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PUBLICATION 90 PART C

GEOLOGY OF TI{E ROCKY MOUNT, GLADEHILL, PENHOOK, AND
MOUNTAIN VALLEY QUADRANGLES, VIRGIMA

James F. Conley

ABSTRACT

TheRocky Mount, Gladehill, Penhook, andMoun-
tain Valley quadrangles are located in the southwestern Vir-
ginia Piedmont. These four quadrangles are underlain by
rocks contained in trvo major structures: the southeast limb
of the Blue Ridge anticlinorium and the northwestern part of
the Smith River allochthon. These two structures are sepa-
rated from each ottrer by the Bowens Creek fault, a southeast-
ward dipping fault that shows both wrench and thrust move-
ment, which has been mapped in reconnaissance southwest-
ward into the Brevard zone and northeastrvard into the Moun-
tain Run fault

In the south-central part of the area ttre Smith River
allochthon is truncated by the Bowens Creek fault. The
allochthon is preserved in an upright broad gentle synformal
warp and is shown by sfuctural data and gravity and mag-
netic modeling tobea thin, sheet-like structure. The strucnre
was emplaced on an almost flat (now folded) thrust, the
Ridgeway fault, thatbounds theallochthon on both its south-
east and northwestern sides and predates the Bowens Creek
Fault. The allochthon is composed of metasedimentary rocks
subdivided into a lower BassettFormation and an upper Fork
Mountain Formation. These metasedimentary rocks were
intruded locally by plutonic rocks of the Martinsville igneous
complex. In the study area, tle complex is a magma series
composed of theRich Acres Formation, a sequence of diorite-
gabbro composition; and the Leatherwood Granite.

The southeastern limb of the Blue Ridge anticli-
norium is underlain byrocks of thelynchburg Group andthe
CandlerFormation. Thelynchburg Group is subdivided into
a lower gneiss sequence, Ashe Formation, and an upper schist
and gneiss sequence, Alligator Back Formation. The Alliga-
tor Back Formation contrains ultramafic-gabbro-basalt se-
quences that are thought to be ophiolites. Chemical analyses
of sEeam sediments indicate anomalously high values for
base and precious metals in the vicinity of these mafic and
ultramafic rocks. Diabase dikes of l,ate Triassic-Early Juras-
sic age inrude rocks of both the Smith River allochthon and
the Blue Ridge anticlinorium.

Rocks of both the Blue Ridge anticlinorium and the
Smith River allochthon have been polydeformed. Rocks of
the anticlinorium have been metamorphosed to greenschist
and lower amphibolite facies, whereas the metasedimentary
rocks of the allochthon have been polymetamorphosed.

INTRODUCTION

TheRocky Mount, Gladehill, Penhook, and Moun-
tain Valley quadrangles @ublication 90, Parts A and B) are

located in Franklin, Pifisylvania, and Henry counties in the
southwestern VirginiaPiedmont (Figure 1). The research on
which this report is based was begun in 1972 by Paul
Scheible, who collected stratigraphic and sructural data and
was able 0o define an oligoclase isograd in the Lynchburg
Formation. The Rocky Mount and Gladehill quadrangles

were mapped in detail by Michael B. McCollum (Paft A).
The Mountain Valley and the Penhook quadrangles were
mapped in detail by James F. Conley, Robert G. Piepul,
Gilpin R. Robinson, Jr, Earl Lemon, Jr., and Carl R. Berquist,
Jr. (Part B). Stream samples for geochemical prospecting
were collected by Michael B. McCollum around the Grassy
Hill ulnamafic body in ttre Rocky Mount quadrangle and
analyses of these samples were madeby Oliver M. Fordham,
Jr. This report is a summary of the findings of the above
mentioned workers.
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Figue l. Map of Virginia showing location of study area.

Rocks of these four quadrangles me contained within
two major structures; namely the northwestern edge of the
Smith River allochthon and the southeastern limb of the B lue
Ridge anticlinorium (Figure 2). These two structures are
separated by the Bowens Creek fault, a southeastward-dip-
ping, right-lateral wrench fault (Conley and Henika, 1970;
Conley, 1988) that shows reactivation and thrust movement
thatpostdates theright-lateral movemenl This faulthas been
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faced southwestward by reconnaissance mapping into the
Brevard zone of North Carolina (Conley and others, 1971;
Espenshade and others, 1975) and northqNtward into the
Mountain Run fault of cenftal and northeastern Virginia
(Conley, 1987).

STRATIGRAPHY

SMITH RTVER ALLOCIITHON

The Smith River allochthon is a mqior sructural
feanre in the southwestern Virginia Piedmont" Srucmral
dataand computermodeling of magnetic and gravity databy
Greenberg (1975) indicate that the allochthon is a thin, sheet-

like structure. It is composed of a measedimentary sequence

of rocks that has been intruded by rocks of the Martinsville
igneous complex. The metasedimentary rocks are subdi-
vided ino a lower Basseft Formation and an upper Fork
Mountain Formation. These metasedimentary rocks have

been metamorphosed on a regional scale at amphibolite grade

and later retrogaded to geenschist facies (Figure 3). In
addition, after retrograde metamorphism occurred, these

rocks were innuded locally by plutons of the lvlartinsville
igreous complex. Acbntactmetamorphic aureoledeveloped
in the metasedimentary rocks that were in contact with the

igneous plutons. As a result of this contact metamorphism,
the counry rock recrysallized under static conditions, mig-
matites developed, and sillimanite grew in the vicinity of the

plutons. Contact metamorphism dies out in short distances

EXPLANATTON

F- -tE-
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Figue 2. Regional geologic map of southwestem Virginia and northwestern North Carolina Piedmont and Blue Ridge.
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@ate 1 and Pans A and B). It is subdivided inro a lower
biotite gneiss unit and an upper amphibolite unit.

Biotite Gneiss

The biotite gneiss, which makes up the lowerpart of
the Bassett, is for the mostpaft a homogenous, equi$anular,
medium-grained, light- to medium-gray rock. A medium-to
fine banding is shown by the interbedding of quartzo-feldspa-
thic and biotite-rich quartzo-feldspathic layers. Quartz-rich
layers (approximately 50 Vo qtnrtz) and epidote quartzites
occur sparingly in the unit An average composition of ttre
gneiss is about 30 percent qvartz,25 percent oligoclase, 15
percent biotite, 15 percent microcline, and face amonts (l to
5 7o) of epidote, opaque minerals, zilcon, and apatite. In the
southern part of the Mountain Valley quadrangle @late I and
PartB), the rocks reached a higher metamorphic grade. In this
area the biotite gneiss locally has developed microcline por-
phyroblasts and contains coarse quartz-feldspar melt zones
parallel to foliation. Along the northwestern boundary of the
allochthon, in thePenhook quadrangle @ate I andPartB),
the biotite gneiss locally contains disseminated hornblende

)

I NDEX
MAP V(

Figure 3. Regional geologic map showing meamorphic grade.

from the plutons. Chlorioid developed on a regional scale
in high-alumina pelitic rocks of the Fork Mountain Forma-
tion. The development of the chloritoid occurred after the
retrograde metamorphism and under static conditions, and
probably is coeval wittr ttre contact metamorphism. This is in-
dicated by growth of chloriOid porphyroblasts across folia-
tion as unorientedcrysrals in sites of formerretrogade, high-
grade, high-alumina minerals.

Rocks of the Smith River allochtfron have been
correlated with rocks of the InnerPiedmontbelt of the Caro-
linas. The correlation is based on lithologic similarities and
on similar age dates of the igneous rocks that inrude the
allochthon and the Inner Piedmont belt (Conley and Toewe,
1968; Rankin, 1975; Odom and Russell, 1975; Lemmon,
1981).

Bassett Formation

The lowest unit and probably the oldest stratigra-
phic unit in the Smith River allochthon is the Bassett Forma-
tion. The Bassett occupies several polydeformed domes in
the Gladehill, Penhook, and Mounrain Valley quadrangles
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grains and thin amphibolite interlayers near the contactwith
the overlying amphibolite.

Podiform masses of altered ultramafic rocks and
elongate bodies of metagabbro occur in profusion in the
biotite gneiss that is exposed in the large dome located in the
southeastem half of the Penhook and in the northwestern
cornerof theMountain Valley quadrangles (Plate l andPart
B). Gabbros, but not the altered ulfamaficrocks, occur in the
gneiss exposed in the domes in the southern part of the
Mountain Valley quadrangle (Plate I and Part B). This
melange of gabbros and altered ultramafic rocks shows
concordant relationships with layering in the biotite gneiss.
The altered ulramafic rocks may contain relict olivine and
augite, but are altered predominantly to talc, tremolite, chlo-
rite, serpentine, anthophyllite, opaque minerals, and ver-
miculite. Some of the bodies are zoned and have an outer
shell composed of coarse chlorite that may be altered o
vermiculite. The metagabbros are composed of clinopyrox-
ene, orthopyroxene, garnet, homblende, and plagioclase.
Gamets may be surrounded by a corona of plagioclase and
have symplectic intergrowths of plagioclase and plagioclase-
pyroxene. Such a variety of concordant small mafic and
ulramafic bodies in the BassettFormation suggests the pos-
sibility that the melange deposits containing exotic mafic and
ulramafic blocks was derived from oceanic crust.

