science for a changing world

Geologic Map of Loudoun County, Virginia

By Scott Southworth, William C. Burton,
J. Stephen Schindler, and Albert J. Froelich

Pamphlet to accompany

Geologic Investigations Series Map [-2553

2006

U.S. Department of the Interior
U.S. Geological Survey



U.S. Department of the Interior
Dirk Kempthorne, Secretary

U.S. Geological Survey
P. Patrick Leahy, Acting Director

U.S. Geological Survey, Reston, Virginia: 2006
Revised: 2007

Cover: Color-shaded-relief image of Loudoun County, Va. (except the Dulles Airport area),
showing high topographic elevations in shades of red and low topographic elevations in shades
of blue. The hillshade is illuminated from the east. The highest elevation is 1,920 ft above sea
level on Blue Ridge at the southwestern part of the county, and the lowest elevation is 180 ft
above sea level along the Potomac River at the easternmost part of the county. The higher
elevation region of the Blue Ridge province, in contrast to the lower elevation region of the
Piedmont province in the eastern half of the county, is a function of rock hardness and different
erosion histories. Image produced by Kerry Langueux and David L. Daniels, USGS, using 5-ft-
contour-interval topographic data from the Loudoun County Office of Mapping and Geographic
Information, Leesburg, Va.

For product and ordering information:
World Wide Web: http://www.usgs.gov/pubprod
Telephone: 1-888-ASK-USGS

For more information on the USGS--the Federal source for science about the Earth, its natural and living resources,
natural hazards, and the environment:

World Wide Web: http://www.usgs.gov

Telephone: 1-888-ASK-USGS

Any use of trade, product, or firm names is for descriptive purposes only and does not imply endorsement by the
U.S. Government.

Although this report is in the public domain, permission must be secured from the individual copyright owners to
reproduce any copyrighted materials contained within this report.

Suggested citation:
Southwaorth, Scott, Burton, W.C., Schindler, J.S., and Froelich, A.J., 2006, Geologic map of Loudoun County, Virginia:
U.S. Geological Survey Geologic Investigations Series Map 1-2553, scale 1:50,000.

ISBN 1-411-30968-5 @ Printed on recycled paper



Contents

T (oo U4 (T ]3O 1
=0 FoT o TR u T OO 1
ACKNOWIEAGMENTS ...t s st s st s st st enas 1
BlUE RIAGE PrOVINCE ....vieectcctcec ettt s bbb bbb 1
Mesoproterozoic Basement ROCKS ...t ssnsessesnnenns 1
NONGraNItic ROCKS ....cvvucveiiicisicisscese sttt 2
Granitic Gneiss and MEetagranite ..o essessssssss s sssssses 3
Eastern Blue Ridge UNItS ... sssssessssssssssssssssssssssesssens 3
Western Blue Ridge UNILS ......c.ocueiciricnceseeseeisessssessse s ssssssssssnns 3
Mesoproterozoic Metamorphism and Deformation ... 5
Monazite U-Pb Ages from Mesoproterozoic ROCKS .......cccocveeeereerrenesensenseneneseneesesneseeneens 5
Summary of Mesoproterozoic Geologic EVENtS ..........cccveuveeeececeiscseeecee et 7
Late Proterozoic Granite
Late Proteroz0iC DIKES ....occcrrerieeeireirrie ettt ssss st ssses st sssessessssnsessessnsnns
Dike COMPOSITION .eccuvcictecectct ettt bbb 8
Dike Orientation and DENSITY .......ccceeeeercenrereieieeissiseise s s ssesssss s ssees 8
Geochemical Relation of Metadiabase Dikes to Metabasalt
of the Catoctin FOrMatioN........cc.ceirereercrerresseessese e eeseenenns 9
U-Pb Age of RNYOIIte DIKE .....c.cveececrcreecc ettt 9
Late Proterozoic Metasedimentary and Metavolcanic ROCksS........ooinriineninicncncncns 9
FaUQUIET FOMMATION ..ottt enssnnens
Swift Run Formation
CatoCtin FOrMALiON ...ttt
Age of the Catoctin FOrMation ... ssseessesssssseens 22
Paleozoic Rocks of the Blue Ridge AntiClinOrium ........ccccuvcueeeeecrieenereeceeceesee e 22
Loudoun FOrMAtioN ..ottt 23
WEVEItON FOIMAtioN......cc.ovreeeeecireeseee ettt esse st sesesssssnssssesssssnssnsesaes 23
Harpers FOrMAtioNn ..ottt 23
ANLIETAM QUATZITE ..cvocvecectecteccec ettt bbb bbb bbb es b b s senans 23
CarbonaCEOUS PRYIIIEE ...ttt eesesnssnsensnes 24
TOMSTOWN FOMMALION ...ttt 24
Frederick LIMESTONE ......c.cvicece ettt 24
Lo 1= 04 T Lo U (1 - OO 24
Fi Folds @nd S; ClEaVAQEe. ..ottt 24
F, FOIAS @Nd S, CIBAVAGE. ...ttt ittt st 24
Faults...ocoveeveereereeeeenen,
Paleozoic Metamorphism
“Ar/®Ar Dating of Metamorphic FADIIC .......vv...eeeeeeeeeeeeseeeeeeeeeseneeeessesseeesssssseeessesssssesesssssens 25
PIEAMONT PrOVINCE.....cucvcviectcte ettt ettt bbbt bbb bbb a b s 26

L0100 F Lo LT 4 -1 - T 26



Mesozoic Rocks of the Lower CUIPEPEr GrOUP ....ceceeereererrereereeeseeseeseeesesseseseesseseeseseeseesssseenenes 26
Manassas SANASTONE ......c.ccvvueeereeeieeeecre e st enaen 26
RESTON MEBMDET ...t 26
Po0IESVIllE MEMDET ...ttt 26
Balls BIUf SIESTONE ....ucveveeciceceeeseectsceec ettt enaen 26
LeeShUIG MEMDBET ...ttt 26
Fluvial and Deltaic Sandstone and Siltstone Member ........ccovvoenrneveiecennnnnenne 26
Lacustrine Shale and Siltstone Member ... 27
Catharpin Creek FOrMation ...ttt
Mesozoic Rocks of the Upper Culpeper Group
Mount Zion Church Basalt ..ot sesaes
Midland FOrMation........ccccieiiicieccsee ettt
HICKOry Grove Basall.. ...ttt senen
Turkey RUN FOrMAtioN... oottt esse s snsenans
SANAET BASAIT ..ottt bbb saen
Thermally MetamorphoSed ROCKS ..ot esesseseenes
Diabase Dikes and Sheets ....

Cen0z0iC SUIiCIal DBPOSILS ..ottt
TOITACES ottt bbb bbb sttt bbbt

T €T 117 TP
COMUVIUM oottt

ATUVIUM ottt ettt st bbbt b bbbt s
ABTOMAGNETIC SUINVBY...cuiueieectsieeicie et s st s e a b s st n s
INETOUCTION. ettt ettt
Data REAUCHION ...ttt

The Color-Shaded-Relief Map.......
Correlation of Aeromagnetic Anomalies With GEOIOGY .....c.couueveeerrrreenreneirereeeeese e 30
RETEIENCES CIBM......ucecvictecctecte ettt bbb bbbt 30

Figures
[On map sheet]

1. Map showing general geologic provinces and prominent geologic features of the area
of and surrounding Loudoun County, Va.

2. Ternary diagrams showing quartz-alkali feldspar-plagioclase and normative feldspar of
representative samples of the granitoid rocks in Loudoun County, Va.

3. Graphed equal-area projections (Schmidt net) of structural data of rocks in Loudoun
County, Va.

4. Geochemical diagrams of the three types of metadiabase dikes in comparison with
metabasalt of the Catoctin Formation

5. Color-shaded-relief aeromagnetic image of the Lincoln and most of the Bluemont
7.5-min quadrangles showing general geologic contacts



Tables

1. Point-count modes of representative samples of some Mesoproterozoic lithologies

IN LOUAOUN COUNLY, V...t sss st sss st sssesss s ssssessessnsnns 2
2. Major element geochemical analyses and calculated norms of Mesoproterozoic
TOCKS. weueuetreeeen et eeaeesee et ess et se et s bR bR bbb R bbbttt 4
3. Ages related to intrusion of igNeOUS FOCKS. .....ocuceeririerecer e 6
Major and minor element geochemical analyses of Late Proterozoic metadiabase
QIKE S, ettt ettt s bbbt 10

5. Major and minor element geochemical analyses of Late Proterozoic metabasalt of
the Catoctin Formation

Conversion Factors

Multiply By To obtain
inch (in) 2.54 centimeter (cm)
foot (ft) 0.3048 meter (m)

mile (mi) 1.609 kilometer (km)







Geologic Map of Loudoun County, Virginia

By Scott Southworth, William C. Burton, J. Stephen Schindler, and Albert J. Froelich

Introduction

The geology of Loudoun County, Va., was mapped from
1988 through 1991 under a cooperative agreement between
the U.S. Geological Survey (USGS) and the Loudoun County
Office of Mapping and Geographic Information. This geologic
map was compiled in 1993 from a series of detailed published
and unpublished field investigations at scales of 1:12,000 and
1:24,000. Some of these same data were compiled as a digital
geologic map at 1:100,000 scale (Burton and others, 1992a)
and were the basis for a cost-benefit analysis of the societal
value of geologic maps (Bernknopf and others, 1993).

Geologic Setting

Loudoun County is underlain by rocks of two major physio-
graphic provinces (fig. 1, on map sheet), the Blue Ridge province
to the west and the Piedmont province to the east. Mesoprotero-
zoic to Early Cambrian rocks underlie the Blue Ridge province
as part of the Blue Ridge anticlinorium, a large, allochthonous
fold that probably formed during the Paleozoic Alleghanian
orogeny. The Blue Ridge anticlinorium is cored by high-grade
Mesoproterozoic paragneiss and granitic gneisses, deformed and
metamorphosed during the Grenville orogeny. Unconformable
upon the basement gneisses is a cover sequence of Late Pro-
terozoic to Early Cambrian metasedimentary and metavolcanic
rocks. Late Proterozoic granite and a swarm of Late Proterozoic
metadiabase and lesser metarhyolite dikes intruded the basement
gneisses during continental rifting of Laurentia (North America)
that resulted in the opening of the Iapetus Ocean (Rankin, 1975).
These rocks were deformed and metamorphosed to greenschist
facies during the Paleozoic Alleghanian orogeny. Rocks of the
Piedmont province are predominantly Triassic and Jurassic strata
of the Mesozoic Culpeper basin that are in contact with the east
limb of the Blue Ridge anticlinorium along a major normal fault
(fig. 1). Late Proterozoic to Early Cambrian metasedimentary
rocks of the Potomac terrane (Drake and Morgan, 1981; Horton
and others, 1989), exposed in the extreme northeastern corner of
the county, accreted to Laurentia in the Taconian orogeny along
the Pleasant Grove fault. Sedimentary and igneous rocks of the
Culpeper basin accumulated during Mesozoic continental rifting
that resulted in the opening of the Atlantic Ocean. Therefore the

rocks of Loudoun County record a sequential tectonic history of
orogeny (Mesoproterozoic Grenvillian), continental rifting (Late
Proterozoic Iapetan), the transition from rift to passive continental
margin (Early Cambrian), orogenic accretion and deformation
(Middle Ordovician Taconian and late Paleozoic Alleghanian), and
continental rifting (Triassic and Jurassic) and reflects several Wil-
son Cycles of opening and closing ocean basins (Wilson, 1966).
Cenozoic deposits that overlie the bedrock include ter-
races, lag gravels, colluvium, and alluvium. Terrace deposits of
the ancestral Potomac River overlie Triassic sedimentary rocks
as much as 235 ft above the present-day Potomac. Isolated
lag gravel deposits superficially resemble terrace deposits but
actually result from in situ weathering of Triassic and Jurassic
conglomerates. Colluvium of boulders and cobbles mantles the
high ground of the county, and thick concentrations are found
in hillslope depressions on Blue Ridge, Short Hill, and Catoctin
Mountains (Jacobson and others, 1990). Alluvium underlies the
flood plains of the Potomac River and its tributaries.
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Blue Ridge Province

Mesoproterozoic Basement Rocks

The Mesoproterozoic rocks that compose the core of the
Blue Ridge anticlinorium consist of weakly to strongly foli-
ated gneisses that exhibit high-grade metamorphic textures.
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The gneisses can be divided lithologically into two groups, gra-
nitic gneisses and nongranitic gneisses. Moderately to strongly
foliated granitic gneiss and weakly to moderately foliated meta-
granite compose over 90 percent by volume of the Mesopro-
terozoic basement. The volumetrically minor nongranitic lithic
types include quartzite and quartz tectonite (Yq), paragneiss (Yp),
metanorite and metadiorite (Yn), and quartz-plagioclase gneiss
(Ygp). Protoliths of the quartzite, paragneiss, and metanorite are
considered to be pregranitic (Burton and Southworth, 1993).
Pyroxene-bearing granite or charnockite (Yc) also is found.
Point-count modes of representative samples of some Meso-
proterozoic lithologies are shown in table 1, and major element
chemical analyses and calculated norms of some of the base-
ment units are shown in table 2. Representative samples of the
granitoid rocks (granitic gneiss plus quartz-plagioclase gneiss,
metanorite, and charnockite) are plotted on a modal QAP dia-
gram (fig. 2A, on map sheet). The granitoid rocks in table 2 are
plotted on an An-Ab-Or diagram (fig. 2B, on map sheet).

