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STRUCTURAL GEOLOGY 17

granulite-facies metamorphism during the Grenville orog-
eny (Kunk and others, 1993). Gneissic foliation is best
developed and ubiquitous in the hornblende gneiss and is
locally in the garnet graphite gneiss, garnet monzogranite
(see fig. 4), and biotite gneiss. Steeply dipping gneissic foli-
ation in the hornblende gneiss in Loudoun Valley reverses
attitude over short distances and indicates significant
folding of this unit. Gneissic foliation in the garnet monzo-
granite and biotite gneiss is nearly flat lying along the bluffs
of the Potomac River east of Short Hill Mountain (fig. 15A4).

MYLONITIC AND PHYLLONITIC FOLIATION

The deformed basement gneisses commonly have tex-
tures ranging from protomylonite to ultramylonite (Higgins,
1971). Mylonitic foliation is marked by planar aggregates
of sericite, chlorite, and fine-grained recrystallized quartz in
the otherwise massive gneiss. Microscopically, the mylo-
nitic foliation shows evidence of grain-size reduction and
dynamic recrystallization. Mylonitic foliation is best devel-
oped in the biotite gneiss and is rarely present in massive
hornblende gneiss. Most mylonite zones are no wider than
several meters and most are less than 20 cm wide. The Boli-
var Heights Member of the Tomstown Formation is locally
a mylonitic marble (fig. 13) as the result of detachment
from the underlying Antietam Formation.

The largest zone of mylonitic foliation is the 1-km-
wide Dutchman Creek shear zone. More than seven discrete
mylonite zones, ranging from 0.5 to 3 m wide, define the
shear zone along the Potomac River and Dutchman Creek.
The rocks are predominantly ultramylonite and blastomylo-
nite. Mylonitized gneiss closely resembles rocks of the
Swift Run Formation (Keith, 1894; Stose and Stose, 1946;
Nickelsen, 1956). Sense-of-shear indicators of asymmetric
porphyroclastic augen, fractured books of feldspar, pressure
shadows of quartz, sericite “fish,” and shear band cleavage
consistently show east-over-west thrust motion. The biotite
gneiss (Ybg) grades into augen gneiss that, in turn, grades
into mylonite as the shear zone is approached from the east.
Poles to mylonitic foliation in the shear zone (fig. 15A)
shows that it is coplanar with cleavage.

Phyllonitic foliation is recognized as platy, lustrous
phyllosilicate-rich rocks that exhibit anastomosing cleav-
age. Outcrops of phyllonitic foliation were found only along
the Short Hill fault in the Harpers Formation along U.S.
Route 340. Phyllonitic foliation also occurs in metadiabase
dikes in outcrop, as well as drill core, immediately north of
the Potomac River. The phyllonitic foliation has micro-
scopic mica “fish” and asymmetric buttons in hand
specimen.

BEDDING

Bedding was recognized in most Late Proterozoic and
Lower Cambrian rocks. Graded beds and crossbeds occur in

the Weverton Formation and are locally present in the Swift
Run Formation. Bedding is more difficult to discern in the
Harpers Formation and is very difficult to find in phyllite
and schist of the Swift Run and Catoctin Formations. [gne-
ous flow structures occur locally in metabasalt of the Catoc-
tin Formation. Bedding can be traced consistently along
strike in the Weverton Formation on Short Hill-South
Mountain. Elsewhere, bedding attitude changes over short
distances and suggest significant folding.

Crossbeds in the Weverton Formation on Short Hill-
South Mountain show that bedding is overturned in 93 per-
cent of the observations (fig. 15B). West-dipping beds are
upright fold limbs near the “Radio Facilities.” The cluster of
poles show the homoclinal nature of the strata that underlie
the ridge. Approximately 72 percent of the observations of
the Weverton Formation were overturned. Here, the strata
are complexly folded, and the poles to bedding are shown
with fold axes (fig. 15B).

CLEAVAGE

All Middle Proterozoic through Lower Cambrian
rocks in this area have a penetrative cleavage and a consis-
tent southeast dip. This trend, first identified as the South
Mountain cleavage by Cloos (1947: 1951), is approximately
axial planar to the Blue Ridge-South Mountain anticlino-
rium. It is a planar fabric characterized by the parallel align-
ment of the greenschist-facies minerals chlorite, quartz,
sericite, magnetite, epidote, and actinolite. The cleavage is
continuous into both slaty and schistose textures depending
on the scale of layering and the rock competence. Cleavage
in the gneiss, dikes, and cover rocks is coplanar and sup-
ports other field evidence that the basement and cover rocks
were deformed together (fig. 15B).

MIDDLE PROTEROZOIC ROCKS

Cleavage that formed during Paleozoic deformation
cuts the gneissic foliation and is marked by biotite, sericite,
chlorite, and recrystallized quartz in thin ductile-
deformation zones (Mitra, 1978). The cleavage in the base-
ment rocks is coplanar to cleavage in the cover rocks
(fig. 15B). Both contain the same greenschist-facies mineral
assemblages with the exception of biotite.

LATE PROTEROZOIC AND LOWER CAMBRIAN ROCKS

Slaty cleavage is best developed in fine-grained phyl-
lite and schist of the Swift Run, Catoctin, and Harpers For-
mations, where it is the dominant structural element
because bedding is largely transposed. Slaty cleavage is less
well developed in quartzite of the Weverton Formation.
Cleavage surfaces have a shiny luster because of sericite
and chlorite crystals. Quartz grains are elongated and flat-
tened in the cleavage plane. The Late Proterozoic and
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Table 3. Geochronology and tectonic history of the Blue Ridge-South Mountain anticlinorium, northern Virginia and southern

Maryland.
Epoch/Period/Era  Age (Ma) Unit Petrology Tectonic event Dating technique Reference
Early Jurassic 200 Dikes Diabase Late-stage continental rifting  Ar/Ar hornblende  Kunk and others, 1992.