Amphibolite

The upper part of the Bassett Formation is com-
posed of basaltic lava flows that have been metamorphosed
into amphibolite. Interlayering of the amphibolite with the
upperpartof thebiotite gneiss along the northwestem partof
the allochthon in 0re Penhook quadrangle @late I and Part B)
indicates a conformable con[act between the two units. The
amphibolite is thickest along the northwestern boundary of
the allochthon (in the Penhook quadrangle) and thins to the
southeast, and apparently is absent in the southeastern part of
the Mountain Valley quadrangle @ate I andPart B). Where
the amphibolite is present, it makes a distinctive horizon
marker between ihe Basses and ttre overlying Fork Mountain
Formations. The Fork Mountain locally contains thin amphi-
bolite layers, indicating that vulcanism continued across the
stratigraphic contact between the Fork Mountain and Bassett
Formations.

The amphibolite is a dark greenish-black, foliated,
medium- to coarse-grained rock that has a well developed
nematoblastic toxture. It is composed of about 70 percent
hornblende, 15 to 30 percentplagioclase, and may also con-
tain biotite, apatite, actinolite, chlorite, epidote, ilmenite,
rutile, magnetite, and sphene. The chemistry of major and
frace elements of ttrese rocks are similar to that of continental
basalts @aul C. Ragland, personal communication,1979:
Achaibar and Misra, 1984). Because of the mobility of
elements during metamorphism, however assigning these

rocks to a continental origin is questionable @aul C . Ragland,
personal communication, l98l).

Fork Mountain Formation

The Fork Mountain Formation is composed of two
units: mica schist and biotite gneiss. The contact between the

mica schist and biotite gneiss seems o be gradational to
intertonguing over relatively short distances. The biotite
gneiss is a wedge-shaped mass that thins to ttre northwest and

thickens to the southeast. The mica schist and the biotite
gneiss are presumed to be laterally equivalent to each other
and may represent a change from pelitic sediments to the
northwest to psammitic sediments to the southeast. Along the

northwestern boundary of the allochthon, the Fork Mountain
is composed almost entirely of mica schist, although even

there interlayers of biotite gneiss ranging from 0.5 to I m
thick have been observed. In the southeastem half of the

Gladehill quadrangle (Plate 1 and Part A), the biotite gneiss

overlies the Bassett Formation and in turn is overlain by the
mica schist unit. In dre central prtof tfte Mountrin Valley
and in the cenral part of the Penhook quadrangle @late I and
Part B), the biotite gneiss is absent (wedges out?) and the

schist unit directly overlies the Bassett Formation.

Mica Schist

The mica schist is a light- to medium-gray, porphy-
roblastic, fine- o medium-grained, high-alumina metapelite
that (because it is a high-aluminarock) is an excellent indica-
tor of metamorphic grade. The mineralogy of the rock is
variable and is dependent on grade of regional metamor-
phism, the amount of alteration that has occurred during
subsequent regional retrogrude metamorphism, and later
contact metamorphism around plutons of the Martinsville ig-
neous complex.

The mica schist defines a regional relict metamm-
phic isograd that separates staurolite (panially to totally al-
tered to sericite and chlorite) along the northwestem bound-
ary of ttre allochthon from sillimanite (partially to totally
altered to sericite) to the southeast of the isograd. The sinuous
trace of the isograd indicates that it has been folded.

Quartz-rich and mica-rich lens-shaped masses oc-

cur throughout the mica schist and are interpreted to be pelitic
and psammitic beds that have been transposed during meta-

morphism. High-alumina minerals are, for the most part,

confined to the mica-rich layers and someof these layen may
be composed of over 50 percent high-alumina minerals. The
quartz in the quartz-rich layers occurs as polygonal aggre-
gates, indicating that it has been srained and annealed.

Quartzite in ttrin, generally lens-shaped layers occurs locally
in the mica schist. Also present in the mica schist are quartz-

mica gneiss interlayers.
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The mica schist is composed of muscovite, {uarE,
garnet, and high-alumina minerals with accessory plagto-
clase, magnetite and ilmenite. Ilmenite and magnetite in
anomalously high concentrations may be present in some
layers in the schist. Garnet is ubiquitous and locally concen-
trated in bands in the staurolite zone. Northwest of the
sillimanite isograd, the staurolite crysals ttrat formed during
regional metamorphism are large (1 to 7 cm), generally twin-
ned, and are partially o toally altered to pseudomorphous
sericite. Southeastof the sillimanite isograd, fibrolitebundles
have developed and are aprproximately the same size as the
staurolite crystals indicating that fibrolite formed from stau-
rolite with increasing metamorphic grade. These fibrolite
bundles have also been partially to completely altered to
sericite. Locally, post-tectonic chloritoid porphyroblasts
have nucleated and grown in the.se sites of sericite after
staurolite and sericite after sillimanite. Biotite occurs in the
rock, but soutleastof the staurolite-sillimanite isograd biotite
is almost universally altered to chlorite. This alteration of
biotite to chlorite to the southeast indicates that the later
regional retr,ograde alteration in theserocks was more int€nse
to the southeasl In this same region, the biotite in the
underlying biotite gneisses of the Bassett Formation and
biotite in thebiotite gneiss unitof ttreFork Mountain Forma-
tion are not appreciably altered to chlorite.

Biotite Gneiss

The biotite gneiss of the Fork Mounlain Formation
is a high-alumina, medium-gray, compositionally-banded
rock composed of interlayered quartzo-feldspathic gneiss
and garnetiferous muscovite-biotite gneiss. Epidote-quartz
boudins, ranging from 5 to 20 cm thick, are scatlered through-
out the gneiss and may represent original carbonate-rich
sandstones. Also present are masses of quartzite, feldspathic
gneiss, and epidote-quare rocks that appear o be floating in
a matrix of biotite gneiss. Rankin (1925) has compared this
rock with the diamictite facies of the Wissahickon Formation
(Conowingo gneiss), which is considered to be submarine
slide breccia.

The biotite gneiss is composed of about equal
amounts of quartz (some of which is blue quartz) and plagio.
clase and varying amounts of biotite, muscovite, microcline,
garnet, and high-alumina minerals. The hi gh-alumina miner-
als are partially to totally altered topseudomorphous sericite.
Other minerals identified (generally in trace amounts) are
epidote, allanite, zircon, tourmaline, spinel, hornblende, ru-
tile, and opaque minerals. Garnet and high-alumina minerals
are found primarily in the biotite-rich layers, indicating that
they probably were originally more alumina-rich pelitic lay-
ers, whereas the quartzo-feldspathic layers were probably of
arkosic or graywacke composition.

Where the biotite gneiss was intruded by rocks of
the Martinsville igneous complex in the south-central and

southwesternparts of theMountain Valley quadrangle @ate
I andPartB), numerous quartz-feldspar pegmatites and local
migmatite zones developed.

Martinsville Igneous Complex

The lvlartinsville igneous complex, informally named
byRagland (1974), is composedof three units: theRich Acres
Formation (Conley and Henika, 1973), the Leatherwood
Granite (Jonas, 1928), and an unnamed younger norite. The
Leatherwood Granite hasa U/Pb age of 450 m.y. determined
from zircons (Rankin, 1975) and a Rb/Sr whole-rock age of
457 + 16 m.y. (Odom and Russell, 1975). A. K. Sinha

@ersonalcommunication, 1988)recently has dated thel€ath-
erwood as being Cambrian age using the U/Pb method. Field
evidence (Conley and Toewe, 1968; Conley and Henika,
1973) and strontium isotopic ratios @agland and others, in
preparation) indicate that the Rich Acres and Leatherwood
are a co-genetic rock series ttrat form a relatively uncommon
high-potassium calc-alkaline, Andean trench type plutonic
sequence, which because of the coexistence of orthopyrexene
and biotite indicates emplacement at a pressure range equiva-
lent to 25 to 30km of buriat (Allison and others, 1984; Paul
C. Ragland, 1988, personal communication). These rocks
show alteration at greenschist grade and some development
of a shear foliation, indicating that they were subjected to
retrograde metamorphism and shearing. In contrast" the
unnamednorite was derived from a separate magma and was
emplaced in a post-tectonic environment @agland and oth-
ers, in preparation). The Leatherwood occun along the
soutlernboundary of the Mounain Valley quadrangle @ate
1 and Part B) and the Rich Acres crcps out in the extreme
southwestern comer of the quadrangle. The norite has not
been identified in the area of study.

