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THE ACCOTINK SCHIST, LAKE BARCROFT
METASANDSTONE, AND POPES HEAD FORMATION—KEYS
TO AN UNDERSTANDING OF THE TECTONIC EVOLUTION

OF THE NORTHERN VIRGINIA PIEDMONT

By AVERY ALA DRAKE, JR., and PETER T. LYTTLE

ABSTRACT

The newly named Accotink Schist and Lake Barcroft Metasand-
stone of the Eastern Fairfax sequence are the structurally lowest
metamorphic rocks in the northernmost Piedmont of Virginia. The Ac-
cotink consists of beds of pelitic schist that have thin basal intervals
containing graded, very fine grained metasiltstone, as well as interbeds
of metasandstone like that in the overlying Lake Barcroft Metasand-
stone. The unit is characterized by the Bouma turbidite sequences Te
and Tde and can be assigned to turbidite facies D and E. The thickness
of the Accotink is not known because its base is not exposed.

The Accotink Schist grades up into the Lake Barcroft Metasand-
stone, which consists of two types of metasandstone. Type I meta-
arenite is quartzofeldspathic granofels which forms thick sequences of
amalgamated beds that can best be described as belonging to the
Bouma turbidite sequence Ta and to turbidite facies B,. Type II
metagraywacke of the Lake Barcroft Metasandstone consists of
micaceous metagraywacke in thin to medium beds, which can be
described as belonging to the Buoma turbidite sequences Tabe and (or)
Tae and to turbidite facies C. The Lake Barcroft Metasandstone ap-
pears to be about 400 m thick. It and the Accotink Schist are thought
to represent a coarsening-upward sequence of an outer submarine-fan
association of rocks.

The Eastern Fairfax sequence is overlain by the Sykesville Forma-
tion. We believe that this contact is a movement surface upon which
the Sykesville was emplaced by subaqueous sliding. The Sykesville
contains isoclinally folded fragments, thought to be rip-ups, of Ac-
cotink and Lake Barcroft rocks. The Eastern Fairfax sequence is in-
truded by rocks of the Occoquan Granite batholith, which contains
pendants of isoclinally folded schist and metagraywacke. After intru-
sion, the metasedimentary and plutonic rocks were folded together.
Gamet and chlorite porphyroblasts within the Eastern Fairfax se-
quence appear to be related to the emplacement of the batholith. The
minimum age of the Eastern Fairfax sequence is that of the Occoquan
Granite batholith, currently thought to be about 560 m.y. The se-
quence, then, is considered to be of Early Cambrian age or older. The
Accotink Schist and Lake Barcroft Metasandstone have some lithic
similarity to the Loch Raven Schist and Oella Formation of Crowley
(1976) of the Baltimore area, but a correlation is very uncertain at this
time.

The newly named Popes Head Formation overlies all other

metasedimentary and transported meta-igneous rocks in northernmost
Virginia west of the Occoquan Granite batholith and is intruded by the
batholith. The Popes Head consists of a lower Old Mill Branch
Metasiltstone Member and an upper Station Hills Phyllite Member.
The Old Mill Branch consists largely of alternating coarser and finer
grained strata that are mostly fine- to very fine grained,
mineralogically quite mature graded metasiltstone, which can be
described as belonging to Bouma turbidite sequence Thde and (or)
Tde, more rarely Tcde. The metasiltstone contains interbedded inter-
vals in which both felsic and mafic metatuff contain pristine euhedral
crystals of igneous minerals. We believe that the metatuff represents
ash-fall deposits. The Old Mill Branch appears to be about 730 m
thick.

The Old Mill Branch grades up into the Station Hills Phyllite
Member, which consists of thin- to medium-bedded pelitic phyllite
and smaller amounts of very fine grained metasiltstone. The metasilt-
stone beds are graded, and many phyllite beds appear to have basal in-
tervals containing graded, very fine grained metasiltstone. These beds
can be described as belonging to Bouma turbidite sequence Tde. The
Station Hills has intervals containing chlorite-rich phyllite, which
probably represents mafic metatuff. No felsic metatuff has been
recognized. The top of the Station Hills is not known, neither therefore,
is its thickness. This unit appears to have a maximum thickness of
about 300 m in northernmost Virginia.

