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LETTER OF TRANSMITTAL 

COMMONWEALTH OF VIRGINIA 

VIRGINIA GEOLOGI CAL SURVEY 

UNIVERSITY OF VIRGINIA 

CHARLOTTESVILLE, VA., September 1, 1937. 
To the State COllL1nissioll on Conservation and Development: 

GENTLEMEN: 

I have the hO!lor to transmit and recommend for publication as 
Bulletin 48 of the Virginia Geological Survey s.eries of reports the 
manuscript and illustrations on an Outline. of the Geology and Mineral 
Resources of Goochland Co"nty, Virginia, by Mr. Carl B. Brown. 

The field work was done during the summer of 1931, when the 
author was employed by the Geological Survey to make a comprehensive 
study and detailed geologic map of Goochland County, as being rather 
representative of the east-central part of the Piedmont region. Since 
then Mr. Brown has become a member of the United States Soil Con
servation Service. 

This report is the first in a "County Series" of reports, in which 
it is planned to discuss concisely certain features of each county. The 
chief purpose of this report, and other similar ones, is to give the teachers 
and other residents of the county reliable up-to-date information, in 
essentially nontechnical language, about the physical features, mineral 
deposits, water supplies, and geologic relations and origins of these re
sources. Some emphasis is placed in this particular report on the effect 
of human occupancy upon the soil and upon conservation of the soil. 

This report should be especially useful to the schools of Goochland 
and adjacent counties in answering inquiries about features of the phys
ical environment. It should aid property Owners to understand better 
the occurrence or non-occurrence of mineral resources on their lands, 
and should also be useful to all who are interested in the mineral re
sources and geology of the State. 

Respectfully submitted, 

ARTHUR BEVAN) 

Approved for publication: 
State Geologist. 

State Commission on Conservation and Development, 
Richmond, Virginia, September 9, 1937. 

R. A. GILLIAM, Executive Secreta.ry and Treasurer. 
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Outline of the Geology and Mineral Resources of 
Goochland County, Virginia 

By ·CARL B. BROWN 

I NTRODUCTION 

Ge1leral featt<res.-Goochland County lies along the north bank of 
James River near the center of the Piedmont province in Virginia. (See 
Fig. 1.) It is 35 miles long from east to west, and 5 to 12 miles wide. 
On the north it is bounded by Louisa and Hanover counties, on the west 
by Fluvanna County, on the east by Henrico County, and on the south 
by Chesterfield, Powhatan, and Cumberland counties. It has an area 
of 287 square miles, or 183,680 acres. 

Goochland County is typical of the strictly rural sections of the 
Virginia Piedmont. Its natural wealth is predominantly its soil re
sources, enhanced as they are by a favorable climate and excellent trans
portation routes to market centers. Former great expanses of virgin 
forest no longer exist, but much woodland ideally suited to scientific 
forestry remains. Mineral deposits are present in considerable variety 
but have been as yet little explored by modern methods. Gold, coal, 
titanium ores, common clays, and stone offer favorable possibilities for 
commercial exploitation and warrant systematic prospecting. Several 
water power sites exist and will doubtless be developed when the need 
arises. Excellent water for domestic use and stock is available, both 
from wells and streams, throughout the county. 

Pt<rpose of report.-This report is written primarily for teachers, 
high school students and residents in Goochland County and adjacent 
parts of the State. It is an attempt to present in outline form a picture 
of the county's natural resources upon which the livelihood of the present 
generation and the well-being of posterity depend. If this report suc
ceeds in promoting a better understanding, a more appreciative con
servation, and a wiser use of these resources, then its purpose will have 
been accomplished. Toward this end, technical expressions have been 
reduced to a minimum, most of the details of the geology and mineralogy 
have been omitted, and a glossary has been included to explain some of 
the terms for which nontechnical substitutes are not avai lable. 

Field work.-The field work on which this report is based was 
done during July, August, and September, 1931. It consisted of map
ping the geology of the county on the available base maps (old recon-
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naissance topographic maps of the United States Geological Survey, on 
a scale of 2 miles equals 1 inch ) and examining all of the mines and 
mineral deposits known in the county. Two subsequent visits of a few 
days each have served to bring information on mining activities up to 
date and to add a few notes on accelerated soil erosion. 