Nongranitic Rocks

The Mesoproterozoic rocks include several units of prob-
able sedimentary and igneous origin. These units occur as elon-
gate lenses and layers within the voluminous granitic gneisses
and may represent remnants of the country rock that existed
prior to granitic intrusion (Burton and Southworth, 1993). The
most distinctive, yet very poorly exposed, of these rocks is a

graphite-bearing, garnet-rich paragneiss (Yp, table 1). It is dis-
tinctively rusty weathering and contains a strong Mesoprotero-
zoic gneissosity defined by alternating quartz-plagioclase- and
garnet-biotite-rich zones. Graphite generally occurs as evenly
disseminated flakes less than 0.5 inch (in) across. The amount
of garnet is highly variable and can range up to 25 percent. The
mineralogy of the rusty paragneiss suggests that its protolith
was an impure sandstone or graywacke (Burton and South-
worth, 1993). The high silica content of the two paragneiss sam-
ples (table 2, sample nos. BR—660 and P41) is consistent with a
metasedimentary origin. This unit resembles the Border Gneiss
of Hillhouse (1960) in the central Virginia Blue Ridge, which
is also garnet- and graphite-bearing, as described by Sinha and
Bartholomew (1984) and Herz and Force (1984). Graphite-bear-
ing, garnet-rich paragneiss can best be seen in a silage trench
east of Airmont (Southworth, 1994) and along Catoctin Creek
(Burton and others, 1995).
Hornblende-orthopyroxene-plagioclase gneiss or meta-
norite (Yn, table 1) is a spotted, medium- to coarse-grained,
massive to locally well-foliated rock, in which orthopyroxene is
the dominant mafic mineral while brown hornblende is second-
ary. Subordinate phases of this rock (undifferentiated on the
map) are hornblende-biotite gneiss and amphibolite. These
mafic rocks may have originated as dikes, sills, or flows within
the original sedimentary terrane (Burton and Southworth, 1993).
Two geochemical analyses of metanorite (table 2, sample nos.
BR-602A and BR-1388) indicate diabase to diorite composi-

Table 1. Point-count modes of representative samples of some Mesoproterozoic lithologies in Loudoun County, Va.
[In percent. tr, trace; —, no data]
Map symbol >— Yp Yn Yqp Ye Ygt Yg Yhg Yhm
Sample no. >— BR-595 BR-602A BR-36 B10 340 cut BR-11 BR-554 PM
Quartz 30 — 24 5 28 35 33 15
Plagioclase 43 58 45 65 28 22 23 23
Microcline (perthite) — — — 10 40 39 19 38
Biotite 1 — 14 — — 3 14 —
Garnet 5 — — — 5 — — —
Graphite 3 — — — — — — —
Orthopyroxene — 35 — 15 — — — —
Hornblende — 5 — 5 — — — 23
Ilmenite/sphene — 1 2 — — tr tr —
Apatite — tr tr — — — — —
Chlorite' 15 — — — — — — —
Clinozoisite/epidote 1 1 7 — — — 2 —
Muscovite 1 — 8 — — 1 8 —
Rutile/sphene 2 — — — — — — —
Total, in percent 101 100 100 100 101 100 99 929
Total counts 537 508 571 340 563 592 556 316

'Secondary after garnet.

*Secondary after plagioclase.



tions. Metanorite can be seen near Milltown (Burton and others,
1995) and northwest of Morrisonville (Southworth, 1995).
North of Middleburg, the body of metanorite is a pluton that
contains metaperidotite, metagabbro, and metapyroxenite (Kline
and others, 1994).

Quartzite and quartz tectonite (Yq) are gray to white, mas-
sive and fine-grained, and contain rounded grains of quartz and
zircon. The quartzite lacks primary sedimentary structures and
Grenville foliation but has a locally developed cleavage. The
tan- to gray-weathering quartz tectonite is strongly cleaved and
has white augen of recrystallized quartz, gray to black seams of
carbonaceous phyllonite, and mappable internal pods of garnet-
graphite paragneiss (Yp). Despite the lack of primary structures
in these rocks, their spatial association with paragneiss suggests
a sedimentary origin. Quartz tectonite can be seen east of Wil-
lisville (Southworth, 1994).

Quartz-plagioclase gneiss (Ygp) is restricted to the north-
eastern portion of the core of Mesoproterozoic rocks as narrow
lenses within leucocratic metagranite (Yg) and biotite granite
gneiss (Ybg). It is a white- and gray-weathering felsic rock that
ranges from massive to well-foliated and has varying amounts
of biotite and little or no potassium feldspar. This unit also
is found to the north in Maryland where it has a U-Pb age of
about 1,077+4 million years ago (Ma) (table 3, sample no. 11);
this age is similar to that of the surrounding Group 3 granitic
gneisses (table 3, sample nos. 9 and 10) and may have been
derived through partial melting of a basaltic (Barker and Arth,
1976) or dacitic (Puffer and Volkert, 1991) protolith. Quartz-
plagioclase gneiss can be seen west of Taylorstown (Burton and
others, 1995).

Granitic Gneiss and Metagranite

Nine types of granitic rock are mapped on the basis of
appearance, mineralogy, crosscutting relations, and isotopic
age (table 3). With one exception biotite is the dominant mafic
mineral, and some are very leucocratic in places. All of the gra-
nitic rocks are peraluminous except for hornblende monzonite
gneiss (Yhm). Different types predominate west (western Blue
Ridge) and east (eastern Blue Ridge) of the Short Hill fault.
The granitic gneisses are divided into three groups on the basis
of isotopic age (table 3) (Aleinikoff and others, 1993; Burton
and others, 1994) and are, from oldest to youngest: Group 1
(1,153-1,140 Ma), Group 2 (1,112-1,111 Ma), and Group 3
(1,077-1,055 Ma).

Eastern Blue Ridge Units

Six types of granitic rock are mapped east of the Short Hill
fault. The Marshall Metagranite (Ym) (Jonas, 1928; Espenshade,
1986) is the most common and is one of the Group 2 granites
(table 3, sample nos. 12 and 13). It is a pink-weathering, weakly
to moderately foliated, medium-grained biotite granite gneiss;
biotite content ranges from 10 to 15 percent. The Marshall
Metagranite can be seen along Goose Creek south of Leith-
town. Biotite granite gneiss (Ybg) also has been mapped north

Blue Ridge Province 3

to the Potomac River but is distinguished from the Marshall
Metagranite on the basis of isotopic age (table 3, sample no.

7). Leucocratic metagranite (Yg) and garnetiferous leucocratic
metagranite (Ygt), both Group 3 gneisses (table 3, sample nos. 9
and 10), are white-, light-gray-, or cream-weathering, medium-
to medium-fine-grained, and massive to moderately foliated.
They are differentiated primarily on the presence or absence of
almandine garnet (table 1). The leucocratic metagranite is well
exposed along the bluffs of the Potomac River north of Taylor-
stown (Burton and others, 1995).

Pink leucocratic metagranite (Yml), a Group 3 gneiss (table
3, sample no. 8) whose texture ranges from massive to moder-
ately foliated, has the same pink-weathering aspect and grain
size of the Marshall Metagranite. In contrast to the Marshall
Metagranite, however, its biotite content ranges from 0 to about
10 percent. The map pattern suggests a thick, sill-like body that
was intruded between the Marshall Metagranite and gneisses of
the western Blue Ridge and enclosed a body of coarse-grained
metagranite (Yme). Pink leucocratic metagranite can be seen
along Goose Creek south of St. Louis.

Coarse-grained metagranite (Ymc) has a distinctive texture
consisting of 0.4- to 0.8-in-long, densely packed, white or pink
microcline porphyroblasts and lesser interstitial plagioclase
and distinctive blue quartz. This rock is typically quite mas-
sive showing only a weak Mesoproterozoic foliation of crudely
aligned feldspar porphyroblasts. Coarse-grained metagranite
has yielded a U-Pb age (table 3, sample no. 14) that is older
than those of the adjacent Marshall Metagranite and pink leu-
cocratic metagranite. Coarse-grained metagranite can be seen
near Philomont. Some of these rocks may be equivalent to the
coarse-grained phase of the Marshall Metagranite as mapped to
the south by Espenshade (1986).

Western Blue Ridge Units

Six types of granitic rock are mapped west of the Short
Hill fault. Medium- to coarse-grained, massive to well-foli-
ated quartz-hornblende-orthopyroxene-microcline-plagioclase
rock or charnockite (Yc) is mapped primarily on the basis of
float. It is distinctive in having a greenish-black fresh surface
and a crusty, pitted, orange-yellow weathering rind 0.4 to 0.8 in
thick. Massive charnockite is found as a pod-like body within
well-foliated hornblende monzonite gneiss (Yhm), northwest of
Hillsboro (Southworth, 1995) while to the south, near Route 7,
well-foliated charnockite occurs as linear bodies within various
granitic gneisses (Southworth, 1994). The charnockite may have
formed by the recrystallization of a preexisting hornblende-bear-
ing phase (for example, the granite protolith for the hornblende
monzonite gneiss (Yhm) under dry metamorphic conditions).

Porphyroblastic metagranite (Ypg) weathers yellowish-brown
and consists of ovoid porphyroblasts of microcline 0.4 to 1.2 in. in
diameter in a matrix of finer grained plagioclase and blue quartz.
Biotite is the dominant mafic mineral, and garnet is also locally
common. Despite its coarse grain size this rock is typically well
foliated (table 3, sample nos. 15 and 17). Porphyroblastic meta-
granite can be seen southeast of Round Top (Southworth, 1994).
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Like the other gneisses, layered granitic gneiss (Ylg)
weathers white, gray, or pink and is mostly medium grained
but is distinguished by its variable texture. On an outcrop scale
the textures are well foliated and gneissic, with an ill-defined,
diffuse boundary between the two textural domains. Layered
granitic gneiss may be a migmatite whose origin was perhaps a
layered felsic volcanic rock (table 3, sample no. 19). This unit
is correlated with the Stage Road layered gneiss of the central
Virginia Blue Ridge (Sinha and Bartholomew, 1984). Layered
granitic gneiss can be seen near Bloomfield (Southworth, 1994).

A large area of hornblende monzonite gneiss (Yhm), a gray,
well-foliated rock, also has been mapped west of the Short Hill
fault. Hornblende is the dominant mafic mineral (as much as
30 percent by volume), quartz content is typically only 10 to
20 percent, and microcline is as much as 50 percent by vol-
ume (table 1). Lighter colored, more leucocratic phases also
are found. This type of rock is almost entirely confined to the
western Blue Ridge, but a small body is found east of Hillsboro.
It resembles the well-foliated granulite gneiss of the central Vir-
ginia Blue Ridge (Sinha and Bartholomew, 1984; Evans, 1991)
except that hornblende and not hypersthene is the dominant
mafic mineral. This unit can be seen north of Eubanks.

Two granitic gneisses (Ygt and Ym) that are abundant in
the eastern Blue Ridge also are found in lesser amounts in the
western Blue Ridge. Garnetiferous leucocratic metagranite (Ygt)
occurs both north and south of the main body of hornblende
monzonite gneiss (Yhm) and near the southern edge of Loudoun
County. It can be seen as crosscutting dikes (not shown on map)
in many outcrops of porphyroblastic metagranite (Ypg) (South-
worth, 1994), an intrusive relation that corroborates U-Pb zircon
data (table 3, sample no. 10) and may help to explain U-Pb
monazite data. Garnetiferous leucocratic metagranite (Ygt) can
be seen north of Loudoun Heights (Southworth and Brezinski,
1996). Pink- to orange-weathering biotite granite gneiss occurs
near the town of Round Hill and is considered to be a western
extension of the Marshall Metagranite (Ym).

Mesoproterozoic Metamorphism and Deformation

Although the Mesoproterozoic rocks have been extensively
overprinted by subsequent Paleozoic deformation and low-grade
metamorphism, Mesoproterozoic metamorphic fabrics defined
by high-grade mineral assemblages and ductile structures are
still clearly discernible in many places. These textures are typi-
cally granoblastic with triple-junction grain boundaries defined
by mineral assemblages that are stable at granulite-facies meta-
morphism (for example, orthopyroxene and microcline (Yc) or
orthopyroxene and brown hornblende (Yn)). Grenville structures
seen in outcrop include a foliation defined by platy or tabular
mafic minerals, such as biotite, or, less commonly, hornblende,
and flattened quartz and feldspar grains; layering defined by
concordant thin aplite or pegmatite sills; biotite streaking and
rodded quartz and feldspar; and isoclinal folds in metamorphic
foliation.

The Mesoproterozoic rocks record at least three episodes
of deformation, beginning after the intrusion of the oldest
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(Group 1) granites. A well-developed, northwest-trending
foliation, seen only in the western Blue Ridge and here called
D, (fig. 3A, on map sheet), is found in Group 1 porphyroblastic
metagranite (Ypg) and layered granitic gneiss (Ylg) and prob-
ably also in older hornblende monzonite gneiss (Yhm), but not
in younger Group 2 Marshall Metagranite (Ym). Locally, D,

is truncated by Group 3 garnetiferous leucocratic metagranite
(Ygt). This constrains the age of D, deformation to about 1,118
to 1,110 Ma (Burton and others, 1994). Other Group 2 and
Group 3 granitic gneisses have a weaker, northwest- to north-
east-trending foliation, here called D,, that must have formed
after the intrusion of Group 3 gneisses (<1,055 Ma). D, folia-
tion is locally accompanied by (1) southeast-plunging mineral
streaking in biotite-rich rocks, (2) colinear stretching lineations
in quartz and feldspar, and (3) tight isoclinal to asymmetric,
southeast-plunging sheathlike folds. The D, lineations suggest
tectonic transport to the northwest or southeast. D, deformation
produced broad, northwest-trending folding of D, foliation (fig.
3B, on map sheet) and spreading of the orientations of D, linea-
tions (fig. 3C, on map sheet). Map-scale D, folding is evident
in the broad arch cored by the Marshall Metagranite south

of Lovettsville and the curvilinear foliation pattern north of
Waterford. Dip reversals caused by D, folding are shown by the
west-plunging lineations shown in figure 3C. D, deformation is
possibly also responsible for rare local zones of tight, north-
plunging folds (fig. 3C) as in the small area of layered granitic
gneiss (Ylg) south of Lincoln. Aplites intruding D, folds appear
to be synkinematic and suggest that high-grade metamorphic
conditions were still present in late Grenville time.