The metasedimentary rocks of the Popes Head Formation probably
belong to turbidite facies D and were probably deposited by weak tur-
bidity flows. The interbedded volcanic material suggests that the
Popes Head was deposited by the bilateral filling of a basin, perhaps a
back-arc basin.

The minimum age of the Popes Head depends on the age of the Oc-
coquan Granite batholith. The unit, therefore, is considered to be of
Proterozoic Z and (or) Early Cambrian age. The unit has some
similarity to the Chopawamsic Formation of the Quantico fold se-
quence south and east of the Occoquan Granite batholith, but that
unit is thought to be older than the Sykesville Formation; whereas the
Popes Head is younger. Metasiltstone like that of the Popes Head For-
mation is interbedded with purple and green pelitic phyllite
characteristic of the Ijamsville Phyllite in southern Frederick County,
Md. These two units may have a lateral facies relationship.
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INTRODUCTION

The names Accotink Schist and Lake Barcroft
Metasandstone, which refer to rocks constituting the
Eastern Fairfax sequence, and Popes Head Formation
are introduced here for two sequences of metamorphic
rocks in the Piedmont of northern Virginia. These se-
quences are part of a terrane of matamorphosed
sedimentary and less common volcaniclastic rocks, now
pelitic phyllite and schist, metasiltstone, metagray-
wacke, and psammitic-matrix sedimentary meélange
that crops out between the Culpeper Triassic and Juras-
sic basin and the Atlantic Coastal Plain. At the turn of
the century, all the rocks of this terrane were mapped as
Carolina Gneiss (Darton and Keith, 1901). Since that
time, most geologists (Fisher, 1970; Hopson, 1964;
Johnston 1962, 1964); Mixon and others, 1972; Reed and
Jolly, 1963; Seiders and Mixon, in press; Seiders and
others, 1975; Southwick and others, 1971; and Stose,
1928) have mapped these rocks as Wissahickon Forma-
tion, although some have considered the complicated
psammitic-matrix sedimentary meélange to be a separate
Sykesville Formation. This stratigraphic assignment is
not surprising, as the rocks are on strike with a
metamorphic terrane in the Maryland Piedmont that
has largely been called Wissahickon and, in fact, is con-
sidered one giant formation by Higgins and Fisher
(1971). More recently, Drake and Morgan (in press) have
suggested that the Wissahickon Formation could better
be visualized as a Wissahickon terrane because of severe
stratigraphic uncertainties and the presence of al-
lochthonous rocks.

Bennison and Milton (unpub. data, 1950), in their
mapping of the Fairfax and Seneca 15-minute
quadrangles, did not follow the conventional Wis-
sahickon terminology. They recognized a sequence of
flyschoid schist and metagraywacke that they correlated
with the Peters Creek Schist (Stose and Jonas, 1939) of
Maryland and Pennsylvania and they thought that the
psammitic-matrix sedimentary mélange was granitized
schist. More important, they mapped a separate se-
quence of metasiltstone and phyllite that they named
the Clifton Phyllite. This unit is renamed Popes Head
Formation in this paper because the stratigraphic name
Clifton is pre-empted.

More recent detailed mapping in Fairfax County (U.S.
Geol. Survey, 1977, p. 54-55; Drake and Froelich, 1977;
Drake and others, 1979) has shown that there are five se-
quences of metamorphic rocks in northernmost Virginia:
(1) A flyschoid sequence of pelitic schist or phyllite and
metagraywacke; (2) psammitic-matrix sedimentary
mélange; (3) a sequence of metasiltstone and phyllite
named herein the Popes Head Formation; (4) a
previously unrecognized sequence of schist and
metasandstone in the eastern part of the county named

herein the Accotink Schist and Lake Barcroft Metasand-
stone; and (5) allochthons consisting of the Piney Branch
Complex, a mixture of about subequal parts of
ultramafic and mafic rocks, and its discontinuous sole of
mélange, the Yorkshire Formation (Drake and Morgan,
in press). Drake and others (1979) and Drake an_d
Morgan (in press) recognize the psammitic-matrix
sedimentary mélange as the Sykesville Formation and
agree with Bennison and Milton (unpub. data, 1950)
that the flyschoid sequence of rocks that crops out west
of the Sykesville Formation along the Potomac River can
best be correlated with the Peters Creek Schist. As the
northern Virginia exposures of these last two units have
recently been described by Drake and Morgan (in press),
they will be discussed further herein only as they relate
to other rocks.