Acknowledgments.-The writer is indebted to Dr. Arthur Bevan, 
State Geologist, for his helpful suggestions and criticism in the prepara
tion of this report, and to Mr. C. F. Park, Jr., and Miss Anna 1. Jonas 
of the United States Geological Survey for suggestions based on their 
work in the county and region . 
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GEOGRAPHY 

TOPOGR APH Y 

T he landscape of Goochland County consists of gently rOlling up
lands interspersed with wide stream valleys, and the floodplain of James 
River. These surface features are typical of Piedmont Virginia, a 
region that is physiographically a maturely dissected plateau, which 
slopes from the Blue Ridge to the Fall Zone at the rate of about 6 feet 
in a mile. On the rolling uplands the slopes are gentle, the decayed 
rock and soil mantle is thick, and large woodland tracts intermingled 
with cultivated field s form a patchwork pattern of land use. (See PI. 
3.) Nearer James River the land is more deeply dissected, the topog_ 
raphy is in many places rough and broken, and many slopes are too 
steep for fanning. 

The northern boundary of the county follows very closely the 
drainage divide between the James and South Anna rivers. From this 
divide the upland surface has an average southward slope of about 10 
feet in a mile to James River, in addition to its regional eastward slope 
to the Fall Zone. James River is 150 to 200 feet below the upland 
surface and flows in a flat alluvial valley which averages about half a 
mile wide. It is bordered by a relatively even line of steep slopes and 
bluffs rising to the upland. (See PI. 1. ) A few rock shoals occur on 
the river in its course through the county, but for the most oart the 
river flows through alluvium it has deposited in its earlier history. A 
few of the larger streams are bordered by bottom lands of alluvial soil, 
but the smaller streams are actively cutting their channel bottoms and 
transporting rather than depositing sediment. The area underlain by 
the Richmond coal basin in the eastern part of the county is noticeably 
flatter and at a lower elevation than the rest of the county. In this 
sectIOn the rocks are weaker, weather more rapidly, and consequently 
have suffered more erosion than the relatively resistant crystalline rocks 
to the west. 

DRAINAGE 

James River is the drainage channel for 6,242 square miles above 
Pemberton. It has an average flow of approximately 7,250 cubic feet 
per second. The largest flow ever recorded at Pemberton' was 149,0(l0 
second-feet at 11 a. Ill. on March 19, 1936.2 This contrasts with an 
extreme low minimum daily discharge of 348 second-feet on October 
5, 1930, during the most severe drought on record. The gradient, or 
fall, of James River through the county averages 1.5 feet per mile.' 

1 The stream gaging II tation is referred to as the Cartersville station. 
J UnpUblished records of the U. S. Geological Survey. 
' James River, Va. "30S" Report U. S. Corps of Engineers, War Dept.: 7Sd Cong., 

2d sess .. H. Doc. 192. p. 23, 1934. 
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The river has a width of 500 to 700 feet between banks which aver-
.e 12 to 15 feet high and in places reach 20 feet. 

at) The average run-off for James River above Pemberton over a 33-
year period, October 1, 1899, to September 30, 1904 and October 1, 
1905, to September 30, 1933, was 1.15 second-feet per squ~re mile. The 
~~erage run-off is 15.6 inches of water per year or approxunately 37 per 
cent of the precipitation. In a dry year like 1931 the run-off was only 7.8 
inches, whereas in a very wet year like 1903 the run-off was 24.7 inches. 

The river overflows its banks in places during floods at a stage of 
14 feet on the Cartersville gage, which is equivalent to a discharge of 
about 40,000 second-feet.' Owing to the flatness of the valley bottom 
which is intensively cultivated, overflow of the banks at any point is 
usually sufficient to cover wide areas of bottom farmland and cause 
extensive damage if crops are growing. During the 36-year period 
of record, the river has had a discharge of over 40,000 second-feet for 
a total of 176 days occurring in periods of 1 to 4 days duration. The 
most frequent month of overflow is reported to be March and the least 
frequent is August. 

The largest tributaries of James River in Goochland County are 
Byrd and Lickinghole creeks. Other important tributary streams in the 
county, named from west to east, are Little Byrd Creek, tributary to 
Byrd Creek, Little Lickinghole and Big Lickinghole creeks, Court House 
Creek, Beaverdam Creek, Genito Creek, Dover Creek, and Tuckahoe 
Creek. 