Monazite U-Pb Ages from Mesoproterozoic Rocks

Seven monazite ages, ranging from 1,127 to 1,033 Ma, were
obtained from samples of biotite granite gneiss (Ybg), pink leuco-
cratic metagranite (Yml), Marshall Metagranite (Ym), garnetiferous
leucocratic metagranite (Ygt), and porphyroblastic metagranite
(Ypg) (table 3). All of these ages could represent divergent local
cooling ages (times when temperatures dropped below about
720 °C, the lead closure temperature for monazite) after a
regional metamorphic thermal peak before 1,127 Ma. Conversely,
they could represent local thermal resetting of the zircon in a
given intrusive rock by subsequent intrusive events, because three
of the dates are close to the crystallization ages obtained from
zircon in adjacent younger intrusive rocks. The two monazite
ages of 1,106 and 1,060 Ma (table 3, sample nos. (9) and (10)) for
the porphyroblastic metagranite (Ypg) (zircon U-Pb age of 1,144
Ma; table 3, sample no. 17) could record intrusion of the Mar-
shall Metagranite (Ym) and garnetiferous leucocratic metagranite
(Ygt), respectively, which corroborates intrusive relations seen in
the field both in and south of Loudoun County (P.T. Lyttle, oral
commun., 1994). The monazite age of 1,051 Ma (table 3, sample
no. (7)) for the Marshall Metagranite (zircon U-Pb ages of 1,112
and 1,111 Ma; table 3, sample nos. 13 and 12, respectively)
may correspond to the intrusion of biotite granite gneiss (Ybg),
although intrusive contacts between the two units have not been
seen. The youngest ages (1,034 and 1,033 Ma), obtained from
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Table 3. Ages related to intrusion of igneous rocks.

[Ma, million years ago. Samples not from Loudoun County are marked with an asterisk. Hbl, hornblende; WR, whole rock age; Zr, zircon crystallization age; Musc,
muscovite; Phl, phlogopite; Mon, monazite]

Sample no. for

. modal analy-
Sallnple Map Unit Latlt_ude/ Technique Age, in Ma Reference sis (table 1) or
no. symbol longitude .
geochemical
analysis (table 2)
Ages related to intrusion of igneous rocks
1 Jdg  Diabase granophyre 39°04'/77°31" “Ar/°Ar; Hbl 197 Kunk and others (1992).
2 JdI  Diabase granophyre 39°19'/77°41" “Ar/’Ar; Hbl 200 do.
*3 Jdh Diabase 38°46'/77°37" “Ar/’Ar; WR 200.3+1.2 and Sutter (1988).
201.2+1.3
4 Zrd Metarhyolite dike 39°18'/77°35" U-Pb; Zr 571.5+5 Aleinikoft and others
(1995).
5 Zcr Catoctin Formation metarhyolite 39°06'/77°49" U-Pb; Zr 600 do.
tuff
*6 Zrr Robertson River Igneous Suite 38°53'/77°58" U-Pb; Zr 722+3 Tollo and Aleinikoff
granite (1992).
Group 3
7 Ybg  Biotite granite gneiss 39°14'/77°36" U-Pb; Zr 1,055+4 Aleinikoff and others BR-554
(2000).
8 Yml  Pink leucocratic metagranite 38°58'/77°47" U-Pb; Zr 1,059+2 do. WW-29
9 Yg Leucocratic metagranite 39°18'/77°34" U-Pb; Zr 1,060+2 do. BR-11
10 Ygt Garnetiferous leucocratic meta-  39°19'/77°42' U-Pb; Zr ~1,0774 do. 340 cut
granite
*11 Ygp  Quartz-plagioclase gneiss 39°25'/77°33" U-Pb; Zr 1,077+4 do. BR-36
Group 2
12 Ym Marshall Metagranite 38°58'/77°45" U-Pb; Zr 1,111+2 Aleinikoff and others WW-22
(2000).
13 Ym  Marshall Metagranite 38°59'/77°45" U-Pb; Zr 1,112+3 do. Ww-22
Group 1
14 Ymec  Coarse-grained metagranite 39°03'/77°44" U-Pb; Zr ~1,140
15 Ypg  Porphyroblastic metagranite 39°06'/77°47" U-Pb; Zr ~1,140
16 Yhm Hornblende monzonite gneiss 39°10'/77°45" U-Pb; Zr 1,142+11
*17 Ypg  Porphyroblastic metagranite 38°44'/77°59" U-Pb; Zr 1,144+2 J329 and J284
18 Yhm Hornblende monzonite gneiss 39°17'/77°44" U-Pb; Zr 1,149+19 HEF2
*19 Ylg  Layered granitic gneiss 39°57'/77°53" U-Pb; Zr 1,153+6
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[Ma, million years ago. Samples not from Loudoun County are marked with an asterisk. Hbl, hornblende; WR, whole rock age; Zr, zircon crystallization age; Musc,

muscovite; Phl, phlogopite; Mon, monazite]

Sample no. for

. modal analy-
Sallnple Map Unit Latlt_ude/ Technique Age, in Ma Reference sis (table 1) or
no. symbol longitude .
geochemical
analysis (table 2)
Ages related to regional metamorphism or granitic intrusion cooling history
(1) €w  Weverton Formation quartzite 39°15/77°33" “Ar/*Ar; 350 to 300 Burton and others
Musc (1992b).
2) Zcm  Catoctin Formation marble 39°01'/77°40" “Ar/**Ar; Phl Kunk and others (1993).
and
39°15'/77°34'
3) Yc Charnockite 39°17'/77°44" “Ar/*Ar; Hbl  1,000-920, do.
preferred
age
) Yn  Metanorite 39°13'/77°41" “Ar/*Ar; Hbl 998 Kline and others (1994).
and
39°59'/77°43'
5) Ybg  Biotite granite gneiss 39°14'/77°36' U-Pb; Mon 1,033+2 Aleinikoff and others
(2000).
(6) Yml Pink leucocratic metagranite 38°58'/77°47" U-Pb; Mon 1,034+2 do.
@) Ym Marshall Metagranite 38°59'/77°45" U-Pb; Mon 1,051+2 do.
(8) Ygt Garnetiferous leucocratic meta-  39°19'/77°42" U-Pb; Mon 1,070+3 do.
granite
*9) Ypg  Porphyroblastic metagranite 38°44'/77°59" U-Pb; Mon 1,106+1 do.
(10) Ypg  Porphyroblastic metagranite 39°06'/77°47" U-Pb; Mon 1,127+1 and do.
1,060x1

'Sample locations are shown on map sheet (fig. 1 and the map).

pink leucocratic metagranite (Yml) and biotite granite gneiss (Ybg),
respectively (table 3, sample nos. (6) and (5)), may represent final
cooling from regional metamorphism. However, the existence of
monazites with preserved older ages indicates that there was no
regional thermal event with temperatures greater than 720 °C that
affected all of these rocks in late Grenville time and that intrusion
and deformation of Group 2 and Group 3 granites occurred within
a temperature interval defined by the minimum melt temperature
for water-saturated rocks and the closure temperature of monazite
(~650 to 720 °C).

Hornblende-bearing gneisses (Yc, Yn) were analyzed to
obtain hornblende cooling ages by the “’Ar/*’Ar technique (table
3, sample nos. (3) and (4)). The resulting spectra are all discor-
dant but suggest cooling ages in the range of 1,000 to 920 Ma
(Kunk and others, 1993). A 998-Ma cooling age for igneous
hornblende of the metanorite (Yn on the map) north of Middle-
burg was reported by Kline and others (1994). This age range
represents the period in which regional temperatures fell below
about 500 °C (argon closure temperature for hornblende) at the

end of the Grenville orogeny. Therefore 1 Ga can be consid-
ered to be a minimum age for development of Mesoproterozoic
structures and mineral assemblages in the northern Blue Ridge
anticlinorium.

Summary of Mesoproterozoic Geologic Events

Isotopic and structural data from the Mesoproterozoic
rocks record a rich history of plutonism, deformation, and
metamorphism in the period from 1,153 to about 1,000 Ma, a
span of more than 150 million years (Burton and Southworth,
2004). At least three episodes of granitic intrusion and crystal-
lization occurred beginning around 1,144 Ma, accompanied
and followed by several episodes of deformation that produced
ductile folds and regional foliations and lineations. The defor-
mation and accompanying metamorphic recrystallization ended
no earlier than about 1,033 Ma, the crystallization age of biotite
granite gneiss (Ybg), which has a well-developed foliation, linea-
tions, and folds. Rare, late undeformed pegmatites cut these
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structures and thus are younger. Grenvillian activity ceased by
about 1,000 Ma, at which time temperatures dropped below
about 500 °C, the argon closure temperature for hornblende.

Late Proterozoic Granite

In the extreme southwestern corner of the county a
body of granite marks the northernmost termination of the
Robertson River Igneous Suite, a narrow, 70-mile (mi)-long,
northeast-trending belt of Late Proterozoic granitic rocks.
The Robertson River Igneous Suite has been subdivided into
nine units of peralkaline to metaluminous granite and syenite
(Tollo and others, 1991; Tollo and Lowe, 1994). The granite
exposed in Loudoun County is part of the Cobbler Mountain
Alkali Feldspar Quartz Syenite (Zrr). The syenite is composed
of stubby, euhedral mesoperthite crystals 0.04 to 0.08 in. in
diameter intergrown with anhedral quartz and minor intersti-
tial plagioclase, in addition to a mafic phase (amphibole?) that
has been broken down into quartz, plagioclase, and magnetite.
In outcrop it is a distinctive, medium- to coarse-grained, mas-
sive rock in which the perthite crystals are conspicuous on the
tan-weathered surface. It has been dated as Late Proterozoic in
age (~722 Ma) (table 3, sample no. 6) and lacks the Grenville
foliation of the surrounding basement gneisses. The rocks of
the Robertson River Igneous Suite have compositions typi-
cal of anorogenic granites (Tollo and others, 1991); they may
represent an older stage of lapetan rifting that also produced
the felsic volcanic rocks of the Mount Rogers Formation of
southwestern Virginia, the Crossnore Complex of central Vir-
ginia, and the Bakersville Gabbro of North Carolina (Rankin
and others, 1989).

Late Proterozoic Dikes

Intruding the Mesoproterozoic and Late Proterozoic granitic
rocks is a northeast-trending swarm of tabular dikes (Zmd) that
commonly range in width from a few inches to tens of feet and
are diabase (greenstone) in composition. The dikes were exten-
sively recrystallized and deformed in varying degrees during the
Paleozoic deformation that produced the Blue Ridge anticlino-
rium. They can be grouped texturally and compositionally into
three types in descending abundance: fine-grained metadiabase
(by far the most common type) and coarse-grained and porphy-
ritic metadiabase (both mapped as Zmd) and metarhyolite (Zrd).
The bimodal nature of the compositions of the dikes suggests
that they were feeders to the overlying rocks of the Catoctin
Formation, which consists of voluminous metabasalts and minor
metarhyolites—a conclusion reached by many workers (for
example, Stose and Stose, 1946; Reed, 1955; Nickelsen, 1956;
Espenshade, 1986; Southworth, 1991; Burton and others, 1995).

Dike Composition

The fine-grained, dark-green-weathering metadiabase dikes
(Zmd) are primarily composed of chlorite, epidote, and altered

plagioclase (albite). Greenish-brown biotite, stilpnomelane,
and pale-green amphibole (actinolite) in tabular or needle form
also are found. This mineral assemblage is typical for a rock
of basaltic composition that was metamorphosed under lower
greenschist-facies conditions. Paleozoic cleavage, defined by
chlorite and muscovite, is weakly to strongly developed in the
greenstone dikes and results in textures ranging from massive
greenstone to greenschist. In the coarse-grained metadiabase
dikes (shown by a pattern north of Taylorstown) the mineral
assemblage is similar, except that actinolite is the most abundant
mineral, making up 50 to 70 percent of the rock in the form of
subequant crystals that are 0.08 to 0.16 in long. In outcrop the
coarse-grained dikes have a distinctive nubbly surface texture
due to weathering out of the large amphiboles, in contrast to
the smoother weathering surface of the fine-grained dikes. The
stubby, equant character of the actinolite in the coarse-grained
dikes suggests that it is derived from primary igneous pyroxene.
Porphyritic metadiabase dikes (not differentiated on the map)
contain abundant relict white to pink subhedral phenocrysts of
plagioclase (now heavily saussuritized), 0.04 to 0.2 in long in a
fine-grained groundmass of actinolite, chlorite, and epidote.
Metarhyolite dikes (Zrd) are gray-weathering, fine-grained
but locally porphyritic, and commonly have a well-developed
Paleozoic cleavage. In thin section they have a fine-grained,
felty texture composed of microcrystalline quartz and potas-
sium feldspar surrounding scattered larger rounded grains of
plagioclase. Several of these dikes have been mapped, includ-
ing a large one that is 33 to 66 feet (ft) thick and extends 8.7 mi
south from the Potomac River (Southworth, 1991, 1995). North
of the Potomac River, Fauth and Brezinski (1994) report similar
felsic dikes that intrude basement gneiss and, locally, rocks of
the lower part of the Catoctin Formation. Zircons from a smaller
metarhyolite dike exposed along the Potomac River (Burton
and others, 1995) yielded a U-Pb date of 571.5+5 Ma (table 3,
sample no. 4).

