
. *7 l "
y <f’

Geology of the Meherrin, Virginia area:

tracing formations across the staurolite isograd

from the Carolina slate belt into the Charlotte belt

by »

Roger D. Achtermann

thesis submitted to the Faculty of the

Virginia Polytechnic Institute and State University
in partial fullillment of the requirements for the degree of

Master of Science .

in
C

Geological Sciences

APPROVED:

e /7

lover lll, Chairman

. ^ «
: ,,·- -·~-1l cx; -„.. ,,_

V _ "€ .° — ‘

Stewart S. Farrar ges R. Craig
\ L)

May, 1989

Blacksburg, Virginia



Geology of the Meherrin, Virginia area: l
tracing formations across the staurolite isograd

from the Carolina slate belt into the Charlotte belt

by
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Lynn Glover III, Chairman

Geological Sciences

(ABSTRACT)

Detailed mapping along the northem terminus of the Carolina slate belt in the area of Meherrin,

Virginia extends the previously known limits of the Hyco and Aaron Formations from the

greenschist metamorphic facies Carolina slate belt northward across a staurolite isograd into the

amphibolite metamorphic facies Charlotte belt. The Hyco formation is subdivided into four facies:

a crystal tuff facies, a felsic tuff facies, an interlayered maiic and felsic volcanic facies, and a

feldspathic wacke facies. The Aaron formation is dominantly a pelitic schist. Three deforrnational

events are indentilied. F1 produced the initial foliation. F2 produced the dominant penetatrive

foliation, isoclinally folding the earlier foliation. F3 produced a crenulation cleavage. The Hyco

and Aaron formations are folded into a tight, steeply southeastward dipping, and slightly refolded

syncline. The undifferentiated Charlotte belt rocks form a doublely plunging antiform of refolded

F2 folds. The syncline formed by the Hyco and Aaron formations is northeastward along strike

from the type location of the Virgilina synclinorium. Glover and Sinha (1973) attribute the for-

mation of the Virgilina synclinorium to a late Precambrian and (or) early Cambrian orogenic event,

and Glover and others (1983) attribute late folding and metarnorphism to the Taconic orogeny.

F1 is attributed to the Virgilina deformation. F2 and F; are attributed to the Taconic and/or

Acadian orogenies.
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INTRODUCTION

The nature of the boundary between the Carolina slate belt and the Charlotte belt is of fundamental

importance to interpretations of Piedmont tectonics. It has been proposed that the two belts may

represent: a nonconformable basement (Charlotte belt) and cover sequence (Laney 1917, Hatcher

1972), two metarnorphically distinct belts separated by a fault (Laney 1917), or correlative portions

of a single magmatic arc that have undergone different degrees of metamorphism (Overstreet and

Bell 1965, Secor and Wagener 1968, Tobisch and Glover 1971). This study presents evidence from

detailed mapping along the northem terminus of the Carolina slate belt near Meherrin, Virginia
which indicates that the Carolina slate belt stratigraphy can be traced across an isograd into the

Charlotte belt. This relationship irnplies that the two belts are part of the same stratigraphic se-
quence and that the two belts have undergone different degrees of metamorphism.

Several previous studies cited above have hypothesized that the Carolina slate belt and the Charlotte
belt are partly correlative and are separated by a metamorphic gradient. In all of these studies the
isograds are concordant with the strike of the regional geology. Thus, it has not been possible to

actually trace a lithologic unit from one belt into the other. The correlation of the two belts was
A

based on the presence of volcanic textures in Charlotte belt gneisses and schists, indicating a

lithologic sirnilarity to the Carolina slate belt, and on the lack of any structural or stratigraphic
discontinuity between the belts.
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Previous reconnaissance mapping of the northernmost portion of the Carolina slate belt by Jonas
(1932) suggested that the belt terminates near the town of Meherrin, Virginia along a boundary with
schists and gneisses that she thought were part of the Wissahickon Formation. These schists and
gneisses are also similar to those of the Charlotte belt (King, 1955) as mapped by Tobisch and
Glover (1971). Jonas’s boundary appears to be one of the few stratigraphic boundaries that cut
across the regional strike of the Carolina slate belt. Thus, the Meherrin area offers a rare oppor-
tunity to study the nature of the boundary between Carolina slate belt stratigraphy and Charlotte
belt rocks.

In this study the Carolina slate belt stratigraphy has been extended beyond its northem limit as

mapped by Jonas (1932). Additionally, it is also demonstrated that the staurolite isograd crosses

the stratigraphy near this boundary. In essence, the boundary mapped by Jonas is a zone across

which recrystallization obscured the nature of the protolith.

Previous Work ’

Laney’s (1917) mapping covered the Carolina slate belt from northem North Carolina into central
Virginia as far north as Keysville (fig. 1). He was the first to define and name Carolina slate belt
units essentially as they are mapped for this report. Laney recognized a synclinorium (the Virgilina

synclinorium) ir1 the Carolina slate belt. This synclinorium contains his Hyco Quartz Porphyry,
Goshen Schist, Aaron Slate, and Virgilina Greenstone formations. He traced these forrnations from

. their type locations to within 1 km southwest of the area mapped in this study .

