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ABSTRACT

This report discusses the geology and mineral resources of more
than 800 square m,iles of territory located in Campbell, Appomattox,
Buckingham, Amherst, Nelson and Albemarle counties in central Vir-
ginia. The rocks are of igneous, sedimentary and metamorphic origin
and are pre-Cambrian except the Lower Cambrian Loudoun formation
of the Blue Ridge province and the Triassic sediments and dikes.

The oldest pre-Cambrian rocks of the iron and marble belt are
basaltic lava flows of unknown thickness which are altered to green-
stone containing epidote, chlorite and hornblende. Over these flows
occur about 200 feet of schist and, quartzite called the Mount Athos
formation. The principal quartzite member, usually less than 100 feet
thick, occurs generally near the middle of the formation and is enclosed
by micaceous and talcose schists. Cockeysville marble rests upon
this formation and is overlain by Wissahickon schist and phyllonite.
The marble crops out in narrow synclinal belts which are fre-
quently interrupted by normal faults. The formation averages 600
feet in thickness and consists of interlayered blue, blue-gray, white
and pink marbles, and talcose and micaceous schists. The blue mar-
bles crop out frequently and may be burned to make good lime. Mar-
ble cornposes a large part of the formation in some localities and in
other places it is greatly subordinate to schist.

East of the marble belt in Appomattox and Buckingham counties,
Wissahickon schist occurs. The schist contains interlayered greenstone
flows and sills and is intruded by hornblende gabbro.

The western side of the marble belt is bounded by the Catoctin
Mountain Border fault. On the western upthrow side of this fault oc-
curs a biotite gneiss and schist known as the Lynchburg gneiss. It is
intruded by hornblende gneiss, hornblende gabbrq and by more basic
rocks which in many places are altered to soapstone. The Catoctin schist,
which resembles in general character the greenstone flows of the iron
and marble belt, is interfolded with these rocks. Lynchburg gneiss is
also intruded by the Lovingston gneiss and by pegmatites. The
Lower Cambrian Loudoun formation, which consists of arkose and
slate, unconformably overlies these rocks where it has been preserved
from erosion in synclines.

Red shales and sandstones of Triassic age occur east of the Catoctin
Mountain Border fault in basins with a noitheast trend. These basins
are dropped down on the northwest side by normal faults. The most
recent intrusive rocks are small dikes of Triassic diabase.

The iron ores of the district consist of magnetite and hematite
which occur as lenses and replacements in the Mount Athos formation.
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There are also deposits of limonite and manganese. Small deposits

of copper sulphides occur in the greenstones.
The most important nonmetallic resources of the district are mar-

ble, soapstone, building stone and road materials.



James River Iron and Marble Belt, Virginia
By A. S. FuncnoN

INTRODUCTION
PURPOSE AND SCOPE OF REPORT

It is the purpose of this report to discuss the geology and mineral
resources of the James River basin in central Virginia. This region
contains many geologic materials of economic importance. The loca-
tion, mode of occurrence and origin of ,limestone and marble, building
stone and road material, and iron and copper are discussed in consider-
able detail. Soapstone is discussed briefly, as a separate investigation
has been made of it. The structure and petrology of the deposits and
of the enclosing rocks are discussed in some detail, as the successful
exploitation of the economic materials requires an understanding of
these features.

FIELD WORK AND ACKNOWLEDGMENTS

The field work was done in June, 1925, in a part of the months
of August and September,Ig26 to L929, and for 10 days in Jtne,1929.

The writer is greatly indebted to Dr. Anna I. Jonas for assistance
and suggestions in the field and. for timely advice and criticism during
the investigation; to Professor Wilbur A. Nelson, former State Geolo-
gist, and to Professor J. J. Runner of the State University of Iowa,
for suggestions about the geology of the region. The writer wishes
also to express his thanks to Dr. Albert W. Giles, who as Acting State
Geologist, assigned the problem, and to Dr. Arthur Bevan. State
Geologist, for the privilege of cornpleting the report and prepar-
ing it for publication by the Virginia Geological Survey. Finally, the
writer wishes to express his appreciation to the many people of the
region who, through their kindness and hospitality, have made the work
a pleasant task, and by their interest and cooperation have been of
assistance in the collection of data in the field.

PREVIOUS GEOLOGICAL WORK

In 1809, William MacClurer who has been called the father of
American geology, recognized Primitive, Transitional, Secondary, and
Alluvial rocks. The rocks of the Blue Ridge and piedmont provinces
were mapped as Primitive.

The first geological work in this region, known to the writer, was
done by William Barton Rogers. In 1839, he examined exposures of
_ _'|4'fl"Tu, *a georogical map: Am. Philos. Soc. Trans., vol. 6, pr., 411-429, map, t'g09.-



Jalrns RrvBn InoN emo Menrr,B Ber.r, VrncrNre

d

o0

q

o

d

o

o

q

o

F

N

?
I

o

@

o

='-*-uA]---d

g
:
-III

ilt

ill

e ltl

il
llollo|Fl

lil

.lll*ll
1l

tl
"H

H-[



Ilvrnonucrrotq

limestone and marble along the James River canal and the results of
those observations were published in his report of that year to the
Board of Public Works.z

During the iron boom in 1880-1882, articles on the iron mines and
iron industry were written by Campbell, McDonald, Frazer, Kimball,
Hotchkiss and others. (See Bibliography.) The Tenth Census Re-
port summarizes the information at that time and also contains an
article upon the district.s.

In 1880, Hotchkiss published in his monthly mining magazine, The
Vi,rgi,nia.r, a geological map of Virginia by W. B. Rogers. On it ali
the rocks of the Blue Ridge and Piedmont provinces, except the Triassic,
are shown as Archean.

Numerous references to economic resources of this district may
be found in \Matson's "Mineral resources of Virginia,,, published in
tW, and in reports of the Virginia Geological Survey by Watson,
f1ber, Ianby, Lonsdale, and others. Geologic maps of Viiginia pub-
lished in Lgll, 1916 and 1928 by the Virginia Geological Surven
show the rocks of this district.

The crystalline rocks of Virginia have recently been reclassified
and correlated with the rocks of l\{aryland and pennsylvania, by Anna
I. Jonas. The results of this work ire shown on the ,,Geolojic map ,

of Virginia,".published, in 1928.

-_- 
2-Rogen, W. n., e

Virg-inias, pp._281-980, New york, O. appt.1."-ani-io., lEEa.
_. '8enton, E. R., Nots on the samples of iron ore collected... in Virginia: UnitedStates, 10th Census, vol. 18, pp. 261-Zjt8, 1880.
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GEOGRAPHY

LOCATION OF'AREA

This report deals with the geology and mineral fesoufces of parts

of the Piedmont and Blue Ridge provinces in central virginia. (see

Fig. 1.) The area comprises more than 800 squar: miles,- including
poitioni of Campbell, Appomattox, Prince Edward, Buckingham, Am-

herst, Nelson, 
"ttd 

Atb"ttt"rle counties' It extends along James River

Valley from Lynchburg to Howardsville and includes that part of the

James River basin between the Southern Railway in Amherst and Nel-

ion counties and the southeastern boundary of Buckingham County

projected into Prince Edward County. (See Pl' 1')

TOPOGRAPHY AND DRAINAGE

The topography of this district shows.considerable variation from
place to place.l The western part lies upon the east flank o{ the Blue

hiag. utra is mountainous. Eist of James River, the country is a flat

or rolling plateau which is considerably dissected near main streams.

A few low peaks rise somewhat abruptly from this surface'

James River flows northeast through the district, somewhat west of
its central part. The valley is about 2 miles wide and has a broad flood-

plain. (See Pl. 2.) James River and its main tributaries are re-

sponsible for most of ihe dissection of the upland surface. This is
eipecially true of the larger tributaries, Tye and Rockfish rivers, which

enter thi James from the west, because they have steep gradients down

the eastern slope of the Blue Ridge.
Tye River rises at the crest of the Blue Ridge at Tye River Gap

near tle intersection of the Nelson, Rockbridge, and Augusta County

lines and. enters James River at Norwood. It has formed a natural

thoroughfare through the Blue Ridge. It receives Piney and Buffalo
rivers which rise in-the Blue Ridge to the south. Rockfish River rises

in the Blue Ridge of Augusta County and enters James River at

Howardsville. These rivers flow across the structural trend of the

rocks of the region, but their tributaries pursue northeast-southwest

courses, parallel to the ridges.

James River has no large tributaries from the southeast in this
region. Appomattox and Slate rivers rise near it but flow southeast

and northeast away from it. These streams have dendritic patterns

because the underlying rocks afe almost equally fesistant to efosion.
e Se topographic maps of the Lynchburg, Appomattox, Bucki'?sham, and lexington

(SuenJ Vitfti qirailranglis. 
- tfr*. -rp" may Ue- ottaited from the Virginia Geological

Suryey, tlniversity, Va.
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CLIMATE

The climate is equable and suitable for agriculture. The mean an_
nual temperature at Lynchburg is 56.4"F. The coldest month is Jan-uary with an average temperature of 35.8'F., and the warmest month
is July with an average temperature ol zz.3'F. Nights are generally
cool and pleasant during the warmest season of the year. preJipitation
is generally abundant and weil distributed. The average 

"nrrrr*l 
pr"-

cipitation at Lynchburg from 1BZ1 to 1906 was 43.4i inches. 1rr.
driest months are october and November; heavy precipitation is fre-
quent in the months of July and August and in irt. ut. winter and
early spring. The'average length of ltre growing season in this part
of the James River basin is 190 days. :The firsi killing frost comes
about October 25 and, the last killing frost is about Apri-l 15.

SOILS AND AGRICULTURE

Farming is the chief occupation and the important crop is tobacco.
Much corn and tobacco are raised on the floodphins of james River
and its tributaries. Between the river and the southern naitway where
the country is wooded, lumbering is more important than agJculture.
Many ties, mostli of oak, are hauled from this district to Ihe towns
along the railroads. Much poplar and pine are cut for pulpwood.
Chestnut is used at the tanniry in Lynchburg.

. The quality of farm land is uniformly bet-ter east of James River
than west of it. Large tributaries enter the James from tf,e west, and
that part of.the region is characterized by more rugged topography
and steeper slopes. Areas underlain by soapstone and Lambrian-"rt os!
are for the most part unfarmed. thi best farm land is on the flood-
plains of James River and its larger tributaries. Soils formed by the
decay of marble and associated schist are also excellent farm land.
Much corn and tobacco are raised upon these soils. This section is
in the so.called "Dark Tobacco Belt.,'

.Practrcally every summer, crops on the James River floodplains
are injured more or less by floods. 

-In 
August, l92g,the river covered.

almost all of the floodplains and most of the crops in this district were
a total loss. The large floodprain is divided into two levels by a row
alluvial terrace. The walls of ttte dividing terrace are locally called
the "False Banks," because in flood tirne thiy fail to restrain tlie rirrer.
(see Pl. 2.) The most successful farmeri cultivate both high and
low ground each year, but much. of the tobacco is raised on tie low
ground. The channel of the river is wide and deep enough to care for
considerable increase in volume. Low dikes in places ivould protect
valuable bottom lands from floods. At Norwood, in August) lf/zs,
when the writer saw Tye and James rivers flooded at the iame time.
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James River rose above the level of Tye River, forcing the latter to

Lack up over its floodplain and the county road, and causing considerable

damage to crops and dwellings.
dast of James River, the upland soils are deep and have resulted

from long and thorough chemical weathering of a peneplaned.surface'

The soil ieportss for this region show that the same.soil type is found

upon rocks of very different physical character and mineral cornposition.