Dike Orientation and Density

The Late Proterozoic dikes were intruded into the crust
in a northeast orientation with steep dips, in accordance with a
northwest extension direction and lateral spreading during the
opening of Iapetus Ocean (Rankin, 1975). Poles to dike contacts
and azimuthal trends of well-exposed dikes along Catoctin
Creek (Burton and others, 1995) (fig. 3D and E, on map sheet)
are representative of dike orientations for this region. Dike
contacts are subparallel to the dominant Paleozoic cleavage,
suggesting either transposition of the dikes into parallelism with
regional cleavage (Southworth, 1991), reactivation of previ-
ously existing dike-basement contacts by developing cleavage,
or both.

Along the Potomac bluffs, the metadiabase dikes constitute
from 50 percent (Southworth, 1991) to 60 percent (Burton and
others, 1995) of the exposed rock as measured across strike.
Assuming that dike emplacement was by forceful intrusion and
dilation rather than stoping and assimilation, this locally implies
a crustal extension of 150 percent. In a pipeline trench near the



southern edge of the county, south of St. Louis, Espenshade
(1983) found that Late Proterozoic metadiabase dikes make up
about 20 percent of the basement. This suggests that overall
dike density increases northward. In areas of poor exposure,
soil, rock chips, and well cuttings suggest that the dikes are
undoubtedly more abundant than shown on the map.

Geochemical Relation of Metadiabase Dikes to
Metabasalt of the Catoctin Formation

Comparison of major and minor element geochemical analy-
ses of metadiabase dikes (table 4) and metabasalts of the Catoctin
Formation (table 5) demonstrates the probable relation of the feeder
dikes to the extrusive flows (fig. 4A—E , on map sheet). Lack of
extensive veining and wall-rock alteration suggests that the dikes
behaved as relatively closed (isochemical) systems during meta-
morphism. In contrast, the presence of epidosite (epidote-quartz
rock) lenses and layers in Catoctin Formation metabasalt indicates
that it was locally subjected to chemical migration during meta-
morphism (Reed and Morgan, 1971). Figure 4 shows geochemical
plots of the three types of metadiabase dikes in comparison with
metabasalt of the Catoctin Formation. Also shown are the textur-
ally and chemically distinct, low TiO,/high MgO metavolcanic
flows and flow breccias first noted by Espenshade (1986) south
of Loudoun County. Both Espenshade (1986) and P.T. Lyttle (oral
commun., 1993) have mapped these breccias at or near the base
of the Catoctin; they apparently do not extend north into Loudoun
County, and intrusive (dike) equivalents of these rocks have not
been found. An AFM diagram (fig. 4A) indicates that the mafic
rocks are mostly of tholeiitic basalt composition. In major element
variation diagrams (fig. 4B—D) the coarse-grained metadiabase
dikes and the porphyritic metadiabase dikes appear to occupy dis-
tinct, separate fields that are each smaller than but largely overlap
the field for the fine-grained metadiabase dikes. The fields for the
fine-grained metadiabase dikes and the metabasalts of the Catoctin
Formation are quite similar; the large scatter of a few metabasalt
samples may be due to metamorphic alteration. The dikes and
metabasalt are thus basically identical with respect to major ele-
ments and belong to the high TiO,/low MgO suite of Espenshade
(1986).

The rocks of the low TiO,/high MgO suite of Espenshade
(1986) have distinctive, low rare earth element (REE) values with
a shallow slope (fig. 4E). The REE abundances of the coarse-
grained dikes are more elevated than those of the low TiO,/high
MgO suite but occupy a range that is narrower and generally
more depleted in light rare earth elements. The fine-grained and
porphyritic dikes have ranges of REE abundances that closely
resemble the range for the metabasalts of the Catoctin Forma-
tion. Both the major and minor element data, therefore, indicate
that the metadiabase dikes and metabasalt flows of the Catoctin
Formation are geochemically equivalent. Espenshade (1986)
considered the rocks of his low TiO,/high MgO suite to represent
products of relatively undifferentiated early magmas. The distinct
fields on variation diagrams (fig. 4B—D) for the coarse-grained
dikes and the porphyritic dikes may be indications of slight
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magma differentiation during the main phase of dike intrusion
and basalt eruption of rocks of the Catoctin Formation.

U-Pb Age of Rhyolite Dike

Zircons from a small metarhyolite dike along the Potomac
River (Burton and others, 1995) were analyzed by the U-Pb
isotopic method and yielded an age of 571.5+5 Ma (table 3,
sample no. 4). The dike cuts an adjacent metadiabase dike, thus
establishing a minimum age for the latter. The metarhyolite dike
age represents a reasonable age for metarhyolite flows (Zcr) in
the overlying Catoctin Formation and is in agreement with the
570+36 Ma age of Badger and Sinha (1988).

Late Proterozoic Metasedimentary and
Metavolcanic Rocks

Nonconformably overlying the basement gneisses is a
variegated basal sequence of clastic metasedimentary rocks of the
Fauquier and Swift Run Formations. Rocks of the two formations
are not in contact, but they occupy the same stratigraphic posi-
tion between the Mesoproterozoic gneisses and the overlying Late
Proterozoic Catoctin Formation. Rocks of the Fauquier Formation
are confined to the southern part of the east limb of the Blue Ridge
anticlinorium and are generally coarser grained than rocks of the
Swift Run Formation. The Fauquier Formation can be traced north-
ward from the Fauquier County line to near Beaverdam Creek and
Mountville where it is terminated against Mesoproterozoic rocks
along a down-to-the-south normal fault. The Swift Run Forma-
tion can be traced south from the Potomac River to just north of
Hughesville (spelled incorrectly as Hugesville on base map), where
it is terminated against Mesoproterozoic rocks along a down-to-
the-north normal fault. Between the normal faults, rocks of the
Catoctin Formation unconformably overlie the basement gneisses.
The faults are considered to be synsedimentary and rift-related,
and hence Late Proterozoic in age (Kline and others, 1991), and
probably influenced the distribution of the strata that distinguish
the two formations. Although rocks of the Fauquier Formation,
the Lynchburg Group, the Mechum River Formation, and the
Swift Run Formation all occupy the same stratigraphic position
immediately above the crystalline basement, they need not be exact
time-stratigraphic correlatives (Rader and Evans, 1993) due to the
separateness and possible diachroneity of the rift basins.

Fauquier Formation

The Fauquier Formation (Furcron, 1939; Espenshade,
1986) consists of a broadly upward-fining sequence of basal
metaconglomerate and meta-arkose (Zfc), crossbedded meta-
arkose (Zfa), and rhythmically bedded metasiltstone and
metamudstone (Zfs). The thickness of the Fauquier Formation
varies widely (0-1,500 ft) over a relatively short distance along
strike which, combined with its locally coarse grain size, sug-
gests that the formation was deposited in local fault-bounded



irginia

Geologic Map of Loudoun County, V

10

> e — — — — — — L> I e L> WnIusRs
6> > 8 ¢> L> > s> gI> 9> [44nt 891 L> JuesIy
€6 LL Orl 091 0ocl 0L 68 6 901 99 68 L'8L durz
6 Y01 SL 1e> LL S6 49 99 <9 6L 6 93 [9X9IN
159 1'1¢ (294 9vy Lvv 14014 8y Sy £9¢ 6'LC Ly vle eqoD
e €91 L0T Ly 01¢ 8¢l 8'8¥ 761 8C1 123! 961 12! wnioIys
'8¢ 1'6¢ (43 6'6¢ L'LE 43 9°0¢ 6'S¢ 8'1¢ 9ce c0¢e £'6¢ wnipuess
99'86 £5°66 0L'66 €L°66 0L'66 0566 91'66 99°66 11001 LL'66 £€'001 ¥1°001 Jueorad ut ‘rejog,
10° 10’ 10 1) 10’ 0 10° 0 0 10 10> 1) ‘0D
43 81 sT 79 0g¢’ LT T €T sT LT S S ‘0%d
€0 0T 0T 61 80° cr SO 1T I 61 cr €0’ OH
06C 08¢ 06C 09¢ 081 00¢C o'l o'l 08¢ 011 ore 08¢ LO'H
0T 8L 87 oLe 99’ 90°1 LL 4% €S 145 9L LY o
8¢ 181 e eL 94 e 65T Iv'C 6S°C 78 6Ll 10°¢ 0N
0¢ol OI'TIl o111 98 orol 0TIl 0S°0l 0S°TI 0601 0’81 06° 11 0¢ Tl O®rD
L6'9 L9°L 0C9 0°¢ 8C9 1T9 1¢S 0€9 LSS 96t €9 19°¢ O3S
4 0T 81 9T 0T 9" 6l 81" LT 9" Sr S OUN
0S°0l 01’6 oL’L or'ol 06'8 069 056 (5 09°L 00°¢ 00°L 0C9 024
L€ 08¢ SL'E 'S e e Gse Ly L9°¢ 019 €0t L6'C ‘0%d
00vI oSyl 0L¢l 0rel 097l 0€91 08 vl 0L’ Sl 0091 0691 0c9l ov'Ll 01V
1€¢ 861 16°1 or'e 01'¢ €9°1 ¥TC L6'1 061 0’1 8S°1 el ‘oL
09y or' Sy 0r'Ly 09°9% ov 8y 06'LY (V1% ov'Ly 06'LY 09ty 0T8¥y 0L"8Y ‘ors
1944 -4dd 69¢-N1 95¢-N1 €G¢-N1 ¥S1-N1 €Z1-N1 9L1-N1 &d SldH ] 189-44 —< -ou 3jdureg
pauieib pauiesh
-asleo’) -asieo)  anuhAydiog onuAydiod onuAydiod onuAydiod onuAydiogd onuAydiod onuAydiod onuAydiod onuAydiod onuAydioqg —< adhyaxiq

[e1ep ou ‘“— uorfrut 1od syred

UT UAIS QIB SIN[BA JUSWS[S JouTw pue Juadrad JYSIom ur UsAIS 918 SON[BA JUIWIA[ JO[BJAl "UBWISSOID) *N['[ PUB ‘QIA "S'[ “IoYodpaey "V'd ‘SSA[PUBA\ "V'D AQ SISA[BUY UOTBATIOY UONNAN [Bjuswnysu] £q paurur
-19)Op 1AM SIAN[BA JUIWI[S JOUTJA “UOSI[[ID) Y [ PUB ‘ONUSULIBIAl "M ‘[ ‘YIS yeryazay Aq Adoosonoads Aei1-¥ Aq pauruniajep a1am QD pue ‘O°H ‘034 10J sanjea 9aedde], g pue swals J'q Aq Adoosonoads
Kel-X AQ pouTUIIo)Op 9Iom SIN[BA JUSWA[R JO[RIA "BA ‘U0ISAY ‘AoAIng [eo150[0a0) "S () oY) Je pawtofrad axom sasATeue [Ty “(ejep ‘qndun) I9[puIydS "S'[ WoIf o1e (Y pue N'T sexyjaid ay) s suoneoo ojdures
pue ‘(9661) ISUIZAIg PUe YPUIOMYINOS PUt (S66T ‘P661) YHOMUINOS UT punoj are JH pue J ‘g saxyaid oy yiim suonesof afdures (Gaa1) SIYI0 pue uoyng ur punoj are g xyaid oy yiim suoneoof sfdureg)]

"S9YIp 8SeqeIpeIaW 91020431014 8167 0 sasAjeue [eolway20ah Juawa|a Jouiw pue Jolely  p ajqel



1"

Blue Ridge Province

> > 3T 6¢ € 61> 9¢ S1> 6T £> £> 4 wnruern)
6¢ 24 69 €l [ 88 L'l 8 LT'1 > sL S6’ wnuoyg,
9> > 6> ¢9 (4 &> 8> > 6> > 01> (24 PIoD
Y4 1444 vL el 96’ vL I w 43 w 9 9 wnjejue],
or'e ¥0'C 8¢'¢ w9°¢ S97% ¥S°T Wt 9'e oL’¢ €Tl 8¥'C L9T wniujeH
(274 91¢ 9¢ 9L9" 144 9T 123 6¢ 68¢° YLT Ly 89T wnpne|
yI'e yTe LT y6't (%3 81 ¥'C ST 838C 66'1 €Ll L0T wniqIon X
6001 €89’ oL Sl 166° o 88 16° 68 LTS Sy Sy wnIqIa,
€6'1 el 19°1 e L8'T el 8L'1 991 L9'T 1.1 61l (4! wnidonyg
1$°6 8¢ 8% 80'6 9 6L'¢ ¥'S €8'¥ (Y LY'C €s'e 9¢ wnrewes
€LI 01 S1 0¢ €C S1 81 Sl L0¢ €6 €l eel wniwApoaN
¥'ce L€l 6'9C (614 L'S¢ (44 I've 9°'LT 8'1¢ 811 sol g'ce wnLe)
6’6 oL’s 4! 1C 91 01 91 4! Ehd! 99°¢ L8 1€°01 wnuetjuery
05> 96¢ 0¢l 01¢ (44 09¥ 0ce 081 0¢€¢ 08 78 651 wnteq
> > 8¢ I e L1™> Ie ¢> > 4 > > wnisay
1> 1> > I > > 1> cr> > L0 > 60> Kuowrnuy
L> > — - - — — - g> 14 > ¢> wnuapgA[oN
091 061 0¢l 0S¢ 0S1 0LI 081 0cl1 00¢ 0L 091 orl wnruodIrz
0ge oY 0s¢ 0s¢ 0ce (015% 0ce 00% 0ce 6LL 0r1¢ (01974 wnpuons
L> 0¢ Y4 831 9t (43 144 0¢ 9Tt 8 €8y 4! wnipqny
1944 44 69¢-N1 9G¢-N1 €G¢-N1 ¥S1-N1 €Z1-N1 9L1-N1 &d GldH : | 189-44 —<  ‘ou gjdweg
pauiesh pauieih
-asleo) -asie0)  anulAydiod onuAydiod onuAydiod onuAydiod onuAydiogd onuAydiod onuAydiod onuAydiod onuAydiod onuAydioqg —< adhy ayig
[eep ou ‘“— -uorfrw Jod syred