The Hyco Quartz Porphyry of Laney (1917) was described by him as a quartz·sericite schist derived

from quartz porphyries or rhyolites with some tuffaceous portions. According to Laney, in the
tuffaceous portions the original texture is obliterated; whereas ir1 the porphyritic rocks, phenocrysts
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Figure 1. General geology of the central Virginia Piedmont. Map modified from: Ca1ver,· 1963;
Tobisch and Glover, 1969, 1971; Laney, 1917 and un ublished data from Vugmia
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of quartz and feldspar are well preserved. Laney also described a more deformed formation which
he named the Goshen schist and suggested that it is probably part of the Hyco Quartz Porphyry.

Laney (1917) described the Aaron Slate as a mixture of a slate and a sandy tuff formed by andesitic

ash and mixtures of sediments. He reported variation in texture, noting that the rock contains

varying amounts of ash and small volcanic fragrnents as well as mud, silt, quartz sand, and pebbles.

The Virgilina Greenstone was described by Laney (1917) as a schistose greenstone formed from

andesitic flows and tuffs. According to Laney there are three types of Virgilina Greenstone: a

porphyritic type, an amygdaloidal type, and, the most abundant, tuffaceous type. He reported that

the Aaron Slate is stratigraphically positioned both under and over the Virgilina Greenstone and

that both of these formations overlie the Hyco Quartz Porphyry .

Laney (1917) also traced the eastern edge of what is now recognized as the Charlotte belt from

North Carolina to within 1 km of the area mapped in this study. He described these rocks as biotite

gneisses and schists, and homblende gneisses. He concluded that these lithologies were

metamorphosed prior to deposition of the rocks of the Virgilina synclinorium. In other words, the

Charlotte belt was the metamorphosed basement upon which the Carolina slate belt was deposited,

before the whole sequence was subjected to a lower grade metamorphism.

Jonas (1932) mapped a large portion of the Virginia Piedmont while studying the area’s kyanite

deposits. She recognized a difference between gneisses and schists of the northern Meherrin area

and the Carolina slate belt lithologies in the southem Meherrin area. Consequently she drew a

lithologic boundary between these two areas.

Espenshade and Potter (1960) studied the kyanite deposits in the Meherrin area as well as those in

the rest of the southeastern United States. They concluded that the kyanite quartzite deposits in

the Meherrin area were formed by the metamorphism of alurnina·rich sedimentary rocks.

INTRODUCTION4



Bennett (1961) mapped portions of the Meherrin area in reconnaissance. In his study, as in Jonas's

(1932), and Espenshade and Potter’s (1960), most of the attention is focused on the area’s kyanite

deposits. He speculated that the lithologies north of Jonas’s Carolina slate belt boundary might

be high grade-correlatives of the Carolina slate belt rocks.

Tobisch and Glover (1969, 1971) investigated the nature of the Carolina slate belt - Charlotte belt

boundary near the Virginia - North Carolina border. They described the Charlotte belt in this area

as "high1y deformed interlayered felsic and malic gneisses and minor amounts of pelitic schist that

range in metamorphic grade from low to high amphibolite facies." (Tobisch and Glover 1969).

Tobish and Glover (1969) also identified four distinct metamorphic isograds parallel to the strike

of the regional geology, indicating a gradual increase in metamorphic grade between the greenschist

facies Carolina slate belt and the amphibolite facies Charlotte belt. The oligoclase isograd mapped

by Tobisch and Glover (1969) corresponds almost exactly to the western edge of the Carolina slate

belt as mapped by Laney (1917). They reported that there is no structural or stratigraphic break

between the two belts (Tobisch and Glover 1971).

Glover et. al. (1971a) dated zircon samples from the top of the Hyco, their map unit II, that give

a Pb-U age of 620 million years. They also proposed that the Hyco and overlying Aaron Forma-

tions were folded prior to the intrusion of a granodioritic pluton at Roxboro, North Carolina that

yields a zircon Pb/Pb age of at least 570 million years: bracketing the time of deposition of the

Aaron Slate and the formation of the Virgilina synclinorium between 620 and 570 million years

(Glover et. al. (1971b). Pb/Pb ages from zircon samples taken from the Charlotte belt were inter-

preted to indicate an age of 620-740 million years.

Glover and Sinha (1973) further discussed the petrology of the Virgilina area, age relations, and

tectonic models. Glover and Sinha’s (1973) Map Unit ll included Laney’s Hyco Quartz Porphyry

as well as intermediate and maiic pyroclastic rocks and lavas. They bracketed the formation of the

Virgilina synclinorium between 575 zh 20 and 620 :1; 20 Ma and attribute it to a Late Precambrian
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and (or) Early Cambrian orogenic event that they named the Virgilina deformation. They attri-
E

buted later folding and metamorphism to the Taconic or Acadian orogeny.

Further work resulted in the expansion of the Hyco to include more lithologies. Conley (1978)

stated that Laney’s Goshen schist should also be included as part of the Hyco Quartz Porphyry.

Finally, Kreisa (1980) redefined the Hyco Quartz Porphyry naming it the Hyco Formation. He

included in it felsic, intermediate, and mafic pyroclastic rock and lava flows · essentially the same

as Glover and Sinha’s (1973) Map Unit II. Kreisa (1980) included the Virgilina Greenstone in the

Aaron Slate, making the greenstone the middle member of what he named the Aaron Formation.

