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PUBLISHER'S NOTE
This will acknowledge the good work of one of Loudoun coun-

ty's public spirited citizens. pierre E. parker, a recognized professional
geologist, spent many hours hecoming acquainted 

"with tte geologic
envrronment of his county and prepared this map and manusiript on
his own time and without remuneration. He was most Eracio'us in
supplying these materials to the Division of Mineral Resorirces. This
study is a significant contribution to the knowledge and understand_
ing of the geologic history of northern Virginia.

_J.L.C.
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GtsOLOGIC INTVESTIGAfiON OF THE
LINCOLN AND BLUEMONT QUADRANGLES, VIRGIITIA

By

Prnnnn E. Pemrnl

ABSTRACT

Reconnaissance mapping of the Lincoln and Bluemont quld-
rangles in Loudoun co"-nty in northern Virginia has clarified rela-

tiorirhip, befween the Precambrian Marshall Formation, the overlying

swift Run Formation, and metabasalt of the catoctin Formation which

intruded fractures in the older formations and flowed over them. The

catoctin is oveilain by the weverton Formation; no intervening

Loudoun-type rocks #ere found. Hampton (Harpers) and Erwin
(Antietamj'formations are Present in thi northwest Portion of the

Blo"*or* quadrangle. Basali dikes of Triassic age occur throughout

much of tlie area,-and Triassic sedimentary rocks are Present in the

southeast part of the Lincoln quadrangle.

Gneiss, alaskite, greenstone' and graywacke have been qlarried

in the area for use as ioad metal. Limestone in the Swift Run Forma-

tion was burned for the production of lime, and this material has also

been worked for marble.

INTRODUgfION

The Lincoln and Bluemont quadrangles are located in northern

Virginia in Loudoun counqy and are bounded by parallels 39"o0' and

3g""07'Jo" and meridians 7i"37'30" and 77"52'30" (Figure 1)' The

quadrangles include small porrions of the Piedmont and valley and

d1ag. ptysiographic provinces, but most of the area is within the Blue

Rid[e prt"in-ce.^ The principal physiographic features are the Blue

Rid[e ilountains ott ih" -isq " southward extension of Catoctin

Mointain on the east, and a dissected intervening valley locally known

as Loudoun valley. All drainage flows into Goose Creek, which ul-

timatelv drai's eaitward into thi Potomac River. The greenstone and

gneiss 
"weather to rich heavy soils that-.make excellent pasturage, al-

Ihoogn in many places the land is too hilly for corn growing. Prosper-

ous dairy, beef, and horse farms abound'

l Paeonian Sprinp, VL 22129.
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Figure 1. Index map showing locations of Lincoln and Bluemont
quadrangles.

geologic map of the Lincoln and Bluemont quadrangles
(Plate 1) is the resuli of a reconnaissance areal studv made inter-
mittendy from 1960 to 1966. Because of deep weatherin-g, there are
few outcrops in the more level areas; however, along G-oose Creek
and Beaverdam Creek there are some excellerrt ."poruir. The author
felt it desirable to complete the generaliied phase of the mapping in
order to provide a basis for mori detailed rtndi", in the "t.". wirt,
few ex-ceptions, all the data on the map were based on fierd determina-
tions. Numbers preceded by "Rl' in parentheses (R-3436) correspond
to sample localities on_Pfa1e r. These samples are on file in the reposi-
tory of the virginia Division of Minerai Resources where thev are
available for examination.

The author's work confirms the southward extension of the Blue
Ridg_e-catoctin Mountain anticlinorium as interpreted by cloos (1951)
and Nickelsen (1956). It also confirms conditions observed iarther
south and described by Bloomer and Bloomer (1947), King (1950),
and. others. The principal effort in this mapping p.ogr"ri was to
clarify_the relationships within Loudoun valley^beiween 

-the 
Marshall,

Swift Run, and Catoctin formations.
Much of the confusion over the succession of formations in this

area has arisen from the widespread occurrence of the catoctin Forma-
tion, and its various 

"rp-."!r. 
Not only was ir intruded through the

Marshall-gneiss and swift Run Formation, but also during subslquent
stages of intense folding the feeder dikes and ramifyinf veins were
broken up into isolated blocks and masses contained wiiniritrre Marshall
and the Swift Run. where the basalt was the predominant rock, the
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hosr gneisses were isolated as blocks within the catoctin. These rela-

tions-of the basalt to the host rock, combined with the fact that along

zones of greatest movement the basalt was sheared into phyllites and

almost colpletely chloritized, make detailed rnapping a lecessity for

determining the superposition of beds. Therefote, on the basis of a

preliminarf investigation, Portions of I- oudoun Valley- would 
]Ppear

io be und"rlain by-the Catoctin Formation because all the conspicuous

outcrops are greenstone. Yet a more detailed study of some of these

,r"r, *ry rev-eal soils ccntaining tiny fragments of gneiss even though

gr..trrorr" is the predominant iock," or "i 
l""tt the most obvious rock'

L, , *"r,", of mapping procedure, the Catoctin is indicated on the

geologic -rp only'*nu"t" t"tg" ar-e1s oj metabasalt were clearly dis-

Z.rrri6't.. It m"y b" doe to ,ori" of the foregoing reasons. that previous

investigators of the Blue Ridge province TtPP"q 
the sericitic phyllites

of the Swift Run within ot oltt,Lp of the Catoctin. In this area, where

Weverton quartzite is present "dj"..ttt 
to Catoctin' no Loudoun

Formation has been found between them'