1.iis is probably due to long and thorough chemical weathering with
the consiquent.ieaching and-removal of s6lub1e products,.causing soils

originally different to approach a common composition' The Cecil loam

*"J' m 
"it"d ", an e*ample. It is found covering. rocks as diverse in

composition as marble, quartzite, Wissahickon mica schist, and green-

stone volcanics. From 1 to 3 feet beneath the surface, the soil changes

quickly into a stifi red clay subsoil which resembles the cecil clay.

'itre iecit clay, as rnapped, 
"on"tt 

slopes adjoining streams- where the

Cecil loam has been remooed. Thus, due to the prolonged leaching of
the soil products, the flat surface of the upland commonly contains light-
colored sandy or gravelly loams and red clay subsoils. Hillsides, where

erosion has removed thi soil since the uplift of the region, are choco-

late-red*the Piedmont "red lands."
In this part of the Piedmont province, the local "soil roads" are

popular, because travel on unimproved roads quickly cuts through

ihi natural soil into the red clay iubsoil, causing them to become im-
passable when muddy. The light-colored, siliceous top soil is stripped

irom the surface of the fieldJ and spread several feet thick over thb

stiff red clay of the old road-bed. Afier this becomes packed by travel,

it is so hard and firm that even in winter it remains in excellent con-

dition and does not become muddy.
After the War between the States, when the slaves were frded;

orilners of the plantations in Appomattox and Buckingham counties

found themselves "land poor." The large farms were broken up and

much land that was under cultivation be{ore the war is now covefed

with a second-growth scrub forest. Much of the soil throughout the

region has been impoverished by constant cultivation but cotrld be gen-

erally imprOved by the addition of ground limestone or lime'
Between James River and the Southern Railway, there are many

small farms. Much of this region is forested, including Buffalo Ridge'

and Hawkiris and Findlay mountains. Soapstone rocks occupy a rela-

tively large valley between Hawkins and Findlay mountains on the

wesiand Buffalo itidge and Green Mountain on the east. This valley is

locally kno\4/n as "The Glades." These rocks characteristically under-

6 Winston, R. A., Soil sunev of Campbell Countv, Virginia: U' S' Dept' Aer' Bur'
t"u?"3,,];l'iln".1?,la 

B3;#3;t*1'"1103;o survey or-Appomattox county, virginia: u. s.
Dept. Agr. Bur. Soils, Sixth Rept., pp. 151'168' 1904.



Gnocneprrv

lie low flats covered with scrub timber. The soil is rocky and poor
and is dark gray in contrast to the common red soils of the adjacent
areas. "Getting out ties" is locally one of the profitable aqtivities. Be-
tween the Southern Railway and the mountains, there are many fine
farms on the brick-red clay soils formed by the decay of the Lovingston
gneiss.

CULTURAL FEATURES

The region is characterized, by considerabte diversity in occupa-
tions and living conditions, due to the fact that soils and topography,
which depend directly upon the kind and structure of underlying rock,
change abruptly. In many places prosperous and well-ordered farms
are found and in other near-by localities, an inhospitable soil may dis-
courage agriculture. All types of city, village, and rural life, character-
istic of the Piedrnont plateau, are found in this portion of the James
River basin.

The people are of English stock-industrious, courteous, and hos-
pitable. Many of them are the descendants of original settlers. They
show a keen interest in all factors that may lead to the development of
the region. The region is not thickly populated, but the city of
Lynchburg and Appomattox, with well-populated farming counxry
about them, counterbalance the more thinly settled districts. The
mountain sections are forested and sparsely setfled. Wooded sec-
tions east of James River in Appomattox and Buckingham counties
are also sparsely settled; many families live along James River.

Mining and quarrying have been important in the past, but little
mining is being carried on at present (1931).

Several good roads traverse part of this district. A hard-surfaced
highway (U. S. 460) between Lynchburg and Farmville follows the
general course of the Norfolk and Western Railway. State highways
15 and 24 connect Buckingham with Dillwyn and Appomattox. East
and south of Appomattox there are many good soil roads. There are
good roads from Amherst to Appomattox via Gladstone and Bent Creek
and from Shipman to Buckingham via Wingina. In general, the local
roads west of the James are not as good as those on the east side. The
constant improvement of roads is making it possible to use automobiles
at all seasons of the year.
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HISTORY

SETTLEMENT

James River has played an irnportant r61e in the settlement of the

region and in the location of towns, railroads, roads, and political
boundaries. The early settlers in this region traveled mainly along the

course of the river and located on its floodplains where they found ex-
cellent soil for corn and tobacco. Later a canal along the course of the

river connected the sea coast with the inteiior and today the Chesa-

peake and Ohio Railway follows the river throughout this region. (See

Pl. 1.) The river has long been a barrier to north and south travel
and still divides this part of the State into two districts. Its course

also determines political boundaries, for between the Blue Ridge and

Chesapeake Bay, no county line crosses James River.
Until very recently, settlement of the eastern United States was

controlled by the large rivers that rise in the Blue Ridge or Piedmont
Plateau and flow eastward into the Atlantic. In New England, the
pioneers were held close to the sea by mountains, but in the South early
settlements were made inland along the rivers. In the Coastal Plain
of Virginia, the rivers are wide, deep, quiet estuaries, favorable to
navigation. Early settlements were made along the rivers and it was
up their courses that pioneers first advanced westward into the wilder-
ness. As a result, large plantations along the rivers quicklv came

into existence.
The English and French Huguenot settlers of eastern Virginia

found cleared sections along the broad rivers occupied by peaceful
Indians who were farmers and fishermen. To the west in the Pied-
mont plateau were scattered, roving, warlike tribes known as the Tusca-
roras. They lived by hunting and frequently found it necessary to
defend themselves against the powerful and aggressive Iroquois, who
made sallies upon thern through the gaps in the Blue Ridge.6 When
the French Huguenots reached Virginia in 1699, they found the lower
course of James River occupied by English settlers. Sailing past

Jamestown, they settled upon the abandoned site of an Indian village,
Monacan Town (Manakan Town?). Near here the first coal mined
in America was found and worked with profit.

The first permanent English settlement in America was made in
1ffi7 at Jamestown, about 25 miles above the mouth of James River.
By 1621, the most adventurous pioneers had advanced westward to the

6 From linguistic evidence it has ben suggested that the tribes of the Piedmont plateau
were decended from the Dakotas. This fact emphasizes west to east migration of aborigi-
nal trib€s who came through gaps in the Blue Ridge. Thus the original settlement of
this region was determined by the large eastward flowing streams that crossed the moun-
tains. Se Moonev, Jams, The Siouan tribes of the East; U. S. Bureau of Ethnology Bull'
22, Fp. 40-42, 1894.

? Document of 1?01 in Virginia Eistorical Collections, new ser., vol. 5, p. 42' 1886.
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Fall Zone where the city of Richmond now stands. The Fall Zone
cities prospered because they have been natural trading centers. For a
long timd the Fall Zone at the head of tide and navigation served as a
barrier to westward migration, but as the Coastal Plain became more
generally settled, a new advance westward began up the rivers and
into the Piedmont Plateau.

In 1729, early settlers had moved up the James Valley as far
as the present city of Lynchburg, and Buffalo Ridge and Elk Creek
had been named.s Records of buffalo seen and killed by pioneers in
Virginia and West Virginia have been published.e The pioneers also
moved westward along the old trail between Monacan Town and Sapon
but did not settle in that district in early days. By 17ffi, English set-
tlers had passed through the James River gap in the Blue Ridge into
the Valley of Virginia.

The section now occupied by Buckingham and Cumberland coun-
ties and a part of Appomattox County, lying between James and Roa-
noke rivers, was practically unsettled at this time. Between 17ffi and
1775 this district became sparsely settled. According to a map in the
census report of. 1790, there were no towns at that time on James River
west of Bremo. All of the main tributary streams on the west side
of the river, such as Hardware, Tye, and Buffalo rivers and Rucker's
Run, were named and correctly mapped. The region on the east side
of the river in this district appears to have been practically unsettled
and unknown.

In 1795, Lynchburg is said to have contained only five houses. By
1840, it had a population of somewhat less than 5,000 and was the
fifth largest city in Virginia. The town was founded by John Lynch,
an Irish Quaker, who ran a ferry there before the Revolution. The
town grew rapidly. It became an important junction point on the
turnpike to Knoxville, Tenn., and before 1845 it was the terminus of
the james River canal. Lynchburg had a population of 40,66I in 1930.
It is the largest city in the Piedmont Plateau between Pennsylvania
and North Carolina. It is one of the important tobacco markets of
the South, a railroad center, and consequently an important center of
distribution.

An important factor in the industrial development of the region
was the construction of the James River canal.lo James River was the
first river in the United States to be regularly navigated. In the early
days navigation by large vessels ended at the Fall Zone at Richmond.

8 The Yalley of Virginia along the northwest foot of the Blue Ridge was a hunting
ground visited by Indians from the e*t and the west. There they hunted buffalo, elk ald
other gme. In erly days, butralo came tbrorigh gaps in the Blue Bidge and occupied
the Piedmont plateau.

oMcWhorter, L. Y., The border settlen of northwestern Yirginia, pp. 3??-887, Hamilton,
Obio, Republican Publishing Co., 1915.

s Jame River's importance again strssed: Richmond Times-Dispatch, pp. 1-2, Sept.
16, 1926.

11
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Because of the numerous rapids in its course between the Fall Zone

and Lynchburg, that part of the river was not navigable until the
construction of the canal. In 1765, a company was formed for im-
proving the section west of Richmond. It was succeeded by the James
and Kanawha River Canal Company which began to construct the James
River and Kanawha Canal in 1836. In l872,.the canal was completed
from Richmond to Buchanan, Virginia, a distance of 195 miles. The
canal rights were later bought by the Chesapeake and Ohio Railway
Company and the old tow path now forms portions of the road-bed
of the Railway.

There are 16 small river towns between Lynchburg and Howards-
ville. A11 except Gladstone and Norwood consist of a general store
and a few dwellings. Gladstone is an important railway terminal along
the Chesapeake and Ohio Railway between Richmond and Clifton Forge.
Norwood, formerly known as New Market, is an old settlement where
tobacco was sold.

With no important exception, these towns are located on the west
side of the river. This is because bluffs more generally bound the
eastern side and the floodplains, which corrprise excellent farming land,
are mainly on the west side of the river. (See Pl. 2.) Moreover, the
land in Buckingham and Appomattox counties immediately east of the
river is not favorable to agriculture and much of it is forested. Strips
of fertile floodplain on the east side of the valley were quickly occu-
pied by early settlers who were dependent upon the towns on the west
side for supplies; and in many places were forced to take their produce

across the river on flatboats to the railroad. Hardwicksville and Bent
Creek are the only towns on the east side of the river in this region.
They have grown up near old wagon bridges across the river into Appo-
mattox and Buckingham counties. Hardwicksville is un{avorably situ-
ated near the base of blufis and contains but three dwellings. Bent
Creek is a village of about a dozen houses.

