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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and unpublished field investigations at scales of 1:12,000 and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
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Blue Ridge Province
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Blue Ridge Province
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