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(ABSTRACT)

The question of whether the mafic and ultramafic rocks of the central Virginia Blue
Ridge are part of a Late Proterozoic to Ordovician ophiolite-bearing sequence or part of an
intrusive-extrusive sequence related to the Late Proterozoic Iapetan rifting has major
implications for Appalachian tectonic models. Current models consider most of the Blue
Ridge cover sequence to be ophiolitic mélange that was obducted onto Laurentia, thus
implying a suture or terrane boundary is associated with the rocks.

Detailed field mapping and petrography of three typical mafic-ultramafic
complexes in the central Virginia Blue Ridge (the Catfish, Flat Creek, and Schuyler
complexes) indicate that these bodies do not show characteristics that resemble ophiolites.
The three complexes are broadly conformable with stratigraphic layering, and the
Lynchburg Group host strata form a continuous and conformable stratigraphic sequence
unbroken by faults and without evidence of mélange. Contacts between the mafic-
ultramafic bodies and the host rocks are sharp and show no strong evidence for faulting or
other disturbances. Internal contact relations and the presence of autoliths indicate that

these bodies were derived from multiple injection of a fractionating basaltic magma.



The characteristics of the Catfish, Flat Creek, and Schuyler complexes confirm that
the mafic-ultramafic association is an intrusive sequence rocks intimately related to the Late
Proterozoic Iapetan rifting. The rocks are not part of a Late Proterozoic to Ordovician
ophiolite sequence or mélange. Therefore, there are no sutures or terrane boundaries in the

central Virginia Blue Ridge.
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INTRODUCTION

The origin and tectonic significance of the mafic-ultramafic association in the Blue
Ridge post-Grenville cover sequence has been a subject of dispute for over 60 years. The
majority of current tectonic models consider most of the cover sequence to be ophiolitic
mélange that was obducted onto Laurentia (Rankin, 1994; Rankin and others, 1989; Horton
and others, 1989; Keppie and others, 1989; Hatcher, 1989; Hatcher, 1987; Stanley and
Ratcliffe, 1985; Conley, 1985; Hatcher and others, 1984; Abbott and Raymond, 1984).
This implies that a terrane boundary or suture of Late Proterozoic to Ordovician age is
associated with the rocks (figure 1). Several lines of evidence have been used to support
these models: 1) the linear distribution of the mafic and ultramafic rocks along the Blue
Ridge, which was first recognized by Hess (1939; 1955); 2) tectonomagmatic
discriminant diagrams of Blue Ridge basalts, which are considered an important argument
for the presence of ophiolites since some of the rocks plot in the MORB and/or OIB and
IAB fields (Wang and Glover, in press); and 3) where most studies have been carried out,
the rocks are intensely deformed and metamorphosed, which has led to their interpretation
as tectonic mélange.

Wang and Glover (1992), however, demonstrated that ambiguous or incorrect
results are obtained when using the tectonomagmatic discriminant diagrams if the basalts
were actually intruded into continental crust (e.g., figure 2). The basalts tend to either plot
in more than one field on a single diagram or in different fields on different diagrams.
Therefore, when used alone, the diagrams may give an incorrect tectonic classification.
Also, recent studies of the Virginia post-Grenville cover rocks, particularly the Lynchburg
Group, by Wehr (1985), Wehr and Glover (1985), Kline (1991), and Wang and Glover (in
press), show that they represent a typical rift sedimentary suite. No evidence of mélange

structures were found in the Lynchburg Group.
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Figure 1. Virginia Blue Ridge showing terrane boundary of Rankin (1990) and Horton
and others (1989). From Glover and others (1995).
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American Jurassic basalts (Wang and Glover, 1992).



For these reasons, the question of whether the mafic and ultramafic rocks are part
of a Late Proterozoic to Ordovician ophiolite-bearing sequence or part of an intrusive-
extrusive sequence related to the Late Proterozoic Iapetan rifting has major implications for
Appalachian tectonic models. That is why detailed field evidence is essential to resolve the
geologic framework question of the presence of absence of ophiolites and a suture. Until
now, the field relations have been largely overlooked or not examined in detail. This is
partly because of the intense deformation and metamorphism of the rocks where most
studies have been carried out. Also, in the past, field geologists have not thought it
necessary to rigorously record observational details of contact relations. Thus, the older
literature may have simply recorded or implied that a particular mafic contact was
conformable with little justification, because there was no concern that this might someday
be challenged. In the central Virginia Blue Ridge, most of the mafic and ultramafic rocks
were mapped and interpreted as intrusive bodies. In the vicinity of Lynchburg, Virginia,
the mafic-ultramafic association was mapped and discussed by Brown (1958). Brown
included hornblende-plagioclase amphibolites (mafic rocks) and the closely associated
ultrabasic rocks comprised of amphibole-chlorite schist (metapyroxenite), serpentinite,
soapstone, and peridotite in his suite of "sill-and-dike-like" rocks. Brown also suggested
that the ultramafic rocks might be extrusive because this would explain the localization
parallel to bedding and the association of these rocks with the Catoctin lavas. The famous
serpentine-soapstone deposits at and near Schuyler, Virginia, were discussed early on by
Watson (1907), Burfoot (1930), and Hess (1933). Hess (1933) was the first to examine in
detail the mineralogy and lithology of the Schuyler body and concluded that it was a
differentiated sill. He found the following sequence of rocks in the body (from bottom to

