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GEOLOGY AND MINERAL RESOURCES OF THE BOSWELLS TAVERN
AND KESWICK QUADRANGLES, VIRGINIA

Darwin L. Rossman

ABSTRACT

The Boswells Tavern and Keswick 7.5-minute quad-
rangles are located in eastern Albemarle and westem Iouisa
Counties, in the Piedmont physiographic province of Vir-
ginia. The rocks present in the map area from west to east are
rocks of the Blue Ridge anticlinorium, which lie northwest of
the Moun0ain Run fault zone and include the Lynchburg
Group, the Catoctin Formation, metasedimentary units bri
and brb, and the Everona Limestone; and metasedimentary
units of the Virginia Piedmont that lie within or are located
east of the Mounlain Run fault zone designated as units a, b,
and c of the Mine Run Complex. An igneous complex, the
Green Springs pluton is located in the southeast qu;drant of
the Boswells Tavern quadrangle.

The major deformation of the Mountain Run fault zone,
lies east of the belt of Everona Limestone. It has sheared and
extensively deformed the rocks and has obliterated all evi-
dence that would establish the stratigraphic relationships of
the Blue Ridge to those of the Inner Piedmont. The amount
of displacement along the Mountain Run fault zone is un-
known. Direction indicators show that right lateral displace-
ment was followed by thrusting.

Gossan has been mined in the northwestern part of the

5eswick quadrangle. Vermiculite is being minea 1DSO1 in
the Green_Springs pluton. Geologic field investigation sug-
gests thatlarge tonnages of economically mineab[e vermicu-
lite may be present, particularly in the northern part of the
pluton.

INTRODUCTION

The geologic mapping of the Boswells Tavem and
Keswick 7.5-minute quadrangles, completed under the aus-
pices of the Division of Mineral Resouices, is part of an on-
going program to map in detail the geology of selected areas
t}tat are of economic and scientific importance. The area
mapped is located in central Virginia about 20 miles northeast
of Charlottesville @gure 1). The two quadrangles cover an
q_eq o! about 117 square miles, bounded by 78{7,30', and
7 822' 30" west longitudes and 3 8.00 00" and 38U'30" north
latitudes.

Land surface is low and rolling in the Boswells Tavern
and southeastern Keswick quadrangles, and stream gradients
ap -!g*. The underlying rocks are largely quartz-bearing
phyllites of probable Cambrian age and slightly younger in--
trusive igneous rocks of the Green Springs pluton. The
central and western parts of the Keswick quadrangle contain
the Southwestern Mountains, which are underlain by meta-
morphosed mafic volcanic rocks of the Catoctin Formation of
Cambrian-Precambrian age. The northwest corner of the
Keswick quadrangle, a topographically low area, is under-

lainby paragneisses of theLynchburg Group of LatePrecam-
brian age.

In the exposed sratigraphic units containing distinctive
lithologic horizons, the mapping is believed reliable. In
conrast, the rocks that are lithologically indistinctive and
poorly exposedcan notbe mapped with the samedegree ofre-
liability. All rock units except those exposed in the eastern
part of the area have been extensively deformed into a
complex system of refolded rock slices.

Samples collectedduring field investigations were stud-
ied in thin section and grain mounts were prepared to deter-
mine compositions of plagioclases. Numbers preceded by an
R R48m) shown on Plate 1 correspond to sample localities.
These samples are in the Virginia Division of Mineral Re-
sources reposibry where they are available for examination.

t\1\- 
o'anse co

Fig',re 1. Map of virginia showing location of the Boswells
Tavern (BT) and Keswick (K) 7.5 minure quadrangles.
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STRATIGRAPHY

The Mounlain Run fault separates rocks of the Blue
Ridge anticlinorium from rocks of the Virginia Piedmont.
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Table 1. Principal rock units and nomenclature in map area.
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Snatigraphic relationshipsbetween therocks on eitherside of
the fault cannot be det€rmined with certainty. The sequence

northwest of the Mountain Run fault zone includes the

Lynchburg Group, the Catoctin Formation, and unitsbra and

biU, wtrictr are regarded as parts of the Candler Formation

(Conley personal communication, 1990), with the Everona

iimestone at the top of the sradgraphic section. Pavlides

(1989) and Pavlides and others (1983) have assigned rocks

southeast of the Mountain Run fault in the PiedmontProvince

Dart to Melange Zone IV of the Mine Run Complex. In this

ieport rocrs ifznne IV are subdivided into units a, b, and c

(faOte 1). Theserocks were originally includedasparts of the

Candler Formation by Conley (1978); however, his more

recent mapping indicates that ttre Candler is arockunit lying
west of the Mountain Run fault zone (Conley, personal

communication, 1990). All of the major rock units in these

quadrangles have a general northeast trend and a southeast-

erly diP.

ROCKS OF TIIE BLUE RIDGE ANTICLINORIUM

LATE PN.ECAMBRIAN ROCKS

LYNCMURG GROI'P

The rocks of the Lynchburg Group crop out in a 1'7

square mile triangular-shaped area in the northwestern corner

oi the Keswick {uadrangle. The successign yas named the

Lynchburg Formation by Jonas qgT,p-..1111 and raised to

group stutus Uy Furcron (1969)r C.o.nley (1978) reviewed the

iominclature, suggested suMivisions, and made correla-

tions of the Lynchburg GrouP.
Only the upper part of the sequence is exposed in the map

ut"u an<i coneslnnds, in general, with a unit that Nelson

Gq6zl rdr"d ti SwirtRun Formation- The rocks consist of
int"OifO"Oqu.t -mica gneissand fine-grainedbiotite gneiss'

These units are interlayered and are not shown as separate
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units on Plate 1.
The quartz-mica gneiss makes up more than half of the

rocks in the Lynchburg Group in the map area. The rock is
medium grained (0.5 mm) and light gray on fresh surfaces. It
tends to be massive, relatively resistant to erosion, underlies
ridges, and generally forms prominent outcrops. Beds may
range in thickness from an inch or less to over l0 feet. Quartz
makes up from 40 to 70 percent of the rock. plagioclase
ranges from 10 to 40 percent, and orthoclase is commonly
present in amounts of less than 5 pe.rcent, but may make up as
much as 30 percent of the rock. Plagioclase composition
ranges from An.o to Anoo (andesine). Biotite and muscovite
make up from 15 to 35 percent of the rock in a ratio of about
I to 10. Accessory minerals, include sphene, chlorite, pyrite,
magnetite, and graphite. The composition of the qu utz-mica
gneiss indicatestheconstituents were derivedfrom erosion of
rocks of felsic composition.

The fine-grained biotite gneiss is poorly exposed in the
map area, but small outcrops and cobbles of the rock are
found in the steam bed of Turkey Run. The rock is interbed-
ded with the quafiz-mica gneiss and the two rock types grade
into each ottrer. The fine-grained biotite gneiss contains the
same mineral suite as the quarz-mica gneiss. It is finer
grained, thinner bedded, and contains a greater proportion of
biotite than the quartz-mica gneiss. The fine-grained biotite
gneiss is slightly darker on fresh surfaces and is more easily
eroded. Consequently, stream gullies tend to form along
zones composed of this rock. Layers characteristically are
thin and layen 0.25 inch thick are common. Original miner-
als are partially to totally recrystallized or reconstituted into
new mineral phases. The micas are of metamorphic origin
and show little evidence of post metamorphic deformation.

The fine-grained biotite gneiss is believed to have been
deposited as silt and fine sand composed of quartz, feldspar,
clay minerals, and a small proportion of ferromagnesian min-
erals. Carbonaceous material is also present. These were
derived from the erosion ofa felsic rock source.

CATOCTIN FORMATION -.

The Catoctin Formation, composed mainly of metamor-
phosedbasaltic lavaflows is oneof tlemajorrock units in the
mapped area. The unit was named the Catoctin schist bv
Geiger and Keith (1891, plate 4). However, the unit as a foi
mation was named by Bloomer and Bloomer (1947), and
Conley ( 1978) summarized the unit's nomenclature. Region-
ally, the formation occupies both flanks of the Blue Ridge
anticlinorium and crops out in two inegular-shaped subpar-
allel belts that extend from the nose of the structure in
southern Pennsylvania and northern Maryland southwest-
ward into Virginia. The Catoctin pinches out on both flanks
of the anticlinorium about 25 miles southwest of Charlot-
tesville.

Within the study area the Catoctin is composed of the fol-
lowing succession from oldest to youngesf a basal zone
consisting of metavolcanic flows, tuffs, and medium- to
coarse-grained quartz-rich melasedimentary rocks; fine-
grained metavolcanic breccia and volcanic flows; a succes-
sion composed of epidote-rich, foliated, altered basalt; a unit
of extensively epidotized, foliated basalt interbedded wittr

metavolcaniclastic rock, metaquartzite, and phyllite; later-
ally persistent narrow zones composed of lens-shaped meta-
basalt ftagmens; quartzite; foliated [o schistose volcanic-
sedimenary rock; and phyllite.

In }larris and others (1982) interpretation of a seismic
profile along Interstate Highway 64, the Catoctin Formation
is repeated by a series of overlapping thrust-fault slices. This
stack of fault slices composed of Catoctin would be about
6000 feet thick. The Catoctin section mapped in this inves-
tigation also has an estimated thickness of about 6000 feet.

Rocks at the base of the Catoctin: The lower contact of the
Catoctin Formation with the Lynchburg Group is locally
faulted. The faults are probably of minor displacement. The
basal partof the formation is about2000 feetacross in outcrop
width. The lowest rock of the Catoctin is a sch i stose metaba-
salt. It is overlain by slightly recrystallized andesitic to
basaltic metatuff interstratified with lesser amounts of im-
pure coarse-gnined metasands[one and meta-arkose. The
lowermost metabasalt is several hundred feet across in out-
crop and is in conformable (?) contact with the overlying
metatuff. The metabasaltic flows are dense, fine-grained and
medium to dark gray, and slightly schistose.

Meatuff is found in several zones interbedded with
meta-arkose. The uppermost metatuff is in conformable
contact with the overlying metabasalt breccia. The metatuff
is light gray on exposed surfaces, weathers readily, and is
easily eroded. The most common mineral assemblage in the
metatuff is a mosaic of epidote, homblende, altered plagio-
clase, albite, and minorquartz. Hornblende forms a decussate
(criss-cross) texture and is present in all of the metatuff
samples examined. Epidote occurs as crystals about 0.2 mm
across. Little of the original plagioclase remains but that
presenthasacompositionof Anr_rr. Quartzmakesup I to 10
percent of the rock. Most quartz b-cturs as veinlets and knots
as much as 0.5 mm across, and as sparse derital grains. The
quartz grains are recrystallized and some have hornblende
crystals penetrating them. Green biotite is present. It is dis-
torted in places as are some of the homblende crystals.
Mineral species, abundance, and grain size in the metavol-
canic ash are listed as follows:

Abundance Size
Mineral (Vo) (mm)

Hornblende 5-30
Epidote 20-70
Chlorite 10-30

Quartz 1-30
Actinolite 5-15
Sphene 5-15
Biotite I
Plagioclase 2-5
Albite Trace

0.05-1
0.03-0.5
0.01
0.03-0.5
0.03-0.05
0.03-0.1
0.02
0.02-0.03
Not determined

The metagraywacke and meta-arkose, are poorly bedded
and medium- to coarse-gained, and poorly sorted. They
contain rock fragments and detrital homblende.