UT UAIS QI8 SIN[BA JUSWIA[S JOUTW pue Juadtad JySTom Ul USAIS 218 SINBA JUSW[ JO[RJAl "UBWISSOID) "N'[ PUB ‘9N "S'[ Iooaparq "V'd ‘SSA[PUBA\ "V'D AQ SISA[RUY UOBATIOY UONNAN [PIUaWNnsu] £q pauru
-19)Op 1M SAN[BA JUSWR[Q IOUIJA "UOSI[[ID) Y [ PUL ‘ONUSULIBIA "M\ ‘[ ‘YIS yeryazoH Aq Adoosonoads Ael-x Aq pautunidlop 21om QD) pue ‘O°H ‘024 10J sonfea Q1e33e], g pue swals ' Aq Adoosonoads
Kel-¥ AQ POUIULIQIOP 2I9M SANTBA JUSWI[D JO[RIA] "BA ‘U0ISY ‘AIAING [BI1S0[03D) SN Ay 18 pauriofiad arom sasATeue [y “(erep ‘qndun) I9[puIyos *S'( Wolj are (Y pue N soxyaid ay) yim suonesof ojdwes
pue ‘(9661) PISUIZaIg PUe YLOMYINOS PUR (G661 ‘P661) UHMOMYINOS Ul punoj a1e JH pue J ‘g soxyyaid oyl yam suonedof adwes (G6 1) SIOUI0 pue uolng ul punoj aIe g xyaid ay) ypim suonedso| ojdwes]

PanuIIL0)—SaYIp 8SBYRIPLIBW 10201810.14 8187 O sasAjeue [eoIwayd0ab Juswa|s Joulw pue olely  °p 3jqer



irginia

Geologic Map of Loudoun County, V

12

- € C S L > > > — o> e > [ITEIEIN
1> 9 I 9 S Y0’ 1> [ 1> L> 1> Sy otesIy
911 8¢l 901 8yl 9zl cel 8 06 ovl S01 S8 8'8L outz
€8 08 €9 0S €S 9 68 29 L8 1L 8L 68 [PPIN
L'Ly L'6€ (4% oF 8'I¥ 0S 6y (447 6'8Y €'6€ Sy 6'Ch eq0D
906 606 161 L8t 9'8L L'LE 6¢1 €61 ot 651 LOT 81 WnRUoIYS
L'6€ 6°€€ 6'ce Tl 3 6'S¢€ 6'8¢€ 6'1¥ 76 9'LE 9l 8'0% Wnipuess
#0°001 8866 066 6866 06'66 90°001 98'86 0066 ST66 9%°001 1166 9166 Jueotad Ut ‘fel0,
10 L0 10 10 10 10 0 0 10 10 0 0 ‘00
€T 8T 9T ¢ o¢’ o¢’ v ve ¢ v 9¢’ €T ‘0'd
148 74 6T ¢ 0T i) 60 90 LE [0} 10 90° -O'H
0ST 08T 0$°C 09°C 0€T oF'1 0TT 01'C o' 0T'e 01'c 0S'C .OH
9 St i €8’ Wl V% 48 St |V 9T 9¢° 48 o
66'C 6€'C €re vTT T 6£°C v$'T 9L'T 761 69°C 9L'T LY'T O®N
¥$'6 08'8 ¥$'6 €L8 656 0501 0T1I 0L 01 0801 0011 oro1 0TI 0ord
8¢9 ¥1'9 629 9¢'Y €8'¢ 95°¢ 69 19 ST'L §59 LY'9 69 O3
w 1T 61 w 0T (74 w w 1T 0T w w OuN
0r°o1 0001 0r'6 0r'6 096 oL11 09°01 0L'6 06'8 06'8 06'6 0r'6 021
98'C 09T 9L'€ 98t e ST €ST €8'¢ Ty we 19°¢ 9L'€¢ ‘0
0s°€l 0s°€l oL€l 09°CI 0g€l 0S¢l 06°€l 0s°€l 0gvl 0161 oL€l 00°¥1 01V
€CC 0€C 60T 08'C L¥'T 9C 81'C €5°C 60T L6'T e 81'C ‘ol
0r'8% 0108 09'L¥ 0$°0$ 08'8% 09°8% 019 0L9% 0L'S¥ 06'9% 08'9% 0r'9% ‘o's

0L4H 64H 84H LdH 94H voL9-4g 9zz-44 dzsb-48  [S¢-N1 8€/-HE  Vesb-dd z8-4g —<  ‘ou ajdueg
pauieih pauieih pauieib pauieih pauiesh pauieih pauieih pauieib pauieih pauieib pauieih pauieih

-aul4 -aul4 -auly -aul4 -auly -aul4 -aul4 -auly -9sleo0’ -as1e09) -asieo?) -asieo?) — adlyayig

[eep ou “— -worpru 1od syred

Ul USAIS 2JB SON[BA JUAWII[Q Jourwl pue Juadrad 1YS1om Ul UAIS QI8 SAN[BA JUIWR[Q JO[BJA] "UBWISSOID) "N'[ PUB QN "S'[ JNOIpaeq "V'd ‘SSI[PUBA\ "V'D AQ SISA[BUY UOIBAIOY UOININ [BIUWNNSU] AQ paurut
-10JOp I9M SIN[BA JUSWR[Q JOUTJA "UOSI[[ID) Y [ PUB ‘ONUAULIBIA "M\ ‘[ ‘IS YeryozoH Aq Adoosonoads Ael-¥ Aq paurunidlop a1om QD pue ‘O°H ‘024 10J senfea ae33e], g°( pue swals +{'q Aq Adoosonoads
Ke1-X AQ poUTULISNOP 9I0M SONTBA JUSWA[Q JOfeJN BA ‘U0)SAY ‘AoAIng [e01S0[00n) ') oy} Je pawrojrad axom sasATeue [y “(ejep ‘qndun) Io[puryos *S'[ woij axe (T pue N'T soxiyaxd oy) yirm suoneosof ofdures
pue ‘(9661) DISUIZaIg pue YLoMYINoS pue (S661 ‘v661) YHOMYINOS Ul punoj axe JH pue J ‘g soxyaid oy yim suoneoso] ajdwes ‘(Sg61) sIoyio pue uoung ut punoj are g xiyaid ayy yim suoneoo] ojdweg]

PanuIIL0)—SaYIp 8SBYRIPLIBW 10201810.14 8187 O sasAjeue [eoIwayd0ab Juswa|s Joulw pue olely  °p 3jqer



13

Blue Ridge Province
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Blue Ridge Province
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basins. Spectacular outcrops of metaconglomerate can be seen
along the bluffs of Goose Creek east of Leithtown (Kline and
others, 1991), in which pebbles and cobbles are predominantly
granite gneiss derived from nearby sources. Crossbedded
meta-arkose can be seen along Goose Creek just east of Carters
Bridge, and metasiltstone and metamudstone are well exposed
along Little River, south of Dover. To the south, strata of the
Fauquier Formation dramatically increase in thickness, and the
relation of these rocks with the Lynchburg Group are discussed
by Kline and others (1991), Wehr (1985), Kasselas (1993), and
Rader and Evans (1993).

Swift Run Formation

Rocks of the Swift Run Formation (Stose and Stose, 1946;
King, 1950) can be divided into a coarser grained, psammitic
lower part (Zss) and a finer grained, phyllitic upper part (Zsp).
The lower part consists of metagraywacke, quartz-sericite
schist, metasandstone, quartzite, and meta-arkose. The upper
part consists of marble, slate, and phyllite. Bodies of calcitic
and dolomitic marble (Zsm) are mapped separately both near the
base and near the top of the section. The thickness of the Swift
Run Formation varies from zero in places to more than 700 ft,
and the strata are discontinuous over short distances.

The clastic rocks fine upward, and the crossbedding suggests
that these rocks are of fluvial origin. The marble horizons may
be shallow water lakes and ponds (McDowell and Milton, 1992)
and (or) intertidal to subtidal marine embayments (Kline and
others, 1991). The basal metasandstone west of Loudoun Valley
Church contains quartz pebbles and cobbles, and lithic clasts of
phyllite and ferruginous sandstone (Southworth, 1991). Quartz-
sericite schist preserved in downfolded inliers can be seen near
Elvan and the confluence of Dutchman Creek and the Potomac
River (Southworth, 1991). Impressive outcrops of marble, slate,
and phyllite are found west of Silcott Spring (Southworth, 1994).
Basal conglomerate and pebbly quartzite (Zss) and overlying
sericite phyllite (Zsp) and marble (Zsm) are exposed north of
Paeonian Springs (Burton and others, 1995). Some of the phyllite
may be tuffaceous deposits that preceded Catoctin volcanism
(Burton and others, 1995). Metabasalt and rip-up conglomerate
of metabasalt found in quartz-sericite schist (Zss) (Southworth,
1995) suggests that some of the basal rocks of the Swift Run
Formation on the west limb of the Blue Ridge anticlinorium were
deposited after the beginning of Catoctin volcanism.

Catoctin Formation

The Catoctin Formation (Keith, 1894) is characterized by
dark-green to bluish-gray, fine-grained to aphanitic metabasalt
(Zc) that varies texturally from massive, locally amygdaloidal
greenstone to well-foliated greenschist. Individual flows are dif-
ficult to recognize due to strong Paleozoic deformation, meta-
morphism, and poor exposure. Metabasalt breccia (Zcb) is found
near the base of the Catoctin north and southwest of Aldie.
Epidosite, a fine-grained, massive, apple-green rock consisting

of epidote and quartz occurs as discontinuous layers or boudins
as much as a few feet in length.

The Catoctin Formation contains interbeds of gray- to
buff-weathering marble (Zcm), white metarhyolite and quartz-
sericite phyllite interpreted as felsic metatuff (Zcr), gray to buff
feldspathic metasandstone (Zcs), and gray quartz-graphite-mus-
covite phyllite (Zcp). Marble occurs both as a continuous layer
at the base of the Catoctin and as a discontinuous horizon at
or near the base. The marble is best seen along Goose Creek,
west of Oatlands, in abandoned pits where it was quarried for
agricultural lime and ornamental stone (Kline and others, 1991).
North of Taylorstown, marble is found as a very thin 3- to 9-ft-
thick horizon about 66 ft above the base of the Catoctin.

The felsic metatuff (Zcr) lithologically resembles the
tuffaceous(?) phyllite of the Swift Run Formation (Zsp) (Burton
and others, 1995). Felsic metatuff and metarhyolite (Zcr) occur
in the lower, middle, and upper parts of the Catoctin Formation,
stratigraphically above and below muscovite phyllite (Zcp) on
the west limbs of the anticlinorium (Southworth, 1991, 1994,
1995). On the east limb, quartz-graphite-muscovite phyllite
(Zcp) occurs only in the upper part of the Catoctin, and thin,

3- to 7-ft-thick discontinuous lenses of crossbedded arkosic
metasandstone (Zcs) occur in the middle part of the formation
(Burton and others, 1995).

The Catoctin Formation shows considerable variation in
apparent thickness, ranging from about 2,500 to 5,000 ft on
the east limb of the anticlinorium and as much as 1,640 ft on
the west limbs. The wide map pattern of the Catoctin Forma-
tion on the east limb could be due to unrecognized Paleozoic
folds or Mesozoic normal faults. The total absence of Catoctin
Formation on Purcell Knob (Blue Ridge) indicates that at least
some of the variation reflects true thickening and thinning of the
metabasalt and intercalated units (Southworth, 1991).

Age of the Catoctin Formation

An Rb/Sr age of 570+36 Ma was obtained from metabasalt
of the Catoctin Formation by Badger and Sinha (1988) in cen-
tral Virginia. A metarhyolite tuff (Zcr) near Bluemont (South-
worth, 1994) yielded an approximate U-Pb age of 600 Ma
(table 3, sample no. 5), and metarhyolite from South Mountain,
Pa., yielded a U-Pb age of 597+18 Ma. Felsic metatuff (Zcr) in
the Catoctin Formation near its base along the Potomac River
north of Taylorstown is the nearest extrusive equivalent to a
571.5+£5-Ma metarhyolite dike (Aleinikoff and others, 1995) in
the nearby basement core and suggests that the upper part of the
Catoctin Formation is younger than 570 Ma (Burton and others,
1995).

Paleozoic Rocks of the Blue Ridge Anticlinorium

The Chilhowee Group (Safford, 1856) in northern Vir-
ginia consists of the Loudoun Formation, Weverton Formation,
Harpers Formation, and Antietam Quartzite (Keith, 1894).

The contact between the Chilhowee Group and the underlying
Catoctin Formation has been interpreted to be either conform-



able (Nickelsen, 1956) or unconformable (King, 1950; Reed,
1955); both relations are found in Loudoun County. Rocks of the
Chilhowee Group are interpreted to be a marine transgressive
sequence exhibiting a depositional transition from rift to passive
continental margin that is marked by the conformably overlying
carbonate rocks.

Loudoun Formation

The Loudoun Formation (Keith, 1894; Whitaker, 1955;
Nickelsen, 1956) is a thin, discontinuous unit of predominantly
phyllite and minor conglomerate that occurs locally between
the Catoctin and Weverton Formations. Near the Potomac River
on Catoctin Mountain, black phyllite interbedded with peb-
bly metasandstone occurs above interlayered dark-bluish-gray
graphite-muscovite phyllite and greenstone of the Catoctin
Formation (Burton and others, 1995). Here, the black phyllite
is in sharp contact with the white, massive, vitreous quartzite of
the overlying Weverton Formation.