Since the pioneering work of Hopson (1964), most of
the rocks called Wissahickon have been recognized as
turbidites that were deposited in a deep marine basin.
The new stratigraphic units defined in this paper are
also turbidites and are described using Bouma’s (1962)
concept of an ideal sequence of structures (fig. 1). This
ideal sequence is rare, if present, in the rocks described
herein. Hence, they are described on the basis of the

Grain Bouma (1962)
size divisions

o Interturbidite

§ €| (generally shale)

e
Upper parallet

d| laminae

Ripples, wavy
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Sand
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o

FIGURE 1.—Ideal sequence (the Bouma sequence) of structures in a
turbidite bed modified (from Middleton and Hampton, 1973).
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younging directions, on the basis of primary sedimentary
structures, which indicate that these folds are synclines.
The Old Mill Branch then is less deformed, is at a lower
metamorphic grade, and is stratigraphically above the
older rocks. In addition, bedding in the Old Mill Branch
parallels the contact that cuts across structural markers
in the older rocks. All the available evidence, therefore,
strongly suggests that the contact with the older rocks is
an unconformity. The contact theoretically might be a
décollement, but no direct data support such an in-
terpretation.

On the basis of map width and constructed geologic
cross sections, the Old Mill Branch is about 730 m thick
in southern Fairfax County. This figure is almost cer-
tainly a maximum because of the problems of mapping
in poorly exposed terrane and probably unrecognized
deformation.

STATION HILLS PHYLLITE MEMBER

The Station Hills Phyllite Member is herein named
for typical exposures at its type locality along the tracks
of the Southern Railroad from a point about 350 m west
of Station Hills, Fairfax 7%-minute quadrangle, Fairfax
County, to a point about 900 m east of that village (pl.
1). The unit crops out in the core of the synform defined
by the Popes Head Formation and can be traced from
the northern exposure of that unit south of the Tysons
Corner Coastal Plain outlier to the southwestern corner
of the Fairfax 7%-minute quadrangle where it plunges
out (pl. 1).

The phyllite is not nearly as well exposed as the
metasiltstone of the Old Mill Branch , because most of
its outcrop belt is on a drainage divide in an urbanized
area. The unit is relatively well exposed, chiefly as
saprolite, in and around the village of Fairfax Station,
Fairfax 7% -minute quadrangle, in the type section of the
formation, along Braddock Road between Ox and
Roberts Roads, Fairfax 7% -minute quadrangle, and in
an unnamed tributary to Accotink Creek north of
Arlington Boulevard in the extreme northeast corner of
the Fairfax 7%-minute quadrangle (pl. 1).

The unit consists of light-greenish-gray, dusky-yellow-
weathering phyllite and lesser very fine grained metasilt-
stone. Locally, it is interbedded with fine-grained
metasiltstone. Some chlorite-rich phyllite within the
unit is possibly highly altered mafic metatuff. No felsic
metatuff was recognized. The member is isoclinally
folded and has a strong penetrative phyllitic cleavage
subparallel to bedding. Both bedding and cleavage have
been deformed by a later fold phase, but a second
cleavage is seen only in a few exposures. This deforma-
tion makes the recognition of sedimentary features in
this incompetent unit difficult. Pelitic beds are 2-12 cm

thick. Many beds appear to have thin basal intervals
that contain vaguely graded, very fine grained metasilt-
stone. There is some suggestion that the basal metasilt-
stone beds are laminated, but the strong subparallel
cleavage makes this determination difficult. On the
basis of these rather tenuous data, the Station Hills may
be described as a turbidite showing the Bouma (1962) se-
quence T,

The typical mineral assemblage for the phyllite is
muscovite-quartz-biotite-chlorite (-plagioclase-magne-
tite-epidote). Metasiltstone beds are identical with the
underlying Old Mill Branch. Thin-section study shows
that the long dimensions of all minerals, including
recrystallized quartz, parallel the phyllitic cleavage.