Important towns in this area east of James River are Appomattox,
Concord, Pamplin,. and Prospect. They are along the Norfolk and
\Mestern Railway and are the centers of farming districts. Appomattox,
formerly known as Nebraska, is the most irnportant town. The orig-
inal town of Appomattox Court House was about ltl miles north-
east of this place. It was at "Old Appomattox" that General l-ee
surrendered on April 9, 1865. Because James River was a barrier to
the advance of the Federal troops, Lee retreated from Richmond west-
ward along the south side of the river until his forces were surrounded
at Appomattox. The old bridges over the river at Wingina and Bent
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Creek were destroyed by the Confederate soldiers to retard the Federal
advance. The present bridge at Bent Creek, rebuilt several years ago,
is said to stand upon the original stone foundations.

MINING

The mineral resources of central Virginia were discovered at an
early date. Cleavelandll records the occurrence of magnetic and mica'
ceous oxide of iron from Virginia, most probably from this section.
Jefferson,lz at an early date, described marble near the rnouth of
Rockfish River. Copper was mined previous to 1825 near James River
in Amherst County.l3 Copper is said to have been mined and smelted
before the Revolution, on Wreck Island Creek.

The first iron mined in the United States was mined iri 1619 on
Falling Creek in Chesterfield County, Virginia. fron was needed for
pots, ovens and wagon tires and, as the Piedmont Plateau became set-
tled, charcoal furnaces were built to supply the local need for such
products. Local limonite ores were used. Local limestone deposits
were used for flux in this district and limestone was also burned for
lime to be used in mortar. In 1880, there was a boom in the rnining
of iron and manganese in the James Valley and much ore was
shipped.

The history of the extraction and use of iron ore, limestone, and
other economic resources is discussed under "Economic Geology.,'

. u Cleayqlgld, Parker, An elementary treatise on mineralogy and geology, Boston, Cum-mings and Hilliard, pp. 484, le8, fgfe.

,rrnl""O"*o., 
Thomm, Notes on the State of virginia, p.26, Boston, Wells and Lilln

s Robinson, Samuel, A catalosue of American minr
Boston, curu4ings, Hittiardc:lto%1:,%#:*ttn 

minerals with their localities: 316 pp.,
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PHYSIOGRAPHY
. PHYSIOGRAPHIC PROVINCES

The district covered by this report lies in the west-central part
of the Piedmont province and a part of the eastern foothills of the
Blue Ridge province. (See Fig. 1.) The Piedmont Plateau is co-

extensive with a great afea of crystalline rocks, which extends south-

west from New Jersey to central Alabama. It is bounded on the

west by the Blue Ridge province and on the east by the Fall Zone

along the inner margin of the Atlantic Coastal Plain. It is about 175

miles wide in southirn Virginia, but tapers to a width of about 25

rniles in northern Virginia.

PIEDMONT PENEPLAIN

The rolling surface of the Piedmont Plateau bevels the upturned
edges of gneisses and sehists or truncates broad areas of igneous rocks,

rnih "r 
granite; hence it is an old erosion surface, or peneplain, which

has since been uplifted and dissected to its present form, This pene-

plain extends from the Blue Ridge on the west to the Fall Zone on

the east, where it is covered by Tertiary sediments. This surface has

been correlated with the Valley-floor peneplain in the Valley o{ Vir-
ginia west of the Blue Ridge, and is generally considered to be of
Tertiary age.la

The terms, Piedmont province and Blue Ridge province' are physio-
graphic rather than stratigraphic and structural. The normal fault on

the east side of Bull Run Mountain in northern Virginia and Buffalo
Ridge in this region forms a convenient boundary between these two
provinces. The Piedmont peneplain, however, extends to the west of
this fault line. The Catoctin Mountain Border fault forms a convenient
eastern boundary of the Blue Ridge province to a point south of Bull
Run Mountain in this region. The Piedmont peneplain extends farther
westward.

The peneplain slopes gently eastward from a general altitude of
900 to 1,000 feet in the Blue Ridge foothills, to an altitude of between
600 and 800 feet in Prince Edward, Appomattox, and Buckingham
counties. It has an average gradient in this section of about 20 feet to

28, pp. 76-24, 1922.
Renner, G. t,, ltre Fall Line of the eastern United States: Science, new ser., vol.

66, no. 17ll, pp. 856-357, 192?.
Wright,'f.-1., tft" older Appalachians of the South: Denison Univ. Bull.. Jour. Sci.

Labs., vot.'26,pr.'.1,43-250, Dec.,-fg3t; The newer ApDalachians of the South: Idem, vol.
29, no. 13, ,pp. 1-105, Apr., 1934.
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a mile. Farther east, its slope is even gentler. At the Fall Zone the
peneplain has an altitude ol 2N to 300 feet.

The Piedmont peneplain has been considerably dissected since its
uplift, especially near large streams, such as James River and its tribu-
taries. (See Pl. 2.) This is because sufficient time has elapsed since
uplift to permit the main eastward flowing rivers to trench back to
their headwaters in the Blue Ridge. When entrenchment along the
Iarger streams passed the mouths of tributaries, the latter began cut:
ting their channels headward and deeper while the main stream began
to build a floodplain. Terraces along the larger rivers and their tribu-
taries show that there has been more than one uplift since the develop-
ment of the peneplain.

Cnanacrpn Eesr or Jaltes Rrvsn

East of James River, the peneplain surface between stream courses
is generally monotonously flat, and is generally traversed by roads
which extend for many miles with no exposure of bedrock. Outcrops
are scarce except in valleys where the products of weathering have
been partly removed since uplift of the peneplain and rejuvenation of
the streams. The flat interstream divides are wide and extensive, and are
about 500 feet above sea-level.

Cnenecrrn Wrsr on Jeues RrvBn

The surface of the peneplain rises gradually towards the Blue

$dS. and in many places extends well into the Blue Ridge province.
It is not as well developed in the Blue Ridge province *ert of JamesRiver. (See Pl. 2.) It is from 700 to SCn tlet above sea-level and
is more dissected. Monadnocks become more abundant and higher
west of the Catoctin Mountain Border fault. Near James River, these
monadnocks are ridges, but farther west, in the massive and more uni-
form rocks of the Blue Ridge province, there is, at best, northeasterly
alignment of ragged peaks.

Mor.reowocrs

The surface of the peneplain is in places broken in this section
by low peaks and short ridges, some of which rise rather abruptly
from the plain. These elevations, however, are not well-defined ridges
that can be traced for considerable distances. It is believed that ti'ey
were left behind as monadnocks upon the old peneplain surface because
they represent local areas of more resistant rock that were not entirely'
reduced during' the formation of the peneplain. These monadnocks have
sharp or gently rounded summits which rise to various heights. Sharp
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peaks are rare and occur only where the difierence in resistance between

the rocks of the monadnocks and those of the plain is uncommonly great.

Willis Mountain about 15 miles north of Farmville, is composed

of a resistant kyanite-quartz schist and rises abruptly about 500 leet
above the general level of the surrounding peneplain.la'

Spear Mountain, in Buckingham County, is higher than Willis
Mountain but does not rise so abruptly from the peneplain surface'
The Spear Mountain district consists of two short ridges along the

prevailing strike of the rocks. The main ridge is composed of three

distinct peaks rising about 800 feet above the surrounding country and

is called Spear Mountain. It is underlain by a tough, crumpled, gar-

netiferous mica schist that may be more resistant to erosion than the

rocks of the surrounding district.
Piney and Bald mountains, in Appomattox County, and Pilot

Mountain, in Appomattox and Campbell counties, are underlain by
garnetiferous and staurolite-mica schist. Long Mountain, southwest of
Concord, which rises about 500 feet above the peneplain, is at the
southwestern end of this belt.

The first long continuous ridge east of James River is Buffalo
Ridge which extends continuously in a northeast direction from north-
eastern Amherst County to Mount Alto in southern Albemarle County.
The ridge is composed of Wissahickon chlorite-muscovite schist, which
is more resistant to erosion than the underlying limestone and green-

stone schist on the east and the Catoctin greenstone and soapstone on

the west. The ridge ends suddenly west of Walker Ford, where the
mica schist is cut off by a prominent cross-fault.

Hawkins and Findlay mountains, southwest extensions of Ragged

Mountain in Albemarle County, form a ridge in the center of a syn-

cline of resistant Lower Cambrian quartzite which ends rather abruptly
at Tye River.

West of Hawkins and Findlay mountains, the fagged foothills of
the Blue Ridge rise as isolated peaks above the surface of the pene-

plain. A few miles farther west they coalesce and become connected
with the Blue Ridge. They consist of the same type of crystalline
schists and igneous rocks as those which underlie the peneplain sur-
face.

RBr-erroN To trrp BruB Rrocr' Pnovrxcs

The peneplain surface is terminated on the west by the Blue Ridge,
into whose coves it appears to extend. The sudden break between the
general level of the Piedmont peneplain at 900 to 1,000 feet and the
steep, ragged peaks of the Blue Ridge 2,000 to 3,000 feet above that

l4lJonas, A. I., Gologv of the kvanite belt in Virginia: Virginia Geol. Suwey Bull.
88, pp. 1-38, 1932.
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level, presents a beautiful and impressive contrast. (See Pl.2.) (The
Blue Ridge province appears to have been a high unreduced area, a
remnant of an older peneplain at the time of the formation of the Pied-
mont peneplain.)

VALLEY DEVELOPMENT

Drsrnrsurrox or Malon Ver,r-Bvs'

The master stream of this region is James River. Important tribu-
taries from the Blue Ridge province to the northwest are Tye and Rock-
fish rivers. They have valleys very similar to that of James River
and are likewise entrenched in the Piedmont peneplain.

There are no important tributaries to James River from the east
in this region. Small streams, such as Stonewall, Wreck Island, and
Bent creeks, flow across the strike of the rocks into the river. Large
streams to the east, such as Appomattox, Slate, and Falling rivers,
flow east. The valleys of the larger streams have the same general
characters as those of the larger tributaries from the northwest.

Jeuns Ver,r.ey

James River rises far west of the Blue Ridge. It flows directly
across the strike of the rocks to Lynchburg, where it turns northeast
along the prevailing strilie of the rocks, and maintains this course as
far as Scottsville, a distance of 50 miles. Here it swings eastward in
a large horseshoe bend and again flows directly across the prevailing
strike to the Fall Zone at Richmond. (See Pls. I and 2.)

Between Lynchburg and Scottsville, James River is adjusted to
the structure of the rocks, but it does not flow exactly parallel to the
strike, because beds of rock commonly cross the stream at oblique angles.
In this area the river is largely on limestone and greenstone schists which
are less resistant to erosion than the other rocks of the region. This
series trends northeasterly in a belt, between resistant Cambrian
quartzite and Lynchburg gneiss of the Blue Ridge province and
the tougher Wissahickon schists of Appomattox and Buckingham coun-
ties. At Mount Athos, the river parallels the Mount Athos quartzite,
which forms a distinct ridge, east of the river as far as Gladstone, a
distance of 16 miles. Loops of the river in places cross the strike of
the schists on its west side, because these rocks are of nearly uniform
resistance. Northeast of Gladstone there is no formation of sufficient
resistance to affect the course of the river for any considerable distance.

Small tributary streams are well adjusted to the structure. Be-
cause of abrupt local variations in rock resistance, they generally turn
northeast or southwest a short distance above their mouths and follow
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belts of less resistant rock. Ifence the more resistant rocks of the
Glenarm series, especially the quartzite, form ridges. The least re-
sistant rock is marble, which commonly crops out in valleys and stream
beds. It controls the course of many small streams, such as Owens
Creek and a part of Stonewall Creek.