Metabasalt breccia: A metabasaltic breccia forms a zone
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about 2500 feet in outcrop width at the base of the Catoctin
eastof StateHighway 22 in the northeastern comerof the map
area. The breccia is best exposed in the stream bed of Turkey
Run. The rock is gay and breccia fragments are poorly
defined, although individual fragments tendto stand outinre-
lief or exhibit subtle differences in color. The fragments tend
to be elongate and range from one tenth of an inch to two
inches in length. Figure 2 is a negative photograph of the
breccia in thin section. Some of the fragments show chilled
margins. The ground mass makes up about 20 percent of the
rock, but the constituents are too fine grained and too altered
to be identified with a hand lens; originally they were proba-
bly volcanic ash.

Hornblende is widely present in the metabasaltbreccia
as crystals about 0.15 mm long tfrat are parrially altered o
chlorite. A fine-grained (0.04 mm) mosaic of secondary
quartz is also present, particularly in interstitial areas. Most,
if not all, of the epidote found in the rock is secondary.
Chlorite in grains as much as 0.15 mm across is altered from
hornblende. Sphene is present. Shadowy plagioclase laths 2-
4 mm long are partially replaced by amorphous material
(kaolin?). Much of the plagioclase is albite, but some
plagioclase grains show nvinning with an optically deter-
mined composition of Anrrrr.

Analyzed samples of the metabasalt breccia include
samples numbered: R-8769, R-8770, R-8773 and R-8774.
Compositionally these rocks are indistinguishable from the
basaltic flows present in the rest of the Catoctin Formation.

Figure 2, Negative print of metavolcanic breccia from the
lower part of the Caoctin Formation. Dark areas in breccia
fragment are mainly chlorite, hornblende, geen biotite, chlo-
rite, and epidot€. White areas are unidentifiable amorphous
material. Sample collected from point several hundred feet
eastof StateHighway 22,Keswick 7.5-minute quadrangle in
stream bed of Turkey Run. Metric grid 4,22 1,600 N, 73 1,700
E. Bar = lmm.

Fine-grained metabasalts: Epidosite-bearing, hne-grained
metabasalt makes up much of the rock in the Catoctin
Formation. The metabasalt is fine grained and gray; banding
is vague or indiscernible. Intensity of development of folia-
tion increases eastward and the degree to which cleavage is
developed depends on location. The rock may resemble a
phyllitic metasediment where weathering accentuates the

cleavage.
The metabasalt is too fine grainedforany of theprimary

minerals to be positively identified megascopically. Plagio
clase makes up 50 percent or more of the rock and the lath-
shaped crystals may exhibit a preferred parallel orientation.
The prefened orientation is primary, and was produced by
flowage. The plagioclase is twinned and has a composition
of An"n, based on angle of extinction measurements. The
largesi plagioclase crystal is 1.5 x 0.3 mm. Magnetite crystals
tend to outline the plagioclase crystals and are not common
within them. The magnetite crystals formed late (metamor-
phic?) and are euhedral with a uniform size of about 0.015
mm. Homblende and chlorite compose 20 percent of the
rock. The hornblende formed during metamorphism as

needle-shaped crystals, the largest of which measures about
1.4 x.03 mm. Epidote is widelypresentasknots as much as

a millimeter across and as small euhedral crystals, some

replacing plagioclase.
Samples of the fine-grained me[avolcanic rock analyzed

for major elements are: R-8776, R-879 1, R-8792, R-8796, R-
8798, R-8799, R-8801 and R-8802 (Table 2).

Amygdaloidal metabasalt: Amygdaloidal metabasalt is
common throughout the Catoctin Formation. The rock is
more resistant to erosion than the interlayered metasedimen-

tary rocks, and tends to form prominent outcrops. Individual
flows differ from each other in their physical characteristics
(such as texture, color, and resistrnce to erosion), thereby
providing a valuable tml in geologic mapping.

The weathered metabasaltis gray with knots of epidote-
filled amygdules standing out in relief. The appearance in
outcrop and the chemical composition (Table 2) of the
amygdule-bearing rock is much like that of the otherbasaltic
flows, and differs only in that it contains amygdules. The
amygdaloidal metabasalt also has the same composition as

the fine-grained metabasalt and the metavolcanic breccia.
Plagioclase is present as lath-shaped crystals as much as 1.5

mm long. Plagioclase composition is about An 
o based on oil

immersion measurements.
Magnetite, as equal-sized, small (0.005 mm), euhderal

crystals, makes up 10 percent of the rock and is present in
masses as much as one foot long. Metamorphic hornblende
and associated chlorite comprise as much as l0 percent of the

rock. The amygdules are composed of intergrown euhedral
epidote crystals, chlorite, and quartz.

Metavolcaniclastic rock with interlayered metabasalt:
One of the rock types, making up perhaps 10 percent of the

stratigraphic succession in the Catoctin Formation on the
eastern flank of the Southwestern Mountains, is composed of
a mixture of volcanic and sedimentary detritus inlerlayered
with metabasalt flows. In outcrop the metavolcaniclastic
rock may show bedding and weak cleavage. This unit is
easily eroded and is rarely found in natural outcrops. A
sample of the volcaniclastic rock (R-8782) collected along
StateRoad 640 is gray and fine grained (0.1 - 0.8 mm). The
only mineral that can be recognized with a hand lens is
plagioclase. The plagioclase can be observed as ragged
elongate laths 0.1 ta 0.75 mm long. The plagioclase is
moderately altered but the original crystals are generally
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about 2500 feet in ourcrop widttr at the base of the Catoctin
eastof State Highway22 in thenortheasterncomerof themap
area The breccia is best exposed in the stream bed of Turkey
Run. The rock is gray and breccia fragments are poorly
dehned, although individual fragments tend to stand out in re-
lief or exhibit subtle differences in color. The fragments tend
to be elongate and range from one tenth of an inch to two
inches in length. Figure 2 is a negarive photograph of rhe
breccia in thin section. Some of the fragments show chilled
margins. The ground mass makes up about 20 percent of the
rock, but, the constituents are too fine grained and oo altered
to be identified with a hand lens; originally they were proba-
bly volcanic ash.

Hornblende is widely present in the meabasalt breccia
as crystals about 0.15 mm long that are partially altered o
chlorite. A frne-grained (0.O+ mm) mosaic of secondary
quartz is also present, particularly in interstitial areas. Most,
if not all, of the epidote found in the rock is secondary.
Chlorite in grains as much as 0.15 mm across is altered from
hornblende. Sphene is present. Shadowy plagioclase laths 2-
4 mm long are partially replaced by amorphous mat€rial
(kaolin?). Much of the plagioclase is albite, bur some
plagioclase grains show nvinning with an optically deter-
mined composition of Anrrrr.

Analyzed samples of the metabasalt breccia include
samples numbered: R-8769, R-8770, R-8773 and R-8774.
Compositionally these rocks are indistinguishable from the
basaltic flows present in the rest of the Catoctin Formation.

Figure 2, Negative print of metavolcanic breccia from the
lower part of the Catoctin Formation. Dark areas in breccia
fragment are mainly chlorite, hornblende, green biotite, chlo-
rite, and epidote. White areas are unidentifiable amorphous
material. Sample collected from point several hundred feet
east of State Highway 22,Keswick 7.5-minute quadrangle in
stream bed of Turkey Run. Meric grid 4,22 1,600 N, 73 1,700
E. Bar = lmm.

Fine-grained metabasalts: Epidosite-bearing, fine-grained
metabasalt makes up much of the rock in the Catoctin
Formation. The metabasalt is fine grained and gray; banding
is vague or indiscernible. Intensity of development of folia-
tion increases eastw:rd and the degree to which cleavage is
developed depends on location. The rock may resemble a
phyllitic metasediment where weathering accentuates the

cleavage.
The metabasalt is too fine grained for any of ttre primary

minerals to be positively identified megascopically. Plagie
clase makes up 50 percent or more of the rock and the lath-
shaped crystals may exhibit a preferred parallel orientation.
The prefened orientation is primary, and was produced by
flowage. The plagioclase is twinned and has a composition
of An.o, based on angle of extinction measurements. The
largest plagiocla.se crystal is 1.5 x 0. 3 mm. Magnetite crystal s

tend to outline the plagioclase crystals and are not common
within them. The magnetite crystals formed late (metamor-
phic?) and are euhedral with a uniform size of about 0.015
mm. Homblende and chlorite compose 20 percent of the
rock. The hornblende formed during metamorphism as
needle-shaped crystals, the largest of which measures about
1.4 x .03 mm. Epidote is widely present as knots as much as
a millimeter across and as small euhedral crystals, some
replacin g plagioclase.

Samples of the fine-grained metavolcanic rockanalyzed
for major elements are: R-8776, R-879 l, R-8792, R-8796, R-
8798, R-8799, R-8801 and R-8802 (Table 2).

Amygdaloidal metabasalt: Amygdaloidal metabasalt is
common throughout the Catoctin Formation. The rock is
more resistant to erosion than ttre interlayered metasedimen-
tary rocks, and tends to form prominent outcrops. Individual
flows differ from each other in their physical characteristics
(such as texture, color, and resistance to erosion), thereby
providing a valuable tml in geologic mapping.

The weathered metabasalt is gray with knots of epidote-
frlled amygdules standing out in relief. The appearance in
outcrop and the chemical composition (Table 2) of the
amygdule-bearing rock is much like that of the other basaltic
flows, and differs only in that it contains amygdules. The
amygdaloidal metabasalt also has the same composition as
the fine-grained metabasalt and the metavolcanic breccia.
Plagioclase is present as lath-shaped crystals as much as 1.5
mm long. Plagioclase composition is about An, based on oil
immersion measurements.

Magnetite, as equal-sized, small (0.005 mm), euhderal
crystals, makes up 10 percent of the rock and is present in
masses as much as one foot long. Metamorphic homblende
and associated chlorite comprise as much as l0 percentof ttre
rock. The amygdules are composed of intergrown euhedral
epidote crystals, chlorite, and quartz.