Rich Acres Formation

In the extreme southwestern part of the Mountain
Valley quadrangle (Plate 1 and Part B), rocks of the Rich
Acres Formation have intruded the biotite gneiss of the Fork
Mountain Formation. The two separate outcrop areas of the
Rich Acres are connected to the south beyond the southern
borderofthe quadrangle andarepartof the samepluton (Price
and othen, 1980). This pluton is concordant to slightly
discordant. The rock is medium grained, dark greenish gray
with an ophitic o subophitic texnrre. Rocks of ttre formation
are in general of a borderline composition between gabbro
and diorite. These rocks are composed of plagioclase, green
hornblende, reddish-brown biotite, pale-green clinopyrox-
ene, and uralite, and may contain vermicular intergrcwths of
quartz in hornblende and plagioclase.
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Leatherwood Granite

The Leatherwood Granite occurs in several small
plutons along the southern boundary of the Mountain Valley
quadrangle @late 1 and Part B). The Leatherwood is a por-
phyntic, Iight-gray biotite granite that generally shows ra-
pakivi texture, but may be partially composed of coarse,
equigranular leucocratic granite. An average composition of
the rock is 40 percent microcline, 20 percent plagioclase
(oligoclase) , 25 percent quartz (some of which is blue quartz) ,
I 0 percent biotite, and 5 percent muscovite. Also present may
be minor amounts (greater than 2 percent) of epido&e, clino
zoisite, apatite, sphene, zircon, and opaque minerals. Micro-
cline phenocrysts occur in a xenomorphic-granular musco-
vite-biotite-plagioclase-quartz-microcline matrix. Cataclas-
tic textures are locally developed in the Iratherwood and it
may contain distinct shear zones. Microcline phenocrysts
and their rapakivi rims are locally embayedby post tectonic
(unsheared) globular masses of inlergrown vermicular quartz
and albite.

Muscovite-biotite-quartz-m icrocline pegmatites cut
both the Rich Acres and the Leattrerwood. Some of the
pegmatites are sheared and others are nol The sheared peg-
matites are probably associated with ttre Iratherwood, and
the unshearedpegmatites are postleatherwood and were em-
placed as post-tectonic intrusions.

BLUE RIDGE ANTICLINORIUM

Rocks of the Blue Ridge anticlinorium underlie the
Rocky Mount, the major part of the Gladehill @late 1 and
Part A), and the northwestern half of the Penhook quad-
rangles @ate 1 and Part B). In these quadrangles, the
anticlinorium is composed of rocks of the Lynchburg Group
and the Candler Formation. The Lynchburg was raised to
goup status by Furcron (1969) and in the study area @ate t
andParts AandB) includes a lowerunit, the AsheFormation
named by Rankin (1970) and an upper unit, rhe Alligator
Back Formation named by Rankin and orhers (1973).

Lynchburg Group

Ashe Formation

The Ashe Formation is a massive gneiss exposed in
the core of the Cooper Creek anticline. This rock was previ-
ously correlated with the Moneta Gneiss (Conley and Henika,
1970); however, present mapping indicates that the Moneta
Gneiss contains rocks of bottr the Ashe and overlying Alliga-
tor Back Formations. Therefore, the validity of the Moneta is
questionable and it is here abandoned as a sratigraphic term.

The Ashe Formation is composed primarily of two-
mica plagioclase gneiss that is uniform in composition, ex-

cept for gneissic banding produced by oriented micas. The
Ashe is unlike the overlying Alligator Back Formation,
which is composedof aheterogenous mixture of interlayered
gneisses, schists, marbles, quarzites, metabasalts, metagab-
bros, and ultramafic rocks. The top of the Ashe Formation is
in contact with ultramafic rocks, meagabbros, and metaba-

salts that are located at the base of the Alligator Back. Graph-
ite, which is ubiquitous in the metasedimentary rocks of the
Alligator Back Formation, is almost totally absent from the
Ashe Formation. Oligoclase is the common feldspar in the
plagioclase gneiss of the Ashe and microcline is rarely ob-
served in the unit. This is in conEast to tle Alligator Back,
which contains rounded clasts of bottr microcline and plagio-
clase. The Ashe contains quartz-feldspar pegmatites and
small granitoid intrusions notobserved in the AlligatorBack.

Much of the Ashe Formation in this area is porphy-
roblastic with plagioclase porphyroblasts ranging up to 6 cm
across. Some of the porphyroblasts are sheared and attenu-
ated, and locally have been bent by crenulation cleavage. At
the contact with the overlying Allilator Back Formation, the
Ashe has developed a flaggy foliation that appears to be
parallel to the contact belween the two rock units. Thin
mylonite zones are also present in this plagioclase gneiss near
its contact with the overlying Alligator Back.

The Ashe contains 30 to 45 percent quartz, 35 o 40
percent plagioclase and up to 20 percent biotite. Muscovite
is not present in all samples, but in a few thin sections it makes
up as much as I 5 percent of the rock. Other minerals that may
be present are clinozoisite cored by allanite, sphene, apatite,
and opaque minerals. An x-ray analysis from material about
I mile north of Sontag in the Gladehill quadrangle indicates
the presence of rutile and ilmenite.

Alligator B ack Formation

The Alligator Back Formation is composed of
metamorphosed ultramafic rocks, gabbros, andbasalts, and a

clastic sequence of interlayered metagraywacke conglomer-
ates, graphitic schists, and pelitic schists. It also contains
muscovite-sericite schist, impure marble and quartzite. Witr
the exception of the metabasalts, sfratigraphic horizon mark-
ers arc not traceable over great distances and lithologic units
tend to be lenticular. Metaigneous, metavolcanic, and
metasedimentary rocks occur in sequences (from bottom to
top) in the Alligator Back section and appear to be repetitive.
Metamorphic grade in the rocks ranges from upper green-

schist in ttre northeastem part of the area to lower amphibolite
in the southwestern part (Figure 3).

Meta-igneous Rocks

Sequences of metagabbro overlain by metabasalt

occurat the base and higher in the section of metasedimentary
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rocks thatmakeup the AlligaorBackFormation. McCollum
mapped smallbodies of ultramaficrock within the metasedi-
mentry rocks in the Rocky Mount quadrangle (Plate 1 and
Part A). Three large bodies of ulramafic and mafic meta-
igneous rocks underlie Grassy Hill (Plate I andPart A),Jacls
Mountain (Plate 1 and Part B), and Brier Mountain (Plate I
and Part A). All three of these mountains are underlain by
ultramafic rock, metagabbro and metabasalt

Ultramafic rocks: The ultramafic rocks consist of metamor-
phosed dunites and metapyroxenites. They are almost totally
altered to serpentine, talc, chlorite, and tremolite but may
contain relict olivine and augite. Opaque minerals occur in
accessory amounts. Chlorite is altered to vermiculite around
the margins of the ulramafic bodies, and these bodies may be
cut by veins of anthophyllite.

Metagabbro: The metagabbros are composed of actinolite
(that in part is uralitic amphibole), albite, epidote, chlorite,
and minor amounts of zircon , qtJartz, sphene, ilmenite, mag-
netite, and the relict minerals augite and epidotized calcic
plagioclase. Some of the metagabbro is layered. The metag-
abbro bodies are generally coarser grained and lighter col-
ored toward the center and locally show relict ophitic tex-
tures. The metagabbros may be sheared and altered to acti-
nolite schist near contacts with metasedimentary rocks. Thin,
massive, magnetite-bearing quartzites overlay the metagab-
bros in the area just west and southwest of Rocky Mount
(Plate 1 and Part A). The metagabbros are inruded by
amphibotte dikes that could have been feeders for the over-
lying metabasalts. Magnetite deposits occur at or near tle
perimeters of ttre metagabbros and were mined for iron ore in
the l8th and 19th centuries.

The contact between the ultramafic-mafic body ttrat
forms Grassy Hill and the underlying metasedimentary rocks
of the Ashe Formation was exposed during field mapping of
the area. No contact metamorphism could be detected in the
underlying metasedimentary rocks and the metaigneous rocks
at this contact were sheared ino chloritic phyllonites in a zone
about I meter wide. If a gabbroic and ultramafic pluton the
size of the Grassy Hill body had inruded the sedimentary
rocks, it should have produced arecognizable hornfels zone
in the surrounding sedimentary rocks (Jaeger, 1964). Bottr
the igneous and sedimentary rocks have been regionally
metamorphosed at relatively low grade and such a metamor-
phic contacl at least as arelict, should be preserved. In fact
the writer has found preserved metamorphic auroles at the
contact between gabbro and metasedimentary rocks of the
Lynchburg Group at Schuylerin central Virginiaand westof
Culpeper in north-central Virginia. At Grassy Hill, however,
neither the ultramafic rocks nor the metagabbros have pro-
duced contact metamorphism, which should have been pre-
served in ttre adjacent low metamorphic rank metasedimentry
rocks. The lack of a metamorphic aureole around the Grassy
Hill pluton may indicate that these metaigneous rocks did not

intrude as a hot molten magma into the metasedimentary
rocks that now surround them, but rather that the metasedi-
mentary and metaigneous rocks were brought in contact with
each other by 0ectonic transport after the metaigneous rocks
had cooled and solidified. The contcts between metasedi-
mentary and me0aigneous rocks are ruurow shear zones (1 to
3 feet across). Probably Taconic metamorphism erased much
of the evidence for tectonic transport of these metaigneous
bodies.

