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Industrial Limestones
Northern and Central

and Dolomites in Virginia:
Parts of Shenandoah Valley

By RavrvroNu S. EouuNosox

ABSTRACT

The area described in this report includes the northern and central
parts of Shenandoah Valley in Virginiq extending from the West
Virginia line southwestward to the vicinity of Greenville, Augusta
County. It contains extensive deposits of high-calcium limestone aver-
aging more than97 per cent calcium carbonate. The Mosheim limestone,
composed largely of high-calcium limestone, is the important "q,tatry
rock" of the area. Other formations containing hfgh-calcium limestone
include locally a part of the Lenoir, the upper part of the Chambersburg
in the western belts of Shenandoah County, and relatively thin units in
the Beekmantown along the eastern side of the Massanutten Mountain
syncline north of Rockingham County. Some of the thickest deposits
of high-calcium limestone near railroads are in Frederick, Shenandoah,

Rockingham, and Augusta counties.
Extensive exposures of the Tomstown (Shady) dolomite, contain-

ing more than 42 per cent magnesium carbonate, occur in the iastern
part df Clarke County. Locally near the North Mountain fault in parts
of Shenandoah and Rockingham counties, 80 feet or more of brecciated
dolomite in the Elbrook formation contains about 43.5 per cent mag-
nesium carbonate and generally less than 2 per cent silica. Most of the
sampled dolomite units in the Elbrook, Conococheague, and Bdekman-
town formations contain less than 4O per cent magnesium carbonate.

Special study was made of the carlonate rocks suitable for chemi
cal use and favorably located near railroads. Limestones, containing
less than 95 per cent calcium carbonate, were studied lodally in some
detail. Descriptions of the belts of industrial limestone and dolomite
are supplemented by geologic maps and.sections, and chemical analyses,
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'INTRODUCTION

LOCATION OF THE AREA

The most important deposits of limestone and dolomite in Virginia
are in the Valley and Ridge province. This natural division of the

State, west of the Blue Ridge, may be defined as a long relatively narrow
beit of valleys and ridges underlain by folded Faleozoic 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 para"llel

ridges afid valleys (Valley Ridges). The eastern belt, known as the
Valley of Virginia, is further subdivided,l5 from north to south, into
Shenandoah, Fincastle, Salem, Dublin, and Abingdon valleys. The area

described in this report (Fig. 1) extends from Greenville, Augusta
County, northeastward to the West Virginia line at the northeastern
boundary of Frederick County, a distance of 105 miles. The width
ranges from about 12 to 20 miles.

PURPOSE AND SCOPE OF REPORT

It is the purpose of this report to give accurate information on the
location, thickness, and chemical composition of the important occur-
rences of industrial limestones and dolornites in the'northern and cen-
tral parts of Shenandoah Valley, Virginia. This information should
be helpful to quarry operators and others interested in the expansion
of the stone industry. Special study was rnade of those formations
which contain high-calcium limestone and high-magnesium dolomite.
The physical character and chemical composition of the other carbonate
rocks at a few selected localities, exclusive of local occurrences remote
from railroads along the western edge of the valley, are discussed.

Wartime limitations on field work made it necessary to generalize some

of the. geologic mapping and to suggest only tentative correlations of
the formations, except in areas where there had been previous detailed
study. It is thought that the data in this paper are adequate to define
the most important belts of carbonate rocks and to serve as a guide in
selecting particular localities for more detailed geologic investigation and
testing.

Although the physical properties of the different rocks were ngt
determined, it is evident, from their general lithologic character and
from current commercial operations, that some of the limestones and
dolomites are well suited for general construction uses.
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FIELD WORK AND ACKNOWLEDGMENTS

In L942 a study of the industrial limestones and dolomites in the
Appalachian Valley of Virginia was planned by .the State Geologist.
The area northeast of Roanote was assigned to the writer and the area
southwest of Roanoke to Dr. Byron N. Cooper, also of the Virginia
Geological Survey. This report covers the northern and central parts,
approximately two-thirds, of Shenandoah Valley.

During the summer of. L942 the writer was capably assisted in the
field, in the northern part of the valley, by Mr. Vincent E..Shainin,
then a student at Columbia University. The remaining part of the
area was surveyed jointly by Dr. Byron N. Cooper and the writer dur-
ing the summers of 1943 and 1944. The report, including the geologic
sections and maps, was prepared by the writer. Samples collected dur-
ing field work were analyzed by Froehling and Robertson, Inc., Rich-
mond, Va., and by Dr. John H. Yoe of the University of Virginia,
also chemist of the Virginia Geological Survey. Wherever possible,
chips for analyses were collected from fresh material at stratigraphic
intervals of 1 to 2 feet. This is believed to yield the average composi-
tion of the full thickness of the rock sampled.

The geologic map of the Appalachian Valley of Virginia, which
was published in Virginia Geological Survey Bulletin 42, served as a
guide for the field investigations. Slight changes in the geologic inter-
pretations shown on this map were made locally along the belts of high- -

calcium limestone that were studied in detail. Stratigraphic names and
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 of Virginia.

The geologic maps of the carbonate rocks in Frederick and Clarke
counties, beginning with the top of the Tomstown (Shady) dolomite,
were compiled from field maps by Charles Butts and the writer. The
eastern boundary of the carbonate rocks in Clarke County was taken
from a manuscript map made by G. W. Stose and Anna Jonas Stose
{or the Virginia Geological Survey. The geology in Page County be-
tween parallels 38' 30' and 38o 45' and east of meridian 7Bo 30' is
modified from a manuscript map made by H. P. Woodward for the
Virginia Geological Survey. These maps are in the files of the Vir-
ginia Geological Survey. Maps in published reportsll'16 on manganese
deposits furnished the boundary between carbonate and noncarbonate
rocks along most of the eastern side of Shenandoah Valley south of War-
ren County. Other published reports which were consulted during the
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preparation of this manuscript are referred to in the text. The base

maps used include county maps prepared by the Virginia State Planning
Board and quadrangle tqpographic maps of the U. S. Geological Survey.

The writer is indebted to members of the Virginia Geological
Survey for suggestions concerning the prq>aration of this report and
for editing the manuscript and illustrations for publication. Special
acknowledgment is due quarry operators for assistance in field in-
vestigations and for valuable information on special uses of limestone
and dolomite. Many.other citizens of the area have helped in the
collection of data and have extended everv courtesv to the writer

DEFINITION OF TERMS

Carbonate rocks are of sedimentary origin and are composed es-
sentially 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 sections, the
term l;funestoree is used in the general geologic sense of applying to rocks
composed predominantly of calcium carbonate (CaCOs). Doloynite is
used in the same sense for those rocks composed chiefly of the double
carbonate of calcium and magnesium (CaCOs.MgCOs). A pure dolo-
mite contains about 46 per cent magnesium carbonate and 54 per cent
calcium carbonate, whereas pure limestone is composed entirely of
calcium carbonate. None of the carbonate rocks in Virginia have this
theoretical purity. Rocks containing about 10 to 30 per cent magnesium
carbonate are referred to in this report as wagnesi,an or dolorni,ti,c lime-
stone. If sufficient chemical data are available, the rocks are further
subdivided into.high-calciwn lin.rcstone, containing more than 95 per'
cent calcium carbonate, and high-rnagnesiuw d,olomite, containing more
than 40 per cent magnesium carbonate and generally less than 4 per
cent noncarbonates. Since the noncarbonate constituents are important
for certain uses, the heading funpure lirnestone is used in the text to
describe those limestone formations which are commonly low in mag-
nesium carbonate and contain more than 5 per cent noncarfonates.
These noncarbonates, br impurities, include chiefly silica, alumina, and
iron oxide. Phosphorus, sodium, and potassium are generally present
in very small amounts.

The descriptive terms fin"e-, rnedi,utn-, and coarse-grained, rcler to
the texture of the rocks. . F,i,ne-grained varieties are composed of
mineral grains too small to be distinguished without magnification. The
coarse-grained rocks are composed largely of particles, perhaps averr
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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 med,iwru grai,ned,. The terrn co,,Mpact refers
to a very.'fine-grained, dense, homogeneous rock which breaks with a
smooth fracture, similar to glass.

USES OF LIMESTONE AND DOLOMITE

Certain uses of limestone and dolornite are dependent upon their
chemical composition, whereas other uses are largely controlled by their
physical character. Uses2 in which physical properties are most im-
portant include dimension sto,ne, concrete aggregate, road stone, rail-
road ballast, asphalt filler, riprap, sewage filter beds, stucco and ter-
razzo, pnultry grit, sand, roofing gravel, yatd and, playground surfacing,
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
reportls of the Illinois State Geological Survey. The classification of

Trnt. 1.-Important chemical uses of lirnestone anil dolomite

dar

a t
H.r @

'-]

o

6 d.;'BgF
bo; o
.4 b'lt

Agricultural limestone...
.q.it atiei.......-:. . . . --.'. . . : : : : : : : . . : : . : . : : : : :

Aluminum oxide...
Ammonia (cyanamide process).
Baking powders....... ..
Calbium carbide.
Calcium nitrate.
Carbon dioxide.
Coal-mine dusting.
Dolomi te refractories.
Dye works..
Epsom saltp...
Explosives.
Fertilizers.
Flux:

Open-hearth furnace...
, Blast furnace.

Nonferrous metals..
Glass manufacture...

x
x
x
x
x
x
x
x
x

x

x
x

x
x
x
x

?
x
?

x
x
x

x
x
x

x

.x
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Riprap.
Fi;;i"c sto"e....... . . . . . : : : : : : : : : . . : : : . . . . : : :

Crushed stone:
Concrete and road metal. .

Railroad ballast.
Agriculture.
Otheruses.:.......

Total..

14,O40
473,L10

1,639,870
612,760
896,520
726,270

ao
b0€

b0;
H

20,525.00
502,318.00

1 , 645 ,761 . 00
512,887.00
918,347.00
694,669.00

o

aYcD
a d'i

Ett
doSE
.q Dto

Iligh-calcium lime....
Low-maglesium lime.
High-magnesium lime.
Hvdraulic lime...

lVlacnesium.
. Mineral feeds. .- Natural cement.

Paner:- 
Sulphite pulp (Tower dystem).
Sulphite pulp (milk-of-lime system). .. .. .

Soda pulp and sulphate pulp. . .

Portland cement.
Rock wool.
Salt refinilrg.
Soap purification... . .

Sugar refining
Technical carbonate.
Whiting substitute".

x

x

x
x
x
x
x
x

x

x
x

limestones and dolomites given in this table is used in the general sense

described under the definition of terms.
The value of limestone, including crushed and broken stone

and lime produced in Virginia in 1943, as given by the U. S. Bu-
reau of Mines, is summarized in Tables 2 and 3.

Trsr"n 2.-Limestone (crushed and. broken stone) sold or used bE proilucers in
Virginia in 19433

Short tons Value

Tenln 1.-lnzportant chemical uses oJ limestone aniL il,olomite-Continueil,

o Physical propertim more importmt for @rtain us.

=!u
a7,A
c.= o

'l

E o.:

O 

t.:

bo' i
H

4,362,570 4,294,547.00
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T,+s,n 3.-Li,me solil or useil by proilucers.in Virgini,a in t943rt

Short tons

Agricultural.
Buildins.
Metalluisical
Paper mills.
Tanneries.........
Water purification....
Other uses.

Value

273,774.00
59,676.00

359,140.00
97,041.00
6,2'l:7:N

?,02,673.N
340,I71.00

1,338,675.00

37,099
8,384

53,978
14,116
1,000

28,373
52,024

194,974
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GEOGRAPHY

RELIEF AND DRAINAGE

The area described in this report (FiS. 1) includes parts of
Frederick, Shenandoah, Rockingham, Augusta, Page, Warren, and
Clarke counties. It is the broad generally flat valley, lying be-
tween the Blue Ridge on the east and the Valley Ridges on the
west, which is drained by Shenandoah River and its tributaries.
The geography of the Valley of Virginia has been described by
Stose. That part of his description pertaining to the area included
in this report is as follows:1?

"The northern part of the Valley of Virginia is drained by
Shenandoah River. At the Maryland State line it is 20 miles wide
and its floor is relatively erren and little dissected,except near the
large streams. Its altitude here is between 500 and 600 feet, but it
rises gradually southrvestr,l'ard. It has approximately the same
width to the vicinity of Strasburg and Riverton, at the forks of
Shenandoah River, beyond which the valley is divided lengthwise
by Massanutten Mountain, a bold, high mountain ridge 45 miles
long. l{orth Fork of Shenandoah River drains the part northwest
of the mountain and South Fork the part to the southeast. The
valley southeast of lvlassanutten Mountain has an average width
of about 5 miles, expanding to 6 or 8 miles in width near Luray
and at Ellcton and locally narrowing to 3 miles in width near Comp-
ton and south of Alma. The floor of this eastern part of the valley
rises from about 700 feet in altitude at its north end to 1,200 feet
at its south end. The valley north'West of Massanutten Mountain
has a general width of 6 to 10 miles, and. its floor rises from about
800 feet altitude near Strasburg to about 1,50O feet at Harrisonburg.
Beyo'nd the southwest end of Massanutten Mountain the valley is
again 20 miles wide, but narrows to about 14 miles near Greenville.
This wider part of the valley is drained by North, Middle, and
South rivers, which coalesce to form South Fork of Shenandoah
River. Its floor rises southwestward from between 1,2ffi and 1,500

feet to 1,800 and 2,000 feet altitude near Lofton and Middlebrook on
the Shenandoah-James divide, the higher levels prevailing on the
northwest side of the valley."

TRANSPORTATION FACILITIES

The Norfolk and Western Railway extends northward across
the eastern part of the area, passing through Stuarts Draft. Waynes-
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boro, Luray, Riverton, and Berryville. The main east-west line of
the Chesapeake and Ohio Railway serves the southern portion of
the,area, extending through Waynesboro, Staunton, and Clifton
Forge, and crossing the Norfolk and Western at Waynesboro.
Harrisonburg near the geographical center of Shenandoah Valley
in Virginia is connected with Staunton, Elkton, and Bridgewater
by branch lines of the Chesapeake Western Railway. A branch
line of the Southern Railway extends from Harrisonburg northeast-
ward to Strasburg Junction and thence eastward through Riverton
to connect with the main line at Manassas. Fro,m Strasburg Junc-
tion, the Valley Division of the Baltimore and Ohio Railroad ex-
tends northward through Winchester and Wadesville to connect
with the main line at I{arpers Ferry, W. Va. A branch line of the
Pennsylvania Railroad from Harrisburg, Pennsylvania, terminates
at Winchester. That part of western Frederick County between
Gpre and Winchester is served by the Winchester and Western
Railroad.

U, S. Highway 11, the main thoroughfare through the Valley
of Virginia, extends southwestward through Winchester, Wood-
stock, Ifarrisonburg, Staunton, and Greenville. State Highway L2,
passing through Berryville, Front Royal, Luray, and Waynesboro,
serves the eastern part of th,e area. A,mong the main thoroughfares
crossing the area from east to west are IJ. S. Highway 50, through
Millwood and Winchester; State Highway 55, througti Riverton
and Strasburg; U. S. Highway 211, through Luray and New Mar-
ket; U. S. Highway 33, through Elkton and Harrisonburg; and
U. S. Highway 25O, through Waynesboro, Staunton, d,nd Church-
ville. Numerous hard-surfaced roads connecting with the main
highways offer ready accessibility to most of th,e limestone and
dolomite belts.
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GEOLOGY

ENERAL STATEMENT

The land forms, rocks, and soils in the Appalachian Valley are
the results of a succession of events through a long period of
geologic time. These natural changes are continuing today but so
slowly that they are not generally observed.

The history of the Appalachian Valley began with the sub-
sidence of a riarrow belt in the eastern part of North, America, ex-
tending at least from Newfoundland into Alabama. This gradual
subsidence resulted in the formation of a large trough (Appalachian
geosyncline) which was gradually flooded many times by interior
seas. Streams flowing from neighboring land areas transported and
deposited sediments in this ancient seaway throughout most o the
Paleozoic eia. The deposits of mud, silt, sand, and gravel were
compacted and cemented into stratified shale, sandstone. and con-
glomerate, The limestones and dolomites were formed from limy
materials. Many o{ the rocks show shallow-water features, such as
mud cracks, cross bedding, and ripple marks. Approximately
15,000 feet of sedimentary rocks, chiefly limestone and dolomite,
are now exposed in the northern and central parts of Shenandoah
Valley.

The extremely long period of deposition in the geosynclinal
trough was followed by intense crustal movements which com-
pressed 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 dnd thrust northwestward one upon
the other, overlapping much like shingles on a roof.

Erosion has been active since the strata which became the old
mountains began to rise above sea level, having been renewed and
intensified from time to time by vertical up,lifts of the region.
The structure and relative resistance to erosion of bedrock play an
important r61e in shaping the landscape. Resistant ro,cks, such as
firm sandstones, form ridges; whereas less resistant rocks, such
as limestone and shale, become valleys.

STRATIGRAPIIY

The carbonate rock i.rnits, or formations, in the northern and
central parts of Shenandoah Valley are shown .in Table 4. The

11
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Ttwn 4.-Carbonate tormatinns in the northern anil central parts of Shenaniloah
Valley, Virginia

(After Charles Buttsa)

Ena Pnnroo eNo SvsrnM Fonu.rrroN

N

Ordovician

Chambersburg limestone
Athens formation
Whitesburg limestone"
Lenoir limestone
Mosheim limestone
Beekmantowir formation
Chepultepec limestone

Cambrian

Conococheazue formation
Elbrook formation
Waynesboro (Rome) formation
Tomstown (Shady) dolomite

. . 
a The Whitebug w obwed locally in ths belta mapped as Athem snd Chanbersburg in Augwta and Rock-

lnqhm cmntt6.

following summary of these formations includes a brief description
of the character and thickness of the rocks. Since the field investi-
g'ation on which this report is based did not include the study of
fossils, the boundaries of the formations shown on the geologic
maps and sections, except in areas where there has been detailed
geologic work, are subject to revision.

Tomstown dolomite.--The thick succession of clastic Lower Cam-
brian rocks 'lvhich crop out mainly on the lower northwestern
flanks and spurs of the Blue Ridge is overlain in normal geologic
sequence by the Tomstown (Shady) dolomite, the oldest carbonate
formation in Shenandoah Valley. The belt of Tomstown at the
western foothills of the Blue Ridge is concealed locally by over-
thrusting and, between Rockbridge County and northern Warren
County, is almost entirely covered by material washed down from
the mountain. The presence of the Tomstown beneath this mantle
of unconsolidated material, exclusive of the localities which are
faulted, is indicated chiefly by the occurrence of white to vari-
colored residual clays exposed in several manganese and iron-ore
pits and by unweathered dolomite encountered in several recent
test holes for manganese.lz The Tomstown dolomite, although not
fully displayed in any exposure, crops out at several localities near
Shenandoah River in Clarke County and near the southr.vestern end
of Shenandoah Valley in Rockbridge and Botetourt counties. In
Clarke County its thickness is estimated at 10o0 to 1500 feet. In
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general, the upper part of the formation in the northern part of the
area is cornposed predominantly of light- to dark-gray, fine- to
medium-grained dolomite that averages more than 40 per cent, and
locally contains more than 42 per cent, mag"nesium carbonate. Some

beds, for example those rvhich crop out along State Highway 7 west
of Castleman Ferry Bridge, are cream-colored and have a saccha-

roidal texture. Partial exposures, p.robably within the lower part
of the formation, observed along a tributary of Shenandoah River
about three-fourths o{ a mile northeast of State Highway 7, in a
field one-fourth of a mile west of Parker Island, and just southwest
of Shepherd Ford, are comp,osed o,f bluish-gray limestone or magne-
sian limestone, doloinite, and thin silty beds. Although exposures
are inadequate for detailed descriptions of the lithology, thickness,
and structure, it is thought that the upper part of the Tomstpwn
rvhich crops out in, Clarke County .contains large reserves of high-
magnesium dolomite.

Waynesboro formation.,--The Waynesboro (Rome) formation
directly overlies the Tornstown do,lo'rnite and crops out in a rela-
tively broad belt near the northwest base of the Blug Ridge.
This belt, excep't wh'ere it is crossed by large streams, commonly is
deeply weathered, covered by slope wash over large areas, and is
locally concealed by overthrusting. At other localities along the
western side of Shenandoah Valley, north of Staunton, Augusta
County, erosion has not extended to sufficient dep'ths to expose

the formation.
The Waynesboro is a heterogeneous formation. It is com-

posed of maroon-drab and green shaly mudrock, fine-grained brown-
ish sandstone, and impure limestone and dolomite. Intercalations
of marooh-drab shales and layers of imp,ure dolomites, which
weather to ochreous rocks, are distinctive features of the formation.
Although no cornplete sections of the Waynesboro were observed
in this area, it is probable that the measured thicknesss of about
2000 feet in the vicinity of Buchanan, Bo,tetourt County, at the
southwestem end of Shenandoah Valley, may apply in other parts
of the Valley.

Elbrook formati'on.-The Elbrook formation, in normal sequence

above the Waynesboro, crop,s out in one belt along the southeastern
side of Shenandoah Valley. It is continuous, except for a faulted
area southwest of Front Royal. Another belt occurs along a major

13
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overthrust near the western edge of the valley. Other smaller out-
crops occur along faults or o,ccupy the crests of anticlines.

In Frederick County the Elbrook is composed essentially of
interbedded clavey limestone and minor amounts of imp,ure dolo-
mite. It contains a few layers of flesh-colored limestone of appar-
ently good quality. The thickness is estimated at about 2000 feet.
The impure parts of the formation are generally thin bedded and
weather to rusty-looking slabs and thin p,lates. Altho.ugh no
samples were collected for chemical analysis, it is thought that
there are no quarriable thicknesses of either high-grade limesto,qe
or dolomite in the Elbrook in the county.

The Elbrook formation, near the North Mountain fault in
parts of Sh,enandoah and Rockingham counties, contains zones, B0
feet or more thick, of dark-gray, brecciated, m€aly weathering
dolomite, which average about 43.5 per cent mag.nesium carbonate
and generally less than 2 per cent silica. Other massively bedded
units of Elbroqk dolomite sampled in Augusta County dnd adjoining
Rockbridge County generally contain less than 4I per cent mag-
nesium carbonate and more than 5 per cent noncarbonates. Partial
exposures of the Elbrook formation along the eastern side of the
valley, although not sampled or studied in any detail, are brieily
described under each county as being composed largely of impure
limestone and dolomite.

Conqcocheague forwation.-The Conococheague formation crops
out in a belt east of the Massanutten Mountain syncline, and in one
or more belts along the western side of the valley. In the north-
eastern part of the area, particularly in Frederick, Clarke, and
Warren counties, the Conococheague is predomin antly a bluish-
gray limestone containing beds of dolomite of variable thickness.
Farther southwest, dolomite becomes more abundant, and in Au-
gusta County 'it p,robably represents about half of the estimated
thickness of 2500 feet. The formation is marked by two distinctive
features: thin laminae, co.ntaining siliceous material, which stand

. out as crinkly ribs on weathered surfaces of limestone (Pl. 1A) ;
and beds of coarse-grained, friable sandstone (pl. 1B). The
siliceous banded limestones are generally mo,re abundant near the
top of the {ormation. Sampled units of limestone commonly show
from 65 to 90 per cent calcium carbonate; those of dolomite. Iess
than 40 per cent magnesium carbonate.



Goorocy

Chepwltepec li,ntestone.-The Chepultepec limestone, at the base of
the Ordovician system between the Beekmantown and the Conoco-
cheague, crops out in a na.rrow belt east of Massanutten Mountain
and in one or more belts west of Massanutten Mountain. It is com-
posed largely of thick-bedded, bluish-gray, slightly laminated lime-
stone with a few intercalated layers of dolomitic limestone. The
thickness of the formatiqn is estimated at 300 to 500 feet. 'sampled
units commonly contain from about B0 to" 90 per cent calcium
carbonate, depending upon the relative amounts of siliceous laminae
and intercalated magnesian layers present.

Beekmqntown forruati,on-The Beekmantown formation, like the
Chepultepec, crops out in onel belt along the eastern limb of the
Massanutten Mountain syncline and in o,ne or more belts in the
western part of the area. It shows wide variations in composition
and thickness. In Augusta a4d Rockingham counties, the Beek-
mantown is co,mposed chiefly of fine-grained, gray dolomite with
minor amounts of bluish-gra"y limestone. Farther northeast along
the strike limestone beco,mes more abundant, and in Frederick
County probably comp,rises slightly more than half of thb formation.
Limestone also becomes more abundant south,eastward across the
strike of the belts; thus in Clarke County the Beekmantown is
largely bluish-gray limestone u'ith minor amounts of dolomite.
In places the formation contains relatively thin beds of high-
calcium limestone (Pl. 1C) intercalated in dolomitic limestone and
dolo'mite. The layers of dolormite are commonly characterized by
distinct intersecting furrows on weathered surfaces (Pl. 2A). The
sampled units of Beekmantown dolomite contain about 30 to 41
per cent magnesium carbonate. Chert, although generally not
abundant, occurs locally at several horizons in the forrnation. Field
observations indicate that the thickness of the Beekmanto,.wn in-
creases northeastward, probably ranging from 20@ feet in Augusta
County to about 300O feet in northern Erederick and Clarke
counties.

Moskeiyn litnestone.-The Mosheim limestone, occurring i.r severai
narrow belts, is the princip,al "quarry rock" in Shenandoah Valley.
This formation is described in considerable detail in this report,
since it contains extensive. potential reserves of high-calcium lime-
stone. It is co,mposed chiefly of thick bedded, compact to glassy,
bluish-gray to dove-gray limestone. Among distinguishing charac-
teristics are specks of transparent calcite scattered through many
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of the layers and thin films of chalklike material on weathered
surfaces,. At a few localities the gbnerally dense texture of the
Mosheim is supplanted by. a rock co,mposed of subangular to
rounded grains of compact limestone in a matrix of colorless calcite.

In the belts west of Massanutten Mountain the Mosheim
ranges in thickness from about 40 to 240 feet, averaging more than
100 feet at many localities. East of lVlassanutten Mountain, except
in the small area southwest of Fishersville, the Mosheim generally
is less than 50 feet thick and locally absent. Field studies indicate
that many .of the local va"riations in thickness are due to the
deposition of the Mosheim upon an irregular surface at the top of
the Beekmantown formation. The {ormation in the western belts
is commonly divided into two parts: an upper division, including
more than half of the total thickness, containing abost 97 to 98.5
per cent calcium carbonate; and a lower slightly impure part aver-
aging about 96 per cent calcium carbonate. A few exceptions to
this high calcium carbonate content a"re given in the detailed de-

scriptions of the Mosheim under various co,unties.

Lenoir i'i,vnestone.-The Lenoir in a complete geologic sequence

overlies the Mosheim and crops out in a number of narrow belts
in the western part of the area and generally in one belt east of
Massanutten Mountain. At a few localities in the eastern part of
Shenandoah Valley, u'here the l\{osheim is absent, it rests directly
upon Beekmantown dolomite. Throughout most of the valley the
Lenoir is composed of dark-g'ray, fine- to medium-grained, cherty
limestone (P1. 28). It com,rnonly contains pinkish partings along
irregular bedding surfaces and thin clay seams. A part of the
formation is distinctly nodular. It contains high-calcium limestone
at a few places. 'East and south of Staunton; Augusta County, thick
deposits of light-gray, coarse-grained limestone, tentatively corre-
lated as a Eart of the,I-enoir, contain from about 96 to 98 per cent

calcium carbonate. At a ferv other localities, where chert is not
present, the typical dark-gray, fine-grained limestones, piarticularly

in the lower part of the formation, contain from about 95 to 97

per cent calcium carbonate. The Leno'ir is generally impure and

rarely could the full thickness be quarried as high-calcium lime-

stone. The Lenoir is thought to be p'ersistent throughout the

northern and central parts of Shenandoah Valley, ranging in thick-
ness from about 40 feet to a possible maximum of 250 feet.
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A.

c.
A, Laminae containing siliceous material in Conococheague limestone near Staun-

ton, Va. B, Five-foot sandstone bed in Conococheague limestone t-hree-fourths
of a mile southeast of Lrrray, Va. C, High-calcium limestone in upper part of
Beekmantown formation at power dam northwest of Luray, Va.
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C.

A, Laminac contair.ring siliceous material in Corrococheague limcstone near Staun-
tort, Va. B, Five-foot sanclstone becl ir-r Cor.rococheague limestone three-{ourths
of a rrile southeast oI Lural', Va. C, High-calciun.r limestone in upper part of
Beckmantown formation at power dam northrvest of Luray, Va.

D
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c.
A, Furrorvs_ in weathered Beekmantow' dolomite in Burkes Garden, Tazewell

Co.unty, Va. (Photograph by B. N. Cooper.) B, Cherty Lenoir limestone one
mile northwest of Broadway, Va. C, Cobbiy rveathering Chambersburg lime-
stone 4 miles northeast of New Market. Va.
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Whitesbwrg linr,estone.-Limestone tentatively referred to the
Whitesburg was observed locally in central Rockingham County
and northeast of Staunton in Augusta County. The Whitesburg is
composed chiefly of impure, dark-gray, medium- to coarse-grained
limestone that weath.ers rusty brown. The thickness probably
averages between 10 and 30 feet.

Athens and, Charnbersburg foru.m,tions.---Tlne beds between the
Whitesburg limestone and Martinsburg shale, or between the Lenoir
and Martinsburg in areas where the Whitesburg is absent in the north-
ern and central parts of Shenandoah Valley, are cornposed chiefly of
variable proportions of gray to black shale and compact impure black
limestone, with a few interbedded fine-grained sandstones or siltstones.
On the geologic map of the Appalachian Valley in Virginia these beds
include both Athens and Chambersburg in parts of Shenandoah Valley,
whereas in other parts only one of these formations is present. North-
west of the Massanutten Mountain syncline the Athens has recently
been mapped as extending northeastward to the general vicinity of
Mount Jackson in Shenandoah Countye. On the eastern side of the
syncline, the Athens extends northeastward through Clarke County into
West Virginiaa. The Chambersburg is present in one belt in parts of
Clarke and Page counties along the eastern side of the Massanutten
Mountain syncline; on the northwestern side of the syncline, in one
belt extending from the West Virginia line southwestward to Endless
Caverns, and in several belts west of Woodstock, Ifarrisonburg and
Staunton.

In the vicinity of Staunton and generally along the bastern side
of the valley the Athens is chiefly shale with thin intercalations of black
limestone, whereas in the vicinity of Harrisonburg and in the western
belts, limestones are prominently developed. The Chambersburg, ex-
clusive of the upper 60 to 9O feet of high-calcium limestone in the
northwestern part of Shenandoah County, is largely black, in part
nodular weathering limestone (P1. 2C), which contains less than 90
per cent.calcium carbonate. Since most of the Chambersburg closely
resembles the limeStone facies of the Athens, the two formations in
some areas can not, at present, be distinguished with certainty from
each other by their lithology. The cornbined thickness of the forma-
tions is estimated to be about 1350 feet in Rockingham County, 400 to
600 feet in Shenandoah County, and about 500 feet near the West
Virginia line in Clarke County.

t7
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The carbonate rocks in Shenandoah Valley are'overlain in places

by a thick succession of shales and fine-grained sandstones comprising
the Martinsburg formation. These rocks were originally overlain by
still younger formations, all of which, except in Massanutten Mountain,
have been eroded from the area here described.

STRUCTURE

The sedimentary rocks in Shenandoah Valley are now generally
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, or anticlinbs, 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 northeast-
ward. In many places the normal geologic sequence of formations is
modified by great fractures (faults) along which the strata are dis-
placed. A few of the larger structuress in the area are briefly described
below.

One of the major structures in Shenandoah Valley is the Mas-
sanutten Mountain syncline, which extends from the vicinity of Green-
ville, Augusta County, on the southwest, northeastward into Berkeley
County, West Virginia. The main area. of the syncline, occupied by
Martinsburg shale and sandstone, lies east of Staunton, Harrisonburg,
and Winchester. In a broad sense, the syncline includes also the car-
bonate rocks which crop out on the flanks of the structure east and west
of the belt of Martinsburg shale. The bold ridges of Massanutten
Mountain, underlain chiefly by resistant Silurian sandstone, begin at
the north near the middle of the fold in the vicinity of Strasburg,
Shenandoah County, and continud southwestward to the general vicinity
of McGaheysville, Rockingham County. Minor folds and faults within
the Martinsburg formation and in the associated limestones (Pls. 3,{
and 38) show that this structure is not a single symmetrical {old. '

The belt of country between the Massanutten Mountain. syncline
on the west and the tslue Ridge on the east is the eastern part of
Shenandoah Valley, known locally as Page Valley. This area is under-
lain chiefly by Cambrian and Ordovician limestones and dolomites. At
certain localities these formations occur in no'rmal geologic sequence
overlying the Lower Cambrian clastic rocks along the northwestern
base of the Blue Ridge, whereas in other areas crystalline rocks of the
Blue Ridge have been thrust westward onto these limestones and dolo-
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mites. The broad belts of carbonate rocks in this part of Shenandoah
Valley generally trend northeastward. They are locally modified by
gently pitching folds which have produced sinuous outcrop, patterns.
The common southeast dip of the strata and the great width of outcrop
of some of the formations suggest a number of small {olds overturned
toward the northwest. Minor folding and faulting are well displayed
by narrow belts of Ordovician limestone along the Martinsburg forma-
tion, particularly in parts of Clarke, Warren, and Page counties.

The formations of limestone and dolomite west of Massanutten
Mountain syncline, except for relatively small local occurrences along
the western edge of the areq are bounded on the northwest side by
the North Mountain fault. Locally, along the trace of this {ault there
are faulted slices and diverging branches which constitute a faulted. zone.

Another major overthrust of the.valley is the Staunton fault. It
enters Augusta County west of Greenville and extends northeastward
to the vicinity of Endless Caverns, in northern Rockingham County.
One of the interesting features of this fault is a detached mass of
the overthrust sheet (klippe) resting upon younger rocks along the
Augusta-Rockingham County line west of Burketown.a

The structure of the rocks between the Massanutten Mountain
syncline and the North Mountain fault near the western side of the
valley generally consists of a number of relatively long, narrow over-
lapping folds. Along a traverse extending southeast of Brocks Gap
in northwestern Rockingham County the high-calcium limestone (Mos-
heim) is repeated five times by folding; whereas at Winchester, in
Frederick County, it is limited to one narrow belt atong the west-
ern broad expanse of Martinsburg shale in the Massanutten Mountain
syncline. Outlying belts of the Martinsburg are confined to synclinal
troughs west of Woodstock, Broadway, and southwest of Harrisonburg.
Cambrian limestones and dolomites, exclusive of .the principal belt along
the western side of the valley, afe exposed along the crest of an anti-
cline between the latitude of Woodstock and Lacey Spring, southwest of
Endless Caverns, and west of Staunton. Minor folding, resulting in
sinuous boundaries between formations, and small faults have been ob-
served in local areas which have been mapped in cletail.

L9
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FREDERICK COUNTY

GENERAL STATEMENT

Frederick County, the most northerly county in Virginia, is
bounded on the northeast and northwest by Wesi Virginia, on the east
by Clarke County, and on the sbuth by Warren and Shenandoah counties
(Fig. 1). It is separated frorn Clarke County chiefly by Opequon
Creek and its important tributary, Wright Run, and from Shenandoah
County by Cedar Creek. The county has an approximate area of about
432 square miles or 276,4&A acres. The longest dimension, which is 32
miles, extends from the northern apex of the State boundary south-
eastward to Zion Church near Nineveh, Warren County.

That part of the county (Pl. 5), between Little North Mountain
on the northwest and Opequon Creek on the southeast, between 8 and
10 miles wide and about 2O miles long, lies in Shenandoah Valley. Ex-
posed bedrock includes limestone and dolomite in the western half of
the valley and shale and fine-grained Fandstone east of a line passing
southwestward near Stephenson, Winchester, and Middletown. The
area underlain by carbonate rocks is characterized,by low discontinuous
northeasterly trending ridges, rising from about 50 to 15O feet above
the bordering valleys, whereas in the shale belt there are no conspicu-
ous knobs or ridges. Altitudes range from about 450 feet along Ope-
quon Creek at the West Virginia line to 9@ feet along the southeast
base of Little North Mountain, and average about 750 feet in the
vicinity of Winchester, Stephens City, and Middletown: That part of
the county, southwest of a line extending northwest through Stephens
City, is drained into Shenandoah River by streams tributary to Cedar
Creek and Crooked Run, whereas the northeastern part of the county
is drained northeastward to the Potomac by Opequon and Back creeks.

The county is served by a branch line of the Baltimore and Ohio
Railroad which closely parallels U. S. Highway 11 from Shenandoah
County northeastward to Stephenson; by a branch line of the Penn-
sylvania Railroad north of Winchester; and by the Winchester and
Western Railroad between Winchester and Gore.

GEOLOGY

The carbonafe rocks which crop out in the Shenandoah Valley
part of Frederick County are described in this report as high-calcium
limestone; imp,ure limestone; and interbedded limestone, magnesian lime-
stone, and dolomite. A surnmary of these rocks, including lithologic
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character, general range in chemical composition, and approximate
thicktress, is given in Table 5.

Taer,E 5.-8am mary o! carbonate rochs in the Shenanilnah Valley portion o!
F r e il,er ick C ount y, V irg inia

Fonuerrox

Chamberdburg

Csenecrnn

Shaly and nodular black limestone with thin
layers of brownish siltstone. Sampled units
contain less than 91 per cent calcium carbonate:

Appnoxnranp
Tsrcrnnss

(Feet)

400-575

2500-3000"

300t

Lenoir

Mosheim

Beekmantown

Chepultepec

Conococheague

Elbrook

Predominantly thin-bedded impure limestone
and dolomite which commonly weather on the
surfaee to rustyJooking slabs and thin plates.
Also contains sbme thii lavers of flesh-colored
limestone of apparently gbod quality.

Granular, medium,:bedded, dark-gray limestone;
commonly cherty. Sampled units generally
contain less than 90 ner cent calcium car-
bonate, but locally, where chert free, about
96 ner cent.

Compact, medium- to thick-bedded, dove-gray
limestone. Sampled units, representing in
most instances the full thickness of the forma-
tion, contain from about 96 to 98 per cent
calcium carbonate.

lnterbedded, fine-grained, dark-colored lime-
stone and gray finely crystalline dolomite, in
the ratio of about 3 to 2. Chert, although
not abundant, occurs throughout the forma-
tion. Sampled units of dolomite in the upper
part of the formation contain from about 38
to 41 per cent magnesium carbonate.

Thick-bedded, slightly laminated, bluish-gray
limestone with thin layers of magnesian lime-
stone. Sampled units, representing the full
thickness of the formation, average about 89
per cent calcium carbonate.

Bluish-gray limestone with minor amounts of
interbedded gray dolomite. Distinctive fea-
tures are thin laminae, containing siliceous
material, which weather out on the burface as
.crinkly ribs, and a few beds of coarse-grained,
friable sandstone. Sampled units o{ limestone
and magnesian limestone, mainly in the upper
part of the formation, contain from 65 to 90
per cent calcium carbonate and from 6 to 22
per cent silica.

a Estimted.
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The major structures in the eastern part of Frederick County (Pl.
5) are briefly 'discussed below. Massanutten Mountain syncline, a
great trough occupied by Martinsburg shale in the eastern two-fifths of
the county, is the principal fold. The western boundary of this shale

belt roughly parallels U. S. Highway 11, passing just east of Stephenson
and Winchester, through the northwestern environs of Stephens City,
and near the eastern limits of Middletown. The eastern boundary of
the shale belt closely follows Opequon Creek from the West Virginia
line southwestward to the general latitude of Stephens City. To give
only the boundaries of the shale belt vrould minimize the width of the
Massanutten Mountain syncline. In a broad sense, this structure in-
cludes the carbonate rocks which crop out east and west of the shale
belt. This broad syncline is not a single symmetrical trough, but in-
cludes also several subordinate anticlines and synclines and minor faults.
The minor structures have produced a somewhat sinuous boundary be-
tween the limestones and shales along the western limb of the syncline
in Frederick County. Locally, the thin belts of Ordovician limestone
along the Martinsburg shale arb repeated by close folding and offset by
faulting (Pl. 5).

Another major geologic structure in the county is the North Moun-
tain fault which crosses U. S. Highway 5O about 800 feet east of the
school building at Chambersville. The trace of this fault marks the
western boundary of the carbonate rocks described in this report.

The broad area between the shale belt east of Winchester and
Little North Mountain in the vicinity of Chambersville is occupied by
formations ranging from the Chambersburg lknestone on the east to
the Elbrook along the western boundary. A normal geologic sequence

is modified by the repetition of a part of the Elbrook, Conococheague,
and Chepultepec along minor faults which cross U. S. Highway 50 be-
tween Winchester and Chambersville (P1. 5). Small flexures, showing
reversals in the direction of the dip of the rocks, are also common in
the area, but apparently they are not of sufificient magnitude to cause a
repetition of any of the formations.

HIGH-CALCIUM LIMESTONE

High-calcium limeStone, containing more than 95 per cent calcium
carbonate, in Frederick County includes .the Mosheim limestone and
locally the basal part of the Lenoir. The Mosheim is a compact, dgve-
gray limestone containing rel.atively large specks of transparent calcite.
The prevailing thickness of the formation in the central part of the
county between Winchester and Kernstown, is-estimated to be 50 feet
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or less, whereas the thickness along the strike to the northeast and
southwest ranges from about 80 feet to a maximum of about 200 feet.
It probably averages about 110 feet over much of the county. Exclu-
sive of a few relatively impure layers near the base, the Mosheim is 97
to 98 per cent calcium caibonate.

The overlying .dark-gray,' finely crystalline Lenoir limestone is
medium bedded, nodular weathering and commonly cherty. It is 50 to
100 feet thick. Analyses of a part of the Lenoir at a few localities
where chert is not prominently developed show 95 to 96 per cent calcium
carbonate. Generally, the formation is high in silica, and for that reason
it is mapped (Pl. 5) with overlying impure limestones.