TERRACES

There are several distinct terrace levels in the James Valley. They
are cut in crystalline rocks and appear as more or less discontinuous
benches above the floodplain. They may occur on only one side of
the valley at a given point, because the opposite valley wall at that
place may be an undercut bluff so that lower terraces on that side
have been entirely removed by stream erosion. On the terraced side, the
valley slopes are generally more gentle and are farmed. Between Green-
way and Caskie, the floodplain is narrow and bluffs rise abruptly from
both sides of the river. Here the river has cut through a higher un-
reduced area on the old peneplain, forming a water gap.

The valley of James River appears to have been uplifted at least
four times since the Piedmont peneplain was produced. The oldest
stream level is about 150 feet above the river and is much dissected;
the intermediate level is about 75 to 100 feet above the floodplain; and
a lower level, frequently absent, is about 25 to 50 feet above the flood-
plain. (See PI. 2.) The geological age of qlese erosion levels is not
known. Wentworthls believes that they are pre-Pleistocene because
they do not carry striated cobbles, such as are found in terraces along
the lower James which he ascribes to ice-rafting during Pleistocene
time.16

The terrace flats are covered with a thin mantle of pebbles, cobbles
and boulders. All are well rounded and most of them are hard gray
quartzite. These materials represent only the coarser stream deposits,
as the finer materials have been washed into the river during the long
intervals of entrenchment following the uplifts. Terrace deposits are
locally thicker and better preserved, as for example near the mouth
of Little Beaver Creek, southeast of Lynchburg, where brown sand-
stone pebbles derived from the Triassic (Newark) rocks may be found
at a point about 100 feet above the river. Such pebbles are abundant
on a similar level north of Buffalo Springs station. Both of these
occurrences are west of any known outcrops of Newark sediments.
Gravel deposits also occur on Tye River near the mouth of Rucker Run,
west of Norwood.

Two of the terrace levels on James River can be seen from the
bridge at Wingina. The upper is 100 feet or more above the flood-

l6wentworth, C. K., Personal communication, 1929-r6Wentworth, C. K., Sand and gravel reources of tbe Coastal Plain of Yirginia:
Yirginia Gol. Survey Bull. 32, pp. 46-47, 111, 1940.
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plain and corresponds to the intermediate level. On the east side of
ihe floodplain, it is a narrow bench but on the Wingina side, it is well
developed and its surface is mantled by round cobbles and pebbles. The

terrace is considerably dissected. About 50 feet below this level, there
is a second terrace on the west side of the river. It is narrow, being
in no place more than 100 feet wide, and is generally discontinuous.
It slopes towards the river, the lower edge being about 25 feet above

the floodplain.
Most of the floodplain is on the west side of the river and it is

about one-third of a mile wide. The river is about 200 feet wide
and flows between low banks that are generally 6 to 10 feet high. The
floodplain is divided into two levels by abrupt banks about 10 feet
high which are 40 to 100 feet back of the stream banks; thus the main
floodplain has the appearance of an alluvial terrace. Because the walls
of this terrace may prove insufficient to hold the river during flood
stages they are locally called "False Banks." The floodplain below the

"False Banks" is farmed but is very often flooded. (See Pl. 2')
Three terrace levels can be seen from the Jameg River bridge be-

tween Bent Creek and Caskie. The highest level is perhaps 150 feet
above the river and is best developed on the west side, where it is

mantled by cobbles. The lowest level is found on this side. It is
narrow and is about 20 feet above the floodplain. The sloping inter-
mediate level is 20 to 50 feet above the lower level.

Main Street, in Lynchburg, is along the lower edge of a sloping
flat, about 50 feet above the river, which may correspond to the inter-
mediate level. Church Street, to the south, follows the southern side
of this surface. Court Street, the next street to the south, is about
100 feet above Church Street and appears to be on the highest level.
Looking north from Court Street across James River, one may see

this level obscurely shown and considerably dissected above the river
blufts in Madison Heights.
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GEOLOGY AND PETROLOGY

INTRODUCTORY STATEMENT

This district is separated into an eastern and western part by the
Catoctin Mountain Border fault. (See Pl. 1 and Fig. 1.) The rocks
of both areas are rnostly pre-Cambrian igneous and metamorphic rocks,
but they are distinctly different in character on opposite sides of this
fault.

The area west of the Border fault contains the Lynchburg gneiss
and several types of igneous rock, namely, hornblende gneiss, soap-
stone and associated rocks, hornblende gabbro, Lovingston granite
gneiss, pegmatite, and Catoctin schist, all presumably of pre-Cambrian
age.

The pre-Cambrian metamorphic rocks on the east side of the Bor-
der fault belong in the lower pirt of the Glenarm series, which here
consists of the Mount Athos formation, Cockeysville marble, and Wissa-
hickon formation. The principal pre-Cambrian igneous rocks in this
part of the district are various gneisses and granites, quartz veins, horn-
blende gabbro, and some greenstone volcanics.

Lower Cambrian and Triassic sedimentary rocks are found un-
conformably upon the pre-Carnbrian rocks. The Cambrian rocks are
west of and the Triassic rocks are east of the Border fault. There are
also intrusive dikes of Triassic age. (See Pl. 1.)

PRE-CAMBRIAN METAMORPHIC ROCKS OF SEDIMENTARY
ORIGIN

LYNCHBURG GNEISS

Definition and, distri.bution.--This term was first applied by Jonasl?
to a belt of biotite gneiss and schist west of the Catoctin Mountain
border fault, which extends from near Schuyler in Nelson County,
southwest through Lynchburg into North Carolina, where it appears
to be at least in part equivalent to the Carolina gneiss of Keith. It
is bounded on the east by the Catoctin Mountain Border fault and is
intruded by rocks that form the core of the western Piedmont and
Blue Ridge provinces. Just north of Lynchburg it occupies a belt 5
to 6 miles wide which widens to at least 20 miles in southern Vir-
ginia. (See Pl. 1.)

Occwrrence.---The Lynchburg gneiss is typically exposed in an
anticline on the north side of James River at Lynchburg. North of
Lynchburg it becomes generally covered by Lower Cambrian sediments.

- rr_Jo1as, Anna f., Geologic reconnaissance in the Piedmont of Yirginia: Geol. Soc.Am. BuIl., vol. 88, p. 846, 7SZT.



Goor.ocv eNo Pernor,ocv 21

Narrow bands crop out on both sides of Hawkins Mountain. The
easternmost one is intruded with basic rocks and is a part of the "Soap-
stone belt." (See Pl. 1.)

Megascopic character.-The Lynchburg gneiss consists of biotite
gneiss and schist extensively intruded by igneous rocks which have in
many places produced contact metamorphism. Where not affected by
intrusive rocks, it is a fine-grained biotite gneiss or schist. The mas-
sive gneissoid beds contain more feldspar. The gneiss is light to dark
blue-gray, and becomes more lustrous and schistose where micaceous.

White granular quartz, feldspar, biotite and muscovite may be identi'
fied with a hand lens. (See Pl. 3A.)

The quaftz monzonite and pegmatites found near the western bor-
der have produced characteristic contact metamorphic effects, which
are discussed under "Lovingston granite gneiss" and "Pegmatites."
Zones of similar metamorphism, in which the gneiss is pseudoporphy-
ritic due to the development of garnet and biotite, occur where no in-
trusive rocks can be found. This metamorphism was probably produced
by underlying intrusive rocks. The gneiss in places contains horn-
blende. There is evidence to show that the hornblende was not intro-
duced by the intercalated hornblende gneiss but was derived from
granitic rocks intruded into Lynchburg gneiss containing interlayered
hornblende gneiss.

M'i,croscop'i,c character,-The most important constituents of the
Lynchburg gneiss are feldspar, quartz and mica. Feldspar is present
in all thin sections but is much less abundant in the schistose facies.
Several determinations indicate that it is near albite in composition.
Several varieties of biotite occur, the most common being yellow-brown.
At the quarries on the north side of James River at Lynchburg, where
the gneiis is distinctly micaceous, thl. rock contains a very pleochroic
biotite which is brown to almost black. Greenish to brown biotite was
found in thin sections of the gneiss from Variety Mills. Muscovite
is locally an important constituent, especially in the schists, where it
appears to have been formed from the feldspar during regional meta-
morphism. It is as abundant as biotite in the gneiss on the eastern
flank of the Lynchburg anticline. In places, it is not ofiented with
the schistosity but cuts across biotite flakes, and has been formed later
than the period of regional metamorphism. Small garnets are corri-
mon in all thin sections. Secondary minerals are unco(nmon and un-
important.

Minerals of igneows rnetarnorphi,snr.-Certain zones in the Lynch-
burg gneiss are charactedzed by the development of biotite, garrlet, and
in places microcline. These minerals were more probably produced
by granitic intrusions than by regional metamorphism. Such a zone ex-
tends along the east flank of Hawkins Mountain and is found in the
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county road at Variety Mills, at the footbridge over Piney River
near Phoenix, and farther to the southwest. (See Pl. 3A.) The
microcline occurs in a crumpled schist at Variety Mills and on the
Amherst-Gladstone road wesi of Bufialo Ridge, as small, white, cap-
sule-shaped bodies. The gneiss also contains numerous euhedral gar-
nets and many biotite flakes. The garnet and biotite are crowded with
inclusions of. quartz and older minerals. Biotite occurs in large, ragged,
yellow-brown plates that are poikilitic and contain many pleochroic
halos around zircon inclusions. Some zones contain considerable horn-
blende where the gneiss is associated with bands of hornblende gneiss.
Large grains of twinned calcite are common in thin sections.

Contact metamorphic effects directly associated with intrusive
quartz monzonite and pegmatite are discussed in the sections on those
rocks.

Relations and, age.-The Lynchburg gneiss and its intrusive masses
are unconformable beneath the Lower Cambrian slates and arkoses west
of the Catoctin Mountain Border fault.

GLENARM SERIES

Gpnrpner, Feerunps

In the Piedmont province east of the Catoctin Mountain Border
fault there is a thick series of metamorphosed pre-Cambrian sediments
and greenstone flows that has been ascribed by Jonasl8to the Martic
thrust block. In this area the basal sediments of the Glenarm series
overlie greenstone lava flows and comprise, from the base upward, the
Mount Athos formation, the Cockeysville marble, and the Wissahickon
formation. The latter is much thicker than the others and covers
broad areas in the Piedmont province. (See Pl. 1.)

MouNr Arnos Fonuerrow

General features.-Tlne formation overlies greenstone flows and
underlies the Cockeysville marble. It consists of quartzite, muscovite
schists, and talcose or sericitic schists. The schists are in places tufface-
ous and are locally graphitic. Beds and stringers of hematite and non-
titaniferous magnetite are especially common in the qaartzite facies.
There is more schist than quartzite in the formation.

The formation is about 200 feet thick but shows some variation
in thiclaress from place to place. Its most characteristic feature is a
zone of quartzite, or quartzite and quartz schist, which is nowhere more
than 100 feet thick. At Mount Athos, in Campbell County, this
quartzite zone lies near the middle of the formation. (See Pl. 4A

18Jonas, A. I., op. cit., pp. 8A?-846.
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and Fig. 2.) At Stapleton, quartzite lies upon greenstone and is sepa-
rated from overlying Cockeysville schist by slaty talcose or sericitic
schist. In the northern part of this region, quartzite appears to make
up a larger part of the formation but schist bands are more numerous.
It contains graphitic bands west of Greenway and Allen Creek.
<JamesRiver

Cockeyswille
marble

Figure 2,-Cross section of Mount Athos formation at Mount Athos, Campbell County.