Metavolcaniclastic rock with interlayered metabasalt:
One of the rock types, making up perhaps l0 percent of the
stratigraphic succession in $re CaOctin Formation on the
ezntern flank of the Southwestern Mountains, is composed of
a mixture of volcanic and sedimentary detritus interlayered
with metabasalt flows. In outcrop the metavolcaniclastic
rock may show bedding and weak cleavage. This unit is
easily eroded and is rarely found in natural outcrops. A
sample of the volcaniclastic rock (R-8782) collected along
StateRoad 640 is gray and fine grained (0.1 - 0.8 mm). The
only mineral that can be recognized with a hand lens is
plagioclase. The plagioclase can be observed a.s ragged
elongate laths 0.1 to 0.75 mm long. The plagioclase is
moderately altered but the original crystals are generally
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VIRGINIA DTVISION OF MINERAL RESOURCES

preserved and have a composition of An,,, which is the most
calcic plagioclase identified in the C.atoctinFsmation &tring
this investigation. The quartz-feldspar ratio (excluding sec-
ondary quartz) is about I to 10. Most, if rpt all, of the qurtz
is recrystallized, but ortlines of original quartz crystals, 0.15
mm in diameler, are clearly discernible under the micro'
sope. Epidote (0.1 mm) is present and makes up less than
one percent of the rock. A small amount of what appears to
be original hornblende is present as blocky butragged crysal
fragments.

The original feldspar laths and ottrer original grains arc
outlined by arreas containing a concentration of euhedral
crystals of whatappears to be magnetite composing as much
as 25 o 30 percent of the rock by volume (samples R-8782
and R-8783). A considerable amount of amorphous opaque
ard semiopaque material is present, some of which is proba-
bly sphene. Incipient crysallization of hornblende, actino-
lite, mica, epidole, and opaque minerals has taken place.

Samples of metavolcaniclastic rocks analyzed for maju
elements are: R-8782, R-8783, R-8786 and R-8790. None of
the interlayered metabasalts were analyzed (table 2).

Lenticular masses of metavolcanic rock in thlorite ma-
trir An unusual rock type forms several stratigraphic
horizons within the eastern exposure of the Catoctin Forma-
tion. The best developed of which is near ttrc top of the
section. The rock that composes these horizons is distinctive
in appearance, consisting of gray to yellowish-green, lens-
shaped masses of metabasalt enclosed in a schistose dark-
green chlorite matrix. The illustration on the front cover
shows the rock in outcrop. The lateral persistence and
abundance of outcrops make these rocks gmd stratigraphic
markers. The lenticular fragmental masses in these horizons
yary in average size both across and along the srike of the
rock unit. The maximum length is on ttrc uder of several feet
and two feet or less thick All of the lens-shaped ma$es are
composed of alteredbasalt that is so fine grained that individ-
ual gnins are unidentifiable with a lOx hand lens.

The rock shows evidence ofhaving undergone intense
deformation. Relict plagioclase crysals are evident by their
ctraruteristic lath shape but are altered o zoisite and epidote.
Scattered throughout are lnots and inegultr-shaped masses,

0.3 mm across, of secondary quanz, and a small amount
(about 0.1 percent) of pyrite. The lenses ue encased in a sel-
vage of chlorite (penninite). Areaspanly pruected from the
effects of deformation lie at fte ends of the lenses. These
cqrtain secondary quare, calcite, albite, chlaite, and pyrite.

Kline and others (1990) believe that the horizon near the
try of the Catoctin section is composed of pillow lavas and
hyaloclastite formed during a submarine exrusion of basalt.
Tlre present writer is inclined !o believe tbat the lenticulr
basalt formedi or was modified as a result of deformation.

Samples of lenticular meavolcanic rwk analyzed for
rnalrr elunents inchde R-8794 and R-8800 Clable 2).

Epklosite: Epidote hasreplacedbasalt,basattbreccia,quare-
ite, conglomerate, and fine-grained vokaniclastic rock.
Commonly, the originat rock tex3utes can be recognized in
theepidosites. The epidositothatreplrces neavolcanic rock
drows the clrarrcterisic diabasic tcxnre of the relict feldspar

laths even thonglr the feHsp has been rcdacedby €ei&te
Epifutc preferurtially replres rock cmtaining me qtnru,
srch as a quatz-rich congtomerate, even ttnrgl litrb quetz
appears to have been involved in the uamfqmatbn process

It is likely lhat the porcsity and permeability of th uiginal
rocks mayhavebeen afrctsinthefqmatimofihe epftbsite-
Breccia rcplaced by epidote may retain thc mcpMogy ad
rock stnrcores of the original rcck, and clasb sodimenEy
rock rcplaced by epidote, retains tre€s of the bedding ud
original rcck frbric. Epidotization prreferentially follows
joints, fracturas, and columnrjoints in the hsatts (Reed and
Morgan, lfil l,p. 529)and obviously took phce after the lava
had solidified" It is probbly closely relatd o the rcgional
metamorphism that therocks of the C.aoctin Formation have

undergorrc.
Compositionally, the epi&sites are distirrctive (table

2). They are rich in calcium, ue nearly'devoid of NqO and
K,0, and have a reliatively high SiltvIE ratio. Figure 3 Spws
th6 chemical differerrces between e,pidosites and metabasals.
Samples of epidosites inclu&: R-&778, R-8781, R-8784, R-
8785, R-&787, R-8788, R-8789 and R-8797 (Iables 2 and 3).

Quartzite: Quartzite makes up a snall percentageof tleroct
in the Catoctin Formatiqr. It generally is fourd as rcugh-
surfrced, low, rounded outcrqs. Bedding is prreserved' but
is notdistinct Therocktendstobreak intoangular, flat-sided
fragments that ae resisant 3o weathering and mechanical
disintegration and are dispropationally abrmdann as flor
Relict deriul $urv ranges frrom sand o pebbb size, ard is
cemented tightly by inte'mtitial qurtz. Fracurres fqm snooth
concoidal surfaces.

Phyllite: Phyllite is interbeded with the other rocks in the

upper 3000 feet of the C.atoctin Fcmation. The rock weath
en readily and only saprolite is exposod. Ouctops arerfle
ard conacs withotherrak types tr€ appoximatc.

The phyllite in 0re Catoctin Formation is identical in
appearance o phyllitic rocks found in stratigraphicaly
higher rock unit* Fresh surfaces tre gray ard weatM
surfrces may b sonre $rde of gray, yellm,, re( a brown;
reddish-brown color is qpicat The rock is cornposed of
muscovite, chlorite, and fine-grained quatz. Much of the
phyllite, p ticularly ner tlp eastern edge of the C.atoctin

Formation, conains a well{evelqed qrc€d cleavqge.

Composition: The clremical omposition of the rocks mak-
lng up ttre Catoctin Fomatist is shown in Tabb 2. Ttr
samples for these analyses werc collectedarapoxfuutely
evenly spaced intervds alorg atrarrerseextendingrmss the
formation. This travers is located in the stream beds of
Turkey Run and Tiuteysag &eek, in the vkinity of State

Road 640, Ke$ilick quadrutgb. Sample hcaions ac shown
on Plate l.

Whole.rocl uralysas are difficult o comlnre, owing to
the large numbs of elements invdved. For wnpism,
rccks re conrmonly illusuated by means of chfliic8l vari-
atior diagrams on which atlalylical &ta srch as oxide
cqnponent$ are plored (Carnfichael ad o&€rs, 1974). In
0ris investigation an ryrorh is employed tha rnahes us of
a scherne dcvelopedfor the constnrctfoin of pset&liquidotts
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Bnrc A4rms (O'IIr4 f968; Slalker d oth€fs, l9A
Walkcr, rylq Sb|por, (1980) d Ethm, (1983). Wifi rhis
apoac,h it is pcsiile o gpmeuicaly disflay rlrc clremicalg*im*ils to otha cbenrically related tasaits.

Tb mfu is as follonrs: tle mafiroxi&s are redrrced
to mles ard grynpued ino tte fm misals olivine, qrnrtz,
dioesi&, a4 plrybclase, rvhi:h car be floued as erU binrj
in a tetrabe&nn- Tln alggiem used in this report is baied on
qnepmeosod by nf rbr (1983). For pqrra$ in two dinren_
sims,&calsrlaod pointispro;ucA alm! a$neexrending
ftom the4er of rte tetree&on smtryb rhtpdnt ro t e bas;
Thisprofrrtio has fu effeaofgffiaily displring tlrcpoint
outward In ftis repct the pcition of rle point is yief,red
gerecqba|ly in its true grunedic posifion wihin the
tetrahdon" Eltrm's (1983, Tabb I, p. 50) algcithm fol_
lows: A = moles of (ALO.+Fc"OJ; C = moles of
(C0+NgO+tlO); M ='"o16 cff 1U@neOrLrnGTiO.);
S = rnol€s of (SOJ; plaglrctase* = Afianordrite fqnrs fre
eical mimaD. AIbilE falls on rhe lourcrrightftont edge of
dprenabdmlclfuryroxoe=C - Ai Otivine= (U- C +
A)2; silica = S - (M + A + 3Cr2. The calculations for
wrstnrcting the sfier€o images are notirrcluded.

Oxidation hs atrected the feniqff€fiorrs natb. Analyses
bydifferentinvetigatos haverepcted iron as fenk or-fer-
rcus. The greensrmes ae higftly uidized as can be seen in
Roed d lyirgan's anely$s ( l9Z l), and &e ferric/ferrous ra_
tb effects dre locaim of the calorlatod point qr tle rcmhe_
draldiagr@. Togovlbahis faconrprison, total iren is
rccalqdat€d to a cmsanl fcniclfenurs ratio of 0.15. The
amtxmf of plagioclase can be &€rmfurcd frrom de stere_
ogram but thempcitioncannot Thensmative An per-
c€ntagc is dtoum in Tabb 3.

Figure 3 isastereogr4hbptotofaltrocfsolleoed&om
theC*mtinForsratiu tr* *treaulyzcdin ttre mry area.
The plors dpw a wlb diryersal owing !o the fa;r rhar
samples oolhctedareof svqal rock typ&, including nus_
sive metabasalg epi&aite, and nolcaniclastt rwtJ epi_
&sites fall ino two gruqr, me rha replaces hlts and ahe

ry th"l rephces volcanbtastb rocts. eorh glorrys hil
outside of the tetrahe&gn on the right-had sirb. A gro,up of
amlyses was slecte4 mod urpetrroge4tric and fie[f dara
g4_flqf 3, andphued wirh dara norn neeA and Morgan
(1971), Espensh& (1986), and Gocfrbd and othen (19-g3)
on Figure 4 to govide a comfison. Figure 5 shows ilean
Ftoc Bqalt (OFB), Iow Foassium firoleiite (LKT-Islard
rc basalts), Cab-Alkalire Basalt(CAB),Ocean Island Basalt
(OIB), Continental Basalt (COfg, and Shoshonise (SHO)
(Pearce, 1976).