The Station Hills Phyllite Member conformably
overlies the Old Mill Branch Metasiltstone Member.
The contact is gradational and is arbitrarily placed
where more than 75 percent of the beds are pelitic phyl-
lite. The top of the Station Hills is not exposed in Fairfax
County; therefore, the unit’s thickness is unknown. The
unit appears to have a maximum thickness of about 300

m in Fairfax County.

ENVIRONMENT OF DEPOSITION

In a terrane like this, interpretation of a depositional
environment for the Popes Head Formation is difficult.
Some generalizations, however, can be made. The
metasiltstone and phyllite are turbidites composed of
mostly fine- to very fine grained quartz, a very mature
terrigenous sediment, and appear to have been deposited
in a large-scale fining-upward sequence. The Bouma
(1962) sequences Tpqe and Tge and very rare T g, sug-
gest that these rocks can be assigned to turbidite facies D
(Mutti and Ricci Lucchi, 1978; Walker and Mutti, 1973)
and that they are quite distal. The rocks were probably
deposited from weak turbidity flows as evidenced by lack
of current-produced flow marks, the apparent absence of
Bouma a divisions and sparsity of Bouma c divisions,
and the fine grain size.

Interbedded with these distal turbidites are felsic and
mafic metatuff, both of which contain pristine euhedral
igneous minerals that show no evidence of being water
worn. These metatuffs probably are ash-fall deposits.
The Popes Head, then, results from simultaneous
sedimentation from two sources areas. The quartzose
beds probably result from a longitudinal fill from a
cratonal source, although our only direct evidence is the
maturity and composition of the sediment. The metatuff
probably was supplied by volcanoes, and this long, fairly
narrow strike belt of rocks containing the volcanigenic
material suggests the possibility of an island arc. We
would like to suggest, then, that the Popes Head Forma-
tion resulted from the bilateral filling of a back-arc
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basin, as it seems to fulfill the criteria of Winn and Dott
(1978). Petrochemistry has not been completed, so that
aspect of the problem must be held in abeyance.

AGE AND CORRELATION

Like the Eastern Fairfax sequence, the age of the
Popes Head Formation cannot be directly determined. It
is younger than all the rock units in Fairfax County
north and west of the Occoquan Granite batholith and is
intruded by rocks of that batholith. The best and most
easily reached exposure where the intrusive relations
may be seen is on the north bank of a small stream
tributary to Bull Run about 275 m north of Bull Run
marina, Independent Hill 7'4-minute quadrangle, Fair-
fax County (BR on pl. 1). The phyllitic cleavage in the
Popes Head in this and other exposures is roughly paral-
lel to foliation in the batholithic rocks, suggesting that
they were deformed together, a suggestion supported by
the map pattern of the contact (pl. 1). The minimum age
of the Popes Head, then, is the age of the Occoquan
Granite batholith, which has been determined radio-
metrically as Early Cambrian. The controversy as to the
correctness of this age has been discussed in the treat-
ment of the Eastern Fairfax sequence. Like that se-
quence of rocks, we will consider the Popes Head Forma-
tion to be Proterozoic Z and (or) Early Cambrian until
such time that additional isotopic work proves
otherwise.

It is as difficult to find correlatives of the Popes Head
Formation as it is for the Eastern Fairfax sequence. One
possible correlative is the Chopawamsic Formation,
which crops out south and east of the Occoquan Granite
batholith in the Quantico fold sequence (Drake and
others, 1979). The Chopawamsic consists mainly of
volcanic and volcaniclastic rocks but contains admixed
and interbedded quartzose rocks of terrigenous origin
and is, therefore, more or less an analogue of the Popes
Head. Seiders and others (1975) consider it to be of Early
Cambrian or Proterozoic Z age. Perhaps these two units
have a lateral equivalency.