top): 1) ultramafic rock with talc-chlorite-actinolite-calcite assemblages, 2) gabbroic rock



with hornblende-actinolite assemblages, and 3) silicic rock with quartz-albite-microcline-
chlorite-hornblende assemblages. More recently, Greenberg and Milici (1965) discussed
the petrography of the soapstone deposits and concluded that they were part of a
metamorphosed sill. Fairley and Protska (1958) prepared a map of the Schuyler deposits,
from the Rockfish River north, towards Old Dominion, Virginia. Their mapping shows
the deposits as sills as well. The most recent map of the Schuyler body was included in
Wehr's (1983) work on the Lynchburg Group in the Rockfish River area. He mapped the
Schuyler complex as a sill, but a detailed examination of the body was beyond the scope of
his study. Explanations for how the mafic and ultramafic rocks originated include
fractional crystallization of basaltic magmas to diapiric intrusion, as suggested by Hess
(1933, 1939, 1955), Bloomer and Werner (1955), Brown (1958), and Epenshade (1954).

These earlier studies emphasize how important conducting detailed studies of
contact relations really are. Although they appear to have interpreted the dominantly
intrusive nature of these bodies correctly, the evidence was sufficiently ambiguous to
permit reinterpretation under the new paradigm of plate tectonics. With the advent of plate
tectonic theory, many workers began rethinking the earlier ideas of the mafic-ultramafic
association as a series of intrusive rocks. The sill-like nature of these bodies recorded by
earlier workers was discounted on the basis of their extremely long linear distribution in the
Blue Ridge, geochemistry, and the intensity of the metamorphism and deformation (giving
the appearance of mélange) in the areas where most studies were undertaken, and thus the
idea that they represent ophiolites was born. From this followed the popular suture or
terrane boundary model. The choice between the two views, rifted margin sequence or
collisional ophiolitic mélange, is a major problem of Appalachian modeling. Therefore, it
is the purpose of this study to examine in detail the internal and external contact relations

and petrography of three typical mafic-ultramafic complexes in central Virginia in order to



determine their nature and origin. Fortunately, in the central Virginia Blue Ridge, field

relations are structurally and metamorphically relatively simple and well exposed.

THE CATFISH MAFIC COMPLEX OF THE MAFIC-ULTRAMAFIC SUITE
Introduction

The Catfish mafic complex is located on the east bank of the James River, just
north of business route US 29 in Lynchburg, Virginia (figure 3). It is one of a large
number of mafic and mafic-ultramafic bodies that occur in the Lynchburg Group. The
Catfish is a small (< 2 km long), linear, mafic complex which occurs near the top of the
locally overturned Late Proterozoic Lynchburg rocks that are part of the Blue Ridge post-
Grenville cover sequence. The Catfish mafic complex and the Lynchburg Group rocks are
located on the southeast limb of the Blue Ridge anticlinorium. The rocks consistently

strike northeast-southwest.

Host Rocks
Regionally, the Lynchburg II Group rocks, host for the Catfish mafic complex, are

comprised of three lithologies (Wang, 1991): feldspathic meta-arenites, mica schists, and
metaconglomerates. Wang (1991) interpreted these lithologies to be mudstones and
feldspathic arenites that were deposited as turbidites.

The Lynchburg II host rocks at the Catfish locality are herein divided into three
parts (pClag, pClarr, pClarmn) primarily on the basis of lithology (figure 4, Table 1). The 50
meter section described here is part of a larger, continuous outcrop along both sides of the
James River.

Unit pClyj is the stratigraphically lowest unit in the sequence. It encloses the

Catfish mafic complex. That part exposed above the mafic complex is 13 meters thick and
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the part below about 10 meters thick. Unit pClyy is medium bedded, consisting of
approximately 60 percent fine-grained mica schist interbedded with 40 percent medium- to
coarse-grained feldspathic meta-arenites. Quartz, plagioclase, and biotite are the major
minerals present; magnetite and muscovite are minor minerals.