The points representing ttre av€rages of metadiabase

$Ses, 
(R1d and l![organ, fg7l and Espenshade, lggd) and

4gA g basalts @earce, lgZO all licvery close tqgefter.
Epidosite, an altered basalt" lirx ortsi& oi tlre rerahedral
pbr Calc-alkaline basalt (Figue 5) also lies close rhe same
area

The Camain metabasalt was deposited on crysallirrc
rocks of tlrc Norfi American continental plate ard ij not part
of an islard arc s''stem although, as shn-wn, ttre Catoctii, is
similarin mairelementcomposition to theislandarc basalts.
Catoctin rrcabasalts clearly differ in rnalr elenre.ntccnpo,
sitio ftom rhatdcqrtinerualbasaltsas lisred bypearc{19i6).

Figure 3. Sterroscopic isomolar pseudo-liquidus phase di+
gram showing relative compositional relationships of ro&
of ttrc Catmtin Fornntion in sou0reastem limb of the Blrc
Ridge anticlinuium. Iower diagram - key to sampleposirio
identifrcatim, rock-type fields, and to tetrahedral parane-
t€rs.
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Anorlhile
A lbil e

lu::j.. ^lfprrfphic terahedrar plots showing avenages
or meabasaluc rocks from Reed and Morgan (t9Zt), esSn_
shade (1986), pearce (1976), Cotnied firA-,ln"o'tfqlJi,
and Rossman (This report). I = Diabase dikes (Reed andMorgan); 2 = Meadiabase dikes @spenshade); 3 = Lo;
lgyi r:r"bg"tt @spenshade); + Jrfijorite 

CneeO ano
Xorgan); ) = toril-potassiumbasalt= calc-alkaline basalt
lrearce); 6= Metabasalt@spenshade); Z = Meabasalt
Fo.Y"q)a -S = Ept{oqite (Rossman); 9 = Calcutated basalt
l ."gTq Mgrgan) Falls in samepositionas 6; l0=TriassiC
Das:urs (uotfrried and others); ll = l4gtabasalt (Reed and
Morgan); iron ratio recalculared to FerO",/Fa = O.fj; in-
cluded elements recalculated o r00 pefie'nr

CAMBRIAN (?) ROCKS

- In this report an informal terminology for correlations
and sratigraphic nomenclature is used r6i trro*" metrsedi-
mentary rocks of the BlueRidge anticlinorium thatlie eastof
the Catoctin Formation and west of the Mountain Run faulf
They are.indicared simply as mapping units il and brb.

r ne Draand brb units lieimmediately above theCatoctin
f'ormatio^n, Conley (l97g, Table tl consiOereC theserocks to
be part of the Candler Formation (formally nurnrO Uy frp"n_.h1&: l?54 p.15). pavlides (rqgg) inforrnufiy named therocks lying between the Catoctin f.ormation 

"nO 
n, Moun-

tain Run fault zone, including the Everonu iir*rt"n., as 
..the

formation at True Blue',.

UMTBRA

The bra unit includes a map-pable belt of quartz_bearing

T:pTl1T:l"ry rocks abour i2OO reer acros's rying aUouE
me uarocun t'ormation. The contact between these rocks and

ltg^*.:i: S!:*ryqhic terrahedral plots diagram showing
rllatrve positions of basalt types @earce,lgi6). CON =Continenal basalts; OIB =-Ocean tstand Uasaits: OFB =Shoshonite; LKT = Iourpotassium tholeiite (from island
arcs); CAB = Calc-alkaline basalts; iron recalculated to
FerOrtFeO (mole) = 0.15; included elements recalculated
to 100 percenl

the underlying Catoctin is-not exposed in the area mapped.
However, a number of small outcrops are present withinli"ro
feet of rle contact and the lacbof euidence of Auitin!
indicates that the contact is conformable. Rock types withi;
the bra unit consist of me[agraywacke and metasiltstone,
marble, medium gay-grcen sChistose ptrylite (northern haii
or map area), and meta-arkose @late l).

Metagraywacke and metasiltstone: Much of the unitbra is
composed of quartz-bearing phyllitic metasiltstones and
coarser metagraywacke. An 90O_foot-wide zone conaining
considerable detrital quartz lies to the east of the Catoctin_b;
contact and forms a northward-trending band that .un U"
mapped across the two quadrangles. The amount of quartzin
the zone decreases northward anO ttre rocks in the northern
half of the mapped area consisr mainly of quarrz_fean pfryf iiie.

In the southern half of the unit-the western-most rocks
form a zone about 200 fegl ggross consisting ofnne-grained
quartz-muscovite beds with black chlorite lamallae. pinera_
tion foliationis developed parallel 0o the bedding and is cut
Dy a space0 cleavage.

Theabovedescribedrock grades eastwad inbmetagay_
wacke inrerbedded with phyllite. gomposed of Atern":t#g
dar\fgf chloriteand muscovite-rich bands. Some metagray-
wacke beds, from one to a few centimeters thick, are griadO
with grain size becoming finer eastward (upward).'So*"
beds contain rare small scale cross-bedding. hhern"agruy_
wa$e is,9o-mposed of rounded and angul i qu*t ,fetdspar,
and small, black, chlorite grains. Fragments of muscovite
thought to be claystone clasts are also-present Most of the
rocks,including quartz-rich beds, havei foliation parallel to
the bedding and are cut by a spaced cleavage which is inclined
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mme steeply thar is ttebedding

Marbh: fr{abb is ogmod mly in tb sueam bed of llapy
Creekwhere itis clossedby StateHighway 231. Theouarop
is snall and ogosed during times of bw water. Con@ts
wilh erclosing rocks are covered" This marUe is locared rcar
the base of the rmitbna and is s€prabd ftom frc underlying
Catoctin by a few feet of phy[ie. The rcck, firs rccognized
by C.onley ard Johsm (l9l5a), is a rrvtite b pink" futse,
dobtrritbmilbb.

Schbtocc phylllte A medium-gray schissephyllite crqs
out about 300 feet east of tb Catoctin-bra omrct in fte
vicinity of Truteysag nd llappy Crceks" IGswick quad-
range. Therocl has agrc€nish castand rnaycmtain ahigh
ccnponentof detins derivcd fiom tile Canqin. The unit is
of limited lateralermr

Meta-arkce: A me-ta-atop is the rpper-mos mernber of
the bm rmiL It is a persisant nutlpasrwad-trerding zone
several tens of f@t wi&, extending across tb mryed rea
This zone is litbologically disinctivg a ddge fsrner, and
because it is rqsisant ro &conpmitforn and erosion; it is
corunonly expced- Tb rock is ligtt o mdium gray, ooanrn
grahed" ard weatlus o aroug[ srface. Quaz and feldWr
in the comse granub to fure pebb size range (3 o 6 mm
across) ae t4ical. In ssne ex1nsu€s rock fragrnens,
mainly ftne-grafued mucovite-rich material c mrch as one
centfunetef erms, arc f]esenL The natrix consists of
muscovite and isotnqpic maeriaL

TJNIT BRE

The brb unit lbs confumably abovetheha unitandis
in fault contact widr fie Everona Limesone. It is composed
of phyllite wift minu amounts of a dart gray !o black
schistose phyllite. In strear zones developed along fauls, tlre
phyllite has boen recrJrstallized to a pale green phyllonite .

Phyltite: Viruully all of the exposed phyllite of unit brb is
weathered to sryolite. In outcrop, therock weathen to light
!o medium brown, ard with futh€r weatlrering, primarily
oxidization, itmay urrn light o medium red- Metamorphism
ard slight tectonism has masked the rcck's primary structures
such as original bedding. Compositional banding is well
develo@andbandsrange ftom afew tenths of a millimeter
o a decimeter &ross. Typically they are two !o frve millime-
ters acrcss. Most compositional bands superficially resemble
beds, but, if treed out arc exhemely elongate lenses.

The phyllite is frne grained wih most of the grains being
less than 0.03 m m across (Figure 6). The mirrc.ral componen ts
are muscovite, quartz, andchlofite. Muscovitemakes upover
half of therock andparallel orientation of micacrystals form
a ubiquious penetrative foliation generally parallel to com-
positiunl banding. Slightly larger., undeformed muscovite
grains are presenB these gnins crystallized after the foliation
had formed. Chlorite occun as rare, small lenticular massesa
millimeter or less in length. Quartz is present in minor
amounts as sliglrtly modiFred angular grains, as lenticular
grains 0,05 mm long, and as seconday equigranular grains

Frgwe 6. libgative priru of phyllite ftom Unit bra Bhck
bnd dd bld specks ae quare and white reas are tminly
musoviie" Smpbcollecrcd ftrorn sea sr State ltrgbuay
n, 49fi f@teas of jumim wifr Stab Rmd 8m. I\,lefib
grd4zliJfl n,733E,180E" Bar= lmm.

with rnuurally interfering grain bamdrits. I-ocally thin
lenticula layas of s€cdary quartz ee prcs€nt and may
r€gresent tranWoseO reticts of qigirnal qttatr-rbh beds.
Secoldry quare is commtly premt in reenuznt {tgks of
microfolds ad as quarE bnss. Wavy discmtinuls tines
(Figurc O lie paralbl to tlrc cunpmitiqtal layers and are
conposed of
maErial, and
rcpresent planes of slippage.

Locally tbe penetrative foliation is transtaed by a ryced
cbavage to fqm crenul,atiol$ (Frgrre 7). The mc,k is nne
grafurd and oornpored of pale geal musovirc ad cfisite.
Farallelsiented muscovite crysals fsd ttruiginal folia-
tiom ard fudividual crystals are bent ftl @uce dpcrenula
tions. Recrystallizat elongaled d€fiital qufrtz grains, (0.O4

by 02 mm) lb parallel o ttre signoklal-shapd crenulations.
The rwkalso contains scanered elongate nrasies (O.ffi mm

of chhite interleaved with ilp muscovite.

Dark-gray phyllite: Dart-gray to nearly black, fue-graircd
muscovile phyllite occrrs wilhin the ffi unir In dp soudrcrn

ptgnref - nagate print of crenulated phyllite from Unit bra
Black cuned areas are defqmed qurtz grains. Rock frorn
4,7OO f@a due east of Cismont Metric grid 4214900 N,
737,0008. Bar= lmm.
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prt of tfre rea, &lo pdalH ban& ae pesnL bm ae lihefy
sobeasingbaiginalbandrcpeaedbyforlting. Tlrispn*fte
is disrircdvc d pcrsisentabng srike. ln outaop itii fre
gafurd and Mty blacl with a silvery-gray hster.- The rock
ctrrsists of extremely finc- (0.m1 mm) mrscovite grains
sep@tod by dimntinuols of[Ie lmallae atortb.mZ
millimeters thbk The sodium mfo.a gagmi@, wm de-
tecled-bV X-raf butcouhnotbesepratedfrrom musovileby
optical nreans. FfuE-gxafupd, d€e r€d to Wque hemadri
form an estimated l0 percent of the thin section and define
post of the lamallae (Figure 8). Therockis finelycrenulated
by spaced cleavage plarns about 0.5 mm pat The cleavage
planes themselves ae accentuated by hematite, a brown
amorphous material, prohbly goethite, and muscovite. The
silverylusteris probably dw o reflections fronr parallel ori-
ented platy micacrystals. The dark, nearlyblackcoloris from
the presence of hernatite.