The author gratefully acknowledges the g-:"-t-".git interPretanon

of the Potomac {iu., Gorge and i\Iar-yland's Middletown Valley-by

;. E. Cil 
"nd 

his ,rrociit.s of Johns Hopkins 9nt:tt:fty: He had

rhe srear advanrage during his first forays lnto the field of the able

l"ia?""" "rrd 
*orlk of Dr."Richard Nickelsen and l\4iss Barbara Toan,

two of Dr. Cloos' students. The Virginia Division of Mineral Re-

sources generously provided thin sectio-ns and spectrographic analyses'

and Dr. James L. Calver, Commissioner 'of Mineral Resources ind

State Geologist, gave ample encouragement to. complete the work'

Many thanki go io the landowners who allowed the author access to

thei-J propertf frtti.otar mention is due General and Mrs' Milton

Attol'd, #ho'p.r*itted numerousitraverses of their plirperty^by +:
author and the use of their home for shelter and provisions' On and

"dj"."rra 
to their land' there are exPosures of all of the rock types to

be found in Loudoun ValleY.

ROCKS IN THE AREA

PnrcelrsnrlN Rocrs

Marshall Formation

The oldest recognizable unit in this region is the Marshall Forma-

tion. There 
"ra -"-tty variations in texture and structurel however'

its general composition aPPears to approximate that of granodiorite

and it is gneissic in ,t o"ior". Excelfent petrographie deseriptions of
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this gneiss have been presented bv Nickelsen (1956, p.242-243). rt is
characteristi.l]ll p"tpt-tvroblastic, with white feldipar phenocrysts
having very difiuse outlines 0.5 inch or more in criameter. In the eastern
half of Loudoun valley, considered to be the sl-rallor.ver portion of the
basement, the feldspar phenccrysts do not exceed 0.5 inch in cross
section (Figure 2). In the r.vestern and deeper portion the feldspars
are as much as 2 inches i' diameter, and some pinl feldspars (R-14:o)
are present as well as zones of garnet and some biotite. Both the gray
color of the fresh gneiss and the rvhitish color of the weathered rock
are. modified by a grecn tinge imparted bv ubiquitous chlorite films
and by epidotc granuJes. T'he presenc" ni grrn.t and biotite and a
coarser gneissic texture in the western portion of Loudoun Valley
sygg:st a higher level of metamor"phir- ihrtr that of the eastern part;
this is believed to be due to dceper locarion wirhin rhe crusr during
thc formation of rhe gneiss.

liigurc l. llarshall grieiss tirrr has rriarketl scliistrisitv ancl linearion
ab'ur 0.2 miie nortiru'cst'f rhe junction of ir iarni rtiircl and statc
Road 72"i, 0.7 rnile cast of Silcorr Spring.

lihrough rhc eastern portion of Loud.un vailey rirerc are scar-
tcred occuuences of alaskite. All alaskite localities aie deeplr u.eath_
ered' and relatio's to adjacent rock are nbscured" Althougn'sheared,
the alaskire does not have a gneissic texture; therefore, it is thought
t'.be younger rhan the gneisi. At one locality (F-igure 3), felsite"has
filled narrorv fractures in the catoctin metabasart, and this mar,r g.
equivalent to the more rnassive alaskite intrusions^
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this gneiss have been presented by Nickelsen (1956,p.242-243). k is
characteristically porphyroblastic, with white feldspar phenocrysts
having very diffuse outlines 0.5 jnch or more in diameter. In the eastern
half of Loudoun Valley, considered to be the shallower portion of the
basement, the feldspar phenocrysts do not exceed 0.5 inch in cross
section (Figure 2). In the western and deeper portion the feldspars
are as much as 2 inches in diameter, and some pink feldspars (R-3439)
are present as u'ell as zones of garnet and some biotite. Both the gray
color of the fresh gneiss and the whitish color of the weathered iocl
are modified by a green tinge imparted by ubiquitous chlorite films
and by epidotc granules. The presence of garnet and biotite and a

western portion of Loudoun Valley
orphism than that of the eastern part;
eper location within the crust during

Figure 2. A{arshall gneiss that has marked schistosity and lineation
about 0.2 mile northwest of the iunction of a farm road and State
Road 725. 0.7 mile easr of Silcott Spring.

Through the eastern portion of Loudoun valley there are scat-
tered
ered,
the al
to be
filled narrow fracrures in the catoctin metabasalt, and this may be
equivalent to the more massive alaskite intrusirrns.
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Figure 3. Felsite dike in metabasalt of the Catoctin Formation about

0.9 mile northeast of the iunction of State Roads 626 and 745, 2.3 miles

southeast of Unison.

