limestone

doah Valley.

Edinburg formation:

: Chambersburg limestone
Liberty Hall and Lantz Mills facies

Athens formation

Botetourt limestone member Whitesburg limestone

Lincolnshire limestone

Whistle Creek limestone

Lenoir! and Holston limestones

New Market limestone Murfreesboro and Mosheim limestones

Beekmantown formation Beekmantown formation

1According -to Butts (1933; 1940, p. 438) 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
the Lenoir and Martingburg in Shenandoah Valley are absent.

Great Valley, no attempt is made to assign age relationships in that
area. The rocks are referred to as Undifferentiated Ordovician Lime-
stones.

New Market limestone.—The name New Market limestone (Coop-
er and Cooper, 1946, p. 71-74) was proposed for the succession of pre-
dominantly dense, fine-grained limestone above the Beekmantown and
below the dark-gray, 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-
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tween the Beekmantown and Mosheim. The New Market limestone
is composed largely of thick-bedded, compact to a glassy, bluish-gray
to dove-gray limestone. Among distinguishing characteristics are
specks of transparent calcite scattered through many of the layers and
thin films of chalk-like material on weathered surfaces. The thickness
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. However, the occurrence of chert and other impurities
in the lower part of the abnormally thick sections indicates that the
full thickness does not meet the specifications of high-calcium lime-
stone. Field studies indicate that this formation, the chief “quarry
rock” of the Appalachian Valley, contains at least 100 feet of high-
grade limestone at several localities in Warm Springs valley. Sampled
units, except where containing chert nodules, generally average about
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 limestone—The Whistle Creek is named (Cooper
and Cooper, 1946, p- 74-75) and described as a cherty, dark-bluish
to brownish—gray, irregularly bedded limestone which underlies
the Lincolnshire limestone in the Lexington area, and succeeds the
New Market limestone. The thickness is given as 82 feet at the type
locality about 2 miles northwest of Lexington. It comprises the lower
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
cither 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 subsequently 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 vicinity of
Murat southwest of Lexington. Sampled units of this coarsely granular
limestone, or Murat limestone facies of the Lincolnshire, along the belt
between Lexington and Murat contain from 97 to 98 percent calcium
carbonate and represent some of the largest limestone reserves in the
James River district.

Ordovician Limestone and Shale

‘The unit mapped in this report (PL 1, unit E) as Ordovician lime-
stone and shale includes the Edinburg formation and the Collierstown
limestone. No commercial thicknesses of high-calcium limestone were
observed in this unit within the James River district.

Edinburg formation.—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 separated
from the Martinsburg 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-
tioned are absent. The Edinburg consists of two facies—Liberty Hall
and Lantz Mills. The Liberty Hall facies is composed mainly of black
limestone and black shale; the Lantz 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 granular
limestone of Whitesburg lithology which has been renamed (Cooper
and Cooper, 1946, p. 80) the Botzetourt limestone. The thickness of
the unit, Ordovician limestone and shale, in this area varies from about
500 to 1,000 feet.

Collierstouwn limestone.—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 sandstone and shale (Pl 1, unit F) include,
in ascending order, the Martinsburg shale, Juniata formation, Tus-
carora (Clinch) sandstone, and Clinton formation. A brief statement
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 1, unit G)' includes the Ridgeley sandstone, 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, New 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
sandsrone identified as the Ridgeley formation. In the vicinity of Low-
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 limestone.—The Tonoloway limestone is a thin-bedded
or laminated, fine-grained, dark-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 Warm
Springs and Hot Springs. These sandstones (Clifton Forge member



GEOLOGY 25

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 limestone. The thickness
determined at several localities in the central part of the James River -
district ranges from about 100 to 175 feet.

Coeymans limestone—The Coeymans limestone, commonly re-
ferred to as a marble, is a coarse-grained, gray to pink crinoidal lime-
stone. Usually the boundary 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 varies from about 10
feet at Island Ford southeast 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, 1 percent magnesium carbonate, and less than 1
percent silica.

New Scotland limestone.—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- 41) 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 cherty limestone, forming the Healing Springs sandstone
member.

Licking Creck limestone.—Studies by Swartz (1939, p. 69) show
that the rocks, originally described as the Becraft limestone, lying be-
tween the New Scotland limestone or Healing Springs sandstone and
the overlying Ridgeley sandstone of the Oriskany group in the Clifton
Forge region should be designated the Licking Creek limestone. Lesure
(1957, p. 49) describes the Licking Creek limestone in the Clifton
Forge area as composed of two 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. 4B). 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 about 92 to 95 percent
calcium carbonate. Other localities show an abundance of quartz sand
and white chert.
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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 eastern
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

Smal! belts of Price shale and sandstone occur west of the Pulaski-
Staunton fauit along the Botetourt-Craig County line.
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The sedimentary rocks in the James River district are now gen-
erally inclined at angles to the almost horizontal position in which they
were deposited. The present attitude and distribution of these rocks
indicate that they have been bent into upfolds (Pl. 7C), or anticlines,
and downfolds, or synclines, and subsequently deeply eroded. Most of
the axes of these folds and the truncated edges of the strata which crop
out along the limbs of the structures are approximately parallel and
trend northeastward. In many places the normal geologic sequence of
formation is modified by great fractures (faults) along which the strata
are displaced. A few of the larger structures in the district are briefly
described below. ’

One of the major structures in this district is the Massanutten
Mountain syncline, which extends from 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 crop 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 Rockbridge-Botetourt County line. The
formations, chiefly limestones and dolomites, 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 structures 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 County line.

The principal geologic structures northwest 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, narrow 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
western Virginia the reader is referred to selected references cited in
the bibliography of this report.
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General Statement

No pretense is made in the following discussion to recommend any
particular locality as meeting all the reqmrements for commercial de-
velopment. Any such statement 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 puj:ppse
of this report 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 composition of the
sampled units and note which meet the specifications required;

2) Examine 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 Church-Indian 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
partly exposed along U. S. Highway 11 northeast of the Rockbridge-
Botetourt County line; whereas, in Botetourt County, to the southwest
they crop out about 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 1). This river at an
altitude of 750 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 major 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 1 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.

Georocic SectioN 1.—NEArR Rockerince-Borerourt CouNty LINE AsouT 500 FEET
souTHEAST OF U.S. Hicaway 11, Borerourr CouNTY, VIRGINIA

Thickness
Ordovician limestone and shale Feet
Edinburg formation (lower part)
9. Botetourt limestone member, dark-gray, coarse-grained,
nodular, rusty-weathering ............... o0l P 10-15
Ordovician limestone: strike N. 45°-65° E.; dip 50° SE.
Lincolnshire limestone (205 feet)

8. Murat limestone facies, light-gray, chiefly coarse-grained.. 60-75
7. Covered interval ..........cviniiiiiiiiiiiiiieiiiineaanns 75
6. Limestone, dark-gray, fine-grained, sparsely cherty, partly

COVETEd .ttt et e 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......................0. 5

New Market limestone

2. Limestone, light-gray, compact...........c..coooiviiiiin, 60

Ordovician dolomite and limestone
Beekmantown dolomite (upper part)
1. Dolomite, gray, fine-grained............c. oot 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 southwestward to State
Road 610 along Roaring Run where the units shown in the following
composite section (PL 1, loc. 2) were measured.

GEeoLogic SECTION 2.—ALONG STATE R0AD 610 AND IN THE HILL ABOUT 100 YARDS
NORTHEAST OF RoARING RUN aBouT 1% MILES NORTHEAST OF Rocky PoinT,
Borerourr Counrty, VIRGINIA
Thickness
Feet

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

Ordovician limestone and shale
Edinburg formation (lower part)
8. Limestone and shale, crumpled, brecciated; probably in-
cludes about 10 feet of brecciated Botetourt limestone at the
DaASE vt e e et e 40

Ordovician limestone: strike N. 40°-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 structure;
CaCOyg, 97.75; MgCOg, 1.00; SiO,, 0.33; Al,O,, 0.36; Fe,O,,

044; total, 99.88 ... e 144+
6. Limestone, gray, medium-grained, impure................. 14
5. Limestone; dark-gray, shaly, cherty; contains a few reddish

SETEAKS .« .t i e e e 13
4. Murat limestone facies, dark- to medium-gray, coarse- N

grained ... i i 20

New Market limestone (82-- feet)

3. Limestone, light-gray, compact- to fine-grained; sheared in
fower part .. ..ot 72
Analysis of units 3 and 4, sampled thickness 92 feet; CaCOy,,
96.71; MgCOyj, 1.33; Si0,, 0.74; Al,04, 0.31; Fe,Og, 0.50; to--
tal 99.59. A separate analysis of a hand specimen of unit 3
shows 97.40 percent of calcium carbonate.

2. Covered interval; takes to top of dolomite................ 104
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Ordovician dolomite and limestone
Beekmantown dolomite (upper part)
1. Dolomite, gray, fine-grained, cherty, CaCOj, 53.49; MgCOQs;,
35.90; SiO,, 7.28; Al,O,, 2.52; Fe,0,, 0.80; total, 99.99. ... 307

Between localities 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 quarry (PL 1, loc. 3) are shown in the following section.

GEOLOGIC SECTION 3.—SOUTHWESTERN END OF LIBERTY LIMESTONE CORPORATION
QUARRY ABOUT A MILE NORTH OF Rocky POINT, Borerourt COUNTY, VIirGINIA

Thickness
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,
rusty-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............ 30
13. Murat limestone facies, light-gray, coarse-grained.......... 65
12. Limestone, gray to dark-gray, medium-grained............ 13
11. Limestone, dark-gray, medium-grained; contains shaly part-
IS oo 3
10. Murat limestone facies, light-gray, medium- to coarse-
grained ... 50
9. Limestone, dark-gray, fine-grained........................ 15
8. Limestone, dark-gray, cobbly, cherty..................... 5
7. Limestone, dark- to medium-gray, medium-grained........ 25
New Market limestone (150 feet)
6. Limestone, dove-gray, COMPACL........covenvuoreiarnnns 78
5. Limestone, black, compact; contains thin layer of shale..... 3
4. Limestone, dove-gray, COMPAaCt.......c.occeeuresineneuanes 9
3. Limestone, dark-gray, fine-grained........................ 5
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2. Limestone, black, compact; forms dip slope on western side

of QUAKLY ... i e 5
1. Covered interval; first exposure of dolomite is about 50 feet
WESt Of QUAITY......oovvnininiiiiiineiiiieanasnenees 50

Ordovician dolomite and limestone

. The Liberty Limestone Corporation quarry is along Roaring Run
at a locality where the stream cuts southeastward across the limestone
belt. The altitude in the lowest part of the quarry is approximately
1,000 feet, whereas the promment 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 47° 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 11 and Rocky Point. The structure appears 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 Botetourt limestone member of the Edinburg, crop out east and
west of the quarry. These rocks are repeated again along State Road
622 by a small anticline which exposes a part of the underlying Murat
facies of the Lincolnshire limestone. The traverse distance across the
strike of the Murat limestone at this locality is about 150 feet.

The followmo 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.

GEOLOGIC SECTION 4.—ATLONG AND NORTH OF STATE R0AD 622 ABOUT HALF A MILE
NORTHWEST OF Rocky Point, Boterourr CounTyY, VIRGINIA

Thickness
) Feet
Ordovician limestone: strike N. 10°-35° E; dip 35°-55° SE.
Lincolnshire limestone (units 7-12, 217 feet)
14. Limestone, dark-gray, nodular; cherty.................... 10+
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13. Murat limestone facies, light-gray, coarse- to medium-
grained; structure uncertain, exposed in roadside quarry;
CaCO,, 97.62; MgCOy,, 0.76; SiO,, 0.39; Al,O4, 047; FeyOyy
0.24; t0tal, 9948, .. ...\t e 80
Note: Section continues from west side of quarry with rock
similar (?) to unit 14 at top of Lincolnshire.

12. Limestone, dark-gray, nodular, cherty; 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 ......... i e 65
8. Limestone, dark-gray, fine-grained, cobbly, cherty......... 30

7. Murat limestone facies, gray, medium- to coarse-grained;
C3C03, 98.66, MgCOs, 0.62; SiOz, 007, Al203, 035, F6203,
0.22; total, 99.92. it i et et er e 25

New Market limestone (225 feet)

6. Limestone, light- to dark-gray, compact; CaCO,, 96.14;
MgCO,, 145; SiO,, 0.99; ALO,, 043; Fe,O4 0.32; total,

9933 ...l e 85
5. Limestone, dark-gray, fine-grained, cherty................ 15
4. Limestone, dove-gray, compact, massively bedded.......... 18
3. Limestone, dark-gray, compact, cherty.................... 7
2. Largely covered; few exposures of impure compact lime-

stone; thickness UNCEITaIN. oo v seeenenrnrnnereereennns 100-}-

Ordovician dolomite and limestone
Beekmantown dolomite (upper part)
1. Dolomite, shaly, ash-gray....................coiiiaiiat 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 locality to determine accurately
the extent of the minor structures and thicknesses of the units cited.

The Ordovician limestone belt, 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
were hauled by a spur-line railroad 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 and 622
are given in the following section.
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GEOLOGIC SECTION 5.—INACTIVE QUARRY THREE-FOURTHS OF A MILE SOUTHWEST OF
StaTE RoAD 622 AND 1} MILES NORTHEAST OF INDIAN Rock,
BoteTourt CouNTY, VIRGINIA

Thickness
Feet
Ordovician limestone: strike N. 50° E.; dip 45° SE.
Lincolnshire limestone (156-- feet)
6. Murat limestone facies, light-gray, coarse-grained; covered at
the O «oviu i 120
5. Limestone, dark-gray, nodular, clayey..................... 18
4. Murat limestone facies, light-gray, coarse-grained.......... 18
New Market limestone (1954 feet)
3. Limestone, light-gray, compact...................cooiie.. 73
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 213 feet; CaCOs,
97.65; MgCO,, 1.35; SiO,, 0.30; Al,O4, 048; Fe,0,, 0.14;
total, 99.92

Ordovician dolomite and limestone

Timber 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 at 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 limestone, 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 speakmg, the coarsely granular Murat facies of the
Lincolnshire limestone in the James River district is not perswtent 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 New Market limestone
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or “Mosheim” limestone, is generally thin in this area. However, in
Shenandoah Valley to the 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-calcium 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 given
in the following section (PL 1, loc. 7).

Grorocic SECTION 6.—ALONG STATE RoAD 717 ABOUT ONE-FOURTH OF A MILE
NORTHWEST oF U. S. HicHwAY 11 AND 1 MILE SOUTHWEST OF T1mBER RinGE,
Rocksringe CounTy, VIRGINIA

Thickness
Feet
Ordovician limestone: strike N. 58° E.; dip 30° SE.
Lincolnshire and Whistle Creek! limestones (202 feet)
7. Covered interval; abundant chert float.................... 18
6. Limestone, dark-gray, medium-grained, cherty............ 29
5. Murat limestone facies, gray, coarse-grained.............. 17
4. Limestone, dark-gray, medium-grained, nodular............ 101
3. Murat limestone facies, dark bluish-gray, coarse-grained. ... 21
2. Limestone, dark-gray, impure, sparsely cherty............. 16
New Market limestone
1. Limestone, bluish-gray, fine-grained, sheared, impure....... 24

Ordovician dolomite and limestone

Alt}.lough 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 southwestward trend of the Ordovician limestone
belt between localities 7 and 8 is modified by gentle folding. A small
anticline and syncline, both pitching southwestward, are displayed

1 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.

GroLocic SECTION 7.—ALoNG STATE ROAD 728 ABOUT THREE-FOURTHS OF A MILE
NORTHWEST OF THE JUNCTION OF STATE R0AD 645 AND 5 MILES NORTHEAST OF
LexingroN, RockBribGE COUNTY, VIRGINIA
Thickness
Feet
Ordovician limestone and shale
Edinburg formation (lower part)
8. Botetourt limestone member, dark-gray, medium-grained,
rusty weathering ...............ciiiiiiiiiiiiiiiiiiiian 30
Ordovician limestone: strike N. 57° E.; dip 20°-30° SE.
Lincolnshire and Whistle Creek limestones (333 feet)

7. Covered interval; 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.......... 10
3. Limestone, dark-gray, cherty; partly covered.............. 125
New Market limestone (32 feet)
2. Limestone, fine-grained, impure, sheared.................. 29
1. Limestone, dove-gray, COMPact......c.ccovveveervassencnss 3

Ordovician dolomite and limestone

The thickness assigned to covered or partly 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 quality, 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 between Maury River and State Highway 39 and extending
southwestward to the vicinity of Murat, high-calcium limestone com-
prises a large part of the mapped Timber Ridge-Murat belt and there
are many exposed sections for detailed study. In some of the following
descriptions only that part of the Ordovician limestone belt, which
contains high-calcium limestone is shown in the geologic sections.
Some of the best exposures of the Murat facies of the Lincolnshire in
the Lexington area are along Maury River (Pl. 1, loc. 9) in the vicinity
of Limekiln Bridge.
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GeoLocic SectioN 8.—ALoNG STaTE Roap 631 just soutHwest oF LiMexiLN Bringe
AND ABOUT 2 MILES NORTH OF LEXINGTON, Rocksrmnge County, VireINIA

Thickness
Feet
Ordovician limestone: strike N. 70° E.; dip 15° SW.
Lincolnshire and Whistle Creek limestones (upper 147 feet)
4. Limestone, dark-gray, nodular, cherty; covered at top.... 104
3. Murat limestone facies, light-gray, medium- to coarse-
grained; CaCOj,, 97.49; MgCO,, 0.85; SiO,, 1.28; Al O
0.20; Fe, O3, 0.16; P,O;, 0.063; total, 100.04................ 32
2. Murat limestone facies, light- to bluish-gray; chiefly medium-
grained; few covered intervals; CaCOy, 97.29; MgCOj, 1.06;
SiO,, 146; AlO,, 0.06; Fe,0, 0.08; P,O,, 0.098; total,

10004 .« . et 65
1. Limestone, light- to bluish-gray; intercalations of compact
and clastic beds; takes to end of bridge.................... 40

The same units of coarse- 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 area are along State Road 664 and in the bluff of Maury
River east of Limekiln 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
overlying 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 part 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 junction of State
Roads 665 and 669 (PL 1, loc. 11) are given in the following composite
section.

GEOLOGIC SECTION 9.—ALONG WHISTLE CREEK NEAR THE INTERSECTION OF STATE Roaps
665 AND 669 ABOUT ONE-FOURTH OF A MILE NORTH oF U. S. HicHwAy 60 AND
2 MILES NORTHWEST OF LEXINGTON, RockBRiDGE COUNTY, VIRGINIA

Thickness
Ordovician limestone: strike N. 50° E.; dip 15° SE. Feer
Lincolnshire and Whistle Creek limestones (327 feet)

11. Limestone, dark-gray, nodular, sparsely cherty; few ‘covered

IEEIVALS « ottt it e aieeiiii et ) 70
10. Murat limestone facies, light-gray, coarse-grained; bedding
indistinct; CaCQOjg, 98.08; MgCOj;, 0.79; SiO,, 0.84; Al,O,,

0.24; Fe,0y, 0.16; POy, 0.065; total, 100.17........euenne. 70
9. Limestone, dark bluish-gray, shaly, nodular; CaCOg,, 92.72;
MgCO,, 1.27; Si0,, 5.04; AlO,, 0.60; Fe,Og, 0.40; total,

0170 U R 7
8. Murat limestone facies, light-gray, coarse-grained; CaCOy,
97.29; MgCO;, 0.76; SiO,, 1.32; ALO;, 044; Fe,O4, 0.16;

P,0;, 0.066; total, 100.03. .. ..ot e 85
7. Limestone, dark bluish-gray, cobbly weathering........... 5
6. Limestone, medium bluish-gray, medium-grained.......... 25
5. Limestone, dark bluish-gray, medium-grained, irregularly

bedded ....ivriiiii i e aaes 18

Analysis of units 5-7, sampled thickness 48 feet; CaCOj,
96.49; MgCO,, 1.06; SiO,, 1.52; AL O, 040; Fe,Og, 0.125

total, 99.59
4. Limestone, dark-gray, fine-grained, nodular................ 30
3. Limestone, dark-gray, sparsely cherty................c..o. 8
2. Limestone, bluish-gray, thin-bedded, impure.............. 9

New Market limestone )
1. Limestone, bluish-gray, fine-grained; contains detrital chert 2+
Ordovician dolomite and limestone

In the above section units 1-4 were measured along Whistle 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 the section (units 8 and 10) contains about 150 feet of lime-
stone 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.