In summary, the Hyco Formation is in contact with higher-grade schists and gneisses of the ·

Charlotte belt along the westem lirnb of the Virgilina synclinorium (Laney, 1917; Tobisch and

Glover, 1969 and 1971; Kreisa, 1980). Laney believed the contact is an unconformity because of

the difference in metamorphic grade. Tobisch and Glover (1969) and Kreisa (1980) found that the

grade change is gradual and that there is a continuity of structural style between the belts which

indicates that the belts may be correlative. In fact, based on work in central South Carolina, Secor

and others (1983) suggested that the two belts be referred to together as the Carolina Terrane, thus

emphasizing the apparent correlation between them. The primary reason for separating the belts

has been their striking differences in metamorphic grade. In the present study tracing a lithologic

unit from the Carolina slate belt across an isograd into amphibolite facies strongly supports the

hypothesis that the two belts are part of a single stratigraphic sequence and are at least in part

correlative.

This report is the outcome of sixty days of detailed mapping of the area surrounding Meherrin (fig.

1). Mapping was carried out from March to November 1984. The study area covers portions of

the Hampton Sydney, Greenbay, Keysville, and Meherrin 7 l/2’ quadrangles.
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In the following discussion the Hyco and Aaron Formations refer to formations which essentially

correspond to the Hyco Quartz Porphyry and Aaron Slate as mapped by Laney (1917) about a

kilometer southwest of this study area . The term ”undiiferentiated Charlotte belt” refers to the area

dominated by arnphibolite-facies gneisses and schists equivalent to the Charlotte belt as defined by

King (1955) in North Carolina and mapped by Tobisch and Glover (1969, 1971) near the North

Carolina · Virginia border, but excludes the amphibolite facies portions of the Hyco and Aaron

formations.

The Hyco Formation

In the Meherrin area the Hyco Formation has been divided into four facies: a) a metamorphosed

crystal tuff with abundant quartz and plagioclase phenocrysts (hctl), b) light gray metamorphosed

felsic tuff (hftz), c) interlayered rnetamorphosed maiic and felsic volcanics (hmfg), and d) feldspathic

wackes of volcanic provenance (hfwg). Thicknesses of the facies are estimated, however they
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probably only retlect order of magiitude estirnates of the thickness of the undeformed and
unmetamorphosed protoliths.

There were no primary features observed that could indicate stratigaphic orientation. However,

the Hyco Formation is in contact with the Aaron formation. Others have shown that the Hyco is

stratigaphically overlain by the more pelitic and psarnmitic rocks of the Aaron Formation (Laney
1917, Glover and Sinha 1973, Kreisa 1980). As in other areas the base of the Hyco Formation is

unknown in the Meherrin area, as it is in contact with a dominantly tonalitic pluton.

T Hyco Crystal Tuff Facies (hctr)

The crystal tuff facies (hctl, Plate 1) consists almost entirely of a felsic quartz- and plagioclase-

phenocryst-rich rock. It crops out as a unit striking northeast for a distance of at least 10 km. To

the southeast it is in contact with a dominantly tonalitic pluton. To the northwest it is in contact
with the felsic tuff facies (hftz, Plate 1). It is interpreted to be the lowest and oldest facies of the
Hyco exposed in the Meherrin area.

The crystal tuff facies has a white microcrystalline matrix of plagioclase, quartz, and potassium

feldspar, with some white mica, biotite, and epidote. As much as 40 percent of the rock consists
of quartz and plagioclase phenocrysts. Phenocrysts are commonly less than 2 mm in diameter, but
are locally as much as 6 mm. Quartz phenocrysts are commonly the most abundant and tend to

be round or augen-shaped and bluish. The plagioclase phenocrysts are broken and rounded crys-

tals. Because quartz crystals are not very flattened the fracturing and rounding of plagioclase is at-

tributed to the extrusive process and not to tectonic processes. Biotite is somewhat aligred, and

defrnes the foliation in the rock. In some locations this lithology contains 1-40 mm long lenses rich

in biotite. No stratification is observed in this lithology. It has a white, gay , or reddish orange
color.

STRATIGRAPHY 8



The likely protolith for this rock may be a crystal tuff, lapilli crystal tuff, and lapilli crystal-lithic tuff

rhyodacitic to dacitic in composition. The protolith is indicated by the mineralogy, the broken and

rounded nature of the plagioclase crystals, and the flattened biotite lenses which may be more mafic

lithic fragments.

Hyco Felsic Tuff Facies (hftz)

The felsic tuff facies (hftz, Plate l) includes light gray, felsic, predominantly massive, biotite

metatuff. It was traced for about 4 km, and it occurs in a layer estimated to be about 750 m thick.

The felsic tuff is light gray with a silky sheen on its cleavage surfaces produced by minute white

mica crystals. Locally very faint slightly darker gray bands of several rnrn to several cm thick are

observed. It varies from slightly to moderately fissile and consists of microcrystalline plagioclase,

quartz, potassium feldspar, white mica, biotite, and epidote. Extremely small biotite flecks visible

in some hand samples give the rock a speckled appearance. The fine·grained massive nature and
T

mineralogy indicate that it is probably a rhyodacitic to dacitic metatuff.

Hyco Mafic and Felsic Facies (hmfs)

The mafic and felsic facies (hmfg, Plate 1) consists almost entirely of interlayered felsic and mafic

rocks. The mafic lithology is dominant. This facies was traced over a distance of about 20 km.