Lineation in the gneiss (Figures 4, 5), which is visible as the elonga-

tion of chlorite grains as well as flattening of the feldspars, is visible

in hand specimen and is Present in outcroPs throughout Loudoun

Valley. The plane of lineation generally dips about 60 degrees to the

southeast and strikes noftheastward, parallel to the regional stluctulal

trends. The dip of the regional schistose cleavage is 40 to 50 degrees

or less. In the southwest corner of the Bluemont quadrangle, a Portion
of the gneiss has Iineation at about right angles to the regional trend,

dipping northeastward and striking northwestward. This is possibly

due to rotation of a block along a wrench fault or a fold within the

gneiss. The gneiss contains an extensive vein system of trlue quartz in

the eastern half of the valley. These veins are numefous, and after

weathering of the gneiss, residual masses of deep-blue qluartz, some as

much as 2 feet in diameter although generally smaller, remain in the

soil. Some outcrops of the gneiss have blue qs rtz as a common

constituent of the rock matrix, and these aleas generally occur close to

veins of blue quartz. This quartz is of great value in field mapping

because ir is restricted to the Precambrian gneisses and remains in the

soil after all other vestiges of the gneiss have been obliterated. Several

zones of dark, glassy, dense mylonite occur in the gneiss.
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Figure l. Felsite dike in metabasalt of the catoctin Formation about

O.imile northeast of the iu'ction of State Roads 626 and 745, 2.1 miles

southeast of Unison.

Lineation in the gneiss (Figures 4, 5), which is visible as the elonga-

tion of chlorite grains as well as flattening of the feldspars, is visible

in hand specimen and is Present in outcrops throughout Loudoun

Valley. Tie plrne of lineaiion generally dips about 60 degrees to the

southeast and strikes northeastward, parallel to the regional stluctural

trends. The dip of the regional scl-ristose cleavage is 40 to 50 degrees

or less. In the southwest corner of the Bluemont quadrangle, a Portion
of the gneiss has lineation at about right angles to the regional trend'

dipping northeastward and striking northwestward' This is possibly

arr. to .otrtion of a block along a wrench fault or a fold within the

gneiss. The gneiss contains an extensive vein sl'stem of trlue quartz in

ih. ""rr.r', half of the valley' These veins are numerous' and after

$,,eathering of the gneiss, residual masses of deep-blue quartz, sonle as

much as j feet in diameter although generally smaller, renain in the

soil. Some outcrops of the gneiss have blue quartz as a common

constitucnr of the rock matrix, and these areas genelally occur close to

veins of blue quartz. This quartz is of great value in field mapping

because it is restricted to the Precambrian gneisses and remains in the

soil after all other vestiges of the gneiss have been obliterated. Several

zones of dark, glassy, dense mylonite occur in the gneiss'
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Figure 4. Marshall gneiss that has pronounced lineation in a roadcut
along State Road 734, 0.1 mile norrhwest of Carters Bridge.

Figure 5. X,larshall Formation with well-developed lineation in gneiss
on the northwest side of a farm road 0.2 mile northeast of its iunction
with State Road 743, 2 miles northwesr of Willisville.
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.::li:: .1.

Figure 4. Marshall gneiss

alonq State Road 734, 0.1

that has pronounced lineation in a roadcut
mile northwest of Carters Bridee.

Figure 5. N{arshall Formation with well-developed ljneation in gneiss

on the northwest side of a farm road 0.2 mile northeast of its junction
with State Road 743. 2 miles northwest of Willisville.
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Cel,tsnteN oR PnnceltsnteN Rocrs

Swift Run Formation

The Swift Run tuff was named by Stose and Stose (1944) for

tuffaceous and arkosic sedimentary rocks that underlie catoctin met-

abasalt and overlie the crystalline basement at Swift Run Gap near

the crest of the Blue Ridge in Rockingham and Greene counties, vir-
ginia. King (1950) usedlhe term Swift Run Formation in describing

ihis unit 
"-t 

Elkton, Virginia. foIuch earlier, Keith (1894) included

slate, limestone, sandston!, and coarse conglomerates in the Loudoun

Formation in northern Loudoun County. These rocks were mapped

as overlying the Catoctin Formation, "'as well as the gneiss, because

Keith b;[e;ed the Catoctin to be the oldcst unit in the region. In the

light of more recent studies of the structure in this alea, the relative

p'osition of these two formations has been reversed, thus causing some

confusion regarding the use of the term Loudoun Formation' Recent

workers have restricted the term Loudoun to phyllites occurring above

the Catoctin, and have used Swift Run for sedimentary rocks beneath

the Catoctin.

IntheLincolnandBluemontquadlanglesthebaseoftheSwift
RunFormationgradesalmostimperceptiblyfromblocksofweathered
gneiss to bouldeibeds (Figures 6,7) derived from the subiacent gneiss;

ih.r" -"rg" upward into cobble beds, into coarse-grained arkoses con-

taining a f-ew boulders, and near the top become cross-bedded, medium-

graine-d arkoses and platy-bedded, fine-grained arkosic sandstone (Fig-

ire s). Changes in bedding type and grain size may be abruPt or

gr"do"l, and Jach typ" t"rrd, to be lenticular and of limited lateral

extent. In some areas, transitions occur from gneiss to phyllitic gneiss'

to highly indurated arkosic sandstone. All phases have essentially the

,rrrr"-gr"in size, mineralogy, and gray color so that it is very difficult

to draw a contact b"tw""n the sedimentary rocks and the gneiss from

which they were derived. In many places, bands or zones of blue

detrital qvaftz occur within the arkosic beds. The thickness of these

.o"rr.-grrined and arenaceous beds is uncertain.b"' TlT. tie at least

severallundred feet in the vicinity of Mountville. Isoclinal folding

succeeded by fold axial ptane slippage obscures both true thickness

and sequence of beos.