Unit pClypyg is 1.5 meters thick, conformable, and comprised of approximately 80
percent mica schist interbedded with 20 percent feldspathic meta-arenite in lenses. These
rocks are thin- to medium-bedded, and fine- to medium-grained. The major mineral
constituents are quartz, plagioclase, and biotite, with minor magnetite and garnet.

Unit pClyyy is very thin (< 1 meter) and typically consists of thin- bedded, fine- to
medium-grained feldspathic meta-arenite. It is the stratigraphically highest unit in the

sequence and is conformable with unit pClpp;. Quartz, muscovite, plagioclase, and biotite
are the major minerals present, with minor amounts of magnetite.

In all three units, primary sedimentary features are preserved. These include
parallel laminations and bedding. Grain-size grading can be discerned rarely. Additionally,
soft-sediment deformation (figure 5) is evident in a 1 meter long core that was obtained
from the present location of the John Lynch bridge, which is located at the Catfish site, just
south of the exposure of pClai. The core, which is part of unit pClyyy, is characterized by
alternating zones of sand (meta-arenite) and clay (schist). The schist layers and fragments
are characterized by parallel laminations which are commonly folded. The meta-arenite
wedges into and interfingers with the schist layers (figure 5). These features are
characteristic of sediment slumps in a deep water setting (Stow, 1986), and are present in
beds a meter in thickness or less, which are bounded by a thin- to medium-bedded

metasedimentary sequence.

10



Figure 5. Examples of soft-sediment deformation resulting from slumping. These
features are present in a 1 meter long core taken from the present site of the John Lynch
bridge at the Catfish locality. The stuppled-pattern represents the sand zone (meta-arenite)
and the non-patterned areas represent the clay zone (schist). Figure is to scale of 1:1.

11



Mafic Complex

The Catfish mafic complex is 22 meters thick and is enclosed within unit pClyy
(figure 4). Detailed field mapping indicates that the contact between the Catfish complex
and the Lynchburg II metasedimentary rocks is generally concordant, but locally discordant

and is sharp and unfoliated.

Petrography

The mafic rocks of the Catfish complex are hornblende metagabbros (Table 1).
The rocks have a salt- and -pepper appearance in hand sample and consist largely of
hornblende and plagioclase. Accessory minerals include magnetite, sphene, biotite, calcite,
garnet, and chlorite. A quartz vein, which is several centimeters thick and about 1 meter
long, is present near the base of the Catfish complex. Twenty-one thin sections from
samples taken across the Catfish complex and adjacent host rocks (figure 4) were
examined and at least 500 points per sample were counted for modal percentages.

Hornblende makes up as much as 63 percent of the metagabbro. It is subhedral,
and typically inequigranular, ranging in size from < 1 mm to 3 mm. It is common for
grains to be either elongate subparallel to their c-axes or to occur as stubby prisms
displaying the typical amphibole cleavage. It is commonly poikiloblastic and with a well-
developed mosaic-texture.

Plagioclase is also an abundant mineral, making up as much as 69 percent of the
rocks. Plagioclase crystals are generally rounded, small (< 1 mm), equant, and commonly
form well-developed granoblastic mosaics, interlocking at 120 ° triple junctions.
Composition varies from An3z4 to Ansg (andesine) as determined using the Michel-Levy

method. It is commonly zoned and twinned.
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Many of the accessory minerals are present as alteration products. Biotite and
calcite overgrows hornblende whereas chlorite largely replaces it. Calcite fills in small
veins. Commonly, magnetite is rimmed by sphene. While magnetite is generally an
accessory mineral, it may constitute as much as 8 percent by volume of the rock. Garnet is
subhedral to euhedral, typically fractured and embayed. It is overgrown by calcite, chlorite,

and zoisite and contains inclusions of plagioclase and quartz.

Structure
General Statement

Based on field and petrographic evidence, at least two deformational events, D1 and
Dy, have affected the Catfish mafic complex and the Lynchburg host rocks (Table 2).

While the dip-directions in the Lynchburg area are generally toward the southeast
(> 68"), the Catfish locality is one of a few areas where the sequence is overturned, dipping
steeply toward the northwest. The sequence was determined to be overturned using graded
beds and basal scouring surfaces which consistently young toward the southeast (Wang,
1991).

No faults, either on the local or regional scale, have been recognized at the Catfish
locality. Additionally, no features indicative of intense shearing have been found on either

the outcrop or thin section scales.

Dj Deformation

D; is the strongest deformation recorded in the study area. D1 deformation is
defined by a pervasive foliation (S1) of biotite and muscovite that is very nearly parallel to
bedding. The foliation appears to be penetrative in hand sample, especially in the mica

schists of units pClyy and pClyyr.
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Table 2. Summary of the structure and metamorphism of the Catfish mafic complex

and host rocks.