The principal deposits of high-calcium limestone in the county are
described under the Clearbrook-Middletown and the Cedar Creek belts.
Other small occurrences are found locally along the North Mountain
fault (Pl. 5, loc. 30) and in the extreme southeastern part of the count5r
near Nineveh (Pl. 5, loc. 31).

Clearbro ok- M id,dl e t own b et t.---This narrow band of high-calcium
liniestone enters Virginia about hal{ a mile southeast of Rest and con-
tinues southwestward across the co'unty, passing through or near Clear-
brook, Stephenson, Winchester, Kernstown, Stephens City, Vaucluse,
and Middletown. It is sinuous, due to minor folding, and locally is
offset and overlapped by faulting.

The thickness and composition of the rocks cornprising this high-
calcium limestone belt in the extreme northeastern part of Frederick
County (Pl. 5, loc. 1) are as follows:

Geologic Section 1.-.Near the Virginia-West Virginia tine, half a mile
east of Rest, Fred.erick Cownty, Virgi,nia

, Thickness
Feet

Mosheim limestone (110 feet): strike N. 18" E.; dip 70" SE.
2. Limestone, dove-gray, compact, thick bedded i SiOz,

0.10; FezOe, 0.08; A12O3, 0.34; CaCOs, 98.32;
MgCO3, 0.80; total, 99.64.... -.".-. 80

1. Limestone, dove-gray, compact; few impure beds;
SiO2, 0.06; FezOs, 0.04; AlzO s,, 0.,62; CabOa,
97.72; MgCO3, 1.05; total, 99.49--....--.... 30

Beekmantown formation

An analysis of a separate sample of unit 2 in the above section
shows 0.009 per cent phosphorus pentoxide (PzOr). The approximate

23
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boundaries of this high-calciurn limestone belt can be traced southwest
of the State line for about half a mile, although there are no complete
exposures for precise determination of thickness. About 100 yards
northeast of Road 6fl9, the total thickness of the Mosheim is estimated
to be L4O feet, the upper 115 feet seemingly of good quality (Pl. 5,
krc. 2). Observations at four places along the belt of Mosheim be-
tween Rest and a po,int about one mile northeast bf Clearbrook (Pl. 5,
loc. 3) indicate that the formation has thickened in a southwestward
direction.

Geolog'ic Secti.on Z.-Along Road 671 abowt 7 ruile northeast of Clear-
brook, Fred,ericb C ownty, Virginia

' Thickness

Mosheim limestone (169 feet): strike N. 31' E.; dip 48" SE. 
Feet

2. Limestone, dove-gray, compact; partly covered---------- 113
1. Limestone, dove-gray, compact; a few impure heds-- 56

Beekmantown formation

The Mosheim is well displayed in a small area about half a mile
southeast of Clearbrook where the high-calcium limestones are repeated
by close folding along the strike for about half a mile. The thickness
and composition of the rocks which crop out near the southwestern end
of a small gently pitching anticline (Pl. 5, loc. 4) are ad'follows:

Geologi.c Section 3-Along Road,666 abowt fowr-tenths of a ywi,le south-
east of Clearbrook, Frederick County, Virgi.ni,a

Thickness
Feet

Mosheim lirhestone (2lg-+ feet) : strike.N. 48' E.; dip 30' SE.
3. Limestone, dove-gray, compact, thick bedded; SiO2,

0.O4; FezOs, 0.04; AlzOa, A.52; CaCOs,98.02;
' MgCO3, 0.97; total, 99.59."..-..---.. 130-f

2. Limestone, dove-gray, compact; a few impure beds.-.- 89

Beekmantown formation (upper part)
1. Dolomite and limestone ------------------ ----------- 100+

B.t*""r, Clearbrook and Stephenson, a distance of 1l miles, the
belt of high-calcium limestone is largely covered. Observations in the
vicinity of Stephenson show that the Mosheim here is similar in thick-
ness and composition to the localities described in the northeastern part
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A, Anticline and Iracture cleavage in shalv Athens limestone near Bixler Bridge,
Page County, Va. B, Recumbent Iolds in Athens limestone at Woodward
stone quarry,.southwest of Luray, Va. C, Calcite veins in Conococheague
limestone 2 miles northeast of Berrwille, Va.



VtnclNtn GEorocrcer. SuHr lr Buu.nrrN 65 Prern 3

C.

A, Anticlirre arcl fracture cleavage in shalv Athcns lirrrestollc llear Bi-xler Bridge,
Page Countl', Va. B, Rccumberrt {olcls in Athens limestone at \Voodward
stone quarrl', southu'est of Lura-v, Va. C, Calcite veins in Conococheague
limestone 2 miles northeast of Berryville, Va.
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B.

(..

A, Pebble-like limestone masses near top o{ Beekrnantown dolomite north of
Leaksville, Page County, Va. B, Beekmantown limestone (dark) and dolo-
-ir. /l;-L+\ in t i*.+en Lime Company quarry, Warren County, Virginia.
C, Plant of XtI. J. Grove Lime Company near Stephens City, Va.
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(-.

A, Pebble-like limcstone rnasses lrear top oi Reeknranto\rn clolomite north of
Leaksville, Page County, Va B, I3eckmantou,'n limestone (dark) and dolo-
mitc (light) ir Limeton Limc Company quarr), Warrc:r County, Virginia.
C, Plant of lI. J. Grove L-irlrc Companl- near Stephens Cit1., Va.
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of the county, but thinner than in the small area southeast of Clearbrook.
A fully displayed section in the vicinity of Stephenson (Pl. .5, loc. 5)
is as follows:

Geologi,c Sect'ion 4.-Abowt 500 feet east of U. S. Highzuay 7X- and'

fowr-tent.hs of a rnile northeast of 
.Stephenson, 

Fred,eri,cb County,

Thickness
Feet

Mosheim limestone (118 feet) : strike N. 25' E.; dip 45" SE.
3. Limestone, dove-gray, compact, thick bedded; SiO2,

. 0.22; FezOa, 0.08; AlzOg, o.B2; CaCOg, 97.M;
MgCOs, !.24; total,99.80 -- ------- 88

2. Limestone, dove- to bluish-gray, compact to fine
grained 30

Beekmantown formation (upper part)
1. Dolomite, gray, fine grained 335

The Mosheim belt continues southwestward through Stephenson

to locality 6, near the crossing of State Highway 274 and' the Balti-
more and Ohio Railroad. In this area the thickness of the dove-gray
limestone, with impure layers near the base, is estimated to be 130 feet.

Bedrock exposures are generally poor between State Highway 274 and

locality 7, about 500 feet east of a diagonal fault that ofisets the lime-

stone belt. The geologic sequence and character of the rocks west of
the fault (P1. 5, loc. 8)'are as follows:

Geologic Section S.-Along Road 663 about 7000 feet southeast of
U. S. Hi,ghnaay 11 cind, 7 mite sowthwest of Stephenson, Freitrerick

County, Virgini'a
n$**'

Lenoir limestone
3. Limestone, dark-gray, medium grained; thickness esti-

mated .-..---.- 75

Mosheim limestone (78 feet) : strike N. 33o E.; dip 40o SE.
2. Limestone, dove-gray, compact, thick bedded.------------- 43

1. Limestone, dove-gray; a few impure beds...-------------.- ' 35

Beekmantown formation

25
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Although the exposures are not complete it is assumed that the
character and thickness of the rocks shown in the above section are
maintained southwestward along the strike for about 2 miles, since at
locality 9 the thickness of the Mosheim is almost identical. Generally,
the Mosheim formation along this part of the belt is thinner and contains
more impurities than at any of the other localities studied north of
State Highway 274. A complete exposure of the Mosheim:at a locality
about half a mile *ortheast of the corporate limits of winchester (pr.
5, 1oc. 9) is as follows:.

Geologic Section 6.-About l nti,le east of U. S. Highzuay 11 and, half
a mi,le north.east'of ftVinchester, Fred,eri,ck County, Virginia

Thickness
Feet

Mosheim limestone (82 feet) : strike N. 55" E.; dip 30" SE.
2. Limestone, dove-gray,'cornpact; SiO2, 0.4O; Fe2O3,

0.12; Al2Os,0.72; CaCOs,96.@; MgCOs, 2.33;
total, 99.66

1. T,imestone, dove-gray,.impure, striped-________ 9

Beekmantown formation

The high-calcium limestone belt is largely covered in the general
vicinity of winchester. It is estimated that there is less than 50 feet
of Mosheim exposed in two small abandoned quarries located in the
southeastern environs of the city (Pl. 5, locs. 10 and 11). Near Kerns-
town (Pl. 5, loc. l2),-atnut 3 miles southwbst of Winchester, the
rocks immediately succdeding the Beekmantown are as follows: 

'

Geologic Section 7.-Along Road,652 abow.t kalf a tnile south,east of
Kermstouw, Fred, e rick C ounty, Virgi,nia

Thickness
Feet

Mosheim limestone (82 feet) : strike N. 47" E.; dip 75" SE.
2. Limestone, dove-gray, compact
1. Limestone, dove-gray, impure; few laminated beds---- 37

45

Analysis of units I and 2, sampled thickness 82 feet:
SiO2, 0.46; RzOs, 1.47; CaCQ, 95.33; MgCO3,

; 2.53; total,'99.79.

Beekmantown formation
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The geologic map (P1. 5) showing the closely folded belts of
Mosheim limestone bq,tween Kernstown and Bartonville is some-
what generalized' since the bedrock in a part oI this area is
largely covered. The Mosheim exposed along U. S. Highway 11, about
half a mile southeast of Bartonville, is within 200 feet of a narrow belt
of Martinsburg shale; thus it is probable that the belt of Mosheim (P1.
5, loc. 14) is faulted along the northwest side. The general southwest-
ward trend of the high-calcium limestones between Bartonville and
Vaucluse is modified by close folding. A small anticline and syncline,
both pitching gently southwestward, are well displayed along this belt
about half a mile northwest of Stephens City. The quarry and mine
(Pls. 4C and 6.4) of the M. J. Grove Lime Company are located near
the southwestern end of this plunging anticlinal structure. The aver-
age thickness of the Mosheim in this area (P1.5, loc. 15) is about 110
feet. Locally, the lower part of the overlying Lenoir is practically
free of chert and may be quarried as high-calcium lirfiestone. A fully
exposed. section of the limestone belt in the vicinity of Vauclule (Pl.
5, loc. 16) is as follows:

GeoloEi,c Section B.-Along U. S. Highway 11

Fred, erick C ounty, Virgini,a

Mosheim limestone (137 feet) : strike N. 35' 'E.; dip vertical
2. Limestone, dove-gray, compact, thick bedded; SiO2,

0.18; FezOs, 0.08; AlzOg, A.44; CaCOe, 97"52;
MgCOs, O.92; tota!,99.14 --------- B0

1. Limestone, dove-gray, thin bedded, impur'e---------.----..-- 57

Beekmantown formation

The belt of high-calcium limestone continues southwestward
through Middletown, paralleling closely the Valley Branch of the
Baltimore and Ohio Railroad. The Mosheim has a thickness of 84
feet in a small exposure (Pl. 5, loc. 17) about half a mile southwest of
Middletown. In the vicinity of Meadow Mills, limestones crop out on
the limbs of a small anticline which pitches gently southwestward.
They are well displayed in an abandoned quarry (Pl. 5, loc. 18) near
Road 625 and in a steep hillside exposure (Pl. 5, loc. 19) along Road
624 about 300 f6et west of the Baltimore and Ohio Railroad.

Cedar Creek belt.-This belt, although limited in extent, is thought
to contain some of the largest reserves of high-calcium limestone in the

27
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northern part of Shenandoah Valley in Virginia. It extends from
Cedar Creek, at the southwestern boundary of F*rederick County, north.
eastward for about 3 miles (P1. 5). The structure of this belt is a long
narrow syncline, locally containing minor flexures and small faults.
Mosheim, Lenoir, and Chambersburg limestones, occupy the trough of
the fold in the southwestern part of the belt, whereas near the north-
eastern end of the structure, except for small isolated patches of cherty
Lenoir, the Mosheim is well displayed. Beekmantdwn dolomite crops
out along the crest of a small anticline within the belt of Mosheim north
of. Road 627. Since these minor structures are of such small extent
they are not shown on the geologic map.

The width of the belt of limestone, crossing Road 627 abofi ll
miles northwest of Middletoum (P1. 5, \oc. 20), is approximately 900
feet. Although the thickness of the Mosheim.was not determined ac-
curately, it is assumed that at least 100 feet, containing 98.02 per cent
calcium carbonat'e and 1.26 per cent magnesium carbonate, were in-
cluded in the sampled beds (Table 6). An analysis of a separate sample
representing all of the beds exposed at this locality shows 0.009 per cent
phosphorus pentoxide (PrOr).

The quarry of the M. J. Grove Lime Company, located about 1/z
miles west of Middletown, is being developed across the strike of the
beds in the syncline. The operations'are about 800 feet long and vary
in width from a few feet at the western end to about 200 feet near
the eastern side. Other openings, now abandoned, are located along
the strike of the rocks just south of the road leading from the quarry
to the spur railroad.. The thickness and character of the Mosheim along
the western side of the quarry (P1. 5, loc.2l) are as follows:

Geologic Sectiong.-In (lu&rry of tke M. J. Grozte Li,rne Cornpany, Tt/2

mi,Ies west of Mid,dletoarn, Frederick County, Vi,rginia

Thiclmess
Feet

Mosheim limestone (i54 feet): strike N.48'E.; dip 27"42"
SE.

2. Limestone, dove-gray, compact, thick-bedded i SiOz,
0.08; FezOe, O.l2; AleOg, 0.48; CaCOs, 97.72;' MgCOs, O.94; total, 99.34

1. Limestone, dove-gray, compact; a few impure layers;
lower boundary uncertain ----------------- 54

Beekmantown formation
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Natural exposures of the Mosheim and Lenoir are prominently

displayed in vertical cliffs along Cedar Creek about 2000 feet south-

west of the M. J. Grove Lime Company quarry. Another exposure of
approximately 88 feet of Mosheim limestone, near the southwestern end

of the Cedar Creek belt, is along Road 624, iust east of the bridge over

Cedar Creek (Pt. 5, loc.22).

IMPURE LIMESTONE

In Frederick County impure limestone formations include the
Chepultepec, the Chambersburg, and the Lenoir at. most localities.

Other relatively impure limestones which are interbedded with dolomites
are described under "Limestone, magnesian limestone, and dolomite."

The Chepultepeq, with an average thickness of about 300 feet, is
composed essentially of thick-bedded, slightly laminated, bluish-gray
liiaestone wi.th a few thin layers of magnesian limestone. It crops out .

in a narrow sinuous belt that extends northeastward across the county,
passing about 1 mile west of Bartonville, Kernstown, and Clearbrook.
There is also a narrow belt about 4 miles west of Rest and a small
lozenge-shaped exposure across U. S. Highway 50, alout Zfi miles
west of Winchester. The composition, thickness, and character of the
Chepultepec in the vicinity of Winchester (Pl. 5, loc.25) are'as fol-
lows:

Geologi,c Secti,on l0.-Along the southzaest slope of Star Fort HiIl,
half a mi,le north of Winchester, Fr'ed,eri,ck Cownty, Virgi,nia

Thickness
Feet

Chepultepec limestone
1. Limestone, bluish-gray, thick bedded, laminated; a

few covered intervals 2W+
Average bf B analyses (Table 6) of unit 1, each repre-
senting aboirt 35 feet of beds: SiOz, 5.07; RzOg,
i.4B ; CaCor, 89.69 ; MgCo3, 3.48 ; total, 99.72.

Conococheague limestone

One of the best expoSures of the Chepultepec in Frederick
County is about 1 mile southwest of the intersection of Roads 631
and.625, and2/z miles east of Marlboro (P1. 5, loc.29). Here the
thickness of the fo,rmation is estimated to be 3@ feet. The average
of eight analyses, each representing about 35 feet of beds, .shows
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88.70 per cent calcium carbonate and 4.83 per cent magnesium car-
bonate, a total of 93.53 per cent carbonates (Table 6). The chepul-
tepec sampled at another locality in the southwestern environs of
winchester (Pl. 5, \oc.27) has an almost identical co,mposition.

The Lenoir, rvhich succeeds the Mosheim, is composed. of fine-
to medium-grained, dark-gray limestone. It is 50 to 10o feet thick
and commonly is characterized by abundant nodules and stringers
of black chert. The Lenoir is mapped (pl. 5) with the overlying
irnpure chambersburg limestone.- 

- 'rhe cirambersburg consists
chiefly of shaly and nodular black limestone with thin layers of
brownish siltstone. The thickness, except for one section which
is probably thinned by faulting, ranges fro,m about 400 to 57s f.eet.
The p'rincipal belt of the Lenoir and chambersburg limestones in
F'rederick county extends northeastward through th,e central part
of Shenandoah valley, paralleling the narrow belt of high-calcium

'limestone. The impure limestones overlying the Lenoir arong the
southeastern boundary of the county appear to.be Athens (p1. 5).

,The general character of the chambersburg and Lenoir limestones
near the Virginia-West Virginia line (pl. 5, 1oc. 2) is as follows:

Geologic Secti,on 11.-Abowt 100 yard,s ntortheast of Road 669, three-
fowrths of a w,ile soutkeast of Rest, Frederi,ch County, Virgi,nia

Thickness
Feet

Chambersburg limestone (391 feet) : strike N. 13. E. ;
dip 80" SE.

6. Limestorie, bluish-gray, clayey__----
5. Limestone, blue, fine-grained, impure-_-_.---
4. Limestone, black, medium bedded.---..-
3. Limestone, black; brown clayey partings; weath-

efs gray
2. Limestone, black, nodular weathering

Analysis of units 2 to 6, sampled thickness 391
feet: SiO2, 5.18; FezOa,0.34; AlzOa, 1.26; CaCOt,
90.89; MgCO3, 2.58; total, 100.25.

Lenoir limestone
1. Chiefly covered; a

grained, dark-gray

Mosheim limestone

few exposures of medium-

203
49
20

68
51

limestone
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The Chambersburg and Lenoir limestones are well displayed in

the general vicinity of Kernstown (P1' 5, locs. 12 and 13), although

the thickness of the Chambersburg at locality 12 is less than that
observed at other localities in the county. Whether this is due to
local variations in sedimentation or to minor faulting was not
determined.

Geologi,c Section lZ.-Along Road 652 abowt kalf a mi,le sowtheast of
K crnst ozun, F red eri,ck C ounty, Vir gi.nia

Thickness
' Feet

Chambersburg lirnestone
dip 74" SE.

(271 feet): strike N. 47" E.;

zffi
orfine-grained,dark-brown.sandstone---- 3

Lenoir limestone (94 feet)
2. Limesto,ne, fine to coarse grained; some cobbly

beds; upper boundary uncertain---- 54

1. Limestone, dark-gray, fine grained, cherty------------'- 4A

' Analysis of units I and 2, exclusive of chert,
sampled thickness 94 feet: SiOz, 1.09; RzOg, 0.98;

CaCOs; 95.77; MgCO3, 2.29; total, 100.13:

Anothergood exposure (P|.5, loc. 16) of the Lenoir and Cham-

bersburg limestones is in the vicinity of Vaucluse.

4. Limestone, black, fine
R2Os, 2.84; CaCO3,
lw.2r

3. Siltstone

Geologi'c Section 13.-Along U. S'
Fred'eri,ck Cownty,

'Chambersburg limestone (577 feet):
dip vertical

grained, clayey ; SiOz, 6.92 ;

57.70; MgCO3, 2.75; total,

Hi,ghzwy 71 at Vawcluse,

Virgi,nia 
.

Thickness
Feet

strike N. 35' E.;

7. Limestone, black, mealy, clayey---------

6. Limestone. black, nodular-------

5. Limestone, black, regularly bedded--------

4. Limestone, black; some nodular beds--------

3. Covered intetv.al-------
2. Siltstone or fine-grained sandstone-----------------

85
6B

288
79
2-r
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Thickness

Lenoir limestone . Feet

1. Limestone, dark-gray, medium grained, sparsely
cherty; uilper boundary uncertain_--- 106

Mosheim limestone

LIMESTONq }IAGNESIAN LIMESTONE,'AND DOLOMITE

The formations composed principaily of interbedded rimestone,
magnesian limestone, and dolomite include the Elbrook, Conoco_
cheague and Beekmantown. The Chepultepec, previously de-
scribed as impure limestone, separates the Beekmantown from the
Conococheague.

The Elbrook, although containing a few layers of limestone
and dolomite of apparently good quality, is composed essentiaily of
impure limestone and minor amounts of dolornite interbedded
throughout the entire thickness estimated at about 2000 feet. The
impure parts of the formation are generally thin bedded and
weather on the surface to rusty-looking slabs and thin plates. The
main outcrop belt o.f the Elbrook is near the southeast base of
Little North Mountain, beginning about 1 mile south of Nain and
extending southwestward into Shenandoah county. A seconh belt
of outcrop begins as a narrow wedge near Road 622, about 2 miles
southwest of winchester, and continues northward through the vil-
lage of White Hall into West Virginia. A smaller, lozenge_shaped
belt lies'about midway between the two main belts, crosJing u. s.
Highway 50 about 2l miles west of Winchester.

In Frederick County, the Conococheague, overlying the El-
biook. is predominantly a limestone, but like most of the older
limestones of Shenandoah valley, it contains variable but generally
thin beds o{ dolomite throughout the formation. rt is marked by
two distinctive features: (1) beds up to 10 feet thick, containing
siliceous material, which stand out as crinkly ribs on weathered'
surfaces of the limestone, and, (2) beds of coarse-grained, friable
sandstone. The crinkly ribs are more abuhdant near the top of the
formation, whereas the sandstones apparentry are not conhned to
any particular horizon Some of the sandstone beds may be as
much as 25 feet thick. These beds commonly make distinct ridges
along their outcrop and reveal their presence by many boulders of
sandstone. These sandstones can be everywhere recognized and
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serve as horizon markers for revealing the structure of the whole

mass of limestone. The Conococheague occupies a wide belt ex-

tending from Cedar Creek, 4 miles northwest of Middletown north-

east across the county into West Virginia, 2l miles northeast of
White Hall. North of the latitude of Winchester, the Conoco'

cheague is split into two belts by a narrow wedge of Elbrook which
is faulted along the northwest side. Minor folding within the broad

belt of Conococheague is clearly indicated by the sinuous outcrop
pattern of the interbedded sandstone layers. As none of these beds

are well displayed over large areas, structural details which would
permit accurate thickness determinations are lacking. About 250O

feet is thought to be a reasonable estimate of the thickness of the

Conococheague. The following section, measured along the south-

east slope of Apple Pie Ridge (P1.5, loc.24), shows the principal

constituents of the Conococheague. The abnormal thickness of
3733 feet measured at this locality is most'likely the result of struc-

tural irregularities not recognized along the line od traverse.

Geologi,c Sect'i,on l4.-Aktng Road' 672 about 2f wiles utist of Ctear-

bro oh, F red'eri,ck C ounty, Virgini'a
Thickness

Feet
Conococheague limestone (3733 feet)

43. Limestone, light bluish'gray, banded.------.---------------: 67

42. Limestone containing siliceous 4nd crinkly lami-

41.
N.
39.

Limestone, bluish-gray, banded.----
Mostly covered; a few layers of dolomite and

abundant chert and sandstone float-------.-----

38. Limestone, banded ; partly covered.------------------------- "

37. Mostly covered; sandstone float-----------..

36. Limestone, bluish-gray, banded----.

35. Mostly covered; abundant sandstone float--------------

34. Limestong banded; partly covered; some sand-
. stone float -----------

33. Sandstone, brownish-gray, coarse grained----------"-----

32. Limestone, cherty, banded.-------------.---:-------

31. Sandstone; partly covered-------

30. Limestone containing crinkly siliceous laminae----

111

290
220

80
108
103

tu
8

53
t2

163
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Thickness
Feet

Dolo.mite, grav, fine grained--__-__ g
Limestone, bluish-gray, banded---- ! 10
Dolomite, gray, fine grained-____-_ 34
Limestone, banded g2
Dolomite, gray, fine grained-__--_-
Limestone, bluish-gray, banded; one-foot bed of

edgewise conglomerate at base_-- 95
Limestone, bluish-gray, banded; chert in upper

part _-_---____-___:---__--_-____-_-__

Dolomite, gtuy - -----------------.-------------------- --

Limestone, light-gray, medium grained; one-foot
bed of siltstone at base---__-__

Limestone, bluish-gray, banded--.-_
Mostly covered; a few thin beds of sandstone,

sandy dolomite, and chert.--
Sandstone and sandy dolomite_-___
Limestone containing crinkly siliceous laminae;

partly covered, abundant shale chips in soil___-_-_-

Dolomite, gray, fine grained-_-__--
Limestone, bluish-grayi partly covered__-__-_
Dolomite, gray -----__-___

Lirnestone and dolomite__--___-_-_---.___

Mostly covered; a few beds of dolomite___._
Dolomite, gray, fine grained_-_-:___-_-__-__--__.-.-_-__

Limestone, mottled light- and dark-gray___
Dolomite with a few thin beds of bluish-gray

limestone I partly covered-_.____

Mostly covered; a few beds of dolomite_----_-:_-_-_--__-__

Limestone and dolomite, gray, fine grained
Sandstone ------.:----------.--
Dolomite and limestone-___-__i-_--____.

Dolomite, medium-gray, medium grained_-_--"--__-__---

Limestone, dark-gray; contains irregular ramif.y-
ing veins of dolomite_-__-_-.-._____.-..___-_-------..-___-_-_-----_-_

272

.2

18
.4s

180
t2

330
162

8
66
36

)Lq

3B

38

269
43

126

I
10

29.

28.
27.
26.
25.
24.

23.

22,

21.

20.
19.

18.

17.

76.
IJ.
14.
13.

12.

11.

10.

9.

8.
,
6.

5.

4.

3.

Elbrook formation
2. Dolomite

(upper paft,285 feet)
and siltstone; dolomite weathers rusty-

btown
1. Dolomite, gray, laminated, silty; weathers shalv..-. 213
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Generally, the,sampled units of limestone and magnesian lime-
stone, mainly in the upper part of the Cono,cocheague, show frorn
65 to 90 per cent calcium carbonate and from about 6 to 22 per cent
silica. A part of the formation, consisting of banded limestone,
magnesian limestone and thin layers of dolomite and sandstone, is
exposed in the Stuart M. Perry quarry, just south of U. S. Highway
50 and about 2f miles west o'f. Winchester (Pl. 5, loc. 28). An
average of two samples from this ql7arry, each representing about
100 feet of rock, shorn's 68.36 per cent calcium carbonate, 16.10 per
cent magnesium carbonate, and 14.10 per cent silica.

The upper 150 feet of the formation, cropping out on the south-
west slope of Star Fort Hill about half a mile north of Winchester
(P1. 5, loc. 25), contains 90.2I per cent total carb,onates and 9.59
per cent impurities, chiefly silica, alumina and iron oxide. It is
quite apparent from the above analyses that the Conococheague is
not suited for chemical use, but a large part of the formation is
composed of tough resistant rock that is well adapted for general
construction purp.oses (P1; 5, loc. 28).

The Beekmantown formation is composed of interbedded fine-
textured dark bluish-gray limestone and finely crystalline gray dolo-
mite. Chert, although not abundant, occurs throughout the forma-
tion. The absence of intercalated co,arse-grained sandstones in the
Beekmantown is one of the striking differences between this forma-
tion and the underlying Conococheague. An estimate based on
several incompletely exposed sections indicates that the ratio of
limestone or magnesian limestone to dolo.mite fo'r the full thick-
ness of the formation is about 3 to 2, although dolomite predomi-
nates in the upp,er part. Assuming the beds to be vertical, the pos-
sible maximum thickness along Road 631 west of Stephens City is
about 25@ feet. The formation ap,pears to be much thicker in
northern Frederick Co,unty (Pl. 5, loc.23), but the measurements
of exposures there may be inaccurate as a result of minor folding
or faulting which was not evident in the field. The general charac-
ter of the Beekmantown which crops out on both sides of U" S.

Highway 11, about ll mlles southwest of the Virginia-West Vir-
ginia line (Pl. 5, loc. 23), is as follows:

35
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Geologic Section 75.-About 1l w,iles southutest of Rest,

Fr ed,erick C ounty, V i,r girii,a

Thickness

Beekmantown formation (3478-+ feet) 
Feet

23. Largely covered; a few beds of gray dolomite-.-.---- 300+
22. Dolomite, gray, fine graiged; a few biuish-gray

21.

20.
19.
18.

T7,

16.
15.

14.
13.

t2.
11.

10.

9.

8.

7.

6.

J.

4.

3.

2.

1.

limestone beds in lower part..
Limestone and dolomite-..----.-"-.-----
Dolornite, gray, fine grained-------
Dolomite with thin beds of bluish-gray limestone.-
Dolomite with thin beds of bluish-gray limestone--
Limestone,' bluish-gray, banded----
Dolomite and limestone.---.---.--------

Limestone, bluish-gray, fine grained, banded-----.-.-.

Limestone, light bluish-gray, medium grained.--..-

Dolomite, gray, fine grained-.-..--
Limestone, bluish-gray, medium grained, banded--

Dolomite, gray, fine grained-.-----

Covered interval -----------:---------

Limestone and dolomite; largely limestone---
Dqlomite and limestone; largely dolomite.-----.-------

Limestone, bluish-gray: a few thin beds of dolo-
mite --------.-.-.---..-:---.-.-.----:--------.-----------

Largely covered; a few thin ,beds of dolomite--------
Limestone, bluish-gray -----.--.--------:----------

Limestone with thin magnesian layers-...---.-------.-"--

Dolomite and limestone.---.-.----------

Limestone, bluish-gray, banded-----
Limestone and dolomite: abundant chert float:

153

130

79
95

95

258.
108

175

80

65

80
235
400

97

245

r37
32

205

5B

230

lower boundary unCertain-----.-----.-.--.-.-..:-..-.-----.------ 214

Chepultepec' limestone

One of the best exposures of the gpper 1050 feet of the Beek-
mantown formation, consisting almost entirely of finely granular
gray dolomite, is in a field about half a mile southwest of the inter-
section of U. S. Highways 50 and 522 about half a mile south of
\Arinchester (Pl. 5, loc.26). The average of three samples from
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this locality, each representing about 350 feet of dolomite, shows
5.34 per cent silica, 0.49 per cent iron oxide (Fe2Oa), 0.69 per cent
alumina, 54.41 per cent calcium carbonate, and.40.05 per cent mag-
nesium carbonate. The upper'100 feet of the Beekma4town near
Meadow Mills in southwestern Frederick County (Pl. 5, loc. 19)
has an almost identical composition.
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VrncrNre Grorocrcar Surrvry BurrrrrN 65 Prern 6

c.
A, Quarry and mine of the I4.^J. Grove Lime Company near Stephens City, Va.

B, Central Chemical Lime^Corporation quarrl, 2 milis nortl-reast of StrasLurg,Va. Looking_ northeast. C, Standard Lime jnd Stone Company quu..y abou-i
one mile north of Strasburg. Looking northeast.



VtncrNr.q. Gnorocrcar- Sltrr -uy Bur-rnrrx 65 Plern 6

c.

A, Quarry and nrinc of the \'I. J. Grove Lime Con.rpanl rear Stephcns City, Va.
B, Central Chemical Lime Corpciration quarrl' 2 miles rortheast of Strasburg,
Va. Looking northeast. C, Standard Linre ald Stone Companl' quarry about
one mile north of Strasburg. Looking northeast.

A



VrncrNr,t Gnorocrcel SurvEv BunurrN 65 Pre.rr. 7

A.

B.

c.
A, Pouhatan Lime C.ompany quarry northeast oI Strasburg Junction, Shenandoah

Lounty. l/a. ,Lookrng southr4'est. 
_ B, Shenandoah Lime Companl, quarry just

east.,ot Str,asburg Junction. T_ooking soqth$,est. C, Abandoned quaffy halt
a mrle southwcst of Strasburg Junction. Lookins northeast.



Vrncrxr.c Grorocrc.q,r, Sunvev Burr-errN 65 Plarn 7

c.
A, Porvhata:'r_ Lin.re Compa:rl. cluarrl, n Shcr.rancloah

Countr'. Va. .l-ookirrg s.urhrvesi. ;";;;;east ot strasDL:rg Junctio'. I-ook 
quarry Just

a mile south,v.iiir'ilrurrrrrg Junc 
quarrv hal{
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SHENANDOAH COUNTY

GENERAL STATEMENT

Shenandoah County, with an area oi 510 squar'e miles, lies be-

tween the West Virginia line and the eastern ridge of Massanutten

Mountain.. It is bounded on the northeast by Frederick County,

on the east and southeast by Warren and Page coun'ties, and on the

southwest by Rockingham County (Fig. 1). About half of the area

of the county, extending from n4assanutten Mountain northwest to

the vicinity of Little North Mo,untain, is in Shenandoah Valley.(Pl.
8). Altitudes vary frorn 5@ feet along the North Fork of Shenan-

doah River east of Strasburg to about 12@ feet on some of the low

ridges and rounded hills in the western part of the valley. The
general average for most of the valley floor is about 1000 feet. The
principal streams are North Fork of Shenandoah River, which flows

northeastward along the western side of Massanutten Mountain,
and Cedar Creek which forms a natural boundary between Fred-

erick and Shenandoah counties.
Woodstock, the county seat, is located about 3 miles west of

Massanutten l\{ountain and slightly northeast of the geographical

center of Shenandoah County. The county is served by the Valley
Branch of the Southern Railway, which parallels Shenandoah Val-
ley from New Market northeastward to Strasburg, and by the Val-
ley Branch of the Baltimore and Ohio Railroad north of Strasburg

Junction. Important roads include U. S. Highway 11, which tra-
verses the valley from the vicinity of Strasburg to New Market,
and several State highways which cross the county north of Stras-

burg; west of Woodstock, Mount Jackson, and Quicksburg; and

southwest of Columbia Furnace.

GEOI.OGY

That part of Shenandoah County within Shenandoah Valley
contains several'narrow belts of high-calcium limestone separated

by broader belts of limestone, magnesian limestone, dolomite, and

shale (Pl. 8). A summary of the carbonate rocks is given in
Table 7.

4l
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Tlrsra 7.-Surnmarg ol carbonate rocks in the Shenaniloah Valtey porti,on of
Shenond,oah C o,untA, V irgtnm

t CHAnacrElRFonu,rrroN
Appnoxruaro
Tsrcrnnss

(Feet) n

Chambersburg
and

Athens

Lenoir

Mosheim

Beekmantown

Chepultepec

Conococheague

_Chambersburg, mainlv black impure limestone.' in part nodular weathering; in western beli,
upper 60 to 90 feet contains 96.34 to 97.b6
per cent calcium carbonate. Athens. chieflv
shaly black limestone.'

Chiefly shaly weathering dolomite and lime-
stone; locally, near the North Mountain fault,
contains quarriable zones of brecciated dolo-
mit-e averaging about 43.5 per cent magnesium
carbonate..

40H00

300-500

Elbrook

Structure sections showing the major fo.lds and faults along
lines extending southeast of conicville and Saint Luke are given on
the geologic map (P1.8). The largest geologic structure in Shenan-
doah County is the Massanutten Mountain syncline. The area of
this syncline in the eastern part of the county, exclusive of Massa-
nutten Mountain, is occupied by Martinsburg shale. The western
boundary of the shale extends from Strasburg southwestward to

Chiefly medium-grained, chertv, dark-srav
Iimestone. Locall.y, a part of fhe format"ion.
where free of chert, contains about g6 to g7
per cent calcium carbonate.

Conpact, _thick-bedded, dove-gray limestone.
Commonly, the lower bart of lhe-lormation is
thinner bedded and sliehtlv impure. Samoled
units, representing in mosl insiances the'full
thickness of the formation, contain about g6- to 98.5-per cent calcium carbonate, averaging
about 97.5 per cent.

Composed largely of fine-grained, gray dolomite,
with conspicuous intercalated beds of bluish-
gray limestone. Sampled limestone units
contain less than 90 per dent calcium carbonate
and.the dolomite units, from about 86 to 41 per
cent magnesrum carbonate.

Bluish-gray limestone with a few thin beds of
dolomite. Generally contains less than g0
per cent calcium carbonate-

Chiefly limestone, magnesian limestone, and
dolomite. Distinctive feal,ures are' thin
laminae containine siliceous material. which
weather as distincl ribs, and a few layers of
coarse-grained, friable sandstone.
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New Market, passing east of Toms Brook, Woodstock, Edinburg,
and New Market.

The next structure to the r,'r'est is a well-defined anticline. here
named the Mount Jackson anticline for the town of Mount Jackson
which is located near the axis of the fold. The Conococheague
flanked'by the Chepultepec and Beekmantown formations is ex-
posed along this anticline southwest of Woodstock, whereas to the
northeast of Woodstock the Conococheague is bounded on the north-
west side by a fault. Between the Mount Jackson anticline and
the Saumsville fault. south of the latitude of Woodstock. is a com-
plexly folded area in which are exposed beds of Beekmantown,
Mosheim, and the overlying impure limestones and, shales. So.me
of the largest deposits of high-calcium limestone in Shenandoah
County occur in this area.

Rocks ranging from the Elbrook to the Martinsburg underlie a
broad area between the North Mountain and Saurirsville faults. A
synclinal structure in the eastern part of th,is area is well shown by
the repetition o{ the Moshein and a part of the Beekmantown
(Pl. B), north of Lantz Mills. Between the latitude of Columbia
Furnace and Rockingham County the rocks forming the east limb
of the syncline are largely concealed by faulting

Along the western side of the valley from the vicinity of Saums-
ville southwestward to a point about 3 miles southwest of Saint Luke
(Pl. B), a thick occurrence of high-calcium Mosheim limestone crops
gut. This belt of limestone, within an area underlain by formations
ranging from Conococheague to Martinsburg, is interpreted tentatively
as a faulted slice.

HIGH-CALCIUM LIMESTONE

Strasbwrg-New Mwket bett.---The Strasburg-New Market belt of
high-calcium Mosheim limestone crops out .west of the Martinsburg
shale in the Massanutten llountain syncline and closely parallels U. S.
Highway 11 and the Southern Railway from. the general vicinity of
'Strasburg southwestward to New Market. Except for a covered inter-
val between Edinburg and a point about 3 miles northeast of New
Market, the high-calcium limestone is well displayed and ofiers many
complete sections for detailed study.

. Several quarries producing high-calcium limestone are located in
the general'vicinity of Strasburg and Toms Brook in the northern part
of Shenandoah County. In t944 quarries were operated in this belt
by the Central Chemical Lime Corporation, Shenandoah Valley Lime

43
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and Stone Corporation, Standard Lime and Stone Company, Powhatan
Lime Company, Shenandoah Lime Company, Strasburg Lime Com-
pany, and the Toms Brook Lime and Stone Company. Data regard-
ing these quarries, which accompany the following brief geologic descrip-
tions, are based on information obtained by the writer in 1942.

Along the belt between Cedar Creek and locality 32 (Pl. B), the
truncated edges of the limestone are about 100 feet above Cedar Creek.
The main quarry of the Central Chemical Lime Corporation (Pl. 8, loc.

32), about three-fourths of a mile southwest of Meadow Mills, is ap-
proximately 500 feet long, 250 feet wide, and ranges in depth from a
few feet at the southwestern end to about 80 feet near the northeastern
end (Pl.68). In the main part of the quarry the rocks are Mosheim;
those high on the southeast face Lenoir. A small quarry in the lower
part of the Mosheim (P1.8, loc.33) is located along Road.629, jast
south .of the Company's plant. This locality contains the thickest body
of high-calcium limestone observed in the Strasburg area, as shown in
the following section.

Geologic Section 16.-Along Road 629 about 2 wiles northeast otf

S trasbur g, S henand oah C ounty, V irgi,ni,a
' Thiclness

Feet
Mosheim limestone (225-+ feet): strike N. 75" E.; dip D'

SE.
4. Limestone, dove-gray, compact, thick bedded; SiO2,

0.10; FezOu, 0.M; A12O3, O.42; C,aCOs, 98.25;
MgCO3, 0.BO; total, 99.61 --.-.-..-. 160:L

3. Limestone, dove-gray, compact; partly covered------...- @
2. Conglomerate; limestone and dolomite pebbles in an

impure taupe-gray limestone matrix; lower bound-
ary uncertain ----------------- 5

Beekmantown formation
1. Dolomite mainly; several hundred feet.

Geologic Section 43.)
(See

Between localities 33 and 35 the belt of high-calcium limestone

crops out along the northwest slope of a low ridge, the summit of
which is underlain by cherty Lenoir limestone. Most of the Mosheim
and the lower part of the Lenoir in this belt are well displayed in the

Shenandoah Valley Lime and Stone Corporation quarry (Pl. 8, loc. 35)
along Road 63'0. This quarry is approximately 800 feet long; 25O f.eet



SsnNeNooes CouNrv

wide, and 30 to B0 feet deep along the eastern side. In 1942 the quarry
was being enlarged in. a southeasterly direction down the gentle dip of
the Mosheim limestone. Because of the similarity of the rocks at this
Iocality to those shown in Geologic Section 16, no samples for
analysis were taken here. The Mosheim is overlain by a few feet of
chert-free, dark limestone in the lower part of the Lenoir, which prob-

ably could be quarried together with the Mosheim as high-calcium lime-
stone.