Metabasalf Dark greenish-black basalts that are metamor-
phosed to foliated, fine-grained amphibolites generally over-
lie the metagabbros. The metabasalts are, in turn, interlay-
ered with and overlain by metasedimentary rocks. The am-
phibolites are composed of nematoblasts of actinolite and
variable amouns of epidote, chlorite, albite, and quartz. The
metabasalts arc generally massive but locally contain sparse,
small (2-3 mm), flattened masses filled with intergrown epi-
dote, albite, and quartz that might be amygdules, and lens-
shaped structures that could represent transposed flow band-
ing, pillow structures, or both.

Metasedimentary Roclcs

Metagraywacke: The metagraywackes in ttre Alligator
Back are gray gneissic rocks composed of sand- to granule-
size clasts of quartz and feldspar in a finer-grained, quartz-
feldspar-mica matrix. Graded bedding is common in the
metagraywackes. The basal bed of some gaded cycles is a
structureless granule conglomerate that, near its top, gfades
upward into mica schist. These rocls are generally interlay-
ered with mica and graphite schists and are variable in thick-
nesses. The graphite schists occur sparingly throughout the
metagraywackes as distinct layers that generally occur on top
of graded metagraywacke beds. Locally, ttre metagray-
wackes may be either thick repetitive sequences of graded
beds, or thin lenses and interbeds. The lower parts of the
metagraywacke layers are composed of quartz, microcline,
perthite, plagioclase, muscovite, and biotite. The metagray-
wackes may also contain small amounts (generally 5 percent)
of epidote, sphene, ilmenit€, calcite, garnet, chlorite, zircon,
and magnetite. The metagraywackes on tlp northwestern
flank of the Cooper Creek anticline and in asecond area in the
northwestern part of the Rocky Mount quadrangle @late 1

and Part A), are medium grained and contain large amounts
of interlayered quartz-mica schist.

Mica Schist: In tlre southwestern part of the Rocky Mount
quadrangle @late I andPart A) light-gray, quartz-mica schist
that has a silvery luster occurs both as interlayers in the
metagraywackes and as a distinct mappable unit containing
interlayered metabasalts . The rock is composed of varying
amounts of biotite, muscovite, andquartz and minoramounts
of tourmaline, garnet, plagioclase, microcline, and ilmenite.
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It contains disseminated graphite and may contain thin layers
of graphite schist.

Graphite Schist: Graphite schist occurs as a distinct map-
pable unit across the cenral part of the Rocky Mount quad-
rangle (Plate 1 and Part A) and as lens-shaped masses in the
Penhook quadrangle (Plate I and Part B). This rock is gray
to grayish black and is composed of varying amounts of
graphite, muscovite, chlorite, and quartz. Locally, it may
contain enough quartz go be a fine grained quartz-graphite
schist. Accessory minerals include pyrite, ilmenite, and gar-
net. Biotite may replace chlorite at higher metamorphic
grade.

Marble: White and gray, fine-to coarse-grained marbles are
interlayered with the metagraywackes in the northeastern
part of the Rocky Mount quadrangle and in the northwestern
part of the Gladehill quadrangle @late 1 and part A). Small
lenses of marble also occur in the metagraywackes in the
central part of the Penhook quadrangle @late 1 and part B).
Most of the marble is gray, finely laminated, and contains
thin, quartz-rich layers and numerous mica schist partings.

Quartzite: Gray, massive quartzite overlies metagabbro just
west of Rocky Mount. The rock is composed of quartz and
accessory magnetite. Upon weattrering, it decomposes to
friable grains of rusty-brown saccharoidal quartz.

Ophioliles?

The repeated stratigraphic sequences consisting of
altered ultramafic rocks overlain by metagabbros, overlain
by metabasalts that interfinger with overlying metasedimen-
tary rocks within the Alligator Back is stratigmphic evidence
that these sequences might represent ophiolites and their
cover rocks (Conley, 1981; 1985). If these sequences of
ultramafic and mafic rocks are ophiolites, they are generally
incomplete; the ultramafic rocks are most likely to be absent.
Some sections contain metagabbro overlain by metabasalt;
however, in a number of localities metabasalt may be the only
representative of what could have been an ophiolite se-
quence. Small lens-shaped masses of gabbro cored by
ultramafic rock are mapped by McCollum west and north-
west ofRocky Mount @late I andPartA) and mightrepresent
dismembered and overturned ophiolite sequences.

Shearzones aredetectable atthebaseof some of *re
ultramafic-meagabbro-metabasaltunis in the AlligamrBack,
including those that directly overlie the Ashe Formation.
Ultramafic rocks in these shear zones have been converted to
chlorite, vermiculite or both. In the Gladehill quadrangle
(Plate I and Part A), a flaggy foliation is developed in the
rocks at the top of the Ashe Formation, just below their
contact with the overlying Alligator Back. This foliation is
parallel o the contact with the ultramafi c-metagabbro-meta-

basalt (ophiolite?) sequence at the base of the Alligator Back
Formation and probably formed at the same time as the
development of the shear zones at the base of the mafic
igneous rocks in the Alligator Back. These shear zones
probably developed during later Paleozoic tectonic events.
Because of their relationship !o the metaigneous units, how-
ever, they might have formed in part during emplacement of
the ophiolites and their cover rocls.

Age of the Lynchburg Group

The Lynchburg Group has been considered !o be of
Late Precambrian age since the discovery of the Rockfish
conglomerate at its base by Nelson (1932). This basal con-
glomerate proved that the Lynchburg unconformably over-
lies Grenville age plutonic rocks and was not intruded by
them (Jonas and Stose, 1939). FuUagar and Dietrich (1976)
found that Sr/Rb whole-rock age dates in the Lynchburg are
520 to 583 m.y. north of latinrde 36" 52' N; however, they
record an age of 350 ta 402 m.y. south of this latitude. They
propose thatrocks south ofthis latitudehavebeen affected by
a younger metamorphic evenl They further propose, that to
the north, rocks affected by the younger event are present, but
lie buried beneath rocks that record ttre older event. This
interpretation would, therefore, imply that rocks that record
the younger event have been overthrust by rocks that record
the older event. Mose and Conley (1983) find ttrat the Ashe
Formation and Alligator Back Formation both yield Sr7Rb
whole-rock ages of 520 to 580 m.y. at greenschist metamor-
phic grade; in areas of higher metamorphic grade, they yield
ages of about 350 m.y. This work confirmed the previous
findings ofFullagar and Dierich (1976) and indicates alater,
higher-grade metamorphic overprint to the south. Mose and
Conley (1983) conclude that sedimentary and volcanic rocks
can be isotopically homogenized during metamorphism that
is higher in rank than a previous metamorphism; also rocks
that have been previously metamorphosed at higher rank are
nothomogenized during alater, lower grade metamorphism.
As both the Ashe and Alligator Back Formations were af-
fected by both the older and the younger metamorphic events
they were probably deposited in the Iate Precambrian and
were affected later by both an older and a younger tectonic
evenl The younger (Acadian?) event probably affected the
whole Lynchburg Group, and was intense enough to isoopi-
cally homogenize the Lynchburg south of latitude 36" 52'N,
and thus reset the isoopic clocks south of this parallel of
latitude.

The presence of possible ophiolites at different
horizons in the Alligator Back (Conley, 1985) indicales that
the metasediments which make up the majority of the forma-
tion were deposited on oceanic crust. The formation now is
composed of fault repeated s€quences of oceanic crustal
rocks overlain by sedimentary rocks. It is thought that this
thrusting occurred at the end of the sedimentary cycle in latest
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Precambrian or earliest Cambrian time. The Lynchburg had
0o be emplaced onto the eastern edge of the North American
craton before the vast oupouring ofcontinentalbasalts of the
Catoctin Formation, which occuned in the initial stages of the
rifting event that produced the Iapetus Ocean @eed, 1955;
Dewey and others, 1973; Conley, 1978). The older (520 to
583 m.y.) radiomefic dates obtained from ttre Lynchburg
north of ladnrde 36 52 N by Fullagar and Dietrich ( 1 976) and
the younger date.s (350 rD 402 m.y.) obtained from the
Lynchburg south of tlis latitude can possibly also be ex-
plained by later deep burial of the Lynchburg rocks to the
southwest during the Acadian event. Major crustal shorten-
ing, on the order of 150 to 200 miles, was proposed by llarris
and others (1982) along the Interstate Highway @ VI-
BROSEIS traverse. They found 0ratrocks that were ffaceable
into known (rccurences of the Lynchburg underlay much of
the Virginia Piedmont as far east as Richmond. Palinspastic
reconstruction of the Interstate Highway 64 VIBROSEIS
traverse would extend Lynchburg rocks eastward at least to
the present coast line. In addition, the Lynchburg and its
equivalent rocks are exposed from northem Virginia to Ala-
bama (Williams, 1978; Conley, 1978), which gives some
indication of the vast size of the basin in which the Lynchburg
was deposited.