The distinctive interlayering of mafic and felsic lithologies makes it possible to trace this facies

across the staurolite isograd. This facies is estimated to be about 550 m thick, and it is thought to
l

interfmger with the final Hyco facies described,the feldspathic wacke facies.
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The felsic rock is nearly white in outcrop with a sheen from the abundant white mica. It commonly

contains 10-15 percent quartz and plagioclase phenocrysts. Most phenocrysts are less than l rnrn

in diameter, but 1-2 percent are up to about 2 mm, and locally 4 mm ir1 diameter, Plagioclase
phenocrysts are commonly rounded and broken. Quartz phenocrysts are deformed and elongated.

In a few samples this lithology contains microscopic layers with concentrations of as much as 10

percent magnetite. The matrix consists of microcrystalline quartz, feldspar, and muscovite and a
minute amount of epidote and opaque minera.ls. The rock is generally moderately fissile and locally

breaks into flat sheets. This lithology is interpreted to be a metamorphosed volcanic tuff of

rhyodacitic to dacitic composition. Concentrations of magnetite indicate some sedirnentary re-

U working of the tulf occurred.

The mafic lithology has been metamorphosed to produce an amphibolite. It is commonly medium
grained, poorly foliated, and contair1s geen amphibole, quartz, plagioclase, and epidote. The

amphibole is interpreted to be homblende although some more elongate crystals may be actinolite.

Locally it contains quartz and feldspar amygdules. This lithology is interpreted to consist of

metamorphosed basaltic flows.
I

Hyco Feldspathic Wacke Facies (hfws)

The feldspathic wacke facies (hfwg, Plate 1) is dominated by a quartz ar1d plagioclase crystal-rich,

stratilied epiclastic lithology. It is mapped over an extent of 10 km and is estirnated to be about
1000 m thick. This facies interfingers with the Hyco maiic and felsic facies and is interpreted to

pinch out to the northeast within the maiic and felsic facies.

The crystal-rich, locally stratified rock is variable in composition. It is mostly gay with 20-50

percent small (less than 2 mm), broken, and rounded plagioclase and quartz crystals. The crystals
are commonly concentrated in 1-3 cm layers. The microcrystalline matrix consists of quartz,
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feldspar, chlorite, white rnica, epidote, and locally as much as 10 percent magnetite. Locally pres-

ent, thin (0.3 cm to 2 cm) biotite-rich layers are observed in this lithology. The mica defmes a

foliation. The abundance of crystals and stratified nature of this rock indicates that it is probably

a metamorphosed feldspathic wacke of volcanic provenance. This facies is probably transitional to

the overlying, more pelitic Aaron formation.

° Aaron Formation

In the Meherrin area the Aaron formation (a, Plate 1) strikes northeast, and crops out mostly along

the drainage divide between the Appomattox and Roanoke Rivers. It is dominantly composed of

pelitic schist and maiic rocks, locally interlayered with feldspathic wackes. This formation is traced

for approximately 20 km. Because of the distinctiveness of the pelitic lithology in an area domi-

nated by volcanic rocks, the Aaron can be traced across the staurolite isograd.

No primary features are recognizable other than the compositional boundaries between lithologies

within the Aaron Formation. It has not been possible to subdivide the Aaron into facies in the

Meherrin area, as it is poorly exposed. Amphibolites within the Aaron may correspond to Laney’s

(1917) Virgilina Greenstone and are incoxporated into the Aaron Fonnation.

The Aaron is best exposed in the northeastern portion of the mapped area, near the town of

Greenbay and for about 8 km to the north (Plate 1). Here it consists almost entirely of the pelitic

schist interlayered with amphibolite. Outcrop is not continuous enough to measure thickness of

the lithologies. It is estimated that this portion of the Aaron consists of about 2/3 pelitic schist,

and 1/3 mafic rock.
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In the northeastem portion of the Meherrin area, north of the town of Greenbay, the pelitic schist

is coarse grained, very deformed and generally found to be complexly crenulated. It typically con-

tains quartz, secondary chlorite, white mica, and plagioclase; locally with biotite, garnet, and a va-

riety of accessory minerals. When present, biotite is at least partially, and usually completely,

replaced by chlorite. Staurolite is locally present in the northern portion of the map area. Staurolite

commonly occurs as small anhedral poilciloblasts, but is occasionally found up to 2 mm in length.

Locally, garnet and staurolite are rirnmed with a secondary fme-grained mica which exhibits a

pseudomorphic texture.

The amphibolite in the Aaron formation is most abundant in the northern portion of the study

area. lt ranges in composition from almost entirely homblende to about one half homblende with

plagioclase, quartz, and epidote. Where it is hornblende-rich it commonly has a well developed

cleavage, breaking into thin sheets produced by the planar alignment of homblende prisms. Where

it is richer in plagioclase and quartz it is medium grained and poorly foliated.