The Loudoun Formation on Blue Ridge consists of a
lower phyllite member (€I) and an upper coarse quartz-pebble
conglomerate member (€lc). The phyllite is similar to phyl-
lites in the Catoctin Formation (Stose and Stose, 1946; King,
1950; Reed, 1955; Toewe, 1966; Gathright and Nystrom, 1974;
Southworth, 1991), and the conglomerate is locally interbed-
ded with quartzite (Southworth, 1991). The base of the phyl-
lite is gradational with the underlying Catoctin Formation and
is interbedded with greenstone that contains micaceous blebs
(amygdules?) and tuffaceous clasts (Southworth and Brezinski,
1996). The conglomerate is a lensoid, discontinuous, coarse
quartz-pebble conglomerate that is interpreted to be chan-
nel fill cut into the underlying phyllite (Southworth, 1991).

The conglomerate is arkosic and contains coarse-grained and
cross-stratified beds. Cross-stratified quartzite occurs between
the conglomerate and phyllite in several places and can be seen
north of Purcell Knob, west of Neersville (Southworth and
Brezinski, 1996). Rip-up clasts of phyllite and red jasper in the
conglomerate suggest a period of erosion between deposition of
the two members.

Weverton Formation

The Weverton Formation (Keith, 1894) is divided into three
informal members (Nickelsen, 1956) on the west limbs of the
Blue Ridge anticlinorium and has not been subdivided on the
east limb. The lower member of the Weverton Formation (€wl)
is mostly a light-gray, massive, thick-bedded vitreous quartzite
that is interbedded with minor metagraywacke and metasilt-
stone. The middle member (€wm) is a greenish-gray, granular
quartzite interbedded with metasiltstone. The upper member
(€wu) is a dark-gray to dusky “gun-metal” blue, poorly sorted,
locally crossbedded quartzite and quartz-pebble conglomerate
interbedded with metasiltstone. The Weverton Formation on the
east limb (€w) is a light-gray, massive to thick-bedded vitreous
quartzite with minor phyllitic interbeds that is lithologically cor-
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relative with the lower member (€wl). Where present, the lower
member grades upward from conglomerate of the Loudoun
Formation. Elsewhere, the lower member quartzite appears to
be in sharp contact with phyllite of the Loudoun Formation or
metabasalt of the Catoctin Formation. On Short Hill Mountain,
the upper member grades into the finer grained metasiltstone
of the overlying Harpers Formation. On Catoctin Mountain
vitreous quartzite of the Weverton Formation (€w) grades into
quartzose phyllite of the Harpers Formation over a few feet.

Rocks of the Weverton Formation show considerable varia-
tion in lithology and thickness across the Blue Ridge anticlino-
rium. More than 660 ft of Weverton Formation is present on
Blue Ridge (Nickelsen, 1956; Southworth, 1991; McDowell and
Milton, 1992) and on Short Hill Mountain (Nickelsen, 1956;
Southworth, 1991, 1995) but only 115 ft is found on Catoc-
tin Mountain (Whitaker, 1955; Burton and others, 1995). On
Catoctin Mountain, the Weverton Formation thickens north-
ward to 427 ft in Frederick County, Md. (Whitaker, 1955), and
it thickens southward along Bull Run Mountain to 1,247 ft at
Thoroughfare Gap in Fauquier County, Va. (P.T. Lyttle, oral
commun., 1993).

The Weverton Formation is interpreted to result from allu-
vial sedimentation (Schwab, 1986), and paleocurrent directions
suggest a source from the west (Whitaker, 1955). These rocks
reflect a change from a volcanic to a predominantly fluvial
environment (Nickelsen, 1956). Individually, the lower, middle,
and upper members are fining-upward sequences, but the upper
member is coarser and more poorly sorted. These rocks of the
upper member can be seen north of the gap on Short Hill Moun-
tain at Hillsboro (Southworth, 1995) and along the Appalachian
National Scenic Trail on Blue Ridge (McDowell and Milton,
1992).

Harpers Formation

The Harpers Formation (€h) (Keith, 1894) is predomi-
nantly siltstone that has been metamorphosed into quartz-
laminated metasiltstone and biotite-chlorite-muscovite-quartz
phyllite. Primary sedimentary structures are obscure due to
recrystallization and pervasive cleavage. On Catoctin Mountain,
quartzite of the Weverton Formation (€w) grades upward into
interbedded metasiltstone and phyllite of the Harpers Forma-
tion. The best exposures of the Harpers Formation in Loudoun
County are along the bluffs of the Potomac River on Short Hill
Mountain (Southworth, 1991).

Antietam Quartzite

The Antietam Quartzite (€a) (Keith, 1894) is a poorly
exposed, generally massive meta-arkose that is mapped mostly
by its ledge-forming topographic expression and float from
Stumptown to Furnace Mountain. The Antietam Quartzite is
gradational and conformable with the underlying phyllite of the
Harpers Formation. Near its upper contact with carbonaceous
phyllite (€cp) or the Tomstown Formation (€t), the Antietam
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Quartzite contains concentrations of limonite that were mined
for iron ore in the vicinity of Furnace Mountain in the 19th
century (Holden, 1907). The Antietam Quartzite was correlated
with the Araby Formation by Reinhardt (1977).

Carbonaceous Phyllite

Overlying the Antietam Quartzite locally is a dark-gray,
very fine grained carbonaceous phyllite (€cp) that is rarely
exposed but produces a distinctive, light-gray, ashy-looking
soil. Fine-bedding laminae in the metamudstone are seen in
road banks north of Stumptown. The carbonaceous rock is in
the same stratigraphic position as the Tomstown Formation
and apparently interfingers with it. Carbonaceous phyllite is
lithologically similar to a black shale called the Cash Smith
Formation by Edwards (1988) that occurs between the Araby
Formation and the Frederick Limestone to the northeast (Jonas
and Stose, 1938; Stose and Stose, 1946).

Tomstown Formation

Buff-weathering, white to bluish-gray, medium-grained
dolostone of the Tomstown Formation (Stose, 1906) is exposed
in the vicinity of Furnace Mountain. The dolostone apparently
conformably overlies the Antietam Quartzite. It interfingers
with and is stratigraphically equivalent to a carbonaceous phyl-
lite. The dolostone is correlative to the dolomite of the Bolivar
Heights Member of the Tomstown Formation (Brezinski, 1992),
as mapped on the west limb of the Blue Ridge anticlinorium in
Maryland.

Frederick Limestone

Gray, thin-bedded limestone of the Rocky Springs Sta-
tion Member of the Frederick Limestone (Reinhardt, 1977) is
exposed east of Furnace Mountain where it overlies dolostone
of the Tomstown Formation. This contact may be an unconfor-
mity or a major fault because the Tomstown Formation is of
Early Cambrian age (Bassler, 1919) and the Frederick For-
mation is of Late Cambrian age (Reinhardt, 1977). Whitaker
(1955) recognized this and other anomalous stratigraphic rela-
tions of the Harpers Formation, Antietam Quartzite, Tomstown
Formation, and Frederick Formation to the north. He suggested
faulting, facies changes, and (or) one or more unconformities
to account for these relations. Elsewhere in this region, rocks of
the Tomstown Formation and Frederick Limestone are separated
by Mesozoic normal faults (Jonas and Stose, 1938).

Paleozoic Structure

The Mesoproterozoic and Late Proterozoic and lower
Paleozoic rocks of the Blue Ridge province were deformed
and metamorphosed in the late Paleozoic Alleghanian orogeny
to produce the Blue Ridge anticlinorium. The anticlinorium is

a broad, highly asymmetrical west-verging and gently north-
plunging fold with a generally homoclinal, gently dipping east
limb and more complexly deformed and tightly folded, com-
monly overturned, west limbs. The core of the anticlinorium
contains Mesoproterozoic gneisses and Late Proterozoic plutons
and dikes, and the limbs are mantled by a cover sequence of
Late Proterozoic to Lower Cambrian metasedimentary and
metavolcanic rocks. The west limb of the Blue Ridge anti-
clinorium is repeated by the Short Hill fault, an early Paleozoic
normal fault that was contractionally reactivated as a thrust fault
and folded during the formation of the anticlinorium. Allegha-
nian deformation was accompanied by a main fold phase (F,)
and regional, penetrative, axial planar cleavage (S,); a later,
minor fold phase (F,) and local crenulation cleavage (S,); and
extensive recrystallization and development of metamorphic
textures under lower greenschist-facies conditions.

F, Folds and S, Cleavage

The Blue Ridge anticlinorium is a large west-verging F,
fold with an east limb that underlies Catoctin Mountain and
fault-repeated west limbs that underlie Blue Ridge and Short
Hill Mountain. Map-scale parasitic folds include the Purcell
Knob folds on Blue Ridge, the Hillsboro syncline that underlies
Short Hill Mountain and Black Oak Ridge, two synclines of
the Swift Run Formation east of Short Hill Mountain, and the
Furnace Mountain syncline on Catoctin Mountain. Second- and
third-order, tight recumbent folds of the Weverton Formation
that verge up the west limb of the anticlinorium can be seen
along the Potomac River gorge northwest of Loudoun Heights
(Southworth and Brezinski, 1996).

Approximately axial planar to the Blue Ridge anticlino-
rium and probably coeval with its formation is a regional
penetrative northeast-striking, southeast-dipping S, cleavage
(South Mountain cleavage of Cloos (1951) and Mitra and Elliott
(1980)) that overprints Mesoproterozoic metamorphic fabrics
in the gneisses, primary igneous textures in the Late Protero-
zoic dikes, and primary volcanic and sedimentary textures in
the cover-sequence rocks. S, ranges from slaty to schistose in
texture depending on the nature of the host material. Poles to S,
show a tight cluster indicative of a regionally uniform, south-
east-dipping penetrative fabric (fig. 3F-/, on map sheet).

F, Folds and S, Cleavage

Late deformation produced locally developed, open to tight
folds (F,) that are accompanied by an axial planar crenulation
cleavage, as well as a regional spaced cleavage (S,). This defor-
mation may have been a continuum of the earlier, main phase of
deformation that produced the F, and S, structures (Nickelsen,
1956). On the limbs of the Blue Ridge anticlinorium, F, folds
refold F, folds and S, cleavage; on the west limb, examples can
be seen on the Blue Ridge from Wilson Gap to north of Purcell
Knob (Nickelsen, 1956; Southworth, 1991) and on the east
limb, examples can be seen on Catoctin Mountain (Burton and



others, 1995). Lateral bends and cross folds are later superim-
posed on folds near Trapp and along Short Hill Mountain. S,
cleavage is not penetrative, did not involve extensive recrys-
tallization, and is mostly a pressure solution cleavage. S, has
about the same strike as S, but a slightly steeper dip (fig. 3K, on
map sheet) or narrow range of dips (fig. 3J, on map sheet). The
summed effect of F, and F, folds are illustrated by poles to bed-
ding in quartzite of the Weverton Formation on Blue Ridge and
Short Hill Mountain (fig. 3L and M, on map sheet). The tight
cluster of data on Short Hill Mountain reflects the southeast-
dipping homoclinal limbs of the isoclinal Hillsboro syncline
(Southworth, 2005). The girdle of data on Blue Ridge indicates
the abundance of westward-inclined, shallow-northeast-plung-
ing parasitic folds.

Faults

Faults were mapped on the basis of stratigraphic truncation
and omission in the cover sequence and shear foliation in the
basement gneiss. East- and north-trending faults near Mount-
ville are interpreted to be Late Proterozoic normal faults that
were active during deposition of rocks of the Fauquier Forma-
tion (Kline and others, 1991). A similar east-trending normal
fault marks the southern termination of the Swift Run Forma-
tion on the east limb of the anticlinorium.

The Short Hill fault can be traced for over 37 mi from a
shear zone in basement gneiss in Fauquier County, Va., into
Washington County, Md., where rocks of the Tomstown Forma-
tion overlie rocks of the Catoctin and Weverton Formations
(Southworth, 2005). The Short Hill fault is interpreted to be an
early Paleozoic normal fault (post-Tomstown Formation, but
possibly post-Elbrook Formation (Brezinski, 1992)) that was
contractionally reactivated and folded with the Blue Ridge anti-
clinorium in the Alleghanian orogeny (Southworth, 2005).

Strike-slip faults with minor displacement offset strata on
Blue Ridge west of Round Hill (McDowell and Milton, 1992).
The White Rock thrust fault (Southworth, 1991) is an intrafor-
mational bedding-parallel detachment in the middle member of
the Weverton Formation on Short Hill Mountain. It is marked
by blocks of quartzite as long as 3 ft that float in a matrix of
foliated vein quartz that constitutes as much as 80 percent of
outcrops.

The Mesoproterozoic basement of the Blue Ridge anti-
clinorium contains zones of mylonite and phyllonite that cut
Mesoproterozoic structures and juxtapose map units. Some of
these, such as the zone of mylonitic foliation east of the Short
Hill fault south of Black Oak Ridge (Southworth, 1994), were
previously mapped as metasedimentary rocks by Jonas (1928)
and Parker (1968). The shear zones contain a lower greenschist-
facies mineralogy that is consistent with the grade of Paleozoic
metamorphism and are thought to have formed contemporane-
ously with contractional deformation in the Paleozoic. The
Dutchman Creek shear zone (Southworth, 1991) is 0.62 mi
wide and contains internal mylonite zones ranging from 1 to
6 ft thick. The fault zone thrusts biotite granite gneiss (Ybg)
westward onto garnetiferous leucocratic metagranite (Ygt), and
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the mylonites have sense of shear indicators that consistently
show east over west motion. To the east of Dutchman Creek,
anastomosing shear zones in basement gneiss have kinematic
indicators that record both east-side-up and east-side-down
sense of movement (Burton and others, 1995). The field aspect
and mineralogy of the normal-sense shear zones are identical
to those that record reverse sense, and they are considered to be
the same age.

