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TECTONIC IMPLICATIONS OF THE INDIAN RUN FORMATION—
A NEWLY RECOGNIZED SEDIMENTARY MELANGE IN THE
NORTHERN VIRGINIA PIEDMONT

By AVERY ALA DRAKE, JR.

ABSTRACT

Sedimentary mélange in the northeastern part of Fairfax County,
Virginia, contains both mesoscopic and mappable fragments of Ac-
cotink Schist, Lake Barcroft Metasandstone, metagabbro, and ultra-
mafic rocks as well as smaller fragments of other rock types. This
mélange was originally mapped as the Sykesville Formation, a major
precursory sedimentary mélange in northern Virginia and Mary-
land. The fragments of Accotink Schist and Lake Barcroft Metasand-
stone within the Sykesville were considered to be rip-ups of these
units over which the Sykesville slid when finally emplaced. More
recent study has shown that fragments of Accotink and Lake Bar-
croft are restricted to a certain area of sedimentary mélange origi-
nally defined as Sykesville, and this part of the mélange is now
considered to be a separate mappable unit, here named the Indian
Run Formation. The Indian Run underlies the sequence Accotink
Schist and Lake Barcroft Metasandstone which is here formally
named the Annandale Group. The Indian Run is intruded by the
Occoquan Granite of Cambrian age, so it is of Cambrian or Late
Proterozoic age.

The Sykesville Formation (restricted) is a much more extensive
unit than the Indian Run Formation and is characterized by its
contained olistoliths of the Peters Creek Schist, the unit that tecton-
ically overlies it. The Sykesville and Peters Creek constitute a pre-
cursory mélange-allochthon pair which is here termed a “tectonic
motif.” The Indian Run-Annandale pair then forms a tectonically
lower motif, and the overlying pair, the Yorkshire Formation-Piney
Branch Complex, forms a tectonically higher motif. The Chopawam-
sic Formation and underlying sedimentary mélange in the area
south of Fairfax County may form a tectonic motif beneath the In-
dian Run-Annandale tectonic motif. Thus, three and perhaps four
repetitions of precursory mélange-allochthon pairs occur in northern
Virginia. Other percursory mélanges and motifs may occur in the
Maryland Piedmont to the north.

The tectonic setting of the motif formation and assemblage is un-
certain at this time. A model involving the obduction of several
separate sheets onto the ancestral North American continental mar-
gin is appealing in that it involves the closing and destruction of a
marginal basin, a relatively simple concept. This model fails, how-
ever, to supply a source for the sediment necessary to form the pre-
cursory mélanges. A trench-slope origin would supply the vast
amount of needed sediment by accretion. The precursory mélange-
allochthon motifs would then be stacked near the base of the trench
slope. This model is appealing and requires a rather complicated
assemblage of continental, arc, and oceanic fragments, such as those
that occur on many modern continental margins.

INTRODUCTION

In recent years, Drake (1980) and Drake and Morgan
(1981, 1983) have recognized the importance of precur-
sory sedimentary mélanges (Elter and Trevisan, 1973)
as tectonic indicators in the central Appalachian Pied-
mont. These mélanges contain small to very large frag-
ments of rock units that now lie tectonically above
them and thereby mark the boundaries of allochthons.
The mélange and its overlying allochthon constitute a
pair termed a “tectonic motif.” Two such motifs, the
Sykesville Formation-Peters Creek Schist and the
Yorkshire Formation-Piney Branch Complex, have
been mapped and described in the northern Virginia
Piedmont (Drake and Lyttle, 1981; Drake and Morgan,
1981, 1983; Drake and others, 1979). In the eastern
part of Fairfax County, Virginia, a problem has existed
within the sedimentary mélange originally mapped as
Sykesville Formation (Drake and others, 1979; Drake
and Lyttle, 1981). The Sykesville as mapped in that
area contains, in addition to exotic rock types, frag-
ments of Accotink Schist and Lake Barcroft Metasand-
stone, rocks that tectonically underlie the Sykesville
sedimentary mélange. This relation presents a struc-
tural dilemma in that a mélange contains fragments of
a unit upon which it was supposed to have moved. This
problem was rationalized (Drake and Lyttle, 1981) by
considering the fragments of Accotink and Lake Bar-
croft to be rip-ups or possibly to be units that consti-
tuted a giant olistolith within the Sykesville. More re-
cent reexamination of critical exposures in the field led
to the recognition that the olistoliths of Accotink Schist
and Lake Barcroft Metasandstone are not in the
Sykesville Formation at all but are in an entirely dif-
ferent sedimentary mélange that lies beneath rather
than above the Accotink and Lake Barcroft. This
mélange is thought to be a precursory mélange to the
allochthonous Accotink and Lake Barcroft as the York-
shire Formation is to the Piney Branch Complex and as
the Sykesville is to the Peters Creek Schist, thereby
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constituting a third tectonic motif in this part of north-
ern Virginia (pl. 1). The primary purpose of this paper
is to describe this newly recognized mélange and to
name it the Indian Run Formation.