Candler Formation

Rocks of the Candler Formation are exposed in the
northeast partof ttre Penhookquadrangle @late I andPartB).
In cenEal Virginia, the Candler Formation overlies the pre-
dominantly continental basalts of the Catoctin Formation,
which, in turn, overlie rocks of the Lynchburg Group (Con-
ley, 1978). Further to the southwesl in the area northeast of
the City of Lynchburg, the Candler directly overlies the
Lynchburg without a detectable unconformity @atterson,
1 987). In the area of study, the Candler is in fault conract wirh
the Lynchburg @erquist, 1980), both at irs base and top
@Late I and Parr B).

The Candler exposed in the Penhook quadrangle

@late I and Part B) is a highly deformed medium- to dark-
gray and greenish-gray sericite-chlorite phyllite that weath-
ers to a moderate pink and pale red-purple saprotte. Porphy-
roblasts of magnetite and chloritoid occur locally and have
grown across foliation. Quartzite layers, up to 3 cm thick,
occur sparingly throughout the unit. Some thin sections
reveal thin layers of quartzite, only a single grain thick,
interlayered with 1 to 5 mm ttrick phyllite layers. Some of *re
unweathered phyllites in the Candler are dark gray and
resemble graphite phyllites. Investigations by C. R. Berquist,
Jr. (personal communication) and by the writer, however, in-
dicate that the dark-gray colorisnotdue to graphitebutrather
is due to chlorite.

Diabase Dikes

Swarms of north to northwesterly and rarely north-
easterly fiending, generally en echelon diabase dikes occur
throughout the area. These dikes are of Late Triassic orEarly
Jurassic age (Dallmeyer, 1975). The dikes are medium gray

to black. They may contain medium-grained gabbro in the

centers of larger intrusive bodies. The diabases are moder-
ately resistant to chemical weathering, which begins along
joint surfaces and proceeds inwardly into the rock. Weather-
ing produces spheroidally weathered boulders and ochercus

saprolite.
The diabases are composed of about 50 percent

calcic plagioclase (An ) and about 30 percent augit€. Olivine
may be present and magnetite is the major accessory mineral.
At contacts with country rock, the minerals chlorite, as an

alteration of pyroxene, and sericite, as an alteration of
feldspar, may occur. Zeolites are rare in the diabases exam-
ined in thin section.

STRUCTURE

FOLDS

Smith River Allochthon

The Smith River allochthon is a structure which
underlies ttre Mountain Valley and the southeastern parts of
the Penhook and Gladehill quadrangles (Plate 1 and Parts A
and B). It is a northeastward-trending, polydeformed, root-
less structure preserved in an open synform (Figure 2).

The earliest folds (Fr) are seen at outcrop scale.

These folds are extremely transposed and their limbs are
parallel to theplane of foliation. For fiisreason theyprobably
do not greatly affect the outcrop patterns of rock units. Many
of the observed F, folds as seen in both outcrop and thin
section are hook-shaped, rootless fold noses. A second set of
folds (Fr) can be observed at map scale and are the major folds
of the allochthon. An example of an F, fold is the antiform
cored by gneisses of the Bassefi Formation with rocks of the
Fork Mountain Formation on either limb, located in the
soutieastem half of thePenhookquadrangle @late I andPart
B). These folds have a Eend that is about N459E ; they have
been wqrped into basin and dome structures by the later, more
northerly rending F, folds. The axial planes of F, folds dip
to the southeastand they havedeveloped apenetrative cleav-
age, which is the major schistosity observed in the allochthon.

A later set of more northerly trending upright folds
(Fr) has refolded the F, folds. Th" F, folds warp both the
rocks of the thrust sheet and those of the Blue Ridge anticli-
norium. Examples of F, folds are the window and half-
window located in tle west-central part of the Penhook
quadrangle (Plate 1 and Part B).
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Blue Ridge Anticlinorium

The earliest folds recognized in the Blue Ridge
anticlinorium (Fr) are steeply plunging isoclines. These
structures have been refolded by a set of gently plunging
folds (Fr). The F, and F, folds have been warped by large
gently plunging, open, nortreast-trending structures (Fr) that
are thought to be similar to the F, structures observed in ttre
Smith River allochthon.

In the area of shrdy, the major sEucture in the Blue
Ridge anticlinorium is ttre Cooper Creek anticline, which
occupies the northwestern corner of the Penhook, the central
part of the Gladehill and the southeastem part of the Rocky
Mount quadrangles (Plate 1 and Parts A and B). The anticline
is cored by the Ashe Formation with rocks of ttre Alligator
Back Formation dipping off both its southeastern and north-
western limbs. The structure is an interference fold produced
by refolding ofF, and F, structures by open F, folds.

I:rge northwest-trending open folds (F J, first rec-
ognized by Conley and Toewe (1968), have warped ttre rocks
of both the Smith River allochrhon and rhe Blue Ridge anti-
clinorium. These folds have gently folded preexisting north-
east-trending structures andcan berecognizedby an undula-
tory map pattern produced by the harmonic gentle folding of
the axial surfaces ofolder northeast trending-folds. These
northwest-trending folds have warped the Cooper Creek anti-
cline in the east-central part of the Rocky Mount quadrangle

@late I and Parr A).

FAULTS

Ridgeway Fautt

The Ridgeway fault was first observed in the south-
eastern part of the Martinsville West quadrangle (Conley and
Henika, 1973), where it was recognized as a folded north-
west-dipping tectonic slide surface that is the bounding fault
of the Smith River allochrhon (Figure 2). It is the rhrust fault
on whichrocks of the SmithRiverallochthon were emplaced
over the rocks of the Sauratown Mountains anticlinorium.
Theserocks of the Sauratown Mountain anticlinorium under-
lie the allochttron and extend beyond the northwestern bound-
ary of the allochttronin the northeastern part of ttre penhook
quadrangle @gure 2, Plate I and Part B). In the west-central
and central parts of the Penhook quadrangle (Plate 1 and part
B), the Ridgeway fault is exposed in an elongate northeast-
trending window located along Walker Creek west of Dick-
enson and in a parallel elongate northeast-Eending half-
window that can be traced in a northeasterly direction from
Dickenson to tre Pigg River, where both the Ridgeway fault
and the half-window are truncated by the younger Bowens
Creek fault. In both the window and the half-window, rocks
of the underlying Lynchburg Group make up the foonvall of
the Ridgeway fault and are overlain by rocks of the Smith

River allochthon in the hanging wall @gure 2). In the
Penhook quadrangle @late I and Part B) the Lynchburg rocks
that underlie the allochthon (and are the cover rocks that
unconformably overlie Grenville basement in tle Sauratown
Moun0ains anticlinorium to the south) arc at"a higher meta-
morphic grade than rocks of the Lynchburg Group found in
the Blue Ridge anticlinorium (Figures 2 and 3). These rocks
are at amphibolite grade, whereas Lynchburg rocks are at
greenschist grade northwest of the Bowens Creek fault in the
adjacent Blue Ridge anticlinorium.

The fault plane of the Ridgeway is marked by a
narrow zone of cataclastic rocks that ranges from 5 !o l0 m
across. The actual fault zone has been observed only in a few
places and is almost impossible to detect in saprolite. The
presence of the fault is generally determined by an abrupt
change in rock type and an abruptchange in structural style
from recumbent folds with sub-horizontal fold axes in the
allochthon to rather constant, high-angle southeastward dip-
ping foliation in the rocks of the underlying Sauratown
Mountains anticlinorium. The fault is also marked by an
abrupt change in metamorphic gradient, from high-rank
rocks of the allochthon now retrograded to gfeenschist grade
but containing metastable upper amphibolite relict assem-
blages, to footwall rocks of the Sauratown Mountain anticli-
norium that exhibit a single prograde, upper greenschist to
lower amphibolite grade rocks of metamorphism. As previ-
ously noted, rocks both above and below the fauh surface
have been folded by a later fold system, indicating that ttris
folding ook place during or after emplacement of the alloch-
thon.

Bowens Creek Fault

In the area of study (Plate I and Figure 2) the
Bowens Creek fault separates rocks of the Blue Ridge anticli-
norium to tlte northwest from rocks that compose tlrc Smith
River allochthon and underlying rocks of the Sauratown
Mountains anticlinorium to the southeast. The Bowens
Creek fault was first described by Conley and Henika (1970)
and was tracedby Conley and others (1971) into the Brevard
zone. Later work (Conley and Henika, 1973; Man, 1984;
Conley, 1987; Berquist, 1988), shows that this fault can be
traced as a fairly sraight line in a northeasterly direction into
the MountainRun fault system of north-central Virginia. The
Bowens Creek is a steeply southeastward-drpping zone of
shear and cataclasis that, in the Gladehill quadrangle (Plate I
and Part A), is up !o 0.48 km across. In the Gladehill
quadrangle @late I and Part A), McCollum has recognized
several backlimb splay thrusS that have developed in the
hanging wall of the fault above the major zone of shearing and
cataclasis.