The general southwestward trend of the high-calcium limestone

belt between localities 35 and 37 is modified by two folds, an anticline
at locality 36 pitching gently southward and a syncline east of Capon
Road that "spoons out" to the northeast. The quarry of the Standard
Lime and Stone Company (Pt. 8, loc. 36), Iocated along the crest of
the broad gently pitching anticline, is approximately 1400 feet long,
2N to 300 feet wide, and atnut 125 feet deep at the western end' The
quarry has been developed, as several broad benches, arranged steplikg

along the general eastward strike of the rocks, which can be worked
simultaneoirsly (Pl. 6C). Approximately 100 feet of Mosheim lime-
stone sampled along the western side of the quary contains, 98.15 per

cbnt calcium carbonate ana o'95 per cent magnesium carbonate, a total of
99.10 per cent carbonates (Table B). It should be noted that the beds

sampled probably do not represent the {ull thickness of the Mosheim
limestone, since at no place in the quarry was the base of the formation
observed. The Mosheim is overlain in normal geologic sequence by
beds of cherty Lenoir limestone which are well displayed along the

south face of the quarry.
The thickness and character of the rocks comprising the high-

calcium limestone helt about 100 yards (Pl. 8, loc. 37) northeast of the

Powhatan Lime Company quarries are as follows:

Geologi,c Section 17.-Near the Poztrhatan Li,nce Cornpany quarri,es about

h,atf a mi.te northeast af 
::;,V;fr:#ncti,on, 

shenandoah

Thickness
Feet

Mosheim limestone (LQ' teet): strike N. 51' E.; dip 38' SF.
3. Limestone, dove-gray, fine grained---.--------.-.---- 33

2. Limestone, dove-gray, compact, thick bedded------------ 10O

L. Limestone, dove-gray, compact; a few impure.beds---- 29

Beekmantown formation
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The quarries of the Powhatan Lime Company. (Pl. B, loc. 38) are
between locality 37 and the Southern Railway east of Strasburg Junc-
tion. The largest, near the southwestern end of the belt of high-calcium
limestone, is approximately 800 feet long, 300 feet wide, and about 100
feet deep (Pl. 7A). The Mosheim is not fully exposed in the quarry,
but it is assumed that the rocks quarried are similar to those d.escribed
in Geologic Section 17. The overlying Lenoir formation which crops
out along the east face of the quarry (Pl.7A) and the adjacent low
ridge is approximately L7B feet thick. It consists of medium- to fi.ne-
grained, dark-gray limestone. Cherty horizons are particularly abundant
in the upper part of the formation. Two smaller quarries, each about
2N to 300 feet long and 20 to 5O feet deep, are located at intervals of
about 500 feet northeast of the main quarry. The belt of high-calcium
limestone appears to thin southwest of the Powhatan Lime Company
quarries. In the quarry of the Shenandoah Lime Company (Pl. B, loc.
4O) the character and thickness of the rocks are as follows:

Geotogi,c Section, l?.-skenandoah Li.rne Cowpany qwarry, 500 feet
south of Strasbwrg fwnction, Shenund.oah County, Virginia

' 
Thickness

Feet
Lenoir limestone (75 feet)

4. Limestone, dark-gray, granular; very cherty; top not
included

3. Limestone, dark-gray, medium grained; pinkish part-
ings; sparsely cherty; SiO2, O.92; FezOs, O.OB;
A12O3, 0.56; CaCOs,96.97; MgCO3, L.ZI; total,
99.74

Mosheim limestone (88 feet) : strike N. 45. E.; dip 45" SE.
2. Limestone, dove-gray, compact, thick bedded
1. Limestone, dove-gray, compact, thin bedded;

impure layers ----------

Beekmantown formation

The Shenandoah Lime Company quafty has a length of about 700
feet, width of 150 feet, and a maximum depth of 10O feet. Cherty
Lenoir limestone is conspicuously displayed in an overhanging ledge
forming the southeast rim of the quarry (Pl. 7B). The lower. part
of the Lenoir at this locality is relatively free of chert and meets the
specifications of high-calcium limestone as used in this report.

a few

25

50

73
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One large quarry (Pl. 7C), now filled with water, is located along
the belt of limestone between Strasburg Junction and the Strasburg
Lime Company quarry (Pl. B, loc. 41). The present quarry of
the Strasburg Lime Company (Pl. 10A) is approximately 600 feet
long, 150 feet wide, and 4O to 50 feet deep. The rock in the main part
of the quarry is Mosheim; that along the southeast face Lenoir.

Geologic Section 79.-Strasbw"g Lime Cornpavry qwarry, half a
wile southwest of Strasbwrg lwnctiom, Shenand,oak County,

virgi'n'a 
Thickness

Feet
Lenoir limestone (lower part, 35 fdet)

4. Limestone, dark-gray, granular, cherty---------"-------.------ 25
3. Limestone, dark-gray, medium grained---------------------- 10

Mosheim limestone (85 feet) : strike N. 50' E.; dip 32" SE.
2. Limestone, dove-gray, compact, thick bedded; SiO2,

0.18; FezOa, 0.08; A12O3, 0.4O; CaCOa, 98.45;
MgCO3, 0.91; total, ICF.0Z &

1. Limestone, dove-gray, banded, impure---------

Beekmantown formation

One of the best exposed sections of the Ordovician limestone
sequence from the top of the Beekmantown dolomite to the base of the

'overlying Martinsburg shale in northern Shenandoah County is along
Tumbling Run, about Il miles southwest of Strasburg. The character
of the rocks in the lower part of this section (Pl. S, loc. 42) is as
follows:

Geologi,c Section 2|.-Along Road, 601 ond Tumbli,ng Rwn, lrf w,iles
southzaest of Strasbwrg, Shenand,oah Cownty, Virgi,ni,a

Thickness
Feet

Lenoir limestone
. 3. Limestone, dark-gray, granular, cherty--- 132

Mosheim limestone (56 feet) : strike N. 35" E.; dip 30. SE.
2. Limestong dove-gray, compact, thick bedded------------ 35
1. Limestone, dove-gray, compact, thin bedded; a few

impure beds; lower boundary uncertain.----

Beekmantown formation
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All of the measurements of the Mosheim north of Tumbling Run
in Shenandoah County indicate that there is an appreciable thickening
of the limestone northeastward along the strike. Generally, the part of
the Mosheim quarried along this belt, exclusive of the slightly impure
beds near the base of the formation, ranges from about 75 to t25 ieet
in thickness.

At locality 43 about Lr/a miles southwest of Tumbling Run, ap-
proximately 60 feet of Mosheim contains 98.35 per cent calcium carbon-
ate and 0.73 per cent magnesium carbonate, a total of 99.08 per cent car-
bonates. Although the base of the Mosheim is covered at this locality,
the position of the exposed underlying beds of dolomite limits the
possible maximum thickness of the high-calcium rock to about 70 feet.
Farther southwest, near U. S. Highway 11, the geologic sequence and

character of the rocks (P1. & loc. 44) are as follows:

Geologi,c Section 2l.-About 1 rnite northea,st of Toms Brooh,
Shenandoah C ownty, V irginia

Thickness
Feet

Lenoir limestone
2. Limestone, dark-gray, granular, sparsely cherty;

CaCOs,SiOz, 3.77; Fe2Os, O.26; AlzOs, 0.43;
95.28; MgCOs, 1.65; total, 101.39

Mosheim limestone: strike N. 31" E.; dip 26'
1. Limestone, dove-gray, compact, thick

0.34; FezOs, 0.08; AlzOg, 0.84;
MgCO3, 1.33; total, 9.53,

Beekmantown formation

Since the analysis of unit 1 includes the full thickness of the
Mosheim, it is reasonable to assume that a higher percentage of cal-
cium carbonate could be obtained from a sample of the upper 60 to 70
feet of beds above the slightly impure zone at the base of the formation.

The Toms Brook Lime and Stone Company quarry (P1. 8,
loc. 45) is on the eastern side of the village of Toms Brook, near U. S.
Highway 11 and the Southern Railway. It is about 600 feet long, 2@
feet wide, and 100 feet deep (P1. 10B). Due to the similarity of these

SE.
bedded; SiOz,

CaCOs, 96.94;

100

80



Vrncrxra Gnorocrcar- Sunvrv Bur-rnrrN 65 Prern 10

C.

A, Strasb'urg Lime Company quarry one mile nest of Strasburg, Va. l-ooking
southwest. B, Toms Brook Lime alcl Stone Company quarry at Toms Brook,
Shenandoah County, Va. Looking northeast. C, Abandoned quarry near
Melrose Caverns, Rockingham County, Va., showing thin soil mantle.

A.

B.
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C.

A, Strasburg Lir.ne Company quan:y one mile rvest of Strasburg, Va. l.ooking
sciuthrvest. R, Torls Rrook Lime and Stone Conrpanl. qual:rv at Toms Brool<,
Sherar.rcloah County, \ra. Looking northe ast. C, Abandonecl quarry near
Ifelrosc Cavenrs, Rockingl.ranr Countl , \,'a., sl.rowirrg thin soil rrantlc.
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B.

'k

C.

A, Crusher at the Bowling quarry half a mile northeast of Verona, Augusta
Countl', Va. B, Looking northeast along strike of Beekmantown dolomi-te in
the Bowling quarry. C, Coarsely granular Lenoir limestone 3 miles north-
west of Stuarts Draft, Augusta County, Va.
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C.

A, Cruslrcr at the Bowlirrg quarr), half a mile northeast of Verona, Augusta
Cou;rt1., Va. B, Lookilg nortbcast along strike of lJcekmantorvn dolorniie in
the Bowling quarr].. C. Coarsel.r graniilar Lenoir limcstone 3 miles north-
west of Stuarts Draft, Augusta Count1,, Va.
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rocks to those described at localities 43 and 44, no samples for analysis
were taken here. The thickness of the Mosheim at the western end of
the quarry is about 97 teet, the lower 20 to 25 feet probably being
slightly impure. The basal part of the overlying Lerioir near the north-
eastern end of the quarry is chert free, whereas towards the south-
western end black chert nodules closely overlie the $osheim. It is im-
portant to recognize that cherty horizons in the Lenoir are not neces-

sarily persistent within the formation, and thus within a.few hundred
feet along the strike the rock may vary from high-calcium limestone to
impure limestone.

The belt of high-calcium limestone closely parallels U..S. Highway
11 between Toms Brook and Pughs Run, a distance of 4 miles. No
satisfactory sections for accurate determination of thickness were ob-

served along this belt, although the width of outcrop and structure sug-

gest that the high-calcium limestones thin southwest of Toms Brook.
This suggestion is corroborated by the following section along Pughs

Run (P1. 8, loc. 46), about 20O yards east of U. S. Highway 11.

Geologic Secti,on ZZ.-Atong Pughs Run, 2 sniles northeast of Wood-
stock, Shenandoah C ownty, Virginia

Thickness

Lenoir rimestone 
Feet

3. Limestone, dark-gray, medium grained, chbrty---.------ l7O

Mosheim limestone (66 feet) : strike N. 47' E.; dip 36' SE.
2. T,imestone, dove-gran compact, thick bedded---.-.-:-------- 22

1. Limestone, dove-gray, compact, thin bedded; a few
impure beds.-----.----. 44

Beekmantown {ormation

In the small abandoned quarry along Road 663, about 100 yards

southwest of locality 46, the upper 32 feet of the Mosheim contains

98.26 per cent calcium carbonate and 1.59 per cent magnesium carbon-

ate, a total of 99.85 per cent carbonates (Table 8). The thickness of
the Mosheim in the general vicinity of Woodstock probably averages

about 40 feet, although no fully exposed sections were found. The

character bf the rocks between Woodstock and EdinburC (Pl. 8, loc. 48)

is given in,the following section.
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Geologic Section 23.-Along North Fork of Shenand,oal+ Ri,zter at darn,
1 ruite northeust of Edinbwrg, Skenand,oah Cownty, Virginia

Thickness
Feet

Mosheim limestone: strike N. 35o E.; dip 47" SF..
3. Limestone, dove-gray, compact; some layers slightly

impure; lower boundary uncertain; SiO2, .1.57;
FezOs, 0.39 ; AlzOa, 0.81 ; CaCOs, 96.60; MgCOs,
1.24; total, 10061 40

Beekmantown formation (upper part, 60 feet)
2. Limestone, bluish-gray, fine grained to compact; a few

thin layers of dolomite- 2A
1. Dolomite, bluish-gray, fine grained-----------------.- 40

The thickness of the Mosheim along Road 675 and North Fork of
Shenandoah River (P1. 8, loc. 49), about half a mile east of Edinburg,
is 62 teet. The lower 37 teet is mostly medium thin-bedded, slightly
impure limestone. The belt of limestone between Edinburg and the gen-
eral latitude of Shenandoah Caverns is largely covered, thus the geologic
rriapping in this area is generalized. The first completely exposed sec-
tion (P1. B, loc.51) of high-calcium limestone southwest of Shenandoah
Caverns is shown in the geologic section given below.

Geologic Section 24.-Abowt three-tenths of a rnile zuest of U. S. High-
ztoy 11 and, 1l ruiles east of Qwi.cksburg, Shenand,oah

County, Virginia
Thiclness

Mosheim limestone (103 feet) : strike N.40o E.; dip 50' SE.
. 2. Limestone, dove-gray, compact, thick bedded

1. Limestone, dove-gray, compact, thin bedded, slightly
impure ---.------.---- 27 '

Beekmantown formation

The southwestern end of the Stras,burg-New Market limestone belt
is almost fully exposed between State Highway 262 and the Rocking-
ham County line near New Market. Four sections were measured at
intervals of approximately one-fourth of a mile along this belt. The
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geologic sequence and character of the rocks beginning with locality
52 near the northeastern end of the belt are as follows:

Geotogi,c Section Z|.-Abowt 100 yard,s east of North, Fork of Shenan-
.doah Rinter and, 1l miles north of Nezu Market, Skenand,oah

Cownty, Virgi,ni,a,

Thickness
Feet

Mosheim limestone (113 feet) : strike N. 30. E.;dip 32" Str.
2. Limestone, dove=gray, co,mpact, thick bedded----_ _- gI
1. Limestone, dove-gray, compact, thin bedded,

slightly impure

Beekmantown formation

About 100 yards southwest of the above location, along the
strike (P1. B, 1oc.53), the Mosheim is 111 feet thick and.fully ex-
posed in a vertical cliff along North Fo,rk of Shenandoah River.
Here the thin characteristic clayey streaks were observed in the
lower part of the formation. At locality 54, the Mosheim is about
100 feet thick, the upper 76 f.eet being thick-bedded, high-calcium
limestone. The character and thickness of the Mosheim (Pl. 8, loc.
55) about three-fourths of a mile northeast of Road, 728 and about
half a mile north of New Market are as follows:

Geologic Section 26.-About half a rnite north of Nezu Market,
S h e nand o ah C ounty, V ir gi,nia

Th;kr.ess

Mosheim limestone (112 feet) : strike N. 20o E.; dip 40. SE.
2. Limesto,ne, dove-gray, conlpact, thick bedded;

SiO2, A.22; Fe2Os, O.I2; AlzOs,0.42; CaCOg,
97.34; MgCO3, 1.13; total, 99.23_-_--_-.-..- Z9

1. Limestone, dove-gray, compact, thin bedded,
slightly impure_-_-.._. 33

Beekmantown formation

A similar section \ras measured at localiitv 56, about 800 feet
northeast of Road 728 and. one-fourth of a mill northwest of New
Market. fn summary, localities 52 to 56 contain from 75 to 9O
feet of high-grade limestone. It is also thought that additional

51
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quantities of lower grade stone, averaging aboutg6 per cent calcium

carbonate could be obtained from approximately the lower 25 feet

of the formation. A detailed description of the Mosheim limestone,

fully exposed in the Madden quarry at the western end of the Stras-'
burg-New Market belt (Pl. 8, loc. 57), is given in the following
section:

Geologic Section Z7.-Madd'en qruarry,. lwtf a mile southtttest of
New Marhet, Shenand,oah County, Virgini'a

Thickness
Ft. In.

Mosheim limestone (89f feet) : strike N. 25" E.; dip 38'
SE.

18. Limestone, dove-gray 90
17. Limestone, mottled light- and dark-gray, com-

pact
16. Limestone, dove-gray, compact; a few dark-

gray beds -----.---------------- 15

15. Limestone, dark-gray, fine grained; irregular
fracture ----- 11

Analysis o'f units 15 to 18, sampled thickness
38 feet: SiOz, O.26; FezOs, 0,08; AlzOg, 0.24;

CaCOs, 98.15; MgCO3, l.A3; t.otal,99.76.

14. Limestone, dove-gray, compact; a few clayey
streaks --.-.-----,---------- I 6

13. Limestone, dark-gray, compact; white calcite
veins --"-.-"--

12. Limestone, dark-gray', compact------ 3

11. Limestone, dove-gray,'compact; white calcite
' veins ----------"--------s 7

10. Limestone, clastic; fragments of compact lime-
stone --------. ----.-:-------------- 10

9. Limestone, ddve-gray, cornpact---"-- 1

8. Limestone, clastic'; fragments of compact lime-
stone -------.- 9

7. Limestone, dove-gray, fine grained 6

6. Limestone, dove-gray, clastic; fragments of

compact limestone--.---..------.------.-: 7
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5. Limestone, drab-gray, fine grained, impure----.---_-
4. 'Limestone, dove-gray, compact; calcite veins--.-
3. Limestone, impure, thin bedded
2.. Limestone, dove-gray, compact; contains yel-

lowish streaks -...-.-.-___.--.__:__

Analysis of units 2 to 74, sampled thickness 34f
feet: SiOz, 1.24; FezOa,0.08; AlzOa, OJZ;
CaCOs, 96.95; MgCOs, l.I7 ; total,100.16.

1. Limestone, dove-gray to yellowish-gray, com-
pact; a few clastic beds; slightly imp.ure----------

Beekmantown formation

53

Thickness
Ft. In.
t6
26

5

Mills-Forestville high-calcium limestone
mile southwest ol T-antz Mills, Shenan-

17

Lantz Mills-Forestville belts.---The rocks described under the
Lantz Mills-Forestville belts include several narrow bands of high-
calcium Mosheim limestone exposed on the flanks of minor folds
between the Mount Jackson anticline on the east and the Saumsville
fault on the west. The structure o{ the limestone belts in the
vicinity of Hamburg is shown. on Plate 8. Some of the largest
deposits of high-calcium limestone in Shenandoah County occur
near the northeastern end of these belts west of Lantz Mills.

The Mosheim at locality 61 crops out around the end of a small
anticline pitching northeastward (F'ig. 2). Here a tributriry to

Frcunr Z.-Cross section o,f the Lantz
belts along a tributary to, Stony Creek, I
doah County, Va.

Stony creek flows in a narrow valley across the structure, thus
affording excellent exposures for measurement and sampling along
the steep-sided' valley walls.
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Geotogi,c Secti,on 28.-Abowt four-tenths of a rni,le north of Rood' 693

and, three-fowrtks of a m.i'le sowtkwest of Lantz Mi,lls,
Shenandbak C ownty, V ir gini,o

Thickness
F'eet

Mosheim limestone (175 fe.et): strike north; dip 26 E.

7. Limestone, dove-gray, compact------ 5

6. Limestone, nodular, impure----- 1

5. Limestone, dove-gray, compact------ 8

4. Limestone, dark-gra.y, medium grained------- 6

Analysis of beds 4 to 7, sampled thickness 20

feet: SiOz, 0.98; FezOs, 0.04; AlzOg, 1.24; CaCOs,.
95.89; MgCO3. !.77; total,99.92.

3. Limestone, dove-gray. compact; SiOz. 0.16: FezOs,

0.04; AlzOa,0.58; CaCOg, 98.02; MgCOa, 0.89;
total, )9.69 60

2. Limestone, dove-gray, compact; a few impure .

beds; SiOz, 0.92; FezOg, 0.04; AlzOs, 1.24;

CaCOa, 95.28; MgCO3, 2.14; total,99.62-- -.---.----. 65

1. Limestone, dove-gray, compact; some thin-bed-
ded impure layers; SiQz, 0.94; FezOs, 0.04;
AlzOg, 1.08; CaCOs,96.30; MgCO3, 1.18; total,
99.54 .....-.---- 30

Beekmantown formation

The analyses given in Geologic Section 28 show that the full
thickness of the Mosheim at this locality averages about 96.5 per
cent calcium carbonate. Another complete exposure (Pl. 8, loc.62),
about 1000 feet northwest of locality 61, is given in the following
secticn.

Geologi,c Section 29.-Along tri,but;ary to Stony Creek, fowr-fifths of a
,tmi,le sowtkzaest of Lantz Mills, Shenandoak Cownty, Virgi'ni'a

Thickness
Febt

Lenoir limestone
3.Limestone,dark-gray,granular,cherty---.-.-.-
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Thickness

Mosheim limestone (141 feet) : strike N. 60' E.; dip 50' 
Feet

NW.
2. Limestone, dove-gray, compact; SiO2, l.25iFezOs,

0.21; .\lzOl 0.15; CaCOs, 97.31; MgCOs, 1.36;
total, 100.28 76

1. Limestone, dove-gray, in part laminated; a few
' impure beds; SiO2, 2.99; FezOs, O.l2; Al2Os,

0.28; CaCOa, 95.98; MgCOs, 238; total, l}t.75.--. 65

Beekmantown formation

The high-calcium Mosheim limestone is overlain by impure
limestones and shales in a shallow syncline (Fig. 2) west of locality
62. The thickness o'f the Mosheim along the west limb of this syn-
cline, including a few impure beds in the lower part, is.about 180

feet (P1. B, loc.63). Due to the sirnilarity of these.rocks to those
given in Geologic Sections 28 and 29, no samples for analysis were
taken here.

The high-calcium limestones between Lantz Mills and State
Highway'263 are poorly exposed. A small abandoned roadside
quarry about one mile west of Mount Jackson is approximately 350
feet long, 150 feet wide, and 25 feet deep along the northern side.
High-calcium limestones exposed in the quarry (P1. B, loc. 64)
occupy the trough of a local syncline that pitches gently northeast-
ward. The thickness o{ the Mosheim limestone in this area'is esti-
mated to be about 100 feet. Farther west in the vicinity of Rinker-
ton (Pl.8,loc.65) the geologic sequence and character of.the rocks
are as follows:

Geologi,c Section 30.-Along Crooked Rwn about 1l wiles northwest
of Mownt fackson, Shenand,loah County, Vi,rgini,a

Thickness
Feet

Mosheim limestone (111 feet) : strike N. 35" E.; dip 43. SE.
9. Limestone, dove-gray, compact, thick bedded;

SiOz, 1.76; Fe2O3, 0.08; A72Os, 0.62; CaCO3,
94.72; MgCO3, 2.53; total,99.7L...--.-.-..- 93

8. Limestone, dove-gray; a few impure beds--------"----- 18

JJ
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Thickness
Feet

Beekmantown formation (upper part, 339 feet)
Z. Dolomite, gray, fine grained
6. Limestone, dove-gray, compact------
5. Dolomite, gray
4. Limestone, dove-gray; sheared.--:
3. Dolomite, gray, fihe grained------.
2. Dolomite, medium-gray .-."...---- 38
1. Partly covered; exposed beds are dolomite-------.---. 2OO

The Mosheim limestone east of the Saumsville fault along
State Highway 263 (Pl. B, loc. 66) occupies the trough of a narrow
syncline. South o,f a point between locality 67 and Forestville, the
western limb of the syncline is concealed by faulting. One of the
thickest bodies of high-calcium limestone noted along the eastern
limb of this syncline (P1. 8, loc. 68) is in the vicinity of Forestville.

Geologic Secti,on 3l.-Abowt 100 yard,s north of State Highutay 262
anil three-tenths of a noi,Ie sowtheast of Forestvi,lle, Sh,enaniloah

County, Vi.rginia
Thickness

Feet
Mosheim limestone (185 feet) : strike N. 38' tr.; dip vertical

2. Limestone, dove-gray, compact, thick bedded;
SiO2, 0.28; FezOa, O.I2; AlzOg, 0.56; CaCO3,
98.15;MgCO3, 1.00; total, 100.11- 130

1. Limestone, dove- to yellowish-gray, banded, im-
.pufe

Beekmantown formation

The thickness of the Mosheim at locality 69, about 3 miles west
of Quicksburg, is about 187 feet, the upper 150 feet being thick-
bedded, dove-gray, high-calcium limestone. A' zinc prospect, con-
taining beautiful specimens of sphalerite, occurs in the upper part
of the underlying Beekmantown dolomite at this locality. Field
studies indicate that this mineralization is restricted to a narrow
zone and probably does not affect the purity of the overlying high-
calcium limestone.

29
2
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20
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Saint Lw:ke-Moiunt Clifton bett.-The Saint Luke-Mount Clifton
belt of high-calcium limestone extends from the vicinity of Saint

Luke southwestward into Rockingham County, passing east of

Columbia Furnace and Mount Clifton. A smaller band of high-
calcium Mosheim limestone cropping out east o{ Saint Luke and

north of State Highway 261is included in this belt. The thickness
and composition of the Mo'sheim about L mile northeast of Saint
I.-uke (Pl. B, loc. 58) are given in the following section.

Geologi,c Section 3?.-Abowt 500 feet northwest of Road' 623 and, 7 rnile

northeast of Sai,nt Lwke, Skenand,oak Cownty, Vi'rginia

. Thickness
Feet

Mosheim limestone (184 feet): strike N. 47" E.; dip, over-
turned, 73' SE.

2. Limestone, dove-gray, compact-----------------:--.------------- ll2
1. Limestone, dove-gray, compact, thin bedded, im-

pure ----------- 72

Analysis of units' I and 2, samp,led thickness 184

feet: SiOz, 0.72;FezOs,0.08; AlzOa, 1.00; CaCOe,

95.73; MgCO3, 1.67; total,99.2A.

Beekmantown formation

It should be noted that the analysis given in the above section

represents a composite sample of the full thickness of the Mosheim,
and that probably the upper part of the formation (bed 2) contains
a higher percentage of calcium carbonate.

The upper part of the Chambersburg formation which crops out
500 feet northwest of the Mosheim at locality 58, is cbmposed of
about 85 feet of light-gray, fine-grained limestone containing 97.56

per cent calcium carbonate and 1.10 per cent magnesium carbonate
(Table 8). Limestone of similar composition occurs in the upper
part of the Chambersburg at locality 73 about 2 miles southwest
of Hamburg (Pl. B). These oecurences of high-calcium limestone
appear to be limited to the northern part of the Saint Luke-Mount
Clifton belt in Shenandoah County. A description of the rocks

from the Beekmantown dolomite to the Martinsburg shale, east of

Saint Luke (P1. 8, loc. 59), is given in the follorying section.

t/
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Geotogic Section 33.-Abowt 800 feet north if Road 605 and half a yni,le

east of Saint Luke, Skenandoak County, Vi,rgi,ni,a

Thickness

Cfru*f.rrlurg limestone (590-+ feet): strike N. 25" 8..; 
Feet

dip 75' NW.
4. Limestone, gray, co,mpact to fine grained; SiO2,

2.13; FezOe, 0.24; AlzOa, 0.40; CaCOe, 96.87i
MgCOg, !.72; total, 101.36__________ _..._..75-90

3. Limestone, dark-gray, fine grained; in part nod-
ular and shaly; may include a thin occurrence
of the Athens in the lower part.- _-_-.400-500

Lenoir limestone
2. Limestone, dark-gray, granular, cherty----.

Mosheim limestone
1. Limestone, dove-gray, compact; thickness esti-

mated

Beekmantown fo,rmation

The limestones in this belt extend southwest along the eastern
limb of a syncline to locality 60, then swing abruptly around the
end of a pitching anticline and continue eastward to the Saumsville
fault. The belt is largely covered east of locality 60. The lime-
stones cropping o,ut along the western limb of the syncline extend
from the general vicinity of Saint Luke southwestward across Shen-
andoah County. Due to limited time available no detailed measure-
ments were made of exposures in the northern-part of the belt.
The following section (P1. 8, loc.7l) is almost fully exposed along
Swover Creek in western Shenandoah County.

Geologi,c Secti,on 34.-Along Swover Creek abowt 2l rni,tes west of
Lantz Mills, Sloenand,oah Cownty, Virgi,nia .

Chambersburg limestone (415 feet)
11. Limestone, buff, clayey, cobbly .rveathering_-_____..

Thickness
Feet

10. Limestone, dark-gray, fine grained
12'
10

+/9. Limestone, gray, fine to coarse grained

Analysis of units 9 and 10, sampled thickness 57
feet: SiOz, 0.9O; FezOs. 0.16; AlzOg, 1.10; CaCOa,
96.34; MgCO3, l.Ll; total,99.6l.

100

100
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Thickness

. Feet

8. Limestone, bluish-gray, fine grained, medium bed-
ded.,--.--.-...- 9

7. Limestone, nodular, cobbly weathering 65

6. Limestone, dark-gray, nodular------- 131

. 5. Covered interval-------
4. Limestone, dense, black; some nodular beds--.-.------- 78

Lenoir limestone
3. Limestone, dark-gray, medium grained, cherty;

weathers cobbly t36

Mosheim limestone-(218 feet) : strike N. 30' E. ; dip 20" SE.
2. Limestone, dove-gray, compact, thick bedded;

SiOz, 0.14; Fe2Os, 0.04; AlzOs, A.52;: CaCOa,
98.56; MgCO3, 0.82; total,10O.08--.,-"---- Ll6

1. Limestone. dove-gray, compact; clayey partings;
SiO2, 1.20; Fe2O3, 0.08; AlzOg,0.78; CaCOg,
95.22; MgCO3, 2.65; total, 99.93- ...-.--.-. 102

Beekmantown formation

An analysis of a separate sample of unit 2 in the above section

shows 0.01 per cent phosphorus pentoxide (PzOs). The thickness of
the Mosheim limestone given in the above section may not be accurate,

since the exposed bedding surfaces are yery irregular' The average

of several determinations indicates that the dip of the beds is about 20o

SE. The thickness and character of the Mosheim at locality 72, about

800 feet southwest of Swover Creek, are given in the following section.

Geologic Section 35.-About 800 feet southuest of Swauer Creek anil

2l wiles zaest of Lantz Mi,lls, Sk;enand'oah Cownty, r*T\*rr*

Feet
Mosheim limestone (195 feet): strike 1{. 30' E.;dip 20" SE.

2. Limestone, dove-gray, compact; SiOz, 0.4O; FezOa,

59

0.08; AlzOa,0.78; CaCO3, 96.ffi; MgCOa, 1.35;

total.99.2t : 135

1. Limestone, dove-gray;. some thin-bedded, impure
layers; partly covered

Beekmantown formation
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Along the strike to the southwe.st the thickness of the high-calcium
limestones ranges from about 9O feet at locality 74 to 125 feet near
the Shenandoah-Rockingham County line. It is thought that the fol-
lowing section (P1. 8, loc. 75) represents the general character of the
rocks in the southwestern part of the Saint Luke-Mount Clifton belt.

Geolog'i,c Sect'ion 36.-Along Road, 614 abowt 1-1/a miles southwest of
F ore stztille, Shenand, oah C ounty, V ir ginia.

Thickness

Mosheim limestone ( 125 feet) : strike N. 50" n. ; aip 18" SE. 
Feet '

2. Limestone, dove-gray, compact; SiO2, 0.20; FezOs,
0.04; AlzOs, 0.36; CaCO3, 98.05; MgCOa, 0.85;
total, 99.50 85

1. Limestone, dove-gray, banded; a few impure beds..---- 4-O

Beekmantown formation

In summary, large deposits of high-calcium limestone occur along
the Saint Luke-Mount Clifton belt, but since the area is remote from
railroads no large-scale commercial development appears likely in the
near future.

S aurn sui,tl e - F airzti ew b ett.-The Saumsville-Fairview high-calcium
limestone belt extends from Saumsville southwestward for about 5

miles. It probably represents a faulted slice along the North Mountain
overthrust. Southwest of Fairview, near the middle of the belt, the
general southwestward trend of the rocks is modified by two small
folds. The thickness and composition of the Mosheim limestone which
is fully exposed southwest of Fairview (Pl. B, loc. 7O) are given in the
following section.

Geologi,c Secti,on 37.-About 7 rnile sowthwest of Fairview ind,lfi wiles

- 
northeast of Sai,nt Luke, Shenand,oah County, Virginia

Thickness
Feet

Mosheim limestone (24I f.eet): strike N.45'E.;dip 55" SE.
4. Limestone, dove-gray, compact, thick bedded------------ 94
3. Limestone, dark-gray, knotty 10
2. Limestone, dove-gray, compact --.----.-r..-----:- 83

Analysis of units 2 to 4, sampled thickness 187 feet:
SiOz,0.18; Fe2O3, 0.08; AlzOe, 0.60; CaCOg, 97.76;

. MgCOs, 0.56; total, 99.18.
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Thickness
Feet

1. Limestone, dove-gray; few impure beds; SiOz,O.42;
FeeOs, 0.12; AlzOe, L76; CaCOg, 94.82; MgCO3,
2.56; total, 99.68 -.----."-. 54

Beekmantown formation

Approximately i5B feet of high-calcium Mosheim limestone was

measured about 500 feet east of locality 70, thus it is assumed that at
least 150 feet of limestone, containing about 97.5 per cent calcium
carbonate, occurs locally in the Saumsville-Fairview belt.

- 
IMPURE LIMESTOI{E

.Formations composed largely of impure limestones in Shenan-

doah County include the Chepultepec, Lenoir, Athens, and Chambers-

burg. Exceptions are occurrences of high-calcium limestone in the

lower part of the Lenoir limestone at a few localities, where it is free
of chert, and in the upper 60 to 90 feet of the Chambersburg limestone

in the northwestern part of the county.

. The Chepultepec limestone crops out in a narrow band on the east

and west limbs of the Mount Jackson anticline, as a faulted slice

extending for about 3 miles southwest of Saumsville, and near the

western edge of Shenandoah Valley from a point about lf miles west
of Saint Luke southwestward across the county (P1. B). The general

character of the Chepultepec which crops out along the eastern limb
of the Mount Jackson anticline in the vicinity of Quicksburg (P1. 8,

loc. 78) is as follows:

Geologic Section 38.-Along blwff above North Fork of Shenandoah

Rizter abowt Im.If " ry:##,^;rlrffksbr,r* 
Shenaniloah

Thickness
Feet

Chepultepec limestone: strike N. 40" E.; dip 35' SE.
1. Limestone, dark-gray to black, fine grained; a {ew

layers mottled pink; SiO2, 8.87; FezOs, O.76;

AlzOs, 0.15; CaCOg,87.02; MgCO3, 2.30; total,
99.10.._.:_.___ 37O+

Conococheague formation

6I
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The belt of Chepultepec which extends along the west limb of the
Mount Jackson anticline in the southern part of the county is concealed
by older limestones and dolomites along the Saumsville fault northeast
of the latitude of Woodsttck. Th6 western bett is partly exposed in
the Hanner quarry, one mile southwest of Columbia Furnace,
and along State Highways 2ffi and 263 northwest of Mount Ctifton
and Forestville. An analysis of a cornposite sample collected frorn
stock-piles at this quarry (P1. 8, loc. 76) shows 86.26 per
cent calcium carbonate and 7.3O per cent magnesium carbo.nate, a
total of 93.56 per cent carbonates. Additional chemical constituents of
the rock frorn this qtiarty are given in Table 8.

The Lenoir is cornposed chiefly of dark-gray, granular limestone
containing zones of black nodular chert. . Samples from the lower part
of the formation showing an analysis from 95 to 97 per cent calcium
carbonate are not uncommon at localities where chert is absent or only
sparsely developed. Examples of this purity may be observed in a few
quarries near Strasburg and Toms Brook. Generally, the Lenoir is
impure and at no place in the county could the full thickness be quar-
ried for high-calcium limestone. The principal character of the fsrma-
tion is well displayed along Tumbling Run (Pl. 8,loc.42). Another
complete exposure of the Lenoir along the Strasburg-New Market belt
(Pl. B, loc. 48) is shown in the following section.

Geologic Secti,on 39.-Along North Fork of Skenandoah River, 1'ynile
' north,east of Ed,i,nburg, Shenand,oah Cownty, Vi,rgi,ni,a

Thickness
Feet

Lenoir limestone (167 feet)
4. Limestone, dark-gray, medium grained, cobbly

weathering ; partly covered ---------------

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

2. Limestone, dark-gray; irregular bands of black chert 20
1. Limestone, dark-gray, fine grained, cobbly weather-

itg 7+

Mosheim limestone

The thickness of the Lenoir along the Strasburg-New Market belt
of high-calcium limestone ranges ftorn 75 to I75 feet and averages
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about 135 feet. At many localities the cherty beds are responsible for
a low ridge adjacent to the high-calcium limestone belt. The same

general character of the Lenoir persists in all of the northwestern belts,

but the thickness is perhaps greater. At least 2ffi f"eet were measured

west of Lantz Mills.
The rocks between the Lenoir and the Martinsburg, along the

western edge of the Massanutten Mountain syncline, recently have

been mapped by Buttse as chambersburg limestone northeast of Mount

Jackson, and as Athens and Chambersburg limestones between Mount

Jackson and Rockingham County on the southwest. Other belts com-

posed largely of argillaceous, in part cobbly weathering, limestone, prob-

ably Chambersburg, occur in the weStern part of the county southwest

of Fairview. In the most westerly belt, beds of high-calcium limestone

occur locally near the top of the formation.
The general character of the Chambersburg along Tumbling Run

(P1. B, loc. 42) is given in the. following section.

Geologi,c Section 40. Atong Road, 601 and Twmbli'ng Rwn, 1l rni'les

sowthwest of Strasbwrg; Skenand'oah County, Virgi'ni'a

Thickness
Feet

Chambersburg limestone (580+- feet)
11. Limestone, shale, and siltstone------------------- 50

10. Limestone, buff-gray, crumbly, cobbly weatheriirg---- 40

9. Limestone, dark-gray, dense, slabby to cobbly------------ zm-r
8. Limestone, black, dense; in part shaly and cobbly

weathering 2591
7. Limestone, granular, thick bedded 9

6. Limestone,buff-gray,cobblyweathering---------------------: 3

5. Siltstone, brownish-butr --------------.- 3

4. Metabentonite ---------------- 1

3. Limestone, cobbly weathering; thin partings of meta-

. bentonite 7

2. Limestone, medium to coarse grained; 8-inch layer of
metabentonite at base

Lenoir limestone
1. Limestone, dark-gray, granular, cherty; upper bound-

ary uncertain -----------------

Mosheim limestone
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The same belt of limestone is well displayed along Road 638 in
the western environs of Strasburg. The upp"r nutr of-the section at
this locality (Pl. 8, loc. 39), representing about 250 feet of rock, con-
tains 92.4r per cent calcium carbonate, whereas the more impure rower
part contains only 83.49 per cent. The lower 100 feet of the chambers-
burg at locality 44 contains 9o.29 per cent calcium carbonate and 3.37
per cent magnesium carbonate, a total of 93.66 per cent carbonates.
From the vicinity of Tumbling Run southwestwarJ across Shenandoah
county the. exposures contain more and more dense brack rimestone with
clayey partings. cobbly weathering is also less pronounced than in the
northeastern part of the belt. A description of a part of the impure
limestones which crop out near the southwestern end of the Strasburg-
New Market belt (Pl. 8, loc. 50) is given in the following section.

Geologic Secti,on 41.-Betuteen U. S. Hi.ghway 11 and, aband,oneil

Thickness
Feet

Chambersburg limestone (500-+ feet)
8. Limestone, dark-gray to black, fine grained; bedding

surfaces irregular; exposed .in abandoned quarry-_-.
Limestone, black, compact; breaks with conchoidal

frbcture
Lirnestone, black ; shale partings----_:--__--_-_----

Limestone, black, fine grained--------
Limestone, gray, fine grained; few clayey layers-----___--

Limestone, clayey, cobbly weathering
Limestone, dark-gray, fine grained, banded_-__-_

Surface covered with fragments of black limestone
and shaly limestone; may include upper part of
Athens 150-{-

The impure limestones in the western part of Shenandoah Coun-
ty show considerable variations in lithology and composition. one of
the best exposures is along Swover creek about zl mires west of
I-'antz Mills (Geologic Section 34). Here the thickness of the
Chambersburg formation is approximately 400 feet, with the upper
part containing about 6O feet of high-calcium limestone.

7.

6.

,4.
3.
'2.

1.

40

34
32
45
?a
36

135
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IGET-MAGNESIUM DOLOMITE

High-magnesium'dolomite occurs in a small area, near the trace

of the North Mountain fault, in southwestern Shenandoah County.

The best exposure noted in this area is in the Kipps quarry (Pl. &
loc.77), along Road 726 about 3l miles southwest of. Mount Clifton.
Rocks exposed along the northeastern side of the quarry include 75

to 100 feet of intensely brecciated, mealy weathering light- to dark-
gray Elbrook dolomite. 'slightly brecciated lower grade dolomite, strik-
ing N. 22o E. and dipping 27e SE., is partially exposed east o{ the

quarry for a distance of approximately 1000 feet.

A composite sample of the mealy weathering dolomite in the

quarry (Table B) contained 43.77 per cent magnesium carbonate, 54.56

per cent calcium carbonate, and 1.60 per cent silica. Analyses of
samples collected at several localities southwestward along the strike

in adjoining Rockingham County show similar composition. Sampled

dolomite zones in the Elbrook formation, eicept where intensely brec-

ciated, are generally low grade and do not meet the specifications for
high-magnesium dolomite as defined in this report. The higher mag-

nesium content of the brecciated dolomite may be due, in part, to
secondary deposition of the mineral dolomite in fractures in the brec-

cia, Brecciated high-magnesium dolomite was not observed north of
the Kipps quarry.

LIMESTONq MAGNESIAN LIMESTONE, AND DOLOMITE

In Shenandoah County the Beekmantown and Conococheague

formations, and the Elbrook except for thin local occurrences of high-
magnesium dolomite, are composed largely of interbedded limestone,

magnesian limestone, and dolomite. On the geologic map (P1. 8) the

Beekmantown formation is separated from the older formations by a
thin band of Chepultepec limestone. Although the rocks comgrising the

Conococheague and most of the Elbrook were not studied in detail in
Shenandoah County, it is thought that the descriptions of these forma-
tions in adjoining Frederick County are applicable in this county. Gen-

erally the Tlbrook and Conococheague formations in Shenandoah Val-
ley contain relatively large quantities of clayey and siliceous materials.

The Beekmantown in Shena.4doah County, with a thickness of
about 2500 feet, is cornposed chiefly of dolomite, although there are a
few conspicuous beds of intercalated limestone. .Several partial ex-

65
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posures indicate that the limestone beds are thicker and more abundant
in the lower part of the formation. The gengral character of the
Beekmantown may be seen along Pughs Run (Pl. 8, loc. 47).