Figure 8. Negative print of dart-gray schist from Unit bra.
pa*--ueas composed of muscovite and paragonite. Light
lamattae are composed of fine gnins of iematite. Sam[b
from ortcrop at the intssection of Sarc Road 616 and ihe
Chesapeake and Ohio Railroad. Meric grid 4pll,l00 N,
731,550E. Bar= lmm.

EVEnoNA LIrGsnurIE

Tlp Everona Limestorrc, mmed by lonas (1922), li€s
alon-g a lheardepression that calr be tracod diqdafly ;soss
sontlpaSem Keswick ad mtlrwestern Bcwelts-Tavern
qradrangles- The rock is poly&fcrrcd by morrernent atong
tlp Mounain Run fault zone. Only eigit outmps of il,;lyryo rt" prqsent within ttre map area, six ouar6ps ae in
abandoned quanies thatarelagcly filled but& containa few
erpsures. Neither the upper nu tlp bwer ontrt of the
Everun is exposed. Highly &f6rned butbn schist lftrs
withinafew feetofthenpper (easun)cqractoftheEvsona
in the quary_at the intersctian of State Highway n, ud
futgy SagCrcstin rheemcmptof tlrcRwuri:f quA-
range. Also, defoflnedphyllite oocnrs a few feetbetoi tlp
Erermaatthe ropo[t'1e ulrdatyingbrb unitexpd in an
*gnPnedquTry adjrcentn Sao[m0emrraiCampbelt.
The limestone is about ?00 foet acms at both quariei

The Everma is blue gray, thin bedde4 andhnegrained
(Figrcg). Bedsamillimeter-cso thickar€sporardSythin,
olH[F, stylolitb seams, oomposed, in part, of pyrite and

gr4hirc g). Tte calcitcis fircgraind @.(Dm). @rz,
nowreoystallized intosmalt (0.fl{a mm) grains r*esryan
estirnated orc to ten percent of the roc&. Trrces of mrmoviE
are also presnr The tilrrc-gray color pobaHy r€$hs from
the pewe of opaque minsals (Iryrite ard graphib (?D.

Figure 9. Negative print of Everona Limestone. Whiie lines
are composed of pyrite and graphite(?) . Gray and black areas
are composed of poorly crystallized calcite. Fine-grained
quartz (0.0a), not identifiable in figure, makes up an esti-
mated I 0 percent of ttre rock. Sample from Turkeysag Creek
atintersection with State Hi ghway 22. Metric grid 4,216,1ffi
N, 739,360 E. Bar = lmm.

ROCKS OF TTIE VIRGIMA PIEDMONT EAST OF
TIIE MOT.JNTAIN RUN FAULTZONE

Rocks that underlie the Virginia Piedmonr east of the
Mountain Run faultin thestudyarea aremapped aspartof the
Melange 7-otle l\l of the Mine Run C.omplex named by
Pavlides (1989). In this report three units are recognized in
MelangeZore IV. Tlrcse units are simplyde,signatedas unic
a, b, and c.

CAMAIAN NOCI(S OtrTTID MINE NUN COMPI.DX

TINIT A

Unit a lis rpxtlo the Everura Urrcssp in a slrar zone
that is bss than 100 feet rcloss. The rak is a medium-
grained, highly aomminuted ard polydefcnred muscovite
phyllmitc that grdes easrrud ino less deformed schisose
phyllile. The lower con&rt of unit a wirh the Everqra
Lrmestorp is urcxposed but the extelsive tectonisrn plwent
indicates thattlplowercontrtis a faulr The upper (easern)
cdrtzrtwith rocks of unitb ismtele6€d.

Theraksofunitarclithobgically very simitarto ilrcse
of drc rocls in unit c. No evlbrre has been recogrrized that
would indicale tlrc sradgraphb position of the rccks in unit
a. Because the raks of .unit a in the mp area are litholqi-
cal$ similr o ttnse in unit c, it is posibtc that tlre rocls of
unit a are acnnlly fault slicas o,f rmks fronr unit c.

Figue l0 is aphoogr@r of an inrensely defsnred rock
ftom unit a collccted ftrorr an area at the intersection of
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grehite (?). The cabite is firF grairrcd (0.02 mn). Qnare,
now recrystzrllizal into small (0.04+ mm) grains makes ryan
esimated orp totenpercentof therock Trrces ofmnmvite
are also presenl The blue-gray colc probably resrlts ftrom
the prcsence of opaque minerals (pynte ard graphib (?)).

Figure 9. Neguive print of Everona Limestone. White lines
are composed ofpyrite and gr4hiteQ). Gray andblrck areas
are composed of poorly crystallized calcite. Fine-grained
qufrtz (0.(X), not identifiable in frgure, makes up an esti-
mated l0 percent of the rock. Sample from Turkeysag Creek
atint€rsection with State Highway 22. Metric grid 4,216,1@
N, 739,360 E. Bar = lmm.

ROCKS OF THE VIRGINIA PIEDMONT EAST OF
THE MOI,'NTAIN RTJN FAULT ZONE

Rocks that underlie the Virginia Piedmonr east of the

Melange Zone IV. These unis are simpty designarcd as units
a, b, and c.

CAMENIAN ROCXS OF THE MINE RT'N COMPLET

IJMTA

Unit a lies rpxt o the Evercna Linresone in a slrear zone
that is less than lmO feet across. The rak is a medium-
grained, highly comminuted and polydeformed muscovite
phyllmite that grades eastward ino less deformed schistose
phyllite. The bwer oontact of rmit a wih the Everona

Theraksof rurita are lithobgically very simih ro 0nse
of the rocks in unit that
wonld irdicate the unit
a. Because the raks of unit a in tlrc map area ar€ litholqi-
cally similr o those in unit c, it is possible that the rocks of
unit a arc actually fault slice.s of rocks ftrom unit c.

Figue l0 is a phoograph of an intensely deformed rock
ftom unit a collected ftom an area at the intenection of

Figure 8. Negative print of dark-gray schi.st from Unit bra.

ffi11"1"'#Sj
chesapeake and ohio Raikoad. Meric ffiii11ffiff
731,550E. Bar= lmm.

EVERONA LIMHTTONE

The Everom Limestone, named by Jonas (1927), lies
along a linear depressbn that can be traced diagonally across
southeagem Keswick ard ncthwestern Bos-wells Tavern
qrdrangles. The rock is polydeformed by movernent along
the Mountain Run fault zorrc. Only elght outcrops of rni
limestone are pnsent within the map alea" six ourcrfos re in
abandoned quanie.s that are lrgely frlled butdo contain a fbw

Tu*ey Sag Creet in the easem partof the Keswickquad-
rangle. Also, defqmed phyllite occurs a few fet belo.i rtre
fyergna a1 the rq of the ur&lylng bft unit exposed in an

$qpneA euap adjacento Sate Road00 rrca;Campbell.
The limestone is about 200 foet acrms atboth quariei.

TheEverqra is blue gray, thin beddeq andhnegrairred
@gue9). Bedsamillimeterqso rhickaresepararedby rhin,
opaque, sylolitic seiamsr somposed, in part, of pyriie and
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Turkey Sag and MechunkCreeks near Cobham. Figure 11,

a negative photograph of a thin section made from rock
collected at apoint4 100 feet farther southeast, in an area near
the contact with the Everona Limestone. Shearing has

entirely masked the rock's original fabric. Large (+ 12
inches) lenses of quartz and buttonphyllonites with "buttons"
containing centers composed of quarz are typically present.
No evidence of rotation of the lenses has been recognized ei-
ther in outcrop or in thin section.

Figure 10. Negative print of highly deformed rocks of Unit
mrb. Sample from an eastern sggment of the Mountain Run
fault. The subparallel white filaments consist of deformed
muscovite and lesser amounts of chlorite. Dark bands com-
posed of partially recrystallized, elongate, and strained quartz.
Secondary quartz, muscovite, and chlorite are present at the
ends ofthe quartz lenses. Some altered plagioclase is also
present. Sample collected at the junction of Turkeysag and
Mechunk Creeks. Metric grid 4,215,860 N, 739,680 E. Bar
= lmm.

UNIT B

Unit b is composed of metamorphosed coarse-grained
arkose, graywacke, and several zones of paragonite-bearing,
dark gray, well foliated, phyllite. This unit grades eastward
into the more phyllitic rocks of unit c. The dispositional
pattern of unitb, particularly as displayed in the northwestem
corner of tle Boswells Tavem quadrangle, suggests that the
rocks of this unit are infolded with, and faulted against, the
rocks of unit c. Some folds are cut and further deformed by
later faults.

Figures 12 and 13 show examples of moderately de-
formed, coarse-grained meta-arkose from unit b Quartz
grains are rounded, elongate, or fragmental, and about one
millimeter in diameter. Commonly tiey are fractured and
intemally strained. Many show new growth at the ends of
grains consisting of secondary quartz that contains an abun-
dance of undeformed muscovite and biotite crystals. Plagio-
clase, now altered and replaced by sericite, may make up as

much as one third of the detital grains. Interstitial matrix
material composes about 30 percent of the rock and consists
ofquartz, sericite, biotite, chlorite (repidolite), and unidenti-

Figure 1 1. Phoograph of deformed rock of Unit mrc. Highly
sheared phyllite from an inferred fault lying east of the
Everona Limestone. Rock consists of fragmental, bent, iron-
strained muscovite (dark-gray) and lenticular quartz. Ends of
the quartz lenses consists of secondary quartz andmuscovite.
Sample collected from 4,800 feet east of Cismont. Meric
gnd,4,2|4,9$ N, 737,000 E. Bar = lmm.

Figure 12. Negative print of moderately deformed arkose
from Unit mrb. White network consists of iron-stained
amorphous material, mica, and goethite. Quartz (dark) ftrnges
from rounded to angular with borders embayed by secondary
quartz. Interstitial material consists mainly of fine-grained
granulated and recrystallized quartz. Some mica crysallized
after deformation ceased. Sample from 6, 100 feet S 30 " E of
Cobham. Metric Gnd 4 214 lffi N, 740,330 E. Bar = lmm.

fied amorphous material.
Figure 14 is anegativeprintofrockfrom unitb whichhas

undergone more intense deformation than rocks depicted in
Figures 12 and 13. The former was collected from a zone of
intense deformation along a fault whose trace lies along
Beaverdam Creek in the southeastern part of the Keswick
quadrangle (Plato 1).