A number of researchers have recognized that the
Bowens Creek has a thrust component (Conley and Henika,
1970; Rankin and others, 1972; Conley and Henika, 1973;
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Espenshade and others, 1975; Marr, 1984; Berquist, 1988).
Conley and Henika (1970), however, were the firstreseach-
ers to propose that the Bowens Creek fault had a lateral
component and posmlated that ttp fault could have been
produced by differential movement along a wrench fault
system. This latest component was confirmed by Gates
(1987). Bobyarchick (1984, 1987), and Edelman and others
(1987) also have shown that the Brevard zone, the on-strike
extension of the Bowens Creek fault (Conley and others,
1971), has a wrench component in a right-lateral sense. In
addition, Edelman and others (1987) present evidence that
the fault originally developed as a rightJateral shear zone
during the Alleghanian orogeny and developed its ttnust
component at a later time during the Alleghanian.

The Bowens Creek fault lies along tle western
border of the S mith River allochthon to about the cenral part
of the Penhook quadrangle @gures 2 and 3, Plato I , and Part
B). Along strike to the northeast this fault seperates low rank
(greenschist facies) rocks of the Lynchburg Group and over-
lying Candler Formation of the Blue Ridge anticlinorium
from high-rank (lower amphibolite facies) rocks of the Lyn-
chburg Group to the southeast. These higher rank, lower am-
phibolite grade rocks of the Lynchburg Group underlie the
Smith River allochthon and are exposed in the Sauratown
Mountains anticlinorium where they unconformably overlie
Grenville basement rocks (Figure 2).

Unnamed Normal Fault

A normal fault separates the Candler Formation on
its hanging wall to the southeast from the rocks of the Lyn-
chburg Group on its foot wall to ttre northwest (Figwe 2, Plate
I , and Pafl B). The fault surface dips southeastward at angles
of about 50 degrees and merges with the Bowens Creek fault
in fte northeastern part of the Penhook quadrangle. At their
junctrre, these two faults entirely cutoutthe CandlerForma-
tion and it is not exposed to the southeast along strike. South-
westward from this juncture only a single fault, the Bowens
Creek fault, can be traced to the soutlwest along strike.
Exposures of the Lynchburg-Candler concact indicate that
this fault might extend northeastward ro the City of Lyn-
chburg, but to the northeast no fault has been observed at the
base of the Candler @atterson, 1987).

Turkeycock Creek Fault

A major silicified mylonite zone that occurs in the
southeastem corner of the Penhook and northeastern corner
of the Mountain Valley quadrangles @ate I and Part B) was
named the Turkeycock Creek faultby Berquist (1988). This
fault, which has been traced across the adjoining Sandy Level
quadrangle (Berquist" 1988), has displaced theBowens Creek

fault and the unnamed fault that bounds the southeastern

contact of the Candler Formalion a few tens of meters. Lo-
cally, the Turkeycock Creek fault trace is not silicified.
Mapping in the area of surdy and mapping by Berquist in the

adjoining Sandy Level quadrangle indicates that the srucnre
is a nearly vertical rotational fault. To the northeast" along
strike, the fault is up to the east, whereas in 0re area of study
itis up to the westandplaces ttrebiotite gneisses of theBassett
Formation !o the west against the mica schists of the Fork
Mountain Formation to the east. To the south, the fault is
bounded on both sides by schists of the Fork Mountain
Formation. Although they are teconically deformed, these

schists are not silicified and have not developed recognizable
mylonite zones as seen in the gaeissic rocks to tlte northeast.
The fault apparently dies outto the southwest in the schists of
the Fork Mountain Formation in the Mountain Valley quad-

rangle (Plate I and Part B).

ECONON4IC GEOLOGY

IRON ORE

John Wilcox in 1753 described iron deposits south-
east of Grassy Hill. He states that a bloomery was built on
Furnace Creekn 1773 that utilized local pynhotite deposits
at Rocky Mount and magnetite ore from south of Barfoot
(-esley, f 859). Mining of these sources continued until the
end of the Civil War (Lasley, 1882). Some exploration
occurred during the 1880s as a result of renewed interest in
development of the iron ores after completion of the Norfolk
and Western Railway (lrsley, 1882; Fontaine, 1883; Nitze,
1892; Rutland,1976).

PRECIOUS METALS, BASE METALS,
AND STRATEGIC METALS

Fontaine ( I 883) reported the presence ofcopper and
alluvial gold in the vicinity of Rocky Mount. Sweet and
Loveu ( 1985) stated that the Redwood mine, located 0 .32kn
north ofthe Gladehill quadrangle boundary in the adjoining
Redwood quadrangle, produced enough gold from a quarE
vein at the site to fill a pint jar. A quarz vein, possibly a

continuation of the gold-producing vein, was assayed by hon
King Assay and contained nogold, butdid contain 0.6 ounce
of silver per ton of quartz. During field mapping, McCollum
collected forty-five 80 to 230 mesh sfteam sediment samples
primarily from drainage systems that either originated in, or
flowed across ultramafic-gabbro-metabasalt sequences that
underlie Grassy Hill in the Rocky Mount quadrangle @late 1

andPartA). Thesesamples were analyzedby O. M.Fordham,
Jr., Division of Mineral Resources, and the results of these

analyses are presented in Table l. Fourteen of the samples
are anomalous for most of the elements for which analyses
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Table 1. Geochemistry of stream samples from the Rocky
Mount quadrangle; Oliver M. Fordham, Jr., Analyst. Analy-
ses of forty-five 80 to 230 mesh stream sediment samples col-
lected by Michael B. McCollum from the Rocky Mount
quadrangle. Samples were analyzed by atomic absorption
spectrophotometry using a selective, hot, hydrochtoric acid
method of attack. Compared wittr many other stream sedi-
ment samples taken from the Virginia Piedmont and analyzed
in alike manner, thereare anumberof anomalous samples in
the Rocky Mount quadrangle. The table presented hlow
shows values for samples which have concentrations above
the threshold (i.e., mean plus two standard deviations) for
stream sediment samples collected from the Virginia pied-
mont. Any samples showing Ag above I ppm or Cd above 0. 5
ppm are anomalous. No anomalous samples were detected
for the elements Li, Mn, Fe, or Sr. Samples with anomalous
Cr, Ni, or Co concentrations usually indicate mafic and
ultramafic rocks. High concenhations of Cu, Pb, Zn, Ag, or
Cd,as in samples R-7386, R-7389, andR-7390, indicatebase
metal sulfi de mineralization.

Repository Number Element Concentration (ppm)
Cr Ni Co Cu Pb An As Cd

VIRGIMA DIVISION OF MINERAL RESOURCES

1.6

2.6 0.7

xpected to be exhalants deposited along mid-oceanic spread-
ing centers.

ASBESTOS, SOAPSTONE AND VERMICULITE

Anthophyllite asbestos occurs as veins cutting the
ulnamafic bodies in the AlligatorBackFormation on Grassy
Hill, Jack Mountain, and Bries Mountain. Some of these
bodies are partially altered to talc and have been quarried for
soapstone by local farmers for use in construction of domestic
fireplaces. These deposits have not been developed for
commercial puposes, although forty tons were produced in
1907 @owles, 1937). Metapyroxenite bodies in the Bassett
Formation are locally altered to almost pure talc. These
bodies have also been locally quaried from small pits for
domestic use in fireplace construction. Vermiculite occurs
around the outer perimenters of the ultramafic bodies but has
not been found in mineable quantities.

STONE

Massive gneissic metagraywackes of the Lynchburg
Group have been quanied for dimension stone in the area
adjacent 0o Rocky Mount in the Rocky Mount quadrangle
(Plate 1 and Part B). The dates of the quarrying operation and
the use made of the stone are not known, but enough time has
elapsed since production of stone to allow large trees Eo grcw
in the abandoned qr:arrie that measures at least 100 m by 50
m and 25 m in depth. The biotite gneiss of the Fork Mountain
Formation has been ext€nsively quarried in the Martinsville
arca to tle southwest for crushed stone, but no quarrying of
this rock is known to have occurred in the arca of this studv.