One problem with this speculation is that the Popes
Head appears to be younger than the Sykesville Forma-
tion in field relations. Another problem is that we have
never recognized an exotic fragment of Popes Head
within the Sykesville. We have seen abundant exotic
fragments identical with rocks of thé Chopawamsic For-
mation within the Sykesville; therefore, the Chopawam-
sic must be older than at least part of the Sykesville.
Southwick and others (1971) consider that the Sykesville
and Chopawamsic are partial equivalents and grade
laterally into one another, and Seiders and others (1975)
have described Sykesville-like material interbedded

with the Chopawamsic. Both are interpretations made to
explain the distribution of rock types in a poorly exposed
terrane. We believe that the data presented by the
earlier workers can be explained as well, if not better, as
a result of the presence of fragments, blocks, and slabs of
Chopawamsic within Sykesville matrix. This interpreta-
tion is supported by the direct observation of
Chopawamsic-like clasts in other outcrops. The relation
of the Popes Head to the Chopawamsic awaits direct
study somewhere in the area south of the Occoquan
Granite batholith.

North of the Potomac River in Maryland, the Wissa-

' hickon terrane (Peters Creek Schist of our usage, Wissa-

hickon Formation, or western sequence of Hopson
(1964), is bounded on the west by the Ijamsville Phyllite
(Hopson, 1964, Cleaves and others, 1968). The Ijamsville
is an alumina-soda-iron-rich rock characterized by pur-
ple and green muscovite-paragonite-chloritoid phyllite.
It closely resembles many of the rocks of the Taconic se-
quence of New York and New England (Zen, 1967) and
probably results from starved sedimentation on the
abyssal plain.

The Ijamsville is succeeded on the west by a sequence
of lightly metamorphosed, immature sandstone, silt-
stone, quartzite, impure marble, and basalt. These
rocks, the Urbana Phyllite of Cleaves and others (1968)
or Harpers Phyllite of Hopson (1964) have all the
features of shallow-water deposits and are thought, by
Hopson (1964) at least, to be related to the Chilhowee
Group of the Blue Ridge anticlinorium.

While doing a hurried reconnaissance in Montgomery
and southern Frederick Counties, Md., to prepare a tec-
tonic lithofacies map of the central Appalachians
published in Williams (1978), we found rocks that
closely resemble the Popes Head in the Urbana 7%:-
minute quadrangle along Interstate Route 270 about 2.9
km south of its intersection with Maryland Route 80.
These outcrops are found within a terrane compiled as
Urbana by Cleaves and others (1968), but the rocks do
not resemble other exposures of Urbana that we have
seen, nor do they resemble Hopson’s (1964) description
of this unit (his Harpers). About 1,600 m N. 35° E. from
these exposures, in outcrops along Maryland Route 355,
similar metasiltstone is interbedded with purple and
green phyllite typical of the Ijamsville. Hopson (1964)
mentioned laminated, even-bedded metasiltstone within
the terrane he considers Ijamsville but did not describe
them as turbidites.

If we might speculate on these sparse data, we would
like to suggest that the Ijamsville and Popes Head are
related. If this speculation is correct, the interbedded
Popes Head-like siltstone and Ijamsville Phyllite would
have been deposited at the margin of the longitudinally
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filled turbidite basin where mature quartzose sediment
became intermingled with the starved sedimentary se-
quence of the abyssal plain.! This discussion shows that
the far western Piedmont of Montgomery and im-
mediately adjacent Frederick Counties is the critical
area in which to determine the relation of these rocks.

RESULTS AND CONCLUSIONS

In this paper we have named and described three new
stratigraphic units in the enigmatic Wissahickon terrane
of the central Appalachian Piedmont and have
speculated on their possible environments of deposition.
Even if we are completely wrong in our speculations, we
present data that clearly show that rocks of the Eastern
Fairfax sequence differ greatly from those of the Popes
Head Formation and that both units differ from the
Peters Creek Schist in sedimentologic as well as in struc-
tural and metamorphic character (Drake and others,
1979; Drake and Morgan, in press). For these reasons, we
believe that it is folly to continue using the concept of a
Wissahickon Formation. In discussions of a regional
nature, however, the term Wissahickon is useful because
of its historical usage. We strongly suggest that the name
Wissahickon be used to define a terrane rather than a
stratigraphic unit except in the Philadelphia area.