A distinctive green, quartz-rich schistose arkose in unit
b is widely present in the northwest quadrant of the Boswells
Tavern quadrangle. The green color is due to the presence of
the green chlorite. The chlorite is the magnesium-rich variety
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Turkey Sag and Mechunk Creeks near Cobham. Figure I l,
a negative photograph of a thin section made from rock
collected at a point 4 I 00 feet farther sou theast, in an area near
the contact with the Everona Limestone. Shearing has
entirely masked the rock's original fabric. I,arye (+ 12
inches) lenses of quartz and button phyllonites with "buttons"
containing centers composed of quartz are typically present.
No evidence ofrotation ofthe lenses has been recognized ei-
ther in outcrop or in thin section.

Figure 10. Negative print of highly deformed rocks of Unit
mrb. Sample from an eastern segment of the Mountain Run
fault. The subparallel white filaments consist of deformed
muscovite and lesser amounts of chlorite. Dark bands com-
posed of partially recrystallized, elongate, and strained quartz.
Secondary qtJartz, muscovite, and chlorite are present at the
ends of the quartz lenses. Some altered plagioclase is also
present. Sample collected at the junction of Turkeysag and
Mechunk Creeks. Metric grid 4,215,860 N, 739,680 E. Bar
= lmm.

UNTT B

Unit b is composed of metamorphosed coane-grained
arkose, graywacke, and several zones of paragonite-bearing,
dark gray, well foliated, phyllite. This unit grades eastward
into the more phyllitic rocks of unit c. The dispositional
pattern of unitb, particularly as displayedin ttre northwestern
corner of the Boswells Tavern quadrangle, suggests that the
rocks of this unit are infolded with, and faulted against, the
rocks of unit c. Some folds are cut and furttrer deformed by
later faults.

Figures 12 and 13 show examples of moderately de-
formed, coarse-grained meta-arkose from unit b Quartz
grains are rounded, elongate, or fragmental, and about one
millimeter in diameter. Commonly they are fractured and
internally sEained. Many show new growth at the ends of
grains consisting of secondary quarz that contains an abun-
dance of undeformed muscovite and biotite crystals. Plagio-
clase, now altered and replaced by sericite, may make up as
much as one third of the derital grains. Interstitial matrix
material composes about 30 percent of the rock and consists
of quartz, sericite, biotite, chlorite (repidolite), and unidenti-

Figure 11. Photographof deformedrockof Unitmrc. Highly
sheared phyllite from an infened fault lying east of the
Everona Limestone. Rock consists of fragmental, bent, iron-
strained muscovite (dark-gray) and lenticular quartz. Ends of
the quartz lenses consists of secondary quartz and muscovite.
Sample collected from 4,800 feet east of Cismont. Metic
gljLd,4,2l4,9ffi N, 737,000 E. Bar = lmm.

Figure 12. Negative print of moderately deformed arkose
from Unit mrb. White network consists of iron-stained
amorphous material, mica, and goethite. Quarz (dark) ranges
from rounded to angular with borders embayed by secondary
quartz. Interstitial material consists mainly of frne-grained
granulated and recrystalliz ed qtlrtrtz. Some mica crystallized
after deformation ceased. Sample from 6,100 feet S 30 'E of
Cobham. Menic Gnd4,n4 AmN, 740,330 E. Bar = lmm.

fied amorphous mat€rial.
Figure 14 is anegativeprintofrockfrom unitb whichhas

undergone more intense deformation than rocks depicted in
Figures 12 and 13 . The former was collected from a zone of
intense deformation along a fault whose trace lies along
Beaverdam Creek in the southeastern part of the Keswick
quadrangle (Plate 1).

A distinctive green, quartz-rich schistose arkose in unit
b is widely present in the northwest quadrant of the Boswells
Tavern quadrangle. The green color is due to the presence of
the green chlorite. The chlorite is the magnesium-rich variety
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Figure 13. Negative print of deformed arkose from Unit mrb.
Tectonized rock from a northeast-trending shear zone. The
large lens-shaped quartz grains (dark) are strained (not evi_
dent in illustration) and contain secondary quartz in the
pressure shadows at the ends of the grains. The white streaks
are composed of iron-stained muscovite, goettrite, and fine_grail{ sec_ondary qtrartz. the elongate quartz grains define
an older foliation, cut by a later spaced-cleavige. Sample
collected 1.2 miles southeast of the Everona Limesone, near
theeastedge of the Keswick quadrangle. Mefic grid4, Zl4,y0
N, 740,200 E. Bar = lmm.

Figure 14. Negative print of polydeformed rock from Unit
mrb. The white network consists of fine mica and isomor_
phous material. Dark bands are of highly granulated quartz
with interstitial muscovite and biotite. I_arge white areas are
goethite and pyrite. Sample collected froi area of Beaver_
dam Creek at the south edge of the Keswick quadrangle.
Meric grid 4,110,100 N, 738,440 E. Bar = lmm.

penninite suggesting that some of the source material was
mafic in composition.

S"yq-ul large altered and foliated masses of mafic igne_
ous rock lie along a segment of ttre Mountain Run fault ione
in the area near Cobham. They appear to be dismembered
blryk1 with no recognized evidenCe of their having been in-
truded as a magma at their present position. These-rocks are
too altered and deformed to be readily identified. In some
places they resemble fine-grained greenstone; in otherplaces,
they vaguely resemble altered medium-grained, mafic plu_

tonic rockand display inegular-shaped white and darkgreen
patches. The white areas may be altered plagioclase, and the
dark green areas an altered ferromagnesian mineral. Calcite
*4es up- at least l0 percent of the rock and preferentially
replaces the white altered material. The original rock, based
on color and fabric, most likely was gabbro, diabase, or
basalr

I.]NIT C

Unit c mainly consists of quartz-bearing phyllite. It lies
stratigraphically above and generally to the east of unit b.
Unit c contains lesser amounts of coarse-grained metasand-
stone and meta-arkose than unit b. It contains sorne zones of
black phyllite and at least one mass of coarse-grained amphi-
bolite. A thin-bedded phyllite lies within unit c, but iJnot
sufficiently extensive to be shown as a separate unit. lvfany
of the rocks of unit c in south-central Keswick and in thl
lortfivgstern quafier of the Boswells Tavern quadrangles are
infolded with, and are part of the fault slices containing the
coarse-grained rocks of unit b. The rocks of unit c beCome
progressively less deformed and less quartz rich eastward.

Phyllite: The phyllite of unit c is composed of muscovire,
chlorite, and quartz. The muscovite is pale green to white
with a pearly luster. Chlorite is sparse to absent. The included
quartz grains make up from a few percent to 50 percent of the
rock. Quartz grains are lenticular and may be ieveral milli-
meters long. They tend to be flattened circular disks rather
than ellipsoids and tolieparallel to the foliation. Beingresis-
tant to weathering, these quartz disks are preserved insapro-
lite. A sample from an area about one half mile east of U.S.
Highway 15 and three quarters of a mile north of North Anna
River shows foliation, produced by parallel muscovite grains,
axial planar to a small fold (Figure l5). The fold in this case
may have formed penecontemporaneous wi$r the foliation.

-- 
Figure- 16 is a negarive print of ttrinly layered phyllite

collected from the southwestern corner of ttre Bbswells
Tavern quadrangle. The layers range from 0.2 to 2 mm thick
and consistof alternating light, and dark-colored lamallae. In
outcrop they resemble varves. Most layers actually consist of
extremely elongate lenses. The light-colored bands are
composed mainly of equigranular, hne-grained (0.01 to 0.005
mm) unstrained secondary quartz crystals with mutually
interfering, sraight-sided grain boundaries. The dark-col-
ore!-bands are composed of mica, actinolite, angular quartz
(0.02 mm) and secondary quartz. Actinolite makes up an es-
timated 30 to40percentof the gray layen, and gives therock
a distinct greenish cast. The actinolite needles are unde-
formed and have a well-developed preferred orientation
parallel to the layen. This actinolite formed from green
chlorite (penninite) that occurs only in trace amounts in the
present rock. Large (0.2 mm) relict quartz grains are sparsely
presentand many contain overgrowths of secondary qDartzat
the ends of the grains (pressure shadows).

B lack p hyllite : Black phyllite is poorly exposed but has been
recognized in four places. Two exposures lie near the eastern
edge of the northeastern part of the Boswells Tavern quad-
rangle. A third exposure is located near the intersection of
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Figure 15. Negative print of axial plane foliation across the

axis of minor fold in phyllite of Unit mra. Compositional
bedding is preserved as alternating quartz-rich and mica-rich

layers. Remainder of the rock contains about 20 percent

quartz and 80 percent mica. Thin, through-going septa are

partly altered biotite and muscovite. Undeformed needles of
musiovite and biotite lie parallel to axial plane foliation and

at an angle tro the bedding. Dark lenticular areas are com-
posed of rectangular mosaics of detrital quartz. Sample

collected on secondary road 2,400 feet east of S tate Highway
15 and 0.75 mile north of South Anna River. Menic grid
4,218,900 N, 747,9408 Bat = lmm.

Figue 16. Negative print of a compositionally layered, fine-
grained quartz, muscovite schist from Unit mra. Dark bands

are composed of a mosic of equigranular, fine-grained (0.01-

0.005 mm) unstrained secondary quartz. Actinolite needles

with well-developed alignment lie parallel to the foliation'
The actinolite crystals are undeformed and crystallized after

the secondary quartz formed. Gray areas composed of
actinolite (dark) and mica. Pressure solution glowth of
secondary quartz and undeformed actinolite crystals have

formed in the pressure shadow at the ands of the relict quartz

grains. Sample location is from the south edge of the

Bosswells Tavern quadrangle. Metric gdd 4,209260 N,
743,780 E. Bar= lmm.

U.S. Highway 15 and the North Anna River; a fourth is
located in a small gully in the headwaters of Fielding Creek

in the west-centralpartof the Boswells Tavern quadrangle. It

isunlikely thatfte fouroutcrops arepartof the same stratigra-

ohi, hotiton. The rock is nearly black and somewhat schis-

iose. Lithologically it is similar to the dark gray paragonite-

bearing phyllite in unit bra.