Geologic Secti,on 42.-Along Pughs Rwn abowt Z wiles northeast of
W o od,stock, Shenand,oah, C ownty, Virgini,a

Thickness

Beekmantown formation (2727-+ feet)
24. Dolomite, dark-gray, fine grained-_-_--__ 53
23. Dolomite, medium grained, laminated--._ 32
22. Limestone, bluish-gray, laminated_--_:_-__--_-___-_____- 11
21. Dolomite, medium-gray, fine grained----___-_-___--_,-.-----_--- 73
20. Limestone with thin beds of dolomite- 10
19. Dolomite, medium-gray, fine grained___-__-- 6L
18. Dolomite, light-gray, fine grained__-__--__-.____---- 45
17. Dolomite, dark-gray, fine grained_-_-------_-____-_- 47
16. Mostly covered; a few beds of dolomite-___-_ l7Z
15. Dolomite with a few thin beds of mottled light- and

dark-gray limestone 56
Dolomite; weathers bluish-gray -.--____.____-_ 44
Dolomite, gray, cherty ------------_:_-___-- 51
Dolomite, light-gray, fine grained; partly covered-_--_- 403
Dolomite, medium-gray 77
Dolomite, dark-gray
Limestone and dolomite -----_-__-__--___ 7

70
90

2M
40

14.
13.

12.

11.

10.

9.

8.
,7

6.

5.
A

3.

2.

1.

Dolomite, medium-gray, fine grained_-.-____

Dolomite, dark-gray
Dolomite, light- to brownish-gray, coarse grained-__-__--
Dolomite,'light-gray, fine grained
Limestone,darkbrownish-gray-...-..-.--.....-----
Dolomite, light-gray, granular
Dolomite, gray ; partly covered_--__-_:_--__-.__---.-_-__-_--_-.--.--

Limestone and dolomite

198

B1

42
135

Chepultepec limestone

The composition and character of the upper part of the Beekman_
town dolomite along the Strasburg-New Market belt in the north-
eastern part of the county (Pl. 8, loc. 34) are given in the following
section.
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Geologi,c Section 43.-.Abowt 200 yard,s soutkzuest of the Central,
Chevnical Con+pany plant and,2 yniles northeast of Strasburg,' Skensnd,oah Cownty, Virgi,nia

. Thickness
Feet

Beekmantown formation (upper part, 3@ feet)
3. Dolomite, dark-gray, fine grained; SiOz, 3.43; FezOg,

0.46; AlzOg,0.64; CaCO3, 54.79; MgCOs, 41.55;
total, 100.87

2. Dolomite, gtdy, fine grained; SiO2, 4.I2; Fe2Os,
0.43; AlzOe,0.52; CaCO3, 53.99; MgCO3, 38.2O;
total,97.26

1. Dolomite, gray, fine grained; SiO2, 5.91 ; FezOe, 0.55 ;

. Alros, t.O7; CaCO3, 56.4O; MgCOs, 36.46; total,
100.39

The analyses in Geologic Section 43 represent the approximate
range in composition for the highest grade dotromites, sampled in the
Beekmantown formatiotr in Shenandoah County. Except for the
relatively high content of noncarbonates, a part of the Beekmantown
would be classified in this report as high-magnesium dolomite. Com-
monly the dolomite beds are not.persistent in the upper part of the.
formation.over wide areas. For example the upper 100 feet of the
Beekmantown in the vicinity of Strasburg is dolomite (P1.8, loc. 34),
whereas along the strike to the southwest in the vicinity of Edinburg
(Pl. B, loc. 48) the same interval is composed of interbedded limestone
and dolomite. Farther southwest, in the vicinity'of Quicksburg (Pl.
8, loc.78), the lower 100 feet of the Beekmantown is predominantly
limestone, containing 89.69 per cent calcium carbonate and L76 per
cent magnesium carbonate, a total of 9t.45 per cent carbonates. The
upper part of the Beekmantown along the Saumsville fault (Pl. B, loc.
67) is composed largely of thick-bedded, light-gray dolomite.

o/

100

100

100
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CENTRAL ROCKINGHAM COUNTY

GENERAL STATEMENT

Rockingharh County (Fig. 1) lies between the West Virginia line
on the west and the Blue Ridge on the east and is bounded on the
northeast by Shenandoah and Page counties and on the southwest.by
Augusta.County. It has an area of. 876 square miles. About three-
fifths of the county, extending from the Blue Ridge northwest to Little
North Mountain, represents the full width of Shenandoah Valley.
Massanutten Mountain, which rises as a conspicuous ridge near
McGaheysville and extends northeastward to the vicinity of Strasburg
in Shenandoah County, divides the valley portion of Rockingham Coun-
ty into two parts. In this report that part of the county between
Massanutten and Little North mountains is described as central Rock-
ingham County; that part between Massanutten Mountains and the
Blue.Ridge is, discussed under eastefn Rockingham County.

The broad valley surrounding Massanutten Mountain slopes grad-
ually southeastward from an altitude of about 1500 feet along the south-
east base of Little North Mountain to approximately 900 feet along
South Fork of Shenandoah River. The topography of the western
part of the valley in Rockingham County (Pl. 9) is characterized by
low ridges trending northeastward, and rounded or conical hills which
rise from a few feet to about 200 feet above the surrounding area. The
principal streams are Ncirth Fork of Shenandoah River, which enters
the valley at Brocks Gap and thence extends eastward into Shenandoah
County, passing near Broadway and Timberville, and Middle River
which flows southeastward across the county to join South Fork of
Shenandoah River at Port Republic. Harrisonburg, the county seat,
is located near the geographical center of Shenandoah Valley. Central
Rockingham County is served by the Chesapeake Western Railway
which connects with the Norfolk and Western at Elkton, and by the
Southern Railway along the western part of the valley northeast of
Harrisonburg. The location of these railroads' (Pl. 9).is favorable {or
the exploitation of many occurrences of the industrial limestones and
dolomites.

GEOLOGY

Central Rockingham County is underlain by several narrow belts
of high-calcium limestone separated by relatively impure limestone,
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dolomite, and shale (P1.9). High-calcium limestone is restricted chiefly

to the Mosheim formation and locally a part of the overlying Lenoir

limestone where it is free of chert. The Elbrook formation which

crops out along the western side of Shenandoah Valley in Rockingham

County locally contains quarriable zones of high-magnesium dolomite,

averaging more than 43 per cent magnesium carbonate and less than 2

per cent silica. A summary of the carbonate formations in central

Rockingham County is given in Table 9.

henaniloah ValleY Portion oJrenr'ue'-'znr*"',,:!r,";Wfli1;x#ffi 
#tf,virginia

FonivrerroN Cs,lnecrnn
Appnoxruarg
Tsrcrxpss

(Feet)

73

Chambersburg
and

Athens

Whitesburg

Lenoir

Mosheim

Beekmantown

Chepultepec

Chieflv calcareous black shale and shaly black
limestone. Shales predominate along the
Massanutten Mountain sl'ncline, whereas lime-
stones are more abundant in the western belts.
Upper 75 to I00 feet in vicinity of Harrison-
brifs contains abundant, Chambersburg fossils.
Sampled units contain from about 60 to 90
per cent calcium carbonate.

Rustv weatherins. impure, dark-grav limestone.
Obierved local-[y near Linville-and southwest
of lla,rrisonburg.

Chiefly fine-grained, slightly ba.nded, bluish-
gray limestone.

85'0-1350"

Commonlv sranular, cherty, dark-gray lime-
stone. A part of the formation contains high-
calcium limestone at a few localities where
free of chert.

Compact, dove-qray limestone. Commonly di-
vidible'into two 

-parts; 
an upper division, in-

cludinc more than half of the total thickness
and containing from 97.0 to 98.5 per cent
calcium carbonate, and a lower slightly impgre
part averaqing about 96 per cent. Locally-contains 

less than 95 per cent calcium car-
bgnate in the Honeyville-Dayton belt.

Chiefly fine- to medium-grained, light- to dark-
srav dolomite. with a few intercalations of
Iislit bluish-srav limestone; a few cherty
Iavers. Loca-llv- the top 30 feet in the belt

- ivest of Broadway conti,ins impure dolomite,
straticulate limestone. and shale.

a Estimat€d.

300-500"
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CsanecronFonuarrorv

Conococheague

Appnoxruels
{]rrrcrNsss

(Feet)

Chiefly fine-grained, bluish-gray limestone and
minor amounts of gray dolomite. Distinctive
I'eatures are thin laminae, containing siliceous
material, which weatber out in relief on the
surface of the limestones, and layers of coarse-
grained sandstone.

Chiefly shaly weathering dolomite and lime-
stone; locally, near the Norlh Mountain fault,
contains quarriable zones of brecciated dolo-
mirf averaging about 43.5 per cent magnesium
carbonate.

Elbrook

a Estimated,

The major structures along a line extending northwestward
through Paulington, Linville, and Edom are shown on plate 9.
The largest fold in Rockingham County, which is also one of the
major structural units of Shenandoah Valley, is the Massanutten
Mountain syncline. The trough of the syncline, exclusive of the
area of Massanutten Mountain, is occupied by Martinsburg shale
that has been worn down to th,e general level'of the valley. West
of the Massanutten Mountain syncline is an anticline, the main area
of which is occupied by Cambrian and Ordovician limestones and
dolomites. Southrvest of Endless Caverns (Pl. 9, loc. 97), the nor-
mal geologic sequence of formations which should be repeated on
opposite limbs of the fold is disrupted by the Sta.unton fault, a
major overthrust that extends southwestward into Rockbridge
County. Along this fault at the Rockingham-Augusta County line,
the Elbrook dolo,mite is thrust upon Beekmanto'nqn. An interesting
featurea associated with th'is fault southwest oi Mount crawford
is a detached area of the overthrust block (klip,pe) consisting of
Beekmantown, Chepultepec, and Conococheague formations resting
unconformably upon Athens, Chambersburg, and'N{artinsburg.

The next major anticline, separated fro,m the p,reviously de-
scribed fold by a narrow trough filled with impure limestone and
shale, extends from the Shenandoah-Rockingham County line south-
westward to, a locality between Linville an'd Harrisonburg. Here

T.arlx 9.-Summary o! carbonate rocks in the Shenanfutah ValIeE portion o!
centr aI Rochirryham C ounty, Virginia-C ontinueil
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the high-calcium limestones and the underlying impure limestones
and dolomites pass beneath th,e surface around the end of the struc-
ture which is pitching gently southwestward. The part of the
anticline occupied by limestone and dolo,mite varies in width from
4 miles along the Shenandoah County line to about lf miTes east
of Linville.

A third syncline showing Martinsburg shale along the trough
of the {old occurs just west of Timberville and Linville (P1.9).
Near the southwestern irnd of this structure, the rocks are disar
ranged by a series of srnall gentle fo,lds. In a small area northwest
of Harrisonburg, erosio,n has removed the crest of one of these
minor anticlines, exposing an elliptical body of Beekmantown dolo-
mite surrounded by high-calcium limestone.

The area between the Honeyville-Dayton high-calcium lime-
stone belt and the North Mountain fault is underlain in normal
geologic sequence, fro,m rn'est to east, by broad belts of the Elbrook,
Conococheague, Chepultepec, and Beekmantown Iormations. The
time available for fieid study did not permit an examination of local
occurrences of Ordovician limestones along the overthrust west o.f

Singers Glen and Mount Clinton.

HIGH-CALCIUM LIMESTONE

Honeyzti,Ite-Dayton belt.-The Honeyville-Dayton belt of high-
calcium limestone extends from the Shenandoah County line north
of Honeyville'south,westward across Rockingham County, passing
west of Broadway, Dayton, and Bridgewater. At a locality about 2
miles east of Mount Clinton the belt veers eastward for abour one
mile and then continues southwestward crossing U. S. Highway 33,
about 3 miles west of Harrisonburg. Four geo,logic Sections, spaced
at intervals of 3 to 4 miles along the strike of the rocks, were meas-
ured northeast of. U. S. Highway 33. Southwest of this point the
limestone belt is largely covered.

Several measured sections and chemical analyses indicate that
this belt of limestone contains more impurities and is lower in total
carbonates than any of the other high-calcium limestone belts west
of Massanutten Mountain. The character and sequence of the
rocks near the northeastern end of the Honeyville-Dayton belt (Pl.
9, loc. 79) are as follows:
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Geologic Secti,on 44.-Along Road 793 about 1l m;i,Ies northutqst of
Tim,b ervi,ll e, R o c k i,ngham C o wnt y, V i,r gi.ni.a

Thickness
Feet

Mosheim limestorre (157 feet) : strike N. 40" E.; dip 23" SE.
10. Limestone, dove- and dark-gray, compact---------------- 99
9. Limestone, dove-gray; thin clayey streaks-------------- 18
B. Limestone, slightly impure----.-,- 24
7. Limestone, thin-bedded, slabby weathering, im-

pure ---.-----.- ---:-_-_-.-.-.-._-_-_ 16

Analysis of units 7 to l}t, sampled thickness 157
feet: SiOz, 2.44; FezOa, A.24; AlzOa, 0.78; CaCOg,
94.N; MgCO3, 2.82; total,100.2B.

Beekmantown formation (upper pat, 146 feet)
6. Dolomite, gray, fine grained
5:. Limestone, dove-gray; rveathers buff-------------------.-. 36
4. Limestone r,r'ith intercilations o{ dolomite 6
3. Dolo'mite,light-gray;weatherscream-colored-------- 19
2. Limestone, ligh.t-gray, magnesian, fine grained.--------- 11

1. Dolomite, light-gray, fine grained 10

Since the analysis given above represents a composite sample
of the full thickness of the Nfosh,eim, it is thought that a higher
percentage of calciurn carbonate could be obtained fro.m the upper
part of the formation (bed 10), which is relatively free of impurities.
High-balcium limestones cropping out along State. Highway 259
(P1. 9, loc.80) are shown in the following section.

Geolog'i,c Section 45.-Along State Higlmmy 259 about 1 ruile northzuest
of Broad,zuay, Rocki,ngham, Cownty, Vi,rgi.ni,a

Thickness
Feet

Mosheim limestone (157 feet) : strike N. 1Bo E.; dip 30" SE.
6.

5.

4.

3.

2.

Limestone, dove-gray, compact---.-. 18
Limestone, dark bluish-grey, fine grained 7
Limestone, dove-gray, thin bedded; clayey part'-

ings --.---.----"

Covered 20
Limestone, dove-gray, compact, banded; clayey

partings 63

Beekmantown formation
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No samples were collected for chemical analysis at this locality,
since most of the rocks contain abundant clayey partings. The
same general litho ogic character of the rocks is maintained south-
westw'ard to locality 82 where the following section is fully exposed.

Geotogic Section 46.-Near intersection of Road,s 782 and, 617 about

3l onites nortkzaest of Li,nzille, Rockinghaw Cownty, Virginia

Thickness
Feet

Mosheim limestone (97 feet): strike N.28'E.; dip 31? SE.
2. Limestone, dove-gray, compact; thin bedded near

base; SiOz, 1.20; FezOg, 0.08; AlzOg, 0.40;
CaCO3, 96.96; MgCO3, I.2l; total, 99.85

1. 'Limestone, doye-gray; medium bedded; cl4yey
partings

Beekmantown formatibn

It is thought that the following section (P1. 9, loc. 83) gives a
general summary of the rocks comprising the Honeyville-Dayton
high-calcium limestone belt between locality 82 anCt U. S. Highway
33.

Geologi,c Section 47.-Neur intersection of Road,s 777 and 76.1 abowt 3rl
rniles zaest of Li,nville, Rockinghatn County, Vi'rginia

Thickness
Feet

Mosheim limestone (174 f.eet): strike N. 45" E. ; dip 33' SE.
3. Limestone, dove-gray. thin bedded, impure---"--------

2. Limestone, dove-gray, compact----'--------.

1. Limestone, dove-gray, thin bedded; clayey
streaks; partly covered 55

Beekmantown formation

Pwk Vieza b.ett.--'the Park View belt comprises an elliptical body
of limestone, approximately 2 miles long, that begins at a point 2
miles northwest of Harrisonburg and extends southwestward neady
to U. S. Highway 33. Structurally, it is a naffow elongate dome
with Beekmantown dolomite occupying the crest of the fold. The

77

36
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character and sequence of the rocks along the no,rthwestern limb
of the structure (Pl. 9, loc. 84) are as follows:

Geologic Section 48.-Abowt 200 yard,s north of Road 763 ond 1l rui,tes
nortlawe st of H arri,s onbwr g, R oc ki,ngharn C ownty, V ir g,i,nia

Thiekness
Feet

Mosheim limestone (2+Z'+ feet) : strike N. 24" E.; dip
55. NW.

2. Limestone, dove-gray, compact; SiO2, 0.32; FezOs,
0.08; AlzOe, 0.46; CaCOa, 97.96; MgCO3, 0.89;
total, 99.77

1. Limestone, dove-gray, compact, sheared; a few
clayey streaks; SiO2, 0.96; Fe2O3, 0.2O; AlzOs,
1.O0; CaCOg,96.14; MgCOs, I.2A; l.otal,99.50--.. 167-+

Beekmantown formation

The data summarized in the above section indicate that this
belt, although limited in size, should offer several quar-ry sites for
large-scale production of high-calcium limestone. Further studies,
including co,re drilling, are recommended in this area.

T hnb e rvill e - Linvi,He b elt.--The Timberville-Linville limestone belt
extends from the Shenandoah County line northeast o{ Timber-
ville, soutlwestward to a point about 2 miles south o,f Linville
where it connects with the Tenth Legion-Melrose be1t. From Tim-
berville to Linville, a distance of approximately B miles, high-
calcium limestones are within half a mile of the Valley Division of
the Southern Railway. 'There are excellent exposures of bedrock
along the entire belt, commonly along the southeast slope of a low
ridge (Fig. 3). Considering location with respect to railroad facili-
ties, thickness, and chemical comp,osition of the limestone, this belt
is thought to offer the best po'tential quarry sites for large-scale

Frcune 3.-Cross section of the Tlrnberville-Linville hish-calcium limestone
belt, l% miles northeast of Linville, Rockingham County, Va.

/J
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production of high-calcium limestone iir Rockingham County. The
character o[ the limestone in the northern part of the area (Pl. 9"

loc. 85) is as follows:

the Skenandoah-Ro c ki,ngharn C ownty I'i'ne

of Ti,r,wb erville, Ro cki,ngha+n C ownty,

Virginia
Thickness

Mosheim limestone (186 feet) : strike N. 2Bo E.; dip *ro 
tt"'

NW.
2. Limestone, dove-gray, co,mpact,' thick bedded;

SiOl A.26; Fe2O3, 0.08; AlzOs, a.78; CaCOs,
97.55; MgCO3, 0.83 ; .total, 99.50 108

1. Li.mestone, dove-grav; a few clayey partings---------- 78

Beekmantown formation

The Timberville-Linville belt, maintaining approximately the
same thickness as shown in Geologic Section 49, extends south-
westward along State Highway 26O to the vicinity of Timberville.
About half a mile east of'Rroadway and ll miles so,uthwest of
Timberville the Beekmantoavn (P1. 9, loc. 86) is overlain by 165

feet of Mosheim,.the upper 108 feet being cornpact, thick-bedded,
dove-gray limestone. Between Broadway and Linville there are
many complete exposuYes of limestone. The character of the rocks
about 3 miles south of Broadway (P1. 9, loc. 87), and at a locality
2 miles so'uthwest of Daphn'a (P1. 9, loc. 88) are summarized in the
following sections.

Geologi,c Secti,on Sl.-Abowt 3 rni,les soutk of Broad,zaay and h,alf a vni,le

,southztest 
of ttte i,nterseclon "J,i;#;:e and 803, Rocki,ngharw

Thickness

Mosheim limestone (154 feet): strike N. 25' E.; dip *o "tt'
NW.

2. Limestone, dove-gray, compact, thick bedded;
SiOz,0.26; FezOa, 0.08; Al2Os, 0.4O; CaCOg,' 98.6; MgCO3, 097; total,1C{J.37.......... ll7

1. Limestone, dove-gray, compact; a few imp,ure beds 37

Beekmantown formation

79

G eolo gi,c S ection 49.-Along
abowt 3' nai,les nortkeast
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Geologic Section Sl.-Betzaeetu Road 803 ancl the Southern Rai,lutay
abowt 2 yniles soutkwest of Daphna, Rockinghawr Cownty,'Virgi,ni,a

Thickness

Mosheim limestone (173 feet) : strike N. 24" E.; dip *o """'
NW.

7. Limestone, dove-giay, compact, thick bedded;
. SiO2,0.18; Fez9s,0.08; AlzOe,'Q.SO; CaCOs,

98.35; MgCOs; 0.76; total, 99.87
6. Limestonb, dove-gray, thin bedded; a few clayey

partings

Beekmantown formation (upper part, 122 Leet)
5. Dolomite, gray, fine grained-------
4. Limestone, light-gray, thick bedded.-------___-.._-______---_

3. Limestone, magnesian, mottled light- and dark-
gray

2. Limestone and dolomite.--.---.----------
l. Dolomite, gray, fine grained-.----.

High-calcium limestone, showing apparently similar chemical
properties, gradually increasgs in thickness from the vicinity of
Daphna southwest to Linville. The maximum thickness measured
along this belt (Pl. 9, loc. 89) is given in the following section.

Geotogi,c Section 52.-Along Road, 803 abowt'7rf cmi,les northeast of
Linville, Ro c kinghatrn C ouniy, V irgi,ni,a

Thickness
Feet

Mosheim limestone (191 feet): strike N.27" E.; dip 40.
NW.

2. Limestone, dove-gray, compact, thick bedded---.---- 160
1. Limestone, dove-gray, co,mpact; a few impure

Beekmanto*r, forrrr"tion

The Southern Lime and Stone Works quarry at Linville (Pl.
9, loc. 90) is in the upper part of the Mosheim. Since these rocks
appear similar to those sampled at several localities near Linville, :to
samples for analyses were collected here. Immediately overlying the
Mosheim and cropping out along the northwest wall of the quarry are
beds of granula1, nodular weathering, gray Lenoir limestone. The

136

37

16

30

13

13

50

31
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thickness and chemical cornposition of these beds as determined from
incomplete exposures at the entrance to the quarry (Pl. 9, loc. 90) art
as follows:

Geologic Section S3.-Sowthwestern end of qu,arry of the Souther:n

Livne. and, Stone Worhs at Li'nville, Rockingharn
Coynty, Vdrginia'

. Thickness

Lenoir limestone (53 feet) : strike N. 45" E.; dip 33' NW.
4. Covered interval --------------------- 7

3. Limestone, medium-gray, granular; white chalky
crusts --"-----:------------ 6

2. Limestone, medium-gray, nodular weathering; impure
beds near base ---.-----"-- 22

1. I imestone, dark-gray, granular 18

Analysis of units 1 to 3, sampled thickness 46 teet:
SiOg, 0.40; FezOs, O.3Z; AlzOi, 0.88; CaCOe, 96-96;
MgCO3, 0.89; total, 99.45.

Mosheim limestone

The total carbonates in the above analysis may not represent the
average composition of the full thickness of the Lenoir, since the com-
plete section was net exposed. The same beds (Pl. % loc.91) are

better exposed about half a mile southwest of the Southern Lime
and Stone Works quarry where they contain 95.67 pr cent total
carbonates. High-calcium limestone crops out along the northwest
slope of a low ridge extending southwestward from Linville. The fol-
lowing section (P1.9, loc.91 ), representing one of the best deposits
of high-calcium limestone in Rockingham County, is fully exposed about

half a mile southwest of Linville.

Geologic Secti,on S4.-Aboat two-tenths of o wi,Ie west of Road' 753

and, half a mile soathzaest of Li'nztille, Rocki,ngharn County,
Virgi,nia

Thickness
Feet

Lenoir limestone (37-r feet)
7. Limestone, medium- to light-gray, medium grained;

upper boundary uncertain .-------..---.--- 10

6. Limestone, bluish-gray; sparsely cherty--------.- 12
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Thickness
Feet

5. Limestone, dark bluish-gray, medium grained___--_-_._-- 10
4. Limestone, light-gray, coarse grained 2
3. Limestone, dark-gray, fi.ne grained--.----- 3

Analysis of units .3 to 7, sampled. thickness 37 f.eet:
SiQz,2.52; FezOs, 0.80; AlzOa, 0.98; CaCOg, 94.34;
MgCOs, 1.33 ; total, 99.97.

Mosheim limestone (139 feet): strike N. 41. E.; db 3040.
NW.

2. Limestone; dove-gray, compact, thick bedded; SiO2,' 0.10; FezOe, O.O8; AlzOs, O.34i CaCOs, 98.52;
MgCO3, 0.62; total, 99.71- ___.___-.: 91

1. Limestone, dove-gray; a few impure beds ; SiO2, 1.94;
Fe2O3, 0.12; AlzOe, 0.60; CaCOg, 95.83; MgCO3,
O.77; total,99.26 -.--__-__-:-_-._.___---________ ,A

Beekmantown formation

An analysis of a separate sample of unit 2 in the above section
shows 0.021 per cent phosphorus pentoxide (PzOr).

Another excellent exposure of the Mosheim, near the southwestern
end of the Timberville-Linville belt (Pl. 9, loc. 92), is described in the
following section.

Geologi,c Secti,on. S1.-Along and, north of Road, 765 abowt 1l miles
s outhzae st of Linvi.lle, Ro c ki,ng harn C o wnty, V ir gi,ni,a

Thickness

Mosheim limestone ('121 feet) 
' 
.i,u" N. 30. E.; dip or. **. "tt'

2. Limestone, dove-gray, compact, thick bedded; SiO2,
4.22; Fe2Os, O.0B; AlzOe, 0.58; CaCOg, 98.76;
MgCO3, a.74; total, 100.38.-----..-. 115

1. Limestone, dove-gray, compact; a few irnpure beds;
SiOz, 1.24; Fe2Os, 0.04; AlzO3, 1.08; CaCO3,
95.73; MgCOs, l.l7 ; total, 99.26...._..__._. 56

Beekmantown formation

. The Mundy Lime and Stone Company (P1. 9, Ioc. 93) operates
a quarry in the Mosheim limestone at Zirkle, on the Southern Railway
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about 2 rsiles southwest of Linville. Although the rocks in this im-
mediate area were not sampled, it is reasonable to assume that they
are of similar composition to those analyzed at locality 92 haIf. a mile
northeast along the strike. The Mundy Lime. and Stone Company
quarry is located at the southwestern end of the Timberville-Linville
belt, where the strike of the limestone changes from a sor.rthwesterly to
a southeasterly direction connecting with the Tenth Legion-Melrose
belt.

Tenth Legion-M.elrose belt.-The Tenth Legion-l\lelrose high-
calcium limestone belt enters Rockingham County about half a rnile
northwest of U. S. Highway li and parallels the highway southwest-
ward to a point about 2 miles northeast of Harrisonburg. The high-
calcium limestones in this belt commonly crop out near the crest of a
low ridge.

The Mosheim limestone in the Madden quarry (pl. 8, loc. 5Z), in
Shenandoah County about hal{ a mile north of the Rockingham Counry
line, has a thickness of about 88 feet, the upper 7A f.eit containing
about 97.5 per cent calcium carbonate. The limestone thickens to the
southwest, but from the Madden quarry to the general vicinity of
Tenth Legion there are no full sections, exposed, so that the maximum
thickness is not known. In the vicinity of Mauzy (pl. 9, loc. 94)
about 2 miles farther southwest, the thickness and character of the
rocks in this belt are as follows:

Geologic Secti,on 56.-Along U. S. Hi,ghzuay 77 neor Mawzy and about
. three-fowrths of a tnile northeast of Lacey Spri,ng,

Rockingharm C ownty, Virginia ' 
Thickness

Feet
Mosheim limestone (157 feet): strike N.40. E.; dip 28" SE.

2. Limestone, dove-gray, compact, thick bedded i partly
cover€d 95

1. Limestone, dove-gray, medium thin bedded; a few im-
pure partings -.-----,--------_- 62

Beekmantown formation

- Between Mauzy and Melrose, especially along the northwest slope
of a prominent ridge just east of Road 805, the thickness of the Mosheim
is estimated to range from l0O to 150 feet. The upper Z5
feet of Mosheim at locality 95 contains 95.90 per cent calcium car-
bonate and 2J6 per cent magnesium carbonate, a total of 9g.66 per
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cent carbonates (Table i1). Large reserves of high-calcium lime-
stone occur in the vicinity of Melrose, particularly for a distance of
one mile northeast of the abandoned quarry (Pl. 10C) alongRoadT2l,
near Melrose Caverns (P1.9, loc.96). Southwest of Melrose the width
of the limestone belt gradually widens as the axis of the anticline is ap-
proached (Pl. 01. No exposures satisfactory for accurate thickness
determinations were observed in the southern part of this belt.

Zenda-Rockinghon+ belt.--:The. Zenda-Rockingham high-calcium
limestone belt extends from Endles.s Caverns southwestward into Au-
gusta County, passing near Rockingham, llarrisgnburg, and Zenda. At
Endless Caverns it connects with the Paulington-Penn Laird belt. Ex-
cept for the small area southwest of Rockingham the bedrock exposures

are numerous and afford excellent sections for measurement and sampl-
ing. The Mosheim, beginning at Cedar Grove Church about 2 miles
east of Harrisonburg and extending northeastward for several miles,

crops out along the southeast slope of a prominent ridge undedain by
cherty Lenoir limestone. The character of the rocks near the north-
eastern end of the Zenda-Rockingham belt (Pl. 9, locl 97) is given
in the following section.

Geologic Section 57.-Along State Highway 259 about 2l rniles north-
east of Lacey Spring, Rockinghaw, County, Virginia

Thickness
Feet

Lenoir limestone (I27 f.eet): strike N. 4Oo E.; dip 53' NW.
3. Limestone, medium-gray, granular
2. Limestone, light-gray, coarse grained; a few inter-

calated fine-grained beds ----------- lO2

Mosheim limestone
1. Limestone, dove-gray, compact, thick bedded; 3-foot

impure bed near middle of formation 93

Analysis of units 1 to 3, sampled thickness 220 f.eet:
SiOz, 0.20; FezOs,0.04; AlzOg, 0.56; CaCOs, 97.96;
MgCOs, 0.80; total, 9956.

Beekmantown dolomite

Coarsely granular Lenoir limestones, such as shown in the above

section (beds 2 and 3), were not observed at any other locality in Rock-
ingham County. However, rocks of similar texture and in approxi-
mately the same stratigraphic position are important ieservis of high-

.25
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calcium limestone in the vicinity of Staunton (Pl. 12,loc. 126) andln
a small area (Pl. 13, locs. 145 and 146) southeast of Mint Spring,
Augusta County. Near Mint Spring a few feet of cherty limestone
separates' the compact, dove-$ray limestone from the coarsely granular
beds. Approximately half a mile northwest of Zenda and 2 miles south
of Lacey Spring (Pl. 9, loc. 98), the Beekmantown formation is over-
lain by 28 feet of impure light-gray limestone, followed by 132 leet
of dove-gray compact limestone. This belt of high-calcium limestone
continues southwestward to Cedar Grove Church (Pl. 9, loc. 99).

Geolog,ic Secti,on 58.-At Ced,q,r Grove Chwrch abowt 2 w,i,les east of
H wrisonburg, Ro c kin ghaw C ounty, V i,rgi,ni,a

Thickness
Feet

MoSheim limestone (181 feet) : strike N. 30' E.; dip 20" NW.
4. Limestone, dove-gray, compact, thick bedded; lower

part contains calcite veins; SiOz, O.4O; Fe2Os, 0.08;
AlzOs, 0.34; CaCOB,98.17; MgCOs, 0.67; total,
99.66 __----__.____,_---__. _-__-__-____-____-.:-__---.--__------

3. Limestone, dove-gray, medium to thin bedded--------------
2. Covered interval

Beekmantown formation (upper part)
1. Limestone, slightly clayey, laminated

An analysis of a separate sample of unit 4 in the above section
shows 0.019 per cent phosphorus pentoxide (PrOo).

In the vicinity of Cedar Grove Church the upper part of the Beek-
mantown contains a large proportion of limestone, as contrasted with.
the western belts of the same formation which are largely dolomite.
ButtsT has pointed out that these occuirences of high-calcium limestone
make uncertain the boundary between the Mosheim and Beekmantown.
The high-calcium Mosheim limestone northeast of Cedar Grove Church
is estimated to have a thickness of about 725 feet. It is also well dis-
played from Cedar Grove Church southwestward to U. S. .Highway
33, where the high-calcium limestone belt is offset'about 1rl miles to
the northwest'by a diagonal fault. The belt, although largely covered,
continues southwestrvard,.passing through the eastern environs of Har-'
risonburg and about one-fourth of a mile west of Rockingham. The
only complete exposure of the rocks between the Beekmantown and
Athens observed in this area (P1.9, Ioc. 101 ) is given in the follow-
ing section.

113
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Geologi.c Secti,on 59.--About 2 ruiles sowtkzuest of Harrisonbwrg and
jwst east of the Ckesapeake Western Raitztny, Rockingham

Cownty, Virgi,nia
Thickness

F'eet

Whitesburg limestone
4. Limestone, gray, coarse grained; rusty weathering--:--. 10

Lenoir limestone (51 feet)
3. Limestone, black, fine grained-------- 12

2. Limestone, dark-gray, fine grained, cherty; contains
irregular pinkish partings-----'-.---------------:----- 39

Mosheim limestone: strike N. 30" E.; dip 30' NW.
1. Limestone, dove-gray, compact; thick bedded near

base 78

Beekmantown formation

Pawli.ngton-Penn Laird belt.--The Paulington-Penn Laird high-
calcium limestone belt extends from Endless Caverns southwestward to
North River, passing near Paulington, Massanutten Caverns, Penn
Laird, and Cross Keys. Bedrock is largely covered north of U. S.

Highway 33 by detrital materials washed down from the steep slopes

of Massanutten Mountain. The most northeasterly exposure (Pl. 9,

loc. 103) measured along this belt is near the site of a sma1l abandoned
quarry and lime kiln, about 4 miles east of Lacey Spring.

Geologic Section 60.-Hatf a wile east of Road 620 and, 4 vlxiles east of
Lacey Spri,ng, Rocki,nghano County, Virginia

Thickness

Lenoir rimestone 
Feet

3. Limestone, dark-gray, granular, cherty-.-.------ I42

Mosheim limestone (82 feet) : strike N. 25' E.; dip 70" SE.
2. Limestone, dove-gray, iompact, thick bedded; SiOs,

0.36; FezOg, 0.04; AlzOa, 0.72; CaCO3, 97.24;
MgCO3, 1.05; total, 99.41 ... ......

1.' Limestone, dove-gray, compact; a few impure beds---- iO
Beekmantoivn dolomite

Near Paulington (P1.9, loc. 104), about 6 miles southwest along

the strike from the above locality and 5 miles northeast of Keezletown,
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the Mosheim limestone is 80 feet thick. The rocks were not sarnpled
at this locality since the prevalence of clayey partings, particularly to-
ward the base, would probably make them unsuitable for use as high-
calcium limestone. About 90 feet of apparently good quality limestone
crops out along the northwest slope of a small hill at the entrance of
Massanutten Caverns (P1.9, loc. 105), three-fourths of a mile east of
Keezletown. Measurements at intervals of 3 to 5 miles, along the
strike between Massdnutten and Endless caverns, indicate that the
Mosheim limestone in this part of the belt has an average thickness o{
about 80 feet. The general character of the Mosheim and Lenoir along
U. S. Highway 33, about 2 miles southwest of Massanutten Caverns
(Pl. 9, loc. 106), is as follows:

Geologic section 61.-Along u. S. Highzuay 33 abowt 5 miles sowtheast
of Harrisonburg, Rockinglcatn Coanty, Virginia

Thickness
Feet

Mosheim and Lenoir limestones (145t- feet) : strike N. 35"
E.; dip 80" SE.

6. Limestone, dark-gray, granular: p,ink streaks
along irregular bedding surfaces-. 15

5. Limestone, dove-grav, compact.__--- 27
4.Limestone,dark-gray,mediumbedded........
3.,Limestone, dor.e-gray,.compact, thickbedded-__-----,SZ
2. Limestone, dark-gray. fine grained; reddish

streaks along irregular bedding surfaces;
' sparsely cherty.

1. Limestone, d.";;;;y, ;.;;;; lower boundary
I4-+-uncertain

Beekmantown dolomite

In the above section rocks of Lenoir and Mosheim types appear
to be interbedded; hence without more detailed field studies it is
impossible to separate the formations. Intercalations of compact,

r dove-gray limestone in granurar dark-gray limestone are nof com;
mon, but they have been noted at a few o,ther rocalities in the
northern part of Shenandoah Valley.

Southwest of U. S. Highway 33, along Road 620, are several
complete exposures o{ high-calcium 'limestone. The thiekesr oc-
currence of the Mosheim noted along this part of the ,belt (pl. 9i
loc. 107) is given in the following section. .::
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Geologi,c'Secti,on 62.-Along Road, 620 abowt 1l wfiles iowthzaest of
U. S. Highway 33, Rocki,nghaw Cownty, Virgi,ni,a

Thickness
Feet

Mosheim limestone: strike N. 50" E.; dip 60" SE.
2. Limestone, dove-gray, compact, thick bedded; a

few intercalated dark-gray beds; partly covered;
SiO2, 0.36; FezOa, 0.08; AlzOs, 0.74; CaCOe,
97 "74; MgCOz, I.23; total, 100.15 I75-+

Beekmantown dolomite (upper part)
1. Dolo,mite, gray, fine grained s0+

About one-fourth of a mile northeast of Cross Keys (Pl. 9, loc'
108), less than2 miles south,west along the strike, the Mosheim has

apparently thinned to about 50 to 60 feet. It should be noted also

that a similar thinning occurs along the strike of the same beds in a
northeasterly direction (Pl. 9, loc. 106). The character and thick-
ness of the rocks near the southwestern end of the belt (Pl. 9, loc.

109) are as follows I

Geologic Secti,on 63.*Three-tenths of a mile northwest of Road, 620

and 3l cniles southwest of Cross Keys, Rockinghaw County,
virginia 

Thickness
Feet

Lenoir limestone
4. Limestone, dark-gray, granular, cherty--------- 1@

Mosheim limestone (82 feet) : strike N. 63o E.; dip vertical
3. Limeston0, dove-gray, conpact,'thickbedded-------- 29

2. Limestone, gray, slightly nodular, thin bedded------ 6

1. Limestone, dove-gray, compact, medium bedded---- 47

Beekmantown dolomit" 

r*",r*, LrMEsroNE

Formations composed largely of impure'limestones in central
Rockingham County include the Lenoir limestone at most localities,
the Whitesburg in the western and southw6stern parts of the area,
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and the full thickness of the r\thens and Chambersburg. The
Chepultepec is also composed of about 300 to 500 feet of bluish-
gray, slightly banded impure limestone in adjoining counties on the
northeast and southwest, but in central Rockingham County it was
not measured or sampled.

The Lenoir, immediately overlying the Mosheim high-calcium
limestone, is commonly a dark-gray, granular, cherty, impure lime-
stone with a thickness from about 40 to 150 feet in central Rock-
ingham County. Exceptions to the general impure character of
the formation have been given under the discussion of high-calcium
limestone (P1. 9, locs. 90, 9I,.and97). The overlying Whitesburg
is present along the Ho,neyville-Dayton belt, in the vicinity of Lin-
ville, and in the general area southwest of Harrisonburg. In these
areas it consists of dark-gray, rusty weathering, impure limestone
that rbnges from about 10 to 30 feet in thickness. The general
character of the Lenoir and Whitesburg limestones near the north-
eastern end of the Honeyville-Dayton belt (P1. 9, locs. B0 and 82)
and in the vicinity of Harrisonburg (P1. 9, loc. 101) is as follows:

Geologi,c Section 64.-Atong State Highumy 259 about 1 rni,te northzaest
of Broadzuay, Rockingharw County, Virginia

Thickness

Whitesburg limestone
3. Limestone, dark-gray, medium grained, rusty

weathering 20

Lenoir limestone (157 feet)
2. Limestone, dark-gray, granular, cherty.--.---.- 75

1. Covered intervai; black chert flciat-.- 82

Mosheim limestone

Geologic Section 65.-Tlwee-tenths of a wi,Ie
section of Roads 782 and,617 abowt 3/z
. Linville, Rocki,nghaw County,

northwest of the inter-
rn'i,les northwest of
Virginia

Thickness
Feet

Whitesburg limestone
3. Limestone, dark-gray, coarse grained, rusty

89
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Thickness
. Feet

Lenoir limestone (95 feet)
2. Limesto,ne, dark-gray, medium grained; irregular

pinkish partings, cherty.------.- 67
1. Limestone, dark-gray, fine grained, even bedded-.-. 28

Mosheim limestone

Geotogi,c Secti.on 66.-About 2 cni,Ies soutkzuest of Harrisonburg,
R o c ki,ngharn C o unty, V ir gini,a

Thickness

, Feet
Whitesburg limestone

3. Limestone, gray, co,arse grained, rusty weathering' 10

Lenoir limestone (51 feet)
Limestone, black, fine grained
Limestone, dark-gray; fine grained, cherty; con-

tains irregular pinkish partings------ 39

Mosheim limestone

Several exposures along the Zenda-Rockingham belt north of
Harrisonburg and along the Paulingtcin-Penn Laird belt show that
the thickness of the cherty Lenoir limestone ranges from about 65
to 140 feet.

The beds betu,"een the Whitesburg limestone and Martinsburg
shale, or between the Lenoir and Martinsburg in areas where the
Whitesburg is absent, are composed chiefly of calcareous black
shale and shaly black limestone with thiri intercalations of silt-
stones. Although these rocks are mapped as a single unit in this
report, they have been identified and'mapped separately by Buttsa
as the Athens formation along the eastern belt southwest of Paul-
ington, and as the Athens overlain by a relatively thin body of
Chambersburg in the western belts. Field studies indicate that
shale predomina"tes in tu-e belt along the Massanutten Mountain
syncline, whereas the western belts are composed chiefly o{ densely
black limestone with minor shale p'artings. Estimated thicknesses
of the Athens-Chambersburg in Rockingham County range from
about 850 to 1350 feet. The calcium carbonate content ranges from
a low of about 60 per.cent for the shaly units to a high of about 90

2.