About 1.2 miles southwest of Mountville, along Goose Creek near

State Road 731, a boulder bed (Figure 9) is exposed close to the
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Figure 6. Boulder beds in thc Srvift Run Formation on the left bank
of Goose Creek 0.4 mile northeast of Carrers Bridge. Boulders of
N{arshall gneiss, up to 8 inches in diameter, are in an arkosic marrix.
Photograph taken parallel to the plane of schistosity.

Figure 7. Boulder beds in
6 except photograph taken

the Swift Run Formation. Same as Fisure
normal to the plane of schistosity.
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Figure 6. Boulder beds in the Sr'r'ift Run Formation on the left bank

ni Goo." Creek 0.-t mile northeast rlf Carters Bridge. Boulders of
Nlarshall gneiss, LIP to 8 inches in diameter, are in an arkosic matrix'
Photograph taken parallel to the plane of schistositv.

Figure 7. Boulder beds in the Swift Run Formation. Same as Figure
6 except photograph taken normal to the plane of schistosit\'.
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Swift Run-Nlarshall ccntact. Subrounded boulders of gneiss' I to 2

feet in diameter, are sporadically distributed in an arkosic matrix; these

boulders are randomly nriented with respect to the gneissic lineation'

That is, the pronounced lineatjon of the light and dark minerals in eacir

boulder h"s " differ.nt orientation. Furthirmofe' most of the boulders

have been fractured and pulled slightly aPart at one or more places'

1.n. pfrr. of fracturing is'commoi to"all ihe boulders and is roughlv

.ror*"1 to the plane of"schistosity. A force acdng uPo: the..boulders

similar,to that which produces boudinage in hard brittle sedimentary

t.cf.r'it believed to b" ,"spu.rsible for the distention of the rock and

development of parallel open clefts within individual boulders' The

np.., .1.f,, do ,.ot extencl to the surface of the boulders and contain

,r'o infitling bv arkose or secondary mineralization' Cross-bedding

(Figure tO"; ls'visibte in fine-grained sandstones iust above the boulder

bed.
In the uPPer Part of the Swift Run Formation there are phyllitic

arkoses. These rocks, in some places light gray and shiny due to the

sericite content, though *or" tn*-only dark g'ra1',with.a greenish

cast imparted bv tracJs of chlorite, also contain ubiquitous blue quartz
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Figure f3. Platy-bedded, fine-grained arkosic sandstone in the Swift

RJn Formntion on the east side of a farm road about 0.6 mile nolth of

its junction u,ith state Road 734, 1.6 miles southeast of carters Bridge'

Swift Run-t\{afshall contact. Subrounded boulders of gneiss,. I to 2

feet in diametcr, are sp rix; these

boulders are iandomlv lineation.

That is, the pronounce ls :n each

boulder has a differenr boulders

bed.
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Figure 9. Boulder bed in thc Srvift Run Fcirmation along Goose Creek
near State Road 731, about 1.2 miles southrvest of N{ountvillc. The
gneissic boulders, 1 to 2 feet in diameter, are in an arkosic matrix and
contain open tension fractures.

Figure 10. Cross-tredding in a fine-grained arkosic sandstone in the
Swift Run Formation just above the boulder bed shown in Figure 9.

grains (R-3374) that are characteristic of the Swift Run Formation.
At some places blue qualtz pebbles (R-3371, R-3373), and even cobbles
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Figure 9. Boulder bed in the Swift Run Formation along Goose Creek
near State Road 731, atrout 1.2 miles south\\/est of Nlountville. The
gneissic troulders, 1 to 2 feet in dianeter, are in an arkosic matrix and

contain open tension fractures.

Figure 10. Cross-bedding in a fine-grained arkosic sandstone in the

Swift Run Formation just above the boulder bcd shown in Figure 9.

grains (R-3374) that are characteristic of the Swift Run Formation.
At some places blue quartz pebbles (R-3371, R-3373), and even cohhles
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up to 6 inches in diameter' are Present in the fine-grained. phyllitic

"rkor".In 
the more phvllitic rocks (R-:175,R-3376), fine-grained clear

qvartz is present in 
"ddition 

to the gray and blue detrital grains. The

,hi.k"ra development and best outcrops'of these metasedimentary rocks

are in the immediate vicinity of Mountville. In many places pyrite or

limonite pseudomorphs, up to 0'5 inch across' occur in the phyllite'

About l.i miles southwesi of A4ountville (Plate 1) along State Road

731, a 1-foot-thick zone of phvliite (Figure 11; R-3't36) contains as

much as 25 pelcent by volume of perfect magnetite octahedra' some

as large as 0.75 inch in diameter.

Figure 11. Phyllite in the Swift Run Formrtion along a farm- road

0.imile."r, oi its junction with State Road 731, 1'1 miles southwest

of Mountville. A zone within the phyllite contains well-developed

magnetite octahedra.

At the top of the phvllitic arkoses where they grade into phyllites'

there is 
^ 

,on" of bluish-white recrystallized limestone lenses, typically

a few feet thick and from 10 to tbo feet long' In some places these

pods of limestone aPPear to be completely enclosed within the bottom

i"ye, of the Catociin metabasait. This appearance may be due to the

fact that the limestone-phyllite contact was a particularly easy access

foute for the catoctin'feedet dikes or shallorv sills rvhich engulfed
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7)1, a l-foot-thick zone of phvllite (Figure 1l; R-3436) contains as

much as 25 pelcent by volume clf perfect magnetite octahedra' some

as large as 0.7j inch in diameter.