In the southwestem portion of the map area, the Aaron Formation is sparsely exposed. The most

abundant lithologies are pelitic schists locally interlayered with felsic quartz and plagioclase

crystal-rich stratiiied rocks. Amphibolite crops out in this area but it is not abundant. The pelitic

schists in the southem portion are like those previously described to the north except that they are

at a slightly lower metamorphic grade. The felsic rocks are very similar to those described as part

of the feldspathic wacke facies of the Hyco Formation. These are interpreted to be feldspathic

wackes of volcanic provenance. Sparsity of outcrop generally precludes the deterrnination of

thicknesses.
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Tonalite Platon

The southeastem portion of the study area consists of a medium-gained intrusive lithology (i, Plate

l). This lithology, at least locally, does not cut across the regional stratigaphy. It typically con-

tains plagioclase, biotite, chlorite, quartz, epidote, and locally homblende. It is dominantly tonalite

but locally ranges in composition from trondhjemite to diorite. Therefore, it is intermediate in

composition as are the majority of the nearby volcanics of the Carolina slate belt just described as

Hyco formation. The tonalite is cut by numerous mafic to intermediate dikes. These dikes could
possibly have acted as feeder dikes for the upper portion of the nearby Carolina slate belt volcanic ·

sequence (mafic and felsic facies). Because it is intermediate in composition, similar to the nearby

volcanics, cut by interrnediate mafic dikes that could have fed the upper portion of the overlying

volcanic sequence, and because it does not cut the regional stratigaphy this lithology is thought to

be contemporaneous with the overlying volcanic sequence of the Carolina slate belt. j

Undwereatiated Charlotte Belt

In the Meherrin area the Charlotte belt is dominated by fine- to medium·gained biotite gneiss (cb,

Plate l). The typical gneiss is light gay and contains plagioclase, quartz, biotite, muscovite, and

epidote. Locally the gneiss contains homblende, and secondary chlorite. The biotite flecks range

in size from being barely visible to about 3 mm, giving the rock a speckled appearance. Variations

in the amount of biotite produce subtly shaded light and dark layers on the scale of l mm to several

cm. This layering is commonly seen in the Charlotte belt gneiss but is not ubiquitous. Small

(0.5-5mm) relict plagioclase megacrysts are locally present. These are augen shaped to subhedral,
with the biotite wrapped around them.
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Near the staurolite isograd portions of the Hyco are intermediate between the recognizable volcanic

textures seen in the Carolina slate belt and the undifferentiated schists and gneisses of the Charlotte
belt. Where this occurs the boundary between the Charlotte belt and the Hyco Formation is ar-

bitrarily drawn along the trace of the staurolite isograd (Plate 1). As previously mentioned, the

Aaron Formation and the maüc and felsic facies of the Hyco Formation are traced across the
staurolite isograd. These portions of the Hyco and Aaron have been previously described and

therefore are not included in this description of the Charlotte belt.

Layering in the Charlotte belt gneiss and schist is interpreted to represent relict layering of felsic and

more interrnediate composition. Megacrysts may be relict phenocrysts or pebbles of epiclastic ori-

gin. The protolith for these lithologies may be layered tuffs, lapilli crystal tuffs, and epiclastic
feldspathic wackes derived from a volcanic terrane. More massive portions of the gneiss could be
derived from unstratified volcanics, sedirnents, and/or intrusive rocks.

Homblende·plagioc1ase-epidote-quartz arnphibolite is locally present. In some areas the
amphibolite seems to be interlayered with the felsic gneiss and in other areas it cross·cuts the gneiss.

Relict feldspar phenocrysts and quartz-epidote arnygdules are locally preserved in the amphibolite.

Small outcrops of pelitic schist locally occur within the Charlotte belt gneisses. This schist is similar

to and may be the pelitic schist of the Aaron formation north of the staurolite isograd.

A lithology dorninated by quartz-muscovite schist and kyanite-quartzite occurs within the Charlotte

belt. This lithology occurs in the northeastem portion of the study area (ms, Plate 1).

Espenshade and Potter (1960) mapped Leigh Mountain (less than 1 km north of the study area) in

detail and Bennett (1961) has mapped a nearly 8 km long narrow belt of predominantly quartz-

muscovite schist from Leigh Mountain southward through the study area (Plate 1). Bennett (1961)

reported that the schist was interlayered with the surrounding biotite gneiss along the margins of

the belt. He also reported that kyanite·quartzite occurs as large lenses within the muscovite schist.

Bennett as well as Espenshade and Potter concluded that the quartz-muscovite schist and associated
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kyanite-quartzite represent a metamorphosed alumina-rich sedimentary horizon. The main evi-

dence for their conclusion was that this lithology occurs in a distinct stratigraphic position. It is

important to note that Espenshade and Potter reported no mapping of the lithologies surrounding
Leigh mountain and Bennett mapped only a few outcrops along the margins of the quartz·
muscovite.

More recent work by Sykes and Moody (1978) has used geochernical evidence to show the origin

of similar deposits to be leaching of the volcanic host rocks prior to regional metamorphism. They
rule out leaching by weathering because, as reported by Blatt et. al. (1972), tropical soils do not

appear in the geologic record until the Devonian because terrestrial vegetation is necessary to

produce the necessary silica solubility. Sykes and Moody conclude that alumina·rich deposits in

the Carolina slate belt were produced by the hydrothermal alteration prior to metamorphism.
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STRUCTURE

Most primary structures have been almost entirely obliterated by deforrnation ar1d metamorphic

recrystallization in the Meherrin area. However, compositional layering is displayed in most

lithologies. In the Charlotte belt gneisses, variations in biotite content and locally in homblende

content produce light and dark layers which may reflect primary layering. Compositional layering

in portions of the Hyco and Aaron Formations is reilected by light and dark layers of variable

amounts of biotite as well as layers rich in phenocrysts. This compositional layering is probably a

primary feature. The layering in the Charlotte belt gneisses resembles the type of felsic to inter-

mediate layering and scale of layering seen in portions of the Hyco and Aaron formations.