1.

t2
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pet cetti for the limy units. A representative section showing the
general character of the Athens and Chambersburg fordeations
along the Zenda-Rocking'ha,m high-calcium limestone belt (P1' 9,

loc. 111) is as follows:

Geologic Section 67.-Abowt 2 n+iles sowtkzaest of f{arri,sonbwrg,

. R ockinghana Cowmty, Virgi,nia
Thickness

Chambersburg limestone (65f feet)
12. Limestone, shaly .--.----- 25+
11. Limestone, blocky, shaly; contains diagnostic fos-

sils; lower boundary uncertain---- 4A

Athens formation (1281+- feet)
10. Limestone. black. fine grained 150

9. Limestone, black, thin bedded, slabby weathering -- 324

8. Limestone, blaik, medium bedded-----.-- l7O

7. Covered interval; along U. S. Highway 11'.---.---.--- 12

6. Limestone, black; partly covered------" -- 300

5. Limestone and shale, black----------- 287

4. Shale, black; weathers pink; co,ntains limonite on
weathered surfaces 38

Whitesburg limestone
3. Limestone, gray,.coarse grained, rusty weathering 10-r-

Lenoir limestone (51 feet)
2. Limqstone, dark-gray, fine grained 12

1. Limestone, dark-gray, fine grained, cherty; con-
tains irregular pinkish partings-----. 39

Mosheim limestone

The rocks in the above section were not analyzed, but along the

strike (P1.9, loc. 110) about 2l miles north of Harrisonburg,3T5
feet of dense black Athens type limestone contains 89.96 p'er cent
calcium carbonate a"nd.3.83 per cent magnesium carbonate, a total
of 93.79 per cent carbonates. Another co'mplet€ exposure of the
Chambersburg and the upper part of the Athens is in the Burke
quarry along State Highway 33 in the western environs of Har-
risonburg. This quarry, operated by the State Department of
Highways, is a large producer of crushed stone. A description of

9I
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the rocks between the Lenoir ahd the Martinsburg east of Har-
risonburg (Pl. 9, loc. 106) is given in the following section.

Geologi,c Section 68.-Along u. S. Hi,ghway 33 about 5 witeis southeast
of Harrisonbwrg, Rocki,nghawt, Cownty, Virgi,nia

- Thickness
. Feet

Athens formation (833f feet)
7. Shale and slabby limestone ; partly covered ; up-

per boundary uncertain---- 150+
6.' Limestone, black, nodular weathering; partings of

black shale. 100
5. Siltstone, dark-gray, sandy------.---------------------:-------r---- 4
4. Shale, black; intercalated limy beds---
3. Mos.tly covered; exposures of black shale and

shaly black limestone--.-.----------- 165
2. Limestone, black, medium
1. Mostly covered; exposures

bedded r.34

270
of shale and shaly

limestone

Lenoir limestone

Analyses cited by Bassler,l showing the range in chemical
composition of certain impure limestones and calcareous shales in
the vicinity of Harrisonburg, are given in Table 10. '

resr.n10.-.4nntyses%!ffif#f#m;*fl:V;lf*initsotHarri*onburs;

(J. H. Gibboney, Analyst)

t 2 o 4 D 6

4.60

0.56

92.00

2.75

Total...............1 99.95

8.68

0.94

90.36

0.41

80.72

3.52

62.78

0.71

12.82

1.84

81.07

2.52

23.24

3.22

77.07

1.72

30.56

3.82

61.07

9.44

100:39 97 .73' 98.% 99.25 98.89

1,2. Dark-blue, compact limestone, along the railroad track near the Southern
Railway station, Harrisonbirrg. -

3, 4. Semicrystalline limestone, west6rn edge of Harrisonburg.
q. Argillaceous limestone, just west of SouthernRailway station, Harrisonburg.
6. Cal_careous- shales, along street wixt of Sout[ern Railway statioi,

Harrisonburg.
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IGI{-MAGNESIUM DOLOMITE

Deposits of intensely brecciated high-magnesium dolomite
were noted at several localities, near the trace of the North Moun-
tain fault, along a narrow belt extending at least from a point about
2 miles northeast of Cootes Store southwestward to the general
vicinity o{. Singers Glen, a distance of about B miles. Except for a
s,mall exposure along Road 731 aboat l/z miles northwest of Otto-
bine, brecciated dolornite was not identified farther southwestward
along any of the roads which cross the art:a". The zones of brec-
ciatJd, mealy weathering dolomite, 80 feet or more thick, at locali-
ties 217 and 218, occur in the upper part of the Elbrook formation
and are closely overlain by sandstones in the Conococheague.

The Mundy quarry which produces high-magnesium dolomite

{or agricultural use is located (Pl. 9, loc.2l7) about one-fourth of a
mile east of Road 613 and L/z miles northeast of Cootes Store. It is
about 300 feet long,2O0 feet wide,. and' 2O to 30 feet deep at the

northeastern end. The rocks exposed in the quarry are light- and

dark-gray, mealy weathering, brecciated Elbrook dolomite. Some

of this dolomite can be handled with a power shovel without blast-
irg. A composite sample representing about B0 feet of beds ex-

posed in the quarry contains 43.L2 per cent magnesium carbonate,

55.36 per cent calcium carbonate, and 1,56 per cent silica. Addi-
tional analyses of smaller units exposed in the quarry are given in
Table 11.

At locality 218, about 4 miles southwest of the Mundy quarry
and one-fourth of a mile west of Road 613, brecciated Elbrook dolo-

mite is well exposed in a small area estimated to be 300 feet long
and 200 {eet wide. A composite sample of about 80 feet of beds at

this locality contains 43.81 per cent magnesium carbonate, 54'56

per cent calcium carbonate" and 1.56 per cent silica. Partial ex-

posures of the same type of brecciated dolomite southwest of lo-

cality 218 were noted along Road.776 (Pl. 9, loc. 219) and Road 783

(Pl. 9, \oc.22O). Farther'southwest tbout 75 feet of dolomite in
the upper third of the Elbrook formation crops out along Road 763

about 2rl miles north of Mount Clinton (Pl. 9, loc. 221). The

rocks at this locality, although fractured, are very hard and dense

on weathered exposures. One analysis of the full thickness of the

rocks exposed at this locality shows 4l'66 per cent magnesium car-

bonate, 53.36 per cent calcium carbonate, asd' 4.72 per cent silica'
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Although the rocks along the western side of the valley in
Rockingham county have not been studied in detail, it is thought
that zones of brecciated dolomite in the Elbrook formation locally
contain commercial deposits of high-magnesium do,lomite. Addi-
tional field investigation and testing are recommended in this area.

LTMESTONE, MAGNESTAN LTMESTONq amO nor_oaarr'B

Carbonate rocks composed largely of varying proportions of
interbedded limestone, magnesian limestone, and doio,mite in cen-
tral Rockingham County include the Conococh,eague and Beek-
mantown formations and most of the Elbrook. on the geologic
map (Pl. 9) a namow band of Chepultepec limestone is shonvn be-
tween the Beekmantown and conococheague. The principar belts
of cambrian and ordovician 1imestones and. dolomites are arong
the eastern side of the valley west of Massanutten Mountain. in the
middle part of the valley north of Harrisonburg, and west of
Broadway and Davton (Pl. 9). The rocks below the Beekmantown
formation, except for local occurre4ces of high-magnesium dolomite
in the Elbrook, were not measured or sampled in this area' since a
preliminary field, examination of several partial exposures indicates
that they are composed iargely of impure limestone and do omite.

The character of the rocks, from the lower part of the Beek-
mdntown upward to the Mosheim, along the west side of the
Honeyville-Dayton belt west of Broadway (pl. 9, loc. 114), is as
follo'ut's:

Geologic section 69.-Atong State Hightaay 259 obout 1. mite northwest
of Broadwy, Rocki,ngha,w, County, Virginia

Thickness
Feet

Beekmantown formation (upper part. 1592f feet)
20. fmpure dolomite with interbedded co,mpact stra-

ticulate limestone; a few brecciated beds; shaly
at base __--.' re, u".tiy ..";;;J; ' i.; ;;;' ; ;;;-ilil-;;:dium-gray dolomite near top---._ 45

18. Covered interval 6l
17, Dolomite, medium-gray, fine grained--._--_ 48
15..Coveredinterva1.-.,...----........--
J5. Dolomite,medium-gray,medium grained-_-_-_-___:_--_- 11
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rhiclless

14. Dolomite, light-gray, straticulate---------.---- 8
13. Dolomite, dark bluish-Sray, medium bedded, fine

grained ---------------------

12. Dolomite, light-gray to buff, laminated--- 15

11. Dolomite, dark-gray, fine grained; contains car-
bonate r.'eins ---------- 55

Dolornite, medium-gray, medium grained----.----------- 35

Limestone, dark-gray, magnesian-- 15

Dolomite, light-gray, fine grained
Dolomite, light-gray, medium grained------- 2l
Limestone, ilove-gray --:----.----.-------- 17

Dolomite, light-gray, firie grained-----i-.-.--.-:-----.-------.- 12

Covered interval; chert float--.-.-.-.---- 399
Dolomite, medium-gray, fine gra.ined, cherty---.----- - 17

Conglomerate; dolomite and chert pebbles i'partly
covered :-------------.-.----

Scattered exposures of fine- to medium-grained,
' light- and dark-gray dolomite; covered at the

base 448+

This section is of special interest since it is composed almost en-
tirely of dolomite, whereas in all of the eastern belts the Beekmandown
contains conspicuous, layers of limestone. Composition intermediate
between the eastern and western belts is well shown by the upper part
of th'e Beekmantown southwest of Linville (P1.9, loc.92)'. '

G,eologic Secti,on 70.-Along and north of Road 765 about 1l wi,les

southwest of .Li,nville, Rockinghatn Courity, Virgi,ni,a

' Thickness

Beekmantown formation (upper part, 522 f.eet) 
Feet

13. Dolqmite, gray; contains thin intercalations of light-
gray limestone --------------- 40

12. Dolomite, pearl-gray, granular---
11, Dolomite, gray --------:-.---------- 38
10. Dolomite and mottled light- and dark-gray limestone 26
9. Dolomite, $ray
8. Limestone, light-gray, fine grained---.--------.------ 20
7. Dolomite, gray, fine grained-------- 48

10.

9.
B.

7.
6.
5.

4.

3.
2.

1.
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Thickness
Feet

6. Limestone, light-gray, thin bedded.------------------ 47
5. Dolomite, medium-gray, fine qrained.------- 80

'4. Limestone and dolomite, mottled light- and dark-
gray .----.-----

3. Limestone, gray, compact ----,-------.- 4
2. Limestone and dolomite; limestone laminated- 36' 1. Dolomite, pearl-gray, fine grained;covered at base---- 90+

In the vicinity of Cedar Grove Church (Pl. 9, loc. 99) where the
following section is displayed, the upper part of the Beekmantown is
predominantly limestone, soine unitg containing more than 90 per cent
calcium carbonate.

Geologic Section 7l.-Southeast of Ced,ar Grozte Chwrch about 2 mil,es
to:, o, Harrisonburg, Rockinghaw County, Virgi,nia

Thickness
Feet

Beekmantown formation (upper part,372 f.eet)
13. Limestone, laminated, slightty impure
12. Dolomite and magnesian limestone------.-.-------------.---------
11. Dolomite, gray, fine grained

'10. I.imestone; thin clayey bands ---.------
9. Dolomite, gray, fine grained -------:-------------

B. Limestone; partly covered
7. Dolomite t {tay, fine grained-
6. Limestone, bluish-gray -.------------------------------------
5. Dolomite, rrledium-gray, fine grained-.------
4. Limestone,'magnesian, medium-gray -----:----------

. 3. Limestone, medium bedded -----:---------------
2. Limestone, platy ----.----------------
1. Limestone, dove-gray, compact; covered at base--------

The upper part of the Bee&mantown maintains the same general
character as shown in the above section near Cedar Grove Church south-
westward to the vicinity of U. S. Highway 33. The Betts quarry. (Pl.
9, loc. 10O), producing crushed stone and ground limestone for agri-
cultural use, is located along this belt of limestone and dolomite, a short
distance north of U. S. Highway 33 and about 1 mile southeast of Har-
risonburg.

r07
7
1

24
J

38
'13

3
32
72
20

3
47
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Dolomite in the lower part of the Beekmantown is well displayed
in vertical cliffs above Road 693 and North River about 2 miles south-
east of Mount Crawford (Pl. 9, loc.222), A composite sample of
about 230 feet of bedg, exclusive of several cherty horizons, at this
locality contains 40.16 per cent magnesium carbonate, 52.56 per cent
calcium carbonate, and 7.16 per cent silica (Table 11). Approximately
B0 feet of Beekmantown dolomite, closely overlying the beds sampled
atthe above locality, is exposed in the Kaylor quarry (P1.9, loc.223),
located along Road 693 about 7l miles southeast of Mount Crawford. -'
Other small inactive qdarries in the Beekmantown. are near Rocking-
ham (Pl. 9,loc. I02), Bridgewater (Pl. 9, Loc. ll2), and about 2 miles
west of Dayton (P1. 9, loc. 113).

The Beekmantown formatioh is poorly exposed along the Pauling-
ton-Penn Laird belt southwest of Endless Caverns.
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. CENTRAL AUGUSTA COUNTY
GENF;RAL STATEMENT

Augusta County (Fig. 1), with bn area of l@6 square miles,.is
bounded on the northeast by Rockingham County, on the southeast by
Nelson and Albemarle counties, on the southwest by Rockbridge Coun-
ty, and on the northwest by Bath and Highland counties and the West
Virginia line. That part of the county, extending from the Blue Ridge
northwestward to Little North Mountain, represents the full rvidth of
Shenandoah Valley. Central Augusta County as herein discussed in-
cludes that part of the county lying between the North Mountain fault
on the west and the broad belt of Martinsburg shales in the Massanutten
Mountain syncline (Pl. 12) on the east. Staunton, the county seat, is
located in the east central part of the county near the belt of Martins-
burg shale.
. Altitudes range from about 1100 feet along North River at the
Augusta-Rockingham County line to approximately 2W feet between
Mint Spring and Little North Mountain. The characteristic land
forms in the areas underlain by carbonate rocks are short elongate hills
and low ridges which trend northeastward, conforming to the strike of
the underlying bedrock. Conspicuous rounded hills, rising from 10O
to 400 feet above the surrounding valleys, are also prominent in areas
of limestone containing abundant chert.

Central Augusta County is crossed from east to west by the main
line of the Cfesapeake and Ohio Railway and the valley area north of
Staunton is served by the Chesapeake Western Railway.

GEOLOGY

The carbonate rocks in the Shenandoah Valley portiorr of central
Augusta County comprise high-calcium limestone; impure limestone;
and interbedded limestone, magnesian limestone, and dolomite. The
formationi and their character are given in Table 12. High-calcium
limestones occur in the Mosheim and locally parts of the overlying
Lenoir. The formations mapped as impure limestone include the
Chepultepec, most of the Lenoir, and the Whitesburg, Athens, and
Chambersburg. The other formations shown in Table 12 are composed
chiefly of varying proportions of interbedded limestone, magnesian
limestone, and dolomite. A few of the sampled dolomite units contain
a maximum of about 4O per cent magnesium carbonate.

The major structures along a line extending northwest from
Staunton are shown on Plate 12. The largest Structure in Augusta
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Chambersburg,
Athens,

and
Whitesburg

Lenoir

Mosheim

Beekmantown

Chepultepec

Conococheague
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Tenr-n 12.-84 mmary o! carbonate rocks in the Shenandoah Valley portion o!
cenlral AugusLa County, Virginia

Cnanacren
APPROXIMATD

TurcrNnss
(Feet)

600-1000'

1500-2000

400-500

2000-2500
About equal amounts of bluish-gray limestone

and daik-gray dolomite; abundant thin wavy
siliceous partings and thin sandstone layers.

Chiefly shaly weathering dolomite and lime-
ston"e; coniains zones of dolomite averaging
about 40 per cent magnesium carbonate.

Elbrook

a Estimated,

County is the Massanutten Mountain syncline, along the sides of which
occur large deposits of high-calcium limestone. The southwestem end

of the belt of the Martinsburg shale in the syncline terminates about 2

miles northeast of Greenville.
A normal succession of Beekmantown, Chepultepec, Conococheague,

and a part of the Elbrook formation lies between the belt of high-
calcium limestone aloirg the western edge of the Martinsburg shale in

Chambersburg, in western belts, chiefly black'
nodular or platy weathering impure lime-
stone: Athens. chieflv limv b-lack-shale and
imnuie black iimestone wi[h intercalations of
pinkish weatherinq shale. About 15 feet of
dark-gtay, granulai, rusty weathering Whites-
burg limestone observed locally northeast of
Staunton.

Largely granular, cherty,.dark-gray limestone
with local occurrences ol' intercalated coarsely
granular, light-gray beds. Sampled units of
doarsely grinulir beds contain-about 96 to
98 per cent calcium carbonate.

Compacl,, dove-gray limestone; commonly
slightly impure i-rear base. Sampled units
generally contain about 96 t'o 97.5 per cent
calcium carbonate.

Lareelv fine-erained, Iieht-gray dolomite with
a"fe* conspicuous layers of bluish-gray lime-
stone, maidly in the lower part. Several !ori-
zons'yield iarge masses- of spongy-looking
gray chert. Sampled units of dolomite contain
from about 30 to 40 per cent magnesium
carbonate.

Dark bluish-gray limestone with thin beds of
gray dolomite; sparsely cherty. Sampled units
contain about 87 per cent calcium carbonate.
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the Massanutten Mountain syncline and the next major structure on
the west,.the Staunton fault (Pl. 12). The Staunton fault enters
Augusta County about 2 miles west of Spottswood and continues north-
eastward to the vicinity of Endless Caverns, Rockingham County. West
of Verona the trace of the fault swings abruptly southwestward to a
point about one mile east of Galena and thence continues northeastward,
passing near Long Glade and Burketown. From Verona southwestward
to Rockbridge County the Elbrook is thrust upon Beekmantown along
the Staunton fault. Northeast of Verona, the Elbrook is in contact
with the Athens formation. In a small area northwest of Burketown
a detached segment of the overthrust block (klippe), consisting of
Beekmantown, Chepultepec, and Conococheague, r€sts unconformably
upon the Athens.

The northeastern end of a small anticline in Elbrook limestone and
dolomite is exposed along U.. S. Highway 250 between the Staunton
fault, in the northwest environs, ,of Staunton, and Galena. The next
major structure to the west of the Staunton fault and north of Staun-
ton is the^Long Glade syncline. The western limb of this structure
contains a belt of high-calcium limestone which extends from the
Rockingham County line southwestward about 2 miles beyond Galena.
Here the limestones wrap around the end of the fold and continue
northeastward for about 5 miles to the Staunton overthrust.

The broad belts of Cambrian and Ordovician limestones and
dolomites west of the Long Glade syncline are bounded on the north-
west side by the North Mountain fault. Local occurrences. of car-
bonate rocks along this overthrust soirth of Stribling Springs and
Swoope were not included in the study on which this report is based.

HIGH-CALCIUM LIMESTONE

High-calcium limestone in central Augusta County is confined
mainly to the Mosheim and locally a part of the Lenoir. These forma-
tions crop out in narrow bands on the flanks of the Long Glade syncline
and on the western limb of the Massanutten Mountain syncline.

M ount S olon-c kwrc hvill e b elt.-Jhe Mount Solon-churchvile bett
of high-calcium limestone extends from Rockingham county southwest
ward to the general latitude of Staunton, passing abaut 2 miles east
of Mount Solon, Parnassus, and churchville. The thickness and chemi-
cal. composition of the Mosheim near the northeastern end of the belt
(PL 12,loc. 115) are as follows:

103
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Geologi,c Secti,on 72.-At the intersection of Roads 613 and, 754 about

. 3 wiles sowtheast of Mount Solon, Augwsta Coanty, Virginia

Thickness
Feet

Mosheim limestone (137 feet) : strike N. 23o E.; dip 30" SE.
2. Limestone, dove-gray, compact 57

1. Limestone, dove-gray, compact, irregularly bedded;
a few thin impure beds----------'.-- -------------- 80

Analysis of -units I and 2, sampled thickness t37 f.eet:
SiOz, 1.86; FezOs,0.08; AlzOa,O.4O; CaCO3, 96.96;
MgCOs, 0.98; total, 100.28.

Beekmantown formation

' Although present the thickness of the Lenoir was not determined
at the above locality, but along the belt to the southwest (Pl. 12, loc.
116) the formation is estimated to be 100 feet. Between locality 116

and Middle River the Mosheim limestone appears to thin to about 50
feet. The general character of the Mosheim and the upper part of the
Beekmantown along the northwest slope of a low ridge in the vicinity of
an abandoned quarry along Middle River (Pl. 12,loc. Il7) is given in
the following section.

Geologic Section 73.-Abowt 500 feet north of Road 728 and,3 mi,les' east of Chwrchvillg, Awgwsta Cownty, Virgini,a
Thickness

Feet
Mosheim limestone: strike N. 35' E. ; dip 20' SE.

2. Limestone, dove-gray, compact; SiO2, 1.53; FezOa,

. 0.16; AlzOa, 0.91; CaCOs, 95.V4; MgCOs, 1.14;
total, 99.48

Beekmantown formation (upper part)
1. Dolomite, light.gray, fine grained

The r'rpper part of the Beekmantown dolomite and the lower
beds of the Mosheim are well exposed in an abandoned quarry along
RoadT2B about 500 feet southwest of the above section. The northwest
side of the quarry contains nulnerous masses of coarsely crystalline
white calcite ranging in thickness from a few inches to several fget.
Another small abandoned quarry"in the Mosheim is located along Middle

50

150
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River near the intersection of Roads 732 and, 728. Here the thickness
of the Mosheim is about 50 feet. Deposits of high-calcium limestone
in the vicinity of Middle River and near the northeastern end of the
belt are remote {rom rail transportation. South of Middle River the
limestone belt is largely covered.

Galena bett.-The Galena high-calcium limestone belt is a part of
the eastern limb of the Long Glade slncline. It extends from the
Staunton fault, about 4 miles north of Staunton, southwestward across

U. S. Highway 250 to a point ll miles north of Snyder where it
connects with the Mount Solon-Churchville belt. The Galena belt is
poorly exposed, except at the junction of U. S. Highway 250 and State
Highway 56 (Pl. 12,loc.118) where the following section was measured.

Geologi.c Sect'i,on 74.-Along U. S. Highway 250 abowt 4 rni.tes north-
west of Stawnton, Awgwsta Cownty, Virgini,a

Thickness
Feet

Mosheim limestone: srike N. 21o E.; dip 60' NW.
3. Limestone, dove-gray, compact; a few clay partings---- 44

Beekmantown formation (upper part, 303 {eet)
2. Dolomitic mudrock; reddish; contains dolornite and

chert fragments ------------ 3
1. Dolomite, light-gray, fine grained; contains spongy

chert ---------..

The thin reddish dolomitic mudrock (unit 2) in the above section
is overlain by dove-gray, slightly impure Mosheim limestone, cherty
Lenoir limestone, and a thick body of shaly Athens limestone. Coarse-
grained high-calcium limestones which are well displayed east and south
of Staunton were not observed in the Galena or Mount Solon-Church-
ville belts.

A small elongate body of Beekmantown dolomite, surrounded by
Mosheim and Lenoir limestones, crops out along the crest of a minor
anticline about one mile south of Long Glade (Pl. 12,loc. lI9). Studies
along the eastern side of the structure indicate that the Mosheim is too
thin here lor any large-scale commercial development.

V er o na- M i,nt S prin g bett.--The Verona-Mint Spring limestone belt
extends from North River along the Rockingham-Augusta County line
southwestward nearly to Greenville, paralleling U. S. Highway 1l and
passing near Verona, Staunton, and Mint Spring. This bett of high-



106 INnusrnrer,. LrlrBsroNBS AND DororvrrrBs

calcium limestone in central Augusta County crops out along the west
side of the Athens in the Massanutten Mountain s5rncline. Of special
interest are the elongate hills or ridges, 20 to 100 feet in height, which
mark the outcrop of the cherty Lenoir limestone. Measurements at
three localities (Pl. 12, locs. !20,.12L, and I22) northeast of Verona
show from 30 to 40 feet of typical Mosheim and 60 to 10O feet of
Lenoir. Detailed descriptions 9f the limestones which are fully exposed
in the vicinity of Verona (Pl. 12,loc. t23) are as follows:

Geologi,c Section 71.-Bozaling cluarry along Middle Ri,zter half
a rnile nortkeast of Verona, Augwsta Cownty, Virgi,ni,a

' 
Thickness

Feet
Mosheim limestone: strike N. 38' E.; dip 60' SE.

3. Limestone, dove-gray, cornpact; cherty near top;
SiOz, 2.36; Fe2Os, 0.50; A1zOg, 0.84; CaCOs,
92.61 ; MgCO3, 3.79 ; total, 100. 10

Beekmantown formation (upper part, 196 feet)
2. Limestone, dark-gray to black, compact; SiOz, 15.59;

FezOg, A.92; AlzOz, 4.3I; CaCO3, 69.51; MgCOs,
9.63; total,99.96 ---.----.. 46

1. Dolomitet grdy, fine-grained, ,cherty; SiOz, 2.34;
FezOe, 0.26; AlzOe, I.I4; CaCOs, 57.8A:. MgCOs,
38.16; total,99.70

Fine-grained , gray Beekmantown dolomite in the western part of
the quarry (Pl. 11B) is overlain by co,mp,act, almost black lime-
stone of questionable correlation (anit 2). The general texture sug-
gests Mosheim, but, since the sample shows only 69.51 per cent calcium
carbonate, the beds are tentatively correlated as representing a local
occurrence of magnesian limestone in the upper part of the Beekman-
town. The overlying light-gray compact limestone (Unit 3) is also a
deviation from the usual high-calcium content of the Mosheim, but this
low analysis may be due to the inclusion of a part of the undedying
magnesian limestone in the sample taken here. Less than 4 miles south-
west along the strike, Beekmantown dolomite is overlain by about 50
feet of high-calcium Mosheim limestone (Pl. 12,loc. 124).

A complete exposure of the rocks from the top of the Beekman-
town into the Athens occurs at localitv L25. about one mile northeast of
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Frcuns 4.-Cross sectio'n of the Verona-Mint Spring high-calcium limestone
belt, 1 rnile northeast of Staunton, Augusta County, Va.

Staunton (Pl. I2). lfere the Beekmantown-Mosheim boundary is
along the northwest base of a low ridge; cherty Lenoir limestone near
the summit; and Athens limestone and shale along the crest and south-
east side (Fig. a). Another thick occurrence of high-calcium limestone
was observed in a srnall area along the Chesapeake \Mestern Railway
and its connecting spur to the brick yards in the eastern environs of
Staunton (P1. 12, loc. L26). The succession of beds here and their
tentative correlation aie as follows:

Geologic Section 76.-AtonE Chesapeake We,stern Rai,Izaay anil spwr
' Iine in the eastern envi,rons of Staunton, Augusta'County,

Vi,rginia
Thickness

Lenoir limestone (140 feet) 
Feet

4. Limestone, dark-gray, medium grained, cherty-.-"-- 60

3. Limestone, light-gray, coarse grained; SiOz, 0.28;
FezOa, 0.20; AlzOe, 0.6L ; CaCOa, 98.00; MgCO3,
0.83; total, 99.92..-.-..---.-----------:---.---.-- 60-+

2. Limestone, dark-gray, nodular------- 2O-+

Mosheim limestone: strike N. 80' W.; dip 45" SE.
1., Limestone, dark-gray, compact; SiOz,0.71 ; FesOs,

0.10; AlzOg, 0.86; CaCO3, 96.9O:. MgCOs, 1.21;
total, 99.78 84

Beekmantown formation

The coarse-grained beds and overlying cherty limestones in the
above section are fully exposed in an abandoned quarry and along
the spur line to the brick yard, whereas the underlying Mosheim is
displayed along the crest of a small anticline extending northeast
of the power line and paralleling the Chesapeake Western Railway.

rc7
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A part of the same limestone belt
underlying dolomite are exposed in
pany quarry (Pl.12, loc. 127).

and the upper 150 feet of the
the Belmont Trap Rock Com-

Geologi,c Secti,on 77.-Behnont Trap Rock Company qunrry half
a rni,le ioutkeast of Stawnton, Augusta Cownty, Vi,rgi,ni,a

Thickness
Feet

Lenoir limestone
3. Limestone, dark-gray, medium gra"ined, cherty------ 100

Mosheim limestone: strike N. 76" E.; dip 45" NW.
2. Limestone, dove-gray, compact, fractured; SiO2,

0.63; FezOs, 0.30; AlzOs, 0,39; CaCOe, 97.55;
MgCOs, 1.05; total, 99.92.

Beekmantown formation (upper part)
1. Dolomite, gray, fine grained 150

Coarsely granular high-calcium limestone, so,well displayed at
locality 126, was not observed in the Belmont quarry. It is also of
interest to note that in the quarry the Mosheim is only about 40
feet thick.

The Mosheim limestone and the upper part of the Beekman-
town dolo,mite are exposed in the Whitrno,re quarry (P1. 12, loc.
128) half a mile east of the Belmont quarry. Three measurements
of the Mosheim in the Wh,itmore quarry, at intervals of about 200
feet along the strike, show thicknesses that vary from about 20 to
40 feet. The northeast side of the quarry and the adjacent low
ridge are underlain by nodular, cherty, dark-gray limestone with q
few thin interbedded layers of coarse-grained limestone. The Mos-
heim in this area and locally throughout Shenandoah Valley is char-
actefized by variations in thickness, thus any generalizations re-
garding the possible qrrarriable thickness of this unit over a large
area are subject to error.

The Staunton Lime Corporation quarry (P1. 12,loc. 129) is lo-
cated about two-fifths of a mile east of locality 128. It consists of
a long narrow opening, along the outcrop of high-calcium limestone
for about 600 feet, and a smaller opening in dolomite adjoining the
limestone belt on the southeast side. Geologic Section 78 is near
the middle of the quarry ;79 at the southwestern end.

4{)
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Geologic'Secti,on 78-Near rni'ddle of Stawnton Li'rne Corporation
qwffrlt, 1l rui'tes east of Stauntott, Augusta County, Vi'rgini,a

Thickness
Feet

Mosheim limestone (56 feet) : strike E.; dip 28' N.
4. 'Limestone, dove-gray, compact-.-----------.----- 25

3. Limestone,, dark-gray, nodular---------.-----.----.-..------.---.- 6

2. Limestone, light-gray, medium grained; clastic
texture; SiOz, 0.44; FezOs, 0.I4; AlzOs, 0.35;
CaCOg, 98.16; MgCO3, 1.01; total, 100.11------------ 25

Beekmantown formation (upper part)
1. Dolomite, fine grained, gray; a few limestone beds 150

Bed 2 in the above section is composed of rounded grains of
compact gray limestone in a matrix of colorless calcite. These rocks
are tentatively correlated as an occurrence of clastic limestone in
the lower part of the Mosheim, but it is,possible that they may be

older since there is a hiattts between the B.eekmantown and Mos-
heim. The sequence and character of the rocks at the southwestern
end of the quarry are as follows:

Geologic Section 79.-Near zuestern end of Staunton Lim'e Corporation
qwwry, 1l wi'tes east of Stawntom, Awgwsta Cownty, Virgi,nia

Thickness
. . Feet

Mosh,eim limestone: strike E. ; dip 30" N.
2. Limestone, dove-gray, co,mpact; SiOz,0.88; FezOa,

0.30; AlzOa, O.46; CaCOa, 96.ffi; MgCOs, 1.50;

total, 99.74

Be'ekmantown formation (upper part)
1. Dolomitl, gr&y, fine grained; a few limestone beds

A comparison of the above section with Geologic Section 78,

less than 300 feet east along the strike, is of special interest. In
Geologic Section 79 the dolomite in the upper part of the Beekman-
town is succeeded by 4l feet of typical Mosheim, with no inter-
vening granular layers. The Mosheim in both sections is overlain
by mediqm-gr4ined, cherty, dark-gray Lenoir limestone. The total

4T
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thickness of high-ca.lcium rock, including compact limestone at the
western end and both coarse and compact beds near the middle of
the Staunton Lime Corporation quarry, ranges from about 40 to
50 feet.

A large quarry, operated by the State Department of Agricul-
ture for ground limestone, is located about 2 miles east of Staunton
(P1. 12, loc. 130). High-calcium limestone crops out along the
northeastern rim of the quarry. The main'operation is in the upper
150 feet of the Beekmantown dolomite. Fifty feet of Mosheim
limestone could be quarried at the present site. A sample (Table
13) of pulverized Beekmantown dolomite and limestone from the
storage bin shows 64.6L per cent calcium carbonate and 30.98 per
cent magnesium carbon&te, a to,tal of 95.59 per cent carbonates.
Limestones fully exposed along the no,rthwest side oT a low ridge
on the DeJarnette State Sanatorium p,roperby (P1. 12, loc. 131),
about one mile southwest of the State Department of Agriculture
quarry, are as follows:

Geologic Section 80.-Del'arnette State. Sanatoriutor, property obout 2
miles southeast of Staunton, Awgwsta Cownty, Virgini,a

Thickness

Lenoir limestone (180feet): strike N.30. E.;dip 40. SE. 
Feet

6. Limesto,ne, dark-gray, cherty-- 50
5. Limestone, dark-gray, medium-grained----------------.".- 50
4. Limesto,ne, dark-gray, cherty__--___-- 25
3.' Limestone, bluish-gray, fine grained, cobbly------------ 10
2. Limestone, gray, medium grained; SiO2, O.32;

FezOa, 0.46; AlzOs, 0.13 ; CaCOs, 98.16; MgCO3,
0.76; total99.83---.-.------ 45

Beekmantown formation (upper part)
1. Dolomite, gray, fine grained, partly covered

The granular rock immediately overlying th,e Beekmantown in
the above section (bed 27 is tentatively correlated as the lower part
of the Lenoir, since tompact limestone of typical Mosheim lithology
is not represented. About 40 feet of Mosheim was observed at 1o-
cality 132, one mile southlvest of the DeJarnette State Sanatorium
property.. One of the best displays of the Mosheim in the Verona-
Mint Spring belt is along the northwest slope of a p,ro,minent ridge
about 4 miles southwest of Staunton (Pl.12,loc. 133).

400
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Geologi.c Section 81.-Near i,nt,ersection of U. S:, Hi'ghzaay 11 and Road'

654 abowt 4 miles soutkwest of Stounton, Awgusta Cownty, Vi'rgini'a

Thickness
Feet

Lenoir limestone
2. Limestone, dark-gray, cherty-----.-.- /J=

Mosheim limestone
1. Limestone, dove-gray, compact, sheared; bedding

indistinct; SiOz, 0.61; FezOg, 0.18; AlzOs, 0.57;
CaCOg, 97.55; MgCOs, 0.91 ; total, 99.U.-.---.-."-.-- 100-+

Beekmantown formation

Although pronounied shearing of the Mosheim has almost de-
stroyed the bedding at the above 1ocality, it is estimated that its
thickness, based on the width of outcrop and probable structure of
th'e adjacent beds, is about 100 feet. The belt of high-calcium lime-
stone, between locality 133 and Road 624, swings around the end
of a minor northeastward-pitching syncline, and continues in an
easterly direction to locality 134 where abbut 30 feet of Nlosheim
is expoSed in a small abandoned quarry. At this locality the.Mos-
heim is characterized by a 4-foot bed of cherty limestone and
irregular masses of pink limestone near the base. Some of the
pinkish masses appear to fill cavities along prominent fractures.
Overlying the compact limestone is about 25 f.eet of fine-grained,
bluish-gray, cherty limestone; 18 feet o'f coarse-grained gray and
pink limestone; and about 25 feet of finer grained, bluish-gray
limestone. The Verona-Mint Spring limestone belt extends south-
westward. to a point about 3 miles southwest of Mint Spring. This
belt was crossed at several places, but the exposures are inadequate
for detailed measuremdnts and studv.

IMPURE LIMESTONE

Impure limestone, excluding those interbedded with dolomite which
are discussed under a separate heading, include the Chepultepec, the
Lenoir at most localities, and the full thickness of the Whitesburg,
Atheris, and Chambersburg formations.

The Chepultepec at the base of the Ordovician system crops out
as a narrow band on the flanks of the Massanutten Mountain and the
Long Glade synclines. The general character and chemical composition
of the formation west of Staunton (Pl. L2, loc. 135) are given in the
following section.
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Geologic Section 82.-Along State Highzaay 252 about 7 ynite southwest

"f Staunton, Augusta County, Virginia
Thickness

Feet
Chepultepec limestone (434-r- feet)

5. Limestone, dark bluish-gray, fine grained; a few thin
beds of gray dolomite -.------...-__-- 86

4. Dolomite and limestone -----------:-.--_:-.- 34
3. Limestone, bluish-gray, platy, cherty--------.- 18
2. Limestone, dark bluish-gray, fine grained, medium

bedded; a few thin beds of dolomite- 96

Analysis of units 2 to 5, sampled thickness 234 f.eet:
SiOz, 4.12; ; A12O3, 1.01 ; Fe2O3, 0.28; CaCO g, 87.55;
MgCO3, 6.85; total, 99.81.

beds of limestone and dolo-
2W;-uncertain--

Conococheague f ormation

Lenoir limestone, ranging in thickness from about 60 to 200 feet,
was observed along all of the high-calcium limestone belts in central
A'ugusta County. At most localities the formation is impure, but locally
along the Massanutten Mountain syncline east (P1. 12, loc. 126) and
south (P1. 13, loc.. 143) of Staunton it is composed largely of light-
gray granular limestones which contain about 98 per cent calcium
carbonate. Samples showing similar analyses have been obtained from
a part of the Lenoir, where it is free of chert, at a few other localities
in Shenandoah Valley. The general character of the lenoir along
U. S. Highway 250 west of Staunton (Pl. L2, loc. 118) and in the
vicinity of Verona (Pl. 12,loc. 123) is given in.the following sections.

Geol,ogi,c, Section 83.-Along U. S. Highway 250 about 4 wiles narth-
zuest of Staunton, Augwsta County, Vi,rgi,ni,a 

Thickness
Feet

Lenoir limestone (187 feet)
2. Limestone, dark-gray, medium grained, cherty--------.-.- 100
1. Limestone, light-gray, shaly, cherty-.___-_--. 8T

Mosheim limestone

1. Mostly covered; a few
mite; lower boundary
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Geologic Section 84.-Bozuling quarry along Middle Ri'zter, half
a wile northeast of Verona, Awgusta Cownty, Virginia

Thickness

Lenoir limestone (162 feet) 
Feet

6. Limestone, dark-gray, cherty 15

5. Covered interval; chert float -----;--------------- n
4. Limestone, dark-gray, cherty 29
3. Limestone, dark-gray, cobbly weathering, clayey---..--- 42
2. Limestone, dark-gray, cherty 31

1. Limestone, clayey, cherty -------------:-.----- 2t

Mosheim limestone

A few feet of granular, dark-gray Whitesburg limestone, occurring
between the Athens and Lenoir, was observed locally along the high-
calcium limestone belt northeast of Staunton. Since these granular
beds contain abundant clayey partings, no samples for chemical analyses
were taken. The rocks between the Lenoir, or Whiteqburg at certain
localities; and the Martinsburg formation are shown on the geologic

1nap of the Appalachian Valley in Virginia as Athens along the Mas-
sanutten Mountain syncline in central Augusta County, and as Athens
overlain by Chambersburg in the Long Glade syncline (Pl. 12) west
of Staunton. The shale facies of the {thens, with a few intercalated
limestone layers, is best displayed east of Staunton, whereas the Athens
and overlying Chambersburg in the northwestern belts are composed
largely of impure black limestone with Shale partings. The general
character and thickness of the Athens northeast of Staunton (Pl. 12,
loc. 125) are given in the following section.

Geotogic Section ilS.-About 2000 feet south of the junction of U. S.
Hi,ghzuay 11 and, alternate U. S. 11 and 1 onile northeast of

Stwnton, Awgwsta Cownty, Virginia (Fig. a)

Athens formation (575-r feet)

Thickness
Feet

5. Shale, dark-gray, limy; upper boundary uncertain;
SiOz,22.02; Fe2O3, 3.34; AlzOs, 9.15; CaCOsr
61.48; MgCO3. 3.&; total,99.63

113

2W
/J4. Covered interval



I14 Iwnusenrar- Lrryrosronos aNn Dor,orrrrss

3. Limestone, black, thin
black shale partings,;
AlzOe, 2.07; CaCOa

Thickness
Feet

bedded, compact; contains
SiOz, 8.45 ; FezOg, 0.98;

85.95; MgCOs, 2.20; total,
150

150

99.65
2. Mostly covered; few exposures of shaly black lime-

stone; thin Whitesburg limestone at base.---

Lenoir limestone
1. Limestone, dark-gray, medium-grained, cherty 2W

Mosheim limestone

Since the Chambersburg limestone is not represented. along this
part of the Massanutten Mountain syn6line (Pl.'L2, loc. 125), it is
impossible, without faunal studies, to' locate a definite boundary be-
tween the shaly facies of the Athens and the overlying Martinsburg
shale. The Athens and Chambersburg formations were not sampled
or measured in the Long Glade syncline in Augusta County, but along
the same belt'northeastward in Rockingham County the combined
thickness of the two formations is approximately i350 feet.

LIMESTONE, MAGNESIAN LIMESTONq AND DOLOMITE ,

The broad belts mapped: as Beekmantown and undifferentiated
Elbrook and Conococheague formations (Pl. 12) are composed chiefly
of limestone, magnesian limestone, and dolomite with variable amounts
of noncarbonates.