GeoLogIc SECTION 10.—ALONG THE NORTHEAST SIDE OF WHISTLE CREEK ABOUT 200
YARDS EAST OF THE INTERSECTION OF STATE R0AD 665 AND 669 AND 2 MILES
NORTHWEST OF LEXINGTON, RockBribGE CouNTY, VIRGINIA

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..................o..l 100
7. Limestone, dark-gray, cobbly.................... o 10
6. Murat limestone facies, light-gray, medium-grained, mas-
sively bedded ... e 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........... FU 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 limestone varies
widely along the Timber Ricfge-Murat belt. For example, along State
Road 631 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 along Whistle Creck from U. S. Highway 60 to locality
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 New Market was deposited. At certain localities
the New Market is very cherty; 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 1, loc. 13) is given in the following section.
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Georocic Secrion 11.—Arong U. S. Hichway 60 ABOUT 2 MILES NORTHWEST OF
Lexineron, Rockeringe County, VIRGINIA
. Thickness
Feet
Ordovician limestone (lower part)
New Market limestone (31 feet): strike N. 55° E.; dip 18° SE.

3. Limestone, light-gray, fine-grained, thick-bedded.......... 16
2. Limestone, light bluish-gray, medium-bedded, sparsely cher-

Y et 2
1. Limestone, light bluish-gray, thin-bedded; a few fragments of

chert near base............ ... i i 13

Analysis of units 1-3, sampled thickness 31 feet; CaCOy,
96.70; MgCO,, 0.85; SiO,, 2.00; Al O, 0.30; Fe,0,, 0.12;
P,0,, 0.045; total, 100.01

Ordovician dolomite and limestone

Coarse-grained high-calcium limestone (Murat facies of the Lin-
colnshlre) is largely exposed on both sides of U. S. Highway 60 from
the vicinity of “Old Liberty Hall” northwestward to Whistle Creek
bridge, a distance of approximatly three-fourths of a mile. Samples
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.!

High-calcium limestones of the Timber Ridge-Murat belt are well
displayed in an inactive quarry (PL 1, loc. 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 15° to 20° SE., and without noticeable clay
seams or solution cavities, comprises the northeastern wall of the
quarry.

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 674 and 670, along State High-
way 251 at Murat, 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.

1 Analyses published with permission of the owner, Dr. Richard P. Bell, Staun-
ton, Virginia.
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Georoaic SectioN 12.—AroxG STATE ROAD 674 ABOUT 2 MILES NORTHEAST OF MURAT
AND 3 MILES SOUTHWEST OF LEXINGTON, RockBriDGE COUNTY, VIRGINIA

Ordovician limestone and shale

Edinburg formation (lower part)

20

. Botetourt limestone member, dark-gray, medium-grained,
rusty-weathering

Ordovician limestone: strike N. 45° E.; dip 35°-50° SE.
Lincolnshire and Whistle Creek limestones (245 feet)

19.
18.
17.
16.

15.

14.
13.
12.

11
New

10

9

8

7

6

Limestone, dark-gray, nodular............................
Murat limestone facies, light-gray, coarse-grained..........
Limestone, light-gray, medium-grained. ..................

covered ...
Limestone, medium-gray, fine-grained....................
Analyses of units 15-18, sampled thickness 160 feet; CaCO.,,
97.26; MgCO,, 0.94; Si0,, 1.04; ALO,, 0.36; Fe,Oj, 0.12;
total, 99.72.

Largely covered; few exposures of light-gray limestone. ...
Limestone, dark-gray, fine-grained........................
Covered interval under bridge; thickness estimated.........
. Limestone, dark-gray, fine-grained, sparsely cherty.........
Market limestone (41 feet)

. Limestone, light-gray, compact, cherty............. ... ..
. Covered interval ......... ... .. ..o
. Limestone, light-gray, compact; chert nodules and stringers
. Limestone, bluish-grav, compact..........................
. Limestone with clastic chert fragments........... R

Ordovician dolomite and limestone

Beekmantown dolomite (upper 17 feet)

5
4

. Dolomite, light-gray, fine-grained.........................
Chertbed ... ... .
. Dolomite, light-gray, fine-grained.........................
. Limestone, bluish-gray, fine-grained.......................
. Dolomite, light-gray, fine-grained.........................

Thickness
Feer

22

18
115
22

Limestone, light-gray, medium- to coarse-grained; partly

22
20
10
15

15
10

10

N W

ENEEN

Scattered exposures along the strike of units 13 and 14 with an
aggregate thickness of about 40 feet, appear to be high-calcium lime-
stone, thus the total thickness of high-calcium limestone at this locality
is about 200 feet. This thickness agrees closely with more accurate
measurements at a locality about one mile northeast of Murat (PL 1,

loc. 17)

and given in the following section.
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GeoLocic SECTION 13.—JUsT EAsT OF STaTE ROAD 670 ABOUT 1 MILE NORTHEAST OF
MURAT AND 4 MILES SOUTHWEST OF Lexingron, Rocksrine CounTy, VIRGINIA

Thickness
Ordovician limestone and shale Feet

Edinburg formation (lower part)
6. Botetourt limestone member, dark-gray, medium-grained,
cobbly, clayey ................ 30
Ordovician limestone: strike N. 60° E.; dip 30°-40° SE.
Lincolnshire and Whistle Creek limestones (290 feet)
5. Murat limestone facies, light-gray, coarse-grained, thick-
bedded; CaCOy, 98.38; MgCQ,, 0.64; SiO,, 0.72; AL O, 0.20;
Fe,0,, 0.08; P,O;, 0.049; total, 100.069.................... 135
4. Murat limestone facies, light-gray, coarse-grained; CaCOy,
97.89; MgCOg, 0.61; Si0,, 0.92; AL O, 0.32; Fe, 04, 0.16;
P205, 00725 total, 99.97. .. ... . 65
3. Limestone, dark-gray, medium-grained; 1 foot of cherty
limestone at top; CaCO,, 96.50; MgCO,, 1.64; SiO,, 148;

A1,04, 0.24; Fe,0,, 0.08; P,0,, 0.08; total, 100.02.......... 35
2. Limestone, dark-gray, sparsely cherty; nodular near base. ;. 55
New Market limestone
1. Limestone, light-gray, compact, cherty; partly covered. ... 68+

Ordovician dolomite and limestone

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 high-
calcium limestones.

The trend of the Ordovician limestone belt southwest of Murat

“changes from a southwesterly 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) are given in the following section.

GEoLoGIC SECTION 14.—ABOUT HALF A MILE SOUTH OF STATE ROAD 677 AND ONE
MILE SOUTHWEST OF MURAT, RockBRIDGE COUNTY, VIRGINIA

T hickness
Ordovician limestone and shale Feet
Edinburg formation (lower part)
6. Botetourt limestone member, dark-gray, medium-grained,
cherty; weathers rusty-brown .................... 0. 34
Ordovician limestone: strike N. 40° F..; dip 15° SE.
Lincolnshire and Whistle Creek limestone: (upper 236 feet)
5. Murat limestone facies, light-gray, coarse-grained......... 18
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4. Limestone, dark-gray, impure...................oooivenen 12
3. Murat limestone facies, light-gray, coarse-grained.......... 186
2. Limestone, dark-gray, medium-grained, nodular........... 4
1. Murat limestone facies, light-gray, coarse-grained; base not

EXPOSEd . eu i e 16

Analysis of units 1-5, sampled thickness 236 feet: CaCOs,
97.10; MgCO,, 1.06; SiO,, 132; ALQ,, 0.28; Fe,05, 020;
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.

Collierstown-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 southwest of Rapps Mill (PL 1). Short Hill forms a
natural eastern boundary of this limestone belt southwest of Murat.
The following descriptions begin with locality 19 which is along
Buffalo Creek about 1% miles northwest of Murat.

Georocic SectioN 15.—Avone Burraro CreEk NEAR JUNCTION oF State HicGHWAYS
251 AND 281 ABOUT 1Y% MILES NORTHWEST OF MURAT, RockBRIDGE COUNTY, VIRGINIA

Thickness
Feet

Ordovician limestone and shale
Edinburg formation (lower part)
17. Botetourt limestone member, dark-gray, medlum-gramed
cherty ... 28
Ordovician limestone: strike N. 20° E.; dip 40°-70° NW.
Lincolshire and Whistle Creek limestones (412 feet)
16. Limestone, dark-gray, medium- to fine-grained; a few im-
pure partings; CaCO,, 89.95; MgCO;, 1.58; SiO,, 6.68;

ALQ,, 036; Fe,0,, 0.96; total, 99.53.......ccooieiiinnn.. 109
15. Murat limestone facies, light-gray, coarse-grained.......... 98
14. Limestone, gray, cobbly, impure...................ooooe0. 13
13. Murar limestone facies, light-gray, coarse-grained.......... 20

Analysis of units 13-15, sampled thickness 131 feet: CaCO,,

96.50; MgCO,, 1.18; SiO,, 1.52; AL,O,, 024; Fe.O,, 020;

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

cherty limestone near base; CaCOj,, 93.31; MgCO,, 1.33;

Si0,, 4.52; Al,04, 0.24; Fe,0,, 0.28; total, 99.68............ 37
11. Limestone, medium- to dark-gray, medium-grained, cherty 39
10. Limestone, dark-gray, cherty...............coooiiiiiints 18
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9. Limestone, light-gray, compact................coiiiiiann, 10
8. Limestone, dark-gray, fine-grained, cherty................ 10
7. Limestone, light-gray; few compact beds.................. 35
6. Limestone, dark-gray, thin-bedded, cherty................ 7
-5. Limestone, light-gray, fine-grained..................c.u00s 7
4. Limestone, dark-gray, fine-grained........................ 9
New Market limestone (48 feet)
3. Limestone, light- to dark-gray, compact; a few cherty beds 28
2. Limestone, dark bluish-gray, cherty...................... 5
1. Limestone, light-gray, compact..................coooeii 15

Ordovician dolomite and limestone

Although the greater part of the total thickness of units 12-15 in
the above section is coarse-grained limestone, the occurrence of inter-
calated impure cobbly and cherty layers reduces the general average
purity of the deposit. It is thought that units 13 and 15, with an~
aggregate thickness of 118 feet, represent the best grade limestone
at this locality. o

The character and thickness of the Ordovician limestones about
two miles northeast of Buffalo Creek (PL 1, loc. 20) are gwen in- the
following section. S

(GEOLOGIC SECTION 16.— ABOUT ONE-FOURTH OF A MILE SOUTHEAST oF Toap Run
AND 5 MILES WEST OF. LEXINGTON, RockeripGE COUNTY, VIRGINIA

Thickness
Feet -
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, overturned, 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...............cooveiiiinee, 50
12. Limestone, gray, medium-grained......................... 9
11. Covered interval ......... . .c.iiiiniiiiiiiereeiiiinnninns 12
10. Limestone, -cobbly, impure............cooeivuivreanennne. 15
9. Limestone, medium-gray, medium-grained................ 24
8. Limestone, cobbly .......... .. ... ... e 6
7. Murar limestone facies, light-gray, medium- to coarse-

grained ......... ... 111
6. Covered interval ...........oiiiiiieiineenneiinnieinnns 24

wn

. Limestone, dark-gray, cherty; contains wavy laminations. .. 42
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New Market limestone (43 feet) -

4. Limestone, light-gray, thin-bedded, compact.............. 8
3. SIESTOne (P) it e 4
2. Limestone, light-gray, compact....................covennee 6
1. Limestone, light-gray, compact, cherty.................... 25

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 junction with State Road 673 and in a broad area along
State. Road 641 where the limestones wrap around the axis of a syn-
cline pitching gently southwestward. About 60 feet of coarse-grained
limestone sampled at locality 21 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 cherty lime-
stone 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 area 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 belt is
modified after a section by B. N. and G. A. Cooper (1946, p. 104-105).

GroLocic Section 17.—Arone CoLLiers CREEK AND State Hicuway 251 asour 2%
MILES SOUTHEAST OF COLLIERSTOWN Post Orrice, RockBriDGE COUNTY; VIRGINIA

Thickness
Ordovician limestone and shale Feet
Edinburg formation (lower part)
53. Botetourt limestone member, dark-gray, medium-grained,
TUStY-Weathering ........c.vevrieeeninieennnreenaaeneenns 8-+

Ordovician limestone
Lincolnshire limestone (235 feet)
52. Limestone, dark bluish-gray, medium-bedded. ............. 20
51. Limestone, dark-grav, medium-grained, impure, cherty. ... 67



50.
49.
48.
47.
46.
45.
44.
43.

42
41
Whis

40.

39.

38.
37.
36.
35.

34.
33.
32.
31.
30.

New

29,
28.
27.
26.
25.
24.
23.
22.

21.
20.
19.
18.
17.
16.
- 15.
14.
13.
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Limestone, dark-gray, medium-grained, nodular...........
Limestone, medium-gray, coarse-grained, impure...........
Limestone, light-gray, coarse-grained......................
Limestone, dark-gray, nodular....................coooont
Limestone, dark- to medium-gray, medium-grained..........
Limestone, light-gray, coarse-grained.....................
Limestone, dark-gray, medium-grained, nodular, impure. ..
Limestone, light-gray, coarse-grained......................
Analysis of units 43, 45, and 46, sampled thickness 22 feet:
CaCOy, 97.10; MgCOg, 0.64; SiO,, 1.52; Al,Oj, 0.36; Fe,Oj,
0.08; total, 99.70.

. Limestone, dark-gray, impure, sparsely cherty.............
. Limestone, light- to medium-gray, éoarse—grained .........

tle Creek limestone (165 feet)

Limestone, dark-gray, medium- to fine-grained; contains
siliceous partings and weathers rusty-brown..............
Limestone, dark-gray, medium- to coarse-grained, sparsely
cherty ... i
Limestone, cherty; weathers brown.......................
Limestone, medium.gray, medium-grained, even-bedded. ...
Limestone, dark-gray, medium-grained....................
Limestone, medium-gray, medium-grained; contains a few
silicecous partings .................. et e
Limestone, gray, medium-grained, nodular................
Limestone, dark bluish-gray, medium-grained, very cherty
Limestone, dark bluish-gray, medium-grained..............
Limestone, dark bluish-gray, medium-grained, very cherty.
Limestone, dark-gray, fine-grained, sparsely cherty; contains
few irregular impure partings (Pl 5C)............... ...

Market limestone (120 feet)

Limestone, light-gray, compact.............oooiiiiniinin.
Limestone, light-gray, clastic...................ooooi
Limestone, dark-gray ........ e e
Limestone, light-gray, compact.................oooiiona.
Limestone, clayey, sparsely cherty........................
Limestone, medium-gray, fine-grained, cherty.............
Limestone, dark-gray, very cherty........................
Limestone, medium- to light-gray, compact to fine-grained,
sparsely. cherty ...........o i
Limestone, dark-gray, fine-grained.....................o..t
Limestone, light-gray, compact, even-bedded..............
Limestone, dark-gray, fractured................oooiiinen
Limestone, dark-gray, cherty..............oooiiiiiiinns.
Limestone, light- to dark-gray, mottled................c...
Limestone, light-gray, compact; a few thin clayey partings. .
Limestone, light-gray, compact. .........cooviieiiinneanns
Limestone, light- to dark-gray, mottled...................
Limestone, compact; weathers smoke-gray................

N
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12.
11.
. Limestone, light-gray, compact.........................

. Limestone, dolomitic; weathers drab-gray..................
. Limestone, dark-gray, compact, laminated................
. Limestone, dark-gray, banded; contains small grains of pyrite
. Dolomite, drab-gray, impure.............................
. Limestone, dolomitic, bluish-gray; weathers buff...........
. Limestone, drab-gray, impure; contains small fragmants of

AV ON N1 00 O
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Limestone, €lastic .........uueeerenieeerenenananenenanns
Shale ..ot e s

limestone and chert .......... ... ...,

. Limestone, dark-gray, compact; a few curly buff partings

of impure lImestone. .....oc.oovvrniniriineniiaeiainnnan...

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

Analysis of units 1-29, exclusive of shale and chert beds,
sampled thickness 120 feet: CaCO,, 90.24; MgCO,, 2.48;
Si0,, 6.20; ALO,, 0.56; Fe, Oy, 0.12; total, 99.60.

Ordovician dolomite and limestone

0.9

5.0
6.0
20

High-calcium limestone in the above section is restricted to sev-
eral thin layers (Pl 5B) 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).

GEoLocIC SECTION 18.—ALONG AND EAST OF STATE Roap 611 ABOUT 3 MILES

SOUTHWEST OF MURAT, RockBripgE COUNTY, VIRGINIA

Ordovician limestone and shale
Edinburg formation (lower part): strike N. 8° E.; dip 28° SE.

13.

Botetourt limestone member, dark—gray, medium-grained;
weathers rusty-brown ........... . .o,

Ordovician limestone
Lincolnshire and Whistle Creek limestones (391 feet)

12.
11.

10.
9.
8.

Limestone, dark bluish-gray, fine- to medium-grained, cherty
Limestone, dark-gray, medium-grained, impure; weathers
nodular ... e e
Limestone, dark-gray, nodular, cherty....................
Limestone, dark-gray, coarse-grained. impure..............
Murat limestone facies, light-gray, coarse-grained; contains
few irregular masses of compact limestone................

. Limestone, medium-grained, nodular......................
. Murat limestone facies, light-gray, coarse-grained..........

Analysis of units 6-8, sampled thickness 76 feet:
CaCOg, 97.30; MgCOy, 0.55; Si0O,, 1.40; Al,O4, 0.16; Fe, Oy,
0.20; total, 99.61.

Thickness
Feet

15



DEeveELoPMENT POSSIBILITIES 49

5. Limestone, dark-gray, coarse-grained, nodular, impure.... 3

4. Limestone, dark bluish-gray, fine- to medium-grained, cherty 159

3. Limestone, dark-gray, cherty........................oool 25
New Market liméstone (upper 27 feet) -

2. Limestone, drab-gray, laminated, cherty.................. 12

1. Limestone, light-gray, compact; covered at base............ 15

Ordovician dolomite and limestone

Approximately 58 feet of light-gray, coarse-grained limestone, sim-

ilar to unit 6 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 vicinity of

Rapps Mill or in the area southwest of the Rockbridge-Botetourt

County line. The following description of the Ordovician limestones

exposed near the southwestern end of the Rapps Mill belt (Pl 1, loc.

- 25), is modified after a section published by B. N. and G. A. Cooper
(1946, p. 106).

GEOLOGIC SECTION 19.—ABOUT HALF A MILE SOUTH OF DUNKARD CHURCH AND
4 miLEs sOUTHWEST oF Rapps MiLr, Borerourt County, VIRGINIA

Thickness
Feet
Ordovician limestone and shale
Edinburg formation (lower part)
7. Botetourt limestone member (type section)
c. Shale and limestone; deeply weathered................ 6
b. Limestone, rusty-brown, coarse-grained............... 18
a. Limestone, rusty-brown, nodular, clayey; contains few
thin beds of coarse-grained limestone...... et 42
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-gray, nodular; contains a few thin coarse
beds . e i e 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.
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Limestones comprising the western part of the Collierstown-Rapps
Mill belt extend from the end of pitching anticline about 115 miles
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. 1, loc. 26).

The thickness and composition of the rocks in the upper part of
the section along Colliers Creek (Pl 1, loc. 27) about one mile south-
west of locality 26 are given in the following section.

GeoLoGIC SECTION 20.—ALoNG StatE HicHway 251 anD CoLLiers CREEK ABOUT
1 MILE SOUTHEAST OF COLLIERSTOWN, RockBrIDGE COUNTY, VIRGINIA

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. Murat limestone facies, light-gray, coarse-grained.......... 47

Analysis of units 2-3, sampled thickness 56 feet: CaCOj,
97.66; MgCO,, 1.15; SiO,, 112; AlyOg, 0.24; Fe,O,, 0.16;
total, 100.33.
1. Limestone, dark-gray, medium-grained.................... 47

Farther southwest the rocks comprising the belt of Ordovician
limestone are partially exposed at several localities along Spring Branch
southwest of its junction with the North Fork of Buffalo Creek.
The following section was compiled from two localities (Pl. 1, locs.
28 and 29) in this area.

GEOLOGIC SECTION 21.—ORDOVICIAN LIMESTONE ALONG SPRING BRANCH ABOUT
2% MILES NORTHEAST OF Rapps MiLL, RockBribGE CoUNTY, VIRGINIA
Thickness
Feet
Ordovician limestone: strike N. 10° W.; dip 15°-20° NE.
Lincolnshire and Whistle Creek limestones (297 feet)
6. Limestone, dark-gray, cobbly, impure........ e 12
5. Murat limestone facies, light-gray, coarse-grained; CaCOj,
97.26; MgCO,, 086; SiO,, 1.12; Al,O,, 040; Fe,0q, 0.12;

total, 99.76 . i i e 60
4. Limestone, dark-gray, fine-to medium-grained, cherty; partly
covered, thickness estimated. ..........c.vouvveivnnraaannns 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, compact, cherty at base...... 10
1. Limestone, light- to bluish-gray, mottled, clayey; a few
small chert fragments........... ... i i iniiiniiin 8

Analysis of units 1-3, sampled thickness 49 feet: CaCO,,
88.59; MgCO,, 3.70; SiO,, 6.56; Al,Os, 0.52; Fe, O, 0.28;
total, 99.65.