Near James River in Appomattox County, east of Stapleton and
Galts Mill, the schist resembles greenstone and is tuffaceous. Near
Evington, in Campbell. County, basal schist bands alternate with thin
bands of greenstone schist, indicating that deposition of the parent
sediments began here before the cessation of volcanic activity. Varia-
tions in composition in general occur more rapidly from west to east
than along the northeasterly strike. Good exposures are not found
northeast of Greenway. Northeast of Norwood, the formation is con-
cealed by overlying formations.

At Mount Athos, this formation is well exposed and may be con-
veniently studied. The overlying marble and underlying greenstone
are also well exposed. (See Pl. 4,A. and Fig. 2.) The Mount Athos
formation occupies the same position in regard to the Cockeysville
rnarble as does the Setters quartzite in Maryland. The Setters forma-
tion, however, lies unconformably upon Baltimore gneiss, whereas the
Mount Athos formation overlies greenstone lava flows, which may or
may not be at the base of the Glenarm series.

M e gas c o pi,c c har ac t er.-Quartz-mica schist, slaty talcose schist, and
quartzite compose the Mt. Athos formation. Certain beds of the schist
contain numerous large and small biotite crystals and garnets.

The quartzite is conglomeratic and between Galts Mill and Green-
way contains pebbles as much as three-quarters of an inch in diameter.
(See Pl. 5A.)

The quartz grains and pebbles are well rounded. Where unmashed,
they are generally deep blue or violet, but mashing leaves the frag-
ments milky to white. The pebbles are much flattened, and many are
mashed into flat discs or are completely granulated. In other places,
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the quartzites are mashed to a fine white quartz rock which weathers
to a white or gray gritty dust. This is the peculiar "quartz rock" of
Rogers.le Where unweathered, the iion miners called it the j'corundum

quartzite."
In the eastern exposures of the formation between Beckham and

Bent Creek, the most characteristic rock is a crumpled white ql:n;rtz'
muscovite schist some of which contains srnall flakes of biotite. Musco-
vite schist in places alternates with beds of schist containing abundant
biotite.

Microscopic character.-Several varieties of micaceous and talcose
schists are recognized in thin sections. Quartz-muscovite schists are
dominant in Appomattox County. (See Pl. 3B.) Quartz-muscovite
or sericite schists with biotite porphyryoblasts are more characteristic
of the formation as a whole.

East of Stapleton and Galts Mill, the quartz-muscovite or musco-
vite schist appears to grade along the strike into water-laid tuffs. Slaty
talcose schists are associated with beds of iron.

At Mount Athos, the schist is coarser grained and the biotite
crystals are larger. In thin sections, the biotite appears in large ragged
crystals that include the other minerals. Quartz and muscovite com-
pose rnost of the rock. Small, rounded tourmaline prisms are present.

A short distance northeast of Mount Athos the schist becomes
distinctly tuffaceous. A thin section of this tough, green schist from
the upper part of the formation near Stapleton consists mostly of
twinned and untwinned feldspar and many ragged flakes of brown
biotite. Yellow epidote and colorless zoisite are very abundant. Blue-
green amphibole occurs sparingly. Glass or fragmental volcanic ma-
terials are not recognized. The rock approaches the composition of the
undedying greenstone. The mineral association is one that would be

expected from the metamorphism of a basic tuff mixed with some
argillaceous sediment.

Thin sections of the quartzites show them to be composed mostly
of quartz with more or less muscovite. Feldspar, generally plagioclase,
is cornmon. Accessory minerals are magnetite, hematite, and pyrite.
Some calcite may occur. The quartz grains and pebbles show all stages
of mashing, from those having wavy extinction to those completely
granulated. The rock is generally somewhat schistose, due to the pres-
ence of mica.

Mount Athos area._At Mount Athos, 6 miles east of Lynch-
burg,rat the crossing of the Chesapeake and Ohio and the Norfolk and
Western railways, are excellent exposures of this formation. Good
exposures are found east of Mount Athos along the highway and along

Virginias: D. 802, New York, D. ADpleton and Co., 1884.



A. Lynchburg gneiss on Tye River near Phoenix, Nelson County. The larger
grains of the groundmass are quartz (q) and most of the remainder is muscovite.
Th" 1"rg" biot'ite porphyroblasi (b) inclides these mjnerals. Crossed nicols; X 50.
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B, Quartz-muscovite schist
County. It is probably from the

north of Mount Airy
Mount Athos formation.
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north of \tlount Airy
\'{ount Athos formation.
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Appomattox
nicols; X 42.

A. L;'nchburg gneiss on Tye River near Phoenix, Nelson County. The larger
grains of the groundmass arc quartz (q) and most of the remainder is muscovite.
Thc large biotite porphyroblasf (b) includes these minerals. Crossed nicols; X 50'

B. Quartz-muscovite schist
Countl-. It is probably {rom the

Church,
Crossed
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the Norfolk and western Railway between Lynchburg'and Appomat-

tox. The total thickness of the formation at Mount Athos is esti-

mated to be between I75 and.200 Ieet. It consists of beds of quartzite

flanked on both sides by mica schist. The quartzite is best exposed

in the quarry just norih of the station, where it has an estimated

thickness of about B0 feet. (See Pl' 4.A and Fig. 2,)
Mica schist, speckled with flat tabular prisms of. biotite, consti-

tutes the upper part of the formation and lies against quartzite on

the west *"tl of the quarry. This schist is probably about 80 feet

thick. It contains a bed of quartzite about 3 feet thick yhich lies

about 50 feet above the main beds of quartzite. The lower 50 feet oJ

the formation is not well exposed. In the east wall of the quarly it
is a fine slaty schist speckled with numerous small biotite crystals. Thi1,
slaty quartzite in the middle of the formation is completely exposed. It
is broken into rectangular blocks by closely spaced joints that intersect

nearly at right "t*t"t'-o +$p nrqrtzite ic or ,s fineIn hand specimens the quartzite is grayish-white and show

grains of sugary white quartz and in some places large grains of blue
-qua*z 

and p-ink feldspar. Some sericit. "rd 
small specks of magnetite

and pyrite are present, as are also some plagioclase and small patches of
calcili. In thin section, ungranulated grains are optically distorted or
partly granulated. Pyrite in small grains and cubes and magnetite are

common.
A thin section from the schist in the upper part of the formation

near the river is a quartz-mica schist with large ragged biotite prisms.
(See Pl. 38.) The biotite is poikilitic and includes quiartz and other
minerals of tire schist arranged parallel to the schistosity of the rock.

Quartzite and schist infolded with greenstone are well exposed

along the State highway north of Beaver Creek. The formation has

the same general character as at Mount ,{thos, but some beds of the

lower mica schist have small garnets and biotite porphyroblasts altered

to chlorite.
Stapleton area,-Excellent exposures of the Mount Athos {orrna-

tion occur along Porridge Run northwest of Stapleton station in Amherst
County, where the formation is repeated several times by folding. (See

Fig. 3.) Except at the Maud mines, the. quartzite is much mashed

and granulated and its conglomeratic character is obscured. The basal

beds are mashed quartzite, less than 100 feet thick, lying upon green-

stone. This contact is shown a short distance east of the Maud mines

where Porridge Run crosses the beds. The quartzite is white to
grayish-white and breaks into platy blocks which have been affected
by shearing. The grains vary in coarseness, due to different degrees

of mashing. The upper part of the formation is a finely crystilline
slaty schist with biotite porphyroblasts.
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At the Maud mines, a short dis- S 5
tance to the west, the quartzite is *.
conglomeratic and has been thick- .E
ened by folding. (See Fig. 3.) a
Thin beds in the schisr are com-
pletely granulated or converted
into quartz-mica schist. Infolded
with conglomerate, quartzite and
schist are bands and numerous
thin stringers of iron-bearing
rock. (See Fig. 11.)

Riztentille area.-Good ex- ;
posures of the Mount Athos
fornration occur in the River- 

.,4

ville syncline, for example, along E
the county roadle' west of River-
ville, where the formation is in-
'folded with Cockeysville lime- Hstone. Between Riverville and

u

d
E

()

7-=*Iraut
ff..';:::--.:
-::---:?i ::--.:-

ffil-&

fl
-a*;*

-€++ +,-:ffi

o

9n;ax
E€
fre
>=m,=

I

r.E
P.:

CA
vt
;t4
a.c .-
{€
.iE
AE

jr;

:YAa.x
q.9

9d

:F
;F
-,_9

Htr
o:?
=>
oo'Eg
s.a
E \.'

EA
o.E
o9

?F
;d

I
I

I
I
9
@

t!{

(t
E

-o
v

Saint James, this limestone crops
out in three narrow svnclines.
(See Fig. 6.)

The formation, which consists
of schist, conglomerate, and
quartzite, has been much thick-
ened by folding. The schist is
.greenish, slaty, and talcose. Some
contains, in places, large and small
biotite crystals which are not al-
ways visible in hand specimens.
The schist contains several beds
of quartzite, 3 to 10 feet thick.
About 500 feet west of Saint
James, occurs 50 feet of greenish-
white talc schist, which is locally
almost a pure talc. It is not
gritty and weathers to a white
powder. Some of the thick
quartzite beds are conglomeratic
and others are mashed to fine1
grained white or blue-gray
quartzite.

Topograph.y and, soa7s.-The
10d County as used in this- report applies to former county roads now maintained bythe State Department of Highways.
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greater resistance of the quartzite to erosion causes it to crop out as low,

i"rrolv, distinct ridges. Higher and wider ridges, such as Round Top
near Galts Mill and Mine Ridge west of Greenway, are found where

the formation is thickened by folding. Soils derived from the quartzite

are poor and not well suited to agriculture.

CocxsYsvrr,r-s Mennr,r

GeneroJ featotres.-This formation consists of blue marble (gen-

erally called iimestone), white and pink marble, and schist' It crops

out in a long narrow belt that extends from southern Albemarle County,
southwestward into Pittsylvania County.20 This belt in the central part
of the State has an average width of about 7 miles. The formation is

thickest, and marble and limestone crop out most abundantly, in Camp-

bell, Appomattox, Amherst, Nelson, and Buckingham counties. (See

Pl. 1.)
Definition and, correlati'on._The Cockeysville marble2l was named

from a typical occurrence at Cockeysville, Baltimore County, Muty-
land.

The pre-Cambrian age of the formation in eastern Maryland and

Pennsylvania has been established by Knopf and Jonas,zz who have

shown that it grades through a calcareous mica schist into overlying
Wissahickon schist, which in Carroll and Frederick counties, Maryland,
is overlain unconformably by Lower Cambrian rocks.

In L926, Jonas2s described white crystalline marble between Po-
tomac River and Aldie, Loudoun County, Virginia, which is like the

CockeysVille marble of Maryland and which underlies pre-Cambrian
metabasalt flows. The belt of crystalline limestone and marble ex-
tending from Albemarle County southwestward in Virginia was also
considered by Jonas to be of Cockeysville age.