Figure 11. Phyllite in the Sr'vift Run Formrtion along a farm. road

0.imile."rt oi its junction r'vith State Road 731, 1'1 miles southwest

of Mountville. A zone r,vithin the phyllite contains rvell-developed

magnetite octahedra.

At the top of the phvllitic arkoses where thel' grade into phyllites'

there is 
^ "on" 

of bluish-white recrystallized limestone lenses, typically

a few feet thick and from 10 to tbO feet long' In some places these

pods of limestone aPPear to be completely enclosed within the bottom

i"y., of the Catoctin metabasalt. This appearance may be due to the

fact that the limestone-phyllite contact was a particularly easy access

route for the Catoctin^f..d., dikes or shallow sills rvhich engulfed



12 VrncrNra DrvrsroN or,. MTNERAL Rusouncns

the limestone; or perhaps the contact formed a plane of detachment
during the period of intense folding, and the limestone was enveloped
in the basalt. The limestone is present mainly along tl-re east side of
Loudoun Vallcy ar rhe base of Catoctin Alolntain"(Figures 12, I3).
Occurrences of limestone in the middle of the valley, about 0.6 mile
northwest of Silcott Spring, are in a belt of phyllite along the east
flank of Black Oak Ridge. At this locality, there is also a lenticular
layer of cross-bedded arkose several hundred feet long and about l0
feet thick within the phyllite. It is likely that these iporadic occur-
rences of limestone represent the remains of a limestone bed. which
now appears discontinuous becausc of its high solubilitv and rhe ease
with which it could be mechanically incorporated into the basalt. The
phyllitic beds underlie the Catocrin Formation throug-hout the area;
and where the iimestone is present. it is close to or at the Swift Run-
Catoctin contact. In the belt of Swift Run at the base of the Blue
Ridge along the west side of Loudoun Valley, no limestone was found,
and the arkoses are much more sericitic than tlrose in the eastern belt.
In the belt extending through the middle of I-oudoun Valley, phvllitic
arkose predominates over the purely arenaceous phase.

Previous rnvestigators have attributed a tuffaceous origin to rhese

Figure 12. Limestone
bank of Goose Creek

in the Swift Run
1.2.5 milcs east of

Formation along the right
Carters Bridse.
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the limestone; or perhaps the contact formed a plane of detachment
during the period of intense folding, and the limestone was enveloped
in the basalt. -fhe limestone is present mainlv along dre east side of
Loudoun Valley at the base of Catoctin l{olntain (Figures 12, l3).
Occurrences of limestone in the middle of the valley, about 0.6 mile
northwest of Silcott Spring, are in a belt of phvllite along the east

flank of Black Oak Ridge. At this locality, there is also a lenticular
layer of cross-bedded arkose ser.'eral hundred feet long and about 10

feet thick 'lvithin the piryllite. It is likell. 1lx5 these sporadic occur-
rences of limestone rep!:esent the remains of a limestone bed, which
now appears discontinuous because of its high solubilitv and the ease

with which it could be mechanicallv incorporated into the basalt. The
phyllitic beds underlie the Catocdn Formation throughout the area;
end where the iimestone is present, it is close to or at the Swift Run-
Catoctin contact. In the belt of Swift Run at the base of the Blue
Ridge along the u'est side of Loudoun \ralley, no limestone was found,
and the arkoses are much more sericitic than those in the eastern belt.
In the belt extending through the middle of Loudoun Vallev, phvllitic
arkose predominates over the purely arenaceous phase.

Previous investisators har.e attributed a tuffaceous origin to these:

Figure 12. I-imestone in the Swift Run Formation along the right
bank of Goose Creek 1.2-5 miles east of Carters Bridee.
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Roads 714 and 7+8, 1.4 miles southeast of i\''lountville'

!fil;; i3. Srvift Run lirnestone exposed in Iiglrt-colott'l "-:::t:f "ttt
".'n,., 

of photograph, about 1.1 miles southeast of the ]tlncticn of State

ll

phyllite beds, but the author believes they r'vere formed from mud or

.t 
"t. 

*itt'root, however, ruling out the possibility that some volcanic

material may have been incluled in them' The Srvift Run Formation

in this area ii a sequence of sedimentarY beds which is typical of a trans-

gressive sea environn'rent: coarse clastic materiais grading lrplvard to

irogressively fincr ancl more uniform particle sizes' succeeded bv col-

iola""t-typ. depnsits with included clasiic grains, in turn succeeded by

.h"*ic"f precipitates. The sericite and line-grained clear quarrz afe

the result of metamorphism of potassic clavs' The fact that the lower

sandstones are only tiigndv deiormed and cross-bedding is still pre-

served indicates that tf,ese'beds behaved competently and that most

of the movement was taken uP by the kaolinitic shales,that readilY

lent themselves to stress absorption and wele consequentlY Iecrvstal-

lized.

Catoctin Formation

TheCatoctinFrrrmation,ametabasaltattheloweststagerlfthc
greenschist facies of metamorPhism (Turner and Verhoogen' 1951)

ind called a greenstone in the field, is the most conspicuous rock unit

in this ,r.". -Thr.. 
types of metabasalt are recognizab-le in the field:

massive black metabas.lt, epidosite, and chlorite phvllite'. The most

common type is dark gray or black with a greenish cast; it.is massive

in occurrence, but ..,nlin, pronounced fraciures that cause it to break
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l-igure
center
Roads

ll. Swift Run limestone exposed in light-colored outcroP-near

of photograph, about 1.1 miles southeast of the iunction of Statc

734 andl+g. t.+ miles southeast of A{ountville'

lized.