Ordovician dolomite and limestone

Immediately above unit 6 in the above section at locality 28 is
about 10 feet of dark-gray, rusty-weathering Botetourt 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 1% miles southwest of Collierstown Post
Office, the lower 100 feet of limestone in this bele.ds 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 Mill belt southwest of Colliers-
town.

Zack-Kerrs Creek belt.—This belt of Ordovician limestone, locally
modified by folding and offset by cross faulting northwest of Browns-
burg, extends from a locality about 5 miles northeast of Newport,
Augusta County, 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
crossing 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 County are given in the
following section (Pl 1, loc. 31).

GEeoLoGIC SECTION 22.—ORrpovIciaN LIMESTONE ALONG STATE RoAD 603 ABoUT
5 MILES NORTHEAST OF NEWPORT, AucUSTA COUNTY, VIRGINIA

Thickness
Feet
Ordovician limestone: strike N. 80° W.; dip 37° NE.
Lincolnshire and Whistle Creek limestones (341 feet) ,
4, Limestone, dark-gray, fine- to medium-grained, cherty.... 138
3. Limestone, light-gray, compact................oovienin.y 3

2. Partly covered; a few exposures of dark-gray, fine- to
medium-grained, -cherty limestone.................coool 200+
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New Market limestone
1. Partly covered; a few exposures of light-gray, compact,
cherty limestone .............oiiiiiiiiiiiiiiiiiiiiiiees 50-75
Ordovician dolomite and limestone ‘

The estimated thickness of units 1 and 2 in the above section is
based p:irtly upon observations of the lower part of the Ordovician
limestone belt at locality 32 where the following section is fully
exposed.

GEoLocIC SECTION 23.—ORDOVICAN LIMESTONE ALONG STATE Roap 602 ABoUT
4 MILES NORTHFAST OF ZACK, AUGUSTA COUNTY, VIRGINIA

T hickness
Feet
Ordovician limestone: strike N. 34° E.; dip, overturned, 75° SE.
Lincolnshire and Whistle Creek limestones (360 feet)

6. Limestone, dark-gray, nodular; contains thin siliceous part-
IS c e e 75
5. Limestone, dark-gray, medium-grained, sparsely cherty.... 51
4, Limestone, light-gray, compact...............ooooiiiiin 5
3. Limestone, dark-gray, fine- to medium-grained, cherty.... 229

New Market limestone (69 feet)
2. Limestone, light.gray, fine-grained to compact, sparsely
cherty; contains thin buff-weathering bands............... 14
1. Limestone, light-gray, banded; contains thin intercalations of
impure buff-weathering dolomite; lower boundary uncer-
£ £ T 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
contact with the Beekmantown dolomite are overturned 45 degrees
to the southeast; whereas the upper part of the section is essentially
vertical. Of special significance at this locality is the occurrence of
about 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 Zack. The character 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 1, loc. 34).
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GEOLOGIC. SECTION 24.—ORDOVICIAN LIMESTONE ALONG AND NEAR STATE Roap 725
ABOUT 1 MILE NORTHEAST OF ZAcK, RockBripce CoUNTY, VIRGINIA

T hickness
Feet
Ordovician limestone and shale
Edinburg formation (lower part)
4. Botetourt limestone member, dark-gray, medium-grained;
weathers rusty-brown ....... ... ... 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. Murat limestone facies, light-gray, coarse-grained; CaCOg,
98.26; MgCO,, 0.55; Si0,, 0.56; ALO,, 0.28; Fe,0g, 0.12;
total, 99.77 i it e 68
1. Limestone, dark-gray; fine- to medium-grained, cherty; ex-
posed along crest of small anticlinal fold; thickness unde-
termined.

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

GeoLocic SEcTION 25.—NEAR StATE RoAD 602 ABOUT ONE-FOURTH OF A MILE
SOUTHEAST OF ZAcK, Rockeringe COUNTY, VIRGINIA

Thickness
: Feet
Ordovician limestone: strike N. 37° E.; dip, vertical
Lincolnshire and Whistle Creek limestones (360 feet)

7. Limestone, dark-gray, nodular cherty.................... 65
6. Limestone, dark-gray, coarse-grained...................... 15

5. Murat limestone facies, light-gray, coarse-grained; contains
algal StrUCTUTes .......oiiiiiii e 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 analyzed from the above section, it is
probable that units 2, 5, and 6 contain more than 95 percent calcium
carbonate. 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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GEOLOGIC SECTION 26.—ABOUT HALF A MILE WEST OF STATE Roap 731 anp
1% MILES SOUTH OF ZacK, RockBripge CouNTY, VIRGINIA

Thickness
Feer
Ordovician limestone: strike N. 30° E.; dip, overturned, 45° 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 Market limestone (67 feet)
5. Limestone, light-gray, compact; a few thin beds of dark-
gray, cherty limestone................ ... ...l 18
4. Limestone, medium-gray, compact. ..............oceoenn.. 7
3. Limestone, dark-gray, cherty................ ... ... ... 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 between 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 writer
in the vicinity of Brownsburg sugcrests that the overthrust sheet has
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, underlying
the impure rocks mentioned above, is exposed on a low hill 200 yards
southwest of locality 37 and along State Road 731 about 100 Vards
farther southwest. Apparently, this is a local occurrence of h1gh—
calcium limestone, since all of the limestones are impure at locality 38,
about 1% miles southwest of State Road 724.
The character and thickness of the Ordovician limestones along
State Road 731 are.given in the following section (Pl 1, loc. 38).

GEorocic SECTION 27.—ALoNG STATE RoAD 731 ABOUT 2 MILES NORTHEAST OF
Rocksringe Batus, Rockermee COUNTY, VIRGINIA
k Thickness
; . Feet
Ordovician limestone: strike N. 54° E.; dip, overturned, 74° SE.
Llncolnshlre and Whistle Creek limestones (139 feet)
2. Limestone, medmm- to dark—gray, ﬁne- to medlum -grained,
Cherty ... .. i i e 139
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New Market limestone
1. Limestone, light-gray, compact to fine-grained, sheared;
CaCO,, 93.53; MgCOy, 2.21; SiO,, 4.04; Al, Oy, 0.32; Fe, Oy,
0.16; total, 10026 ... .ootiie ittt e © 48
Ordovician dolomite and limestone

The thickness of the Ordovician limestones remains 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 locality 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-
westerly plunging anticline and continues eastward to an overthrust
fault which 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 sufficient 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 1. loc. 40)
is given in the following section.

GeoLogIc SECTION 28.—AsouT 1000 FEET SOUTH OF THE INTERSECTION OF
State Roaps 623 aND 631 aNp 1 MiLE EAST OF KERRS CREEK ScHoOL
RockBriDGE COUNTY, VIRGINIA
. ; Thickness
Ordovician limestone and shale Feet
Edinburg formation (lower part)
10. Botetourt limestone member, dark-gray, medium-grained,
rusty-weathering .........o.oiieiiiiiiinii i 30
Ordovician limestone
Lincolnshire and Whistle Creek limestones (upper 268 feet)

9. Limestone, dark-gray, fine-grained, cherty................. 65 -
8. Covered interval ..........coiiiiiiiiii e 20
7. Limestone, fine-grained, sparsely cherty; contains few layers

of coarse-grained high-calcium limestone.................. 60
6. Covered interval ..........viii i 15
5. Limestone, medium-grained, rusty-weathering............. 15
4. Largely covered .........c.ooiiiiiiiiiiiiiiiiiiie 15
3. Limestone, dark-gray, fine-grained, cherty................. 40
2. Limestone, medium-gray, medium-grained................ 18
1. Limestone, medium-gray, medium-grained, sparsely cherty;

covered at the base ... ... ... ... i 20
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The following section with practically every bed exposed is dis-
played along Kerrs Creek (Pl 1, loc. 41) about half a mile east of
locality 40.

GEeoLocic SECTION 29.—ALoNG KERRS CREEK JUST EAST OF THE CROSSING OF

State Roap 631, Rockerinee County, VIiRGINIA

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

14.
13.
12.

11.

10.

6.
5.

Limestone, dark-gray, fine-grained; covered at the top......
Limestone, dark-gray, cherty.............................
Limestone, medium-gray, fine- to medium-grained; few thin
irregular siliceous partings; CaCOjg, 93.03; MgCO,, 1.64;
Si0,, 4.52; AlO,, 0.60; Fe,O,, 0.36; total, 100.15..........
Murat limestone facies, light-gray, medium- to coarse-
grained ...
Limestone, dark-gray, fine-grained, impure, gnarly weather-
I ettt e e e e

. Murat limestone facies, gray, medium-grained..............

Analysis of units 9-11, sampled thickness 32 feet: CaCO;,
97.06; MgCOj,, 0.85; SiO,, 1.64; Al,O,, 0.32; Fe,Og, 0.08;
total, 99.95

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

I0E e
Limestone, dark-gray, cobbly-weathering..................

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

New Market limestone (73 feet)

4.
3.
2.

1.

Limestone, light-gray, compact to fine-grained.......- U
Limestone, cobbly, impure..................... ..
Limestone, light-gray, compact to fine-grained; contains
cherty zones at intervals of 5 to 10 feet...................
Covered interval ... ... .. .coiuiiiiiii it

Ordovician dolomite and limestone

Thickness
Feet

10

40
10

25

45
15

Steeles Tavern-Buffalo Creek belt.—Small discontinuous exposures,
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 Purgatory Creek
about 2% miles north of Buchanan (Pl 1). Another small detached
belt of Ordovician limestone occurs in the vicinity of Brownsburg,
but field study shows that this area does not contain quarryable thick-
nesses of high-calcium limestone.

Ordovician limestone northwest of Steeles Tavern is partly ex-
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posed from the vicinity of Moores Creek northeastward to a locality
about half a mile northeast of the Augusta-Rockbridge County line,
a distance of two miles. The thickness and composition of the lime-
stones near the northeastern end of this belt at the Cyrus McCormick
Museum (Pl 1. loc. 42) are as follows:

Georocic Secrion 30.—At THE Cyrus McCorMicKk MUSEUM ABOUT THREE-FOURTHS
OF A MILE NORTHWEST OF STEELES TAVERN, AucusTa COUNTY, VIRGINIA

Thickness
Feet
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; CaCoO,,
97.06; MgCO,, 1.60; SiO,, 1.12; ALQO,, 0.48; Fe,0,, 0.08;
otal, 10034 ... ... i e 50
Ordovician dolomite and limestone

Ordovician limestones were observed at several localities between
the Augusta-Rockbridge County line and State Road 706, but the ex-
posures were not adequate for accurate determination 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, were
observed along and east of U. S. Highway 11 about 4 miles southwest
of Lexington and along Buffalo Creek at several localities about 2%
miiles southeast of Murat (Pl. 1). 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 shaly limestone. At locality
44, about one-fourth of a mile east of the junction 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-
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tains 98.78 percent calcium carbonate, 0.40 percent magnesium- car-
bonate, and 0.71 percent insoluble matter. 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 vicinity of Buchanan narrows to
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 Purgatory Creek (Pl 1, loc. 45)
about 2!, miles slightly northeast of Buchanan, Botetourt County.
Although the structure 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 Ordovician 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 Ledge, 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 that some of the units
have been repeated by faulting. To assume a normal geologic sequence
at this locality would 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.

Southwest of Buchanan the Valley of Virginia widens to about
10 miles and maintains this average width in a southwesterly direction
to Tinker Mountain, 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, occurs 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 belt.—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 vicinity
of Fincastle. The character and thickness of the Ordovician limestones
near the northeastern end of the syncline (PL 1, loc. 46) are given in
the following section. :

Georoaic SecrioN 31.—Near U. S. Hiciway 220 aBouT 1% MILES NORTHWEST
: of KvLes MiLL, BoteTourT CoUNTY, VIRGINIA

Thickness
. Feet
Ordovician limestone: strike N. 43° E.; dip, vertical
Lincolnshire limestone (149 feet)
4. Limestone, dark-gray, nodular-weathering, sparsely cherty.. 112
3. Limestone, dark-gray, medium-grained; contains impure thin
WAVY PATTINES o ototninetiniratinee e eeeen e aenanns 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 lithology such as overlies the Beekmantown dolomite in the
vicinity of Fincastle, 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) are
given in the following sections.

GEOLOGIC SECTION 32.—JUsT WEST oF STATE R0OAD 670 NEAR CROSSING OF CATAWEA
CREEK ABOUT 2 MILES SOUTHWEST OF FINCASTLE, BoTETOURT COUNTY, VIRGINIA

Thickness
Feet
Ordovician limestone: strike N. 75° E.; dip 45° N.W.
Lincolnshire limestone (176 feet)
5. Limestone, ash-gray, nodular, crumbly-weathering......... 105
4. Limestone, dark-gray, fine- to medium-grained; = contains
thin wavy impure partings...............cooeneiiviiinns 71

New Market limestone (65 feet)
3. Limestone, light-gray, compact; CaCOj, 93.03; MgCO,, 4.94;
Si0,, 2.04; AL,O,, 0.12; Fe,0,, 0.24; total, 10037.......... st
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2. Limestone, light-gray to buff-colored, compact, impure. ... 14
Ordovician dolomite and limestone
Beekmantown dolomite (upper part)
" 1. Dolomite, medium-gray; a few thin beds of bluish-gray
limestone ........c.ooiiiii 200

The belc 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 Mill. The best exposures noted in the Fincastle area
are given in the following section (PL 1, loc. 48).

Georogic SEcTION 33.—ALoNG STATE R0AD 630 ABOUT 1 MILE EAST OF
Fincastie, Borerourt County, VIRGINIA

Thickness
Feer
Ordovician limestone: strike N.-S.; dip 30° W.
Lincolnshire limestone (88 feet)
8. Limestone, dark-gray, fine-grained; covered at top........ 10
7. Limestone, dark-gray, nodular, crumbly-weathering, sparsely
cherty ... ... 24
6. Limestone, dark-gray, fine-grained, nodular............... 29
5. Limestone, dark-gray; a few impure partings and chert frag-
82T 1 L 25
NWew Market limestone (106 feet)
4. Limestone, light-gray, compact; CaCOj, 94.04; MgCOs,, 2.97;
: Si0,, 2.16; Al,O,, 0.52; Fey O, 0.16; P,Oj 0.016; total,
e 90,86 e e 72
"' 3. Limestone, light-gray, impure ...............coouinunn... 14
2. Limestone, light-gray, magnesian.......................... 9
1. Limeseone, banded, conglomeratic; lower boundary uncer-
7.1 1

Ordovician dolomite and limestone

The data give in Geologic Sections 32 and 33 show that the belt
of Ordovician limestone in the general vicinity of Fincastle contains
from 50 to 75 feet of New Market limestone which averages about 97
percent total carbonates and from about 93 to 94 percent calcium
carbonate. Coarse-grained, high-calcium limestones, such as occur
along the northwest limb of the syncline north of Fincastle (PL 1,
loc. 46), are too thin to be considered of commercial importance.

~ Eagle Rock belt.—The Eagle Rock belt of Ordovician limestone,
locally containing high-calcium limestone, is in an area of complicated
structures (Pl. 1). It is a relatively narrow belt of limestone extending
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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 near Eagle Rock (1936, p. 135-142)
which includes the northeastern part of the belt that has been exten-
sively quarried and mined. Farther southwestward, the Ordovician
limestones crop out ncar the middle of a wedge-shaped block,
lying between the main fault on the east and one of its branches on
the west that begins at a point about 5 miles northwest of Fincastle
and extends northeastward 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 locality
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 Fagle 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 1, loc. 49) which are
located along the belt of Ordovician limestone between U. S. High-
way 220 and James River.

The last quarry 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 southeastern face.
The rocks exposed in the quarry and along U. S. Highway 220 to the
east arc overturned, dipping about 35° SE. Beekmantown dolomite
which 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 Market 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 lime-
stones (PL. 3B). Faulting is discussed by Woodward (1936, p. 135-142)
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
quarry of the Eagle Rock Lime Company (Pl 1, loc. 51).

Georocic SECTION 34.—ALonG U. S. HiGHwAY 220 AND IN THE INACTIVE QUARRY OF
THE EAGLE Rock Lime CoOMPANY ABOUT 1 MILE SOUTHWEST OF EAGLE Rock
SrartioN, Borerourt County, VIRGINIA

Thickness
Feet
Ordovician limestone: strike N. 25° E.; dip, overturned, 35° SE.
Ordovician limestone of uncertain agel
5. Limestone, gray to light buff-colored, medium-grained; ex-
posed along floor and west wall of quarry................ 42
4. Limestone, light-gray, coarse-grained..................... 70
Analyses of units 4 and 5, sampled thickness 112 feet: CaCOy,
97.65, MgCO;, 0.95; SiO,, 043; ALOj, 0.69; Fe,O, 0.26;
total, 99.98
3. Limestone, light-gray, compact........................... 3

Lincolnshire limestone )
2. Limestone, dark-gray, fine- to medium-grained, nodular,
cherty; contains abundant fossils...................... ... 45
Analysis of units 2 and 3, sampled ‘thickness 48 feet: CaCO,,
86.17; MgCO,, 1.65; SiO,, 9.77; Al,Oy, 1.16; Fe,0,, 0.62;
total, 99.37
New Market limestone
1. Limestone, light-gray, compact; partly covered by highway;
CaCOy, 96.54; MgCO,, 1.61; SiO,, 1.03; Al,Oy, 0.01; Fe,Oy,
0.72; total, 99.91 ... it 25
Ordovician dolomite and limestone
1Dr. B. N. Cooper, who has made faunal studies in this area, suggests (Oral
communication, 1957) that until better correlation is p0551ble these rocks should
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 southwestward
to State Road 682 Where the following section was measured (Pl 1,
loc. 52).

GEeoLocGic SECTION 35.—ABoUT 100 YARDS NORTHEAST OF STATE ROAD 682 AND
FOUR-TENTHS OF A MILE NORTHWEST OF ITS INTERSECTION WITH
StaTe Roap 681, BoreTourt CoUNTY; VIRGINIA ‘
Thickness
Feet
Ordovician limestone and shale
Edmburg 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, overturned, 45°-60° SE.
Ordovician limestone of uncertain age

3. Limestone, light-gray, medinm- to coarse-grained.......... 75
Lincolnshire limestone

2. Limestone, dark-gray, fine-grained, cobbly, cherty.......... 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 1, loc. 53) are thought to be of similar composition
to those described at locality 52 and sampled along the U. S. Highway
220 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 Warm Springs Valley belt and the Rich Patch belt.

Warm Springs Valley belt.—The median part of Warm Springs
Valley, extending from the vicinity of Warm Springs, Bath County,
southwestward to a point about 3 miles southeast of Falling Springs,
Alleghany County, is occupied by carbonate rocks of Ordovician age.
The following 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 Mosheim 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 two
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 1% miles north of Mitchell-
town where the Mosheim 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.