There is a penetrative foliation throughout most lithologies in the Meherrin area. This foliation is

closely spaced in schists and mica-rich rocks and is expressed as the parallel alignment of platey

minerals in gneisses. Comrnonly this foliation is nearly parallel to bedding.

In some schists there is a relict earlier foliation expressed as mica bent into tight to isoclinal

microfolds whose limbs form the dominant penetrative foliation. Locally this relict early foliation

can be seen in outcrops. This earlier foliation is S1 and the penetrative foliation that cuts it is S2.
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Isoclinally folded quartz veinlets are commonly seen throughout the Meherrin area. The axial
planes of the isoclinal folds are roughly parallel to the dominant foliation, S2. Thus, the isoclinal
folds of quartz veinlets are interpreted to represent the F2 folding event that produced the S2
foliation. The axis of the veinlet folds represents L2 and is shown on Plate 1.

Contoured stereonet plots of poles to S2 (fig. 2a) in conjunction with the overall foliation and
outcrop pattern seen on the map (Plate 1) reveals the general fold pattem in the Meherrin area.

The Hyco and Aaron are folded into a tight to isoclinal synclinorium with a steeply southeast-

dipping axial surface. The Hyco Formation is overtumed along the southeastem limb of the
synclinorium. This synclinorium is probably the northem continuation of the Virgilina

synclinorium, formed by F1 and later tightened by F2. The location of the axis of the synclinorium

cannot be precisely located. However, it is estirnated that it runs approximately through the center

of the Aaron Formation, causing the repetition of the Hyco on both limbs.

Near Roxboro, North Carolina, the Virgilina synclinorium is cut by a granitic pluton from which

Glover and Sinha (1973) report a zircon Pb/Pb age of 575 i 20 my. They report that zircon from

the top of the Hyco gives a Pb·U age of 620 :1: my. Using these ages they were able to bracket the

formation of the synclinorium between 575 and 620 t 20 my and attribute its formation to a late

Precambrian and (or) early Cambrian orogenic event that they named the Virgilina deformation.

This is the F1 event.

In the Meherrin area as in the Virgilina area, the Virgilina synclinorium is believed to be the first

generation fold or F 1. In the Virgilina area no foliation was reported that could be attributed to

being contemporaneous with F1. Either the deformation occured at temperatures too low to

produce an axial planar cleavage or later metamorphism and deformation obliterated the earlier

foliation.

Glover and Sinha (1973) reported that the penetrative foliation in the Virgilina area cuts across the
flank of the synclinorium. The deforrnational event that produced this foliation is thought to have
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also produced the smaller, about 1.6 km wavelength,folds between the Hyco and Aaron Formations
in that area. This later cleavage·formir1g dynarnothermal metamorphism is attributed to the

Taconic orogeny and the folds are labeled F; folds.

Several small (about l km wavelength) possible folds are shown along the boundary between the

Hyco and Aaron Formations in the Meherrin area. It is possible that more folds of this type exist
along this boundary. These folds are interpreted to be analogous to the small F; folds mapped by
Glover and Sinha (1973) in the Virgilina area. Also, by analogy to the work of Glover and Sinha,

these F; folds are thought to be associated with the formation of the penetrative foliation during

A the Taconic orogeny (Glover and others, 1983).

F; folding should have folded the Virgilina synclinorium (F;). The control on the location of the

Virgilina synclinorium was too poor to document this, however. Therefore, the axis of the Virgilina

synclinorium in shown as a unfolded line.

The plot of poles to foliation (S;) for the undifferentiated portion of the Charlotte belt northwest
of the Virgllina synclinorium (fig. 2b) shows that the foliation has been extensively refolded, making

it more difficult to ascertain the earlier fold patterns. The degree of metamorphism in the Charlotte

belt has also made it difficult to distinguish lithologies which might reflect earlier folding. However,

isoclinally folded quartz veinlets (F;) are observed (Plate 1).

Refolding of S; is attributed to an F; event. There is a rarely expressed crenulation cleavage that

is only seen in schists and phyllites in this area. The crenulation cleavage is interpreted to represent

S;. S; is thought to be associated with the broad open folding of the Hyco and Aaron and with

the more extensive refolding of the Charlotte belt rocks (F3). As shown in figure 2b, ir1 the

Charlotte belt the F; fold axial plane is oriented about N02°W,50°E and the fold axis plunges 20°,

N16°E, The map pattern of S; surfaces seen in the Charlotte belt reflects a large F; antiform
plunging to the northeast (fig. 2b). F3 refolded S; folds into an antiform plunging northeast. This
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is analogous to the F; nappe in the Charlotte belt of the Virgilina area mapped by Tobisch and
Glover (1971).
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METAMORPHISM

Metamorphic history is derived primarily from the pelitic rocks and hydrothermal alteration zones

in the mapped area. The felsic and intermediate rocks contain no index minerals other than chlorite

and biotite, both of which are distributed throughout the mapped area. Rocks in the hydrothermal
alteration zones contain kyanite. Sillmanite coexists with kyanite in one sample taken from the
Leigh Mountain hydrothermal alteration zone. S-shaped quartz inclusions in garnet porphyroblasts

in the area and axial planar foliation indicate syntectonic metamorphism. All amphibolites contain

a green amphibole interpreted to be homblende, although some bluish-green elongate crystals may

be actinolite.