The so-called limestone is true marble, being crystalline and con-
taining mica, a product of regional .metamorphism. As blue or blue-
gray marble is generally called limestone in this district, it has been

found convenient to retain the term.
Occwrrence.-The Cockeysville marble occurs in central Virginia

east of Buffalo Ridge in a belt about 4 miles wide, which is {ollowed
by James River. This belt consists of interfolded marble, quartzite,
mica schist and greenstone. The marble overlies the Mount Athos
quartzite and underlies Wissahickon biotite schist. The formation crops

m See Gologic map of Virginia, Virginia GoI. Survey, 1928.
aMathews, E. B.' and Miller, W. J., Cockeysville marble: Gol. Soc. Amerie Bu1l.,

vol. 16, pp. 847-366, 1905.
Knopf, E. 8., and Jonm, A. I., The gology of the crystalline rocks of Baltimore

County: Maryland Geol. Survey Report on Baltimore County, pp, 162-166, 1929.
B Knopf, E. 8., and Jonas, A. I., Stratigraphy of the crystalline schists of Pennsvl'

vania and Maryland: Am, Jour. Sci., 6th ser., vol. 5, pp. 48-44, L923.
a Jonas, A. L, Gologic reonnai*sance in the Piedmont of Virginia: Gol. Soc.

America Bull., vol, 38, pp. 844-845, 1917.
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out chiefly in narrow synclinal belts which are offset by many faults.
Near the borders of the belt, as west of Norwood and at Wingina, the
marble is exposed in anticlines and is surrounded by Wissahickon
schist. (See Pl. 1.)

The blue limestone and white marble invariably.crop out in valleys.
Where the formation crosses highlands, the soluble constituents have
been removed near the surface and schist rather than marble is com-
monly found. Exposures of limestone range from a few to several
hundred feet in width and can be traced along the strike for distances
ranging from several feet to several miles. (See Pl. 14.) Blue, finely
crystalline marble is more common than the white variety and is, as
a rule, more continuous along the strike.

Thickness.--The thickness of the Cockeysville marble can not be
certainly deterrnined. Where impure, it is a schist that is difficult to
separate from the overlying Wissahickon formation. fn some locali-
ties, as in the westernmost belt near Buffalo Ridge, it is composed
mostly of schist. In other places, as east of Beckham, Appomattox
County, the formation is white marble at least 600 feet thick. At
Gladstone (Fig. B), Greenway, and on Stonewall Creek in Appomattox
County (Fig. 4), blue, crystalline limestone, which makes up a large
part of the formation, is 250 to 350 feet thick. In most places, it is
impossible to determine the amount of thickening by folding. It is
estimated that the formation ranges f.rom 250 to less than 1,000 feet
thick and has an average thickness of about 600 feet.

NW. sE.

O sOOFEET

Figure 4.-Cross section on Stonewall Creek east of Stapleton, Arrpomattox
County. mgv, greenstonel ma, Mount Athos formation; cv, Cbikeysville
marble.

Relation to enclosi,ng forruations.-The Cockeysville marble gen-
erally grades through an impure zone into Wissahickon schist, but in
places the change is abrupt. Along the county road between Green-
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way and Buffalo Springs and on the west side of Owens Creek, talcose

Cockeysville schist grades into phyllitic, green, chlorite Wissahickon
schist. Near the contact zone, the Cockeysville schist contains small
lenses of white dolomitic marble. The contact between the two forma-
tions is exposed near the base of bluffs on Hackett's Creek at Hard-
wicksville. The upper layers of the Cockeysville are gray-white dolo-
mitic marble containing abundant sand grains.

At Mount Athos and at Gladstone, the Cockeysville marble is sepa-

rated from quartzite in the underlying Mount Athos formation by a
zone of rnica schist. (See Figs. 2 and 8.) At Greenway, Norwood,
and east of Beckham, marble containing abundant quartz grains lies
upon quartzite.

Lknestone.--The limestone ranges from dark-blue and light-blue
to gray crystalline, slaty to massive rock. Blue slaty limestone is
common. (See Pl. 14.) The gray limestone is compact to finely
granular. Bedding planes are frequently obliterated in the slaty lime-
stone which has a satin-like luster on the cleavage due to the develop-
ment of mica. Brown mica occurs in the blue limestones and in places,

as southeast of Mount Athos, it is sufficiently abundant to make the
rock schistose. (See Pl. 64'.) Cubes of pyrite occur sparingly. Some
rutile was found in the limestone just east of Stapleton. Veins and
small lenses of white to pink calcite and milky quartz occur in all ex-
posures.

Schistose beds are common in the limestone and thin, sandy beds

occur in places. Near Mount Comfort church on a tributary to Wreck
Island Creek, blue limestone containing biotite grades laterally into
biotite-quartz schist. Thin sections show all gradations from nearly
pure, granular, blue limestone and white dolomitic marble to quartz-
mica schist and talc-quartz schist. These rocks are coarse to fine
grained and show complete recrystallization of the calcareous and argil-
laceous constituents and granulation of the quaftz grains. The purer
limestone consists of calcite with some dolomite and quartz grains, and
small amounts of mica. Qaartz grains, mica and calcite occur in
bands in some of the limestone and thus indicate the original bedding.
Many of the cleavage planes and twinning lamellae in the carbonates
are twisted, especially in the blue, slaty limestone. Mica occurs as

wisps and large plates which include other constituents. It is a faintly
colored variety resembling phlogopite, having yellowish pleochroism
that is especially strong in halos around inclusions of zircon,

Marble.--The marbles are generally white to cream-colored, but
some are pink and yellow. They vary from fine-grained and compact
to coarsely granular masses. The masses of fi.ne, compact, white to
cream-colored marble are dolomitic. Some have been brecciated and
recemented with dolomite, as at Norwood, or with coarsely crystalline
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white to pink calcite, as on the Cunningham property below Norwood.
(See Pl. 68.) On the Cunningham property and at Howardsville, the
blending of several varieties produces a beautiful variegated marble.

Quartz is a common impurity in the marble. Grains of blue quattz
are so abundant in certain beds that upon weathering the rock re-
sembles a quartzite. Sandy layers are found in the marble at Nor-
wood, Gladstone, and Hardwicksville but are not conspicuous or thick.
Some beds of quartzite or quartz-muscovite schist also occur, as at
Norwood. In places, as at Ninemile bridge below Lynchburg, the
rock is white, talcose schist containing more sericite than dolomite,
Pyrite occurs sparingly.

Under the microscope, the magnesian marble resembles the blue
crystalline limestone. It has less mica, although talc and muscovite
are rather common. It is also massive.

The beds of white marble have no definite stratigraphic position
in the formation. They are interbedded with schist or with lime-
stone and schist, as along the county road between Caskie and Glad-
stone. White marble occurs also in lenslike masses, a few feet wide, in
schists and blue limestones along the Chesapeake and Ohio Railway
near Buffalo Springs station. One marble lens 12 feet thick extends
from the railway cuts at James River, southwestward for about an eighth
of a mile, where it is exposed in a small tributary to Owens Creek.

Talcose schist.--:-Heavy, silvery-green, talcose schists are generally
associated with the marble and limestone. Upon weathering they be-
come light-colored. Excellent exposures are found between Norwood
and Buffalo Springs station, where the schists alternate with bands of
limestone and marble. Several thin sections show th-is rock to be com-
posed chiefly of alternating bands of talc or sericite and, qvaftz. Second-
ary calcite occurs as rhombs and irregular grains which are crowded with
inclusions and which have crystallized'between the foliae of the schists.
These schists were derived from impure dolomitic limestone.

Chetnical com,position.-The rocks of the Cockeysville formation
range from nearly pure limestone and dolomite to impure schist. They
have been successfully burned for lime throughout the region. The
dense, white marble contains a high but variable content of magnesium
carbonate. The coarsely crystalline, white and pink marbles (Pls. 68
and 148) contain a high percentage of calcium carbonate, but such
deposits are secondary, in general filling fractures. Detailed analyses
of the limestones and marbles are given in Tables 1 and 2.

Igneous metomorphisrn-Dikes of Triassic diabase cut the marble
but have produced no contact effects. Veins of quartz intrude white
marble east of Beckham, and small segregations of hematite occur in
the marble. Bornite, chalcopyrite and hematite are associated with the
quartz stringers. A gray marble at Gladstone contains some thin bands
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of sphalerite. Between Gladstone and Caskie, blue limestone has been

locally converted to a hornblende schist. No intrusive rocks were found
near these outcrops.

Topography and, soils.-The Cockeysville marble produces nar-
row lowlands between quartzite ridges. The limestone and marble
invariably crop out in valleys. The limestone and associated schist
weather to a stiff blue clay which may be the only evidence of the
formation in some valleys. The limestone soils afford excellent farm
lands. Public roads rarelv follow limestone vallevs.

WrsseurcroN FoRMATToN

Defini,tion and. correXation.---The schists and gneisses of sedi-
mentary origin east of James River in this district are considered equiv:
alent to the Wissahickon formation of Maryland and Pennsylvania.
This formation in Virginia was first described by Jonasza who traced
it from Maryland.

GenerqJ ch.aracter amd, relations.-The Wissahickon formation
is 4 part of the Glenarm series in Maryland and Pennsylvania, where
it is divided by Jonas and Knopf26 into an oligoclase-biotite schist facies '

and an albite-chlorite schist facies. Both of these facies extend into
Virginia. The area described in this report lies for the most part in
the western belt which contains the facies of low-grade metamorphism.

BIOTITE-MUSCOVITE.CHLORITE SCIIIST

Di,stribation and, character--The biotite-muscovite schists are in
places feldspathic and chloritic and contain much garnet, staurolite, and
magnetite. Biotite and garnet are extensively altered to chlorite, and
the staurolite to sericite. The schists crop out in a long belt east of
James River from the vicinity of Spear Mountain in Buckingham
County southwestward beyond Long Mountain in Appomattox County.
(See Pl. 1.) This belt is mapped as garnetiferous Wissahickon schist.
Two other belts of similar rock which contain more staurolite and
garnet, join in Piney Mountain in Appomattox County. The eastern
belt extends southwest to a point several miles beyond Appomattox and
the western one extends through Spout Spring and Pilot Mountain.

The schist in the belt from Spear Mountain southward to Long
Mountain has dark-red garnets scattered rather sparingly through it.
Staurolite is generally absent, but at Rustburg garnet and staurolite
are common. In Spear Mountain, the rock is a tough, green, crumpled
schist or gneiss containing considerable garnet and magnetite and some

2a Jone, A. I., Gologic reconnaissance in tbe Piedmont of Yirginia: Geol. Soc.
America Bull., vol. 88, pp. 83?-846, 192?.5 KnoDf, E. 8., and Jonas, A. I., Gology of the McCalls Feny-Quarryville district,
Pennsylvania: U. S. Geol. Survey BuIl. ?99, pp. ]4, 25-?5, t929.
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plagioclase. On David Creek, southwest of the mountain, the schist
is green, slaty, and speckled with magnetite porphyroblasts. In some
places, as in Piney and Pilot mountains, staurolite and garnet are very
abundant. In the railroad cut on the northwestern edge of Appomattox,
large crystals of garnet and staurolite can be picked from the weathered
rock. Other typical exposures occur at Spout Spring, where the stauro-
lite is generally altered to sericite.

The largest staurolite crystals average about half an inch in
length, but most of them are much smaller. They are dark-brown to
black, and many are covered with an alteration product. (See Pl. 7A.)
Staurolite schist is rare east of Appomattox.