GEeoLogiC SECTION 36.—ON THE WEST SIDE OF U. S. HiGHWAY 220 ABOUT THREE-FIFTHS
OF A MILE NORTHEAST OF FaLLinG SprinGs CHURCH, ALLEGHANY COUNTY, VIRGINIA

Thickness
Ft. Inm.
Ordovician limestone, undifferentiated (lower 212 feet)

30. Limestone, light-gray, compact; CaCO,, 96.64; MgCO;,

1.52; Si0,, 1.00; ALOj, 0.28; Fe,Oj, 0.20; total, 99.64. . ... ... 104 0
29. Limestone, light-gray, compact, cherty.................... 3
28. Limestone, light-gray, compact.................... .. ... 48 0

Analysis of units 28 and 29, sampled thickness 51 feet: CaCOy,,

92.68; MgCOy, 2.50; SiO,, 340, Al,Oj, 093; Fe,O,, 0.28;

total, 99.79
27. Limestone, thin-bedded, impure.....................ooue
26. Limestone, ribbon-bedded, impure; partly covered.........
25. Limestone, gray, COMPACT. ........ouiuneniureaineeennonns
24, Covered interval ......... .. it
23. Limestone, clayey, crumbly-weathering...................
22. Limestone, gray, compact, laminated......................
21. Limestone, buff-colored, clayey...........................
20. Limestone, light-gray, compact...................cooenne
19. Limestone, bluish-gray, striped...........................
18. Dolomite siltstone .............cciiiiiiinniieennanennnn
17. Limestone, buff-colored ................cciiiiiiiiinnnnn.
16. Dolomite siltstone; contains chert fragments...............
15. Limestone, shaly ............... ... oo
14, Dolomite SiltStOne .......ccouiiiiiiieririeinenneeneeneess
13. Limestone, bluish-gray, striped....................0el,
12. Dolomite siltstone; smooth fracture...........covevvevenn.
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11. Limestone, bluish-gray, striped............. e
10. Chert breceia .....vvuverveeinnien it ieieenennannnns
9. Limestone, bluish-gray, ribbon-bedded, impure.............
. Shale, calcareous ............coiiiiiiiiiiiiiaann., PR
. Dolomite siltstone; weathers dingy-gray...................
. Limestone, bluish-gray, clayey........................0
. Dolomite siltstone, bluish-gray; weathers brown..........
. Limestone, bluish-gray, ribbon-bedded....................
. Shale and thin-bedded limestone.....................vun..
. Chert conglomerate ...................cooiiiiiiiia..,

1. Limestone, bluish-gray, ribbon-bedded....................
Ordovician dolomite and limestone
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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
County line (PL 1, 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 locality. A
composite analysis of these beds shows 91.19 percent calcium carbonate,
2.50 percent magnesium carbonate, and 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 was hauled by narrow gauge railroad to the grinding plant
at Falling Spring village, 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 Patch belt.—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.

GeoLoGIC SEcTION 37.—ALoNG StaTE Roap 621 BerwrEN Rice Parca CHURCH
Aanp Hooks ML, ALLEGHANY COUNTY, VIRGINIA

T hickness
Feet
Ordovician limestone
Lincolnshire and Whistle Creek limestones (252 feet)
7. Limestone, medium-grained, cherty; upper boundary uncer-
3 o Y e 38
6. Limestone, dark-gray, medium-grained, very cherty....... 214
New Market limestone (176 feet)
5. Limestone, pearl-gray, compact, thick-bedded; CaCOyg, 97.45;
MgCO,, 1.26; SiO,, 040; Al,O,, 029; Fe,O, 0.28; total,
LS 2 Pt 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.............. ... ..l e 32
1. 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.

Iron 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 Cal-
laghan on the west to Iron Gate on the east. Covington, the county
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-
land, 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
(1940).

The character and thickness of the rocks comprising the Helder-
berg group along the eastern limb of the Iron Gate anticline southeast
of Clifton Forge (PL 1, loc. 62) are given in the following section.

GeoLocic SECTION 38.—ALoNG CHESAPEAKE AND Ouio Rairway ano U. S. Hicaway
220 aBoUT 1% MILES sOUTHEAST oF CLIFTON FORGE, ALLEGHANY COUNTY, VIRGINIA

Thickness
Feet

Helderberg group: strike N. 55° E.; dip 45°-55° SE.
Licking Creck limestone (108 feet)
8. Covered interval ...... e e e e T 40&
7. Limestone, dark-gray, medium- to fine-grained, cherty; cov-
eredatthe top ..ot 68
New Scotland formation (Healing Sprlngs sandstone member)
6. Sandstone, medium-gray, medium- to fine-grained. calcare-
ous; a few thin beds of sandy limestone................... 16

Coeymans limestone
5. Limestone, gray to pinkish-gray, medium-grained; CaCO,,
95.74; MgCOy, 2.10; SiO,, 0.73; Al,O,, 031; Fe Oy, 0.60;
total, 99.48 ... 18

Keyser limestone (128 feet)
Upper limestone member ‘
4, Limestone, gray, medium-grained, sandy; CaCo,, 91.12;
MgCO,, 3.74; SiOy, 3.55; AL O, 0.50; Fe, O, 0.80; total, 99.71 34
Clifton Forge sandstone member
3. Sandstone and thin shale partings; partly covered.......... 63
"Lower limestone member
2. Covered interval ...... e e e 6
1. Limestone; dark-gray, 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 locality, 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. 4C) and Tonoloway limestones are well displayed in
the eastern environs of Clifton Forge (P 1, loc. 63).

GEOLOGIC SECTION 39.—ALONG NORTH SIDE OF CHESAPEAKE AND OHio RaiLway
AND East oF U. S. Hicaway 220 BrivGe 1N CrirroN Forgg,
A1LEGHANY COUNTY, VIRGINIA

Thickness
Feet
Ridgeley sandstone
15. Sandstone, coarse-grained, rusty-weathering; 6-inch layer of
pebble conglomerate near base.................... . ... 18
Helderberg group
Licking Creek limestone (100 feet)
14. Limestone, light-gray, medium-grained; 1-foot chert zone
at base ... e i e 31
13. Limestone, light-gray, coarse-grained; 4-inch white chert
bed at base ...ttt e et s 6
12. Limestone, gray, coarse-grained...................coooent. 5
11. Limestone, dark-gray, fine-grained, cherty................. 10
10. Limestone, massively-bedded, sparsely cherty.............. 12
9. Limestone, drab-gray, very cherty; weathers to a mealy,
spongy rock; section continued (units 1-8) on the west
side of a small vertical fault............. ... oot 36
New Scotland formation (Healing Springs sandstone member)
8. Sandstone, medium-grained ............. ... el 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................cooiiiiient 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

HMeStone .....iiiiiiii it i e 6
3. Limestone, straticulate, clayey...................cooenan 22

2. Sandstone, fine-grained ......... ...l
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 cherty
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-
west 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 carbonate, 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 1. 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 eastern end of the bridge (PL 1, loc. 66).

GEoLoGIC SECTION 40.—VICINITY OF JacksoN RIVER BRIDGE AT IsLAND Forp aBoUT
6 MiLEs souTHWEST OF CLIFTON Foree, ALLEGHANY COUNTY, VIRGINIA

Thickness
Feet
Ridgeley sandstene: 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;
CaCOy, 92.30; MgCO;, 1.18; SiO,, 5.05; Al,O,, 0.11; Fe,Og,
0.80; total, 9944, ... e 60
8. Limestone, dark-gray; contains a few stringers of light-col-
ored chert in lower part....... ...t 40

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

limestone in the middle.......................ccoiiin.... 24

5. Limestone, dark-gray, nodular............................ 5
Coeymans limestone (24 feet)

4. Limestone, medium-gray .............ccooiiiviiiiiian... 15

3. Limestone, pinkish, coarse-grained; few sandy streaks...... 9

Keyser limestone
Ubpper limestone member
2. Limestone, gray, Impure..............coeeuieeiinnnenennn. 10
Analyses of units 2-4, sampled thickness 34 feet: CaCOj,,
80.58; MgCO,, 2.35; SiO,, 14.64; Al,O,, 0.70; Fe,0,, 1.16;
total, 99.43.
Clifton Forge sandstone member
1. Sandstone, gray, cross-bedded; exposed in bed of Jackson
River; thickness not determined.

The best grade limestone sampled in the Iron Gate-Callaghan belt
crops out at Dunlap Beach (Pl 1, loc. 67) about 2 miles southeast of
Callaghan. Here 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.

Georogic SectioN 41.—ArLoNG State Roap 600 AT DunNLar BEacH ABOUT 2 MILES
SOUTHEAST OF CALLAGHAN, ALLEGHANY COUNTY, VIRGINIA

Thickness
Helderberg group: strike N. 25° E.; dip 45° SE. Feet

Licking Creek limestone

5. Limestone, dark-gray, cherty....................oooianne. 27
New Scotland formation (Healing Springs sandstone member)

4. Sandstone, medium-grained, cross-bedded.................. 31
Coeymans limestone (55 feet)

3. Limestone, medium-grained, sandy......................e. 10

2. Limestone, gray and pink, coarse-grained; CaCO,, 9645;
MgCO,, 1.00; SiO,, 095; ALO,, 0.14; Fe,O, 092; total,
L TSP 45
Keyser limestone
Upper limestone member
1. Limestone, dark-gray, medium-grained, sandy; coverd at
base ... e e PO 24
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The following section, illustrating the Helderberg sequence in the
western part of the James River district (PL 1, loc. 70), has been taken
from Butts (1940, 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.

GEOLOGIC SECTION 42.—ALONG JacksoN RIVER ABOUT 1 MILE WEST OF
Kincam, ArLecaany County, VIRGINIA

Thickness
Feet
Helderberg group:
Licking Creek limestone (200 feet)
11. Limestone, very thick-bedded, coarse-grained, fragmental. . 50
10. Limestone, argillaceous, knotty, cherty.................... 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 ........ooiiiiiiiiiiiiiii 20
7. Limestone, thick-bedded, coarsely-crystalline, fragmental,
some pinkish, resembles marble............. .. DU 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....... e e 95
Lower limestone member
4. Limestone, very nodular.............oooiiiiiiii 5

3. Limestone, thick-bedded, partly sandy, partly ﬁnely crystal-
line, pink and gray above, basal § feet coarsely crystalline,

1-foot shale at base........ ..o 54
Tonoloway limestone (upper 37 feet)
2. Limestone, black ... ..o 18

1. 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 Callaghan’ (Pl 1. loc. 68). Here about 50 feet of
medium- to coarse-grained limestone representing the upper part of
the Helderberg group contains 93.34 percent calcium carbonate, 1.45
percent magnesium carbonate, and 4.26 percent silica. These lime-
stones 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
and 662 (P 1, loc. 69). In a small inactive quarry (Pl 1. loc. 71) along
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State Road 600 about 3 miles southwest of Falling Springs and at
local_ity 72 about half a mile east of the quarry the upper part of the
Licking Creek limestone contains abundant quartz sand. One analysis
of a sample representing 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 Elliott
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 section.

GeoLogic SECTION 43.—A1oNG CLayTONS MILL CREEK NEAR MARBLE VALLEY
ABOUT 4} MILES SOUTHWEST OF DEERFIELD, AUGUsTA COUNTY, VIRGINIA

Thickness
Feet
Helderberg group: strike N. 22° E.; dip 42° SE.
8. Limestone, light-gray, medium-grained................... 50
7. Limestone, dark bluish-gray, cherty....................... 50
6. Limestone, light-gray, coarse-grained; CaCOy, 97.86; MgCOs,
0.97; Si0,, 0.23; Al,Q,, 0.20; Fe, Oy, 0.34; total, 99.60. .. ... 60
5. Limestone with sandy streaks, crinkly-weathering.......... 11
4. Limestone, dark-gray, nodular-weathering................ 6
3. Limestone, dark-gray, fine-grained; contains light-gray chert
2. Limestone, light-gray, coarse-grained..................... . 25

Keyser limestone
1. Limestone, dark-gray, cherty, 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 lithology; 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 writer’s opinion that unit
6 is a coarse-grained facies of the Licking Creek limestone and unit 2
may represent the true Coeymans. ’

About 80 feet of light-gray, coarse-grained limestone (Licking
Creek [?] limestone) is exposed along the trail leading to the fire
tower of Sideling Hill about one-fourth of a mile west of State Road
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600 and 5 miles north of Goshen (PL 1, 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.

GeoLogic SEcTION 44.—ALoNG CALFPASTURE RIVER AT THE SOUTHEAST BASE OF
SwrerLiNGg HiLL-ABOUT 4 MILES NORTH OF GOSHEN, RockBripGE COUNTY, VIRGINIA

Thickness
Feet
Ridgeley sandstone
9. Sandstone, medium-grained ............. ... 18
Helderberg group: strike N. 38° E.; dip 38° SE.
8. Limestone, light-gray, medium-grained; CaCOj, 93.67;
MgCO,, 1.64; SiO,, 2.83; Al,O,, 043; Fe,O,, 0.94; total,
L 384
7. Limestone, dark-gray, cherty.................cooiiinee. 40
6. Limestone, gray and pink, medium-grained; CaCOy, 95.44;
MgCO,, 1.92; SiO,, 1.30; AL O, 0.48; Fe,0y, 0.38; total, 99.52 39
5. Limestone, gray and pink, medium-grained, sandy.......... 15
4. Limestone, dark-gray, fine-grained, cherty................ 34
3. Limestone, gray and pink, medium-grained................ 14
2. Sandstone, fine- to medium-grained, limy; contains 1-foot
bed of shaly limestone near middle....................... 10
1. Limestone, fine-grained; a few. thin beds of coarse-grained
limestone; covered at the base; CaCOj,, 92.91; MgCOQOs,, 1.50;
Si0,, 3.57; Al O, 1.28; Fe,O,, 0.70; total, 99.96........... 7

This belt of carbonate rocks is split into two prongs by an anti-
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 1. loc. 76) along State
Highway 501 about half a mile west of Panther Gap.

GEOLOGIC SECTION 45.—INACTIVE QUARRY ALONG STATE HicHWAY 501 ABOUT
3 MILES NORTHWEST OF GOsHEN, Bata CounTy, VIRGINIA
Thickness
Feet
Ridgeley sandstone

6. Sandstone, medium-grained ....... s 39
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Helderberg group: strike N. 30° E.; dip 50° SE.
Licking Creck limestone (115 feet)
5. Limestone, gray, medium-grained; upper 10 feet sandy
limestone; CaCOj, 92.71; MgCOy, 0.92; SiO,, 5.04; Al,O,,

0.45; Fe,Og, 046; total, 99.58. ...t 55

4. Limestone, gray, medium-grained, sparsely cherty......... 12

3. Limestone, dark-gray, fine- to medium-grained, very cherty 48
New Scotland (?) limestone

2. Limestone, gray, medium-gfained ........................ 10

Coeymans limestone
1. Limestone, medium-gray, mostly coarse-grained, thick-
bedded; 10 foot bed of pink limestone about 30 feet below
top; covered at the base................ .. . ... oL 50
Analysis of units 1 and 2, sampled thickness 60 feet: CaCO,,
92.88; MgCOQO,, 198; SiO,, 3.75; Al,Oj, 0.60; Fe,O,, 0.76;
total, 99.97.

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 coarse-
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 quarry (units 1-9) and
along Highway 42 about 1,000 feet to the west (units 10-19) are given
in the following section.

GEoLogGIC SECTION 46.—A1LONG StATE HicHWAY 42 ABOUT 7 MILES SOUTHWEST
oF MiLLBORO SprinGs, BaTH CoUunTY, VIRGINIA

Thickness
Feer
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 1-9)
Licking Creek limestone (145 feet)
18. Limestone, medium-gray, medium- to coarse-grained; upper
Sfeet sandy ...l 75
17. Limestone, gray, medium-grained; thin chert stringer at top 12
16. Limestone, gray, medium-grained; 8-inch chert layer at top 4

Analysis of units 16-18, sampled thickness 91 feet: CaCO,,
93.83; MgCO,, 1.15; SiO,, 4.08; Al,O3, 0.40; Fe,O,, 0.48;
total, 99.93.
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15. Limestone, dark-gray, fine-grained, very cherty............ 17
14. Limestone, gray, coarse-grained.............c.co.ooviinn. 5
13. Limestone, dark bluish-gray, cherty; thin clay bed at top.. 32

New Scotland (?) limestone (25 feet)
12. Limestone, medium-grained; contains abundant sand grains

and sandy streak ... 7
11. Sandstone, calcareous (Healing Springs [?] sandstone mem-

07 ) P SN 15
10. Limestone, light-gray; grades upward into calcareous sand-

stone; faulted at base............., RN e 3

Coeymans limestone
9. Limestone, gray and pink, coarse-grained.................... 12-15
Keyser limestone (118 feet)
Clifton Forge sandstone member

8. Sandstone, gray, calcareous..........c....o.oiiiat 20
7. Limestone, dark-gray, fine-grained, cherty................. 15
6. Shale, dark, contorted. ............. it 1
5. Sandstone, medium-bedded ....... TN 12
4. Sandstone, shaly ........ ... e - 10
3. Sandstone, massively-bedded .......... ...l 10

Lower limestone member
2. Limestone, mainly light-gray with pink layers, mediuvm- to
coarse-grained; CaCOj, 91.60; MgCO;, 248; SiO,, 4.61;
ALO,, 0.70; Fe,Oy, 0.60; total, 99.99. .......oevriienns, 50
Tonoloway limestone (upper part exposed along crest of anticline)

1. Limestone, dark bluish-gray, fine-grained, platy; shows col-
umnar jointing (PL 3A).... ... 32

Fordwick-Bells 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
the Lehigh Cement Company operates a large limestone quarry in this
belt at a locality (PL 1, 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
Valley belt in the vicinity of Craigsville is given in the followmo sec-
tion (Pl 1, loc. 78).
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GEOLOGIC SECTION 47.—INACTIVE QUARRY ALONG STATE R0AD 684 ABOUT ONE-FOURTH
OF A MILE EAST OF CRAIGSVILLE, AUGUSTA COUNTY, VIRGINIA

Thickness
Feet
Helderberg group: strike N. 65° E.; dip 35° NW.
Licking Creek limestone (80 feet)
10. Limestone, gray, medium-grained; a few shaly beds near
base; partly covered................ ool e 35
9. Limestone, dark-gray, fine- to medium-grained; black chert
abundant in lower part...............ciiiiiiiiiiiii..t 45
New Scotland (?) limestone
8. Limestone, light-gray, coarse-grained; four feet of impure
beds at top........... i 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-
IS ottt ettt e e e e, 22
5. Limestone, gray, coarse-grained.......................... 14
4. Limestone, -dark-gray, fine-grained; sandy; weathers dark-
sbrown to-drab-gray ....... ... ... i 18
3.:Limestone,  coarse-grained; -a- few clayey streaks and thin
+intercalations-of : fine-grained limestone.................... 10
2w duimestone; light:gray-to- pink, coarse-grained.............. 35

=ik-Sandstone; thickness undetermined.

It is estimated that approximately 300 feet of the unit mapped as
Upper Silurian and Lower Devonian limestone and sandstone is ex-
posed locally along the southeast slope of Black Oak Ridge between
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 miles southwest of Craigsville (PL 1, loc. 80).

GeoLocic SECTION 48.—~ALONG STATE RoAD 683 ABOUT 2 MILES SOUTHWEST
oF CraiGsviLLE, AugusTa COUNTY, VIRGINIA

Thickness
Feet
Ridgeley sandstone
11. Sandstone, brownish-weathering, medium-grained, friable.. 12
Helderberg group: strike N. 40° E.; dip 25°-40° SE.’
Licking Creek limestone (125 feet)
10. Limestone, gray, medium-grained........................ 55
S. Covered interval .........coiiiiiiiiie i 30
8. Limestone, dark-gray, fine-grained, cherty................ 40

New Scotland limestone
7. Limestone, gray, medium-grained; contains diagnostic fossils
of the New Scotland.............oiiiiiiiiniiannnnnns 10+
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Coeymans limestone
6. Limestone, gray and pink, coarse-grained................. 44
Analysis of units 6 and 7, sampled thickness 54 feet: CaCQy,
96.64; MgCO,, 1.56; SiOy, 0.58; Al,O,, 0.69; Fe,0j, 0.04;

total, 99.51.
Keyser limestone
5. Limestone, dark-gray, nodular; a few shaly partings........ 18
4. Limestone, dark-gray, nodular; a few coarse stringers. .. ... ' 11
3. Covered interval ...........ciiiniiiiiiiiiiiiiiiianaas 15
2. Limestone, light-gray, coarse-grained...................... 41
1. Largely covered; a few exposures of limestone, shaly lime-

stone, and shale; thickness undetermined.

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 Keyser limestone (units 1-11) 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).

GEOLOGIC SECTION 49.—ALONG STATE ROAD 614 AND IN THE VICINITY OF AN INACTIVE
QUARRY ONE-FOURTH OF A MILE SOUTHEAST OF BELLS VALLEY,
Rockeringe CouNTy, VIRGINIA

T hickness
Feet
Helderberg group: strike N. 40° E.; dip 55° NW.
Licking Creek limestone (129 feet)
16. Covered interval ... ... ... . i, 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 Jimestone

12. Limestone, gray and pink, coarse-grained; a few impure
crinkly bands ... 46
Analysis of units 12 and 13, sampled thickness 61 feet:
CaCOg, 96.65; MgCOy,, 1.27; Si0O,, 0.95; Al;0,, 0.62; Fe,O,,
0205 total, 99.69 ... i e

Keyser limestone

11. Thin-bedded shale and limestone; the upper surface is
extensively ripple marked............. ... ..ol

10. Thick-bedded crystalline limestone.......................

9. Thin-bedded shaly limestone...................covinennn.

8. Massive fine-grained limestone, weathering greenish........ 42

w NN
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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 Keyser..................oiiiiiie 4
6. Thin-bedded yellowish-green, somewhat arenaceous shale

(tongue of the Big Mountain [?] shale member)........... 9y
5. Medium-bedded gray sandstone (tongue of the Clifton Forge ’

sandstone MeEmbETr) . ... . e e 4y
4. Dark-grayish soft shale, mostly concealed................. 8
3. Calcareous sandstone, weathered buff (tongue of the Clifton

Forge sandstone member) ............... .o 6
2. Thick-bedded, somewhat crystalline limestone............. 10
1. Concealed. Some arenaceous shale toward top. Keyser (?) 34

Tonoloway 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 purity 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 Dolomite

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 several 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 accurate determination of the thickness
could be 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 Buena 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.