One other important result has come from this work.
The Popes Head Formation is unconformable above a
terrane of polydeformed and polymetamorphosed rocks
that includes a stack of at least three allochthons: the
Sykesville Formation (if one considers, as we do, that a
rock body emplaced by subaqueous sliding is an al-
lochthon), the Potomac River allochthon (pl. 1; Drake
and others, 1979; Drake and Morgan, in press), and the
metamorphosed ophiolite fragment called the Piney
Branch allochthon (Drake and others 1979; Drake and
Morgan, in press). If the Popes Head is of Proterozoic Z
and (or) Early Cambrian age, then a great deal of
Proterozoic deformation and metamorphism probably
took place before the formation of the turbidite basin in
which it was deposited. Even if the Popes Head is
younger and the pre-Popes Head deformation and
metamorphism can be ascribed to an early Paleozoic
orogeny, the rocks beneath the Popes Head had a com-
plex and varied structural and metamorphic history
before its deposition. This history suggests that the
model for the tectonic development of the central Ap-
palachian Piedmont as first cast by Hopson (1964) and
refined by Fisher (1976) is greatly oversimplified.

'Since this was written, the Maryland outcrops described in the paragraph above were
restudied. This restudy casts some doubt on the correlation of the metasiltstones in Maryland
with the Popes Head Formation and, thereby, on this sedimentalogic interpretation.

REFERENCES CITED

Bouma, A. H., 1962, Sedimentology of some flysch deposits: New York,
Elsevier, 168 p. .
Cleaves, E. T., Edwards, Jonathan, Jr., and Glaser, J. D., compilers
and editors, 1968, Geologic map of Maryland: Baltimore,

Maryland Geological Survey, scale 1:250,000. .

Crowley, W. P., 1976, The geology of the crystalline rocks near
Baltimore and its bearing on the evolution of the eastern
Maryland Piedmont: Maryland Geological Survey Report of
Investigation 27, 40 p.

Crowley, W. P., 1979, The Appalachian Piedmont: A cross section near
Baltimore [abs.]: Geological Society of America Abstracts with
Programs, v. 11, no. 1, p. 9.

Darton, N. H., and Keith, Arthur, 1901, Description of the Washington
quadrangle [D.C.-Md.-Va.]: U.S. Geological Survey Geologic
Atlas, Folio 70.

Drake, A. A., Jr., and Froelich, A. J., 1977, Bedrock map of Fairfax
County, Virginia: U.S. Geological Survey open-file map 77-523.

Drake, A. A., Jr., and Morgan, B. A., in press, The Piney Branch
Complex—a metamorphosed fragment of the central Ap-
palachian ophiolite in northern Virginia: American Journal of
Science, in press.

Drake, A. A., Jr., Nelson, A. E., Force, L. M., Froelich, A. J., and
Lyttle, P. T., 1979, Preliminary geologic map of Fairfax County,
Virginia: U.S. Geological Survey open-file report 79-398.

Fisher, G. W., 1970, The Piedmont; the metamorphosed sedimentary
rocks along the Potomac River near Washington, D. C., in Fisher,
G. W., and others, eds.: Studies of Appalachian geology—central
and southern: New York, Interscience, p. 299-315.

Fisher, G. W., 1976, The geologic evolution of the northeastern Pied-
mont of the Appalachians [abs]: Geological Society of America
Abstracts with Programs, v. 8, no. 2, p. 172-173.

Higgins, M. W., and Fisher, G. W., 1971, A further revision of the
stratigraphic nomenclature of the Wissahickon formation in
Maryland: Geological Society of America Bulletin, v. 82, no. 3, p.
769-774.