The Elbrook is not fully exposed in central Augusta County, since
it is either bounded on one side by a fault or crops out along the crest
of an anticline with no older rocks exposed. A part of the formation
is exposed along the Staunton overthrust southwest of Staunton and
along the North Mountain fault. The Elbrook consists chiefly of shaly
weathering dolomite and limestone, but contains locally thick zones of
dolomite averaging about 40 per cent magnesium carbonate. Approx-
imately B0 feet of slightly fractured dolomite near the top of the El-
brook formation, along Jennings Branch aboat llf miles northwest of
Churchville (Pl. 12, loc. 224), contains 4O.50 per cent magnesium
carbonatg 51.94 per cent calcium carbonate, and 6.96 per cent silica
(Table 13). At locality 137, one-fourth of a mile north of State High-
way 254 and 6 miles west of Staunton, 300 feet of dolomite shows
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40.18 per cent magnesium carbonate. This sampled unit is tentatively
identified as occuring in the upper part of the Elbrook. However, it
may represent a part of the overlying Conococheague, since dolomite is
an important constituent of the Conococheague in the vicinity of New-
port and Vesuvius, near the Augusta-Rockbridge County line.

The principal constituents of the Conococheague formation in the
Staunton area (Pl. 12, loc. 136) are shown in the following section.

Geologi,c Secti,ort 86.-Ertend,ing sowth frorw State. Highway 252
about 7 rnile sowthwest of Stawnton, Augusta County, Virginia

Thickness
. Feet

Conococheague formation (upper part, 1305 feet)
21. Limestone and dolomite, dark-gray, fine grained,

laminated
20. Sandstone ---------------."-.--------------------------.-.-------.------

L9. Lirnestone and dolomite, Srdy, fine grained, laminated.

.18. Sandstone
17. Limestone and dolomite, gray, fine grained, laminated
16. Limestone and a few thin beds of dolomite; contains

black chert
15. Limestone and dolomite, gray, fine grained, laminated
L4. Sandstone and sandy limestone-----
13. Limestone and dolomite, folded, crushed, cherty--------
L2. Mostly covered; sandstone float--------------

11. Limestone and dolomite, dark-gray----
10. Sandstone
9. Limestone and dolomite; limestone bluish-gray, dolo.-

mite dark-gray ----.-.-----.

Sandstone --.---------:----------------- 2
Dolbmite and limestone, bluish-gray, fine grained------ 102
Limestone, blqish-gray; crinkly siliceous partings------ 81
Limestone and dolomite, dark bluish-gray; crinkly

siliceous partings that form distinct ribs on the sur-
face of the rock i53

Limestone and dolomite, dark-gray, fine grained------.--- 168
Dolomite, dark-gray; two-f oot bed of cherty limestone

at base

Dolomite, dark-gray, medium grained-------- 43
Dolomite and limestone: covered interval at base-------- 80
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Approximately 1300 feet of rocks, consisting of about an equal
amount of intdrbedded limestone and dolomite, were measured in the
above section. Since there is a wide covered interval at the base, it is
estimated that the Conococheagrie has a thickness of 2000 to 2500 feet
in this area.

The Beekmantown is composed chiefly of fine-grained, light-gray
dolomite with conspicuous bluish-gray layers of limestone, mainly in
the lower part. Several horizons within the formation contain large
masses of spongy-looking chert. The character of .the beds compris-
ingthe upper part of the formation north of Verona (Pl.12,loc. 138),
is as follows:

Geologic Section 87.-Begi,nni,ng at zuest end, of Bozali,ng quarry
along Middle Riaer about 7 rnile north of Verona, Augusta

countY' vdrginia 
Thickness

Feet
Beekmantown formation (upper part,765 f.eetl

30. Doloqite, cherty 150
29. Chert; irregular, jagged surfaces------- I
28. Dolomite, light-gray; weathers yellowidh---.- 20
27. Chert; spongy texture 2
26. Dolomite, light-gray, fine grained, cherty--.----- 59

. 25. Dolornite; partly covered 56
24. Cheft, jagged; dolomite matrix--------- ?fi
23. Dolomite, gray, fine grained 48
22. Covered interval; chert fragments---.---------- 37
21. Chert and dolornite, interbedded-------"--------- 37
20. Dolomite, light-gray, cherty
19. Limestone, bluish-g.ray; shaly partings------- B

18. Dolomite, light-gray, fine grained-------------.-.--- 4
12. Limestone,bluish-gray,finegrained---.------------------:------- 1

16. Dolomite; weathers brownish -----:-------:------ 11

15. Limestone with thin layers of dolornite------ 5
14. Covered interval -------------.------- 46
13. Limestone, bluish-gray; clayey laminations-- 11

12. Dolomite, gray, banded
11. Limestone, bluish-gray, banded 5
10. Dolomite, light-gray --:--------- 2
9. Limestone, bluish-gray, banded --.-------------- 12

B. Dolomite, light-gray, fine grained 5
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Feet
7. Limestone and dolornite ---------------"- 18

6. Dolomite, light-gray 35

5. Limestone, bluish-gray 2
4. Dolomite, light-gray 15

3. Limestone, bluish-gray, irregularly banded; thin beds

of edgewise conglomerate ------------------ 11

2. Dolomite, light-gray; partly covered 16

1. Limestone and dolomite --------------- 62

Butts6 measured the Beekmantown along Middle River, reporting
1140 feet exposed, and estimated an additional thickness of 500 to
1000 feet in the underlying covered interval strewn with typical Beek-
mantown chert. Another fine display of a part of the Beekman-
town dolomite (Pl. ')"2,loc. 139) is shown in the following section.

Geologic Secti,on B8.-Along Chesapeake qnd, Okio Railway near d,epot

at Stawmton, Augwsta Cownty, Virgi,ni,a
Thickness

Feet
Beekmantown formation (upper part, 505 feet)

4. Dolomite medium-gray, fine grained--.---...-----------.------ 146
3. Dolomite, medium-gray, sparsely cherty 83
2. Dolomite, gray, fine to medium grained---------,----.---.-.:-- 245
1. Dolomite , gtay i a f ew laminated beds------- 31

A composite sample (Table 13) of these beds .orrtrirr, 37.17 pex
cent magnesium carbonate and 52.37 per cent calcium carbonate. Far-
ther southwest, in the Staunton municipal quarry (Pl. 12,loc. 140), the
following section is fully exposed.

Geologi,c Section 89.-stawnton wwnicipal qwarry ot)ng Stotu Highzuay
252 in ,sowttrrutestern enzti,roms of Stawnton, Augwsta County,

Vi,rginia
Thickness

Feet
Beekmantown dolomite (in lower part, 195 feet)

7. Dolomite, bluish-gray, fine grained, cherty----.-.----------. .47

6. Dolomite, gray, fi.negrained, sandy-"------. -- 23
5. Dolomite, light-gray, medium grained------.- 59

LL7
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. Thickness' 
Feer

4. Dolomite, light-gray, sandy ------.-- 2l
3. Dolomite, medium-gray, cherty
2. Dolomite, bluish-gray 6
1. Dolomitet gr&y, medium grained, cherty--.------- 12

Analysis of units "J, to 7, sampled thickness 195 feet:
SiO2, 5.27 ; Fe2Os, 0.82; AlzOs, l-48; CaCOs, 52.20;
MgCO3, 4O.54; total, 1@.31.

The analyses of the Beekmantown show that it has b variable com-
position, and at no place in this area do the dolomites fulfill the require-
ments for high-magnesium do.lomite as defined in this report. Certain
parts of the formation, ranging in thickness from 200 to 500 feet, con-
tain from 30.98 to 4O.54 per cent magnesium carbonate. However, the
analysis showing the highest per cent of total carbonates contains more
than 5 per cent silica. The best estimates of thickness of the Beek-
mantown range from i500 to 2000 feet.
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EASTERN AUGUSTA COUNTY
, GENERAL STATEMENT

That part o{ Augusta County (Fig. 1) between the Massa-
nutten Nlountain syncline on the west and the Blue Ridge on the
east and north of Greenville is here termed eastern Augusta County.
Carbonate rocks extend from the eastern limit of the broad belt of
Martinsburg shales and fine-grained sandstones in the Massanutten
Mountain syncline eastward to the clastic rocks along the north-
west footh'ills of the Blue Ridge. Altitudes in the valley range from
about 1100 feet at the junction of North and Middle rivers near the
Rockingham-Augusta County line to an average of 1400 feet in the
southwestern part of the area. A few discontinuous ridges and
rounded hills underlain by cherty limestone and sandstone rise from
100 to 300 feet above the valley floor. Eastern Augusta County is
drained northeastward by South and Middle rivers. The area is
served by the Chesapeake and Ohio Railway east and west through
Waynesboro, the second largest town in Augusta County, and by
the Norfolk and Western Railway along the west side of the
Blue Ridge.

GEOLOGY

The carbonate rocks lvhich have been mappeda in eastern Au-
gusta County include the Tomstown, Waynesboro, Elbrook, Cono-
cocheague, Chepultepec, Beekmantown, Mosheim, Lenoir, and Ath-
ens formations. Scattered outcrops indicate that the formations
occur in generally parallel belts, with tlae oldest rocks on the east
side, along the north,western foothills of the Blue Ridge.

Since the impure limestones along the eastern boundary of the
Martinsburg shalei and the interbedded limestones and dolomites
in the eastern part of the county are so poorly expo'sed, this descrip-
tion is restricted mainly to the high-calcium limestones.

HIGH-CALCIUM LIMESTONE

fn eastern Augusta County high-calcium limestond occurs in
one belt albng the eastern side of the broad expanse of Martinsburg
shale in the Massanutten Mountain syncline. The Mosheim and
Lenoir formations, locally containing highr-calcium limestone, ex-
tend from the vicinity of Greenville'northeastward into Rockingham
County, passing near Fishersville and New Hope (P1. 13). The
largest depo,sits of high-calcium limestone occur in a rather limited
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area northwest of Stuarts Draft. Northeastward along the strike
the high-calcium limestones are thin, locally absent, and poorly
exposed. The character and thickness of the Mosheim and Lenoir
limestones near the southwestern end o.f the Massanutten Moun-
tain syncline (Pl. 13, |oc. I47) are as follows:

G,eotogi,c Section 90.-Abowt 1000 feet west of Roar| 655 and' 4 m,iles

nortkeast of Greenaille, Augusta County, Virgi'nia
' Thickness

Feet
Lenoir limestone (180f feet)

5. Limestone, dark-gray, cherty; covered at top-------- 10+
4. Limestone, dark-gray, medium grained--.---- ffi
3. Limestone, dark-gray, medium grained, cherty;

few compact, light-gray beds.-.-.-----.-. 110

Mosheim limestone
2. Limestone, dove- to dark-gray, compact------ 69

Beekmantown formation (upper part)
1. Dolornite and bluish-gray limestone-.----------- 75+

Another expo.sure less than 2 miles northeast along the strike,
is composed largely of high-calcium limestone. The commercial
development pos.sibilities at this locality (Pl. 13, loc. 1'16) are indi-
cated in the following section.

, Geologi,c Section 97.-About one-fourtk of a wile zuest of the inter-
section of Road; 652 and 654 and, 3 omi,Ies northwesl of Stuorts

Draft, Awgu"sta County, Virgini,a
Thickness

Feet
Lenoir limestone (219f feet)

5. Limestone, gray, coarse grained; covered at top;
SiO2, 0.81 ; FezOa, 0.25t AlzOg, 0.59; CaCOa,
96.71; MgCO3, 1.08; total,99.45.-------..-- 150+

4. 'Limestone, dark-gray, nodular 69

,Moshqim limestone (210 feet) r strike N. 45" E.; dip' 75-

90' NW.
3. Limestone, dove-gray, compact; SiOz, 0.85 ; 'FezOg,

0.20; AlzOe, 0.62; CaCOg, 96.85; MgCOa, 1.62;

total. 100.14 --....:....-.-----... 65'
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2. Limestone, do
0,26; AlzOs
total, 99.93

1. Limestone, light-gray,
SiOz, 0.04; Fe2O3,

98.66; MgCOa, 0.71 ;

Beekmantown formation

Ixousrntar, Lrnrosronos enn DolourrBs

Thickness
. Feet

ve-gray, compact; SiOz, 0.98; Fe2O3,

, 0.80; CaCOs, 96.50; MgCOs, 1.39;

compact to
0.22; AlzOg,

fine grained;
0.25; CaCOg,

65

80total, 99.88--

If units 1 to 3 in the above section are properly identified, this
locality represents .the thickest body of the Mosheim rimestone
observed in Augusta County. Unit 5, tentatively correlated as
Lenoir,. is best described as a lens of high-calcium, marble-like
Iimestone with poorly defined bedding. Another exposure of the
high-calcium limestones in this belt, about half a mile northeast of
locality 146, is described in the following section (pl. 3, loc. 145).

Geologic Section 97.-one-f ourth of a mile southzaest of the intersecti,on
of Roads 651 and 652 abowt 3 ruiles northwest of Stuarts

Draft, AuEusta Counly, Vi,rgi,nia
Thickness

Lenoir limestone (244-+ feet) 
Feet

7. Limestone, dark-$ray, nodular, sparsely cherty_---_. 35-r.
6. Limestone, light-gray, coarse grained; a {ew com-

pact beds; SiO2, 0.41 ; FezOa, 0.14; AlzOa, 0.43;
CaCO3, 96.40; MgCO3, 2.2L ; total, 99.59__.--_-_--_-.- ltz

5. Limestone, g'ray, medium grained ; SiOz, 0.47;
FezOa,0.26; AlzOe,O.&; CaCOs, 9&26; MgCO3,
0.51; to,tal, 100.14 4l

4. Limestone, dark-gray, nodular, sparsely cherty---- 56

Mosheim limestone (126 feet): strike N. 70o E.; dip 58"
NW.

3. Limestone, dove-gray, compact_----. 51
2. Limestone, dark-gray, compact_---..--____-_---_-_--:---__--_._- s' 1. Limestone, dove-gray, compact,--_-_ 70
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Analysis of units 1 to 3, sampled thickness 126

feet: SiOz, 0]2; FezOe, 0.30; AlzOs, 0.38; CaCOa,

96.60 MgCO3, 1.40; total,99.4O.

Beekmantown formation

The surface along the traverse of'the above section slopes gen-

tly northwestward from Road 652 to Christian Creek, along the
limestone-shale boundary. Although this relatively flat area (Pl.
1lC) is not ideal {or quarrying operations, it contains a thickness of
approximat ely 279 feet of high-calcium limestone. Field studies

indicate that the thick body of high-calcium limestone extends at
least from locality 146 northeast to Road 65L, a distance of approxi-
mately one mile. Since the bedrock is largely covered, the exact

limits of this belt along the strike to th,e northeast and southwest

can be determined only by drilling. A decided change in rock
character and thickness was observed at locality 144, about 2r/z

miles north of Stuarts Draft, where the Mosheim is only about 60

feet thick. Furthermore, the Lenoir at this locality is'largely
cherty, nodular weathering limestone, with a few thin intercalations
of coarse-grained high-calcium limestone (Fig. 5).

o loo

125

-tFrcuns S.-Cross section of high-calcium limestone belt at abandoned quarry,
3 rniles southwest of Tinkling Spring Church, Augusta County, Va.

Between localities 142 and' IM the'Mosheim and Lenoir are

generally thin and locally the overlying shales are in contact with
the Beekmantown dolomite. Faulting along this belt is evident
in the vicinity of Fishersville and may be present at other localities,
but insufficient time for a thdrough field study made it necessary

to generalize the geologic mapping in this area.

At locality 142, about 2 miles northeast of Fishersville, the
Beekmantown is overlain by 10 feet of fine-grained, bluish-gray
limestone and by about 60 feet of coarse clastic light-gray limestone.

The limestone is closely oYerlain by shale. The rounded grains

which are responsible for the coarse texture are composed of com-
pact limestone, ranging from about one millimeter to more than
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an inch in diameter. .The cemehting matrix is colorless calcite.
These beds ap'pear similar to those observed in the eastern environs
of Staunton (Pl. 16, loc. I2Z). One analysis, representing
the full thickness of the coarsely granular'rocks at this locality,
shows 98.26 per cent calcium carbonate and 0.85 per cent magne-
sium carbonate, a total of 99.1.1 per cent carbonates.

Exposures of limestone adequate for detailed study were not
observed along the Massanutten Mountain syncline between rocality
142 and, Rockingham County (Pl. 13). A {ew incomplete exposures
of the Mosheim and Lenoir along this belt indicate that there are no
large deposits of high-calcium limestone. Near the Rockingham
County line (Pl. 13, loc. 141) the geologic sequence is Beekman-
town dolomite, cherty Lenoir limestone, and Athens shale.

LTMESTONq MAGNESTAN LTMESTONq AND DOLOMTTE

Due to poor and limited exposures, the Tomstown and Waynes-
boro formations in eastern Augusta county were not examined.
Scattered exposures of the overlying Elbrook, conococheague, che-
pultepec, and Beekmantown in this area appear to be similar in
character to exposures of these formations previously described in
central Augusta County.

One sample representing about 300 {eet in the lower part of
the conococheague along Road 796 about ll mires northwest of
Waynesboro (Pl. 13, loc. 1€) contains 35.49 per cent magnesium
carbonate, 49.12 per cent calcium carbonate, 

^na 
g.z6 p"r ..rrt silica.

The Beekmantown along the belt of high-caJcium limestone south-
west of Fishersville is composed chiefly of dark-gray dolomite with
minor amounts of limestone. The upper 238 feet, which was sam-
pled about half a mile east,of the intersection of Roads 649 and 652
(Pl. 13, loc. 143), contained 65.19 per cent calcium carbonate, 31.16
per cent magnesium carbonate, and 2.ffi per cent silica. These
sampled units show that the cambrian and Lower ordovician rocks
in eastern Augusta county commonly are impurg but are suitable
for general construction uses.
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EASTERN ROCKINGHAM COUNTY

CENERAL STATEMENT

That part of Rockingham County (Fig. 1) east of Massanutten
Mountain, comprising Page Valley, is here called eastern Rock-
ingham County. Carbonate rocks (Pl. 14) crop out across Page
Valley between Massanutten Mountain and the Blue Ridge. Alti-
tudes vary from about 900 feet along South Fork of Shenandoah
River, in the eastern part of the county, to about 1200 feet along
the eastern foothills of Massanutten Mountain. The area is served
by the Chesapeake Westein Railway between Elkton and Harrison-
burg and by the Norfolk and Western Railway along the eastern
side of Page Valley.

GEOLOGY

fn eastern Rockingham County a complete geologic sequence
of the formations from the Ca,rnbrian clastic rocks along the Blue
Ridge to the Martinsburg shales in the Massanutten Mountain
syncline, includes the Tomstown, Waynesboro, Elbrook, Conoco-
cheague, Chepultepec, Beekmantown, Mosheim, Lenoir, and Athens
formations. Although generally poorly exposed the above forma-
tions, with the exception of the Mosheim, Lenoir, and Athens, ex-
tend southwestward across the eastern paft of the county in relatively
broad belts. The Tomstown, Waynesboro, Elbrook, and Conoco-
cheague are mapped together in one broad belt and the Beekman-
town and Chepultepec together in another belt.

High-calcium'limestone occurs locally in the Mosheim overly-
ing the Beekmantown formation. The Mosheim in eastern Rock-
ingham County is generally thin, poorly exposed, and apparently
absent at a few localities. Because time .was not available for de-
tailed stud1., it is mapped (Pl. 14) with the overlying impure Le-
noir limestone.

HIGH-CALCIUM LIMdSTONE

The belt containing high-calcium limestone extends from South
Fork of Shenandoah River along the Page'Rockingham County line,
in the vicinity of Shenandoah, southwestward into Augusta County,
passing near Greenwood, McGaheysville, Montevideo,.and Port Re-
public. Exposures along this belt indicate that the thickness and
quality of the limestones are inadequate for cortmercial development
of high-calcium limestone. North o{ the latitude of Elktbn the
rocks between the Beekmantown and the Athens are commonly
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thin and largely covered. At a ferv localities the Mosheim is miss-
ing, whereas at other places along the belt it is present but com-
monly shows considerable variations in thickness within short dis-
tances along the strike. Whether these variations are the result of
minor thrust faulting or variations in sedimentation can not be de-
termined without more detailed field study.

A small syncline east of the main belt and about 3 miles west
of Elkton shows, from east to west, a sequence of Beekmantown
conglomeratic limestone and dolomite, cherty Lenoir limestone, and
Athens shaly limestone (Pl. 14). Norock of Mosheim type was
observed here. The main belt of limestone along Road ffi\ abortt
2 miles southwest of Millbank, contains a thin bed of Mosheim
which is repeated locally by folding or faulting. The character and
sequence of the rocks which overlie the Beekmantown in the
vicinity of Montevideo are given in the following sections (Pl. 14,

locs. 150 and 151).

Geologic S'ecti,on 93.-Along U. S. Highzaay 33 abowt kalf a m,i,te north-
of M ont evid e o, Rockinghaw C ounty,, * nUnUo 

rn .Un"r,
Feet

Lenoir limestone
2. Limestone, dark-gray, granular, sparsely cherty---- 75

Mosheim limestone: strike N. 60' E.; dip @' NW.
1. Limestone, dove-gray, cornpact; covered at b-ase-.-- 25+

Geologic Section 94.-Atong State Highuny 12 about tzuo-tenths of a
rni,le sou,theast of Montevid,eo, Rockinghwn Cownt5t, Virgi,ni,a

Lenoir limestone
5. Limestone, dark bluish-gray, fine

Mosheim limestone (70 feet): strike 'N.

NW.
4. Limestone, dove-g'ray, compact;

Thickness
Feet

grained, cherty.- 69

57o E.; dip 47"

two-foot clayey
bed at base-----------.- 14

3. Limestone, g'rav, granular, thin bedded-------- A
2. Limestone, dove-gray to drab, compact------ 6
1. Limestone, medium-gray, coarse grained; thin

compact limestone at base-------- B

Beekmantown formation

LD
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Another complete exposure of the upper part of the Beekman-
town and the overlying Mosheim and Lenoir limestones (Pl. 14,

loc. 152) is described in the following section.

Geologi,c Secti,on 95.-Abowt two-tentks of o rni,le nortkzuest af State
Highztay 12 and, 1 ruile sowthzaest of Montevid,eo, Rocki,nghatn

cowntY' virgini'a 
Thickness

Feet
Lenoir limestone (48 feet)

16. Limestone, dark-gray, nodular; streaked red----------

15. Limestone, dark-gray, fine grained, cherty---.--------
14. Limestone, g'ray, granular----.----"----"-

Mosheim limestone (35 feet)
13. Limestone, dove-gray, compact --..-

12'Limestone,dove-gray;c1ayeypartings.-."-.
11. Limestone, dark-gray, fine grained------------.---------.--:--

10. Limestone, .gray, compact, impure

Beekmantown formation (upper part,275 feet)
9. Dolomite, gray, fine grained
8. Limestone, dove-gray, fine grained
7. Dolomite with thin beds of limestone---
6. Limestone, light-gray .---:------------------.--.--

5. Mostly covered; a few thin layers of dolomite..----.-
4. Limestone, dove-gray.-.' ' 3. Mostly coverecl; a few layers of limestone and

dolomite 25

2. Limestone, dove-gray 16

1. Dolomite, gray, fine grained 22

Mosheim limestone was not observed in three sections studied
between Goods Mill and the Augusta County line, but it is possible
that a thin body of Mo'sheim may be included in the covered inter-
val between the Beekmantown dolomite and the overlying cherty
Lenoir limestone.

LIMESTONE, MAGNESIAN LIMESTONEJ AND DOLOMITE

Although this heading includes all of .the formations between
the Tomstown dolomite and the Mosheim limestone, the older for-
mations generally are poorly exposed in the eastern part of Page

t7
20
11

15

5

8

I6
20
32
4

1@
31



Easrsnx Rocxrncllervr Corinrv

Valley. No natural outcrop,s of the Tomstown dolomite were ob-
served in the area, but King12 reports that unweathered Tomstswn
dolomite was encountered in test holes drilled by the U. S. Bureau
of Mines northeast and southwest of Elkton. Clays residual from
the Tomsto\,l'n were observed in several abandoned manganese pits.
The overlying Waynesboro, Elbrook, Conococheague, Chepultepec,
and Beekmantown formations, although co,mmonly deeply weath-
ered and partly,covered by detrital materials, are composed chiefly
of interbedded impure limestone and dolomite. Shale and fine-
grained sandstone occur in the Waynesboro and Elbrook forma-
tions, and coarse-grained beds of sandstone in the Conococheague.

The character of the rocks comprising approximately the upper
half of the Beekmantown, in the Elkton Lime and Sione Company
quarry (Pl. 14, loc. 149) and extending southeastward across Road
ffi2, is as follows:

Geologic Section 96.-Vicini,ty of Elkton Lirne and Stone Cow,pany
quarry, 3 rui,tes northwest of Etkton; Rockingha.m County,

Virgi,ni,a

Thickness
Feet

Beekmantown formation (upper part, 1202 leet)
88. Limestone, dark-gray, magnesian, fine grained------ 5

87. Limestone, bluish-gray, fine grained---------------------.-" 3
86. Limestone, mottled light- and dark-gray, mafJne-

ss. L#1,;;;, ;i;;;;-;;;;, ;;;;;; ':
84. Dolomite, gray, fine grained-.----.
83. Limestone, mottled light- and dark-gray, mag-

82.
81.

80.
79.

78.

77.

76.
/J.
74.

nesian
ri*"rior,., ii"l;r'-g''"r, "o*;;;;........-..-..... z
Dolomite, gray, fine grained.---..- 2
Limestone, bluish-gray, compact-------"..:-.-------.-'.-.----- 3
Dolomite, light-gray
Limestone, mottled light- and dark-gray, magne-

sian ---"---.-.--

Limestone, bluish-gray, compact-- I
Dolomite, gray ----.----.-

Limestone, dark-gray, magnesian.- 1

Dolomite, dark-gray, fine grained 2

131
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Thickness
Feet

73. Limestone, bluish-gray, compact; 6-inch clay zone
at base 3

72. Limestone, m.ottled light- and dark-gray, mag-
nesian ----------- 15

7t. Limegtone and dolomite, banded; light bands
dolo,mite,;darkbandslimestone-------,---------i------------ 7

70. Dolomite, gray, fine grained.-"----------:-------------- I
69. Dolomite, fine grained; weathers drab-gray; 2-

inch shale bed at top----.-----.--.-------.-----,------ 13

68. Limestone, dark-grav, fine grained 5

67. Dolomite, greenish-gray, fine grained-----," 2
6. Limestone, bluish-gray, compact.-"-----------------."-------- 1

65. Limestone, mottled light- and dark-gray, magne-
sian.----------- 3

64. Dolomite, gray, fine grained.------ 3

63. Limestone, mottled ligh,t- and dark-gray, mag-
nesian 5

Dolomite, dark-gray 8
Limestone, dark-gray, compact; a few layers of

mottled magnesian limestone--- 12

Limestone, magnesian, banded-------- 5

Limestone, mottled light- and dark-gray, mag-
nesian

Limestone, magnesian-- ---.---.----.:---------.."- 6
Limestone, mottled light- and dark-gray, mag-

nesian
Dolomite, dark-gray

62.
6t.

ffi.
59.

58.

J/.

JO.

55.

54.

53.

52.

51.

50.

49.
48.
'47.

46.

Limestone, magnesian, banded--------
Limestone, mottled light- and dark-gray, magne-

sian ----------- ----'-----.--------------

Limestone, magnesian
Dolornite, light-gray, fine grained
Dolo'rnite, fine grained; light and dark bands--."------

Limestone, dark-gray, magnesian--
Dolomite, gray, fine grained------."------.-"--------.--

Dolomite, medium-gray .----------------

Dolomite, medium-gray; vugs of carbonate min-
erals; 2-inch shale bed at top-----.-.-.-----

Limestone, dark-gray, magnesian--

2

18

2
19

43
.J

8
6

,
I
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Thickness
Feet

Dolomite, light-gray, fine grained; weathers drab-
gray ---"-.-----

Limestone, gray, compact_-_--_-._.-___-- 4
Limestone, mottled light- and dark-gray, magne-

sian ----.--------

Dolomite, gray, fine grained-_-.-.- 5
Limestone, mottled light- and dark-gray, mag-

nesian 14
Limestone, bluish-gray, compact.-
Dolomite, dark-gray _-.-..--_-__-_________________i

Limestone, mottled light- and dark.gray, magne-
sian --------.----

Dolomite, gray, fine grained.-----_
Dolomite, light- and dark-gray, banded
Mostly covered; a few beds of light-gray dolomite
Covered interval
Dolomite, gray, fine grained.--_-_-
Limestone, bluish-gray, cornpact--.:______-_--___---_-_-.----_--

Limestone, mottled light- and dark-gray, magne-
sian .-------.-------.--___-.-.__-_-.-_

Dolomite, light-gray, fine grained
Limestone, mottled tight- and dark-grav, magne-

sian --.----..----

Dolo,mite, ;';;, ;;; g,J,'J................................ .......
Limestone, bluish-gray, compact___
Limestone, magnesian
Dolomite, gray, fine grained--"-__--__-. ._----_---:---_

Limestone, bluish-gray
Dolomite, light-gray .-.-------.--_-_---._

Limestone, mottled light- and dark-gray, magne-
sian ----.-------

Dolomite, dark-gray, fine grained
Limestone, bluish-gray, compact__.
Limestone, mottled light- and dark-gray, magne-

sian ------------

Dolomite, gray, fine grained.-.____

Do'lomite and banded blue limestone___-_-_-________---__-__

Covered interval ------

Llmestone, Dlulsn-gray, compact---

133

44.
43.

42.
41.

40.
39.
38.

28.
27.
26.
2<

24.
23.

22.

2r.
20.
19.

5

9

L4
25

34
23

37
4
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8
3

13

3
7
J
5

5

13

4
22
4

10
22
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18.

17.

16.
15.
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Thickness
. . Feet

14. Dolomite, light-gray, fine grained------- 8

13. Limestone, rnottled lig'ht- and dark-gray, magne-
sian ----------.- -------------------------- 23

12. Dolomite, gray, fine grained 13

11. Limestone and dolomite------..--.---.-- 45

10. Mostly covered; a few beds of gray dolomite---------- 54

9. Dolomite, gray, fine grained
B. Limesto'ne, mottled light- and dark-gray, magne-

sian -----.----- 5

7. Limestone and dolomite----- 70

6. Limestone, mottled light- and dark-gray, magne-

sian -,--.------- 32

5. Dolomite, gray, fine grained M
4. Limestone and clolomite----"------.--.- 98

3. Limestone, bluish-gray --"---------..,------ 56

2. Dolomite, medium-gray, fine grained------- 7

Igneous intrusion
1. Diabase (?), fine grained; weathers dark-brown"--- 29

A composite sample of approxim ately 78 feet of Beekmantown

dolomite from the middle of the Elkton Lime and Stone Company

quarry (et. tSa; contains 57.28 per cent calcium carbonate, 37.41 per

cent magnesium carbonate, and 3.52 per cent silica.



Pece CouNry

PAGE COUNTY

GENERAL STATEMENT

Page County (Fig. 1) is bounded on the northeast by Warren, on
the northwest by Shenandoah, on the southwest by Rockingham and on
the southeast by Rappahannock, Madison, and Greene counties.
Prominent {eatures of the landscape, which serve as natural boundaries
of the county,. are Massanutten Mountain along the northwest side and
the Blue Ridge on the southeast. The part of Shenandoah Valley be-
tween these mountains, locally known as Page Valley, is approximately
27 miles long and varies in width lrom 4 to 7 miles. Altitudes
range fro'rn about 600 feet along South Fork of Shenandoah
River at the Page-Warren County line to an average of about 900 feet
throughout most of the valley. The county is drained northeastward by
South Fork of Shenandoah River and its tributaries. This river, char-
acterized by a series of closely spaced meanders (Pl. 17), joins North
Fork at Riverton, Warren County, to form Shenandoah River which
flows northeastward to the Potomac at Harpers Ferry.

Luray, the county seat and largest town, is located at the inter-
section oJ U. S. Highway 21 1'and State Highway 12 near the geographi-
cal center of the county. The full length of Page Valley.is served by
the Norfolk and Western Railwav. -

GEOLOGY

That part of Page County between the Massanutten Mountain s5m-

cline and the clastic rocks along the western foothills of the Blue Ridge
is underlain chiefly by carbonate rocks, ranging from the Tomstown
dolomite to the Chambersburg limestone, inclusive. These rocks are
described briefly in Table 15.

T.rnr-r 15.-Sz mmary o! carbonale rocks in the Shenaniloah ValLey porlion o!

Fonuerror.t
APPBoxTMATE
Tnrcntusg

(Feet)

135

Chambersburg
and

Athens

Chiefly black, fine-grained limestone, shaly lime-
stone, and shale. Sampled units of limestone
in the lower part of the Atbens, contain from
71 to 86 per cent calcium carbonate.

Page County, Virginia

40H00"
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Tasr,n l5.-Sammary of carbonate rocks i,n the Shenand,oah Valley portion o!
P ag e C ounty, Virginia-C ontinueil

Fonuerron

.----
Lenoir

Cnan,tcrnn

-

Granular, cherty, dark-graylimestone. Sampled
units, which are sparsely cherty, contain a max-
imum of about 92 per cent calcium carbonate.

Appnoxrue-rs
TnrcrNuss

(Feet)

40-135

Mosheim
Compact, dove-gray limestone with occasional

dark-gray beds and small amounts of clayey
impurities. Sampled units contain from 93.4
to 97.3 per cent calcium carbonate.

0-55

Beekmantown

Interbedded limestone, magnesian limestone,
and dolomite. Ratio of limestone to dolomite
is about 1 to 2. Sampled units of limestone,
exclusive of thin high-calcium beds near top of
formation, generally contain from about 80 to
90 per cent calcium carbonir,te; dolomite units,
from about 35 to 38 per cent magnesium car-
bonate.

3000+

Chepultepec
Slightly laminated, bluish-gray limestone. Sam-

pled uniis contain from 8! to 93 per cent
calcium carbonate.

300+

Conococheague

Interbedded limestone and dolomite 'with sili-
ceous bands and intercalated layers of sand-
stone. Samnled units of limestone contain ap-
proximately 85 per cent caleium carbonatb;
dolomite units., approximately 38 per cent
magnesrum carbonate.

2500.

Elbrook' and
Waynesboro

Partly covered; Waynesboro composed of red
and green shale, fine-grained sandstone, and
interbedded impure limestone and dolomite;
Elbrook, chiefly shaly weathering dolomite
and limestone.

4000"

Tomstown No natural bedrock exposures observed iri Page
Courty.

" Estiroted.

The rocks cropping out in Page Valley range in age from early
Cambrian along the northwest foothills of the Blue Ridge to Silurian
along the steep slopes and crest of Massanutten Mountain. A normal
geologic sequence is maintained across the valley in the vicinity of
Luray. The prevailing southeast dip of the strata suggests that the
rocks probably are crumpled in a series of small parallel folds overturned
toward the northwest. Close folding of this type is well displayed in
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the quarry of the Woodward Stone Company (Pl. 17,toc.161), 4 miles

southwest of Luray. Minor faulting (Pl.17) was also observed.locally
in the Martinsburg shale and in the underlying limestone belts west of
Luray, Compton, and Overall. Faulting on a larger scale occurs in the

general vicinity of Stanley and along the eastern side of Page Valley
north of Vaughn (P1. I7).

HIGH-CALCIUM LIMESTONE

In Page County high-calcium limestone ihcludes local occurrences
of the Mosheim and an occasional thin layer in the upper part of the

Beekmantown. The Mosheim limestone generally is thin and ap-

parently absent at a few localities. Because of this and the lack of time
for detailed field study, the Mosheim is mapped (Pl.17) with the over-
lying impure Lenoir. Locally, in adjoining couqties, the Lenoir is of
good quality, but none of the units sampled in Page County meet the
requirements for high-calcium limestone as defined in this'report.

The belt containing high-calcium limestone enters Page County
about hdlf a mile northwest of Overall and continues southwestward
across the county, passing near Rileyville, Leaksville, Alma, and Shen-

andoah. Some of the best exposures of the Mosheim and Lenoir are in
bluffs along South Forli of Shenandoah River.

About one-fourth of a mile north of the Page-Warren County line
the Beekrnant6vm is overlain directly by about 100 feet of Lenoir, with
no rock of Mosheim character represented. Between this locality and

the Page County line occurs a l5-foot bed of compact light-gray lime-
stone intercalated in the upper 100 feet of the Beekmantown dolomite.
This layer, although too thin for quarrying, contains approximately 99

per cent calcium carbonate and less than one per cent insoluble matter.
Chemically it is similar to other layers, cornmonly only a few feet thick,
which locally characterize the upper part of the Beekmantown forma-
tion.

The structure of the high-calcium limestone belt between Overall
and a locality about one mile west of Compton is generalized on the
geologic map, but the disordered distribution of the rocks probably is
due to local cross faulting. The.character of the rocks and their faulted
relationship about one mile northwest of Compton (P1. 17,(oc.153) arg

as follows:
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Geologi,c Section 97.-In northeast bluff along South Fork of Shenan-
d,oah River abowt 7 mile northutest of Colnpton,

. Page Cownty, Virgi,nia
Thickness

Feet
Mosheim limestone (32 feet).: strike N. 50', E.; dip, over-

turned, 70' SE.
11. Limestone, dove-gray, compact 30
10. I-imestone, mottled light- and dark-gray, fine grained 2

Beekmantown formation' (upper part, 242 feet)
9. Covered interval
8. Dolomitet grly, fine grained
7. Covered interval
6. Dolornite, gtzy, fine grained

Fault; precise location uncertain

Athens formation (lower part, 157 feet)
5. Covered interval; abundant dark, shaly limestone float
4. Limestone and shale, black, fine grained----"---..- ----------.

Lenoir limestone (1O4 feet)
3. Limestone, dark-gray, granular, cherty----------
2. Limestone, gray, medium grained, thiik bedded------.---

Mosheim limestone
1. Limestone, dove-gray, compact, sheared ; SiOz,'O.26;

Fe2Os, 0.08 ; AlzOs , 0.62 ; CaCO3, 97 .36; MgCO3,
1.44; total, 99.76 -...--.-.. ..-----,----..------.:---

Beekmantown formation

Thin .layers of limestone are also offset by a minor fault along
South Fork of Shenandoah River about one mile due west of Compton
(Pl. l7,loc. 154). The geologic sequence, from east to west, about
100 yards northeast of Road 653, includes typical Beekmantown dolo-
mite with L5 to 20 feet of finely granular, dark limestone containing
angular fragments of dolomite at the top, N feet of high-calcium
Mosheim, and 40 to 50 feet of cherty Lenoir. Just south of the road
these rocks have been terminated by faulting and the outcrop belt
shifted northward a few hundred feet. Although the bedrock is partly
covered, it is thought that the limestone belt continues southwestward
for a distance of abdut B miles. Complete exposures of the Mosheim

ffi
97

35
90
27
90

94
10

42
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and Lenoir along the west slope of a low ridge underlain by Beekman-
town limestone and dolomite (Pl. 158), about half a mile west of
Rileyville (Pl. 17,loc. 155), are as follows:

Geotogi,c.section 98.-Atong Raad 662 abowt hatf a vni'le zaest of Ritey-
ville, Page County, Virgini'a

Thickness
Feet

Lenoir limestone
7.Limestoni:,dark-gray,granular,cherty-.--......

Mosheim limestone: strike I.{. 35' E.; dip; overturned, BO' SE.
6. Limestone, light-gray, compact; lower boundary ir-

regular; SiOz, 0.98; Fe2Os, O.2A; AlzOs, 0.38;
CaCOa, 93.43; MgCO3, 4.27; total,,gg.26- ..- ....-....- 24-32

Beekmantown formation (upper part, 502 feet)
5. Dolomitet gre.!, fine grained
4. Limestone with a few thin beds of dolomite------
3. Dolomite, gray, fine grained
2. Limestone, bluish-gray,' fine grained-.-"----------"-.

1. Dolomite t gray, fine grained

Since the percentage of magnesium carbonate given in the above

analysis (Unit 6) is higher than that determined for the Mosheim at'
other localities in Shenandoah Valley, it is thought that some mag-
nesium layers in the upper part of the Beekmantown may have been

included in the sample analyzed. Natural exposures of the upper part
of the Beekmantown, the Lenoir, and the lower part of the Athens
occur in a bluff along South Fork of Shenandoah River about 500 feet
east of Bixler Bridge and 3 miles northwest of Luray (Pl. 17, loc.

156). No Mosheim was observed in this exposure.. South and east

of Bixler Bridge post-Beekmantown limestone and shale occur in a
small syncline which is farrlted on the northwest side and detached

from the main belt. Near the northeastern bnd of this syncline Beek-
mantown is overlain by. Lenoir whereas at locality I57, about 2l miles
west of Lrray, the Mosheim in its normal position has a thickness of
from 15 to 30 feet.

Thin occurrences of high-calcium limestone were observed in the
upper part of the Beekmantown at the western end of the power dam
(Pl. 1C), 2 miles northwest ol Luray, and in the Page County Co-
operative Lime Association quarry (P1.l7,1oc. 159) along South Fork

139
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of Shenandoah River about 3 miles west of Luray. These beds, from
2 to 5 f.eet thick, are intercalated in fine-grained dolomite. One analysis
of a hand specimen of limestone frorn the above quarry shows 99.45
per cent calcium carbonate and 0.4O per cent magnesium carbonate, a
total of 99.85 per cent carbonates. A composite sample of about 45
feet of interbedded Beekmantown limestone and dolomite in. the same

quarry (P1. 15C) contains 85.28 per cent calcium carbonate and 11.78
per cent magnesium carbonate. (Table 17). The Mosheim, normally
occurring between the Beekmantown and Lenoir, is absent at this local-
ity. Along the same belt, one-fourth of a mile north of the quarry
(Pl. 17, loc. 158), the Mosheim with a pebble conglomerate of dolo-
mite at the base is about 5 feet thick. One of the best exposures of the
Mosheim and Lenoir in Page County is along Mill Creek (Pl. 17, loc.
160) about half a mile northwest of Hamburg and 3 miles southwest
of Luray.