Metasandstone: Metasandstone crops out in an arcuate belt

extending from the South Anna River eastof U'S' Highway

15, to a foint near the northeastern corner of the Boswells

Tavern quadrangle. Outcrops occur in t$; area east of Izac

rot", atiO alon! Lictinghole Creek. The unit is poorly

exposed and its ;x@nt beyond the northeastem comer of the

Boswells Tavem quadrangle has not been determined' The

unit consists of a massive, thick bedded metasandslone'

Amphibotite: Rock unit c contains a coarse-grained, dark

gray amphibolite. Itcrops out along the northern edge of the

6r&n Springs plulon along the south side of South Anna

River, about-one and a half miles west of the e:lstern edge of
the Boswells Tavem quadrangle. A few other masses of
amphibolite (unmapped) overlie the-Q1ee-l.Springs pluton'

Oni mass crops outbn fte east side of U.S. Highway l5 abolt
one and one-half miles south of Boswells Tavern' The

amphibolite has a decussate (criss-cross) texture and consists

mainly of hornblende crystals as much as 2 centimeten long'

In saprolite the hornblende may be partty replaced by ver-

miculite.

GREEN SPRINGS PLUTON

The igneous rocks making up the Green Springs pluton

are of two types, an older diorite phase and a younger quartz

diorite to grinite phase. The quartz diorite-granite phas-e

surrounds and intrudes the diorite phase as dikes and small

apophyses. The pluton is flat topped, and its upper surface is

c'oinciient wittr ihe present land surface. Metasedimentary

rocks, lithologically similar !o those surrounding ttre pluton

(unitc of theMineRun Complex),lieon op of the pluton, and

occur as xenoliths in it. The sedimentary rocks have been

partially to totally assimilatedino the igneousrocks.In many

places a relict imprint of bedding is- preserv^ed in the partia[y
'rligested 

masses of country rock at the op of the mafic portion

of-the igneous mass. The metasedimentary rocks that sur-

round the pluton were also thermally metamorphosed dollg
emplacement and cooling of the pluton.- This.is indicated by

the presence of undeformed, randomly oriented, coarse-

crained biotite and gamet found for distances of as much as

6ne mile away frornthe intrusion. The evidence of assimila-

tion, intrusion, and thermal metamorphism indicate that the

Green Springs pluton is intrusive. Based on a gravity survey,

Conley ind Johnson (1975b) conclude that the igneous mass

is rootless at dePtlt.

DIORITE

In outcrop the diorite is light to dark gray, and the grain

size ranges from fine (less than one mm) to coarse (+5 mm)'

Locallyihe recrystallization of the sedimentary rock resulted

in the formation of coarse amphibolite containing large (0'5-

I cm) biotite crystals, and where the quartz diorite-granite
phase of the pluton intruded the amphibolite, it further incre-
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Table4. ChemicalanalysesofrocksandhomblendefromtheGreenSpringsPluton,BoswellsTavernquadrangle,Virginia(Analysc
Oliver M. Fordham. Analyses by X-ray flourescence. Fusion .5gm sample + 4.5 gm LtBo0r. Fundamental parameter for marix
difference. Mg and Na by aomic absorption. *[.oss of water (LOt) by pyrolysis). Rocli types: QD = Quartz diorite, D = Diorite,
X= Xenolith in sampleR-8768,H= Cleanedhornblende from sampleR-8768, DD= Diabase fromdike. (Seetextfordescription).

l5

Reposiory
No. R-8762 R-8763 R-8764 R-8765 R-8766 R-8767 R-8768 R-8768 R-8769 R-8768

RockType QD QD xDDDD DD

sio2
Alp3
F"Pt
Mgo
CaO
NEo
qo
Ti02
MnO
PPs
LOI*

68.&
17.69
2.65
1.14

3.50
3.83
0.62
0.32
0.05
0.13
r.40

68.50
15.40
3.26
t.37
3.s3
3.52
2.6r
0.48
0.05
0.23
1.01

46.24

8.60
13.9r
13.94
13.00

LM
0.80
0.79
4.27
0.r2
r.22

46.r9
8.90

t4.65
13.58
12.6
l.l I
0.94
0.83
0.25
0.09
0.7r

56.22
15.2r
6.63
6.81
6.20
3.O7

3.60
0.60
0.r2
0.43
1.04

45.82
13.54
r0.2r
10.78
12.56

1.56
1.30
0.84
0.15
0.90
2.29

50.84 5r.44
16.60 17.6r
8.75 6.50
6.10 6.78
8.07 8.80
3.08 3.r9
2.94 2.30
0.95 0.48
0.15 0.10
0.59 0.67
1.92 2.08

46.W 50.20
15.71 7.00
r2.w 9.30
11.06 t7.20
10.34 12.6r
1.67 0.86
0.39 0.57
0.48 0.41
0.19 0.2r
0.13 0.03
1.80 r.39

ased the size of the biotite. Biotite also occurs in the diorite
phase of the pluton as porphyroblasts as large as 1 cm across,
but normally crystals are smaller (3 - 5 mm). The biotite is
probably a secondary mineral and formed from the potas-
sium-bearing minerals, hornblende and feldspar. Biotite is
commonly hydrated to vermiculite.

The composition of the plagioclase in the mafic rock
ranges from Anro to An o. The most common composition is
about An*. Nearly all of the plagioclase is partially alrered
to epidote.

Homblende compos€s 30 percent or more of the mafic
rock. It is altered and the original crystals may be almost
completely replaced by chlorite or biotite. An analysis of the
hornblende is included in Table 4.

Orthoclase is present in mafic rocks ttrat are adjacent to
the quartz diorite-granite phase of the pluton. Some crystals
are euhedral and as much as two centimeters across. They are
commonly poikilitic and partly replaced by muscovite.
Acccssory minerals in minor amounts in the diorite phase
include: zircon, apatite, sphene, garnet" pyrite, and mag-
netite. Quartz, may be prcsent in the diorite as small sub-
rounded grains that are completely enclosed in hornblende
crystals (poikilitic texture). They are probably relicts of
sedimentary origin.

Augite was found in rocks from two areas in the Green
Springs pluton. One area is located 4000 feet N 45"W of the
junction of Poore Creek and South Anna River. The other is
2000 feet due west ofPoindexter, near the northern edge of
the Zion Crossroads quadrangle. Hopkins (1960) reported
finding enstatite-bearing rock in the proximity of this latter
location, but no enstatite was found by the present writer.

Diopside is present locally in rock composed mainly of
vermiculite and hornblende. In outcrop, this rock shows a rel-
ict primary foliation and probably represents a partial re-
placementof sedimentary rock. The diopside is interstitial to

the vermiculite and hornblende.
Chemical analyses of the xenoliths in the diorite tlnt are

believed to be recrystallized sedimenb, and hornblende from
the diorite are included in Table 4. The analyses confirm that
the older intrusive rock is a diorite.

QUARTZ DIORITE-GRAMTE

The quartz diorite and granite phase of the Green
Springs pluton crops out on the east, south, (outside the map
area) and west sides of tle diorite portion of the pluton. In
addition small apophyses and irregular shaped dikes inuude
the diorite. These quartz diorite and granite rocks are light
gray and medium to coarse grained" They are unfoliated and
show no evidence of major deformation. The major compo-
sition of the rock is a quartz diorite based on IUGS classifi-
cation (Sneckersen and others, 1973). Quartz makes up more
than half of the rock. The other major mineral constituents are
plagioclase, up to 20 percent, and orthoclase, as much as 30
percent. Plagioclase ranges from oligioclase to low andesine.
Biotite and muscovite are common accessory minerals, but
are not abundant in the quartz diorite. Analysis of the qua(z
diorite-granite is included in Table 4.

AMPHIBOLITE DIKES

A few coarse-grained amphibolile dike,o, associated
with the diorite portion of the Green Springs pluton, intude
the metasedimentary rocks surrounding the pluton. Hopkins
(1960) shows a number of these dikes on his geologic map,
but most could not be located by the present writer. An
amphibolite dike, crops out in the bed of a small stream
located three-fourths mile southwest of Boswells Tavern.
The rock is coarse grained and consists ofblocky hornblende
crystals imbedded in plagioclase. Its closeness to the Green
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Springs pluton suggests that it may be derived from that
source. This dike has been observed only at this one locality.

JUR,ASSIC ROCKS

DTABASE

Diabase dikes are common throughout the Boswells
Tavern and the southeastem partof the Keswick quadrangles.
They are more numerous andlargerin the southernpartof the
mapped area. All are near vertical and rend directions vary
widely. Those in the northwestern comer of the Keswick
quadrangle trend N 304598 and a group in the vicinity of
Beaverdam Creek in the southeastern part of the quadrangle
trendN 0-lOE. About 10 dikes in the southwestern comer
of the Boswells Tavern quadrangle trend about N 3trW. An
apparently through-going dike that has only been observed as

float, has been raced in a N ltrW direction from Boswells
Tavern 0o near the northern edge of the quadrangle. Diabase
dikes intrude all older rocks including the Green Springs
pluton.

Unweathered diabase is dark gray and massive, and upon
weathering, tends to form rounded boulders, some as much as

3 feet in diameter. Ourcrops of diabase are typically exposed
in stream beds and on the lower valley slopes. They are rare
to absent on high flat surfaces. As no significant natural Eans-
portation of boulders has taken place in the map area, even
single boulders may indicate the presence of underlying
dikes.

The diabases show only slightdeuteric alteration. Dikes
differ in the presence or absence of olivine, indicating that the
original magma was not always of the same composition
@agland and others, 1968).

Pyroxene is augitic in composition and the plagioclase
ranges from An* to Aqr. The plagioclase is twinned and the
rock shows the classic ophitic ('diabasic") texture
. A few dikes are offset by faults but are otherwise unde-
formed. The lack of deformation and trends of the dikes
indicate that they were intruded in a non-compressive (ten-
sional) environment. The dikes were probably feeders to the
basaltic lavas preserved in Mesozoic basins. These lavas
formed in Jurassic time (190 my) and once might have
overlaid much of the Piedmont surface of Virginia.

STRUCTURE

FAULTS

Owing to the sparsity and small size of outcrops, actual
exposed faults range from scarce to non-existent and their
presence generally has been detected indirectly through
changes in attitude of foliation, zones of intensely sheared
rock, offset of lithologic units, and tle presence of topo-
graphic lineaments.

Seismic and gravity surveys suggest that bedrock in the
Virginia Piedmont consists of a series of southeasterly dip-
ping and overlapping thrust-fault slices (Ilarris and otlers,
1982). The present, investigation suggests that, in the map
area, there has been considerable limited northwestward dis-

placement by thrust faulting and folding. Thrusting has

stacked up a serias of poorly defined, ovedapping, and folded
fault slices in ttre northeastern part of the study area"

FAULTS NELATED TO THE INTRUSION

OF THE GRAEN SPRINGS PLUTON

Several steeply-dipping faults have displaced unit c of
the Mine Run Complex in the area west of the Green Springs
pluton. Most of these faults formed as a result of the dilation
of cover rocks caused by inrusion of the igneous rocks and

as a result, tend to lie parallel to the foliation. A fault present

in the valley of Lickinghole Creek that rends parallel o the
foliation andbedding, may markthe horizon along which the
principal intrusion occurred.