The northem portion of the Meherxin area has been subjected to an amphibolite facies

metamorphism. Pelitic rocks in the northem portion of the map area commonly contain the index

minerals staurolite, biotite, and garnet. In the southem portion of the map area pelitic rocks only
contain biotite and gamet. The presence of staurolite in pelitic rocks is diagnostic of amphibolite

facies metarnorphism (Miyashiro, 1973). Between these two areas a staurolite isograd is drawn (fig.

3 and Plate 1).

The Hyco Formation contains phyllites spotted with fine grained biotite flecks south of the

staurolite isograd. Near the isograd the flecks tend to be larger, resulting in portions of the Hyco
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Table 1. Metamorphic Mineral Assemblages
in the Meherin, Virginia Area

Sample Metamorphic Mineral Assemblage

18 muscovite, chlorite, Quartz, garnet, biotite
86 quartz, plagioclase, biotite, kaynite,staurolite, garnet,muscovite, sillmanite, (chloiite)

119 quartz, muscovite, gamet, biotite, staurolite, plagioclase,epidote, (chlorite)
128 QUBITZ, muscovite, chlorite, epidote, biotite, garnet
218 quartz, muscovite, chlorite, gamet, epidote, staurolite
228 _ Quartz, muscovite, chlorite, gamet, biotite
231 muscovite, quartz, garnet
241 QUBIIZ, muscovite, epidote, biotite, garnet, (chlorite)
272 quartz, muscovite, chlorite, garnet, epidote, biotite
273 quartz, chlorite, plagioclase, epidote, garnet, bi0tite,musc0vite
278 muscovite, quartz, chlorite, epidote
287 quartz, muscovite, chlorite, epidote .

1

373 muscovite, Quartz, biotite, gamet, (chlorite)
1

387 quartz, muscovite, plagioclase, chlorite, garnet, biotite
441 Quartz, muscovite, chlorite, garnet, biotite
447b plagioclase, chlorite, quartz, epidote, biotite, muscovite
492a Quartz, muscovite, ch1orite,”gamet, epidote
497a chlorite, Quartz muscovite, epidote, gamet
503 Quartz, biotite, plagioclase, gamet, staurolite, (chlorite)
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becoming indistinguishable from the Charlotte belt gneiss, As previously mentioned, where this
occurs the boundary between the Hyco and the Charlotte belt is drawn along the trace of the
staurolite isograd. Because retrogression would probably not produce a fine-grained spotted

phyllite from a medium·grained gneiss, it is assumed that the metamorphic boundary near this

change is a primary one. Thus, the staurolite isograd is interpreted to be a reflection of the primary

metamorphism. It is not an effect of retrogression.

Due to the lack of sufiicient outcrop and the fact that staurolite only occurs in rocks found in a

narrow band it has not been possible to accurately determine the orientation of the staurolite

isograd. The staurolite isograd should have been folded by the F3 fold event as will be discussed
l

later. Because there is so little control on its location, the isograd it is drawn as a straight line nearly

concordant to the boundary Jonas (1932) mapped on the basis of textual changes between the high

grade and the low grade regions, and in accordance with textural changes observed during this study.

The most important aspect of the isograd is that it cuts across the Aaron Formation.

No chloritoid has been observed in the Meherrin area. Therefore, the staurolite producing reaction
U

probably did not involve chloritoid. One possible stauro1ite·pr0ducing reaction which may have

occured is the reaction chlorite +muscovite = staurolite + biotite + quartz + vapor. Equilib-

rium temperatures and pressures for this reaction have been determined by Hoschek (1969).

Hoschek’s data along with alurnnosilicate stability field data are used to make estirnates of the

pressure and temperature conditions of metamorphism in the Meherrin area (fig. 4).

Kyanite partially replaced by sillmanite is observed in the hydrothermally altered rocks (shown as

coexisting kyanite and sillimanite in fig. 3). Therefore, these rocks reached temperatures a.nd pres-

sures corresponding to those of kyarrite-sillmanite equilibrium. The area north of the staurolite

isograd has reached temperatures and pressures above those shown by the staurolite producing re-

action curve. The area south of the staurolite isograd must have reached temperatures and pressures
below this equilibrium curve.
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A later retrograde metamorphism has obscured the peak assemblages. In most pelitic rocks, the
biotite has been replaced by chloxite or altered to a green biotite. In some metapelites in the
southern portion of the map garnet is partially replaced by an extremely line-grained retrograde
assemblage.
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Summary

The Hyco and Aaron formations extend beyond their previously known limits. In the
northemmost portions of these formations staurolite occurs in the Aaron formation, indicating that

A

it has undergone amphibolite facies metamorphism. The previous northem boundary of the
Carolina slate belt (Jonas 1932) actuaHy represents a metamorphic boundary closely corresponding

to the staurolite isograd.

Based on Glover and Sinha’s work (1973) the initial deformation (F1) produced the Virgilina

synclinoxium and is attributed to the Virgilina orogeny between 620 and 575 million years ago.

Although no foliation associated with F1 has been reported in the Virgilina area, the F 1 event did

produce a foliation in the Meherrin area. A Virgilina metamorphism, not reported elsewhere, is

indicated here.

Studies of the timing of deformation and metamorphism in the southem Appalachians have been
recently summarized by Glover and others (1983). They conclude that the peak deformation and
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metamorphism in the Carolina slate belt was produced during the Taconic orogeny and that the
peak metamorphism in the Charlotte belt was Taconic. The peak metamorphism in the Meherrin
area is attributed to the Taconic orogeny.