The Accotink Schist and Lake Barcroft Metasand-
stone lie between two mélanges, and in a sense, then,
could be considered to constitute a megaolistolith
within a mass of sedimentary mélange. The Eastern
Fairfax sequence that is composed of the Accotink
Schist and Lake Barcroft Metasandstone (Drake and
Lyttle, 1981) is here formally named the Annandale
Group.

The data for this paper were collected during detailed
geologic mapping of the crystalline rocks of Fairfax
County, Virginia, at the scale of 1:24,000 that resulted
in a preliminary geologic map of Fairfax County
(Drake and others, 1979) at the scale of 1:48,000.

REGIONAL GEOLOGY

The metamorphic rocks in northernmost Virginia
occur in a stack of six lithotectonic units. These units,
from highest to lowest, are the Popes Head Formation;
the Piney Branch allochthon; the Peters Creek Schist,
which constitutes the Potomac River allochthon; the
Sykesville Formation; the Annandale Group (here
named); and the newly recognized Indian Run Forma-
tion (here named). Most of these metamorphic rocks are
intruded by the Occoquan Granite, the Falls Church
pluton (Steidtmann, 1945), and several smaller sec-
ondary plutons of tonalite (Drake and Lyttle, 1981; Sei-
ders and others, 1975; Seiders and Mixon, 1981). Only
the northern part of the Occoquan batholith crops out
in this area. Most of the Occoquan is monzogranite, but
it has granodiorite and tonalite phases. The northern
border of the batholith appears to be largely tonalite,
and it has been suggested that the batholith may be a
composite intrusion (Drake and Lyttle, 1981). The Oc-
coquan Granite has been dated at about 560 Ma by
U-Pb technique on zircon (Seiders and others, 1975)
and at 494+14 Ma by the Rb-Sr whole-rock technique
(Mose and Nagel, 1982). The Occoquan Granite, there-
fore, is almost certainly of Cambrian age.

The small tonalite plutons in the area seem similar
to the tonalite of the Occoquan batholith and may be
apophyses of an as yet unroofed composite intrusion as
suggested by Drake and others (1979). The Falls
Church pluton is very poorly exposed, but most of the
rocks therein are identical to the tonalite plutons and
the tonalite of the Occoquan batholith. The batholith
contains some trondhjemite, but the relation of the
trondhjemite to the tonalite cannot be determined.

POPES HEAD FORMATION

The Popes Head Formation (Drake and Lyttle, 1981)
unconformably overlies all the other lithotectonic units
and consists of a lower Old Mill Branch Metasiltstone
Member and an upper Station Hills Phyllite Member.
Both of these members contain interbedded felsic and
mafic metatuff. These rocks are graded but lack
current-produced flow marks. They have been inter-
preted to belong to the Bouma (1962) turbidite se-
quence T, and to Mutti’s and Ricci Lucchi’s (1978)
turbidite facies D, suggesting deposition from weak
turbidity flows, and to have resulted from the bilateral
filling of a backarc basin (Drake and Lyttle, 1981). The
typical mineral assemblage of rocks of the Popes Head
Formation is quartz-muscovite-biotite-plagioclase,
and they are at biotite grade. The unit has a maxi-
mum thickness of more than 1,000 m.

The Popes Head is intruded by the Occoquan Granite
so is older than that plutonic unit and is either of Cam-
brian or Late Proterozoic age (Drake and Lyttle, 1981).
It is unconformable upon the other metamorphosed
rocks in this area (Drake and Lyttle, 1981; Drake and
Morgan, 1981) and has had a much less severe tectonic
history than those rocks (Drake and Lyttle, 1981;
Drake and Morgan, 1981; Drake, 1983).