GEoLoaic SEcTION 50.—VIcINITY OF NATURAL BRIDGE STATION ABOUT 100 YARDS

NORTHEAST OF STATE HicawAy 249 AND WEST oF STATE Roap 688,
Rocksripce County, VIRGINIA

Cambrian dolomite: strike N. 59° E.; dip, overturned, 80° SE.
Shady dolomite (1210+- feet)

10.

9.

Dolomite, dark bluish-gray, medium-grained; probably
faulted at top ... ... .
Dolomite, medium- to light bluish-gray, fine_grained......
Analysis of units 9 and 10, sampled thickness 298 feet:
CaCOyg, 54.16; MgCO,, 42.01; SiO,, 3.48; Al,O4, 0.24; Fe,Oy,
0.48; total, 100.37

. Shale, brownish-gray ..................... ... e
. Dolomite, flesh-colored to white, medium-grained; a few

disseminated grains of quartz sand in basal bed.............

. Dolomite, light-gray, medium-grained.....................

Analysis of units 6 and 7, sampled thickness 519 feet:
CaCOy, 54.56; MgCO,, 42.98; SiO,, 1.44; Al,O,, 0.48; Fe,Oj,
0.40; P,O,, 0.01; Na,O, 0.054; K,0, 0.047; total, 99.97

. Dolomite, dark bluish-gray, medium- to fine-grained; abun-

dant veins and vugs of white carbonate minerals..........

. Dolomite, flesh-colored, medium-grained; sugary texture. ..
. Dolomite, light- to bluish-gray; abundant veins and vugs

of white carbonate minerals ........... ... ..o i,

. Dolomite, light-gray and flesh-colored mottled; sugary tex-

L

. Dolomite, light flesh-colored, medium-grained; takes to near

top of underlying quartzite along State Road 688..........
Analysis of units 1-5, sampled thickness 391 feet: CaCOj,
55.98; MgCOs,, 42.05; SiO,, 1.00; Al, Oy, 0.24; Fe,Oy4, 1.08;
total, 100.35

Cambrian basal clastics

Thickness
Feet

243
55

251
268

194

49

51

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 railways at Natural Bridge Station (Pl 1, 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-fourth of a mile north of James River.
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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.

GeoLogic SECTION 51.—ALoNG CHESAPEAKE AND OHiO RAILWAY AT

NaturaL Bringe StatioN, Rocksrince CouNTy, VIRGINIA
Thickness

Feet
Cambrian dolomite: strike N. 60° E.; dip 45° SE.
Shady dolomite (within lower part, 603 feet)

4. Dolomite, light cream-colored, medium-grained........... 65

3. Dolomite, light-gray, medium-grained.................... 171

2. Dolomite, light cream-colored, medium-grained............ 247

* 1. Dolomite, gray, fine- to medium-grained.................. 120

Analysis of units 1-4, sampled thickness 603 feet: CaCO,,
54.30; MgCO,, 43.91; SiO,, 1.15; ALO,, 053; Fe,Og, 038;
Nazo, 0.104 KQO, 0.03; total, 100.40

The following geologic section includes the middle and upper
parts of the belt of high-magnesium dolomite and the lower part of
the overlying unit of Cambrian dolomite and limestone. The section
begins on the east at James River about one-fourth of a mile southwest
of Natural Bridge Station and extends northwestward to a point near
the junction of State Road 1001 and State Highway 249 (PL 1, loc. 84).

GEeoLocIC SECTION 52.—ALoNG StaTE RoAD 1001 AND TRIBUTARY TO JAMES RIVER
ABOUT ONE-FOURTH OF A MILE WEST OF NATURAL BRIDGE STATION,
Rockermce CoUNTY, VIRGINIA

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

S 41T LI EIRTTTRERRRTLLE 125
8. Dolomite, dark-gray to brownish-gray, fine-grained; a few

shaly beds; lower boundary UNCEITAMN. oo vvveeeeennnnnnnns 298

Cambrian dolomite
Shady dolomite (middle and upper, 1067 feet)
7. Dolomite, light-gray, fine-grained...........c.civiveennens 112
Analysis of units 7-9, sampled thickness 535 feet: CaCO,,
52.37; MgCO,, 40.90; SiO,, 4.84; Al,Oj, 1.58; Fe,Oj, 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+
4. Dolomite, cream-colored, medium-grained................ 128
3. Dolomite, light-gray, fine-grained........................ 82
2. Dolomite, gray, medium-grained; in part banded and frac-

T T 249
1. Dolomite, dark-gray, fine- to medium-grained............. 212

Analysis of units 1-5, 6 sampled thickness 756+ feet: CaCOy,
58.17; MgCOy, 40.20; SiO,, 1.00; Al,O,, 0.25; Fe,Oj, 0.58;
total, 100.20.

Since unit 1 of the above section closely overlies unit 4 of Geo-
logic Section 51, it is thought that the total thickness of high-mag-
nesium dolomite exposed in this area is approximately 1670 feet. All
of the analyses 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 1.15 percent silica.

About 50 feet of high-magnesinm dolomite is exposed in a small
abandoned quarry along the Chesapeake and Ohio Railway half a
mile southwest of Natural Bridge Station. At this locality the Shady
dolomite strikes in a northwesterly direction and is nearly in contact
with 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 1, loc. 85). Here light- and dark-gray dolomite
is exposed in a bluff for a distance of 300 feet. Farther southwestward,
about 1 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 quarry (PL 1, loc. 86) along
the Chesapeake and Ohio Railway about three-fourths of a mile south
~ of Rocky Point. The rocks sampled at this locality 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
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thickness and chemical composition of the rocks which are fully
exposed at this locality are given in the following section.

GEeorogiC SECTION 53.—~ALONG NORFOLK AND WESTERN RAILWAY ABOUT 2 MILES
NORTHEAST OF BucHaNAN. Boterourt CouNTy, VIRGINIA
’ o ) I i ’ Thickness
Feet
Cambrian dolomite and limestone: strike N. 42° E.; dip 60° NW.
Waynesboro formation (lower 642 feet)
3. Dolomite, dark bluish-gray, fine_grained, impure; CaCOg,
51.03; MgCOj, 39.06; SiO,, 9.04; Al,O,, 0.72; Fe,Oj, 0.56;
total, 10041 ... ... .t e e 530
2. Dolomite, medinm-gray, fine-grained, impure; structure un-
certain; probably faulted at the base; CaCOy, 51.23; MgCO;,
36.98; Si0,, 10.28; ALO,, 0.80; Fe,O,, 0.88; total, 100.17. .. 112
Cambrian dolomite: strike N. 15° E.; dip, overturned, 45° SE.
Shady dolomite (upper 155 feet)
1. Dolomite, light-gray to cream-colored, medium- grained;
covered at the base; CaCOj, 52.02; MgCQOs, 39.83; SlOz, 7.52;
Al O.%, 0.48; Fer)03, 0.36; total, 100.21............uninn.n 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% 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 80° SE., is almost
fully exposed along a small tributary to James River. The rocks partly
exposed west of the belt of hlgh-magnesmm dolomite included about
800 feet of dark-gray dolomite with minor amounts of silty and shaly
beds.

GEOLOGIC SECTION 54.—ABOUT 500 FEET NORTHEAST OF THE JaAMES RIVER HYDRATE AND
SuppLY COMPANY QUARRY AND 115 MILES NORTHEAST OF BUCHANAN,
Borerourt CoUNTY, VIRGINIA

Thickness
Feet
Cambrian dolomite and limestone: strike N. 40° E.; dip, overturned, 80° SE.
Waynesboro formation (lower 713 feetr)
~10. Dolomite, dark bluish-gray, silty; a few red and brown shale
DEAS et e, 294
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9. Mostly covered; a few beds of dolomite.................. 328
8. Dolomite, bluish- wgray, fine-grained. .............. ... ... 61
7. Shale, olive drab-colored; a few beds of light-gray dolomite 30

Cambrian dolomite
Shady dolomite (upper 821 feet)

6. Dolomite, white to cream-colored, medium-grained........ 90
5. Covered interval ... ... . i ity 55
4. Dolomite, white to cream-colored, medium-grained; a few

thin covered intervals ........... ..o, 530
3. Dolomite, light-gray, medium-grained.................... 60
2. Dolomite, gray- to cream-colored, medium-grained........ 8

Analysis of units 2-4, 6, sampled thickness 588 feet: CaCOs,,

54.51; MgCO,, 43.65; SiO,, 1.03; ALO,, 041; Fe,04, 038;

K,0, 0.03; Na,O, 0.12; total, 100.13 E
1. Dolomite, light-gray, ﬁnf:-grained ........................ 78

The James River Hydrate and Supply Company quarry and plant
(PL 1, loc. 89) are along James River and the Norfolk and Western
Railway about 1%, 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 southwestward 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
approximately 1000 feet long and 300 wide, the Cambrian dolomite
strikes N. 40° E. and dips, overturned, 60° 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 quartzite, 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 42.98 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
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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 Liberty 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 1 mile south of
Buchanan.

GEOLOGIC SECTION 55.—ABOUT HALF A MILE EAST OF THE NORFOLK AND WESTERN
RAILWAY AND 1 MILE sOUTH OF BucHANAN, BoteTourT CoUNTY, VIRGINIA

Thickness
Feet

Cambrian dolomite: strike N. 55° E.; dip, overturned, 75° SE.
Shady dolomite (upper 731 feet)

2. Dolomite, light- to medium-gray, fine- to medium-grained;
CaCOj, 54.60; MgCOs,, 41.08; SiO,, 3.50; AL, O,, 0.18; Fe,Og,
0.64; P,Oy, 0.02; total 100.02..........coveiiieininininnt. 336

1. Dolomite, light-gray to cream-colored, fine- to medium-
grained; CaCO,, 54.80; MgCO,, 40.02; SiO,, 4.48; Al,Os,
0.28; Fe, Oy, 0.36; P,0;, 0.019; total 99.95. .. ...eeeuennn... 395

The time available for field work was not sufficient to work out
the details of structure at the above locality, 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 1). 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 vicinity of Natural
Bridge Station, the lower part 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 1, loc. 90) about
a mile northeastward 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
1 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 southwestward 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 1). Older mapped units also contain variable amounts
of impure limestone, but they are treated under the heading of “dolo-
mite and limestone.”

Ordovician limestone.—The general character and thickness of the
rocks comprising the belts mapped as Ordovician limestone are 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-
stone; whereas in others, impure units of variable thickness are asso-
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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.

Ordovician limestone and shale.—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, argillaccous limestone, and
calcareous shale, which he named Liberty Hall limestone; in the Lex-
ington area is about 1,000 feet thick. A few analyses of samples collected
by Bassler (1909, p. 128, 129, 131) from various horizons within this
unit. of impure limestone at several localities in the southern part of
Shenandoah Valley are given in Table 6.

TaBLE 6.—ANALYsES oF Liserry Havr Livesrone, Rocksripce CoUuNTY, VIRGINIA

(Nos. 1, 5, and 6 analyzed by J. H. Gibboney; Nos. 2-4, 7-10 analyzed by
Wm. M. Thornton.)

I II I | IV \4 VI | VII | VIII | IX X

SiOg........ 10.24 [12.42 [12.29 [10.97 [30.24 [17.86 | 8.09 | 11.03 | 1.67 | 7.99
AlOs...... 0.74 | 4.26 | 3.54 | 4.44 | 4.56 | 1.60 | 3.30 | 1.97 | 1.40 | 2.72
F8203 ......

CaCOs. ... .. 86.00 80.31 [78.73 |30.80 [58.93 |73.62 [81.63 | 83.92 [90.87 [85.05
MgCOs. . ... 2.10 | 2.26 | 4.61 | 1.76 | 5.81 | 6.38 | 4.85 | 3.33 | 5.24 | 3.79

Total...|99.08 199.25 (99.17 |97.97 {99.54 |99.46 (97.92 |100.15 |99.18 [99.55

I. Spring Cave Hill, Lexington, Virginia.
- II-IV. Along 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
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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).

GeoLoaIC SECTION 56.—ALONG CoLLiERs CREEK AND StaTE HicHwAY 251 ABOUT

TWO AND ONE-HALF MILES SOUTHEAST OF. COLLIERSTOWN Post OFFICE;

Rockeringe CouNTy, VIRGINIA

Ordovician limestone and shale: strike N. 40° E.; dip 45° SE.
Collierstown limestone (58 feet)

15.

14.

Limestone, clastic textured; intercalations of irregularly
bedded shaly limestones ................. ...l
Limestone, black-nodular ...............cciiiiiiiiiat,

Edinburg formation (745 feet)

13.

12.

11.
10.

Wb VN

1.

Limestone, black, compact; contains buff-weathering shaly
PATTINGS ... ... e
Limestone, black, fine- to medium-grained: contains Wavy

shaly partings .........co o :

Limestone, black, mamlv cobbly weathering; shaly partings
Limestone, black; weathers buff-colored; abundant shaly
PATTIIES .« oottt ittt iiet et eaar e e atannaanaannns

. Limestone, black, compact; shaly partings............... .
. Limestone, black, compact; contains abundant veins of

CaAlCite ..o i .

. Limestone, black, compact, even-bedded; shaly partings. ...
. Limestone, black, cobbly weathering; shaly partings........
.Covered interval ... .. i i e
. Limestone, black, compact even—bedded shaly partings. .

. Limestone, black, compact, cobbly weathering; 2-inch bed

of metabentonite at bottom............... . iiiiiiiinnn.

. Limestone, black; even-bedded, compact; breaks with con-
choidal fracture; abundant shaly partings.................. ‘

Analysis of units 2-10, sampled thickness 557 feet: CaCO,,
71.68; MgCOs,, 4.20; SiO,, 20.24; ALO,, 048; Fe,0,, 1.00;
total, 97.60.

Limestone, granular, silty (Botetourt limestone member)..

Ordovician limestone

Analysis of two additional hand specimens collected along Colliérs

Creek are as follows:

1.

2.

Shale partings: CaCOj,, 57.91; MgCO,, 5.66; SiO,, 25.27;
Al,0,, 9.31; Fe, Oy, 0.79 total, 98.94.

Compact limestone: CaCOyg, 86.72; MgCOy,, 2.93; SiO,, 10.50;

A1,0,, 1.80; Fe, O, 0.63; total, 102.58.

Thickness
Feet

50

25

20
135

55
100

23
91
31
10
57

12

178
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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 very fine-grained quartz sand.

Another fully exposed section of the Ordovician limestone and
shale belt is in the vicinity of Dunkard Church (PL 1, loc. 25).

GEOLOGIC SECTION 57.—ABOUT HALF A MILE SOUTH OF DUNKARD CHURCH AND
7 MILES SOUTHWEST OF NATURAL Bringe, Boterourt County, VirGINIA

Thickness
Feet
Collierstown limestone
Ordovician limestone and shale
9. Limestone, light-gray, medium- to coarse-grained; thin inter-
calations of metabentonite..........oiiiiiiiiiiiiiiaa., 75
Edinburg formation (436 feet)
8. Limestone, black, slabby to blocky........................ 83
7. Limestone, dark-gray, slabby............................. 21
6. Limestone, buff-gray, cobbly............................. 28
5. Limestone, black, cherty..................c.cooiiiiiaet 54
4. Limestone, dark-gray to black, slabby; a few thin shaly part-
IS ottt e - 83
Analysis of units 4-8, sampled. thickness 269 feet: CaCOj,
.86.78; MgCO,, 2.23; SiO,, 8.54; Fe,04, 0.44; AlLO,, 143;
total, 99.42.
3. Limestone, thin-bedded; shaly partings.................... 107
2. Shale, black ... i 30
1. Limestone, black, slabby...................... . ... 30

QOrdovician limestone

The Barger quarry (PL 1, loc. 97) a large producer of crushed
stone, is near U. 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. 6B), the axis of which trends in a northeasterly
direction near the middle of the workings. An analysis 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 U. S. Highway 11 about 1% miles south-
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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 varying, 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
Moccasin facies of the Lowville going southeast;ward 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).

(GEOLOGIC SECTION 58.—AILONG A STEEP SLOPE IN THE NORTHWESTERN ENVIRONS

or HeALiNG SpriNGs VILLAGE, BatH CouNty, VIRGINIA

T'hickness
Feet
Ordovician limestone and shale (530 feet) :
6. Limestone, bluish-gray, nodular, thick-bedded; contains yel-
low and pink bands and blotches.....................o.l 10
5. Shale and Lmestone. . ..vvrneneiee e reeineerannnes 70
4. Limestone, COMPACT ... ..vuenernrnasernrnnrorennernsenes 30 -
3. Limestone, bluish-gray, finely crystalline; contains shale part-
IS it 120
2. Limestone, dove-colored, compact, thick-bedded...... e 80 -

1.

Limestone

Partly covered; a few exposures of thick-bedded limestone
with yellowish bands; may include the Lowville-Lenoir
boundary ..........iiiiiiiiiii i e eeenaeeaes 220+
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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
horizon 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 Devonian limestone and sandstone.—
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 Cayuga and Helderberg
groups. The upper member of the Cayuga group, Tonoloway lime-
stone, the Keyser limestone, and the Coeymans, New. Scotland, and
Licking Creek limestones comprising the Helderberg group represent
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-
stone; and, Cambrian dolomite and limestone.

Ordovician dolomite and limestone.—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 estimated 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-
gramed dolomite. Both formations locally 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
in the vicinity of Newport, Rockbridge Baths, and Rapps Mill; along
the Pulaski-Staunton fault northeast of Lexmgton crossing U. S. ngh—
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way 60 between 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 (Pl 1, loc. 100).

GEOLOGIC SECTION 59.—BEGINNING JUST EAST OF STEELES TAVERN AND EXTENDING
NORTHWESTWARD ALONG STATE Roap 606, Aucusta CoUNTY, VIRGINIA

Ordovician dolomite and limestone

Beekmantown formation (1412-- feet)

53.

52.
51.
50.
49.
48.
47.
46.
45.
44.
43.
42.
41.
40.
39.
38.
37.
36.
35.
34.
33.
32.
31,
30.
29.
28.

27.
26.
25.
24.
23.

Limestone and dolomite interbedded; limestone bluish-gray
and sparsely cherty; faulted upon Ordovician shale. .. .....
Dolomite, drab-gray, mealy-weathering...................
Limestone, magnesian; a few thin dolomite beds............
Dolomite, dark-gray, medium-grained....................
Limestone, light- and dark-gray mottled, banded..........
Dolomite, dark-gray .............cooiiiiiiiiiiiian e
Limestone, banded ............ i it
Dolomite, light- to medium-gray, medium-grained. ........
Limestone, banded; a few thin beds of dolomite............
Dolomite, dark-gray, fine-grained, cherty..................
Dolomite, light-gray, fine-grained....................c.0.
Dolomite, medium-gray, medium-grained..................
Dolomite, dark-gray, medium-grained.......... e
Limestone, banded. ... ..coisiriiiiii i
Dolomite, medium-gray, ﬁne-gralned ......................
Limestone, slabby ........ .. ...
Dolomite, dark-gray, fine-grained............... e
Limestone, banded, impure...............oooiiiiiiiiaii.
Dolomite, medium- to dark-gray, medium-grained..........
Dolomite, medium-gray, fine-grained......................
Dolomite, medium- to-dark-gray, fine-grained, banded......
Limestone, bluish-gray, banded, impure...................
Dolomite, dark-gray, fine-grained.........................
Limestone, bluish~gray ............. oo
Dolomite, light- to medium-gray, medmm—gramed .........
Dolomite, medium-gray, medium-grained..................
Analysis of units 28-35, sampled thickness 317 feet CaCO,,
54.56; MgCOy, 37.50; Si0,, 7.40; Al Oy, 0.52; Fe, Oy, 0.44;
total, 100.42

@117« oA N
Dolomite, medium-gray, fine-grained.....................
Limestone, bluish-gray ............c.ocoiiiiiiiinn,
Dolomite, dark-gray ............. ... ..