Catoctin Formation

The catoctin Forn.ration, a metabasalt at the lowest stage of the
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up into large, sharp, angular fragments. .This type occurs in the ex-
trusive portion and forms the large outcrops tlong the ridges; it also
makes up the dikes and isolated blocks within the Marshall gneiss, where
much of it is coarse textured.

The epidosite consists of nodules rich in epidote that produces a

characteristic pistachio-green color in the rock. It is very resistant to
both mechanical and chemical weathering. The .size of these nodules
ranges from a few inches up to masses tens of feet in diameter. After
weathering, they tend to form cobbles and boulders strewn across the
fields and abundant in the stream beds. 'Ilhese nodules occur in zones

within the other two types but are restricted to the effusive, or lava-
flow, portions of the Catoctin Formation and are not present in the
intrusive portions.

The phyllitic form of the Catoctin resembles the sericite phyllite in
the Swift Run Formation. However, in the Catoctin phyllite the
platy mineral is chlorite which, in fresh rock, imparts a dark-green
color. Where the chlorite phyllite is deeply weathered, much of the
green color has been removed, and the resultant rock has a golden
sheen superficially like the weathered sericite phyllites in the Swift
Run Formation. The chlorite phyllites probably represent zones of
maximum stress relief with the resultant mylonitization of the basalt
and chlorite recrystallization. A l0O-foot-thick zone of light-gray
rock, a mylonitized tuff (Figure 14; R-3366, R-3368) of dacitic or
andesitic composition interbedded with Catoctin phyllite, occurs in
a quarry on the north side of Goose Creek along State Road 733

about 1.2 miles northwest of Oatlands (Plate 1, No. 2). This zone can
be traced northeastward for a distance of 1.5 miles along regional
strike.

The different types of metabasalt are expressions of varying ratios
of the component minerals rather than indications of changes in the
constituents themselves. A typical mineral analysis of the massive

metabasalt compared to the epidosite is as follows:

Massive
Metabasalt

Chlorite
Feldspar (albite)
Amphibole (actinolite)
Epidote
Quartz
Specific gravity

30%
) <o/

) lo/'

r0%
lo/J /O

2.96

Epidosite

r0%
3s%
20%
') <o/

<o/J /O

3.26
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Figure 14. Tuff of dacitic or andesitic composition in the Catoctin

Formation exposed in a quarry on the left bank of Goose Creek along

State Road 733, 1.2 miles northwest of Oatlands.

CelnsnreN Rocrs

.i^, Weverton Formation

The Weverton Formation occurs in a narrow belt in the southeast

portion,6f the Lincoln quadrangle where it is jn contact with Triassic
sedimentary rocks along the Bull Run fault and in a wider area along
the northwest slope of the Blue Ridge in the Bluemont quadrangle.

Throughout the area of study, the Weverton directly overlies the

Catoctin Formation. Nickelsen (1956, p. 248-250) has described the

Weverton in the area 
^ 

few miles to the north as consisting of light-
gray to dark bluish-gray quartzites with interbedded phyllites; the
upper part of the formation is cross-bedded and contains conglomeratic
beds. Estimated thickness of the Weverton in the Harpers Ferry area

is about 500 feet.

1.5

Hampton (Harpers) Formation

The F.Iampton (Harpers) Formation is present in the northwestern

ipart of the Bluemont quadrangle on the northwest flank of the Blue
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Figure 14. Tuff of dacitic or andesitic composition in the Catoctin
Formation exposed in a quarry on the left bank of Goose Creek along
State Road 733, 1.2 miles northwest of Oatlands.

ClnrnnreN Rocrs

Weverton Formation

The W-everton Formation occurs in a narrow belt in the southeast

portion,iif the Lincoln quadrangle u.hete it is in contact with Triassic
sedimentary rocks along the Bull Run fault and jn a wider area along
the northwest slope of the BIue Ridge in the Bluemont quadrangle.
Throughout the area of study, the Weverton directly overlies the

Catoctin Formation. Nickelsen (1956, p. 2+8-250) has described the
Weverton in the area a few miles to the north as consisting of light-
gray to dark bluish-gray quartzites with interbedded phyllites; the
upper pert cif the formation is cross-bedded and contains conglomeratic
beds. Estimated thickness of the \,Veverton in the Harpers Ferrv area

is about 500 feet.

Hampton (Harpers) Formation

' The Hampton (Harpers) Formation is present in the northwestern

,parq of the Bluemont quadrangle on the northwest flank of the Blue

l_1
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Ridge. This formation-'f,ii,l..n Jesciibea by Nickelsen (1956, p.
250-251) as containing light-gray to greenish-gray phyllite interbedded
ytt! tnjl hyers of fine-grained quarizite, some of -hi"h is calcareous.
In the Harpers Ferry area,'thickness of the formation is estimated to
be I 500 to 2000 feet.

Errvin (Antietam) Formadon

A small area thar contains outcrops of Erwin (Antietam) Forma-

ltgn- 
ir- present in the northwest .orri, of thc Bluemont quadrangle.