Higgins, M. W. Sinha, A. K., Zartman, R. E., and Kirk, W. S., 1977,
U-Pb zircon dates from the central Appalachian Piedmont; a pos-
sible case of inherited radiogenic lead: Geological Society of
America Bulletin, v. 88, no. 1, p. 125-132.

Hopson, C. A., 1964, The crystalline rocks of Howard and Montgomery
Counties, in The geology of Howard and Montgomery Counties:
Baltimore, Maryland Geological Survey, p. 27-215.

Hsi, K. J., 1968, Principles of mélanges and their bearing on the Fran-
ciscan-Knoxville paradox: Geological Society of America Bul-
letin, v. 79, no. 8, p. 1063-1074.

Johnston, P. M., 1962, Geology and ground-water resources of the Fair-
fax quadrangle, Virginia: U. S. Geological Survey Water-Supply
Paper 1539-L, 61 p.

Johnston, P. M., 1964, Geology and ground-water resources of
Washington, D. C., and vicinity: U.S. Geological Survey Water-
Supply Paper 1776, 97 p.

Middleton, G. V., and Hampton, M. A., 1973, Sediment gravity flows;
mechanics of flow and deposition, in Middleton, G. V., and
Bouma, A. H., co-chairmen, Turbidites and deep-water sedimen-
tation: Los Angeles, Society of Economic Paleontologists and
Mineralogists, Pacific Section, p. 1-38.

Mixon, R. B., Southwick, D. L., and Reed, J. C., Jr., 1972, Geologic
map of the Quantico quadrangle, Prince William and Stafford
Counties, Virginia, and Charles County, Maryland: U.S.
Geological Survey Geologic Quadrangle Map GQ-1044.



16 ACCOTINK SCHIST, LAKE BARCROFT METASANDSTONE, POPES HEAD FORMATION, VIRGINIA PIEDMONT

Mutti, Emiliano and Ricci Lucchi, F. R., 1978, Turbidites of the
northern Apennines; introduction to facies analysis: American
Geological Institute Reprint Series no. 3, 166 p.

Reed, J. C., Jr., and Jolly, Janice, 1963, Crystalline rocks of the
Potomac River gorge near Washington, D. C.: U.S. Geological
Survey Professional Paper 414-H, 16 p.

Seiders, V. M., and Mixon, R. B., in press, Geologic map of the Occo-
quan quadrangle and part of the Fort Belvoir quadrangle, Prince
William and Fairfax Counties, Virginia: U.S. Geological Survey
Miscellaneous Investigations Map.

Seiders, V. M., Mixon, R. B., Stern, T. W., Newell, M. F., and
Thomas, C. B., Jr., 1975, Age of plutonism and tectonism and a
new minimum age limit on the Glenarm Series in the northeast
Virginia Piedmont near Occoquan: American Journal of Science,
v. 275, no. 5, p. 481-511.

Southwick, D. L., Reed, J. C., Jr., and Mixon, R. B., 1971, The
Chopawamsic Formation—a new stratigraphic unit in the Pied-

mont of northeastern Virginia: U.S. Geological Survey Bulletin
1324-D, 11 p.

Stose, G. W., and Jonas, A. 1., 1939, Geology and mineral resources of
York County, Pennsylvania: Pennsylvania Geological Survey, 4th
Series, Bulletin C-67, 199 p.

Stose, G. W., compiler, 1928, Geologic map of Virginia: Charlottesville,
Virginia Geological Survey, scale 1:500,000.

U.S. Geological Survey, 1977, Geological Survey research 1977: U.S.
Geological Survey Professional Paper 1050, 411 p.

Walker, R. G., and Mutti, Emiliano, 1973, Turbidite facies and facies
associations, in Middleton, G. V., and Bouma, A. H., co-
chairman, Turbidites and deep water sedimentation: Los Angeles
Society of Economic Paleontologists and Mineralogists, Pacific
Section, p. 118-157.

Williams, Harold, compiler, 1978, Tectonic lithofacies map of the Ap-
palachian orogen: St. Johns, Memorial University of New-
foundland, scale 1:1,000,000.

% U 8 GOVERNMENT PRINTING OFFICE- 1981—777-034/102