Limestone, dark bluish-gray, banded.................... SO

Thickness
Feer

65+

N
oW

b
NN LN WS WO NN 0w

—

—

NN
NN

79

24
55

14
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22. Dolomite, dark-gray ...........ccooviiiiiiiiiiiinieenn.. 30
21. Limestone, bluish-gray, banded.......................... 4
20. Dolomite, medium-gray, fine-grained..................... 100
19. Limestone, bluish-gray ...................cooii, 1
18. Dolomite, dark-gray ....................o e

17. Limestone, bluish-gray ..........................o.o L 1
16. Dolomite, dark-gray, fine-grained........................ 77

Analysis of units 16-26, sampled thickness 296 feet: CaCOy,
50.94; MgCO,, 36.86; SiO,, 11.40; Al,O,, 0.68; Fe,Og, 0.44;
total, 100.32.

15. Limestone, light bluish-gray......................... ... 6
14. Dolomite, light-gray, fine-grained........................ 70
- 13. Dolomite, bluish-gray, fine-grained, sparsely cherty........ 49
12. Dolomite, dark-gray, fine-grained........................ 70
11. Dolomite, light~ to medium-gray, medium-grained......... 94
10. Dolomite, dark-gray, medium-grained; abundant irregular
CArboNate VEINS .. ovuutveteirennereereeenneanerannennens 37
9. Dolomite, medium- to light-gray, fine-grained............. 94
8. Dolomite, medium-gray, sugary textured.................. 48
7. Dolomite, dark-gray, fine-grained......................... 34
6. Dolomite, brownish-gray ..................coiiiiiiin.., 65
5. Dolomite, medium-gray, medium-grained................. 18
4. Dolomite, dark-gray, fine-grained......................... 18

Analysis of units 4-15, sampled thickness 593 feet: CaCOg,
52.34; MgCO,, 39.32; SiO,, 7.84; AL, O, 0.28; Fe,Q,, 0.56;
total, 100.34.
Chepultepec limestone (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
Hmestone .........iuiiiiiiii i 315+

Analysis of units 2 and 3, sampled thickness 490 feet: CaCO,,
88.59; MgCO,, 5.30; SiO,, 5.36; ALO,, 0.32; Fe,0,, 0.12;
total, 99.69.
1. Limestone, dark bluish-gray, straticulate; weathers smoky-
gray ..... e e et e aeaaes 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-
ity 101 southeast of Fairfield.

Georogic SECTION 60.—ALONG StaTE RoAD 711 ABOUT 1% MILES SOUTHEAST OF
FairrFieLp, RockBripgE COUNTY, VIRGINIA

o Thickness
Ordovician dolomite and limestone Feet
Chepultepec limestone (494 feet)
3. Limestone, dark bluish-gray, fine-grained.................. 97
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2. Dolomite, dark-gray, fine-grained..................c.0n, 7
1. Limestone, bluish-gray, fine-grained, sheared............... 390
Analysis of units 1-3, sampled thickness 494 feet: CaCO;,
87.79; MgCOj, 6.06; SiO,, 4.80; ALOj, 044; Fe,O,, 0.20;
total, 99.29. )
Cambrian dolomite and limestone

According to Butts (1940, p. 100) 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. '

Georocic SEctioN 61.—ALoNG STaTE Roap 614 sErween U. S. Hicaway 11
anp Inpian Rock, Boterourt County, VIRGINIA

Thickness
Feet
Ordovician dolomite and limestone
Beekmantown formation (lower 484 feet)
33. Limestone and dolomite; limestone, light-gray, fine-grained;
dolomiite, pearlgray ........ .. 19
32. Dolomite, pearl-gray, brecciated...................cooiun 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 ...l e 28
28. Dolomite, pearl-gray, thick-bedded........................ 25

Analysis of units 28-32, sampled thickness 199 feet: CaCO,,
5436, MgCQ,, 39.40; SiO,, 5.72; Al,Og, 0.16; FeyOy, 0.56;
total, 100.20.

27. Limestone, cherty ............cooiiiiiiiiiiiiiiiinienn 4
26. Dolomite, gray, medium-grained..............coovvniinnn, 23
25. Dolomite, medium-gray .............cvevereecrnneneianen 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......................... 41
18. Dolomite, light-gray, medium- coarse-grained.............. 23

Analysis of units 18-27, sampled thickness 266 feet: CaCOg,
55.16; MgCOy, 34.83; SiO,, 948; Al 03, 0.25; Fe,0y, 0.60;
total, 100.31.
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Chepultepec limestone (457 feet)

17. Largely covered; a few exposures of bluish-gray limestones 53
16. Limestone, bluish-gray ................... ... ... 24
15. Limestone and dolomite...........o.vriivinniiivinninn.n. 25
14. Limestone, bluish-gray, fine-grained....................... 13
13. Dolomite, medium-gray, medium-grained.................. 22
12. Limestone, bluish-gray, very cherty...................... 28
11. Dolomite, bluish-gray, medium-grained................... 42
10. Dolomite, daik-gray, medium-grained, cherty............. 34
9. Limestone, dark-bluish-gray, cherty...................... 13
8. Limestone, buff- and bluish-gray mottled; contains diagnostic
Chepultepec fossils ...ttt 106
7. Limestone, bluish-gray, very cherty....................... 6
6. Dolomite, sandy ......... .. ... c.iiiiiiiiiiiiiiii 4
5. Limestone, bluish-gray .......................... ... 8
4. Limestone, bluish-gray ...................ooiiiiiiii.. 4
3. Limestone and dolomite interbedded...................... 14
2. Dolomite, medium-gray, fine-grained..................... 17
1. Dolomite, medium-gray, very cherty...................... 44

Cambrian dolomite and limestone

The upper 307 feet of the Ordovician dolomite and limestone
belt about 1%, miles northeast of Rocky Point (Pl 1, loc. 2) contains
53.49 percent calcium carbonate, 35.90'percent magnesium carbonate,
and 7.28 percent silica. Sampled dolomite zones of the same unit 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.

Georocic SEctioN 62.—AronNG CoLLiers CREEK AND STaTE HicEway 251 aBoUT
TWO MILES SOUTHEAST OF COLLIERSTOWN Post OFFIcCE,
Rockeringe County, VIRGINIA

Thickness
Feet
Ordovician dolomite and limestone
Beekmantown formation (upper 380 feet)

23. Limestone, medium-gray, blocky.......................... 9

22. Dolomite, medium-gray, medium-grained; 1-foot bed of
black chert at base...............oiiiiii i 8

21. Dolomite, medium-gray, medium-grained; contains vugs
lined with carbonate minerals............covivirinninn.n. 21
20. Chert, black ... SN 1
19. Dolomite, dark-gray, medium—grained, cherty.............. 31
18. Dolomite, medium-gray, medium-grained.................. 12

17. Limestone, bluish~gray ............. ...l .3
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16. Dolomite, medium-gray; weathers shaly.................. 17
15. Dolomite, medium-gray, sparsely cherty................... 39
14. Shale, brownish ........ ... .o it i 1
13. Dolomite, medium-gray, medium-grained................. 16
12. Dolomite, medium-gray, cherty; contains vugs lined with
carbonate minerals ....... ... . 8
11, Dolomite with large irregular masses of chert............. 2
10. Dolomite, light-gray, medium-grained, laminated; a few shaly
9. Dolomite, light-gray, slightly laminated................... 20
8. Dolomite, dark-gray, medium coarse-grained.............. 30

Analysis of units 8-23, sampled thickness 262 feet: CaCOsg,
53.01; MgCO,, 36.88; SiO,, 9.52; Al;O,, 0.12; Fe,O,, 0.60;
total, 100.13.

7. Dolomite, ash-gray; weathers soft and mealy.............. 25
6. Dolomite, light-gray, even-bedded; sparsely cherty near base 39
5. Covered interval ...... ... i i 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 sandy materials. .. 10
2. Dolomite, light-gray, medium-grained.................... 5
1. Dolomite, dark-gray, mediom-grained..................... 14

Analysis of units 1-7, sampled thickness 113 feet: CaCOj,
53.60; MgCO,, 38.56; SiO,, 7.12; Al,O,, 0.36; Fe, 0Oy, 048;
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 12.64 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 (P 1, loc. 104)
shows 52.14 percent calcium carbonate, 40.37 percent magnesmm
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 1, 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.
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Geovoeic SectioN 63.—ALonG U. S. HicHway 11 EasT oF BurraLo CREEK AND
FOUR MILES SOUTHWEST OF LEXINGTON, RoCKBRIDGE COUNTY, VIRGINIA

T hickness
Feet
Ordovician dolomite and limestone
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 ................ ... i 4
8. Dolomite, medium-gray .............cooveiuiiiniiiennannn. 10
7. Dolomite, pearl-gray, fine-grained........................ 45
6. Dolomite, light-gray, brecciated; a thin limestone bed at base 12
5. Limestone, bluish-gray, fine~-grained....................... 47
4. Limestone and dolomite, brecciated................ccuou.. 48
3. Dolomite, buff-colored, brecciated........................ 36
2. Limestone, light-gray, sandy................. ... .. 67
1. Limestone, thick-bedded, sandy; a few irregular inclusions
of dolomite. .....ouiunuiiiii i i 88

The upper part of the Beckmantown 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,
twenty 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 spongy 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 outcrop between
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 to the ravine, which is 200 feet,
the total thickness at this point is 900 feet. Judging from the thickness
of the Beekmantown in the vicinity of Staunton, it is probable that at
least 600 feet of the formation is below the lowest 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-
posures of the Waynesboro, although not studied in detail, were
observed in the vicinity of Buena Vista, along U. S. Highway 501
between 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 report by Butts (1940,
p- 61) shows the general character and thickness of the Waynesboro
(Rome) formation east of Buchanan (Pl 1, loc. 106).

GeoLocIc SEcTION 64.—ALoNG THE CHESAPEAKE AND OHIO RAILWAY ABOUT
HALF A MILE NORTHEAST OF BUCHANAN, BoreToUrT COUNTY, VIRGINIA

) Thickness
Cambrian dolomite and limestone Feet
Waynesboro formation (1886 feet)
18. Shale; partly exposed; probably extends nearly to the top

of the Waynesboro .............coiiiiiiiin, 300
17. Limestone, drab-colored; weathers white; partly exposed. .. 180
16. Shale ... . . i e e e e 500
15. Shale with a few layers of limestone and dolomite.......... 230
14. Limestone, thick-bedded; weathers white; a layer of pearl-

gray compact limestone at top...........ocoiiiiiiaiintn 20
13. Limestone, blue, ribbony...........cooooviiiiiiiiiiin 165
12. Largely covered; a few beds of limestone exposed......... © 100
11, LIMEStONe ...ttt ittt et iiiieiiiireaaaaaens 100
10. Dolomite, mottdled ....... ... ... i i 30
9. Shale; red streaks and thin layers of limestone and dolomite 100
8. Limestone or dolomite, COMPACt. ........ovvvinenrnenianns 5

7. Limestone and dolomite; weathers yellow; partly thin bedded

and ribbony ... 100
6. Shale, red ... ... . e e 2
5. Shale, greenm ........ ... 10
4 Shale, ted ... ..t e 2
3. Shale, green ............oiiiiiiiiiiii i 15
2.8hale, red ..o e 2

1. Dolomite, gray, shaly................c.cooiiiiiiies 25

Cambrian dolomite
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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 descrlpuon of the rocks comprising this 1nterval is given in
the following section.

GEoLogIc SECTION 65.~ALONG THE CHESAPEAKE AND-OHIO RAILWAY ABOUT
ONE-FOURTH OF A MILE EAST oF INpIaN Rock, Borerourr County, VireiNia

Thickness
Cambrian dolomite and limestone Feet
Waynesboro formation (upper 957 feet)
30. Shale, buff-gray; a few thin beds of dolomite.............. 14
29. Dolomite, gray, fine-grained...............coiiiiniiien.n.. 21
28. Dolomite, shaly weathering.................... ...l 9
27. Dolomite, gray, medium-grained.......................... 59
26. Shale, red and green.............oiiiiiiiiiiii it 41
25. Dolomite, light-gray to brownish-gray, laminated.......... 17
24. Shale, red ...oiii i i e e e 13
23. Dolomite, light-gray, fine-grained......................... 7
22. Shale, red; weathers to shoepeg fragments................ 14
21, Dolomite and shale...........cciiiiiiiiiiiniiiinninns 11
20. Shale, red ...t i 12
19. Shale, red and green............. ... ..o, 59
18. Dolomite and shale............ T e 4
17. Shale, red ... .ottt i i, 15
16. Dolomite and shale ............ciiiiiiiiiiiiiieeanenan . 18
15. 8Shale, red ..ottt i e it : 2
14. Dolomite, light-gray, fine-grained......................... 15
13. Dolomite and limestone; limestone weathers irregularly; few
layers have blotched surfaces................. ... ... 156
12. Dolomite, light-gray; weathers brown..................... 25
11. Dolomite and shale......... ... ... it 53
10. Covered interval ... ... .. .. ittt iaaanaaas 162
9. Limestone and dolomite; a part of the limestone weathers to
a spongy looking rock resembling clinkers................ 90
8. Dolomite with shale partings...................... . ... - 27
7. Limestone, bluish-gray, fine-grained....................... 4
6. Shale, red and brown .......oovvirriieiiii i 53
5. Dolomite, light-gray ............. ... .. ... 1
4.Shale, red .......... i P 8
3. Dolomite, light-gray, sandy.......................ooiae 33
2. Limestone, bluish-gray ............. .. ..ol 9
1. Sandstone and shale, drab colored; covered at base......... 5

The Lone Jack Limestone Company quarries are located along
the Norfolk and Western Railway and North River about 1% miles
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northeast of Glasgow. When visited in 1956, crushed stone was
being produced from Cambrian quartzite (Pl 1, loc. 108), near the
northeastern end of Sallings Mountain and from dolomite in a newly
developed quarry 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 typical 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, overlying 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 71 to 89 percent calcium carbonate; those
of dolomite from 33 to 38 percent magnesium carbonate. Silica varies
from about 7 to 17 percent.

One of the best exposures of the Conococheague and the upper
three-fourths of the Elbrook is along State Highway 56, southeast of
- Steeles Tavern (Pl 1, loc. 110).

GEOLOGIC SECTION 66.—ALONG STATE HIGHWAY 56 EXTENDING SOUTHEAST
oF SteELES TAVERN, Rockeringe CoUNTY, VIRGINIA
Thickness
] Feet
Cambrian dolomite and limestone
Conococheague limestone (1898 feet)
86. Limestone, 'straticulate, very cherty; a few thin beds of
P [0 165 1 15 SO AR 12
85. Limestone, dark bluish- -gray, sparsely cherty; a few thin beds
of dOlOMIte ..ot e e e e 180



100

84.

83.

82.
81.
80.
79.
78.
71.
76.
75.
74.
73.
72.
71,
70,
69.
68.
67.

66.
65.
64.
63.
62.

61.
60.
59.
58.
57.
56.
55.

54.
53.
52.
51.
50.
49.
48.
47.
46.
45.
44,
43.
42.
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Limestone, dark-gray; contains prominent crinkly siliceous
bands ... e
Limestone, dark bluish-gray; a few lenses of black chert;
CaCOy, 88.79; MgCO,, 3.73; Si0,, 6.80; Al O, 0.40; Fe, O,
0.28; total, 100.00. . ... ..ottt
Limestone, dark-gray, banded, siliceous....................
Covered interval; limestone float..............coovuvvunnnn.
Dolomite, dark bluish-gray....................ocoiia....
Limestone, dark bluish-gray, banded, siliceous.............
Sandstone, and sandy dolomite....................oee.L
Dolomite, bluish-gray, sandy........................o ...,
Dolomite, bluish-gray .......................ooo,
Dolomite, sandy ...........cooiiiiiiiiii i
Limestone, light-gray ................ ool
SandStone . ... i e et e
Limestone, dark-gray, banded............................
Dolomite, banded ......... ... i
Limestone, dark-gray, banded, siliceous....................
SandStone ... ...t i e
Covered interval; abundant sandstone float................
Limestone, banded, siliceous; contains disseminated quartz
BIAINS L.ttt e
Sandstone and sandy dolomite.................. ..ol
Shale, buff, limy...............oooin
Dolomite, dark-gray, medium-grained.....................
Limestone, banded, siliceous................ccoiiitiinen..
Limestone, dark-gray, banded; contains disseminated quartz
BIAINS Lottt e
Dolomite, dark bluish-gray, fine-grained..................
Covered interval ........coiiiiiniiiiiiiiii i
Limestone, banded, siliceous............c.cooiiiiiennnnn.n
Dolomite within thin sandstone layers....................
Limestone, banded, siliceous, weathers to drab-colored shale
SaNdStONe . ..ot i i,
Limestone, bluish-gray, banded; a few thin bands of dolo-
ITHEE ettt e eeeeeeeeee e aaeeseaeeanaaanineannesaennnes

Dolomite, dark bluish-gray.................. ... .. ...
Limestone, dark-gray, banded, siliceous...................
Dolomite, dark-gray, shaly..................... ... ... ...
Limestone, dark-gray, banded, siliceous....................
Dolomite with thin limestone partings.....................
Limestone, dark-gray, banded, siliceous....................
Covered interval .........cciiviiieieeriernieenneronnnnns
Dolomite, medium-gray, brecciated.......................
Dolomite, dark- to medium-gray............ccoveiennienn.n
Dolomite and sandstone. ............cviiiiiiiiiiieeeanann
Dolomite, sandy, coarse.grained..........................
Dolomite, dark-gray, banded, medium-grained.............

80

125
186

20
22
11

W~ W



41.

40.
39.
38.
37.
36.
35.
34.
33,
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Dolomite, dark-gray, banded; a few thin beds of banded
JIMEStOME ittt et e,
Analysis of units 41-46, sampled thickness 282 feet: CaCOg,
52.14; MgCOy; 32.38; Si0,, 14.12; Al,Oy, 0.56; Fey,Og, 0.96;
total, 100.16.

Limestone, banded, siliceous; a few thin beds of dolomite. .
Sandstone, light buff-gray.................oociiiill
Limestone, banded, siliceous................cooiiiiii
Limestone, banded, siliceous, sparsely cherty..............
Dolomite, sandy .........oovinniiiiiiiiiiiiiia i
Limestone, bluish-gray, banded, siliceous..................
Dolomite, medium dark-gray...............cooiiiiiant
Limestone, bluish-gray, banded, siliceous...................

Elbrook dolomite (upper 1505 feet)

32.
31,
30.

29.
28.
27.

26.
25,
24.
23.
22.
21.
20.
19.

Dolomite, medium-gray .............cocvvvrieieaennannns
Limestone and dolomite interbedded......................
Mostly covered; a few exposures of dark-gray, medium-
grained dolomite ......... ...l
Dolomite, dark-gray, medium-grained, sparsely cherty......
Dolomite, dark-gray, fine-grained........................
Dolomite, dark-gray, medium-grained, thick-bedded........
Analysis of units 27-32, sampled thickness 426 feet: CaCO;,
5296, MgCOs,, 37.22; SiO,, 9.00; AlLOy, 0.52; Fe,Oy, 088,
total, 100.58.

Dolomite, medium-gray, medium-grained, sparsely cherty. .
Dolomite, platy .........cooiiiiiiii
Sandstone, deeply weathered. ...
Shale, dark-gray, calcareous.................ooiiiii
Dolomite; weathers shaly...........coooiiiii i,
Dolomite, brecciated .........oiiiiiiiiiiiiiiiiiiee
Sandstone, and shale.......... ..ottt
Dolomite, dark-gray; thick-bedded; a few interbedded platy
Jayers ..o

. Mostly covered; a few exposures of platy dolomite........
. Dolomite, dark-gray, sugary textured; a few layers of drab-

gray, platy dolomite........... ..ol PR

. Dolomite, dark-gray, banded.................cooii
. Dolomite, dark-gray, fine-grained, impure................
. Dolomite, medium-gray, sandy..........cooooiiiiiiiin
. Dolomite, medium-gray, fine-grained......................
. Dolomite, dark- and drab-gray mottled, brecciated. ........
. Dolomite, light-gray, thick-bedded........................
. Limestone, dark-gray, banded.................ooiiiiiiin,
. Dolomite, drab-gray, brecciated...................ooiili
. Dolomite, light-gray, thick-bedded; disseminated quartz sand
. Dolomite, drab-gray, fine-grained, platy...................
. Dolomite, medium- to dark-gray; a few beds weather shaly
. Limestone, dark-gray, banded........... ...l
. Limestone, sandy ............oiiiiiiiiiiiiiiiiene

101

76

83

48
16

41
16

133

17
61
28
180

38
58

16
42
31
18
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3. Limestone, clayey; weathers to soft shale.................. 22
2. Dolomite, dark-gray, impure...........cccooiiviinnnan.n. 13
1. Dolemite, clayey, banded; weathers to soft shale; covered at

the base ......oooiiiiiii i 95

There are no distinct differences in rock character in the above
section which could be used in locating a precise boundary between
the Elbrook and Conococheague formations. It is probable that units
33 to 86, with an aggregate 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 characteristic of the Elbrook.