Mississippian 340

Early Cambrian Tomstown Formation Dolomite

Greenschist-facies cleavage
Alleghanian orogeny

Burton and others, 1992b.
Kunk and others. 1993.

Ar/Ar muscovite

Passive margin

Antietam Formation ~ Sandstone
Harpers Formation Siltstone Rift to passive margin transition
Weverton Formation Quartzite
Loudoun Formation ~ Conglomerate,
phyllite
Late 570-565  Catoctin Formation ~ Metabasalt, Continental rifting Rb/Sr pyroxene  Badger and Sinha, 1988.
Proterozoic metarhyolite
Dikes Metadiabase, Continental rifting U/Pb Aleinikoff and others, 1995.
metarhyolite
Swift Run Formation Metasedimentary  Alluviation during continental
rocks nfting
730-700 Robertson River Granitoids Anorogenic pluton of incipient U/Pb Tollo and Aleinikoff, 1992.
Igneous Suite
Middle 1000-920  Diorite Cooling age of granulite-grade Ar/Ar hornblende Kunk and others, 1993.
Proterozoic Grenville metamorphism ’
1058 Leucocratic U/Pb Aleinikoff and others, 1993.
metagranite
1060 Charnockite Diorite, monzonite Pb/Pb Herz and Force, 1984.
1070 Garnet monzograntte Plutonism of Grenville orogeny U/Pb Aleinikoff and others, 1993.
1110 Hornblende gneiss Quartz monzonite U/Pb Aleikoff and others, 1993.
112747 Biotite granite U/Pb Alemnikoff and others, 1993.
1092-1139 Granite gneiss U/Pb Aleinikoff and others, 1993.
1144 Porphyroblastic U/Pb Aleinikoff and others, 1993
granite gneiss
1800 Paragneiss Gneiss, schist, Pb/Pb Herz and Force, 1984.

quartzite, and
phyllonite

Group represent the transition from rift to passive continen-
tal margin, beginning with conglomerate of the Loudoun
Formation and quartzites of the Weverton Formation and
ending with carbonate rocks of the Tomstown Formation.
These rocks form the base of the Paleozoic Appalachian
basin.

The Paleozoic tectonic history of the Appalachian oro-
gen 1s complex (Hatcher, 1989), and the timing of events
affecting the Blue Ridge-South Mountain anticlinorium
remains an enigma (Rankin and others, 1989). The Short
Hill fault provides evidence of extensional faulting that
postdates Early to Middle(?) Cambrian deposition of
carbonate rocks, but the tectonic setting is unclear
(Southworth, 1993). There is strong evidence of Early and
Middle Ordovician (480 to 420 Ma) deformation and meta-
morphism of the Taconic orogeny along the hinterland of
the Appalachians, but evidence for this is lacking in the
immediate region (Drake and others, 1989). The Taconic
orogeny is thought to be the first major compressive event
caused by one stage of the closing of the lapetus ocean. The
Middle Devonmian Acadian orogeny of the northern Appala-
chian and Piedmont provinces was another compressional
event during closing of the Iapetus Ocean (Hatcher, 1989),

but deformation of this orogeny has not been documented in
this region either. The Iapetus Ocean finally closed with the
continental collision of North America and Africa during
the late Paleozoic Alleghanian orogeny. The Alleghanian
orogeny lasted from the Late Mississippian until the Late
Permuan (340 to 250 Ma) (Hatcher, 1989).

The Blue Ridge-South Mountain anticlinorium has
long been interpreted to be an Alleghanian structure
because the South Mountain cleavage, which 1s geometri-
cally associated with it (Cloos, 1951), can be traced west-
ward through rocks as young as Devonian (Mitra and
Elliott, 1980). Since cleavage and folds of only one episode
of deformation are recognized, Mitra and Elliott (1980)
concluded that thrusting, folding, and cleavage were coeval.
In general, cleavage on the east limb of the Blue Ridge-
South Mountain anticlinorium is steeper than on the west
limb, so cleavage fans with respect to the anticlinorium
(Cloos, 1951; Mitra and Elliott, 1980). Local and regional
variations in the orientation of the South Mountain cleavage
have been related to later folding (Cloos, 1951; Nickelsen,
1956; Mitra and Elliott, 1980; Onasch, 1986; Mitra, 1987),
the position of different order structures (Mitra, 1987),
movement along the North Mountain fault above its foot-
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Figure 25. Diagrammatic sketches showing Middle Proterozoic to Cenozoic tectonic history of the Blue Ridge-South Mountain

anticlinorium near Harpers Ferry, W.Va.

wall tectonic ramp (Mitra, 1987), and doming by antiformal
duplex in the footwall of the Blue Ridge thrust sheet
(Southworth, 1993).

The timing of deformation in the Blue Ridge-South
Mountain anticlinorium can be determined only by its rela-
tion to stratigraphy and metamorphism (Drake and others,
1989). Evans (1991) and Bartholomew and others (1991)

suggest that Taconian greenschist-facies foliation was sim-
ply transported during Alleghanian deformation and is par-
allel with Alleghanian cleavage that affected rocks of the
foreland. Isotopic dating of muscovite in cleavage in the
east limb of the Blue Ridge-South Mountain anticlinorium
in this region shows a cooling age of 340 Ma with complex
spectra (Burton and others, 1992b; Kunk and others, 1993).
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