Nickelsen (-1956, p. 25r) noted that this formation is predominantly-an
interbeddrd sequence of white, fine-grained quartziie and somewhat
darker silty phyllite or sericitic quaitzite.

Tnrnssrc Rocxs

Dikes of unaltered basalt are sporadically distributed throughout
the area and intersect the Marshall, Swift Run, and Catoctin forma-
tions. They are referred to Triassic time on the assumption that they
are contemporary with the extensive flows, sills, and dikes of basalt in
the Newark Group which occur along the eastern margin of catoctin
Mountain. In the field, these dense black dikes vary in texture from
aphanitic to diabasic, depending upon the thickness of the intrusion.

!n places, the basalt has intruded the Marshall gneiss along minute
fractures less than an inch wide; at other sites thJ dikes ar" io to 100
feet wide. Some of the more conspicuous hills within Loudoun vailey
owe their existence to the erosional resistance of closely spaced parallil
basalt dikes, for example, an unnamed hill between the iown of iincorn
and Guinea Bridge and Round Top, at the northern edge of the
Bluemont quadrangle (Plate 1). This resistance to erosion is due to
the fact that the basalt was intruded subsequent to the folding of the
Blue Ridge-Catoctin ,Mountain anticlinorium, and was thereiore not
subject to the stresses that produced the cleavage in the older rocks.
The dikes are lenticular, and cannot be traced for more than a thousand
feet; however, trends can be discerned over much greater distances.
Although these Triassic dikes are not shown on the geologic map, they
are readily distinguished in the field from the catoctin metabaialt by
the way in which the boulders or outcrops weather. The Triassic
malerlal develops into spherical exfoliation forms, and the soil is bright
red. Boulders are extremely resistant to the hammer, in contrast to
the metabasalt which breaks easily along parallel cleavage planes. The
dikes, which have a northeasterly trend, resulted from the fiiling in
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of tension cracks developed by normal faulting associated with Triassic
diastrophism. These faults are parallel ro the plane of the cleavage
axes and the similar-fold axes developed during the Paleozoic orogeny,
and have southeasterly dips of about 45 degrees.

Sedimentary rocks of Triassic age, mainly sandstones and con-
glomerates, are present in the southeast portion of the Lincoln quad-
rangle. Descriptions of these rock types as they occur in the Leesburg
quadrangle to the east have been given by Toewe (1966, p. 5-8).

STRUCTURAL GEOLOGY

The Blue Ridge-Catoctin i\4ountain anticlinorium may be en-
visioned as one major fold about 8 miles wide upon which is imposed
a set of second-order folds 100 to 1000 feet wide, and on these still
further orders of folding,,each successively smaller. Initially, the fold-
ing may have begun as broad isoclinal folds brought about by gravi-
tational sliding down the sides of a geosyncline. Subsequently, lateral
compressive forces were applied from the east, resulting in an accentua-
tion of the original folds and the development of accordion folds and
overturning. This was followed by the initiation of lamellar flow with
its concomitant growth of micas. Some rocks were able to compen-
sdte for the increasing pressure by recrystallization and mobilization;
others of a more brittle nature were ruptured and overthrust upon
them. The maior folds generally strike N.20" E. as indicated by the
Blue Ridge itself. Along rhe eastern base of the Blue Ridge, dips of
the cleavage planes in the Swift Run phyllites are modified to cor-
rgqpond with a set of folds whose axes strike N.20'W., or about 40
degrees from the regional trend, and ar one locality the lineation of the
gneiss has been rotated.

Short Hill, a few miles north of the Bluemont quadrangle, was
described by Nickelsen (1956) as a downdropped area containing the
same sequences of rocks in the same attitudes as the Blue Ridge, and
bounded on the west side by a normal fault. This fault can be traced
southward into the Bluemont quadrangle where it forms the western
boundary of a mass of Catoctin greenstone as far south as Black Oak
Ridge. Farther southward the presence of the fault is indicated by
zones of mylonite and phyllonite gneiss and a narrow elongate area

of Swift Run metasedimentary rocks which extends to the southern
boundary of the quadrangle. It is estimated that the dip of the fault
plane may be as much as 45 degrees to the east. The effect of this
fault, which is downthrown to the east, was to drop the crest of the



18 Vrncralre DrvrsroN oF MTNERAL RpsouncpS

anticlinorium to a much lower level and move it easrward. This ac-
counts for the preservation of narrow infolds of younger rock within
the Marshall gneiss on the east side. In contrast, the area immediately
west of this fault is underlain by deeper levels of the basement rock.
It may be that this fault is related ro rhe Bull Run fault which forms
the boundary between the Weverton Formation and Triassic rocks in
the southeast corner of the Lincoln quadrangle and extends for many
miles both to the north and south. 'Ihe Bull Run fault is thought to
have a vertical displacement of t0,000 feet or more, and the throw
of this fault appears to be of rhe same order of magnitude.

Although the various formations are mappable as rock units, they
are a tightly folded and much distorted series of beds with greatly
thickened vertical profile. It is the author's belief that the key to
understanding the folm in which the deformation of this sequence
evolved during Paleozoic time is the Catoctin dike swarms that so
completely permeated the earlier rock. During the subsequent folding,
these dikes behaved as incompetent members where they were adiacent
to gneiss, but as competent members where associated with some of
the sedimentary rocks. The fact rhat the basalts were strongly folded,
yet only metamorphosed to the lowest level of the greenschist stage,
indicates that the rocks were subiect ro inrense stress with little in-
crease in temperature. It is believed that, because the mineral compo-
sition of basalt is more readily recrystallized than that of gneiss, the
basalt behaved with grearer mobility under stress and that the more
brittle gneiss was foiced into the iores of folds by means of small
imbricate'faults and by crushing.