Another excellent exposure of the rocks comprising the belt of
Cambrian dolomite and limestone is in the broad area northwest of
Buena Vista. The character and thickness of the rocks which crop out
in the eastern part of this area near Buena Vista (Pl 1, loc. 111) are
given in the following section.

Georocic SecTioN 67.—ALoNG THE CHESAPEAKE AND OHIO RAILWAY AND THE
NorroLx AND WESTERN RAILWAY EXTENDING NORTHWEST OF
Buena Vista, Rockeringe County, VIRGINIA

Thickness
Cambrian dolomite and limestone Feet
Conococheague limestone (lower 1532 feet) _
58. Limestone, bluish-gray, fine-grained; crinkly siliceous part-

T £ 85
57. Dolomite, yellowish-brown, mealy-weathering............. 5
56. Limestone, dark-gray, fine-grained, banded; veins of calcite

and QUATTZ ......iii et 50
55. Limestone, dark-gray, thinly-banded...................... 71

Analysis of units 55-58, sampled thickness 211 feet: CaCO,,

76.92; MgCO,, 6.57; SiO,, 15.08; Al,Og, 0.92; Fe,Oj, 0.72;

total, 100.21.

54. Limestone, light-gray to’ cream-colored, medium-grained. .. 83
53. Limestone and dolomite, light-gray........................ 72
52.8andstone . ... e 2
51. Limestone, light-gray to cream-colored, medium-grained; a

few impure greenish streaks................... ool 115

Analysis of units 51 and 53, sampled thickness 187 feet:

CaCO,, 72.30; MgCO,, 9.42; SiO,, 17.16; AL,Oy, 0.72; Fe,Oy,

0.60; total, 100.20.

50. Largely covered; a few exposures of bluish-gray, banded

Hmestone ... i e, 117
49. Limestone, dark-gray, banded......................... e 67

48. Limestone, light-bluish-gray to cream-colored, medium-
grained; cherty near base.................. oLl 120



47.
. Limestone, light-gray to cream-colored, medium-grained. ..

45.
44.
43.
42,
41.
40.
39.
38.
37.
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Limestone, dark-gray, fine- to medium-grained, banded. .. .

Analysis of units 46-50, sampled thickness 700 feet: CaCOy,
80.34; MgCO;, 6.33; SiO,, 1240; Al,O4, 0.40; Fe,O,, 0.64;
total, 100.11.

Covered interval ............... e
Limestone, bluish-gray, banded..............coooviniinn.
Limestone, light- and dark-gray, mottled..................
Dolomite, light-gray, fine-grained, platy............c.......
Limestone, dark-gray, banded..................ocoovinne
Dolomite, light-gray, platy............ooooiiiiiiiiiinn
Limestone, dark-gray, banded................cooooieeln.
Dolomite, light-gray, fine-grained.................oooeneee
Limestone, banded, cherty; tentatively assigned as base of
Conococheague formation ..............cooeieiiiiiiionne

Elbrook dolomite (2271 feet)

36.
35.
34,
33.
32.
31.
30.

29.
28.
27.
26.

25.

24.

23.

22.
21.
20.
19.
18.
17.
16.
15.
14.

Covered interval ... ... .. ieiiireiiiiiiiiiiiiaaaie e
Dolomite, light-gray, fine-graimed. ...
Dolomite, fine-grained, brecciated............. e
Dolomite, light-gray ......c.....coooiviiiiiiiiiiiens
Dolomite, bluish-gray, fine-grained........................
Dolomite, shaly .........oovieeiiiiiiiiiiiiiieiaaeeien
Dolomite, dark-gray, fine-grained; black chert nodules near
Dot rs 1< | (=SOSR G
Dolomite, dark bluish-gray; thin bedded..................
Dolomite, dark bluish-gray; weathers shaly................
Dolomite, sandy .........oviiiiiiiiiiiiiiii
Dolomite, light-gray; contains thin partings of sandy dolo-
TEHEE oo e e et eee e et e as ot aeanaasaeaoesaneoanaann s
Dolomite, bluish-gray, laminated; weathers cream-colored. .
Analysis of units 25-34, sampled thickness 298 feet: CaCOs,
51.66, MgCO,, 3837; SiO,, 9.12; AlLOg, 0.08; Fe,0,, 1.04;
total, 100.27. .

Dolomite, mainly dark- to medium-gray, fine-grained; thin
bed of edgewise conglomerate at base...........c..oovnt.
Dolomite, bluish-gray, fine-grained...............ccooennues
Analysis of units 23 and 24, sampled thickness 404 feet:
CaCOy, 50.54; MgCOj;, 39.05; SiOy, 9.44; Al,0,, 0.52; Fe,Og,
0.68; total, 100.23.

Limestone, dark-gray .........cooociiniiiiieneaeeiins,
Dolomite, dark-gray, fine-grained, shaly weathering. .. ...
Dolomite, light-gray, thick-bedded..........c.oovevnennnns
Dolomite, light-gray, shaly weathering............c.c......
Dolomite, drab-gray, shaly weathering...........oovninnns
Largely covered; a few exposures ofshale.................
Dolomite, light-gray .........cooociiiiiiiiiienenn.
Dolomite, bluish-gray ...........ccoooiiiiiiioieiinns
Covered interval ... ..ottt

103

371
25

142
134

18
10
10

18

56
21

22

33
48
125

19
35

364

107
11
31
14

130

10
150
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13. Partly covered; a few exposures of an ocherous weathering

limestone and shale.............coviiiiininnniniin, 235
12. Dolomite, buff-gray ..................ociiiiiiiia., 38
11. Dolomite with greenish-gray shale partings................ 22
10. Limestone, banded, impure................ciiiiiinn.... 5
9. Dolomite, drab-gray,. shaly; weathers mealy............... 18
8. Limestone, dark-gray, banded............................. 10
7. Dolomite, light-tan, banded.............................. 35
6. Dolomite and limestone, laminated........................ 18
5. Limestone, bluish-gray, banded................ I 11
4. Dolomite, dark-gray, shaly............................... 50
3. Covered interval .............oiiiiiiiiiiiiiiaann., 106
2. Partly covered; a few exposures of banded limestone and

blocky dark-gray dolomite.................coveiiinan... 285
1. Dolomite, platy, impure; lower boundary uncertain........ 196

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.
Southwestward along the strike of this belt at Buffalo Forge (Pl 1,
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 percent calcium carbonate,
42.53 percent magnesium carbonate, and only 3.56 percent silica,
(Table 7). This analysis represents the highest-grade dolomite sampled
from the belt of Cambrian dolomite and limestone in the eastern part
of the James River district.

The character and thickness of the Conococheague southeast of
Natural Bridge (Pl 1, loc. 113) are given in the following section.

Georogic SecTioN 68.—ALoNG StatE Roap 608 axp State Hicaway 249
SOUTHEAST oF NATURAL Bringe, RockBringe County, VIRGINIA
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...................... 35
28. Limestone and dolomite, dark-gray..................0..... 175
27. Limestone, dark bluish-gray, cherty; two thin sandstone beds

D 68
26. Covered interval ....... ... ... .. i, 95
25. Limestone and dolomite, dark bluish-gray; partly covered.. 193

24. Dolomite, shaly; a few rusty-weathering sandstone beds. ... 49
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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 ......c.iiiiiii e i 16
18: Limestone, dark-gray, fine-grained, shaly weathering...... 65
17. Limestone and dolomite, dark bluish gray, a few beds weather
to buff-colored gritty shale.............. ...t 22
16. Sandstone and buff-colored shale.................... . ..., 8
15. Limestone and dolomite, dark bluish-gray........ e 29
14. Sandstone float . ... ... . e 29
13. Limestone, dark bluish-gray, laminated; a few reddish streaks
and occasional thin layers of dolomite.................... 36
12. Covered interval ........ ..o ittt 54
11. Limestone and dolomite; contains crinkly siliceous laminae 53
10. Dolomite, light-gray; a part weathers shaly............... 44
9. Limestone, bluish-gray, laminated; a few buff-colored dolo-
Mite beds .....oititiiiii it et 39
8. Limestone and dolomite, gray, fine-grained; partly covered 524
7. Covered interval ........ii.iiiiiiiiiiiiii it 193
6. Dolomite, bluish-gray, fine-grained; partly covered........ 117
5. Covered interval .........c.. ittt e 20
4. Dolomite, bluish-gray, medium-grained; partly covered. ... 108
3. Dolomite, gray, cherty..............ccooiiiiiiiiiann, 19
2. Covered imterval; abundant sandstone float................ 31
1. Shale, buff-colored; a few sandstone streaks................ 7
Elbrook dolomite

Southwest 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 1, loc. 114) are as follows:

Georocic SEcTioN 69.—AroNG CHESAPEAKE AND Onio Raiwway ano State Roap 614
IN THE VICINITY OF Inp1aN Rock, Borerourt County, VIRGINIA

Thickness
Cambrian dolomite and limestone Feet
FElbrook dolomite (lower 1347 feet) )
27. Dolomite with shaly partings..............c.oooiiiin.n. 215
26. Dolomite, buff-colored, platy; a few thin shaly beds........ 146
25. Dolomite, dark bluish-gray................cooiiiiiiie 11
24. Dolomite, buff-colored; shaly weathering................. 7
23. Dolomite, dark bluish-gray, medium-bedded............... 9
22. Dolomite, platy ........cooiiiiiiiiiii 33

21. Dolomite, dark bluish-gray, medium-grained; abundant car-
DONALE VEINS . .'viirrrieaeeneeranannseesersonnsasivonenns 56
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20. Dolomite, buff-colored; shaly weathering.................. 32
19. Dolomite, dark bluish-gray, medium-bedded.............. 11
18. Dolomite, buff-colored, platy............................. 138
17. Dolomite, dark bluish-gray, fine-grained, thick-bedded.... 13
16. Dolomite, dark-gray to buff-colored, fine-grained, slabby
weathering ...... ... ..ottt 31
15. Dolomite, medium-gray, fine-grained...................... 20
14. Dolomite, light-gray, shaly weathering.................... 117
13. Dolomiite, light-gray, thick-bedded; weathers buff-colored. . 19
12, Dolomite, light-gray, medium thick-bedded............... 80
11. Dolomite, light-gray, shaly weathering.................... 184
10. Limestone, light-gray, to pinkish-gray.................... 10
9. Dolomite, dark-gray ................c. i, 21
8. Limestone, light-gray to salmon-colored, ﬁne—gramed ...... 6
7. Dolomite, light-gray .................cccoiiiiiniinn.. 7
6. Limestone, bluish-gray ................ ... 4
5. Dolomite, light-gray ..............ccoiiiiiiiiiiiian, © 60
4. Dolomite, light-gray, shaly weathering.................... 29
3. Shale and interbedded dolomite............coevuvnenn.nn. 61
2. Dolomite, light-gray, shaly weathering.................... 16
1. Dolomite, gray, thick-bedded...................ccvieeen.. 11

Another excellent exposure of about 1,300 feet of impure dolo-
mite and limestone comprising the middle part 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 characterized by abundant
impure beds which weather 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).

GeoLocic Section 70.—InacTive Quarry aroNG U. S, HicHwAY 11 ABOUT FIVE MILES
NORTHEAST OF LEXINGTON, RockBriDGE CoUNTY, VIRGINIA

Thickness
Feet
Cambrian dolomite and limestone
Elbrook dolomite (near middle, 180 feet)

4. Dolomite, light-gray, fine-grained; weathers ash-gray...... 17
3. Limestone,  bluish-gray, 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 1-4, sampled thickness, 180 feet: CaCO,,
56.56; MgCOy, 33.56; SiO,, 9.36; Al,Oj, 0.40; Fe,Og, 0.60;
total 100.48.



DEvELOPMENT POSSIBILITIES 107

The Department of Highways is producing stone for highway
construction from 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 several localities east and west of Pulaski-Staunton fault, but no con-
tinuously exposed sections of the full thickness of these rocks 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.

GroLogic SECTION 71.—ALONG STATE ROAD 675 AND ABOUT 272 MILES EAST
oF NEwPoRT, AUGUsTA COUNTY, VIRGINIA

Thickness
Cambrian dolomite and limestone Feet
Conococheague limestone (lower 1456 feet)
105. Dolomire, medium- to light-gray, medium grained......... 100
104. Limestone and dolomite. ........ovvintiiiininnanenaarenes 30
103. Dolomite, medium-gray, fine-grained................oooent 5
102. Partly covered; a few beds of sandstone and sandy dolomite 47
101. Dolomite, medium-gray, fine-grained; weathers brownish-
gray; a few beds of sandy dolomite.................oeee. 23
100. Limestone, bluish-gray, medium-grained, oolitic. ........... 19
99. Dolomite, dark-gray, thin bedded, banded................. 18-
98. Covered interval; abundant sandstone float................. 16
97. Limestone and dolomite; limestone contains crinkly siliceous
JAMEIAE .+ ottt it aee e eeetaeeneaiesaneaaieaaees 34
96. Dolomite, medium-gray, streaked with thin crinkly buff-
colored partings and thin sandstone bed at base............ 15
95. Limestone, bluish-gray, banded, siliceous.................. 7
94. Dolomite, light-gray; weathers light-brown................ 11
93. Limestone, conglomeratic, sandy...........oooiaereneenne 3
92. Limestone, dark bluish-gray, conglomeratic, oolitic. ....... 15
91. Dolomite, light-gray and pink mottled............cveerenn 8
90. Partly covered; a few exposures of gnarly weathering dolo- '
mite and abundant sandstone Hoat..........c.oiiiiiiinnn. 43
89. Limestone, bluish-gray, banded, siliceous.................. 15
88. Limestone, bluish-gray, oolitic............oviivenennnens 40
87. Sandstone and sandy dolomite........c...coiiiiiiiiiaians 8
86. Dolomite, greenish-gray, impure.............ccooceenaens 5
85. Limestone, bluish-gray; contains crinkly siliceous laminae. . 1
84. Limestone and dolomite; limestone contains crinkly siliceous
JaMINAE ittt it i e e et 14
83. Dolomite, dark-gray, laminated............coiieiieeinns 3
82, SandSTONE .. .vivvvvireanerneeenecrroraaaneeascsascansans 5

81. Dolomite, dark-gray, fine-grained; a few layers of banded
siliceous limestone and edgewise conglomerate............. 38
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80.
79.
78.
77.
76.
75.
74.
73.
72.
71.
70.
69.

68.
67.
66.
65.
64.
63.
62.
61.
60.
59,
58.
57.

56.
55.
54.
53.
52.
51.

50.

49.
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Limestone, conglomeratic, oolitic..........................
Limestone, dark bluish-gray, banded, siliceous.............
Limestone, bluish-gray; a few beds of dolomite............
Dolomite, medium-gray, fine-grained......................
Dolomite and edgewise conglomerate.....................
Limestone, bluish-gray, banded, siliceous..................
Dolomite, dark-gray ..............cooiiiiiiiiiiiiain..
Limestone, conglomeratic, oolitic................cooeeen...
Dolomite, dark-gray, straticulate..........................
Limestone, conglomeratic, oolitic...............coieenn...
Dolomite, dark bluish-gray, fine-grained, straticulate......
Dolomite, medium- to light-gray, fine-grained; contains layers
of oolitic limestone............. ... . il
Limestone, bluish-gray; contains crinkly siliceous laminaze. .
Dolomite, dark-gray, fine-grained...:.....................
Limestone, oolitic; a few beds of edgewise conglomerate. ..
Limestone, bluish-gray; contains crinkly siliceous laminae. .
Dolomite, dark-gray, finegrained.........................
Dolomite, dark-gray, fine-grained, shaly weathering........
Dolomite, dark-gray, medium-grained, fractured...........
Dolomite, dark-gray, medium- to fine-grained.............
Dolomite, medium- to dark bluish-gray, medium-grained. ...
Dolomite, medium-gray, medium-grained, cherty..........
Dolomite, dark-gray, medium- to fine-grained..............
Dolomite, dark-gray, medium- to fine-grained.............
Analysis of units 57-64, sampled thickness, 398 feet: CaCOj,

5134; MgCO;, 38.02; SiO,, 9.68; Al,Oj, 0.52; Fe,0,, 0.64;

total, 100.20.

Dolomite, dark-gray,” fine-grained,  laminated..............
Largely covered; a few exposures of medium-gray dolomite
Sandstone and sandy dolomite................coiiiil.L.
Dolomite, medium-gray, medium-grained..................
Sandstone and sandy dolomite...........................
Dolomite, medium- to dark-gray, medium-grained; contains
thin sandstones and sandy shales..........................
Dolomite, dark-gray, fine-grained, fractured; a few shaly
beds ..o e
Partly covered; many sandstone beds......................

Elbrook dolomite (upper 1310 feet)

48.

47.
46.
45.
4.
43.
42.

41.

Dolomite, medium-gray, medium-grained; a few intercala-
tions of impure dolomite which weathers to shale..........
Dolomite, light- to dark-gray................oooiieiian.
Dolomite, dark-gray ...
Largely covered; a few exposures of dark-gray dolomite. ...
Dolomite, light- to dark-gray, medium-grained............
Dolomite, light- to dark-gray..................cooovnen
Dolomite, medium-gray, medium-grained; a few beds of
shaly dolomite ...:.....c.oviiuiiiiiiiiiii it
Dolomite, light-gray, fine-grained.........................

14

35
10
20
58

10

1
12

16
55

42
56
40
24
132
77
35
57
20
13

[Ry
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47

53
22

63
85
77
35
75
52

97
30



40.
39.
38.
37.
36.

35.
34.
33.
32.
31.
30.
29.
28.
27.
26.
25.
24.
23,
22.
21.
20.
19.
18.
17.
16.
15.
14.
13.
12.

—
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Limestone, bluish-gray ................ 00 ...
Dolomite, light-gray to cream-colored, fine-grained........
Dolomite, medium light-gray to tan-colored mottled.......
Covered interval .......oviinii v iniiiiirireeeineenens
Dolomite, medium-gray, fine-grained; a few pinkish-colored
01T SR
Analysis of units 36-47, sampled thickness 581 feet: CaCOg,
52.04; MgCO,, 38.37; SiO,, 9.40; Al,O,, 0.08; Fe,Og, 0.56;
total, 100.45.

Dolomite, dark-gray, fine-grained.........................
Limestone, bluish-gray, medium-grained..................
Dolomite, dark-gray, fine-grained.........................
Dolomite, light-gray, fine-grained.........................
Limestone, bluish-gray, irregularly banded.................
Dolomite, dark-gray, fine-grained.........................
Dolomite, medium- to light-gray, fine-grained.............
Limestone, bluish-gray, banded crumbly...................
Dolomite, dark-gray, fine-grained................. e
Limestone, bluish~gray ............... ... ...
Covered interval ........ ... ittt
Dolomite, light-gray, fine-grained.........................
Limestone, bluish-gray .....................col
Dolomite, medium-gray, sandy............c...coviiinn.
Limestone, bluish-gray, oolitic............................
Dolomite, medium-gray, fine-grained......................
Limestone, bluish-gray, fine-grained.................0.....
Dolomite, dark-gray to cream-colored, fine-grained........
Dolomite, dark-gray, fine-grained; weathers shaly.........
Dolomite, medium- to dark-gray; weathers buff-colored. ...
Dolomite, dark-gray, brecciated..................c.co.o.ls
Dolomite, dark-gray; weathers buff-colored...............
Dolomite, dark-gray, fine-grained.........................
Limestone, bluish-gray, banded; a few thin beds of bluish-
gray dolomite .......... .. ... i

. Dolomite, dark-gray, fine-grained; weathers shaly.........
. Lirhestone, bluish-gray, banded, oolitic; a few shaly partings
. Dolomite, dark-gray, fine-grained.........................
. Limestone, bluish~gray, banded...........................
. Dolomite, dark-gray, fine-grained, platy..................
. Limestone, bluish-gray, banded...........................
. Dolomite, light-gray, brecciated..........................
. Limestone, bluish-gray, oolitic........................ ...
. Limestone, bluish-gray, banded.........................0.
. Limestone, bluish-gray .................... ..ol
. Limestone, bluish-gray, banded; weathers shaly............

109

37
40
12’

38

10
15

6
13
16
45
10

3
13
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 similar 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 units of dolomite
from both the Conococheague 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 1%
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 at many places along the
steep slopes adjacent to James River between Buchanan and Eagle
Rock. One representative exposure at a locality about 2% miles south-
east of Eagle Rock (P 1, loc. 119) is described in the following section.