Paleozoic Metamorphism

Paleozoic deformation was accompanied by recrystalliza-
tion under lower greenschist-facies metamorphic conditions.
Formation of S, was accompanied by the growth of fine-grained
secondary muscovite, chlorite, biotite, epidote, actinolite, and
accessory minerals. Plagioclase in all rocks typically has cloudy
overgrowths of sericite and saussurite and is now albite com-
positionally. Quartz grains have undulatory extinction or have
recrystallized into a fine-grained mosaic. This metamorphism
produced widespread biotite in pelitic rocks of the east limb
but no garnet, indicating that metamorphic grade did not reach
upper greenschist facies. Recrystallization in the Mesoprotero-
zoic gneisses produced low-grade mineral assemblages that
contrast sharply with the original Mesoproterozoic high-grade
assemblages. In the granitic rocks, muscovite, chlorite, epidote,
and secondary greenish biotite grew at the expense of feldspar
and primary brown biotite. Garnet is largely chloritized, and
mafic minerals are uralitized or extensively altered to actinolite
and chlorite. The greenstone dikes and the metabasalts of the
Catoctin Formation have typical mafic greenschist-facies min-
eral assemblages of actinolite, chlorite, and epidote. Muscovite,
derived from feldspar, is also common, and minor greenish-
brown biotite and pale-brown stilpnomelane is locally present.
In pelitic rocks such as phyllite of the Harpers Formation on the
east limb, muscovite, biotite, and chlorite are well developed
and define the S, cleavage.

“Ar/*Ar Dating of Metamorphic Fabric

Muscovite and phlogopite that define the dominant cleav-
age in several cover-sequence lithologies have been analyzed
by the “’Ar/* Ar age-spectrum technique in order to determine
the age of the foliation and the timing of Paleozoic deformation
and metamorphism. The rock units sampled include strongly
cleaved quartzite of the Weverton Formation (€w) and phlogo-
pitic marble (Zcm) of the Catoctin Formation (table 3, sample
nos. (1) and (2), respectively). With one exception, the penetra-
tive micaceous foliation in these rocks is first-generation (S,)
and therefore thought to be coeval with formation of the Blue
Ridge anticlinorium.

Most of these samples yield complex spectra that do not
have plateaus and do not yield precise estimates of the timing of
muscovite growth (Burton and others, 1992b; Kunk and others,
1993). The data suggest that the muscovite is of multiple genera-
tions, although petrographic examination of these rocks shows
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only one well-developed generation of cleavage-defining mica.
There was apparently an early episode of minor mica growth
followed by the main cleavage-producing event, with the latter
occurring at temperatures below the argon closure temperature for
muscovite (~350 °C) (Kunk and others, 1993). These data suggest
a late Paleozoic (Alleghanian) age (350-300 Ma) for the develop-
ment of the regional cleavage of the Blue Ridge anticlinorium,
and they seem to rule out a pervasive early Paleozoic (Taconian)
metamorphic event (Burton and others, 1992b).

Piedmont Province

Potomac Terrane

A small area of quartz-rich schist (€Zms) and graded beds
of metagraywacke (€Zmg) of the Mather Gorge Formation
(Drake and Froelich, 1986) is exposed along the Potomac River
in the extreme northeastern part of the county. The metagray-
wacke beds grade up into laminated beds and then schist.
These metasedimentary rocks originated as turbidites that were
deposited in a large submarine fan of unknown age (Drake and
Morgan, 1981). These structurally complex, chlorite-grade
rocks increase eastward to sillimanite-grade rocks produced by
a Barrovian metamorphic event. The timing of the metamor-
phism and deformation is uncertain. It is interpreted, however,
to be related to the accretion of these rocks onto the rise-slope
strata of the Westminster terrane along the Pleasant Grove fault
during closure of the lapetus Ocean in the Ordovician Taconian
orogeny (Drake and others, 1989). Rocks of the Westminster
terrane are thrust on rocks of Laurentia along the Martic fault
(fig. 1) (Southworth, 1998), but these rocks are covered by the
Culpeper basin in Loudoun County.

Mesozoic Rocks of the Lower Culpeper Group

The Culpeper Group (Lee, 1979, 1980) of the Newark
Supergroup (Froelich and Olsen, 1984) is divided informally
into a lower part and an upper part. The lower part of the
Culpeper Group includes the mainly Upper Triassic sequence
of continental sedimentary rocks that consists of the Manassas
Sandstone, the Balls Bluff Siltstone, and the Catharpin Creek
Formation.

Manassas Sandstone

The Manassas Sandstone (Lee, 1977, 1979) is divided into
the Reston Member (Lee, 1977; Drake and Lee, 1989) and the
Poolesville Member (Lee and Froelich, 1989).

Reston Member

The Reston Member (kmr) is the basal conglomerate that is
faulted against and unconformably overlies rocks of the Mather

Gorge Formation in the extreme eastern part of the county. The
conglomerate is composed of cobbles and pebbles of micaceous
quartz, metagraywacke, and schist in a poorly sorted arkosic
sandstone matrix. The lensoid, discontinuous conglomerate is
derived from rocks of the Mather Gorge Formation by uncon-
formable onlap and (or) erosion of normal fault scarps.

Poolesville Member

The Poolesville Member (kmp) is an arkosic and mica-
ceous sandstone. Regionally, the Poolesville Member is an
upward-fining sequence but pebbly sandstone and siltstone
intertongue locally. These rocks are gradational to the underly-
ing Reston Member and the overlying Balls Bluff Siltstone.
Rocks of the Poolesville Member are found east of Sugarland
Run, but the best exposures are along the bluffs of the Potomac
River northeast of Lucketts. In Fairfax County, the Poolesville
Member of the Manassas Sandstone has yielded footprints of
the crocodilomorphs Chirotherium lulli and Brachychirotherium
parvum, as well as a footprint of a small birdlike animal called
Plesiornis pilulatus (Weems and Kimmel, 1993).

Balls Bluff Siltstone

The Balls Bluff Siltstone (Lee, 1977, 1979) is divided into
the Leesburg Member (Lee and Froelich, 1989), the fluvial and
deltaic sandstone and siltstone member (informal) (J.P. Smoot,
A.J. Froelich, and R.E. Weems, unpub. data), and the lacustrine
shale and siltstone member (informal) (J.P. Smoot, A.J. Froelich,
and R.E. Weems, unpub. data).

Leesburg Member

The Leesburg Member (Rbl) is a conspicuous carbonate
conglomerate composed of subangular to subrounded boulders,
cobbles, and pebbles of limestone and dolomite in a reddish-
brown sandy siltstone matrix. Large, isolated outcrops are
well exposed along the Route 15 corridor north of Leesburg.
The source of the carbonate clasts includes the dolomite and
limestone of the Tomstown Formation and Frederick Limestone
that are presently restricted to Furnace Mountain and north of
the Potomac River in Frederick County, Md. The conglomer-
ate intertongues with the sandstone and siltstone of the other
members and forms a complex map pattern. The conglomerate
is interpreted to be debris-flow deposits on alluvial fans (Smoot,
1989). The conglomerate was quarried as Potomac marble and
was used for the columns in Statuary Hall of the Capitol Build-
ing in Washington, D.C.

Fluvial and Deltaic Sandstone and Siltstone Member

The fluvial and deltaic sandstone and siltstone member
(informal) (Rbs) is predominantly feldspathic, silty sandstone
interbedded with clayey and sandy siltstone in cyclic sequences
as much as 10 ft thick. This unit is gradational with the underly-
ing Poolesville Member of the Manassas Sandstone and inter-
tongues laterally with carbonate conglomerate of the Leesburg



Member and the lacustrine shale and siltstone member. These
rocks are conformably overlain by rocks of the Catharpin Creek
Formation. Rocks of this member are well exposed along the
bluffs of the Potomac River near Balls Bluff Regional Park. The
fluvial and deltaic sandstone and siltstone member of the Balls
Bluff Siltstone has yielded bones and teeth of a parasuchian
(phytosaur) called Rutiodon cf. R. manhattanensis (Weems,
1979) and a scale of a large coelacanth fish (probably Diplurus)
(Weems and Kimmel, 1993) from the vicinity of Dulles Airport.

Lacustrine Shale and Siltstone Member

The lacustrine shale and siltstone member (informal) (Rbsh)
is predominantly thin-bedded silty and sandy shale interbedded
with clayey and sandy siltstone in cyclic sequences as much as
30 ft thick. The unit is gradational with the underlying fluvial
sandstone and siltstone member and is considered to be a lateral
equivalent. These rocks are also conformably overlain by rocks
of the Catharpin Creek Formation. The lacustrine shale beds are
poorly exposed but are mapped continuously on the basis of float
chips and soil. Arthropod and fish remains, and reptile footprints
have been reported from the Manassas Battlefield National Park
in Prince William County (Gore, 1988). The fish remains are
indeterminate taxonomically. The footprints seem referable to
footprint genus Gwyneddichnium (Weems, 1993), which was
probably made by the tanystropheid aquatic lizard Gwyneddosau-
rus. In addition, Olsen (1988) reported remains of the fish Semi-
onotus from the Balls Bluff Siltstone. Parasuchian (phytosaur)
teeth have been reported from this member at the Culpeper quarry
near Stephensburg, Va., in Culpeper County (Weems, 1992), but
otherwise bony remains are rare. Footprints are abundant in the
Culpeper quarry and include a medium-size carnivorous dinosaur
(Kayentapus minor), two small carnivorous dinosaurs (Grallator
sillimani, Grallator tuberosus), a primitive sauropod dinosaur
(Agrestipus hottoni), a small ornithischian dinosaur (Gregaripus
bairdi), and possibly an early prosauropod dinosaur (Eubrontes),
as well as footprints of a large aetosaur (Weems, 1987, 1992).

Catharpin Creek Formation

The Catharpin Creek Formation (J&e) (Lee and Froelich,
1989) consists of cyclic sequences as much as 100 ft thick of
interbedded sandstone, siltstone, and conglomerate. The contact
with the underlying Balls Bluff Siltstone is gradational and
intertonguing, but the contact with the overlying Mount Zion
Church Basalt is a sharp disconformity. The Goose Creek Mem-
ber (Jkeg) (Lee and Froelich, 1989) of the Catharpin Creek
Formation is a lenticular conglomerate composed of subrounded
pebbles and cobbles of quartzite, greenstone, metasiltstone,
gneiss, and vein quartz, derived from rocks of the Blue Ridge
anticlinorium. The conglomerate is interbedded with pebbly
arkosic sandstone. Lag gravel deposits from in situ weather-
ing of the conglomerate are diagnostic of this unit when poorly
exposed. Like the Leesburg Member of the Balls Bluff Siltstone,
the Goose Creek Member probably is debris-flow deposits on
an alluvial fan; the distinction between the two is the source
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and composition of clasts. There are excellent exposures of the
conglomerate along Goose Creek, west of Evergreen Mills.

Mesozoic Rocks of the Upper Culpeper Group

The upper part of the Culpeper Group includes the Lower
Jurassic series of tholeiitic basalt flows and intercalated sedi-
mentary rocks (Lee and Froelich, 1989) and consists of the
Mount Zion Church Basalt, the Midland Formation, the Hickory
Grove Basalt, the Turkey Run Formation, and the Sander Basalt.

Mount Zion Church Basalt

The Mount Zion Church Basalt (Jmz) (Lee and Froelich,
1989) is a high-titanium, quartz-normative tholeiitic basalt with
vesicular and amygdaloidal tops that mark one or two flows.
The basalt is poorly exposed and probably paraconformable
with the underlying and overlying strata. The source and con-
duits of the extrusive basalt flows are uncertain.

Midland Formation

The Midland Formation (Jm) (Lee and Froelich, 1989)
consists of cyclic sequences of interbedded siltstone, sandstone,
shale, and conglomerate. Lenticular variegated cobble and peb-
ble conglomerate and conglomeratic arkosic sandstone (Jmc) are
mapped locally. The rocks of the formation are poorly exposed
but are considered to be paraconformable with the basalt flows
above and below. The lower part of the Midland Formation has
yielded remains of the fish Diplurus longicaudatus, Redfieldius
gracilis, Semionotus spp., and Ptycholepis marshi from the
Midland fish beds in Fauquier County (Baer and Martin, 1949;
Parrott and Dunkle, 1949; Schaeffer and others, 1975; Schaeffer
and McDonald, 1978; Olsen and others, 1982).

Hickory Grove Basalt

The Hickory Grove Basalt (Jhg) (Lee and Froelich, 1989)
is a series of two or three flows of high-titanium, high-iron,
quartz-normative tholeiitic basalt with local vesicular and amyg-
daloidal tops of flows. Locally, the flows are separated by sand-
stone and siltstone strata (Jhgs) that are locally disconformable
but regionally paraconformable with the underlying Midland
Formation and the overlying Turkey Run Formation. The unit is
poorly exposed but can be seen on the southern side of Goose
Creek near Oatlands.

Turkey Run Formation

The Turkey Run Formation (Jtr) (Lee and Froelich, 1989)
consists of cyclic sequences of interbedded sandstone, siltstone,
conglomerate, and shale. Conglomerate (Jtrc) composed of sub-
rounded boulders, cobbles, and pebbles of greenstone, quartzite,
marble, quartz, and basalt is mapped near the border fault. The
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unit is poorly exposed but can be seen along Little River at Oak
Hill, where it has yielded footprints of a small carnivorous dino-
saur (Grallator tenuis), large prosauropod dinosaurs (Eubrontes
giganteus and Eubrontes minusculus), and an early true croco-
dile (Batrachopus) (Gilmore, 1924; Roberts, 1928; Pannel,
1985; Weems, 1992, 1993).

