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CORRELATION OF MAP UNITS

Layered sedimentary and
metamorphic rocks
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DESCRIPTION OF MAP UNITS

(Minerals listed in order of increasing abundance)

SURFICIAL DEPOSITS

Quaternary alluvium (Holocene)—Layered, lenticular deposits of clay, silt,
sand, gravel, and some boulders and cobbles underlying streambeds and
flood plains. As much as 9 m thick

Colluvium (Holocene, Pleistocene, and (or) Pliocene?)—Gravel, sand,
and silt in sheetlike or lensoid aprons, mostly flanking Catoctin Mountain;
consists of unsorted subangular clasts of quartzite, phyllite, greenstone-
epidosite, and vein quartz in unsorted yellowish-orange to brown sandy or
silty clay matrix. Deposits shown where greater than 1 m thick; as much as
15 m thick

Terrace deposits (Holocene, Pleistocene, and (or) Pliocene?)—Gravel,
sand, silt, and clay in moderately to well-bedded deposits bordering the
Potomac River. Consists mostly of rounded clasts of quartzite, vein quartz,
and greenstone (epidosite) in matrix of yellow-brown silty sand. As much
as 10 m thick

MESOZOIC IGNEOUS AND METAMORPHIC ROCKS

Diabase (Early Jurassic) —Medium- to dark-gray, medium- to fine-grained
diabase in narrow dikes or plugs cutting older (Middle Proterozoic to
Upper Triassic) rocks. Magmatic affinity, where known, is one of two
types: quartz normative, low TiO, (Jdl) or quartz normative, high TiO,
(Jdh). Both types consist of subequal amounts of plagioclase and
clinopyroxene; JdI characterized by larger (centimeter sized) phenocrysts
of calcic plagioclase

- Thermally metamorphosed rocks (Early Jurassic)—Hornfels, meta-
arkose and quartzite, and marble. Zoned contact metamorphic aureoles
adjacent to diabase intrusive rocks (Jd); generally dark gray to black in
inner aureole and pink to pale red in outer aureole. Metamorphic minerals
in the inner aureole are cordierite, biotite, and andalusite in siltstone and
shale (®b); tourmaline, biotite, and andalusite in sandstone (Emp); and
coarse-grained calcite, grossularite, diopside, and wollastonite in carbon-
ate conglomerate (®bl). In the outer aureole epidote and chlorite (in kb
and kmp) and fine-grained calcite and epidote (in kbl) are characteristic

MESOZOIC SEDIMENTARY ROCKS OF THE CULPEPER BASIN

Balls Bluff Siltstone (Upper Triassic)—Red to reddish-brown, massive to
well-bedded, feldspathic, calcareous sandy siltstone and lesser shale, with
fine-grained sandstone at base. Gradational with underlying Poolesville
Member of the Manassas Sandstone (Rmp) and intertongues laterally with
Leesburg Member (®bl); as much as 1,200 m thick

Leesburg Member—Gray-weathering, crudely bedded carbonate con-
glomerate with conspicuous subangular to subrounded boulders, cob-
bles, and pebbles of gray and pink lower Paleozoic limestone and
dolostone in reddish-brown pebbly sandstone and sandy siltstone
matrix. Has minor partings and intercalations of calcareous sandstone
and siltstone. Forms abundant hummocky outcrops. Interfingers with
sandy Balls Bluff Siltstone to south and east; as much as 1,200 m thick

- Poolesville Member of the Manassas Sandstone (Upper Triassic)—
Reddish-brown to gray, thin- to thick-bedded and locally crossbedded
arkosic sandstone and sandy siltstone; consists mostly of fine- to coarse-
grained quartz and feldspar in calcareous silty clay matrix. Only upper
105 m exposed in map area

BLUE RIDGE LOWER CAMBRIAN AND (OR) LATE PROTEROZOIC
COVER SEQUENCE ROCKS

- Frederick Limestone (Lower Cambrian) —Gray-weathering, pale-gray- to
dark-bluish-gray-laminated, thinly bedded limestone. Found only in small
area east of Furnace Mountain, just south of the Potomac River. Thickness
indeterminate

- Tomstown Dolomite (Lower Cambrian)—Buff-weathering, white to
bluish-gray, fine- to medium-grained dolostone. Massive to locally well
bedded, with centimeter-scale partings. Locally arenitic. Thickness less
than 61 m

- Carbonaceous phyllite (Lower Cambrian) —Medium- to dark-gray, fine-
grained, muscovite-graphite phyllite. Found mainly as float or small
slumped outcrops. Locally contains millimeter- to centimeter-scale, alter-
nating light- and dark-gray bedding laminae. Produces distinctive light-
gray “ashey” soil. Apparently occurs as discontinuous lenses between
Antietam Quartzite and Tomstown Dolomite. Maximum thickness proba-
bly less than 61 m