GeoLogIic SECTION 72.—ALoNG CHESAPEAKE AND OHI0O RALway AND JamEs River
ABOUT ONE HALF MILE WEST OF STATE R0AD 688 AND 21, MILES SOUTHEAST OF
EacLe Rock, BoreTourt CounTy, VIRGINIA

Thickness
Feet
Cambrian delomite and limestone
Elbrook dolomite (middle 1257 feet)

8. Limestone, banded .............c.coiiiiiiiiiniiiannan.. 3
7. Dolomite, gray, fine-grained................ocoiiviunnnn, 302
6. Dolomite, dark-gray, fine- to medium-grained............. 201

5. Dolomite, gray, fine- to medium-grained; a few brownish
streaks ........00ie.l U 120

Analysis of units 5-8, sampled thickness 626 feet: CaCO,,
54.56; MgCOs,, 38.62; SiO,, 3.85; AlO,, 2.35; Fe,Oj, 0.88;
total, 100.26.

4. Dolomite, medium-gray .................. e rrereeaaas 235
3. Dolomite, gray; a few thin sandy streaks.................. 123
2. Dolomite, dark- to medium-gray; a few thin sandy streaks 106
1. Dolomite, light- to medium-gray. .........ovvveuneerannn. 167

Analysis of units 1-4, sampled thickness 631 feet: CaCOy,,
54.16; MgCOj, 40.65; SiO,, 3.62; AlO;, 081; Fe,0,, 1.14;
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 represent units 1 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 7.06 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, about 214 miles northeast of Springwood. Here much of the
dolomite is sheared and brecciated as a result of its proximity to the
Pulaski-Staunton fault (Pl. 1, loc. 120).

GeoLogic SECTION 73.—ALONG STATE HiGHWAY 43 ABOUT 2% MILES NORTHEAST OF .
SPRINGWOOD AND 5 MILES SOUTHEAST OF EAGLE Rock, Boterourt County, VIRGINIA

Thickness
Feet
Cambrian dolomite and limestone
Elbrook dolomite (middle 445 feet)
11. Dolomite, dark bluish-gray, dense; abundant white carbonate
VOIS« ottt ittt e e e e : 30
10. Conglomerate, shaly, crushed ...................... . ... 14
9. Dolomite, dark bluish-gray, shaly, thin-bedded............ 19
8. Shale, bluish-gray, limy, jointed.......................... 29
7. Dolomite, light-gray, medium-grained..................... 8
6. Dolomite, dark bluish-gray, fine-grained; abundant car-
bonate veins ...............iiiiiia.. e, 33
5. Dolomite, dark bluish-gray, shaly, platy................... 21
4. Dolomite, bluish~gray, crushed........................... v
3. Limestone, dark bluish-gray, fine-grained, magnesian; abun-
dant carbonate veins........... ... ..o i, 52
2. Dolomite, dark bluish-gray, platy...............coooveiane, 41
1. Dolomite, dark bluish-gray, crushed....................... 156

The results of field studies and chemical analyses indicate that
the unit mapped (Pl 1) as Cambrian dolomite and limestone 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
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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 Mr.
Shreve Clark, Testing Engineer, for testing. The reader is referred to
reports prepared by W. T. Parrott, Geologist, 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.
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VireiNiaA Division oF MINERAL RESOURCES Buiienin 73 Prate 2

2A. Crinkly siliceous laminae in Conococheague limestone near Staunton,
Augusta County, Virginia.

2B. Weathered Elbrook dolomite along U. S. Highway 11 about half a mile
south of Buffalo Creek, Rockbridge County, Virginia.

2C. Hckly weathering red shale and impure dlomlte in th upper part of
the Waynesboro formation in the vicinity of Indian Rock, Botetourt
County, Virginia.
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VirciNia DivisioNn oF MINERAL RESOURCES Buirenn 73 Prate 2

2A. Crinkly siliceous laminae in Conococheague limestone near Staunton
Augusta County, Virginia.

i

2B. Weathered Elbrook dolomite along U. S. Highway 11 about half a mile
south of Buffalo Creek, Rockbridge County, Virginia.

2C. Hackly weathering red shal and impure dolomite in the upper prt of
the Waynesboro formation in the vicinity of Indian Rock, Botetourt
County, Virginia.
126



VireiNia Division or MiNersL REsources BuiLeniN 73 PratE 3

3A. Jointing in Tonoloway limestone along State Highway 42 about 4 miles south-
west of Millboro Springs, Bath County, Virginia.

3B. Inactive mine in the vicinity of 3C. Striped weathering impure Ordo-
Eagle Rock, Botetourt County, vician limestone overlying Beek-
showing ' Beekmantown dolomite mantown dolomite near the south-
(dark) on Ordovician limestone. western end of Warm Springs
Valley, Alleghany County, Vir-

ginia.
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ViraiNia Division or MiINERAL RESOURCES BurizmiN 73 Prate 3

3A. Jointing in Tonoloway limestone along State Highway 42 about 4 miles south-
west of Millboro Springs, Bath County, Virginia.

3B. Inactive mine in the vicinity of 3C. Striped weathering impure Ordo-
Eagle Rock, Botetourt County, vician limestone overlying Beek-
showing Beekmantown dolomite mantown dolomite near the south-
(dark) on Ordovician limestone. western end of Warm Springs
Valley, Alleghany County, Vir-

ginia,
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VircINiA DivisioNn oF MINERAL RESOURCES BurieTiN 73 PraTE 4

A. Nulr chert in the New Mrket limestone along Road 672 aboué 3
miles northeast of Collierstown, Rockbridge County, Virginia.

4B. Iregular masses of chert along bedding surfaces in the lower part of the
Licking Creek limestone in the vicinity of Craigsville, Augusta County,

Virginia.

4. Keyser hmestne with fossils (bioerm; in the eastern env1ron of Clif-
ton Forge, Alleghany County, Virginia.
' 128



VirGiNiA Division oF MINERAL RESOURCES BuLLeTiN 73 PraTE 4

4A. Nodular chert in the New Market limestone z;long Road 672 about 3
miles northeast of Collierstown, Rockbridge County, Virginia.

4B. Irregula masses of chert along beddin surfaces in the lower at of the
Licking Creek limestone in the vicinity of Craigsville, Augusta County,
Virginia.

4C. Keyser limestone with fossils (bioheri'ni 1ﬂ the eastern environs of Clif-
ton Forge, Alleghany County, Virginia.
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VireiNia Division oF MINERAL RESOURCES Buiiernn 73 PratE §

5A. Approximately 200 feet of hig-calcium limestone (Murat facies of Lin-
colnshire) exposed along Road 670 about one mile northeast of Murat,
Rockbridge County, Virginia.

5B. Thin intercalation of coarse-grained limestone (Murat facies) in cobbly
weathering impure Lincolnshire limestone along Colliers Creek about
2% miles southeast of Collierstown, Rockbridge County, Virginia.

5C. Contact of New Market limestone with overlyin chery Whistle Creek
limestone along Colliers Creek about 2 miles southeast of Collierstown,
Rockbridge County, Virginia.
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VireiNia Division or MiNERAL RESOURCES BuLLeTin 73 Pratr 5

i e : : ; i

JA. Approximately 200 feet of high-caleium limestone (Murar facies of Lin-

colnshire) exposed along Road 670 about one mile northeast of Murat,
Rockbridge County, Virginia.

it S e Ll _ L |

5B. Thin intcrcalation of coarse-grained limestone (Murat facies) in cobbly
weathering impure Lincolnshire limestone along Colliers Creek about
2% miles southeast of Collierstown, Rockbridge County, Virginia.

Vit Ve R SR e g R

FC. Contact of New Market limestone with overlying cherty Whistle Creek
limestone along Colljers Creek about 2 miles southeast of Collierstown,
Rockbridge County, Virginia.
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VireiNia DivisioN oF MINERAL RESOURCES BurLeTiN 73 Prate 6

6B. Folding in the Edinburg formation which was displayed (1945) in the
Barger quarry along U. S. Highway 60 just east of Lexington. Rock-
bridge County, Va.

6C. Inactive quarry about on—o;tof a mile east of Craigsville, Augusta
County, Va., showing Coeymans limestone (light-colored) overlain by
dark-gray, cherty limestones.
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ViIrGINIA Division oF MiNerar RESOURCES BuLienin 73

in the upper parc of the Edinburg formation along Colliers
Creek about 3 miles southeast of Collierstown, Rockbridge County, Va.

i & B - 3 i S

6B. Folding in the Edinburg formation which was displayed (1945) in the
Barger quarry along U. S. Highway 60 just east of Lexingron. Rock-

bridge County, Va.

-

6C. Inactive quarry about one-fourth of a mile east of Craigsville, ugusté
County, Va., showing Coeymans limestone (light-colored) overlain by
dark-gray, cherty limestones.
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VirgiNia Diviston oF MINERAL RESOURCES Burierin 73 Prate 7

A. Lower Keyser llmetone m inactive quary along State Highway 4
about 4 miles southwest of Millboro Springs, Bath County, Va.

7B. Upper Licking Creek limestone comprisin column in Lowmoor mine
about half a mile southwest of the railroad junction at Lowmoor, Al-
leghany County, Va.

i

7C. Iron Gaq arch in the gorge of Jaes River through Rich Patch Moun-
tain, about 1% miles southeast of Clifton Forge, Alleghany County, Va.
(Photo from Butts, 1940, PL. 55A).
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VirgINIA Division oF MINERAL RESOURCES Buiienin 73 Prate 7

7A. Lower Keyser limestone in inactive quarry along State Highway 42
about 4 miles southwest of Millboro Springs, Bath County, Va.

SV = . il ___ AP T

7B. Upper Licking Creek limestone comprising column in Lowmoor mine
about half a mile southwest of the railroad junction at Lowmoor, Al-
leghany County, Va,

7C. Tron Gate arch in the gorge of James River through Rich Ptch Moun-
tain, about 1% miles southeast of Clifton F orge, Alleghany County, Va.
(Photo from Butts, 1940, PL. 55A).
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Pace
A

Analyses (see also Table 7)
Beekmantown dolomite. 32, 91-93, 95
Chepultepec limestone ....... 92-93
Coeymans limestone 67, 70, 73-74, 77
Conococheague limestone

100, 102-103, 108
Edinburg limestone .......... 86-88
Elbrook dolomite ....101, 103-104,
106, 109-110
Keyser limestone ..... 67, 70, 73, 75
Licking Creek limestone. .69, 71-74
Lincolnshire limestone: Murat
facies ..31, 34, 38-39, 41-44, 46-48,
50, 53, 56, 58, 62
New Market limestone. . .31, 3435,
41, 48, 51, 55, 57, 59, 60, 62, 66
Ordovician limestone of uncer-

tain age ............... 62, 64-65
Shady (Tomstown) dolomite.79-85
Travertine .................... 66
‘Waynesboro (Rome) formation

82, 99

Anticline .......................... 27

Appalachian geosyncline”........... 12

Appalachian Valley ................. 9

Athens formation ............... 21, 23
B

Barger quarry

Basal quartzites .................... 17

Beekmantown formation . .16, 20-21, 30,
32, 42, 60, 63, 91, 93-94, 125, Pls.
3B

Botetourt limestone member (see
also Edinburg formation)

15,21,23
Brallier formation ............... 14, 26

Pace
C

Cambrian dolomite (see also high-
magnesium dolomite). . .13, 78-85
Cambrian dolomite and limestone
18-19, 97-111

Cayuga group .....covveineennnnnnn. 24
Chambersburg limestone ......... 21,23
Chemung formation ............ 14,26
Chepultepec limestone ... .16, 20, 92, 94
Chesapeake” and Ohio Railway...... 11
Christianiabed ..................... 21
Clifton Forge sandstone member

(see also Keyser limestone)..... 24
Clinton formation ............... 15,24

Coeymans limestone. . . .14, 24-25, 67-68,
70-71,74-77, Pl. 6C

Collierstown limestone. 15, 21, 23, 86, 88
Collierstown-Rapps Mill belt..... 44-51
Conococheague limestone. .. .17, 19, 99,
102, 104, 107, 125, PL. 2A.

Crinoidal limestone ................ 25
Crushed and broken stone...... 111-112
D

Definition of terms
carbonate rock . .......... ...l 5
limestone ..........ovviieninnennns 5
dolomite ..........ccviiiiinann.. 5
dolomite limestone . ...... [ [
high-calcium limestone ............ 6
high-magnesium dolomite ....... .6
impure limestone ............ ... 6

Development possibilities. ... .... 29-112

Dolomite and limestone......... 90-111

E
Fagle Rock Lime Company...... 61-62

Eagle Rock belt................. 60-63
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Edinburg formation. . .15, 21, 23, 30-32, High-calcium limestone .......... 29-78
37, 42-46, 48, 55, 87-88, 125, Pl. 6A-B  High-calcium limestone belts
Elbrook formaticn. .. ... 17, 19, 101, 103, Collierstown-Rapps Mill........ 44-51
105-106, 108, 110-111, PL. 2B Eagle Rock ................... 60-63
Elliott Knob .......... ...t 10 Fincastle ...................... 58-60
Fordwick-Bells Valley ......... 75-78
F Highbridge Church-Indian Rock
29-35
Falling Spring Lime Company....... 65 Iron Gate-Callaghan .......... 66-72
Ff:nster ............................ 54 Marble Valley-Goshen . ....... 7275
chast.le belt ....... ...l 58-60 Rich Patch oo oooocoee 66
Fordwick-Bells Valley belt....... 75-78 Steeles Tavern-Buffalo Creek. . .56-58
G Timber Ridge-Murat .......... 35-44
Warm Springs Valley.......... 63-66
Geologic sections Zack-Kerrs Creek ............. 51-56
Augusta County ........... 51-52, 57, High-magnesium dolomite ....... 78-85
72, 76,91, 107 Holston limestone ................. 22
Alleghany County ............ 64-71 i
Bath County .............. 73-75, 89 I ;
Botetourt County ....30-35, 49, 59-60  [npure limestone «.............. 85-90
62, 82-84, 88' 97-98, 105, 110-111 1y Gate-Callaghan bele......... 66-72
Rockbridge County . .36-48, 50, 53-56, :
73,77, 79-80, 87, 92, 94, 99-106 ]
Geology .
general statement .............. 12-13  James River Hydrate & Supply
rock types .....ieiiieiiiiiiiann 13 Company quarry ............ 82-83
Cambrian dolomite . .............. 13 James-Potomac divide .............. 10
Cambrian dolomite and limestone J ames R“fer
18-19 tributaries of .................... 11
Ordovician dolomite and lime- James River basin
T 1920 arean .............................. 9
Ordovician limestone .......... 20-23 drainage ...... T -10-11
Ordovician limestone and shale.23-24 natura'l boundaries ................ 9
Upper Silurian and Lower Devo- el_evatlons e 9-10
nian limestone and sandstone. .24-25 Juniata formation ............... 15, 24
Devonian shale and sandstone. .. .. 26 K
Mississippian shale and sandstone. .26
Great Valley ..........cc..oiiint. 9 Keyser limestone...... 15, 24-25, 67-68,
Greenville quarry ................ 107 70-72,75-77, Pls. 4C, 7A
H L
Healing Springs sandstone mémber Lantz Mills facies (see also Edin-
(see also New Scotland lime- burg formation) ....... 15,21, 23
STOME) o eivernrnnecnnaennn. 24-25  Lehigh Cement Company quarry....75
Helderberg group .......... ..24,72-73  Lenoir limestone ......... 21-22, 63, 89
Highbridge Church-Indian Rock Liberty Hall facies (see also Edin-
belt .......... ..ol 29-35 burg formation) ...... 15,21, 23, 86
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Liberty Limestone Corporation
QUATTY .ot vvveeeannn, 32-33, 83-84
Licking Creek limestone. .14, 25, 67-71,
74, 76-77, Pls. 4B, 7B
Lincolnshire limestone. .16, 21-22, 30-33,
35-40, 42-48, 48-60, 62-63, 66, 124,
Pl 5B

Lone Jack Limestone Company

QUATEY .o iiinnaannns 98-99
Lowmoor mine and quarry......... 69
Lowville limestone ................. 89

M
Mapped uwnits ................ ... 14-17

Marble Valley-Goshen belt. .. ... 72-75
Martinsburg formation ....15, 21, 24, 90
Massanutten Mountain syncline.27, P1. 1
Millboro shale .................. 14, 26
Mine, limestone
Mosheim limestone. ...21-22, 36, 63, 89
Murat limestone facies (see also
Lincolnshire limestone)

: 23, PL. 5A-B
Murfreesboro limestone ............ 21
N
Natural Bridge .......cooovveinn. .. 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 limestone. .. ... 14, 24-25,
67-68, 70-71, 74-77

Norfolk and Western Railway...... 11
North Mountain faulte. ......... 28, Pl 1

o

Onondaga formation ............ 14, 26
Oranda formation .................. 21
Ordovician dolomite and limestone
19-20, 90-96
Ordovician limestone (see also high-
cal¢ium limestone) ....20-23, 85-86
Ordovician limestone and shale
23-24, 86-90
Overthrust sheet ................... 54

InpusTRIAL LiMESTONES AND DOLOMITES

Pace
P
Physical tests ..............ut. 124-125
Price shale ........................ 26
Pulaski-Staunton fault..... 18, 27, 33-34,
36, 56, 58
Q
Quarries (active in 1957)
Barger ... 88-89
Greenville ...................... 107
James River Hydrate & Supply
Company ...........cccvun.. 82-83
Lehigh Cement Company........ 75

Liberty Limestone Corporation.32-33
Lone Jack Limestone Company.98-99

R
Rapps Mill anticline................ 27
Relief and drainage .............. 9-11
Rich Patch anticline.............. 28
Rich Patch belt................... 66
Ridgeley sandstone.......... 14, 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 ............ieiiiinnn.. 27-28

Syncline ........ccviiiiiiiiii.... 27
T

Timber Ridge-Murat bele. ....... 35-44

Tonoloway limestone
15,24,68,71,75, PL 3A

Transportation facilities ............ 11
Tuscarora (Clinch) sandstone
15,24, P 7C
U

Upper Silurian and Lower Devonian
limestone and sandstone.24-25, 66-78
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Use of report.......coooveveenn.. 29  Warm Springs Valley belt........ 63-66
Uses of limestone and dolomite....6-8 Waynesboro (Rome) Formation
17-18, 80, 82, 97-98, P1. 2C
v Whistle Creek limestone..... 16, 21-22,
Value of (1955) 36-40, 42-45, 47-57, 66
crushed and broken stone. ......... 8  Whitesburg limestone ........... 21,23
|01 R 8 Wills Creek formation.............. 15
Virginia Products Company......... 61
VA
W
Zack-Kerrs Creek belt............ 51-56

‘Warm Springs anticline ............ 28
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VIRGINIA DEPARTMENT OF CONSERVATION & DEVELOPMENT

DIVISION OF MINERAL RESOURCES

James L. Calver, Commissioner of Mineral Resources
and State Geologist
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BULLETIN 73 PLATE 1

EXPLANATION

J

Shale and sandstone
Price

MISSISSIPPIAN

H

Shale and sandstone
Onondaga, Millboro, Brallier, and Chemung

DEVONIAN

G

Limestone and sandstone

Wills Creek, Tonoloway, Keyser, Coeymans,
New Scotland, Licking Creek,and Ridgeley

SILURIAN

. F

Sandstone and shale

Martinsburg, Juniata, Tuscarora, and
Clinton

E

Limestone and shale

Edinburg and Collierstown, Undifferentiated
limestone and shale in Warm Springs

Valley

Limestone
New Market, Whistle Creek,and Lincolnshire.
Undifferentiated limestone in Warm Springs
Valley

ORDOVICIAN

C

Dolomite and limestone
Chepultepec and Beekmantown

B

Dolomite and limestone
Waynesboro, Elbrook, and Conococheague

Dolomite

Shady-Tomstown. Circles indicate
covered areas.

CAMBRIAN

Basal quartzites
L Not mapped

10
>

Section or locality referred
to in text

R

Quarry

R

Inactive quarry

-

Thrust fault

Contact

Faults and boundaries of formations, except those modified (shown
by dashed lines) by R. S. Edmundson along the belts of high-calecium
limestone in the eastern part of the distriet and by R.O. Bloome.
along the belt of high-magnesium dolomite southwest of Buena
Vista, are redrawn from the Geologic Map of the AppalachianValley
in Virginia (Butts, 1933). The names of certain formations used by
Butts have been changed to conform with present accepted usage.

30 F_ In most instances two or more formations are combined and mapped

as a single unit. The highway locations are sketched from county
maps prepared by the Virginia Department of Highways.
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