Geologic Secti,on 99.-Atong Mi,Il Creek h,atf a n+i,le northwest of Harn:
burg, Page Cownty, Virginia

Thickness

Lenoir limestone (73 feet) 
Feet

. 3. Limestone, dark-gray, medium grained, nbdular---.---- -- 28
2. Limestone, dark-gray, medium grained; contains black

chert --.-------- 45

Analysis of units 2 and 3, thickness sampled 73 feet:
SiO2, 2.89; FezOg, 0.83; AlzOs, 1.12; CaCOg, 90.82:
MgCO3, 0.67; total, 101.33.

Mosheim limestone: strike N. 35' E.; dip 50" NW.
1. Limestone, dove-gray,'compact; a few impure beds

near base; SiO2, 2.74; FezOs, O.l2; AlzOa, 0.20;
CaCO3, 94.83; MgCO3, 1.53; total, 99.42.---------------

Beekmantown formation

The upper 37 feet of the Mosheim at the above locality contains
97.30 per cent calcium carbonate and less than one per cent silica. It is
not likely that there are large reserves of high-calcium limestones in
this area, since. the Mosheim is absent in the Page Cooperative Lime
quarry, about half a mile to the north6ast, and only a few feet of it
are exposed along U. S. Highway 2ll, abost one mile to the southwest.

55
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A complete exposure of the Mosheim in the vicinity of Leaksville (Pl.
77,toc. 163) is as follows:

Geologi,c Section 100.-Abowt one-f owrth of a mile northwest of Leaks-
zti,lle and 5 nciles sowthzyest of Lwray, Page Cownty, Virgini,a

Thickness
Feet

Mosheim limestone (49 feet) : strike N. 40" E.; dip 50" NW.
5. Limestone, dove-gray, -compact 10

4. Limestone, dark-gray, medium grained; surfaces
blotched red. ------------- 4

3. Limestone, dove-gray, compact
2. Limestone, light-gray, compact, impure, striped--------- - 2l
1. Limestone, dove-gray, compact

Beekmantown formation

Although the total thickness of the beds tentatively assigned to the
Mosheim in the above section is about 50 feet it is reasonably certain
that only units 1, 3, and 5 would meet the requirements for high-
calcium limestone. The underlying 150 feet of the Beekmantown at
the above locality is characterized by beds containing pebble-like masses

of limestone in granular dolomite (Pl. 4.A).
The beds between the Beekmantown and Athens are largely cov-

ered southwest of Leaksville for a distance of approximately 3 miles.
Beginning just south of State Highway 12, about one mile west of
Alma, and extending southwestward around the end of a broad pitching
anticline, are good exposures of Lenoir close to the Beekmantown, thus
the Mosheim is either very thin or absent in the covered interval here.
At locality 164, where the rocks are fully exposed in a blufi along
South Fork of Shenandoah River, the Beekmantown is directly over-
lain by 75 feet of Lenoir. Another exposure, ll miles southwest of
locality 164, shows the same geologic sequence.

The same belt is largely covered north and south of Cub Run for
a distance of about 2 miles, but it is evident ffom a few scattered ex-
posures that this area does not contain commercial deposits of high-
calcium limestone. In a complete exposure about 1l miles north of
Shenandoah (Pl. I7,loc. 166) and one-fourth of a mile west of State
Highway 12, there is about 2 f.eet of compact, dove-gray'limestone, per-
haps Mosheim, between Beekmantown dolomite and 90 feet of cherty
Lenoir. The Mosheim thickens to about 50 feet in the northern en-

r41
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virons of Shenandoah, where exposures along the Norfolk and Western
Railway (Pl. 17,loc. 167) and in an abandoned roadside quarry (Pl.
17,toc.168) are fully displayed.

Geologic Section 707.-8etueen South Fork of Sltenand,ouh River and
the Norfolk and, Westerm Railzaay in the northern erwi,rons

of Shenand,oak, Page County, Virgi.ni,a
Thickness

Feet
Mosheim limestone (55 feet)

2. Limestone, dove-gray, compact; a f ew impure layers;
SiO2, 0.92; FezOa, 0.08; AlzOr, 1.@; CaCOg,

.95.05;MgCo3,2,38;tota|,99.47--.-..--..-.
1. Limestone, light-gray, striped; base covered-----------.-.--

Beekmantown formation

Geologic Secti,on 102.-In a suaall abandoned roadsid,e qnarry i,n the
northern env'irons of Sh"enandoah, Page Cownty, Vi,rgi,ni,a

. Thickness
Feet

Mosheim limestone (50-r feet)
4. I-imestone, dove-gray, compact-----::------t---------.- 10
3. Limestone, light-gray, striped; a few thin magnesian

limestone beds 15

2. Limestone, dove-gray, compact-------
1. Limestone, light-gray, compact, striped; lower bound-

' ary uncertain --------------- -------.-----.--.-".------ 5-10

Beekmantown formation

IMPIIRE LIMESTONE

Formations described as impure limestone in Page County in-
clude the Chepultepec, Lenoir, Athens, and Chambersburg. Many of the
relatively thin units in the Beekmantown and older formations could be
similarily classified, but since these layers are intercalated with dolo-
mites'they are described under "Limestone, magnesian limestone, and
dolomite".

Rocks described as Chepultepec limestone crop out in a narrow
belt which extends southwestward through the middle of Page Valley,
passing through or near Compton, Rileyville, Luray, and Verbena.

50
5
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The composition and character of the Chepultepec in the northeastern
part of the county (P1. l7,loc. 171) are given in the following section'

Geotosi'c section tot -o;:;,' ;y:;;;:W;[,: 
wi'te east of Rit'evuiLte'

Thickness
Feet

Beekmantown formation (lower part, BB feet)
11. Dolomite, fine to medium grained--------

10. Limestone, bluish-gray, thick bedded

9. Limestone, bluish-gray, laminated ----------------

8. Dolomitg gray; a few granular beds----------

7. Limestone, bluish-gray --------------.--'

6. Dolomite, gr?.!t fine grained.

Chepultepec limestone (321-r- feet)
5. Limestone, bluish-gray; a few layers clayey----.------.--:--- 20

4. Limestone, bluish-gray; occasional thin bedS of dolo-
mite; SiOz, 7.71; Fe2O3, A.70; AlzOe, trace;

' CaCOs, 84.10; MgCO3, 3.91; total, 96.42--------,-------- 81

3. Limestone, bluish-gray; crinkly siliceous laminations ;

SiOz, 7.50; FezOs, 0.30; AlzOa, 0.31; CaCOs,
' 57.64; MgCOe, 4.23 total, 99.98- 45 

.

2. Limestone, bluish-gray; crinkly siliceous laminations;

. a few layers contain black chert nodules; SiOz,

7.04; FezOs, O.29; AlzOs, O.57; CaCOg, 89-28;
MgCO3, 2.@; total,99.27 .-.-..-..- 75

1. Largely covered; lower boundary uncertain----------;--r-- . 100*

Conococheague formation

The Chepultepec, except for a few exposures along Road 615

near the underpass of the Norfolk and Western Railway, was not
observed between Rileyville and Dry Ru4, one mile northeast of
Luray. The occurrence of diagnostic Chepultepec fossils 300 feet
below the base of the Beekmantown dolomite along Dry Run (P1.

17,loc.173) indicates a similar minimum thickness for the forma-
tion. An analysis repr€senting 100 feet of limestone from this
locality shows 93.03 per cent calcium carbonate, 2.74 per cent
magnesium carbonate, and about 5 per cent o{ noncarbonates (Table
17). Other partial exposures o{ bluish-gray limestone o{ Chepulte-
pec type occur near the southern corporate limits of Luray (Pl.

27
6
9

30
15

1
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17,loc.174); crossing Road 633 about ll miles east of Leaksville;
along State Highway 258 about 3 miles northeast of Shenandoah
(Pl. 17,loc. 175); and in an abandoned quarry along State High-
way 12 about l% miles rforth of Verbena. Because of the
similarity of, these rocks to th,ose at locality I7l, no samples for
chemical analyses were taken at these four localities.
' In a normal geologic sequence the Lenoir overlies the Mos-
heim, but at many localities in Page County the Mosheim is absent
and the Lenoir directly overlies the Beekmantown. Field studies
indicate that the Lenoir is persistent throughout the County, rang-
ing in thickness from 40 to 135 feet with an average of. about 75
feet. The few analyses of the Leno,ir from Page County show that
the formation is impure, whereas, locally in adjoining Warren
County, the full thickness, or a part of the fo,rmation, is of suffi-
bient purity to be described as high-calcium limestone. At locality
153, about one mile northwest of Compton, the full thickness of the
Lenoir includes 10 feet of medium-grained, thick bedded, gray
limestone overlain by 94 feet of granular, cherty, dark-gray lime-
stone. One mile southwest along the strike (Pl. t7,loc. 154) thq
exposed thickness of cherty limestone is about 50 feet. A complete
exposure west of Rileyville (Pl. 17,loc. 155) contains 62 feet of
cherty, dark-gray limestone. 1'he thickness and character of the
Lenoir in the general vicinity of Bixler Bridge (Pl. t7,loc. 156) are
as follows:

Geologic Secti,on 104.-About 500 f eet east of Bi,der Brid,ge and, 3 m.iles
nortkutest of Luray, Paoe County, Vi,rgi,ni,a

Thickness
Feet

Lenoir limestone (134 feet): strike N.44. E.; dip, over-
turned, 35' SE.

3. Limestone, dark=gral, nodular, ch,erty; contains
. reddish films on weathered surfaces- 31

2. Limestone, dark-gray, cherty-.---._._-_-__--_----"-.-"-._._-_--.-- 45

Analysis of units 2 and 3,.thickness sampled 76
feet: SiOz, 3.17 ; FeeOa, 0.23; AlzOg, 0.58;
CaCOs, 92.76; MgCO3, 3.37; total,100.11.

1. Limestone, dark-gray, fine grained; cherty at top
and base; SiOz. 7.94; FezOs, 0.61; AlzOe, 0.66;
CaCOg, 76.93; MgCO3, 12.77; total, 98.91-__-_.._-. 58

Beekmantown formation
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C.

A, Elkton Lime and Stone Company quarry 3 miles r-rorthwest of Elkton, Va.
B, Bluff of Beekmantor,vn limestone and dolomite half ,a mile 'a,est o{ Riley-
ville, Page County, Va. C, Page County Cooperative Lime Association
quarry 3 miles west of Luray, Va.
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C.

A, Elkton Lime and Storrc Con.rpant' quarry 3 rniles uorthrvest of Elktor, Va.
B, Bluff of Beeknrantorvn limestone and clolomite half a milc'nest of Riley-
ville, Page Countl-, Va. C, Page Courty Coopcrative Lime Association
quarry 3 miles rvest of Luray, Va.
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C.

A, 
-Plant of Riverton Lime and Stone company near Riverton, warren county,Va. B, "Ash.quarry" of Riverton time'ana Ston" Co-panv. Loof.i"glo.th_
1q.t. . 9, 

'Typical exposure of Beekmantown limestone iyr'miles i"ut-n"irt 
"tGlendale School, Clarke County, Va.
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B

c.
A, Plarrt oI near Riverton, Warren County,Va. B, ' Sto"c Conipaiy. Loor.ing 

"ortf.-east. C, limestone ittr'^i\", sout-heast of
Glendale
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The Lenoir along Mill Creek. about 100 yards east of its junc-
tion with South Fork of Shenandoah River, has a thickness of 73

feet. A composite sample, rep,resenting the full thickness of the
formation at this locality (Pl.17,loc. 160), contains 90.82 per cent
calcium carbonate and, 0.67 per cent magnesium carbonate. Im-
purities include 7.89 per cent silica, 1.12 per cent alumina, and 0.83

per cent iron oxide (Fe2O3). Southwest of Luray, along South
Fork of Shenandoah River 2 miles southwest of Alma, the Lenoir
is about 75 feet thick. At a locality about 1000 feet west of State
Highway 12 and, one mile northeast of Shenandoah it is 90 {eet

thick. The Lenoir along this belt is a granular, dark-gray limestone

containing variable quantities of black chert.
The rocks betrveen the Lenoir limestone and the Martinsburg

shale are chiefly shaly biack limestone and black shale. These rocks
have been divideda into a lo'r,ver division, the Athens formation
which extends throughout Page County, and an upper thinner unit.
the Chambersburg formation, which extends from the Page-Warren
Couhty line southwestward to the general vicinity of Newport'
These formations aie shown as a single' belt' about 1000 feet wide'
on the geologic map (P1. 17). Since these rockS are poorly exposed

and locally co,mplicated by structure, no sp'ecific data on their char-
acter and thickness are given. A reasonable estimate of the thick-
ness for both formations in Page County is 400 to 600 feet. The
lower 200 feet of the Athens, which crops out along South Fork of
Shenandoah River at several localities about 3 miles west and north-
west of Luray, is composed of impure black limestone and shaly

limestone. Minor folding and fracture cleavage (Pl. 3A) are well
shown in the lower part of the Athens east of Bixler Bridge (Pl. 17 

'
loc. 156). About 50 feet of shaly limesfone from this locality con-

tains7t.34 per cent calcium carbonate and 3.6 per cent magnesium

carbonate, a total of 75 per cent carbonat€s. Impurities include

22.93 per cent silica, 2.A2 per cent alumina, 3nd one per cent iron
oxide (Fe2O3).

One of the best exposures of the lowet part of the Athens lime-
stone is in the Woodward quarry (Pl.17,loc. 161), along Road 646

about one-fourth of a mile south of U. S. Highway 2ll and 4 mileS

southwest of Luray. This quarry, which prbduces crushed stone,

is in the northwest side of a low ridge bordering South Fork of
Shenandoah River. Along the eastern'quarry face there are small

recumbeirt folds (P1.38) and abundant veins of white calcite with
minor amounts of fluorite. A sa"mple representing the full thick-
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ness of about 60 feet of limestone displayed in the quarry contains
86.$6 per cent calcium carbonate, +:5'pe, cent magnesium car-
bonate, and 8.86 per cent noncarbonates (Table 17).

LTMESTONE, MAGNESTAN LIMESTONq O*O OOtO*rtU

Formations composed chiefly of limestone and dolomite, with
variable amounts of siliceous and clayey impurities, include the
Waynesboro, Elbrook, Conocochea$ue, and Beekmantown. The
Tomstown dolomite at the base of this thick succession'of carbon-
ate rocks was not observed in natural outcrop in Page County. A
few scattered exp'osures of the Waynesboro, the Elbrook, and the
Conococheague, were observed in Page County, but none were of
sufficient extent to warrant detailed description.

Red and green shales and impure limestone and dolomite, all
diagnostic of the Waynesboro formation, occur along Road 602
about 2 miles eas't of Shenandoah, along the Norfolk and Western
Railway 3 miles south of Alma, in the general vicinity of Stanley,
and near Kimball. Shaly weathering dolomite in the normal posi-
tion of the Elbrook formation was observed at a big bend in South
Fork of Shenandoah River about 3 miles northeast of Shenandoah,
and along State Highway 259 about 4 miles south of Alma. The
Elbrook was not observed farther northeast, although the belt
probably continues beneath a covering of surface wash to the gen-
eral vicinity of Vaughns (P1.17) wh'ere it is terminated by faulting.

The Conococheague is better disp'layed in Page County than
are the Waynesbbro and Elbrook formations. A partial exposure
of the Conococheague occurs along Road 611 and Dry Run (Pl. 17,

loc. 170). One of the thickest units of dolomite, estimated at 100
feet, associated with impure limestone at this locality, contains
53.72 per cent calcium carbonate, 38.06 per cent magnesium car-
bonate, and 6.94 per cent silica. The upper part of the Conoco-
cheague at locality ITl,abont half a mile east of Rileyville, is com-
posed chiefly of banded impure limestone. Here the calcium car-
bonate content is about 85 per cent and the silica 7 per cent. A
few thick-bedded layers of coarse-grained sandstone, which char-
acterize the Conococheague formation throughout Shenandoah Val-
ley, are fully displayed along.State Highway L2 about three-fourths
of a mile southeast of Luray (P1. 1B). Other partial exposures of
sandstone and impure limestone and dolomite in the Conococheague
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were observed along the Norfolk and Western Railway in the
southern environs of Shenandoah, and along Naked Creek near
Verbena.

The Beekmantown formation, consisting of limestone, mag'ne-

sian limestone, and dolomite, is largely exposed in a bluff along
South Fork of Shenandoah River, fro'm a po nt about one-fodrth
of a mile southwest of Overall westward for approximately half a
mile. .A thickness of about 50 feet of magnesian limestone, with
intercalated layers of high-calcium limestone in the. upper part of
the formation at locality 169, contains 80.32 per cent calcium car-
bonate, L9.2I per cent magnesiugn carbonate, and 1.57 per cent silica.
Approximately 3 miles southwest along the strike (Pl. 17, loc. 172)
the general character of the Beekmantown is as follows:

Geologic Section 705.-East und, west of State Hi,ghzaay
vi,lle, Page County, Vi,rgi,ni,a

72 at Riley

Thickness
Feet

198
2t6

38
20
30

11

17

10

5B

32
13

9
12

138

45

311

lBO

Beekmantown formation (3360-+ feet)
25. Dolomite, gray, fine grained
24. Limestone.with a few thin beds o,f do,lomite
23. Dolomite, gray, fine grained-------
22. Limestone, bluish-gray, fine grained"----"-------.----------

21. Dolomite, gray --:.-.--.--"---.--.--

20. Largely covered; a few thin beds of dolomite------.---
19. Limestone, mottled light and dark bluish-gray------
18. Dolomite, gray, fine grained--.----
17. Limestone, mottled light and dark bluish-gray------
16. Dolomite, gray, fine grained--"---.-----i.-.-----

. 15. Limestone, bluish-giay
14. Dolomite, gray, fine grained
13. Limestone, bluish-gray -----.-------.------.--:---
12. Limestone and dolbmite.---..-----.-.----

. 11. Dolomite, dark-gray, medium grained--.----
10. Dolomite with abundant chert.---
9. Limestone and dolomite-------.--------
8. Dolomite, medium-gray, fine grained-------
7. Pa:tly covered; a few beds of limestone and dolo-

mite -......---- 613
6. Limestone with a few thin beds of dolomite-----.------ t57'
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Thickness
' Feet

5. Limestone with a few thin beds pf magnesian lime-
stone.; SiOz, 5.03; R2Os, 0.85; CaCO3, 90.90;
MgCOs, 3.79; total,100.57---.-...-- 110

4. Dolomite with a few thin beds of banded limestone L42
3. Dolomite and limestone----------------- 105
2. Limestone r,vith a few thin beds of dolomite-----.------ 75
1. Largely covered; a few beds of limestone ar-rd

dolbmite 743-+-

Chepultepec limestone

Since there are variations in the structure and several covered
intervals, the thicliness of about 33@ feet for the Beekmantown at
the above locality should be considered only as alt estimate. The
upper 45 feet of the Beekmantown, which is quarried by the Page
County Cooperative Lime Association (Pl. L7,loc. 159), one mile north-
west of llamburg, consists of magnesian limestone with intercalated
thin beds of high-calcium limestone. One composite sample from the
quarry (Pl. 15C) contains 85.28 per cent calcium carbonate and tL78
per cent magnesium carbonate. The upper 600 feet of the Beekman-
town is fully exposed along Mill Creek about 40o feet east of its junc-
tion with South Fork of Shenandoah River (PI.l7,loc. 160). On the
basis of detailed field study the ratio of lirnestone to dolomite in this
exposure is about I to 2. In an abandoned quarry near Road 646,
about 4l miles southwest of Luray, there is a good exposure of. 175
feet of interbedded limestone and dolomite in the upper part of the
Beekmantown (Pl. 17,Loc. 162). Beds which are duplicated several
times in this quarry include finely granular, light-gray dolomite; com-
pact, dove-colored limestone; and a mixture of limestone and fi.nely
granular dolomite. The chemical composition of a typical limeston!
and dolomite bed in the quarry is given in Table 16.

The thickest body of dolomite in thb Beekmanto'wn formation ob-
served in this area is exposed at locality 163, one-fourth of a mile
north of Leaksville. '}Jerc 

270 feet of dolomite in the upper third of
the formation contains 59.30 per cent calcium carbonate, 37.05 per
cent magnesium carbonate, and 2.2O per cent silica (Table l7). Other
good exposures of a part of the Beekmantown occur along Cub Run (P1.
77,loc. 165) about 3 miles southeast of Alma;and in a steep blufi along
South Fork of Shenandoah River about I/a miles northeast of Shen-



Pace CouNry t49

Tesr,E 16.-lnaly.ses.of Beekmantown limestone anil ilnlomite in abandnned quarrg,
4fu miles southuest ol LuraE, Page County, Virginia.

(Frroehling & Robertson, Inc., Analysts)

SiOz.. 0.42
- 0.08

0.94
62.64
35.97

0.28
0.04
0.38

97.52
0.86

99.48Total.

Twelve-foot bed of fine-grained, lieht-erav dolomite.
Four-foot bed of compacl, dove-gray limeitone.

andoah. The character of the rocks northeast of Shenandoah (pl. lZ,
loc. 166) are as follows:

Geologic secti,on 106.-Blwff olong South Fork of Shenandoah Rizter
abowt 1)( wiles nortkeast of Shenandoalo, page County, Vi,rginia,

Thickness

Beekmantown formation (upper part, 1033 feet) 
Feet

30. Dolomite, gray, fine grained______-- 54
29.. Limestone, light-gray, compact Iz
28. Dolomite with thin layers of bluish-gray limestone_-___ - 2l
'27. Limestone, bluish-gray, impure, slightly banded; a

few thin layers of dolomite_-.___ 75
26. Dolomite, gray, fine grained---___-_____-:_-__-__ 9
25. Limestone, bluish-gray g
24. Largely covered; a few thin beds of limestone and

dolomite _-. G3
23. Limeston", rtrrte*y,-;;;.; .-...-...-..-.-...---.-.--..-.-..--- 10
22.Do1omiteandimpurebandedlimestone....-
21. Limestone, light bluish-gray -_-.__--_--__________-__-_-_---_:______-_- 12
20. Dolomite, gray, fine grained 30
19. Limestone,.banded, impure __ 18
18. Dolomite and impure banded limestone---_- 51
17. Dolomite, g'ray, fine grained
16. Limestone, light bluish-gray .._._-___.-- 6
15. Dolomite, light-gray, fine grained 190
14. Dolomite, g'ray, medium grained-_______ lz
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Thickness

Dolomite, light-gray, fine grained . "il;
Limestone, mottled light- and dark-gray---- 3 '

Dolomitq gray; fine grained--------

Limestone, bluish-gray 3

Dol'omite, fine grained; a few thin beds of limestone"---

Limestone, mottled light- and dark bluish-gray.-----------
Dolomite, gray, fine grained--.-----

Limestone, mottled light- and dark-gray---.
Dolomite, gray, fine grained--------

Limestone, bluish-gray
Dolornite, gray, fine grained----------:-----------.------

Limestone, bluish-gray, impure --.- --.--- -----.--.--

Dolomite, gray, fine grained; along State Highway 12

In summary, 35 to 38 per cent magnesium carbonate is about the

average for the Beekmantown dolomite units sampled throughout Pagi
County. Although a few thin layers o{ high-calcium limestone occur,

the greater part of the limestones contain generally less than 90 per

cent calcium carbonate.

90
6
2
6
3
5

20
10

50

13.

12.

11.

10.

9.

8.,
6.
5.

4.

3.
2.

1.
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WARREN COUNTY

GENERAL STATEMENT

Warren County, with an area of 219 square miles, is bounded on
the north by Frederick and Clarke counties; on the southeast by Fau-
quier and Rappahannock counties; on the southwest by Page Countyi
and on the northwest by Shenandoah County (Fig. 1). The south-
eastern part of the county, embracing approximately half of the total
area, is within the Blue Ridge province. The belt of country between
Massanutten Mountain on the northwest and the Blue Ridge lies in
Shenandoah Valley, locally known as Page Valley southwest of Front
Royal (Pl. 18). Altitudes range from about 420 feet along Shenan-
doah River it the Warren-Clarke County line to a general average of
600 to 700 feet tfuroughout most of the valley portion. The north-
western and southwestern parts of the county are drained by North
Fork and South Fork of Shenandoah River, respectively. These two
forks unite at Riverton and flow thence northeastward, as Shenandoah
River, to the Potomac at Harpers Ferry.

Front Royal, the county seat, is located near the geographical cen-
ter of the county, about one mile east of South Fork of Shenandoah
River and about 6.miles southeast of the northern end of Massanutten
Mountain. The county is served by the Norfolk and Western Railway
and a branch line of the Southern which connects with the main line
at Manassas, Prince William County.

GEOLOGY

The valley portion of Warren County is untlerlain chiefly by car-
bonate rocks ranging from the Tomstown dolomite, on the ebst, to the
Athens formation, on the west, inclusive. A brief description of these
rocks is given in Table 18.

Pre-Cambrian crystalline rocks of the Btue Ridge in northern
\Marren County are separated from the carbonate rocks of Shenan-
doah Valley by a thick succession of Lower Cambrian quartzites,
sandstones, and shales. Southwest of Front Royal (Pl. 18) the
clastic rocks are concealed by faulting and the pre-Cambrian crys-
talline rocks, locally g'ranitic rocks, are thrust westward upon lime-
stones and dolomites of Ordovician age. The outstanding structure
in the western part of the county is the Massanutten Mountain syn-
cline. A belt of Martinsburg shale, occupying the trough of the
fold, is approximately 8 miles wide between Riverton and Strasburg
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Tasm 18.-San rnary o! carbonate rocks in the Shenonilnah Vatley portinn o!' 
Wanen County, Virginin

FonulrroN

Athens

Lenoir

Mosheim

Beekmantown

Chepultepec

Conococheague

Elbrook
and

Wa5'nesboro

Tomstown

Cnanacrth

Black limestone, shaly limestone, and shale.
Sampled units contain from 62 to 87 per cent
calcium carbonate.

Appnoxruers
Tmcrwsss

(Feet)

300-500

2000-3000

Partly covered; Elbrook, chiefly a heterogen-
eous mixture of imnure limestone and dolo-
mite; Wal'nesboro 

^ also contains red and
green shales and fine-grained sa,ndstone.

Largely covered: a few exposures of fine-grained,
light-gray dolomite near the Warren-Clarke
County line.

in Shenandoah County (Fig. 1). South and southeast of Strasburg,
along the Warren-Shenandoah County line, the Martinsburg is

overlain by thick resistant Silurian sand6tones which form the
conspicuous ridges of Massanutten Mountain. The geologic se-

quence across the county in a northwesterly direction includes rocks
ranging from the Tomstown dolomite along the Blue Ridge to
Silurian sandstones in Massanutten Mountain. Minor folding and
thrust faulting of the strata immediately underlying the Martins-

Chiefly medium-grained, cherty, dark-gray
limestone; locally where free of chert, high-
calcium limestoie. Sampled units iontain
frorn 86 to 97.7 per cent calcium caibonate.

Compact, dove-gray limestone ; commonly
stiinttv impur6 in lower part. Sampled units
contain from about 95 to 99 per cent calcium
carbonate, averaging about 96 per cent.

Chiefly bluish-gray limestone with small amounts
of gray dolomite. Sampled units of lime-
stoie, 6xcept for a few thil high-calcium beds,
generally contain less than 90 per cent cal-
cium carbonate; and the associated dolo-
mite units, less than 38 per cent magnesium
carbonate.

Slightly banded, light bluish-gray limestone.
S"amiled units 

'conlain from aboul 78 to 82 per
cent- calcium carbonate. and generally 5 to
8 per cent magnesium carbonate.

Chiefly siliceous banded, bluish-gray linqe-
stone with intercalated thin beds of dolomite
and sandstone. '
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burg'shale were noted in the vicinity of Nineveh, Cedarville, Front
Royal, Limeton, and southwest of Bentonville

HIGI{:CALCIUM LIMESTONE

Formations that contain more than 95 per cent calcium car-
bonate include the Mosheim limestone at several localities rio'rth-
east and southwest of Riverton Junction (at the crossing of the Norfolk
4nd Western and Southern railways), and locally a part of the
overlying Lenoir where it is free of chert. The Mosheim commonly
is thin, poorly exposed, and absent in much of the area southwest
of Karo (Pl. 18). Field studies indicate that many of the local varia-
tions in thickness of the Mosheim are due to' its deposition upon
an irregular surface of the underlying Beekmantown formation.
Minor thrust faulting is also evident at a few localities where the
normal geologic sequence is not displayed.

The best exposures df the Mosheim and Lenoir limestones are
along U. S. High'rvay 522 between the Warren-Clarke County line
and the vicinity of Riverton Junction. The character of the Mos-
heim near the northeastern end of this b€lt (Pl. 18, loc. 176) is
as follows:.

Geologic Section 107.-About 100 yard,s east of (J. S. Highuay 522 and,

1l rniles northeast of Ninezte,h, Warren County, Virginia

Thickness

Mosheim'limestone 
Feet

2. Limestone, dove-gray, compact; a few impure
beds near base; SiOz, 0.20; Fe2Os, 0.08; AlzOg,
0.80; CaCOs, 95.89; MgCOs, 2.97 i total,99.94.--- 55

Beekmantown formation (up'per part)
1. Dolomite, light-gray, fine grained s0+

It should be noted that the full thickness of the Mosheim, in-
cluding the basal slightly impure part, is represented in the above
analysis, dhus it is probable that rock of higher quality could. be
obtained from the upper beds. Generally, where differences in rock
character can be observed in the Mosheim, the lower beds contain
more insoluble matter and magnesium carbonate.

High-calcium limestones are well displayed along U. S. High-
way 522 from locality 176 southwestward to the vicinity ol Zion
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Church, where the belt wraps around the end of a northeastward
pitching syncline and from where it extends westward into Fred-
erick County. .The thickest occurrence of Mosheim observed in
Warren County (Pl. 18, loc. I77) is near the southwestern end of
this syncline.

Geologic Sect,ion 108.-Abowt 100 yard,s east of Zi,on Chwrch and. three-
tenths of a ruile northeast of Ninevelt., Warrem Cownty, Vi,rgini,a

Thickness
Feet

Mosheim limestone: strike east; dip 28' N.
1. Limestone, dove-gray, compact, sheared; thin

light-gray conglomeratic limestone at base;
SiOz, 0.44; Fe2O3, 0.04; AlzOa, 0.58; CaCO3,
95.76; MgCO3, 2.79: total,99.6b--.-.--..-. 100-+

Beekmantown formation

Due to faulting, the Mosheim dncl Lenoir limestones are not
exposed at the surface for approximately one-fourth'of a mile
southwest of the F.rederick-Warren County line (Pl. 18). Begin-
ning near Nineveh the normal geologic sequence is represented and
good exposures are maintained. sbuthwestward along U. S. High-
way 522 for a distance of about 4 miles. Along the northern part
of this outcrop belt the Mosheim ranges in thickness from about
60 feet at locality I7.8to27 teet in the vicinity of Cedarville (P1. 18,

loc.179). Farther southwest, about 500 feet east of U. S. Highway
522 and Ll miles north of Riverton Junction, the Mosheim and
Lenoir litnestones crop out in a broad belt around the end of an
anticline which pitches gently southwestward. Although the ex-
posures are not adequate for precise thickness determination. it is
estimated that at least 30 feet of high-calcium limestone is present
here. Farther east the Mosheim znd T.enoir extend under a shallow
syncline of impure shaly Athens limestone and app,ear agbin at the
surface as the outcrop belt in which are located the quarries of the
Riverton Lime and Stone Company. The character of the rocks
which crop out along the eastern limb of this syncline, about
800 {eet northeast of the "Ash quarry" of the above company
(Pl. 18, loc. 180), is summarized in the following section.
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Geologi,c Section 109.-Abowt 1 rui,le north of Ri,zterton lwncti,on and,

one-f owrth of a noile west of Skenand,oah Riaer, Warren
County, Vi,rgini,a

Thickness
Feet

Lenoir limestone
5. Limestone, dark-gray, medium-grained; SiOz,

0.69; R2Os, 0.34; CaCOg, 97.79; MgCO3, 1.95;
total, IW.77 20

Mosheim iimestone: strike N. 25' E.; dip 80' NW.
4. Limestone, dove-gray, compact, thick bedded;

SiO2,-0.61; RzOs, 0.37; CaCOe, 9.04; MgCOs,

. 2.IO; total, I02.I2-----...."

Beekmantown formation (upper part, 142 feet)
3. Limestone, light-gray. striped, impure; this unit

may belong to the overlying Mosheim---- 17

2. Limestone and dolomite-.-..---.-.-.-.-------------------------------- 50

Analysis of units 2'and 3, thickness sampled 67
feet : SiO2, 2.lO; FezOg, 0.45; AlzOs, 0.38 ; CaCOg,
73.98; MgC'O3, 25.08; total, !0199

1. Dolomite, light-gray, fine grained; a few thin beds
of bluish-gray limestone,-"- 75

The Mosheim, the Lenoir, and the lower part of the Athens,
along the strike to the southwest (Pl. 18, loc. 181), are fully exposed
at the southwestern end of the "Ash quarry" of the Riverton Lime

. . and Stone Company (P1. 16.4 and B).

Geologic S.ection Ll0.-"Ash quarry" of the Riuerton Lirne and, Stone
corn'panv-'r,-::::;,'"#,::::'rzTi.#,0'Liinl*"orRiz';erton

Thickness
Feet

Athens formation (lower part)
3. Limestone, black, shaly; 5iO12L.46; Fe2O3, 1.64;

AlzOg, 5.76; CaCOs. 62.72; MgCO3, 6.01; total,
97.59 ._-_._._ 80 '
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Lenoir limestone
2. Limestone, darklgray, medium

Thickness
Feet

0.58; FezOs, 0.08; AlzOs, 0.40;
grained; SiOz,
CaCOs, 97.31;

MgCOs, l.N ; total, 99.37 2,6

Mosheim lirnestone
1. Limestone, dove-gray, co,mpact, thick bedded;

SiOz, 0.34; Fe2O3, 0.16; AlzOg, 0.68; CaCOg,
96.86; MgCO3, I.62; total, 99.6-.-.....-...........--.-:..-'-- 33

Beekrnantown formation

In a small abandoned quarry just south of Crooked Run 4nd
about 1000 feet southwest of locality 181, the Mosheim is no't more
than 5 to 10 feet thick. Along the strike of the same belt to the
southwest the Mosheim thickens to about 40 feet, in the quarry of
the Riverton Lime and Stone Company (Pl. 18, loc. 182) along the
road leading from U. S. Highway 522 to the plant.

Geologi,c Sect'i,on 111.-Riaerton Lirne and Stone Cornpany qua,rry

mear Rizterton; at the southwest bose of Guard Hitl, h,alf a %ile
north of Ri'verton fwncti,on, l4/arren County, Virgi'ni'a,

Thi-ckness
Feet

Lenoir limestone
3. T imestonq dark-gray, medium grained-------

Ulosheim limestone: strike N. 20' E.; dip 60' NW.
2. Limesto,ne, dove-gray, compact, thick bedded;
' SiO2, 0.56; FezOa, AJZ; AlzOs, 0.30; CaCOa,

97.36; MgCO3, L.64; total, 99.98-------------:--.---.-.-...-- 40

Beekmantown formation (upper part)
1. Limestone, magnesian, light-gray; SiO2, 1.42;

FezOe, 0.16; AlzOs, 0.98; CaCOs, 89.10; MgCrO3,
7.69;tota|,99.35...........-------..-...-..-....

The geologic map (Pl. 18) in the vicinity of Riverton Junction
and Front Royal is generalized, since the bedrock is largely covered.
A few scattered exposures of Mo,s'heim and Lenoir limestone, which
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crop out in the quarries north of Ri.verton Junction, extend south-
westward across North Fork and South Fork of Shenandoah River
to the general vicinity o,f Randolph-Macon Academy. Near the
Academy the limestones wrap around the end of a southwestward
pitching anticline and thence continue northeastward to a fault,
which apparently terminates the belt about half a mile northeast of
Riverton Junction (Pl. 18, loc. i83). The eastern limb of the
anticline is largely covered, but expo'sures of Mosheim and Lenoir
may be observed along Happy Creek half a milb west of Front
Royal; crd,ssing the So,uthern Railrn'ay about 100 yards east of
Riverton Junction; and near the abandoned quarry of the Riverton
Lime and Stone Company near Riverton; about half a mile northeast of
Riverton Junction.

Southwest of Front Royal the belt bf high-calcium limestone is
not continuous, due to minor faulting and local irregularities in
deposition. Even at localities where a normal geologic sequence is
maintained, the thickness of high-calcium limestone is not suffi-
cient for large-scale commercial develop,ment. A few feet of Mos'
heim is displayed along U. S. Highway 522 in the northein environs
of Front Royal; along R.oad 619 abo,ut 500 feet east of the Norfolk
and Western Railway; and in a small abandoned quarry (P1. 18,

loc. 185) along State High;rnray 12 aboat 2 miles southwest of
Front Royal. The first exposure of the full thickness of the Mos-
heim observed along this belt (Pl. 18, loc. 186) is .about 2 miles
northeast of Karo.

Geologi,c Secti,on 712.-Between the Nmfoli amd Western Raikaay anil
t e H i,ohzuat 12 

::":::"tr:';;:;:*:,
Thickness

Feet
Mosheim limestone (85 feet) : strike N. 60" E.; dip 70"

NW.
2. Limestone, dove-gray, compact, sheared; SiOz.

0.26; FezOe, 0.08; AlzOg, O.74; CaCOs, 96.70;
MgCOs, 173 ; total, 99.51-

1.Limestone,light-gray,striped,impure---.....

Beekmantown formation

The Mosheim, maintaining about the same thickness u" *ir..r,
in the above section, extends for at least 40O feet northeast along

60
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the strike, whereas to the southwest the thickness diminishes to about
15 feet in a distance of 200 feet. One of the best exposures of post-.
Beekmantown limestones in the southwestern part of Warren
County occurs about one mile north of the intersection of Road 607
and State Highway 12 (Pl.18, loc, 187). Here the Mosheim in a
distance of 300 feet along the strike ranges in thickness from 5 to
28 feet, showing clearly deposition upon an irregular Beekman-
town surface. The overlyirig rocks include 49 feet, of nodular,
sparsely cherty Lenoir limestone and about 258 feet of shaly lime-
stone in the lower part of the Athens.

The quarry of the Limeton Lime Co,mpany near Karo
(Pl. 18, loc. 188) is in the upper part o{ the Beetmantown forma-
tion, which locally contains beds of high-calcium limestone inter-
calated in dolomite. The company formerly operated a quarry near
Limeton (Pl. i8, loc. 190). In 1942 the operations near Karo (Pl.
48) consisted of an open cut, approximately 400 feet long, 100 feet
wide, and 60 to 100 feet deep. In addition, a small mine was being
developed in an l8-foot bed of high-calcium limestone along the
southeast side of the quarry.' The character of the upper Beekman-
town, the Mosheim, and the lower pa.rt of the Lenoir along the
Norfolk and Western Railway in the general vicinity of the
Limeton quarry (Pl. 18,. loc. 1BB) is as follows:

Geologic Seetion 113.-In the Limeton Lhne Covnpany qunrry and,

ertend.ing nortkwest along tke Norfolk cind Western Railzaa5r,

waYren CountY' virgi'ni'a 
Thickness

Feet
Lenoir limestone (lower part)

17. Limestone, gray, medium grained- 7+
Mosheim limestone (24-+ teet)

16. Limestone, dove-gray, compact 16-+-

15. Limestone, dark-gray, fine grained; irregularly bed-
ded; pinkish partings 8-f

Beekmantown formation (upper part, 1347 feet)
t4. Dolomite, light-gray, fine grained; a few thin layers

of bluish-gray limestone ------:----------.--- __ 67
13. Limestone, bluish-gray, banded 18
12. Dolomite, gray, fine grained

. 11. Limestone and dolomite. mottled and banded- 394
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Thickness
Feet

10. Dolomite,. gray, fine grained; a few layers of lime-' stone near top 186
9. Mostly covered; a few layers of dolomite--"--- . 93
8. Limestone, bluish-gray; partly covered-------- 75
7. I-imestone with a few thin layers of dolomite----"--------- 50
6. Dolomite with a few thin layers of limestone-------------- 31

5. Dolomite and limestone; in aborit equal amounts---------- 246
4.. Limestone, light-gray, fine grained; a few layers of

magnesian limestone 100
3. Limestone, light- to pinkish-gray, compact---..--"---------- 15

2. Limestone, light- and dark-gray, compact; unit ex-
posed in mine; SiO2, 2.78; FezOs, 0.16; AlzOg,
0.52; CaCOs,94.95; MgCOs, 0.95; total, 99.36--.-.- l8-f

1. Limestone and dolomite; limestone, dark-gray; dolo-
mite, light-gray; exposed along eastern wall of
quarry above mine entrance------- 25+

, Analysis of hand specimen of light-gray bed; SiO2,
5.45; Fe2O3, I.46; Al2Os, 0.06; CaCOs, 62.12;
MgCO3, 30.54 ; total, 99.63.

Analysis of hand specimen o{ dark=gray bed; SiOz,
4.28; FezOe, 0.84; Al2Os, 0.10; CaCOa, 88.16;
MgCO3, 7.07 ; toLal, 100.45.

The relatively low carbonate content of unit 2 in the above section
suggests that a part of the adjacent impure beds may have been included
in the sample taken. About 15 feet of a similar appearing, compact
limestone.in the upper part of the Beekmantown formation along the
Page-Warren County line, about 7 miles southwest o{ Limeton, con-

.tains about 99 per cent calcium carbonate.
The structure of the limestone belt between Limeton and Over-

all, along the Warren-Page County line, has not been fully determined.
Minor'-faulting occurs in.the general vicinity of Limeton, where the
limestone belt is offset approximately one mile; and between Benton-
ville and Road 628, where Beekmantown dolomite is thrust upon Mar-
tinsburg shale. The Mosheim, except for a possible thin bed along State
Highway 12 at Limeton, was not observed in this part of the county.
These relationships may be seen north of Limeton (Pl. 18, loc. 189)
and near the Page-Warren County line (Pl. 18, loc. 191).. The Lenoir,
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which directly overlies the Beekmantown near the Page County line,
contains 94.95 per cent calcium carbonate, thus it almost meets the re-
quirements for high-calcium limestone.