Megascop'ic character.-The fresh rock is a tough, crurnpled,
dense, fine-grained, greenish to blue-gray schist.. It oxidizes to a golden-
brown and becomes red when thoroughly decayed. It contains biotite,
muscovite, and chlorite. In places red garnet, brown to black staurolite,
and magnetite are abundant. The garnet is more widely distributed
than the staurolite and is rarely absent. It is generally scattered through
the rock in rounded subhedral grains from microscopic size to half an
inch in diameter. Much of the garnet is oxidized to turgite and
limonite. Staurolite is very abundant in some layers of the schist and is
commonly altered to a fine-grained, white, micaceous mineral resembling
sericite. This alteration begins along cross-fractures and continues until
the entire grain is replaced. When this change is complete, only white
patches with the original crystal outline remain.

Mi.croscopi,c character.-More than 40 thin sections of the rock
from all parts of the region show. it to be mica schist with muscovite,
quartz, and chlorite dorninant. Biotite is usually altered to chlorite.
(See Pl. 8A.) Magnetite is present in all sections and is frequently
an important component. Large crystals of garnet and staurolite are
locally abundant. The bands and zones of blue-gray micaceous mate-
rial are mostly chlorite with some quaftz and mlgnetite. Cataclastic
structures, as fault-slip cleavage, slicing, twisting, and mortar structure
afe common.

Muscovite is generally the dominant mica. It occurs typically as
long shreds woven among the other minerals. It is iron-stained, brown
to green, and is faintly to distinctly pleochroic. Much of it may be
leached biotite. Some of the muscovite or sericite occurs as plates and
as elongated flakes which are not oriented with the schistosity and are
thus of more recent origin. Aggregates of fine sericite entirely re-
place some of the staurolite. Brown-pleochroic biotite is common but
not generally abundant. It is partly altered to chlorite as is some of the
garnet. (See Pl. 8A.)

Chlorite is abundant and is a common alteration oroduct of biotite.
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oi Ut"rit Athos, Campbell Cointy. Most of the calcite_is twinned; brown

mica occurs in lone sfireds ind som. of'the small, light-colored grains are quartz.
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Creek in Buckingham County, below Norwood. Crossed
nicols: X 58.
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mica occurs in long shreds ind some of'the small, light-colored grains are quartz.
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Creek in Buckingham County. below Norwood.
nicols: X 58.
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some garnet is partly altered to chlorite. Some rarge flakes of chrorite
occur as alteration products of staurolite.

Magnetite is abundant and occurs as irregular grains and as abun-
dant small rods and needles which conform to the schistosity, and in
places alternate with wisps of muscovite. These rods and. needles are
probably residual products of altered biotite. Some large grains of
magnetite are derived directly by alteration of garnet. Some magnetite
occurs also as porphyroblasts. The schist contains some ilmenite which
alters to leucoxene.

Quattz is abundant throughout the schists. It shows optical dis-
tortion unless it has been completely granulated.

_ Yellow pleochroic staurolite is locally abundant and is generarly
altered to sericite. It contains inclusions oi quartz, magnetite, a]nd other
minerals. Staurolite shows a greater tendency to alieration than the
garnet.

Garnet is an ubiquitous mineral and is locally very abundant. It is
colorless to pale red. Some grains have good crystal outlines, but they
are generally irregular. common alteration products are chlorite and
*"*T:i::*rs 

are conunon, being gener"tty orr"ur.ry twinned pragio-
clase, whose extinction angles indicale 

" ,oi" variety.
A soda amphibole, pleochroic in shades of blue and yellow-blue and

resembling riebeckite, occurs locally. rt occurs sparingry in the schist
east of Bent creek, east of Spear Mountain, and from Finey Mountain.

Some small, mauve-colored prisms of tourmaline are locally present.

BIOTITE GNEISS FACIES

- General featwres.-Biotite gneiss, intercalated with biotite schist,
has been found in three places, but it is probabry more abundant and
has not been found because of lack of e*posur.r. The gneiss is mas_
sive and some contains straight bands in contrast to the crumpled schist
that encloses it. It is more resistant than the schist because of the
higher content of. quartz and ferdspar. It resembres the Lynchburg
gneiss ve_ry, closely but contains more feldspar and localry some blue
quartz. It. is the mesozone oligoclase-biotite;chist and gneiss facies of
the Wissahickon that has_not undergone retrogressive Letamorphism,
whereas in the schists previousry described, biotii and garnet are artered
to chlorite and staurolite to sericite.

Distribwti'on and ckaracter.-Biotite gneiss crops out on the west
side of Slate River about harf a mile wesi of Buckingham, where it is
intruded by amphibolite. The rock is gray or pepper- and sart-colored
and weathers to a golden-brown. It ls derived- lrom a coarse ferd-
spathic rock, perhaps an arkose. Large granulated. quaftz grains and
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considerable biotite are seen in hand specimens' In thin sections'

plagioclase, quattz and biotite are the principal minerals'
' " Out.rop, of biotite gneiss occur where county roads cross Wreck

Island creek between o"kville and stonewall.' Bands of biotite gneiss

alternate with bands of quartz-muscovite schist' About 1 mile south-

west of, Mount Comfort church, where the county road crosses a trib-

utary of the creek, the biotite gneiss contains thin bands of hornblende

gneiss into which 
'it 

grades. A1 shown in thin sections the gneiss con-

iists of green hornbiende and considerable biotite, and resembles that

of the Sherwell area described below but is more cataclastic. It is

composed mostly of feldspars , quattz, and biotite' Plagioclase' fre-

qrr"ntty untwinned, is the'common feldspar' The biotite is reddish-

trto*n, very pleochroic, and contains pleochroic halos' Small garnets

are common and some iarger broken girnets include the other minerals'

There is a large body"of biotite gneiss in Appomattox.and Campbell

counties, around Sherweil, which eJends southwest' It is intruded by

pegmatite and 'muscovite granite and contains bands of hornblende

schist. It resembles Lynctburg gneiss. The rock is fine to medium

grained and pepper- and salt-colored. Biotite is an abundant constituent

and feldspar and quartz are present.
Good e*posures of this rock are found on the'property of Dr'

Evans, southwest of Pilot Mountain, where there are several abandoned

quarries. It occurs in massive, neady vertical bands' Considerable

weathering causes the rock to become golden-brown and more schistose.

In th'e valley of Reedy Creek, northeast of Sherwell, the gneiss

is arkosic. It is intruded by muscovite granite and pegmatite and inter-

banded with hornblende gneiss. Just west of the Evans property' the

rock is arkosic and some bands aie graphitic, resembling the Loudoun

formation. Thin sections show the rock to consist mostly of feldspars,

quartz and biotite. The feldspar is mostly plagioclase, 
-but some

microcline occufs. The biotite is reddish-bfown' vefy pleochroic, and

contains pleochroic halos around large inclusions of zircon. Mus-

covite occ-urs sparingly as large plates which are not well oriented and

are filled with-incluiions. Smail garnets are cotnmon. Chlorite and

magnetite are rare.

MUSCOVITE-CHLORITE SCHIST

Di,stri,buti,on a,nd' character.-Much of the area east of James River

is underlain by the chlorite-muscovite schist and muscovite-quartz schist

facies of the wissahickon formation. Small porphyroblasts of garnet

or euhedral magnetite may be present.
The rocks between Buckingham and Spring Mill and east of Tower

Hill and Rosebower are typical muscovite-chlorite schists. Strain-slip
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cleavage, granulatioq and mashing of. quartzgrains are generally shown
in thin sections. Around wingina, the s&ists gradi impeiceptibly
westward into crushed chlorite phyllonite, to be described liter. The
change from the coarser-grained biotite muscovite schist with garnet
and staurolite to this chlorized phyllitic schist is very marked. The
rocks are more. variable around oakvile and Stonewall. At the mill
on wreck Island creek about 3 miles west of oakvile, tough, green,
chlorite-muscovite schist contains garnet and biotite porphlyroblasts.
Numerous quartz stringers are intercarated in the schist. JLsi west of
here, near Stonewall and elsewhere, are muscovite-quartz Jchists which
generally contain scant chlorite. Muscovite-quartz ichist is found also
near Concord in Campbell County.

Microscopic character.-The microscope shows most of these rocks
to be fine-grained muscovite-chlorite schists with muscovite as the
dominant mineral. Much of the muscovite is probably leached chlorite.
Biotite showing alteration to chlorite also occuis. Secondary magnetite,
generally oriented with the schistosity, is common and in placeJ abun-
d1nt. Small garnets are common. Muscovite-chlorite schists grade in
places into muscovite schists, some of which also contain *.rlh -ug-netite.

CHLORITE-MUSCOVITE PIIYLLONITE

Di'stri,buti'on qnd character.-chronte-muscovite phvllonite is ex-
posed north of Norwood.and Wingina, in Nelson Couniy, and south and
east of Hardwicksville, in Buckingham county. East oi Hardwicksvilleit grades into muscovite-chlorite schist. west of wingina it can be
traced into Buffalo Ridge.

- . -N:ut Wingina there are good exposures of a slaty phyllitic rock,
which is generally dark-blue, bluisfi-black, or green, i"a i, soft and
platy. 

- The slaty cleavage has been mashed ,o ihut the sraty beds dip
at various angles; some are nearly horizontal. The beds are sriced by
many small thrust faults and much of the rock has the appearance of
having b€en broken across older schistosity into -"'ry ,.pur"te flattened
blocks that have slipped upon each other. Slickensides 

".. .orrr*o.r.
small quartz lenses and stringers are abundant and most of them

are pamllel to the platy structure. The rock around some of the lenses
is more massive. Green talcose inclusions occur in some of the quartz.
The quartz lenses are commonly praty, mashed, and incrude considerabre
schist. some are broken by thi thrust faurts. A few smarl quartz
veins cut the slaty cleavage or follow joints.

The schists of Buffalo Ridge are green, chloritic, in places slaty,
and are rather uniform in minerar composition. They weather brown
and purple near the surface.
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A heavy, green chlorite
crystals (porphyroblasts) of
Mill, about 4 miles west of
wood, and west of Wingina'

schist with scattered, black, rectangular

a soda amphibole, occurs west of Galts

Walker Ford, on TYe River, near Nor-

QUARTZITE

Distribwti,on and character.-Thin bands of mashed and granulated

quartzite are abundant in the Wissahickon schist' They are common

northeast of Norwood, in the Wreck Island Creek area north of Stone-

wall, around Appomaito*, and between Appomattox -and 
Brrckingham'

Conglomeraiic quartz-sericite schist, containing large' blue quattz

grains in"a matrix oi sericite and granulated' quaftz, is found about 6

i.il.s southeast of Rosebower and west of Appomattox River.' Beds

of mashed, schistose, arkosic quartzite occur on the east bank of Austin

Creek, west of Buckingham. About half . way between Buckingham

and Hardwicksville, almost horizontal massive beds of quartzite con-

taining blue quartz grains and fine schistose quartzite are well exposed

in Ma-thews Creek. Beds of mashed quartzite and white quartz-mus-

covite schist are common north of Sionewall and Oakville' in Ap-

pomattox Couhty. White, thinly banded, fine-grrained quartz-mica

schist, spangled quartz-muscovite schist, and mashed quartzite. occur

northeasi oiStoni*all between Wreck Island and Bent Creek. South-

west of Tower Hill, thick beds of mashed quartzite which.dip.35o SE"

crop out in Bent Creek and along the county road to Oakville' Some

beds are pinkish, which is not an uncommon color in the fine-grained

mashed quartzites of this district.
Mashed, gray, white, and pink qaattzite or qaartz schist overlies

the large greeistone body in Appomattox county' Outcrops are abun-

dant aiound Appomattox, and excellent exposures occur between Ap-

pomattox 
"nd 

O"t nitt.. The rock weathers to a white dustlike powder.