Chilhowee Group (Lower Cambrian)

- Antietam Quartzite—Gray- to buff-weathering, fine-grained poorly bed-
ded to massive meta-arkose. Poorly exposed, but forms ridges on
topography. Near contact with overlying Tomstown Dolomite or car-
bonaceous phyllite contains local ferruginous horizons with abundant
botryoidal hematite and limonite. Thickness about 30 m

- Harpers Formation—Gray- to rusty-weathering, dark-gray, fine-grained,
finely laminated chlorite-biotite-muscovite-quartz phyllite. Alternating
millimeter-scale, quartz-rich and mica-rich layers locally produce dis-
tinctive fine S, laminae. Fine-grained, disseminated magnetite is com-
mon. Thickness ranges from about 152 m in Point of Rocks quadrangle
to more than 610 m in Waterford quadrangle

Weverton Quartzite—White to gray, massive to thickly bedded vitreous
quartzite. Where visible, bedding expressed by faint, fine dark laminae,
which may define crossbeds; less commonly, bedding expressed by
pebbly layers with clasts as much as 5 mm in diameter. Feldspar is rare.
Locally contains muscovite-rich cleavage (S,), which is commonly
subparallel to bedding. Middle and upper members of Keith (1894) are
absent. Thickness is 30 to 46 m

- Loudoun Formation—Dark-gray- to greenish-gray-weathering, chlorite-
quartz-graphite-muscovite phyllite and lesser white- to gray-weathering
pebbly metasandstone with thin phyllite interbeds. Graphite content
ranges from 0 to 40 percent in phyllite. Occurs only at the northern end
of Catoctin Mountain in the map area where it has a gradational,
interfingering contact with the underlying Catoctin Formation and a
sharper depositional contact with the overlying Weverton Quartzite.
Highly deformed where exposed, with sedimentary structures obscured
by several generations of folds and cleavages. Maximum thickness
about 30 m

Catoctin Formation (Late Proterozoic)—Light- to dark-green, mostly fine
grained, massive to well-foliated biotite-actinolite-albite-epidote-chlorite
metabasalt and minor metadiabase. Where well exposed the formation
can be resolved into a heterogeneous lower part and more homogeneous
upper part. Subunits interlayered with metabasalt in the lower part of the
Catoctin include: Medium- to coarse-grained, igneous-textured, albite-
chlorite-actinolite greenstone (Zca) interpreted both as flow interiors and
as coarse-grained dikes; white, fine-grained quartz-muscovite phyllite (Zct)
interpreted as metamorphosed rhyolitic ash flows or tuffaceous sediments;
and gray- to yellow-weathering, fine- to medium-grained, commonly
crossbedded plagioclase-muscovite-quartz metasandstone (Zcs). Gray- to
buff-weathering, fine- to medium-grained white calcite marble (Zcm)
occurs in a 1- to 3-m thick layer near the base of the Catoctin. The upper
part of the Catoctin contains a biotite-plagioclase-quartz phyllite, or. less
commonly a quartz-graphite-muscovite phyllite (Zcp). These rocks also
occur as millimeter- to centimeter-scale laminae within metabasalt, repre-
senting thin local sedimentary intercalations. At the northern end of
Catoctin Mountain, the uppermost part of the Catoctin contains
decimeter-scale layers of bluish-black-weathering graphite-muscovite
phyllite in a gradational contact with the overlying Loudoun Formation.
Fine-grained, massive, yellow-green epidote-quartz rock (epidosite)
occurs in lenses as a secondary mineralization in fine-grained metabasalt
(Zc) and commonly forms float boulders. Thickness ranges from about
823 m in the north to nearly 2,133 m in the south

Swift Run Formation (Late Proterozoic) —White to pale-gray fine-grained,
thin discontinuous muscovitic quartzite and rare, coarse-grained white-
quartz-pebble conglomerate, Zsq, overlain by a laterally continuous,
possibly tuffaceous fine-grained lustrous white muscovite-quartz phyllite,
Zst. A thin, local, white fine-grained calcite marble, Zsm, may be
stratigraphically equivalent to the marble in the Catoctin Formation (Zcm).
Thickness ranges from 305 m in southern Waterford quadrangle to
nothing in Point of Rocks quadrangle

LATE PROTEROZOIC INTRUSIVE ROCKS

- Metadiabase dikes—Dark-green, medium- to fine-grained, massive to
strongly foliated (schistose) muscovite-actinolite-albite-epidote-chlorite
metamafic rock. Occurs in northeast--trending, steeply southeast-dipping
sheetlike dikes intruding Middle Proterozoic basement and lowermost
cover-sequence rocks. Original igneous texture and mineralogy destroyed
by greenschist-facies metamorphic recrystallization; however, generally
observed decrease in grain size from centers to margins of dikes possibly
inherited from primary texture. Contacts where exposed are commonly
sharp, planar, and parallel to regional Paleozoic foliation.