In the light of the interpretation of rhe strucrure presented in this
report, .it may be possible to re-examine some of the areas previously
mapped and find that what had been considered outliers of phyllite
resting on Catoctin are, in fact, inliers of Swift Run forming the cores
of anticlines with limbs of Catoctin, or in other instances, Swift Run
sedimentary rocks intruded by large dikes or sills of Catoctin basalts.

GEOLOGIC HISTORY

It is thought that the Marshall Formation, the oldest unit in this
area, developed by the gneissification of pre-existing sedimentary rocks
and their incorporation into the basement complex. This process en-
tailed deep burial; increased temperature, and dynamic srresses. A few
outcrops on th,e .west-central side of Loudoun Valley exhibit lit-par-lit
injection and ptygmatic folding, suggesting deep burial and tempera-
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tures permitting plastic deformation. Fracruring of the rock permitted
intrusion of narrow pegmatites and the development of a system of blue
gvartz veins. In the western portion of Loudoun Valley some outcroPs
contain intricate, small-scale fracture systems that trend north-south
and indicate small incremental rightJateral movements.

The next tectonic event raised these deep-seated rocks to the sur-
face and exposed them to erosion. Fluviatile deposits derived from the
crystalline basement filled regions of low relief. Quartz and feldspar
grains from the gneiss and masses of the gneiss itself were the products
of predominantly mechanical rather than chemical disintegration. The
resultant gray arkosic sandstones and conglomerates that constitute the
Swift Run Formation imply quick removal and burial. Thick beds of
poorly sorted, coarse-grained, clastic material give way to cross-bedded
sandstone and are in turn overlain by fine-grained, well-sorted platy
beds of sandstone, indicating rapid encroachment of the sea. The area

then subsided beneath the sea, resulting in the deposition of clastic
sediments, colloidal deposits, and, ultimately, chemical precipitates in
the form of marl or calcareous ooze. If deep subsidence were not in-
volved, at least the shoreline migrated some distance away, to bring
about this sedimentary progression.

The next major event occurred during this episode of subsidence
of the crust and deposition of mud. Faulting, associated with the down-
warping of the crust, produced cracks that permitted entry of basalt.

Swarms of basalt dikes permeated the gneissic basement and overlying
sedimentary rocks, filling ioints and fissures opened by the tensional
stresses. Sharp borders of the basalt in contact with gneiss indicate
little chemical interaction. These Catoctin feeder dikes allowed tre-
mendous volumes of basalt to flow out over the surface beneath the
sea and accumulate to thicknesses estimated to be up to 1000 feet.

About a hundred feet of sediments consisting mostly of pure
quartz sands, now represented by the quartzites in the Weverton For-
mation, were deposited on top of the lava flows. This was followed by
deposition of mud, silt, and sand of the Hampton (Harpers) Formation,
and then by the sand of the Erwin (Antietam) Formation. If younger
Paleozoic sediments were deposited in the area, they have been re-
moved by erosion.

Due to the extensive folding and faulting of the rocks in this area,
it was not possible to ascertain whether one rock unit succeeded another
without interruption or if large intervals of time occurred between
periods of deposition, with possible uplift and erosion. No evidence
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of 'unconformities was found, and the sequence of sedimentation seems
normal for an encroaching sea with coniinuoos deposition.

,'In late Paleozoic time, horizontal forces from the southeasr pro-
duced compressional stresses in the rock units in this area. To com-
Pensate for the stresses, the more competent rocks underwent fractur-
ing and_faulting; the less compere.rc on., were subject to flowage. The
essentially horizontal stresses from the southeast produced a laminar
flou'to the northwest at an angle of approximate$ 45 degrees to the
horizontal. The concordant planes of trre fold axes, the- schistosity,
and the associated fracture system are the result of these stresses.

During Triassic time, normal faults, downthrown to the east and
trending northeasrward, developed in the area. Associated with this
structural movement was the emplacement of numerous basalt dikes
along openings caused by the tensional stresses. Basins formed along
the downthrown sides of the normal faults, and clastic sediments were
deposited in them.

ECONOMIC GEOLOGY

Gneiss, alaskite, greenstone, and Triassic graywacke have been
quarried for road meral, although none is currentiy being produced.
The locations of these quarries are shown on plate i. In Jariier times,
numerous small masses of swift Run limestone were quarried. and the
rock was burned for the production of lime.

White, pink, and green marble was produced at a site (plate I,
No. 3; R-3,f37) located on Goose Creek 0.3 mile easr of Zion Church.
Some of the iimestone contains minerals formed by the interaction
with Catoctin basalt. I]nfortunare)y, the site is only a few hundred
feet from the bank of Goose creek and only a few feet above the warer
level. These factors, combined wirh the irregular distribution and
limited areal exrent of the material, have limited its development.
Quarrying operations were intermittent in the early 1900's; the most
recent attempt to use the marble was made in the late 1940's to crush
the rock for terrazzo, but this enterprise was not successful.
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