Age*

Structure

Metamorphism

Late Paleozoic
(Alleghanian ?)

Dy: localized crenulation cleavage
(S») and rare rotated garnet
porphyroblasts in the mica schists
of the host rocks; kink bands
occurring locally in hornblende
grains in the hornblende
metagabbros.

Mj: retrograde
metamorphism to
greenschist facies;
chlorite and calcite
replaces hornblende
and garnet in the
hornblende
metagabbros.

Early Paleozoic
(Cambrian or
Taconic 7)

D1: pervasive foliation (S1) defined
by oriented micas in the
metasedimentary host rocks and by
oriented amphiboles in the
hornblende metagabbros; Sy is
nearly parallel to bedding (So).

Mj. prograde
metamorphism to
amphibolite facies.

* Ages of deformation and metamorphism are from Glover and others (1995).
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The S foliation in the hornblende metagabbros is defined by weakly oriented
hornblende and is parallel to S1 in the host rocks. Overall, however, an igneous texture is

retained by the Catfish mafic complex.

D3 Deformation

The second deformation event is defined by a spaced crenulation cleavage (Sp) and
is found only in the mica schists of units pClpy and pClyyy. It strikes 024 and dips at 29°
SE, which is parallel to the D1 structures. In the hornblende metagabbros, the second
deformational event is preserved as locally developed kink bands, which are restricted to

hornblende grains.

Metamorphism

General Statement

Two regional metamorphic events are recognized in the Catfish mafic complex and
the enclosing Lynchburg II rocks (Table 2). Petrographic observations of samples from
the study area as well as microprobe analyses of both mafic and sedimentary protoliths by
Wang (1991), suggest a prograde metamorphism to amphibolite facies followed by a
retrograde event to greenschist facies. There is no evidence that suggests contact

metamorphism occurred at the contact between the Catfish complex and the host rocks.

My Metamorphism
The rocks at the Catfish locality were interpreted by Wang (1991) to be
metamorphosed to epidote-amphibolite facies. However, the abundance of hornblende,

along with the composition of plagioclase (An34 to Ansg) and the absence of epidote in the
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Catfish mafic body indicates that it has been metamorphosed at amphibolite grade. The
stable metamorphic mineral assemblage of the Catfish mafic body is plagioclase +
hornblende + magnetite + sphene + biotite + garnet. In the Lynchburg I Group host
rocks, the stable metamorphic mineral assemblage is quartz + plagioclase + biotite +
muscovite * garnet. Mj is synchronous with D1 as evidenced by the M1 micas that define

the S1 surfaces (Wang, 1991).

M3 Metamorphism

The retrograde metamorphism to greenschist facies was much less pervasive than
the Mj event. This event occurred during the second deformational event (D). Evidence
for this metamorphism is seen only in the hornblende metagabbros and is marked by rare
replacement of hornblende by chlorite and more commonly, by overgrowths of calcite on
hornblende. Also, when present, garnet porphyroblasts are overgrown by chlorite and

calcite.

Contact Relations
The lower contact between the Catfish mafic complex and the Lynchburg IT host

rocks is not as well-exposed as the upper contact. However, it is very similar to the upper
contact in that it is sharp, unfoliated, and generally concordant with bedding (figure 4). No
strong evidence for a contact aureole, faulting, shearing, or other disturbance has been
recognized in either outcrop or thin section at either the lower or upper contact.

Contacts within the mafic complex are boundaries separating changes in grain size
(figure 4). The central 10 meters of the Catfish complex is coarse-grained, whereas the
margins are fine- to medium-grained. Internal contacts vary from sharp to abruptly

gradational over 15 cm. Contacts within the Catfish complex are parallel to the mafic rock-

16



country rock contact and are generally concordant with bedding in the host rocks. Also,
mafic autoliths as much as 2 ¢cm in width and 10 cm in length occur near the base of the
coarse-grained interior.

The upper contact between the complex and the host strata is sharp and generally
concordant, but locally discordant (figure 4). The most felsic part of the mafic complex is
in contact with the Lynchburg rocks. Locally, the coarse-grained member of the Catfish
complex cuts across the stratigraphy and truncates a thin-bedded metasedimentary unit
within pClyy.

The contact between the metasedimentary host rocks and the mafic complex is also
exposed in a boulder of unweathered rock that is located on the river bank just below the
road which was dislodged during construction of the road (figure 6). It is located on the
river bank just below the road. The contact is sharp and concordant. Additionally, the thin

bedding and laminations present in the country rock are undisturbed (figure 6).
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Figure 6. Contact between the metasedimentary host rocks and the Catfish mafic complex
in a boulder located on river bank just below road level at the Catfish locality. The
metagabbro is to the left and the host rocks are to the right. Nickel is for scale.
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