Sander Basalt

The Sander Basalt (Js) (Lee and Froelich, 1989) is the
uppermost sequence of basalt flows in the Culpeper basin. The
stratigraphically lower flows are high-titanium, high-iron, quartz-
normative basalt that are separated by poorly exposed sandstone
and siltstone (Jss) from the stratigraphically higher flows of low-
titanium, quartz-normative basalt. The Sander Basalt has distinc-
tive curved columnar joints. The poorly exposed, often sapro-
litized, basalt is apparently paraconformable with the underlying
Turkey Run Formation strata as well as the intercalated sedimen-
tary rocks. This unit can be seen along Little River, east of Aldie.

Thermally Metamorphosed Rocks

The Upper Triassic and Lower Jurassic strata (JRtm) are
thermally metamorphosed in zoned contact aureoles adjacent to
diabase intrusions throughout the Culpeper basin. Siltstone and
shale are altered to cordierite-spotted hornfels in the inner aure-
ole, and epidote-chlorite hornfels characterizes the outer aure-
ole. Sandstones are metamorphosed to tourmaline granofels and
(or) quartzite, and carbonate conglomerate is metamorphosed
to marble. The largest contact aureoles are found adjacent to
the diabase sheets, whereas the contact aureoles adjacent to the
dikes are relatively thin.

Diabase Dikes and Sheets

Massive diabase of at least three magma types is recog-
nized in the Culpeper basin (Froelich and Gottfried, 1988) and
the adjacent Blue Ridge. (1) Olivine-normative tholeiitic diabase
dikes (Jdo) intrude the rocks of the Blue Ridge anticlinorium.
(2) Low-titanium, quartz-normative tholeiitic diabase dikes (JdI)
intrude rocks of the Culpeper basin and the Blue Ridge anticlino-
rium. The long, north-trending diabase dike that intrudes the
center of the Culpeper basin is part of a swarm that can be traced
into Pennsylvania. (3) High-titanium, quartz-normative tholeiitic
diabase (Jdh) occurs as both narrow dikes and thick, differentiated
sheets that contain cumulates (Jdc) in the lower parts and late-stage
differentiates (Jdg) in the higher parts. The differentiates include
granophyre (Jdg), ferrogabbro, diorite, syenite, and aplite. Where
chemical or petrographic data are lacking, the diabase composi-
tion is not determined, and they are mapped as Jd. The diabase
sheets and associated thermal metamorphic aureoles are irregular in
shape. The diabase dikes are linear, discontinuous, and en echelon
as they were emplaced along fracture systems. The diabase dike
exposed along the Potomac River at the northwestern end of Short
Hill Mountain has an **Ar/”Ar age of 200 Ma (table 3, sample no.

2). Granophyre and diabase from sheets immediately south of Lou-
doun County have “Ar/*Ar ages of 200.3+1.2 and 201.2+1.3 Ma,
respectively (Sutter, 1988). These dated rocks are herein consid-
ered to be emplaced in the Jurassic. Their ages are very near the
Triassic-Jurassic boundary that has variously been defined in recent
years as occurring from 206 to 199 Ma.

Mesozoic Structure

The Culpeper basin is a half graben that is bounded on the
west by an east-dipping normal fault known as the Bull Run fault
(Roberts, 1923). The east side of the basin unconformably overlies
rocks of the Potomac terrane, but minor normal faults are com-
mon. As a consequence of this geometry the strata within the basin
generally dip gently west, and the greatest thickness of preserved
basin fill is in the western part of the basin. The basin deepened
as a result of normal fault movement (Bull Run fault and possible
related faults) during the early Mesozoic rifting event that produced
similar basins all along the eastern margin of North America.

Folds

The west-dipping, generally homoclinal structure of the Cul-
peper basin is modified by broad warps with axes at high angles
to the border fault, which produce a spread in poles to bedding
(fig. 3N, on map sheet). Higher amplitude folds with a similar
orientation in the Newark basin, known as transverse folds, are
considered by Schlische (1992) to have formed as the result of
along-strike variation in border-fault displacement. North of Lees-
burg, the Morven syncline has an axis that parallels the Bull Run
fault (Burton and others, 1995). Folds of this type probably result
from bedding drag during dip slip movement along the adjacent
border fault, which produces local reversals of dip.

Faults

The Bull Run fault is a large normal fault that defines the
western edge of the Culpeper basin. For most of its length in Loud-
oun County the surface trace of the fault is parallel to the Weverton
Formation along the east limb of the Blue Ridge anticlinorium.
Excavation and well data and rare surface exposures suggest that
the fault dips about 45° to 50° (Roberts, 1923; Burton and others,
1995). The minimum displacement along the fault is equal to the
greatest thickness of basin sediments, or about 5 mi. Because all
units are truncated within the basin, movement along the fault post-
dates the deposition of strata. Conglomerates within the Culpeper
basin suggest erosion of a nearby fault scarp, but the Bull Run fault
was not necessarily the only active fault during basin formation,
and other synsedimentary Mesozoic faults may lie unrecognized
within the Blue Ridge anticlinorium.

Other faults occur within and adjacent to the basin both
subparallel and transverse to the strike of basin strata. Transverse
faulting is most common in the younger (Jurassic) part of the sec-
tion; some of these faults offset the border fault and are late struc-
tures. Farther east in the basin the map pattern indicates that intra-



basin faulting occurred both before and after diabase intrusion.
An antithetic, west-dipping normal fault cuts the unconformable
basin boundary in the extreme eastern corner of the county. North
of Leesburg some northeast-trending cross-basin normal faults
are inferred on the basis of stratigraphic models (Burton and oth-
ers, 1995). These faults are not exposed in Loudoun County but
have been traced northward into Maryland (Southworth, 1998).
A northwest-trending normal fault truncates these faults and
controls the drainage pattern of the Potomac River.

Mesozoic normal faults also have been mapped along the east
limb of the Blue Ridge anticlinorium (Burton and others, 1995).
The Furnace Mountain fault, east of Catoctin Mountain and just
south of the Potomac River, displaces cover-sequence metasedi-
mentary rocks and has a throw of about 328 ft along its north-
east-trending leg; it changes direction southward and appears to
connect with a northwest-trending cross-basin fault across the Bull
Run fault, where there is a small graben. To the south two small
downdropped blocks of the Antietam Quartzite within the Harpers
Formation occur at or near the intersection of the Bull Run fault
with cross-basin normal faults. Whereas Paleozoic shear zones in
the Blue Ridge anticlinorium contain extensive greenschist-facies
recrystallization and well-developed mylonitic fabric, Mesozoic
faulting is characterized by zones of brecciation, cataclasis, and
vein-filling mineralization of quartz, calcite, and hematite.

Cenozoic Surficial Deposits

Terraces

High- and low-level terrace deposits of the ancestral
Potomac River are preserved on Triassic strata of the Culpeper
basin. The conspicuous deposits are composed largely of
rounded sandstone and quartzite with Skolithus (trace fossil)
whose source is west of Loudoun County. The deposits are
isolated remnants of former more extensive terraces. Some
of the highest deposits in this region, such as Mt. Sterling
and east of Lucketts, are probably the result of topographic
inversion of an incised channel. The terraced nature of these
deposits is best seen from Mt. Sterling to Algonkian Regional
Park in the eastern part of the county. These deposits are
undated but diabase cobbles are so weathered that they can be
cut with a knife.

Lag Gravel

Lag gravel deposits from in situ weathering of conglomer-
ates of the Turkey Run Formation are recognized locally in the
western part of the Culpeper basin. Natural exposures superfi-
cially resemble terrace deposits but the size and lithology of the
clasts are quite different. Excavations near Gleedsville reveal
deep deposits of saprolitized cobbles and boulders of quartzite,
greenstone, and quartz.
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Colluvium

Cobbles, boulders, and blocks of predominantly quartz-
ite and epidosite are concentrated in hillslope depressions by
gravity, debris-flow, and freeze-thaw processes. In the Blue
Ridge anticlinorium, only large boulder streams, boulder
fields, and rock slides are shown on the map because a thin
veneer covers virtually all of the mountain slopes (Jacob-
son and others, 1990; Southworth, 1990). Good examples
of boulder streams can be seen near the springs west of the
Round Hill Reservoir (McDowell and Milton, 1992). A clas-
sic rock slide can be seen on Short Hill Mountain, south of
Britain (Southworth, 1995). Boulders of quartzite as much
as 3 ft in diameter are well rounded, and elongated blocks of
quartzite over 4 ft long are oriented vertically, suggesting the
influence of a colder, periglacial climate. Lensoid aprons of
subangular clasts of quartzite, phyllite, greenstone, epidosite,
and vein quartz cover the strata of the western part of the
Culpeper basin and were derived from the escarpment of the
east limb of the Blue Ridge anticlinorium; these deposits can
be seen along Route 15 north of Lucketts (Burton and others,
1995).

Alluvium

Well to poorly stratified mixtures of clay, silt, sand, gravel,
and cobbles underlie flood plains of all tributaries. The channel
of the tributary is often on bedrock with alluvium exposed along
the banks. Thickness of alluvium is highly variable as a function
of bedrock, topography, and land-use practices. Thick alluvium
in the Blue Ridge anticlinorium, for example, is related to mill
dams and siltation associated with agricultural erosion in the
19th century.

Aeromagnetic Survey

Introduction

An unusually detailed aeromagnetic survey was flown by
the U.S. Geological Survey over part of Loudoun County in 1989
to support ongoing geologic mapping. The survey, which covers
the Lincoln and most of the Bluemont 7.5-min quadrangles, was
flown 500 ft above ground along east-west flightlines spaced 1/8
of a mile apart. High-precision navigational equipment was used
(radar ranging system) to provide the positional control that was
needed for closely spaced flightlines. The proton magnetometer
in the aircraft, which was mounted on a wing tip, sampled the
magnetic field every 0.5 sec. Three widely distributed proton
magnetometers on the ground recorded the magnetic field at
intervals of 2, 6, and 18 sec. These measurements were used to
monitor rapid changes in Earth’s external magnetic field and to
provide the diurnal and possible magnetic storm corrections.
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Data Reduction

The aerial magnetometer and navigation measurements
were recorded during flight on magnetic tape. These data were
reduced by R.E. Bracken to geographic coordinates and corrected
magnetic intensity. The resulting point measurements were con-
verted to a Transverse Mercator projection and were gridded at a
75-m interval by using a minimum curvature algorithm (Webring,
1981). The Definitive International Geomagnetic Reference Field
(Peddie, 1982) was calculated for the location, altitude, and time
of the survey and subtracted from the gridded magnetic data.

The Color-Shaded-Relief Map

This residual magnetic field grid was then processed by a series
of programs (Phillips and others, 1993) designed to produce a color-
shaded-relief map (fig. 5, on map sheet). The synthetically produced
illumination is from the east at a simulated sun angle of 45°. Shad-
ows therefore appear along the western sides of the magnetic anoma-
lies. The relative magnetic intensities of the anomalies are displayed
as spectral colors; red corresponds to the higher values. The shading
technique greatly enhances small-amplitude magnetic anomalies that
are abundant within the central part of the survey. These anomalies
normally would be invisible on such commonly used displays, as
contour, gray-scale, and color-sliced maps. An overlay of selected
geologic contacts from the geologic map provides a framework for
relating magnetic anomalies to geologic units.

Correlation of Aeromagnetic Anomalies with
Geology

The aeromagnetic anomalies correlate closely with mapped
geology because some lithologic units have contrasting magnetic
properties. The dominant feature of the magnetic map is a series
of large-amplitude magnetic anomalies in three parallel belts
associated with the Catoctin Formation (Zc). The western belt that
underlies Blue Ridge was only partly sampled by the aeromagnetic
survey because the flightlines were terminated on the west over the
slopes of the steep mountain front. Magnetic anomalies are associ-
ated only with the westernmost (upper) part of the formation and
not with the stratigraphically lowest part of the unit on Blue Ridge.
The Catoctin Formation along Black Oak Ridge shows strong
correlation with moderate-amplitude magnetic anomalies. The
broad belt of Catoctin Formation on the east limb of the Blue Ridge
anticlinorium is associated with a complex pattern of segmented
magnetic highs, some of which are parallel to the strike of the belt
and some of which crosscut the strike in a northwest trend. A nar-
row part of the lowest part of the section appears to be relatively
nonmagnetic. Although not recognized in the field, individual
basalt flows or groups of flows may be identified by the magnetic
anomalies. The origin of the crosscutting anomalies is unknown but
may indicate intrusions, such as dikes or faults.

No magnetic anomalies are clearly associated with the Late
Proterozoic metadiabase dikes (Zmd) that cut the gneissic core
of the Blue Ridge anticlinorium. This lack of correspondence

suggests that very little magnetite is present in the dikes. Unpub-
lished field measurements indicate that none of these dikes has
a significant magnetic susceptibility. Secondary metamorphic
magnetite may have affected the volcanic flows but not the dikes.
All other magnetic anomalies shown in figure 5 have very
small amplitudes and are associated either with the basement
gneisses or with the overlying metasedimentary rocks of the
Fauquier Formation. Two magnetic anomaly trends are evident
within this terrane: a northeasterly trend east of the Short Hill
fault, which is parallel to the Catoctin trends, and a predomi-
nantly northwesterly trend west of the Short Hill fault. Both
trends roughly correspond to mapped geologic contacts. Some
individually mapped geologic units, such as the graphite-bear-
ing, garnet-rich paragneiss (Yp) and charnockite (Yc) correspond
to small-amplitude magnetic anomalies. The anomalies suggest
that the units are more continuous and extensive than seen by
geologic mapping. Anomalies within the fairly broad area of
layered granite gneiss (Ylg) suggest lithologic variations that
remain unidentified.
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