Implications „

Because a portion of the Hyco and Aaron Formations have undergone amphibolite facies

metamorphism these formations cannot be excluded from the Charlotte belt on the basis of
metamorphic grade. Therefore, it can not be assumed that the difference in metamorphic grade
between Carolina slate belt and the Charlotte belt always irnplies nonequivalence. Because it can

not be assumed that the two belts are lithologically distinct, the belts should only be separated on

the basis of metamorphic grade. The Charlotte belt can be defined as an amphibolite facies belt
and the Carolina slate belt can be defined as a greenschist facies belt. Thus, in this study the

amphibolite facies portions of the Hyco and Aaron Formations are considered as part ofl the

Charlotte belt. These formations are traced from one belt to the other in the Meherrin area.

If there were a persistent lithologic or metamorphic dissimilarity between the belts it could be in-
terpreted as evidence that they represent a previously metamorphosed and eroded basement (the

Charlotte belt) and an overlying depositional sequence (the Carolina slate belt). However, all evi-

dence indicates the two belts are at least in part correlative. As shown here, Carolina slate belt

lithologies can be traced into the Charlotte belt across an isograd. Additionally, as this study as
well as others have shown, the belts have similar protoliths (Overstreet and Bell 1965, Secor and

Wagener 1968, Glover and Sinha 1973, Henika 1977). Also, there is no sharp discontinuity of any

kind between the belts (Tobisch and Glover 1971) and it has been shown that some rock units

within the belts have similar ages (Glover and Sinha 1973). Although this evidence does not
unequivocally prove that the two belts are correlative, it nullifies any imperative for separating them
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into a basement and cover sequence (Laney 1917, Hatcher 1972), or two distinct belts separated

by a suture zone (Laney 1917).

Overstreet and Bell (1965), Secor and Wagener (1968), and Tobisch and Glover (1971) have sug-

gested that the Charlotte belt and Carolina slate belt may represent portions of a single Carolina

slate belt · Charlotte belt depositional sequence, making the belts correlative. According to their

hypotheses one portion of the depositional sequence simply had undergone a higher grade of

g metamorphism than the other portion. This model is consistent with the geology of the Meherrin
area. In the Meherxin area, downwarping, possibly related to the plunge of the F3 folds during the

Taconic orogeny, caused amphibolite facies metamorphism to reach higher into the sequence. This

would result in the staurolite isograd reaching the Aaron formation.
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Appendix: Field Trip Guide

There are no road·cuts in this study area that expose fresh rock. Almost all the data had to be

gathered along small stream beds. Most exposures are small and weathered.

The best exposure of the Hyco Formatin is along Spring Creek in the center of the eastem half of
the Keysville 7 1/2’ quadrangle.

Travel east on Route 360 from the intersectin of Route 15 and Route 360 for approximately two

miles, where there will be a drive·in-theater on the right. Drive one more mile to Route 685, at a

town ironically named Simplicity. Drive almost four miles on Route 685, then tum left onto Route

700. Drive about l500’ and stop at the bridge over Spring Creek. For one and one half miles

northwest along Spring Creek there is good outcrop.

Walking northwest up Spring Creek along portions of the first l000’ are several exposures of the
intrusive tonalite. The next lithology encountered is the Hyco Crystal Tuff facies. This lithology

is white and microcrystalline, with bluish quartz phenocrysts up to 7mm in diameter. This
lithology is exposed for approximately l500’ along the length of the stream.
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The next lithology exposed is the Hyco Felsic Tuff facies. Here it is white to grey and microcrys-
talline except for very small visible flecks of biotite. This facies is exposed along portions of the
next 2500’ of Spring Creek.

The third Hyco facies encountered while walking up Spring Creek is the interlayered Matic and

Felsic Volcanic facies. This facies is exposed along the next 2000’ length of stream.

There is very good exposure of rock farther upstream. Walk southwest to Route 685 and back to
the bridge. Turn your vehicle around and travel northwest on Route 685 for two miles. Tum left
on Route 628. Drive for a little over two miles to Route 687. Turn right on Route 687 and travel
for nearly three·fourths of a mile to the Meherrin River. From the bridge over the Meherrin River
walk east along the south bank of the river for l500’. Along this slope there is some exposure of

the Hyco Feldspathic Wacke facies.

One of the best exposures of the Aaron Formation is farther northeast, near Route 360. Travel
I

back to Route 360 and continue driving northeast. Turn onto Route 696 in the town of Greenbay.
Drive one-third of a mile then turn right on Route 694. Drive for a little over one·half mile on
Route 694, then turn left on a dirt road. (If you miss tl1is tum you will end up back on Route 360

one·quarter of a mile farther.) Travel down the dirt road for one·quarter of a mile then turn right

on Flipper Creek Road. Walk 500’ north on Flipper Creek and on the west bank of the stream

there is excellent exposure of the Aaron Formation, here it is a green coarse-grained schist.

Drive back to Route 696 and turn right instead of left (the way you came). Drive one-half mile

and turn left on Route 632. Drive one·half mile on Route 632 to a fairly sharp right tum in the
road. Park about l0O’ beyond the bend and walk northeast down a slope for l00’ and into a

stream. All along this stream to the northwest are some good exposures of the Charlotte Belt

gneiss. Here it appears similar to the Hyco Crystal Tuff facies and Felsic Tuff facies, but is coarser

grained.
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