PINEY BRANCH ALLOCHTHON

The highest of the allochthonous lithotectonic units,
the composite Piney Branch allochthon, consists of the
Piney Branch Complex and the Yorkshire Formation.
The Piney Branch Complex is an intimate mixture of
metamorphosed ultramafic and mafic rocks which are

'now serpentinite, soapstone, actinolite schist, and
metagabbro intruded by small dikes and sheets of pla-
giogranite. The Complex lacks discernible order and is
thought to be a tectonic mélange resulting from the
autoclastic deformation of a layered complex that con-
tained repetitive cycles of ultramafic and mafic layers
(Drake and Morgan, 1981, 1983).

YORKSHIRE FORMATION

The Yorkshire Formation forms a thin discontinuous
lower border to the Piney Branch Complex. This rock
has a quartz-plagioclase-chlorite matrix which is char-
acterized by abundant light-colored, chalky feldspar
grains that contrast markedly with the dark, chlorite-
rich phyllosilicate component of the rock. It resembles
neither the Sykesville nor Indian Run Formations. Set
in this matrix are fragments of the overlying Piney
Branch Complex as well as quartz and exotic rocks. The
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The Indian Run and Annandale Group probably crop
out in an antiformal window through the Sykesville
Formation. This interpretation is supported by expo-
sures of Sykesville containing typical olistoliths of
migmatized Peters Creek Schist (fig. 3B) which occur
east of the Indian Run at the Coastal Plain overlap in
Fourmile Run in the Alexandria quadrangle, just to the
east of the northeast corner of the Annandale quadran-
gle (pl. 1). The Indian Run almost certainly occurs
south of the area mapped as pendants of the overlying
Annandale Group that occur within the Occoquan
batholith. Sedimentary mélange has been mapped far-
ther south in the Occoquan and Quantico 7Y2-minute
quadrangles as Wissahickon Formation by Seiders and
Mixon (1981) and Mixon and others (1972), and even
farther south as diamictite by Pavlides (1981). Casual
examination of some of these rocks suggests a similar-
ity to the Indian Run. The critical study of the olistolith
type has not been made. An aspect of some of this
mélange, however, is that it contains olistoliths of and
underlies the Chopawamsic Formation (Southwick and
others, 1971; Seiders and others, 1975; Seiders and
Mixon, 1981; Drake and Lyttle, 1981), a metavolcanic
unit that is widespread throughout the central Vir-
ginia Piedmont (Pavlides, 1981). Pavlides and others
(1982) report that the Chopawamsic is at many places
thrust upon an extensive mélange zone in central Vir-
ginia. Thus, there is yet another motif of thrust sheet
and related precursory mélange—Chopawamsic For-
mation and Chopawamsic olistolith-bearing sedimen-
tary mélange—in the northern Virginia Piedmont.

The Indian Run Formation, like the other metamor-
phic rocks of the area, predates the emplacement of the
Occoquan Granite. Its age then is Cambrian or Late
Proterozoic.

TECTONIC IMPLICATIONS

Modern workers in the Maryland and Virginia Pied-
mont have accepted Hopson’s (1964) concept that the
Sykesville Formation represents a gigantic submarine
slide deposit that moved on a west-facing slope and that
the material was derived from the east. Hopson (1964),
in a pre-plate tectonic interpretation, believed that the
Sykesville stemmed from a geanticlinal landmass of
crystalline rock that, along with his Wissahickon For-
mation and other eastern Piedmont rocks, constituted
what we would now consider to be a foreland basin
sequence of Proterozoic age. Although it was not explic-
itly stated, Crowley (1976) apparently believed, as
judged from his figure 1, that the Sykesville had its
origin on a peripheral bulge resulting from the aborted
subduction of the North American craton beneath his
Laurel-Bel Air marginal ocean. In his view, the

Sykesville and his Wissahickon Group constituted a
part of the central Appalachian foreland basin se-
quence of Cambrian and Ordovician age. Crowley
(1976) was the first geologist to recognize that thrust
sheets of ophiolitic and island arc metavolcanic rocks
were being emplaced during Sykesville sedimentation.
Fisher and others (1979) essentially follow Crowley’s
(1976) ideas with the additional concept that the thrust
emplacement of the Baltimore Complex ophiolitic
rocks served as the trigger for Sykesville sliding. Drake
(1980), Drake and Lyttle (1981), and Drake and Mor-
gan (1981, 1983) visualize a more complex obduction
event in which allochthons of both metasedimentary
and ophiolitic rocks were involved and in which each
allochthon had its own precursory mélange. Higgins
(in press) recognizes a sedimentary mélange (the
Sykesville?) beneath the allochthonous ophiolitic rocks
of the Baltimore Complex along the Susquehanna
River and another sedimentary mélange, the
Conowingo, above the Baltimore Complex and beneath
the allochthonous metavolcanic rocks of the James Run
Formation. Finally, I describe yet another thrust sheet
and attendant precursory mélange in northern Vir-
ginia. As yet, however, no one has really come to grips
with the tectonic setting of the Sykesville Formation
and the other subaqueously emplaced sedimentary
mélanges.