MICA

Mica pegmatites occur in the mica schist of the Fork
Mountain Formation on Chestnut Mountain in the southeast-
em corner of the Gladehill quadrangle @art A). These peg-
matites are, for the most part, dikes that show cross+uuing
relationships o local schistosity. Pegau (1932) reports that
the pegmatites are composed of orthoclase or microcline
(rarely albite) as well as muscovite, garnet, and tourmaline.
In contrast, Brown (1962) repors that the primary feldspar is
plagioclase and secondarily perthite. He also notes that beryl
occurs in a few pegmatites, near their quartz cores. Museum
specimens of green beryl are report€d from the Chestnut
Mountain area (Virginia Division of Mineral Resources,
Economic Section, County Files). The pegmatites are deeply
weathered, and in the zone of weathering the feldspars have
decomposed and are altered to kaolinite. This alteration
allows the mica bmks to be extracted from their matrix
without being damaged. Much of the mica contains black

R-7385 146 39 19

R-7386
R-7387
R-7388
R-7389
R-7390
R-7391
R-7392
R-7393
R.-7394
R-7395
R-7396
R-7397
R-7398

75
19 32118

75

50
44

23r
218

97
47

62

28
20

15 23
20 14 55 92 67

15 30 46 60
26 18

13 32
31 t4
4T

l8
16 20

T9

Piedmont Values
Mean
Std. Dev.
Threshold

l6
T4

4

866927--
546413
18 13 r7 t6 54 1.0 0.5

were made; exceptions are the elements Li, Mn, Fe, and Sr.
These analyses indicate that the areas underlain by mafic and
ulnamafic rocks might be areas suitable for a more detailed
examination. The presence of massive sulfide deposits in the
Gossan Lead mining district, which occurs in rocks of tle
Lynchburg Group on strike to the southwest, is a further
indication that the rocks in the present study area could also
contain such deposits. Submarine exhalant deposits that were
laid down adjacent to ancient valcanically active mid-oceanic
ridges, are commonly associated with ophiolites (Coleman,
1977). lf the Lynchburg contains ophiolites, sna'ta-bound
massive sulfide deposis that occur in this group would be
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einclusions of biotite and is deformed @egau, 1932; Brown,
1962), thus making it primarily usable only for scrap mica.
Brown (1962) repors that considerable electrical-gnde mica
was produced during the early days of mining and Pegau
(1932\ states that one pegmatite yielded over 400 lons of
mica. Extensive mining of these mica deposits was carried
out htween l9l7 and 1920 @egau, 1932). Mining of mica
in this areaby various companies was continuedon a smaller
scale until 1944 (Brown,1962).

CLAY
Two samples of clay from the area of study have

been evaluated and found potentially suitable for use in
making ceramic products. One of these samples (Division of
Mineral Resources Repository Sample: R-2007) is a kaolin-
iticresiduum from apegmatite on TurkeycockMountain and
has potential use as a paint and plastic filler and, if benefici-
ated, could be made into ceramic whiteware (Sweet, 1976).
The second sample @ivision of Mineral Resources Reposi-
tory Sample: R-6952) is an alluvial white to gray clay
collected along the North Fork of Little Chestnut Creek
(Sweet, 1982). If fircd to 1250 C, ir has a potential use for the
manufacturing of structural clay products (such as building
brick).

INFLUENCE OF SAPROLITE ON
GROI.JNDWATER AND CONSTRUCTION

Saprolite is thoroughly decomposed rock ttrat has
chemically weathered in place. Itretains much of the original
rock structure and is a volume for volume replacement of
fresh minerals by weathered minerals. Composition of sap
rolite varies with the composition of the parent material. A
saprolite cover has developed over most of the rocks in the
area of study and locally may be as much as 33 m thick. It is
deepest and best developed on feldspathic rocks, especially
gneissic rocks, and is thin to non-existent on highly mi-
caceous rocks. Grain size of ilre micas is an important factor
in saprolite development; highly micaceous phyllites have
deeper saprolite development than coarse-grained mica schists,
which are generally covered by less than I m of this material.
Ulnamafic rocks, although unstablewhen exposed to chemi-
cal weathering, are generally massive and non-foliated and
therefore, are not easily chemically weathered- They also
develop a thin clay-rich soil (B soil horizon) rhat apparently
armors the rock and protects it from further weathering and
saprolite developmenl Granites that intrude gneissic rocks
are generally less susceptible to saprolitization than the
enclosing gneiss, whereas gabbros and diorities (such as the
Rich Acres Formation) produce saprolites that are generally
thicker than the gneisses. This might be a function of both
composition and grain size.

Topography is secondary in importance to rock

composition for development of deep saprolite. Generally,
saprclite is deeper on flat interfluves, thinner on slopes, and
thin to absent in sream valleys. The contact between sapro-
lite and hard rock is strikingly abrupt and can normally be
placed in a zone on the order of about I 5 cm . V/here saprolite-
rock contacts were observed in quarry faces beneath flat
interfluves, they
were nearly horizontal. Foliations and joint surfaces do not
seem to influence the depth of saprolite development to any
major degree.

Saprolite has unique characteristics that profoundly
influence its stability. Saprolite is massive and is surprisingly
stable in vertical cuts. However, inclined fault surfaces,
which are recogniz able as manganese-coated slickensided
surfaces, may readily produce unstable conditions and are the
chief cause of failure of vertical cuts in saprolite.

Berause saprolite is highly porous and permeable,

water is absorbed rather than being dissipated as runoff. A
perched water table occurs at the base of the saprolite zone
and the saprolite acts as a reservoir to store meteoric water and
provide a source ofrechargeof fractures. Handdugandbored
wells, which are usedfordomestic water suprplies, are sunk to
bedrock and water production is from the stored meteoric
water. Such wells have a limited recharge area and can

become dry during long periods of drought. Because of its
lack of cohesiveness, saprolite in fresh exposures not pro-
tected by overlying soil and vegetative cover is subject to
rapid erosion. This is especially true at times when the
unprotected saprolite is exposed to heavy rainstorms and the
water supply exceeds the rate at which it can be absorbed by
the saprolite.

The load-bearing capacity ofsaprolite is dependent
on local conditions andeach site mustbe evaluatedindividu-
ally. Ifsite conditions are favorable and ifproper engineering
dasign is used, saprolite can have a relatively high load-
bearing capacity for building pwposes.

REFERENCES CITED

Achaibar, J., and Msra, K. C., 1984, Amphibolites of the Smith River
allochton, southwest Virginia sorthem Appalachians (abs.): Geological
Society of America Abstracts with Programs, v. 16, p. l2l.

Allison, D. T., Ragland, P. C., Conley, J. F., and Odom, A. L., 1984, Th€
Marrinsville igneous ccnpler of the Smith River allochthon: an Andean
pluonic suite[(abs.]: Geological Society of America Abstracts with Pro-
grams, v. 16. n.3,p. 122.

Berquist, C. R., Jr., 1980, Sandy Level quadrangle, Virginia, its geology and
regicral interpraation, rn Price, Van, Jr., and others, eds., Geological
investigations of Piedmqrt and Triassic rocks, central North Carolina and
Virginia: Carolina Geological Society Field Trip Guidebook, p. C. G, S.-
80-B-I-l - C. G. S.-80-B-l-10.

Berquist, C. R., Jr,, 1988, Geology of the Sandy Level and Callands
quadrangles: Virginia Divisicr of Mineral Resources Publication 77 ,snfle
sheeL



t4 VIRGINIA DIVISION OF MINERAL RESOURCES

Bobyarchick, A. R., 1984, A late Paleozoic cunponent of strike-slip in rhe
Brevard zone, Southem Ap,palachians (abs.): Geological Society of Amer-
ica Abstracts with Programs, v . 15, p. 126,

Bobyarchick, A. R, 1987, Analogues forpost-accretionary tenane disper-
sal in the southern Appaladrian Mountains [abs.]: Geological Sociery of
America Abstracts with Pr,ograms, v.19,p.77.

Bowles, O.,1937, Asbestos: U.S. Bureau of Mines Bulletin 403, 92 p.

Brown, W. R., 1962, Mica and feldspar deposits of Virginia: Virginia
Division of Mineral Resources Mineral Resources Report 3, 195 p.

Coleman, R. G., 1977, Ophiolites-ancient ocean lithosphere?: Springer-
Verlag, New Yodx,229 p.

Conley, J. F., 1978, Geologgr of the Piedmont of Virginia - interpretations
and problems, in Contributions to Virginia geology - Itr: Virginia Division
of Mineral Resources Publication 7, p. I 15-149.

Conley, J. F., 1981, Stratigraphic relationship,s between rocks of the Blue
Ridge anticlinorium and the Smirh River allochthon in the southwestem
Virginia Piedmont, rn Conley, J. F., Marr, J. D., Jr., and Berquist C. R., Jr.,
Stratigraphic Relaricrships between rocks ofthe Blue Ridge anticlinorium
and'Smith River allochthon in the southwestem Virginia piedmqrt: Vir-
ginia Division of Mineral Resources, l3th Annual Virginia Geologic Field
Conference, p. l-28.

Conley, J. F., 1985, Geology of the southwestem Virginia piedmont:
Vlrgi"i" Division of Mneral Resorrces Publication 59, 33 p.