- Actinolitic metadiabase dike—Light- to dark-green, medium- to coarse-
grained albite-epidote-chlorite actinolite metamafic rock. Mineralogy and
texture dominated by stubby actinolite crystals, perhaps derived from
igneous pyroxene, which produce distinctive nubby weathered surfaces.
Marked decrease in grain size from center to margin of dikes. Sheetlike
habit identical to that of metadiabase dikes (Zd).

Zr\

Metarhyolite dike— Light-gray, massive to faintly foliated, very fine grained
flinty-textured felsic igneous rock. Composed primarily of microcrystalline
quartz and potassium feldspar with scattered larger (up to 2 mm) rounded
to subhedral white plagioclase phenocrysts. Occurs as rare dikes that cut
Middle Proterozoic gneiss and locally cut older metadiabase dikes

Porphyritic metadiabase dike—Pale-green, medium- to coarse-grained
rock with distinctive spotted texture due to white and pink subhedral
plagioclase phenocrysts in groundmass of metamorphic actinolite and
chlorite. Single body mapped northeast of town of Waterford, but similar
rocks also found to south and west of map area.

Intrusive igneous
rocks

Unconsolidated
surficial deposits

Yag

Ygt

BASEMENT METAGRANITIC GNEISSES

Ygg Leucocratic granite gneiss (Middle Proterozoic)—Gray- to white-
weathering, massive to weakly foliated plagioclase-quartz-microcline gran-
ite gneiss. Accessory minerals include ilmenite, sphene, apatite, and
zircon. May intrude other units in the form of thin aplite sills concordant to
Middle Proterozoic foliation

Biotite granite gneiss (Middle Proterozoic)—Pink- to gray-weathering,
medium- to coarse-grained well-foliated and commonly lineated biotite-
plagioclase-quartz-microcline granite gneiss. Biotite 10 to 15 percent by
volume. Accessory minerals include ilmenite, sphene, apatite, and zircon.
Garnet is rare and local. Crosscutting relationships not observed, but
probably metaigneous based on composition and texture

Ygt Garnetiferous leucocratic granite gneiss (Middle Proterozoic) —Gray- to
white-weathering, massive to weakly foliated, garnet-plagioclase-quartz-
microcline gneiss. Similar in appearance and mineralogy to leucocratic
granite gneiss (Ygg) but contains scattered garnets as much as 15 percent
by volume

- Marshall Metagranite (Middle Proterozoic) —Orange- to gray-weathering,
medium- to coarse-grained, weakly foliated biotite-plagioclase-quartz-
microcline gneiss. Biotite is 10 to 15 percent by volume. Accessory
minerals include ilmenite, sphene, apatite, and zircon

LAYERED AND MAFIC GNEISSES

- Rusty paragneiss (Middle Proterozoic)—Distinctive, rusty-weathering,
well-layered, medium-grained, biotite-quartz-garnet-plagioclase + graphite
gneiss. Accessory minerals include ilmenite, sphene, apatite, rutile, and
hematite. Layering defined by millimeter-scale planar zones of fine- to
medium-grained garnet aggregates alternating with centimeter-scale
quartz-plagioclase-rich zones. Garnet commonly altered to chlorite along
Paleozoic cleavage, producing green lensoid clots. Graphite locally com-
mon as finely disseminated flakes. Rusty stain produced by hematite as a
result of breakdown of biotite and iron oxide. Possibly the most wide-
spread basement rock before intrusion of the granite gneiss (Ygg, Ybgg,
Ygt, and Ymb) protoliths

- Hornblende metanorite (Middle Proterozoic)—Gray, medium- to coarse-
grained, massive to weakly foliated, hornblende-plagioclase-
orthopyroxene rock. limenite, sphene, and apatite are accessory minerals.
Occurs as discontinuous, lensoid bodies, in spatial association with
paragneiss units Yrg and Ybg. Colorless orthopyroxene and brown
hornblende are commonly altered to pale-green amphibole. Coarser
grained varieties have distinctive igneous texture