It is difficult to interpret a tectonic setting for these
large central Appalachian subaqueous slides, for as
pointed out by Woodcock (1979), there are few such
deposits in the on-land ancient geologic record. One
such deposit, the Chain Lakes Complex in Maine
(Boudette and Boone, 1976), is quite similar to the
Sykesville, Indian Run, and Conowingo mélanges, but
it is more poorly understood and has even been inter-
preted to be a metasuevite (Boudette and Boone, 1982).
I have also seen similar rocks in the Inner Piedmont of
North Carolina, but these rocks are interpreted, as was
the Sykesville originally, to be intrusive igneous rocks.
A consideration of modern deposits seems warranted.

The Casanova Complex in the Italian Apennines
seemed a likely model for the Central Appalachian sed-
imentary mélanges in that it is a large transported
sedimentary mélange that contains olistoliths of ophi-
olithic and other oceanic rocks and it was interpreted to
be a precursory mélange to the northeast-moving Lig-
urid nappes (Elter and Trevisan, 1973). More recent
work (Naylor, 1982) has suggested that the debris
within the Casanova was deposited during the Creta-
ceous but that the Ligurid nappes were not created
until the Miocene. If this work is correct, the Casanova
can hardly be a precursory mélange to the Ligurid
nappes and is not a satisfactory model for the central
Appalachian mélanges.
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In a summary paper on more recent submarine slides,
Moore (1977) found that large-scale submarine slides
occur principally in two dramatically contrasting litho-
spheric plate provinces. These are (1) the passive, mid-
plate, continental margin provinces, such as the cur-
rent Atlantic coast of the United States, or (2) sub-
duction zone provinces where the ocean floor is being
subducted beneath either a continent or other oceanic
crust. Although the processes are different, these two
tectonic provinces share the necessary prerequisite fac-
tor, a thick sedimentary section. On a passive margin,
much time has been available to accumulate thick sed-
iment, whereas in the subduction zone province a thick
section is built up by accretion. Passive margin slides
do not seem applicable to the Central Appalachian
Piedmont, but subduction zone types could be. The Bas-
sein slide (Moore and others, 1976) is a well-described
example of a major slide in a forearc-trench subduction
setting. The Bassein slide occurred on the submerged
seaward side of an orogenically uplifted sedimentary
arc related to the convergence of the Indian and
Eurasian plates that generated the Sunda Arc subduc-
tion zone. The tectonically emplaced strata of this arc
were blanketed with additional sediments from a
nearby river behind the arc. Moore and others (1976)
believe that the slide results from this enormous
amount of sediment which was deposited on the trench
slopes. Given the complex origin of the region and the
terrane affected by the slide, it is apparent that the
ages and lithologies of the displaced materials could
vary widely.

Another large sedimentary mélange, the Lichi, has
recently been described by Page and Suppe (1981). The
Lichi also has a forearc setting, but it is in a forearc
basin, not a trench or subduction zone site. As with the
Bassein, an outer nonvolcanic arc (accretionary wedge)
is thought to be the source for the Lichi. The olistoliths
of ophiolitic, deep-sea fan, and continental rise rocks in
the Lichi are appropriate for an accretionary ridge
source terrane. Page and Suppe (1981) feel that
Lichi-type mélanges may be more common than gener-
ally believed because the collapse of the relatively thin
forearc basins is inevitable during collision.

A search of the literature failed to disclose any report
of emplacement of large sedimentary mélanges in a
backare position other than the classic model for the
Apennine mélanges in which the matrix for the
mélanges supposedly had its source in the advancing
nappes. If Naylor (1982) is correct in his view that the
Italian mélanges have no relation to nappe emplace-
ment, it is impossible to use that model for the central
Appalachian mélanges. All major submarine slides
then appear to have occurred in forearc areas, either in

forearc basins (Lichi) or on trench slopes (Bassein). The
Lichi has been well studied by Page and Suppe (1981),
and it is clearly not precursory to an overlying al-
lochthon. In many ways, the Bassein is an appealing
model for the central Appalachian sedimentary
mélanges. A tremendous amount of sediment was
needed to form those mélanges.