FAULTING ALONG THE CATOCTIN.

LYNCHBURG CONTACT

Some faulting has taken place along the contact between

the rocks of the Lynchburg Group and the Catoctin Forma-
tion. The relative amount of movementcannot be determined
within the map area,butoutcrops a shortdistance to the south

show thatsomeof the gneissic horizonsof theLynchburgare
truncated against the greenstone of the Catoctin.

MOI.JNTAIN RIjN FAULT ZONE

A wide zone of shearing and displacement called the
Mountain Run fault zone (Pavlides and others, 1983; Conley,
1987) trends norttreastward across the map area. The western
edge of the zone of faulting lies in the stream drainage of
Mechunk Creek. The eastern edge of the zone extends from
Beaverdam Creek at the south edge of the Keswick quad-

rangle o the lower end of Lake Gordonsville in the Boswells
Tavern quadrangle.

The Mountain Run fault zone is alineardepression that
is traceable completely across the map area. The zone

consists ofa number ofroughly parallel or anastomosing fauft
traces containing highly deformed rocks of units aandb of the
Mine Run Complex. The western edge of the fault zone lies
near or against the upper contact of the Everona Limestone.

Small northeast-rendingdrag folds with nearly horizon-
tal axes can be seen in several places east of Mechunk Creek.
Striations on the surface of beds within 0rese folds are nearly
horizontal. This is interpreted !o mean that drag folding was
the result of strike-slip displacement. Conley (personal

communication, 1989) believes displacement within the
Mountain Run fault zone was in part right-lateral strike-slip
based on intersection of S and C structures and the straight-
line race of the fault. Bobyarchick (1988) shows the Moun-
[ain Run fault to be a continuation of the Brevard strike-slip
fault. This writer believes that the major faulting began as

right lateral, strike-slip, later followed by minor thrust move-
ment to the northwest within the fault zone.

Spur faults in the vicinity of Mechunk Creek appear to
beminor thrusts originally of low dip to the southeast and
northwest displacement.
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OTHER FAULTS

A few normal faults have been recognized within the
map area. All are steeply dipping and have a northwestward
mend. One,located 1.5 miles northeastof Cismont on State
Highway 23 I , offsets the rock units of the Catoctin Formation
and the bna and brb units about 600 feet in a left-lateral sense.

A northwest-rending fault with about 200 feet of appar-
ent left-lateral displacement offsets rock strata in the vicinity
of Preddys Church, in the northwestern part of tlre Keswick
quadrangle. Rocks along this fault zone are hydrothermally
altered and may be capped with gossan.

FOLDS

No major folds have been recognized in the map area, but
overturning of the rocks in the leading edges of thrust faults
has been observed. Such folds occur in the area immediately
southwest of Lake Gordonsville and in the area northwest of
Beaverdam Creek.

Therocks in the areafrom northwestof BoswellsTavern
to the northem edge of the Boswells Tavern quadrangle, are
complexly folded. The folds are asymetrical, rend northeast-
ward, and plunge at low angles to the norttreast and to the
southwest. Normally the western facing forelimbs are about
half as long as lhe eastern facing bacHimbs, and the rock of
unit c of the Mine Run Complex may be infolded with the
coarse-grained arkose of unit b of the Complex in this area.

ECONOIVIIC GEOLOGY

PYRITE AND IRON

The northwestern corner of the Keswick quadrangle in
the vicinity of Stony Point, contains a few areas in whiCh the
rocks show sulfide mineralization. Rocks of the Lynchburg

!_r99p contain disseminated pyrite in the bed of Turkey Run
2200 feet downstream from Sate Highway 20. The mineral-
ized zone crops out over a distance of a few tens of feet. The
mineralized rock is white and materiat at the surface is sofr
Pyrite may make up a few percent of the material present in
tle area exposed. No nace of copper or other minerals of
value were visually detected. Another outcrop containing an
estimated l0 to 15 percent pyrite lies about 400 feet souttr of
ttrc northern edge of the Keswick quadrangle, 1800 feet due
west of State Highway 20 on the north valley flank of a small
unnamed creek. The ourcrop is only a few square feet in area
and stands a foot or less above the general level of the
surrounding terrain. A third zone which has been explored by
pits and trenches lies on the top of a hill22CfJ' feet norttrweit
of Preddys Chwch.

- - 
A relatively large area, located in the northwestern pan

of the Keswick quadrangle, contains a number of sulfide-
emiched zones. These zones are, in part, gossan capped. The
largest zone is about 7500 feet long and lies along a sreeply
dipping fault zone. Its maximum width is about 800 feer e
gossan-covered area about 2000 feet long branches off of the
main zone. This branch contains some of the most massive

gossan found. The hydrothermally altered underlying parent
rock of this gossan is derived from the meavolcanic rocks of
the Catoctin Formation. It is soft, and light gray o yellowish
and the overlying gossan is black, dense, and in places, shows
collaform structure. The composition of typical hydrother-
mally altered rock @-8779) is shown in Table 3. X-ray
analyses shows that the rock contains dickite.

STOT{Y POINT COPPER-IRON MINE

The Stony Point copper mine is located on the northwest
end of thelarge hydrothermally altered zone describedabove.
Gossan, formed from alteration and weathering of the sul-
fi des, was once mined as a source of iron (Watson, 1907). The
deposit was first worked by Major lvlason in 1878. An
inclined shaft is reported to have reached a depth of 130 feet
and 2500 carloads ofgossan iron ore were shipped from the
deposit (Nelson, 1962). According to a local resident, Mr. M.
Norford (personal communication, 1987), a narrow gauge
railroad was constructed along the valley of Turkey Run from
Watts on the Southern Railway to the mine, a distance of
about 3 miles. Estimating that small, muledrawn mining cars
with a capacity of about 24 cubic feet or about two 0ons were
used, about 5000 ons of gossan may have been mined and
shipped.

The mineralized area was diamond drilled in 1936 by ttre
American Metals Company, but the mineralization was not
considered attractive enough to develop as a mine (Nelson,
1962). According to Nelson's report, ttre mineralized rock
lies along a fissure and contains pyrite, sericite, and some
chalcopyrite. It is not known whether the mineralized rock
ever was analyzed for other elements of possible economic
value. Nelson (1962) states that the deposit was traced for
1800 feet in an easterly direction and was cut offby a fault.
This relatively shortreported extentof the mineralized zone,
ascompared to its actual length of 7500 feet" suggests thatthe
full extent of the mineralized zone may not have been known.
Hydrothermally al tered rock lie o the south of this main zone,
and some crop out as much as 4000 feet beyond the western
edge of the Keswick quadrangle. Some of these areas are
capped by gossan, but no copper minerals were discovered.

LIMESTONE

An abandoned and flooded limestone quarry is located in
the Everona Limestone near the north edge of the Boswells
Tavern quadrangle. Dump material shows that the quanied
rock was a thinly bedded (less than one cm) limesone. In
addition to this larger quarry, a few small quarries lie along
the limestone formation in the northeast to south-central part
of the Keswick quadrangle, near Campbell. Some of these
quarries have been filled and reclaimed and can no longer be
detected visually. The Everona Limeslone lies only a few feet
above the water table, generally under swampy conditions. It
has a minimum known thickness of 400 feetat the point where
it crosses Turkeysag Creek. At the abandoned limestone
quarry at the north edge of the map area, the limestone is about
750 feet across. Although not positively established, it is
likely that the limestone is discontinuous along is length.
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The limited width, calcium carbonate content averaging
about 74 percent in the mapped area, and physically unfavor-
able location for exploitation, suggest that the limestone in
the mapped area has little economic value for lime at the
present time (lvIack, 1%5). Suitable material for crushed
stone may be present.

STONE

The physical properties ofrock for use in building and
highway construction are imporant The greenstone from
portions of the Caoctin Formation have a grade "A" classi-
fication for use as highway aggregate @arrott, 1954). From
the known extent of the Caoctin Formation, the amount of
material suitable foruse as construction oraggregate is virtu-
ally limitless.

Thin-bedded, slaty limestone of the Everona Formation
was quarried for use as crushed s0one, from 1954 tD the late
1960s at the Superior Stone Company quarry in the northern
part of the Boswells Tavern quadrangle.

VERMICULITE

Vermiculite is present in great tonnages in much of lhe
northern half of the area underlain by the mafic portion of the
Green Springs pluton. The single deposit now being mined
by Virginia Vermiculite Ltd. was not accessible to the writer
for examination, and only those relationships observed in
outcrops of limited size in other areas can be described.

Vermiculite is widespread and of mineable thickness
over much of the northem half of the mafic portions of the
pluton. Vermiculite is also present in the southeastern comer
of the Boswells Tavern quadrangle as well as in the northern
part of the Zion Crossroads quadrangle, which is located to
the south of the map area. The vermiculile is resticted to a
relatively thin zone less than 100 feet thick (?) at the top of the
mafic portion of the Green Springs pluton. This zone has

developed where theigneousrockhas assimilatedand recrys-
tallized the overlying metasedimentaryrocks of unitA of the
Mine Run Complex.

Because only small exposures of vermiculite-bearing
material have been examined, no firm conclusions on the
genesis, size, or grade of the vermiculite deposit could be
drawn. In outcrop, the vermiculite is intimately associated
with coarse-grained hornblende amphibolite. Fresh rock is
believed o be a coarse-grained homblende-biotite rock, in
which the biotite was altered o vermiculite. In places the
original rock is inruded by felsic igneous rock. This intru-
sion of felsic rock may be a facor in producing the vermicu-
lite. Where this has taken place both the hornblende and
biotite crystals are considerably larger.

The vermiculite is mined from an open pit, washed,
concentrated, dried and screened to produce four sizes. Crude
vermiculite is shipped, unexfoliated, to North Carolina, West
Virginia, Ohio and !o other eastern states.

MARBLE

Pink and white dolomitic marble crops out in the stream

bed of Happy Creek, just a few feet southwest of where State
Highway 231 crosses the creek. Marble at the same stratigra-
phic horizon as the marble exposed in llappy Creek, namely
just above the contact with the underlying Catoctin Fcma-
tion, has been quanied for dimension stone on the southeast

side of State Road 647 at Madison Run, northeast of Gor-
donsville. The marble is so poorly exposed along Happy
Creek, that its extent is not known.

SLATE

A small quarry (abandoned) occurs in unit bra on tlte
southwest slope of Happy Creek, just east of where State

Highway 231 crosses the creek. The rock in this quarry is
sratigraphically just above the dolomitic marble. Judging
from the size of this excavation, it might have been for local
use only. Phyllites that possess good slaty cleavage have

been quanied in both units bra and brb since the area was first
serled. Nelson (1962) repors that these slates were intermit-
tently quanied atEsmont southwest of the study areabenveen
1906 and 1957. The quarry produced stone for granules used

in roofing shingles.
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