About 1 mile west of Appomattox, fine-grained white quartzite lies

above greenstone and is 
-interbedded with a heavy, coarse-grained

biotite schist. In other places, quartzite with some schist 'is inter-

banded with greenstone. A fine-grained, mashed, pink quartzite occurs

with greenstone at Tower Hill' Bands of quartzite are c-ommon in the

schist-northeast of Norwood, and west of Wingina and Midway Mills'

'Microscopic character.-In thin sections, these quartzites show

complete granulation and consist mostly of small angular interlocking

qourtt g.ii.rr. Muscovite, generally in small amounts, is present and

makes iire rock schistose. Alottg the State highway west of Wingina,

the quartzite beds weather to fine white dust. In places the less

weathered rock is a conglomerate composed of fine granules' Some

of these weathere{ qua*iite zones are conveniently located for use in

sanding roads.
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The wissahickon gneiss of pennsylvania was named and considered
to.be pre-Cambrian by Bascom,26 and Knopf and Jonas2? have confirmed
lhis by showing that the Glenarm series is orr.rLi' unconformably by
T-ower cambrian conglomerate and quartzite. The wissahickon forma-
tion_ _of -N{aryland continues southwestward across Virginia. The
marble of the James River basin has been tentativery corierated with
the cockeysville marble of Maryland and pennsylrrur,iu b""uuse of its
position below the wissahickon formation. The Mount Athos quartzite,
which underlies the 'marble, may be the equivalent of the Setters
quartzite of Maryland

Topocnapr+y exp Sons
Hills and ridges (monadnocks) on the piedmont peneplain are

comp-osed of tougher, more resistant parts of the garnet-stauroiite schist
or of kyanite schist. The soils are thick and hlve been produced by
thorough chemical weathering. Soils from the mica schist and granitlin the eastern section "." light.r, -or" ,"rrdy, and produce a light
tobacco. Roads generally follow flat divides. East of y"*., River,
ridge ro.ads are generally,on garnetiferous schists. There are many
good soil roads in the region.

SEDIMENTARY ROCKS

LOWER CAMBRIAN ROCKS

Louooulr Fonlrarrox

trict. rrt"r. ir-"J;#;
Survey Geol. Atlm, philadelphia folio (No. 162), pp.

Distribution-The Loudoun formation was named. by Keith,zsfrom exposures in T,oudoun- County, Virginia. In centrai Virginia,
the formation occurs in synclines in ihe eastern part of the Brue Ridge
province and extends south as far as Buffalo River. It is unconform-
able upon Lynchburg gneiss and pre-cambrian rocks intruded into thegneiss. fn a narrow, tightly folded syncline just west of Buffalo Ridge,the Loudoun formation ries unconformabry upon catoctin schist with
which it is here infolded. (See pl. 1.)

. .Megascop,i,c character.---The Loudoun formation consists of ar_kosic conglomerate and quartzite interbedded with dark to black slate
and slaty muscovite schist. The arkose is generally coarse grained, but

^ . 
s Bascom, Florence, U. S. Geol.3-4, 1909.

.t Knopf,_ E. 8., and Jonas, A.vanra _and- Maryland: Amer. J our.
* s Keith, Arthur, Geology of theftept,, pt. 2, pp. s24_329, 1894.

I.,. St_ratigraphy of the erystalline schists of penmyl-
Dc_r., 5rh ser., vol. 5, pp. 40-62, 1928.catoctin belt: U, S, Geol. Survey Fourtenth Ann.
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sequence of beds. The basal beds are generally- slaty' -On 
Tye River

near Norwood, arkose overlies Catoctin schist;'in H4wkins..and Find-

i"y *orrntulns, the basal beds are massive arkose that overlies Lynch-

lorg go"ir, *it, littl. or no intervening slate' South of Piney River'

thebasalbedsaredark-andlight-coloredslateaboutl00feetthick,
which grades upward into coarsi arkose interbedded with dark-colored

slate and slaty muscovite schist. , East of Arrington and- Shipman' the

lower beds are slaty' (See Pl. 9A') Thick zones of dark-colored

slate are interbedded with arkose west of Hawkins Mountain' At

Rockfish in Nelson County, basal conglomeratic beds rest on Lovings-

ton granite gneiss and Lynchburg gneiss' 
-

The coarse arkosic iu"i", *"h"t" fresh is blue-gray, due- to large

grains of blue quartz and grains of gray feldspar'. This rock is gen-

Erally massive but is schistoie where muscovite or biotite is present'

The conglomerate at Rockfish is a gray rock in which rounded to

angular pebbles, mostly of granite, are-contained in a finer mass of

,"id gr"ir* and small iragm"ents. The groundmass contains consider-

able biotite.
Mi,cro'scopi,c chatacter.---The arkose consists mainly of quartz

and feldspars. Most of the feldspar is microcline, with some ortho-

clase and plagioclase. Biotite and sericite are common' Thin sections

of a coarse arkose at variety Mills show considerable calcite and scant

pyrrhotite near small quartz stringers.
The dark slates are fine grainid and consist largely of 

-quartz 
and

mica with abundant small sp"ecks of graphite' Most of the mica is

. sericite with some biotite. In the gap o{ Findlay Mountain east of

Shipman, some thin graphitic layeti alt"tttate with quartzose layers

which contain much t'"tarp"r, considerable biotite, some sericite' and

scant graphite. The graphitic layers contain very fine-grained quartz'

sericite and graphite. (See Pl. 7B.)
Topogripky qnd, ioits.-sandsione beds in the Loudoun forma-

tion make" ,iig.t which are very favorable to the growth o{ chestnut

oak and chestnut. In general tire Loudoun makes poor soil'

TRIASSIC ROCKS

NBwanr GnouP

basins have been discussed recently by Roberts'2e

inia Trissie: Yirginia GoL Survev BulL

Occwrrence.-Triassic rocks are preserved in narrow basins that

trend northeast. The northern end o{ the Danville area extends into

this region and is exposed at Spring Mills,' The southern end of the

Scottsville area is exposed at Midivay Mills' (See Pl' 1') These

29, 205 pp. t928.
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Strwcture.-The Triassic sediments are preserved in long, rather
narrow troughs in the crystalline rocks of the Piedmont province. The
basins have been dropped down on the west by normai faults which
strike northeast. The basins may end at cross-faults. In view of the
great amount of erosion that has taken place since Triassic times, it
is evident that these basins were formerly much larger and that the
preserved areas are only downfaulted remnants.

Di'stri,bution and' character.---The Triassic rocks of the Danvile
basin disappear about 1 mile north of Spring Mills. They dip north-
west and are bounded on the west by a normal fault. on the upthrow
(west) side of this fault is exposed, next to the Triassic sediments,
chlorite-muscovite Wissahickon schist.

The sediments are chocolate-red to brick-red and consist of rudely
bedded materials in which argillaceous beds alternate with conglomera-
tic beds. Some of the conglomeratic beds contain well-rounJed peb-
bles of slaty mica schist and garnet-mica schist, about the size of. a
pea. some are about 3 inches in diameter. They are much weathered
and were probably deposited in a weathered condition. The materials
are of local origin.

A small area of Triassic rocks near Midway Mills, of less than
two square miles in extent, is separated from the Scottsville basin. It
is bounded on the west by a normal fairlt, but on the east the sediments
unconformably overlie mica schist. The Triassic rocks are poorly ex-
posed on the county road north of winsina. west of N{idwav Mills.
the contact between the downthrown Triissic block and the slaw schisi
of the upthrown block is well exposed. At the faurt contact, thl schist
is red, much broken, and dips in all directions for about 20 feet {rom
the contact. The prevailing dip of the schist west of this brecciated
zone is abnormal and to the northwest.

The Triassic sediments comprise conglomerate, sandstone and
shale. Near the Border fault, there is a conglomerate consisting mainly
of fragments of schist derived from a local source. e tnin section
shows brown sandstone from this area to be composed of well-sorted
angular to slightly rounded grains ol quartz and fildspars. The feld-
spars are mostly plagioclase with some microcline, some of which are
partly altered to kaolin and sericite. (see pl. 9B.) Scant muscovite
arrd several rounded grains of mica schist make up the remainder of
the _rock' The grains are too firmly cemented by ferric oxide for a
mechanical analysis.

The Scottsville basin is bounded on the south, near \Marminsrer,
by a cross-fault and on the west by a normal fault which throws the
Triassic rocks against greenstone. The Triassic border conglomerate
consists of large, angular fragments of greenstone which were deposited
as a fanglomerate east of the Border fault.
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IGNEOUS ROCKS

PRE-CAMBRIAN ROCKS OF THE BLUE RIDGE PROVINCE

GBNERAL FBerunps

Intrusive and extrusive igneous rocks are abundant in this region'

(See Pl. 1.) Al1 except the diabase dikes are believed to be of pre-

Cambrian age. The inirusive rocks consist of ( 1) older basic rocks,

such as horiblende gneiss and hornblende gabbro in places altered to

soapstone, and (2) younger rocks, such as quartz monzonite and

pegmatite. All of 
'thim 

intrude the Lynchburg gneiss. - Ancient lava

flows have been altered to greenstone. watson and Taberso have de-

scribed in Amherst and Neison counties a series of closely related in-

trusive rocks (syenite, gabbro, and nelsonite) that are believed to

represent rrr.".rrirr. difflrentiates from a biotite-quattz monzonite

which is now metamorphosed to a gneiss.

Basrc INrnusrvp Rocrs

HORNBLENDE GNEISS

Megascopi,c chwacter.-Hornblende gneiss is a greenish-black'

schistosJ rock consisting mostly of hornblende. Thin bands of it are

commonly intercalated with Lynchburg gneiss, and also occur in the

Lovingston granite gneiss. Contact metamorphism is evident lear peg-

matitic intrusions. The hornblende gneiss is a very old rock that is in
places associated with soapstone. One of the best exposures is at

Brightwells Mill, or Evergreen Mill, in Amherst County.
Mi,croscopic ckaractei.-One-half or more of the rock consists oI

greenish-brown hornblende, and the remainder is mainly feldspar,

l-argely plagioclase, and. quartz. It contains also some magnetite and

titanite, and some epidote which is derived from hornblende'
ori,gin.-This rock resembles very closely the hornblende gneiss

intruded into Wissahickon schist to the east and may belong to the

same period of intrusion as the hornblende gabbro which is described

later. It is interlayered with the Lynchburg gneiss in bands o-f variable

thickness and the iwo rocks have been deformed together. It may be

the oldest igneous rock in the district. It is not closely associated with
the other basic intrusive rock. Contact metamorphic effects have not

been found in it. It is possible that this gneiss represents metamof-

phosed flows or sills in the Lynchburg gneiss.

s Watson, T. L., antl Taber, Stepben, Geology of the titanium and apatite deposits ot
Virginia: Virginia Geol. Survev Bull. 3A, pp. 151-154, 1913'
















































































































































































