Conley, J. F., 1987, The Mountain Run fault, a major thrust fault in rhe
central Virginia Piedmont [abs.]: Geological Society of America Abstracts
with Programs, v. 9, n. 2, p. 80.

Conley, J. F., I 988, Relationships ofthe Ridgeway and Bowens Creek faults
to the Smith River allochthqr [abs.]: Geological Sociay of America
Abstracts with Programs, v. 20, n. 4,p.258.

C.onley, J. F., and Henika, Vy'. S., 1970, Geology of the philpott Reservoir
quadrangle, Virginia: Virginia Division of Mineral Resources Report of
Investigations 22, 46 p.

Conley, J. F., and Henika, W. S., 1973, Gmlogy of the Snow Creek.
Martinsville East, Price and Spray quadrangles, Virginia: Virginia Division
of Mineral Resources Repon of Investigaricr s 33 , 7 | p.

ConlenJ. F., Henika,W. S., andAlgor,J. R., l97l,Rocks of the sourhwest-
em Virginia Piedmont and their rclationship to the Blue Ridge anticli-
noriurn, James River synclinorium, Brevard fault and Sauratown Morm-
tains anticlinorium [ab,s.]: Geological Society of America Abstracts with
Programs, v. 3 n.7, p. 530.

C.onley, J. F., and Toewe, E. C., l%8, Geology of the Martinsville West
quadrangle, Virginia: Virginia Division of Mineral Resources Report of
Investigations 16, 44 p.

Dallmeyer, R. D., 1975, The Palisades sill: A Jurassic intmsion? Evidence
for ArlAr incrernental release ages: Geology, v. 3, p. 243 -245.

Dewen J. F., Pitman, W. C.,Itr,Ryan, W. B. F., and Bonin, J., 1973, plate
tectonics and the evolution of the Alpine system: Geologicat Society of
America Bulleth, v. 84, p. 3137-3180.

Edelman, S. H., Uu, A., and Hatcher, R. D., Jr., 1987, The Brevard zone in
South Carolina and adjacent areas: an Alleghanian orogan-scale dextral
shear zone r€activated as a thmst fault: Joumal of Geology,v.95,p.793-
806

Espenshade, G. H., Rankin D. W.,Shaw, K. W., and Neuman, R B.,lnS,

Geologic map of the east hdf of the Winstqr-Salem quadranglg North
Carolina-Virginia: U.S. Geological Survey Miscellaneous Investigaticrs
Series Map I-709-8.

Fantaine, W. M., 1883, Notes m the geolqgy and mineral rcsources of the
Floyd County, Virginia Plateau: The Virginias, v. 4, p. 167, 178-1 80.

Fullagar, P. D., and Dietridr, R. V., 1976, Rb-Sr isotopic study of the
Lynctrburg and probably conelative formations of the Blue Ridge and
westem Piedmont of Virginia and North Carolina: American Joumal of
Science, v. 27 6, p. 347 -365.

Furcron, A. S., 1969, hte Precanbrian and Early Paleozoic erosidtal-
depositianal sequences of nordrem and central Virginia: Georgia Geologi-
cal Survey Bulletin 80, p. 57-88.

Gates, A. E., 1987, Transprcssional dome formation in the southwest
Viryinia Piedmont: American Joumal of Science, v. 287 , p. W -949 .

Greenberg, Jeffrey K., 1975, Tectonicimplicatiors of geophysical evidence
in the Martinsville, Virginia area [abs.]: Geological Society of America
Abstracts with Programs, v.7,p. 493-494.

Harris, L. D., DeWitt, W., Jr., and Bayer, K. C., 1982, Seismic-teflecriqr
data in the central Appalachians [abs.]: Geological Society of America
Abstracts with Programs, v. 14,p.23.

Iaeger,L C.,1964, Thermal effectg of intrusionsr Reviews in Geophysics,
v.2,p.443-466..

Jonas, A. I., 1928, Geologic Map of Virginia: Virginia Geological Survey,
scale l:500,000.

Jonas, A. I., and Stose, G. W, 1939, Age relaticr of the Pre4ambrian rocks
in the Catoctin Mountain-Blue Ridge and Mount Rogers anticlinoria in
Virginia: American Joumal of Science,v,237 , n. 8, p. 575-593.

Lemmon, R. 8., l98l, An igneous origin for the Henderson augen gneiss,
westem North Carolina: evidence from zircon morphology: Sqrtheastem
Geology, v. 22, p. 79-90,

L:sley, J. P., I 859, The ironmanufacture's guideothefumaces,forges, and
rolling mills of the United States: John Wiley & Sons, New Yo*,712p.

l-esley, J. P., I 882, The early irur-work of the Virginias: Ttre Virginias, v.
3, p. 41.

Marr, J. D., Jr., 1984, Geologic map of the Pittsville and Chatham quad-
rangles, Virginia: Virginia Division of Mineral Resources Publicarion 49,
single sheet.

Mose, D. G., and Conley, J. F., 1983, Evidence for Acadian high-grade
metamorphic rocks in the Blue Ridge of sourhwestem Virginia [abs.]:
Geological Society of America Abstracts with Programs, v. 15, p. 95,

Nelsoq W A., 1932, Rockfish cdrylornerate, Virginia : Joumal Washing-
ton Academy of Science, v. 22,p. 456.

Nitze, H. 8., 1892, Notes on sqne of the magnetites of southwestem
Virginia and the contiguous territory of North Carolina: American Institute
of Mining Engineering Transactions, v. 20, p. 174-188.

Odom, A. L, and Russell, G. S., 195, The time of regional metanorphism
of the Lmer Piedmont and Smith River allochthqr: inferences frqn whole
rock ages [ab's.]: Geological Society of America Abstracts with Programs,
v.7,p.522-523.

Pattenur, J. G,, 1987, Tectonoc wolution of distal porrions of the late
Proterozoic-Early Paleozoic cqrtinental margin to ancestral North America
I Ph. D. dissert.]: Virginia Polytechnic Institute and State Univenity,



PUBLICATION 90 PART

Blacksburg.

Pegau, A. A., 1932, Pegmatite deposits of Virginia: Virginia Geological
Suwey Bulletin 33,123 p.

Price, Van, Conley, J. F., Piepul, R. G., Robinsqr, G. R., and Thayer, p. A.,
1980, Geology of the Axto and Northeast Eden quadrangles, Virginia:
Virginia Division of Mineral Resources Publication 22, ringle sheet.

Ragland, P. C., 1974, Geochemicd evidence for the existence of two
igneous rock series, Martinsville igneous conplex [abs.]: Geological
Society of America Abstracts with kograms, v. 6, p. 390.

Ragland, P. C., Conley, J. F., and Odom, A. L., in preparatior, Tectonic
setting and crysrallizaticr hisory of the Martinsville igneous ccnplex,
southwestem Virginia Pie&nont.

Rankin, D. W., 1970, Stratigraphy and struc[rrc of Prccsnbrian rocks in
northwestem North Carolina, in Fisher, G. W, Pettijohn, F. J., Reed, J.C.,
Jr., and Weaver, K. N., eds., Surdies of Appalachian geology-central and
southem: Interscience Publishen, New Yor*, p.227-245.

Rankin, D. W., 1975, The continental margin of eastem North America in
the Southern Appalachians: rhe opening and closing of rhe Proto-Atlantic
Ocean: American Joumal of Scien ce,v. 275-A, p. 298-336.

Rankin, D. G., EspoT shade, G. H., and Neuman, R. B., 1972" Geologrc map
of the westhalf of theWinstqr-Salem quadrangle, North Carolina, Virginia,
and Tennessee: U.S. Geological Suwey Miscellaneors Investigatians Se-
ries Map I-709-A.

Rankin, D. W., Espenshade, G. H.,andShaw,K. W., lgT3,strarigraphyand
strucnrre of the metamorphic belt in norrhwestem North Carolina and
southwestem Virginia - a studyfrom the BlueRidgeacross the Brevard zone
to the Sauratown Mountains anticlinorium: American Jormal of Science.
v.2?3-A, p. 1-40.

Reed, J. C., Jr., 1955, Catoctin Formaion near llray, Virginia: Geological
Society of America Bulletin, v. 64, p. 871-896.

Rutland, R. A., 1976, Men and iron in the making of Virginia-part I: The
Iron Worker, v. 40, p. 2-17 .

Sweet, P, C.,1976, Clay-material resources in Virginia: Virginia Division
of Mineral Resources Mineral Resources Report 13,56 p.

Sweet, P. C.,1982, Virginia clay-marerial resources: Virginia Division of
Mineral Resources Publication 36, 178 p.

Sweet" P. C., and Loven,I. A., 1985, Addiriaral gold rnines, prospecrs, and
occurrences in Vnginia: Virginia Division of Mineral Resources, Virginia
Minerals, v.31, n. 4,p.41-5L

Williams, Harold (Compiler), 1978, Tectonic lithofacies map of rhe Appa-
lachian orogen: Mernorial University of Newfoundland, Map No. l.

15c