The Sykesville Formation, as currently mapped, is as
much as 3 km thick and has a width of about 125 km
from Liberty Reservoir, Maryland (Cleaves and others,
1968), to Garrisonville, Virginia (Pavlides, 1976). If the
sedimentary mélange beneath the Baltimore Complex
along the Susquehanna River is Sykesville (Higgins, in
press), the unit has a width of about 200 km. If the
Sykesville and other sedimentary mélanges formed on
a trench slope like the Bassein, a mechanism must be
rationalized to develop the mélange-allochthon motifs
of the central Appalachians. Just such a mechanism is
suggested by Karig (1982) in a recently published essay
pointing out the importance of forearc deformations to
mountain belts. Karig suggests that near the base of a
trench slope, an upper thrust plate is stretched over the
thrust toe thereby generating debris that slumps to the
base of the scarp. With continued thrusting, the debris
is overrun by the thrust plate, the process continuing
as long as deformation persists. This process would de-
velop deposits like the forethrust debris beneath sub-
aerial thrusts (Brock and Engelder, 1977) and the pre-
cursory mélanges of the central Appalachians. Thus, a
mixture of deformational fabrics, reflecting both
gravitational and tectonic processes, would be pre-
served in the same or closely. positioned outcrops, but
all would form part of a tectonically generated bound-
ary. Although a trench slope origin for the sedimentary
mélanges and the mélange-allochthon motifs is appeal-
ing, it is difficult to fit a trench model into current
concepts of the tectonic setting of this part of the cen-
tral Appalachians which most geologists visualize as
representing the remains of a small ocean basin that
was flanked to the east by the Chopawamsic volcanic
island are. The trench of this system would have been
outboard of this island arc. The allochthonous rocks of
the area, however, constitute different lithotectonic en-
vironments including oceanic (Piney Branch Complex);
two different submarine fans, one of which contains
ophiolitic debris and one that does not; the Peters
Creek Schist and the Annandale Group; and rocks of a
volcanic arc in the central Virginia volcanic-plutonic
belt. Perhaps this part of the Piedmont consists of
many mashed-together terrane fragments and consti-
tutes an ancient analogue to Hamilton’s (1969) predic-
tion for the Indonesian region, once Australia has
closed with Eurasia.
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CONCLUSIONS

The Sykesville Formation as originally mapped in
northern Virginia actually consists of two precursory
sedimentary mélanges, the Sykesville and Indian Run
Formations. The Indian Run and its overlying al-
lochthon, the Annandale Group, form a third and lower
mélange-allochthon motif beneath the Sykesville
Formation-Peters Creek Schist and the Yorkshire
Formation-Piney Branch Complex.

The quartzo-feldspathic matrix of both the Sykes-
ville and Indian Run suggests a common source and
suggests that care must be taken to recognize individ-
ual slide sheets in geologic mapping. It is suggested
that the Chopawamsic Formation and underlying sedi-
mentary mélange to the south of this area may consti-
tute yet another, lower mélange-allochthon motif.
Other slide sheets and motifs may well occur to the
north in Maryland.

The sediment source for the mélange matrix is un-
known, and the tectonic setting of the motif formation
and assemblage is still uncertain. The original, stacked
thrust sheet model is appealing in that the sheets are
now obducted onto the North American craton and the
closing and destruction of a marginal basin and its
flanking island arc is a relatively straightforward tec-
tonic model. The major problem with this concept is
lack of a source for the immense amount of sediment
necessary to form the sedimentary mélanges.

A trench-forearc tectonic site could supply the neces-
sary sediment through accretion, and it has been
shown that stacked tectonic motifs could form at such
a site. The assemblage of the current terrane would
require a far more complicated tectonic history than
the simple destruction of a marginal basin. Perhaps
this more complex solution is the correct one as the
rocks involved have been shown to have a tectonic his-
tory older and different from that of North American
rocks of the Blue Ridge and Great Valley to the west
(Drake and Lyttle, 1981; Drake, 1983). Continental
margins are complex places, and judging from other
areas of the world, such a history is not impossible.
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