IMPURE LIMESTONE

Formations mapped as impure limestone in Warren County in-
clude the Chepultepec, the Lenoir at most localities, and the Athens
(Pl. 1B). The Chepultepec at the base of the Ordovician system is
composed predominantly of light bluish-gray limestones with thin
siliceous laminations. Generally, the upper boundary is faidy well de-

fined by the overlying typical Beekmantown.dolomite (P1. 1B, loc. 193),
whereas the beds in the lower part of the formation pass gradually
through increasing amounts of siliceous partings into the underlying
Conoiocheague. The Chepultepec, with a thickness estimated at 300 to
500 feet, is restricted to one narrow belt 'that enters Warren County
aboat 2 miles northeast of Success and extends southwestward to an

overthrust fault (P1. 18, loc. 195) about half a mile southeast of the
intersection of the Skyline Drive and State Highway 12. Some of the

best exposures of the formation in \Marren County are in the blufis along
Shenandoah River about 2 miles southeast of Cedarville and one mile
southeast of the Norfolk and Western Railway. Although shearing of
the rocks along this belt has largely obliterated the bedding, it is possible

to determine that many of the dark siliceous bands are overturned. A
description of the main constituents of the Chepultepec in northern
Warren County (Pl. 18, loc. 194) is as follows:

Geologic Section 114.-Along Shenand,oah, Ri'ver at Horseshoe Bend',

2 ruiles sowtheast of Cedarvi,lle, Warren County, Vi'rgini,a

Thickness
Feet

Chepultepec limestone (480-t- feet) : strike N. 3Oo E.; dip,
overturned. 30"-60" SE.

5. Limestone, bluish-gray, impure; sheared.

4. Covered interval -----'------.--.---

100

20
603. Limestone, bluish-gray, impure; sheared

Analysis of units 3 3nd 5, thickness sampled 160 feet:
SiO2, 8.53 ; Fe2Os, 1.06; Al2O3, 3.O7 ; CaCOs,78.59;
MgCpr, 7.87 ; total, 99.12.
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Thickness
Feet

2. Limestone, bluish-gray; thin siliceous partings;
sheared 300-F

Averdge of 5 analyses of unit 2, each representing 60
feet: SiOz, 11.05 ; Fe2Os, 0.66; AlzOs, 0.86; CaCOs,
8I.79; MgCO3, 5.57; total,99.93.

Conococheague limestone (upper part)
1. Limestone, bluish-gray; abundant crinkly siliceous

partings; sheared

Average of 2 analyses of unit 1, each representing 75
feet: SiO2, 8.75 ; FezOg, 0.86 ; Al2Os, 0.38; CaCOs,
82.59;MgCO3, 7.44; total, I0A.O2.

Although the analyses of the Chepultepec and Conococheague in
the above section are similar, the lithology of the. sampled units in-
dicates that the Conococheague contains more.of the impure crinkly
laminations, In adjacent parts of Frederick and Clarke countiis the
Chepultepec generally contains frorn 8 to 1O per cent more calcium
carbonate.

In normal geologic sequence the Lenoir overlies the Mosheim, but
at a few localities in Warren County, where the Mosheim is absent, the
Lenoir rests directly upon Beekmantown dolomite. Throughout most
of the county it is composed of cherty, medium-grained,'dark-gray
limestone. Locally, where the formation is practically free of chert,
it meets the requirements of high-calcium limestone (Pl. i& locs. 180
and 181). The Lenoir, ranging from abouf 20 to 100 feet in thickness,
is overlain by about 400 feet of compa.ct, black shaly limestone and
limy shale identified as the Athens formation. The lower part of the
Athens consists mainly of limestone with thin shale partings, whereas
in the upper part the shale bands are thicker with corresponding smaller
amounts of limestone. The limestone facies of the Athens is readily
distinguished from other limestones in tlris area by its distinctive
alternating light- and dark-gray bands. The general character of the
Lenoir and Athens limestones in the northern part of Warren County,
at Cedarville (P1. 18, loc. 179), and north of Riverton Junction (Pl.
18, loc. 180), is as follows:

150
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Geologic Section 115.-About 100 yards west of U. S. Hi'ghzaay 522 at
C edo'rville, W arren C ounty, Vitginia

Thickness
. Feet

Athens formation
4. Limestone, black, fi.ne grained; shaly partings; SiOz,

16.23; Fe2O3, 0.48; AlzOa, 1.45; CaCOg, 78.38;
MgCOs, 5.13; total, 10l.67

Lenoir limestone (61 feet)
3. Limestone,gray,mediumgrained------------.---------------.----- 30

2. Limestone, dark-gray; a few black chert nodules-------- -- 3

1. Limestone, gtay, medium grained-.------ 28

' Analysis of units 1 to 3, thickness sampled 6L feet:
SiOz, 0.80; FezOa, 0.@; AlzOg, O.2l; CaCOa,
86.42; MgCO3, 13.37; total, 100.49.

Mosheim limestone

Geotogic Section 116.-About 1 mite north of Riverton Junction and
one-fowrth of a rwile west of Shenand,oah Rizter, Warren

County, Virginia
Thickness

Feet
Athens formation (lower part)

2. Limestone, densely black; shaly partings; SiO2,
'8.09; FezOg, 0.57; AlzOa 1.27; CaCOg, 87.84;

MgCO3, 1.95; total, 99.72 ...-----.. ffi
t*tl.ttff;tf,l:ne, 

dark-gray, medium grained; Sioz, 0.69;
R2Os, 0.34; CaCO3, 97.79; MgCO3, 1.95; total,
1m.77 2A

Mosheim limestone

The best exposures of the Athens and Lenoir formations observed
in,the southwestern part of Warren County are about one mile north
of the intersection of Road 6O7 and State Highway 12 (Pl. 18, loc.
187), and near the Warren-Page County line (P1. 18, Ioc. 191).
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Geologi,c Section 117.-Nea,r Soutk Fork of Shenand,bah River, 1 ynile

north of the i,ntersection of Road. 607 and State Higlnaay 12,

tr[/ arren C ounty, Virgi,nia
Thickness

Feet
Athens formation (lower part, 258 feet)

B. Shale with thin intercalations.of limestone 118
7. Limestone and shale, black -----.----- 70
f. T,imestone, black, compact; thin shale partings---------- 47
5. Limestone and shale, black 9
4. Shale, black; thin intercalations of limestone 14

Lenoir limestone (49 feet)
3. Limestone, dark-gray, fine grained, nodular--- 14
2. Limestone, fine grained, nodular, cherty---------- n
1. Limestone, gray, medium grained, nodular-------- 8

Mosheim limestone

Geologic Section 118.-About.1000 feet west of State Highzaay 12 and,

one-fourth of a m,ile nortk of Oaerall, Waruen County, Virgi,nia

Thickness
Feet

Athens formation (lower part)
2. Limestone,. black, dense; shaly partings; SiO2, 7.66;

' Fe2O3, 0.48; AlzOg , L.92; CaCO3, 87.14 MgCOs,
2.24;total,99.44 --.-....--- 118

Lenoir limestone
1. Limestone, dark-gray, fine to medium grained, sparse-

ly cherty; SiO2, I.72; FezOe, 0.08; AlzOa, 0.36;
CaCOs, 94.95 ; MgCO3, 1.95 ; total, 99.06."..---.-----..-.- 98

Beekmantown formation

LIMESTONE, MAGNESIAN LIMESTONE, AND DOLOMITE

. Formations composed chiefly of interbedded limestones and dolo-
mites, with variable amounts of siliceous and clayey impuiities, include

165
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the Tomstown, Waynesboro, Elbrook, Conococheague, and Beekman-

town. North of Front Royal a narrow band of impure Chepultepec

limestone, at the base of the Ordovician system, separates the Beek-

mantown on the northwest from the older carbonate formations on

the southeast (P1..18). Tomstown dolomite which is well displayed

at several localities in adjoining Clarke County to the northeast was

not mapped separately in this area, since natural outcrops, representing

but a part of this formation, were .observed at only one locality (Pl.
18, loc. 192). Clay residual from the Tomstown was noted.in several

of the abandoned manganese operations in the vicinity of Happy
Creek Station, thus it is probable that a part of the formation persists

beneath the soil mantle in the northeastertt part of the county. South-
west of Front Royal the Beekmantown is bounded on the east by a
prominent fault.

Sc4ttered exposures along Milldale Run, near the northern bound-
ary of the county; indicate that the Waynesboro here is a heterogeneous

formation, composed of distinctive red and green shales, brownish fine-
grained sandstone, and impure dolomite and limestone. The dolomites

commonly weather to a yellowish ocherous rock. Although the thick-
ness of the Waynesboro can not be accurat'ely measured, the width of the

outcrop and dip of the strata indicate a probable thickness of 2000 feet.

The Waynesboro is overlain by the Elbrook formation, consisting of
about 20S feet of thin'bedded, light-gray dolomite and dark-gray
limestone with interbedded shaly partings.

Several partial exposures of the Conococheague formation, which
overlies the Elbrook, show that it is composed mainly of tranded,

medium-bedded, bluish-gray limestone with a few intercalated beds

of dolomite. The banded structure is caused by thin wavy partings
of siliceous materials which commonly stand out in relief on weathered
surfaces. In addition, intercalated beds of coarse-grained sandstone

are distinctive characteristics of the formation. The thickness of the
Conococheague is estimated to be between 2000 and 3000 feet.

The Chepultepec limestone above the Conococheague is overlain
by about 3000 feet of Beekmantown limestone and dolomite. The fol-
lowing geologic sections describe units which were measured and
sampled at different horizons in the Beekmantown. The character of
the upper part of the formation near the Warren-Page County line
(Pl. 18, loc. 191) is as follows
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Geologic Section 119.-About 1000 feet -aest of State Hi,ghraay 12 and,

one-fourth of a w,ile north of Onerall, Warren Cownty, Virgi,nia

Thickness
Feet

Beekmantown formation (upper part, 203 feet)
3. Dolomite, light-gray, fine grained 156
2.. Limestone, light-gray, compact -------------:-.----- 4
1. Dolomite, light-gray, fine grained 43

Analysis of units 1 to 3; sampled thickness 203 feet:
SiO2, 1.20; Fe2O3, 0.24; AlzOs,0.90; CaCOs, 61.82;
MgCO3, 34.77; total, 9B.93.

Another exposure of the upper part of the Beekmantown, locally
containing thin units of high-calcium limestone at the Limeton Lime
Company (Pl. 18, loc. 188), has. been discussed. At several localities
in the southwestern part of the county the upper part of the Beekman-
town is predominantly dolomite, whereas in one of the quarries of the
Riverton Lime and Stone Company (Pl. 18, loc. 182) the tryper 25
feet of the formation contains 89.10 per cent calcium carbonate and only
7.69 per cent magnesium carbonate. Northeast of Riverton Junction
th-e upper part of the Beekrnantown is well displayed along and east
of U. S. Highway 522, fuom Nineveh southwestward to a point about
one mile beyond Cedarville. The thickness and character of the rocks
comprising the upper part of the Beekmantown at Cedarville (Pl. l&
loc. 179) are as follows:

Geologic Section 120.--East and, west of tJ. S. Hi,ghzttay 522 at Cedar-
zille, Warren Cownty, Virginia

Thickness

Mosheim rimestone 
Feet

Beekmantown formation (upper part, 729 feet)
71. Dolomite, fine grained; weathers light-gray---. 10
70. Limestone, bluish-gray ---------..-- 1

69. Limestone, clayey; contains irregular fragments of
limestone 3

68. Limestone, mottled light and dark bluish-gray.-.--------- 6
67. ,Dolomite, gray, fine grained -- '6
66. T imestone, bluish-gray
65. Limestone,bluish-gray, magnesian ---.-------------------:-:---- 18

167
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Thickness
Feet

64. Limestone, bluish-gtay --.-------.-. 3

Analysis of units & to 71, sampled thickness 48 feet:
SiO2, 1.73; Fe2O3,0.28; AlzOa,0.23; CaCOs, 73.92;
MgCOs, 21.90; total, 98.06.

63. Dolomite, gray
62. Covered interval
61. Dolomite, light-gray, fine grained-------------------

60. Limestone, bluish-gray --..-----.-.-

59. Dolomite, gray, fine grained
58. Limestone, bluish-gray, magnesian ------.-"-----

57. Dolomite, light-gray
56. Limestone, bluish-gray; irregular bedded---------
55. Dolomite, gray, fine grained
54.Limestone,blue,thinlylaminated...----.-.---.
53. Dolomite, bluish-gra)r --.------------
52. Limestone, blue
51. Dolomite, bluish-gray
50. Limestone, clayey
49. Dolomite, gray, fine grained
48. Dolomite and limestone; crinkly laminations--
47. Covered interval
46. Limestone, bluish-gray, lnagnesian --------------

45. Limestone, bluish-gray, compact ------------------

44. Covered interval
43. Dolomite, gray, fine grained
42. Limestone, bluish-gray --.-.-----.-.

4i.'Dolomite; bluish-gray ---.-...---..-..
40. Limestone, dove-gray, compact
39. Limestone, bluish-gray, fine.grained; pitted surface----
38. Covered interval
32. Limestone, clayey; irregularly marked surfaces.--.--.---
36. Limestone, blue; clayey partings-------------------------- ---------

Analysis of units 36 and 37, sampled thickness 50
feet: SiO2, 0.75 ; FezOg, O.l2; AlzOg, 0.54; CaCOs,
88.95: MgCO3, lO7l: total, 1Ol.O7.

35. Dolomite, gray, fine grained

9
12

6
8
5

4
)
3

14

9
4
3
4
?

1

15

6
6
5

t2
5

8

6
15'
t2
20
30

34. Covered interval
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Thickness
Feet

33.' Dolomite, gray 3

32. Covered interval 4
' 31. Limestone, dove-gray, compact ---------------- 5'

30. Dolomite, gray, fine grained 1

29. Limestone, bluish-gtay ------------- -----.---------- 6
28. Dolomite, gray --.-------.--------:- 3

27. Limestone, clayey; cobbly weathering-- 9
26. Covercd interval 3

25. Dotomite, gray
24. Limestone, bluish-gray; irregular clayey bands---------- 6
23. Limestone, bluish-gray, magnesian -------------- 9
22. Covered interval 4
21. Dolomite, fine grained; weathers yellowish----- 18

20. Limestone, bluish-gray ----..--------

19. Covered interval ---------.---:-.----,-.-------------------- 12

18. Dolomite, bluish-gray 3

17. Limestone, bluish-gray .-.----.-.--- 2
16. Dolomite, bluish-gray ----------------- 5

15. Covered interval --"-----------------.- 50
14. Dolomite, light-gray 2
13. Covered interval
12. Dolomite, gray 10

11. Limestone; partly covered -- 30
10. Dolomite, gray 4
9, Limestone, bluish-gray 3

B. Dolomite, gra! :.--------- 6
7. Covered interval 20
6. Limestone, dove-gray, compact, sheared.------- 15

5. Dolomite, gray 8
4. Limestone, bluish-gray 2
3. Limestone and dolomite; partly covered----.-.- 80
2. Limestone, compact and fine grained, thick bedded ;

SiO2, 0.47; FezOa, 0.21; AlzAa, 0.33; CaCO3,
94.50; MgCO3, 6.48; total,101.99--...----- 50

1. Dolomite, gtayi along crest of local anticline-------------- 25

.From 100 to 150 feet of Beekmantown limestone crops out in a
bluff qear Leach Run, about one-fourth of a mile southeast of
Riverton Junction (Pl. 18, loc. 184). Here the limestone is con-
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tinuously exposed for about 1000 feet. The average of five anallrses,
each representing chips collected from 2A b 30 feet of beds, shows
87.10 per cent calcium carbonate and 2.94 per cent magnesium car-
bonate. The full thickness o'f the exposure is very uniform in com-
position, since none of the analyses varied more than 3 per cent'in
the calcium carbona.te contefit (Table 19). Excep,t for a few thin
locpl occurrences of high-calcium limestone, the main body of Beek-
mantown limestone in \Marren County is not suitable for uses that
require more than 95 per cent calcium carbonate and, so far as
known, the associated dolomites are thin and generally contain less
than 38 per cent magnesium carbonate.
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CLARKE COUNTY

GENERAL STATEMENT

Clarke County, with an area of 171 square miles, is bounded
on the northeast by West Virginia, on the northwest by Frederick
County, on the southwest by Warren County, and on the southeast
by Loudoun and Fauquier counties (Fig. 1). Approximately two-
thirds of the county, or the area between the Blue Ridge on the
east and Opequon Creek on the west, lies in Shenandoah Valley.
Altitudes in the valley portion range lrom 375 feet along Shenan-
doah River at the West Virginia-Virginia bo rndary to about 700
feet in the southrilestern part of the county.

Berryville, the county seat, is located on the Norfolk pnd
Western Railway in the central part of the valley. The northern
part of the county is also served by the Baltimore and Ohio Rail-
road which passes through Wadesville and Swimley.

GEOLOGY

The valley part of the county is underlain chiefly by carbonate
rocks, ranging from the Tomstown dolomite, along the west foot
of the Blue Ridge, to the Athens and Chambersburg formations
along Opequon Creek, on the northwest. A brief descrip.tion of
these rocks is given in Table 20.
' The thick carbonate formations in the valley part of Clarke

County occur as broad belts trending southwesterly, which are

Ta.ar,n 20.-8a mmars o! carbonarbliffi;,rqi\iknanitoah Valtey portion o!

Fonuerror Cuanecrnn
APPBOxIMATB
Txrcrxoss

(Feet)

Chambersburg

Athens

Chiefly Shaly and cobbly weathering black
limestone with thin beds of siltstone and shale.
Chambersburg, with an estimated thickness
of about 75 feet; is probably limited to the
northern part of the county.

Fine- to medium-grained, dark-gray limestone;
commonly cherty. Locally, where free of chert,
contairx about 97 per cent calcium carbonate.

Mosheim
Compact, dove-gray, limestone; commonly im-

pure in lower part. Sampled units con6ain from
about 96 to 98 per cent calcium carbonate.
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Taaup 2O.-Szmmary of carbonate roclcs in the Shenand,oah VaIIey porti'on o!
centr al Clarke C ounty, V irginia-C ontinueil
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Fonitlarror.t

Beekma,ntown

Chepultepec

Conococheague

Elbrook
and

Waynesboro

Tomstown

Crrenecrun
Appaoxruaro
TsrcrNpss

(Feet)

1000-1500"

Fine-grained, bluish-gray limes[one. Sampled
unit contains aboul, 91 per cent calcium car-
bonate.

Chiefly siliceous banded, bluish-gray limestone
with minor amounts of dolomite and thin
sandstone.

Partly covered; chiefly a heterogeneous mixture
of impure limesl.one and dolomite; Waynes-
boro also contains red and green shales and
fine-grained sandstone.

Partly eovered; chiefly fine- to medium-grained,
light and dark-gray dolomite, with some
limestone, dolomite, and thin silty beds in the
lower part. Sampled units of light-gray and
dark-gray dolomite contain from about 41 to
43 per cent magnesium carbonate.

4 Estimated.

locally modlfied by gently pitching folds producing sinuous boun-
daries (Pl. 19). .The prevailing southeast dip of the beds over
much of the area also indicates that there may be a number of
minor folds or wrinkles overturned toward the northrvest. Rela-
tively thin belts,of Ordovician limestone adjacent to the thick body
of Martinsburg shale in the Massanutten Mountain syncline, near
Opequon Creek, are intensely folded and locally disarranged by
faulting (Pl. 19).

}IIGH-CALCIUM LIMESTONE

In Clarke County high-calcium limestone occurs in the Mbs-
heim, locally a part of the Lenoir, and in thin layers associated
rvith magnesian limestone and dolomite in the Beekmantown for-
mation. Field studies indicate that most probably there are no oc-
currences of high-calcium limestone in Clarke County that would
warrant large-scale commercial development. One of the best ex-
posures of the Mosheim limestone in northern Clarke County (Pl.
19, loc. 198) is given in the following section.

Chiefly light bluish-gray limestone with minor
amounts of magnesian limestone and dolomite;
a few relatively thin high-calcium beds.
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Geologic Section 121.-Abowt 1000 feet south of State Hi,ghzaay 274
and, 1l wiles southwest of Wadentille, Clarke County, Virgi,ni,a

Thickness

Mosheim limestone (68 feet) r .trit e N. 24o E.; dip ,Oo ""t'
NW.

2. Limestone, dove-gray, compact; SiO2, 0.28; Fe2O3,
0.08; AlzOs, 0.90; CaCO3, 96.78; MgCOs, 1.12;
total, 99.16

1. Limestone, gray, cornpact, impure; thin conglo,m-
erate at base----------..- 29

Beekmantown formation

Farther northeast the N4osheim and Leno,ir limestones are well
displayed in a small area about 200 yards north of the crossing of
Road 668 and the Baltimore and Ohio Railroad at Wadesville.
This locality (Pl. 19, loc. 196) is of sp,ecial interest, since the full
thickness of the Lenoir here is high-calcium limestone, whereas the
Mosheim is thin and impure.

Geologic Secti,on 122.-About 200 yard,s north of Road, 668 and 700
yard,s northwest of the Baltiynore and, Ohio Railroad, at

14/ ad.esvi,lle, Clarke C ounty, Virginia
Thickness

. Feet
Lenoir limestone

3. Limestone, dark.gray, medium
0.40; FezOs, 0.08; AlzOa, 0.88;

grained; SiO2,
CaCOg, 97.01;

MgCOg, I.29 ; total, 99.6.

Mosheim limestone (35 feet)
2. Limestone, dove-gray, co,mpact-_.-_- 20

. 1. Limestone, light-gray, compact, impure; yellowish
weathering

Beekmantown formation

Just south of the railroad and about 150 yards southeast of
locality 196 the rocks exposed include about 50 feet of Lenoir lime-
stone and 12 to l5 feet of impure Mosheim limestone. The con-
tinuity of the Mosheim-Lenoir belt is broken and the beds offset a

85

15
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few feet by a small cross fault near locality L96, but details of such
minor structures are not shown on the geologic map (Pl. 19). Along
this belt about one-fourth of a mile south of the WeSt Virginia line,
the thickness of the Mosheim is estimated at 2O to 40 feet. The
Mosheim along Road 668 about three-fourths of a mile southeast of
Wadesville (Pl. 19, loc. 197) is 65 feet thick, the upp,er 30 feet ap-
parently being high-calcium limestone.

fn an area east of Opequon Creek and extending for about If
miles north and south of U. S. Highway 340, the Mosheim and
Lenoir limestone belts are complicated by folding and faulting. At
locality 199, along Road 660 and about one-fourth of a mile south-
east of Glendale School, the thickness o{ the Mosheim is estimated
at 20 feet. Except for a thin covered interval, it is overlain along
the northwest side by shaly llack Athens limestone. Cherty Lenoir
limestone, so well displayed in a broad area (P1. 19, loc. 200) along
Marsh Run about ll miles southeast o{ Glendale School, was not
observed at this locality. Similar relationships exist along U. S.
Highway 340, about ll miles east of Opequo,n Creek, where about
30 to 40 feet of Mo'sheim is overlain by the Athens (Pl. 19, loc. 201).

The thickness of' the Mosheim at several localities south of
U. S. Highway 340 (P1. 19, loc.2O2) and in the general vicinity of
the new location of U. S. Highway 50 (Pl. 19, loc. 2A4) is estimated
to be between 15 and 30 feet. Altho,ugh these elp,o,sures are inade-
quate for precise determination of thickness and for representative
sampling, it is thought that there are no large deposits of high-
calcium limestone in this area,. One of the largest deposits of Mos-
heim limestone (P1. 19, loc. 203) obser-ved in Clarke County oicurs
along the northwest limb of a faulted syncline, east of the main
outcrop belt, near Opequon Creek. The rocks exposed here are
described in the follorving section.

Geologi,c Sectio'n 123.-Along Road, 657 about If uoiles east,of Opeqwon
Creek, Clarke County, Vi,rgi,ni,a

Thickness
Feet

Mosheim. limestone: strike N. 25. E.; dip 30" SE.
1. Limestone, dove-gr

0.08; AlzOs, 0.78
ay, co,mpact; SiOz, 0.16; Fe2O3,

; CaCOa, 98.15; MgCO3, 0.92;
total, 10O.@

Beekmantown formation

+J.
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Deposits of calcareous marl occur locally near Shenandoah
River. One of these deposits (Pl. 19, loc. 2t6); at Calmes Neck
about 2 miles €ast of Millwood, is being,operated for'agricultural
lime.

IMPURE LIMESTONE

Impure limestone formations in Clarke County include the
Chepultepec, the Lenoir at most localities, and the full thickness of
the Athens and Chambersburg. Other relatively imp,ure limestones
which are interbedded with dolo,mites are described under "Lime-
stone, magnesian limesto,ne, and dolo'mite".

A belt of Chepultepec limestone enters Clarke Co,unty about 2
miles southeast of Swimley and extends southwestward across the
county, passing about ll miles west of Berryville and Old Chapel,
through Boyce, and through the southeastern environs of White
Post. The width of the outcrop'belt averages about 800 feet and
the thickness is estimated to be about 400 feet.

The upp,er half of the Chepultepec, which crops out in a broad
area about one mile southwest of Boyce (P1. 19, loc. 209), contains
91.60 per cent calcium' carbonate, 3.25 per cent magnesium car-
bonate, and 5.80 per cent silica (Table 21). Rock of a similar appear-
ing character, although not sampled, is displayed at locality 208
about half a mile northeast o,f Boyce, and at locality 210 one mile
southwest of White Post.

The Lenoir in Clarke County shows a wide variation in chemi-
cal composition, depending upon the arnount of chert present.
Frorir the vicinity of Wadesville (Pl. 19, loc. 196) southwestward
to locality 198, a distance of. ll miles, the Lenoir apparently is
practically free o{ chert. The full thickness o'f the formation, esti-
mated at 85 feet at Wadesville, contains 97.01 per cent calcium
carbonate (TableZl). All of the o,ther exposures of the Leno,ir in
Clarke County which virere examined contain relatively large quan-
tities of chert- Localities where chert is particularly abundant are
along Marsh Run (Pl. 19, loc. 20O) about one mile southeast of
Glendale Schoo'I, in the small area no,rth of U. S. Highway 34O, and.
along an intensely folded belt extending about 2 miles southwest of
the new location of U. S. Flighway 50. The thickness of the Lenoir,
except at a few exposures which may be thinned by faulting, ap-
psars to range from about 40 to 85 feet.

The rocks between the Leiroir and the Martinsburg co,nsist
chiefly of impure black limesto,nes with minor shale partings and a



Cranxr Counrv 't79

few interbedded siltstones. These impure rocks have been identi-
fied1o as Athens in the southwestern part of the county and as
Athens overlain by a thin occurrence of Chambersburg in the gen-
eral area northeast of U. S. Highway 340. A description of the
rocks which co,mprise the Atherts and Chambersburg formations in
the northwestern part of the county (Pl. 19, loc. 19t3) is given in
the following section.

Geologi,c Secti,on 124.-AboM fi00 feet south of State Higlftrny 274
and ltl rni,Ies southwest of Wadesvi.lle, Clarke Cownty, ViriJinia

Thickness
Feet

Chambersburg limestone (75-+ feet)
9. Limestone, black, nodular weathering-------.-----.---------- 72
8. Siltstone, dark-gray; weathers brown; partly cov-

ered; lower boundary uncertain---- 3 '
Athens formation (455-+ feet)

7. Limestone, shaly, cobbly weathering 16
6. Siltstone and shale-,- 10
5. Limestone, black, irregulady bedded; brown part-

ings ------.--.- 145
4. Lirnestone, black, bufi weathering, cobbly-------.------ 35
3. Limestone, black; shaly partings; a few {eet of

shaly siltstone at base.-- 56
2. Limestone, black, cobbly weathering; shaly part-

ings ----.-.--.- 47
1. Limestone, black, compact, thin bedded

Lenoir limestone

Other fairly complete exposures of the imp,ure Athens forma-
tion in Clarke County occur near Opequon Creek south of U. S.
Highways 50 and 340.

. IIG}I-MAGNESIUM DOLOMITE

A part of the To,mstown in Clarke County contains more than
40 per cent magnesium carbonate and less than 4 per cent noncar-
bonates, thus it is considered,a high-magnesium dolomite. Th6
upper part of the Tomstown, in exposures Ll miles northeast of
Castleman Ferry Bridge (Pl. 19, loc. 2\l), along State High:way 7
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about 3l miles east of Berryville (Pl. 19, loc. 2I3), and at.several
places along Shenandoah River, p,articularly one mile rvest of
Shepherd Ford (Pl. 19, loc. 215), is composed predominantly of
fine-grained, light- to dark-gray do,lo,mite. White to cream-colored
dolomite, in part saccharo,idal, was observed near the West Virginia
line and along State Highu'ay 7 about one-fourth of a mile rn'est o{
Castleman Ferry Bridge. A few exposures of dark bluish-gray
limestone, dark-gray dolomite, and thin silty beds, perhaps in thc
Iower part of the Tomstown, were observed west of Parker fsland,
near th'e mouth of Shepherd Run, and along Road 605 south of
Shepherd Ford.

The formation, although not fully exposed at any p,lace in the
county, is.estimated to have a thickness of 1000 to 1500 feet. It ii
mapped (Pl. 19) as closely following Shenandoah River across
Clarke County from the West Virginia line southwestward into
Warren County. In Clarke County the general southwestward
trend of the Tomstown belt locally is modified by minor folding
which has produced. a sinuous outcrop pattern. Dolomite in the
upper part of the To'mstown, which is well displayed in the trough
of a minor syncline in the northeastern part of Clarke County
(Pl. 19, loc. 211), is described in the following section.

Geologi,c Section 125.-About one-fowrth of a mile northzaest of Shen-
aniloah Riaer and 1l miles northeq,st of Castleman Ferry

' Bri,dge, Clarke County, Virginia
Thickness
' Feet

Tomstown dolomite (upper part, 230 feet)
3. Dolomite, light-gray to u'hite, fine to medium

grained ; covered at top ; SiOz, 0.64; FezOe.0.52;
AlzOg, 0.28; CaCOs,54.82; MgCO3, 43.74; total,
i00.00 _________-__________ 40

2. Dolomite, light- and bluish-gray, fine grained--,---- - 40
' Analysis of units 2 and 3, samp,led thickness 80

feet: SiOz. 1.54; FezOa, 0.44; AlzOs, 0.36; CaCOg.
54.02; MgCOa, 42.51; total, 98.87.

1. Dolo,mite, dark-gray, fine grained; in part brec-
ciated and veined with white dolomite; covered

. at base; SiOs, 1.58; FezOe, 0.68; AlzOe, 0.64;
. CaCOs, 54.22; MgC'O3, 42.53; total,99.65- 150
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An analysis of a separate sample o{ units 2 and 3 in the a'bove

section shows a trace of sodium (NarO) ind, 0.25 per cent potas-
sium (K2O).

The occurrence of irregularly bedded chert in the upper part
of the dolomite at the above locality is of interest. These resistant
cherty beds, which resemble dense quartzite, can be traced along
the c.rest of a low ridge for about one-fourth of a mile northeast of
lo'cality 2lI, and across a broad area one-fourth of a mile south-
west of Coo,l Spring. Similar beds have not been observed at other
localities in Clarke County. A part of the Temstown dolomite is
exposed near the crest of a broad anticline, pitching gently nor'th-
ward, crossing State Highway 7 about 3l miles southeast of Berry-
ville (P1. L9, loc. 2I3).

Geotogi,c Section 126.-About three-tenths of a mile north of State
Higltzaay 7 and 3/z wr,i,les sowtheast of Berr5rui,lle, Clarke

cowntY' virgi'ni'a 
Thicltness

Tomstown dolomite (in upper part, 368 feet) 
Feet

4. Dolomite, bluish-gray, fine grained; partly covered---- 53

3. Dolomite, bluish-gray; gnarlyweathering--:----------------- 34
2. Dolomite, white to light-gray and cream-colored, fine

to medium grained; a few saccharoidal beds; SiO2,
0.12; FezOs, 432; A12O3, 0.08; CaCOa, 57.O2;

MgCOs,42.45;total,99.99 96
1. Dolomite, dark-gray; in part brecciated and veined

with white dolomite; base covered 185

. Other good exposures of light- to dark-gray dolomite in the
upper part of the Tomstown were observed in a small abandoned
quarry (P1. 19, loc. 2L2) along State Highway 7 aboat 1l miles
northwest of Castleman Ferry Bridge. Because of - the similarity of
these rocks to those sampled at locality 2L3, no samples for analyses
were taken here.

The finest continuous exposure of the upper part of the Toms-
town dolomite observed in Clarke County is in a steep bluff along
Shenandoah River,'beginning Il miles southwest of Shepherd Ford
and extending eastward for about 22C0 feet (Pl. 19, loc.2l5). A1-

181
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though all of the beds along this traverse dip southeastward, the
occurrence of Waynesboro shales and impure limestones and dolomites

east and west of the Tomstown indicates a local anticlinal fold over-
turned in a northwest direction. Since the details o.f structure at this
locality were not determined, the rocks are described in two geologrc

' sections, each representing about half of the total exposure. The
geologic sequence and character of the rocks in the western part of
the exposure (Pl. 19, loc. 215) are as follows:

Geologic Secti,on 127.-In north blufi of Shenandoah Riaer,ll mites
' southwest of Shepherd Ford,, Clarke County, Virginia

' Thickness
Feet

Waynesboro formation (lower part,275 teet)
8. Dolomite, shaly, thin bedded; contorted--
7. Mostly covered ; a few exposures o'f bluish-gray, fine-

grained dolomite and magnesian limestone; con-

spicuous black chert near base---- 2W-+-

Tomstown dolomite (upper part, 528 feet)
6. Dotomitg, light- and dark-gray, fine grained---------------. 94

5. Dolomite, white to light-gray, fine to medium grained;
a few saccharoidal beds 148

Analysis of units 5 and 6, sampled thickndss 242 f.eet:
SiOz, 1.50; Fe2O3, 0.44; .\lzOs,A.60i CaCO3, 54.82:.

MSCOg, 42.24 ; total, 99.60.

4. Dolomite, light-gray, fine grained 28

. 3. Covered interval' 2. Dolomite, dark-gray, medium grained--.-.--- 31

1: Partly covered; exposed beds light- and dark-gray
dolomite; SiO2, 0.96; Fe2O3, 0.56; AlzOa, O.64i

CaCOa, 54.92;MgCOa, 42.44;total,9.52.- 2W

The character and thickness of the rocks in the eastern part of the
exposure, which probably represent a repetition by folding of approx-
imately the same interval described in Geologic Section 127, are sum-
marized below:

t82
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Geologi,c Section 128.-In north bluff of Shenand,oah Ri,zter, lfi wi,l,es' southz.uest of Skepherd, Ford,,'Clarke County, Virgi,nia

Thickness
Feet

laminated;
s0+

Tomstown dolomite (upper part, 589 feet)
. 3. Dolomite, dark-gray, medium grained; SiO2, 2.20;

Fe2O3, 0.44; AlzOg , O.7B; CaCOr, 54.6; MgCOs,
41.52; total, 99.57 149

Dolomite, white to light-gray, fine to medium grained; a
few saccharoidal beds; about 25 feet of dolomite
'near middle of unit contains abundant rounded
quartz grains; SiO2, 2.04; FezO3, 0.36; AlzOs,
A.7O; CaCOs, 54.72; MgCO3, 42.@; tptal,99.82.--- I28

1. Partly covered; exposed beds light- and dark-gray,
fine- to medium-grained dolomite; SiO2, 1.76;

' Fe2Os,0.36; AlzOg, 1.O4; CaCO3, 55.62; MgCO3,
40.95; totaI, 99.73 3I2

Additional analyses from this exposure, representing units of
approximately 2@ feet, show from about 40 to 43 per cent magnesium
carbonate. Another good display of 300 to 500 feet of light- to dark-
gray dolomite in the upper part of the Tomstown occurs along Road
612 and Shenandoah River (Pl. 19, loc. 2I4), about three-fourths of a
mile northwest of Shepherd Ford.

In summary, it is thought that there are large occurrences of
dolomite along Shenandoah River in Clarke County which contain about
42 per cent magnesium carbonate.

LIMESTONE, MAGNESIAN LIMESTONE, AND DOLOMITE

The formations in Clarke County (Pl. 19) which are referred to
under this heading include the Waynesboro, Elbrook, Conococheague,
and Beekmantown. The Waynesboro is a heterogeneous formation,
composed of clayey limestone, dolomite, fine-grained sandstone, and
shale. The most distinctive criteria for the identification of the forma-
tion are red and green shales and shaly mudrock. Much of the lime-

183

Waynesboro formation (lower part)
4. 'Dolomite and limestone, dark-gray,

weathers shalv: contains black chert--
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stone and dolomite weathers to a yellowish ocherous rock. A few ex-
posures of parts of the Waynesboro occur in a belt, approximately a
mile in width, that extends southwestward through the eastern valley
portion of Clarke County. Some of the most extensive exposures of
the lower part of the formation occur in bluffs along large meanders of
Shenandoah River west of Shepherd Ford and along Milldale Run in
adjoining \Marren County. Immediately succeeding the Waynesboro,
but without sharp contact, is a thickness of atrout 2500 feet of chiefly
impure shaly Elbrook limestone and dolornite. There are also a few
thin layers of compact, dove-gray limestone interbedded with the mote
impure rocks.

The overlying Conococheague is predominantly banded, medium
thick-bedded, bluish-gray limestone. Fine-grained dolomite layers
occur, but perhaps constitute less than one-fifth of the full thickness.
The most distinctive features of the Conococheague are thin bands of
siliceous materials which weather out on the surface as crinkly ribs,
and beds of coarse-grained friable sandstone distributed throughout the
entire thickness estimated at about 2500 feet. The Conococheague, crop-
ping out in a belt about 2 miles wide, extends southwestward through
the central part of the valley crossing U. S. Highway 50 betwe'en Boyce
and Millwood. Although exposures of the Waynesboro, Elbrook, and
Conococheague are not adequate for a detailed description, it is thought
that these formations in Clarke Countv do not contain quarriable thick-
nesses of either high-calcium limestone or high-grade iolomite.

The Beekmantown consists of light-gray limestone (Pl. 16C), with
minor amounts of hne-grained, gray dolomite, and a few thin beds of
high-calcium limestone. These rocks crop out in one belt in the western
part of Clarke County that ranges in width from about 2 to 4 miles
(Pl. 19). The thickness of the Beekmantown was determined from
incomplete exposures wesf of White Post as about 4500 feet. Since
this thickness is greater than any of the measurements in adjoining
countieg, it is most likely that a part of the formation is repeated by
folding. Perhaps between 2500: and 3500 feet is a more reasonalrle
estimate of the true thickness. Calculations based on several incom-
plete exposures between Wadesville and White Post indicate that the
ratio of limestone to dolomite in the Beelnnantown is about 4 to l.
The character and composition of prominent lime.stone zones in the
upper part of the Beekmantown along Road 646 northwest of White
Post (Pl. 19, loc.2OS),and near the base of the formation along Road
639, about 3 miles north of Berryville (P1. 19, loc. 207) are given in
the following sections.
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Geologic Sec.tion 129.-Along Road, 646 about 7rf noi,Ies northwdst of
. I4/hite Post, Clarke County, Virgi,ni,a

Approximate
thickness
(Feet)

Beekmantown formation (upper part, 180 feet)
6. Limestone, light-gray; a few layers of magnesian

limestone; SiO2, I.49; RzOs, 0.57 ; CaCOg,
90.06; MgCO3, 8.77; total,100.89___-__-._. &

5. Limestone, dove-gray, compact; sheared; SiO2,
0.94; RzOe, 0.54; CaCO3, 95.77; MgCOs,
1.04; total, 10129 20

4. Limestone with a few thin beds of dolomite; SiO2,
2.3I; RrOr, 1.00; CaCOg, 8O.83; MgCOs,
L4.89; total, 99.03 40

3. Dolomite, grdlt fine grained; a few layers of lime-
stone; SiO2, 2.63; F.2O3, l.26; CaCOa, 62.28;
MgCO3, 29.97; total, 101.14 Z0

2. Limestone, light-gray; a f ew thin layers of dolo-
mite; SiO2, 1.82; R2Os, 1.10; CaCOs, 90.67;
MgCOs, 7.69; total, IOL.2B ZO

1. Limestone, dove-gray, thin bedded; sheared;
SiO2, 0.94; RzOa, 0.51; CaCOe,97.43; MgCO3,
3.29; total, 102.17 _:_.._.-..-...-_.-..--._..---.- 4A

Geologi,c Section 130.-Along Road, 639 about 3l wi,tes north, of
B err5ruille, C laik e C ounty, Vi,rginia

Thickness' Feet
Beekmantown formation (lower part, 600 feet)

3. Limestone, light-gray, compact; a few impure
beds; SiOz, 5.32; 'FezOa, 0.32; AlzOs, 0.55;
CaCOs, 92JA; MgCO3, 3.60; total, 101.89______-___-. 300

2. Limestone, tight-gray; a few impure beds;
sheared; SiOz, 4.37; FezOs, 0.95 ; AlzOa, 0.87 ;

CaCO3, 9O.63; 1\{gCO3, 3.30; total, 1CfJ..12________._-. 150
1. Limestone with a ferv thin beds of dolomite; SiO2,

8.55; FezOe, 0.56; AlzOs, 0.75; CaCe, 85.09;
MgCOs, 4.37 ; total,99.32----..-.. ---------.----.-.._-____-_r._. 150

185
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Limestones occrirring in the middle part of the Beekmantown
are conspicuously displayed about three-fourths of a mile northwest
of White Post. One limestone unit about 100 feet thick at this
localit5r (Pl. 19, loc.2M) contains 92,17 per cent calcium carbonate,
2.08 per,cent magnesium carbonate, and 4.52 per cent silica. The
analyses given in Geologic Section 129 show that a part of the
Beekmantown in Clarke County is composed of high-calcium lime-
stone. The high-calcium limestones commonly occur as relatively
thin units interbedded with magnesian limestone and dolomite.
Sampled units, 50 feet or more thick, generally contain leSs than
95 per cent calcium carbonate.
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