Biotite gneiss and amphibolite (Middle Proterozoic)—Gray, medium-
grained, well-foliated biotite-quartz-plagioclase gneiss and hornblende-
plagioclase gneiss. Occurs as discontinuous bodies interlayered with
granitic gneiss, rusty paragneiss, and quartz-plagioclase gneiss

Quartz-plagioclase gneiss (Middle Proterozoic)—White- to gray-
weathering, medium-grained, weakly to well-foliated biotite-plagioclase-
quartz gneiss. Resembles granite gneisses in the field, but alkali feldspar is
rare or absent. Trondhjemitic or tonalitic in composition. Spatially associ-
ated with both the metagranitic gneisses and the other layered and mafic
gneisses

EXPLANATION OF MAP SYMBOLS

Contact—Dashed where approximate; dotted where under water, projected
across metadiabase, or inferred in area of no exposure

Fault—Dashed where approximate; dotted where under water; unmarked
where movement sense unknown

Strike-slip fault—Movement sense shown by arrows
Reverse fault—Sawteeth on upthrown side
Normal fault—Bar and ball on downthrown side

—-—1— Inferred normal fault—Approximately located (Culpeper basin); bar and
ball on downthrown side.

Lineament—From aerial photographic and side-looking radar images
(Culpeper basin).
FOLD AXIAL TRACES
-4—*— Plunging syncline—Morven Park syncline
<« Doubly plunging overturned syncline—Catoctin Mountain syncline
+—~—» Plunging overturned anticline—Furnace Mountain anticline
PLANAR FEATURES

(Where two or more planar symbols are combined,
their intersection marks the point of observation)

Strike and dip of bedding—Ball indicates facing direction known from

sedimentary structures
2, Inclined
— 23 Overturned
® Horizontal

Strike and dip of intrusive contact of metadiabase dike
78 Inclined
—H— Vertical

Strike and dip of foliation of probable Middle Proterozoic age—Arrow
shows trend and plunge of Middle Proterozoic mineral lineation where
47 known

Sf_z Inclined
== Vertical

Strike and dip of foliation and parallel compositional layering of prob-
able Middle Proterozoic age

Inclined
Vertical

Strike and dip of first-generation Paleozoic schistosity (S,)—Solid arrow-
head shows trend and plunge of mineral lineation in plane of S, schistosity;
open arrowhead shows trend and plunge of intersection lineation of
Middle Proterozoic foliation

78

¥ o Inclined
—— Vertical
- Strike and dip of bedding and parallel first-generation schistosity (S,) in
cover-sequence rocks
2 Strike and dip of second-generation Paleozoic (S,) schistosity
2 Strike and dip of late crenulation cleavage
3&6_6 Strike and dip of mylonitic foliation—Arrow shows trend and plunge of
A mineral lineation in plane of mylonitic foliation where known

2 Strike and dip of axial plane of Middle Proterozoic fold—Arrow shows
trend and plunge of fold axis where known

3 Strike and dip of axial plane of first-generation Paleozoic (F,) fold—
&;_3 Arrow shows trend and plunge of fold axis

Strike and dip of axial plane of second generation (F,) fold—Arrow shows

55 trend and plunge of fold axis where known
i Inclined
—a Vertical
e Horizontal
Srike and dip of late cross folds and folds associated with crenulation
55 cleavage —Arrow shows trend and plunge of fold axis where known
fat
Inclined
- Vertical

AA Tightly folded S, schistosity
A~ Tightly folded S, schistosity
Strike and dip of joint—Arrow shows trend and plunge of associated

65 streaking or rodding where known
Inclined
65<—+— Vertical
|:8.£ Strike and dip of outcrop-scale fault—With brittle offset; apparent move-
- ment sense, where visible, shown by arrows
25 Strike and dip of Mesozoic border fault cataclastic flow fabric—Only in
== Limestone Branch
OTHER SYMBOLS
* Sinkhole or depression
So~  Spring (S) or discharge zone (D)
N Tufa deposits
A Overhanging caves
0 Sample site for U-Pb zircon dating
% Sample site for muscovite “°Ar/*’Ar dating
(@) Sample site for chemistry—Number refers to table 2 (p. 4, sample sites
1-4), 3 (p. 8, sites 5-16), or 4 (p. 24, site 17) -
mse Abandoned quarry—m, marble; Fe, limonite; Is, limestone conglomerate;
¢, crushed stone
X Limonite prospect

Burton, W.C., Froelich, A.J., Pomeroy, J.S., and
Lee, K. 1995, Geology of the Waterford
quadrange, Virginia and Maryland, and the Vir-
ginia part of the Point of-Rocks quadrangle: U.S.
Geological Survey Bulletin 2095, 31 p.