CLIMATE 

The climate of this area is markedly uniform, and favorable both 
to health and agriculture. The range of temperature between February 
and July, the coldest and hottest months, is about 42° F. The normal 
monthly temperature for February is 35° F., for July 77° F., for 
April 54° F ., and for October 56° F. The temperature rarely drops 
to more than a few degrees below zero and the maximum high is about 
1080 F ., a temperature recorded once at Columbia. The ground in ex
ceptional cases may free ze 15 inches deep, but the normal range is 2 to 
7 inches. The first killing frost is usually about the third week in Octo
ber, and never before the first of that month. The last killing frost 
generally occurs about the third week in April; never after the third 
week in May. 

The precipitation averages about 42 inches a year, and is normally 
well distributed. The spring and early summer. growing season is 
wettest, and the rainfall is generally least during the late summer and 
early fall, when tobacco curing is in progress. Alternate cold and warm 
spells in early spring are sometimes damaging to early crops, especially 

40p. cit. , J). 24. 
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the fruits. The James River valley is less favorable for early crops 
than the adjacent uplands because of the tendency of heavier cold air 
to settle in the valley. On many cool mornings .a dense fog settles in 
the valley and does not clear up until 8 a. m. or 9 a. m. . 

VEGETATION AND LAND USE 

Statistics from the 1930 census and compilations of the Virginia 
State Planning Board reveal that 65.8 per cent of Goochland County 
or 120,882 acres, was classified in 1929 as woodland, forest, swamp; 
land, waste, and unused land. Of this amount 52,964 acres, or 28.8 
per cent of the total area, was included in farm woodlands. The remain_ 
ing 62,718 acres, or 34.2 per cent of the land in the county, was cul
tivated land. In 1930 there were 1,054 farms in the county, with an 
average size of 107.7 acres. In that year 25,297 acres of cropland, or 
less than one-half of the cropland available, was harvested. 

The forests and woodlands of the county may be divided into two 
groups, one on the upland and one on bottom land. On the upland 
second growth hardwoods greatly predominate, though pines and scat
tered red cedar are plentiful. The hardwoods consist of white, post, 
chestnut, southern red, black, and blackjack oaks, hickory, walnut, sweet 
gum, black gum, beech, yellow poplar, sycamore, red maple, and holly. 
WhIte oaks outnumber any other species. Shortleaf and Virginia scrub 
pines are the most common evergreens. Red cedar has been largely cut 
out in recent years and shipped to Altavista, where it is used in manu
facture of cedar chests. 

The bottom lands along the streams have a predominant growth of 
willow, birch, sycamore and gum. Formerly yellow poplar, ash, beech, 
water and willow oak, red maple, and loblolly pine were also plentiful 
but these have now been largely cut out. 

The values' of crops and other farm produce in the county in 1930 
are shown in Table 1. 

TABLE I.-Value of farm prod1tcts £n Gooch/mid County £n 1930 

Product Value 
Corn and other cereals __________________________________ $ 315,927 
Hay and forage _________________________ ______ ________ __ 141,508 
Forest products __________________ . __ . __ ._______ _________ 95,048 
Dairy products ___ . ___ ._________________ ____________ ____ 92,963 
Chicken products ________________________________________ 91,894 
Poultry ___ _ _ _______ _ _ ___ _________ __ ___ _ _____ __ _____ _ _ ___ 81,527 
Tobacco (518,344 Ib, .) ________ ___________________ _______ 69,920 
Vegetables _____ _________________________________________ 61,414 

$ 950,201 
II' U. S. Bureau of the Cen8u8, Fifteenth Censu8 of the United States, vol. 2, Agri. 

culture, Part 2, the Southern States, pp. 171-293, 1930. 
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Farm woodlands of the county yielded forest products in 1929 

valued at $95,048, a value of $1.79 per acre of farm woodland. The 
production of forest products in 1929 is shown in Table 2. 

TABLE 2.-Forest products £n Goochland COlmly £n 1929 

Product Quantity 

Saw and veneer logs (board feet) ________________________ 3,512,000 
Pulpwood (cords) ______________________________________ 1,097 
Railroad ties ___________________ _________________________ 7,111 
Poles and piles _____________________ ____________________ 3,000 
Fence posts _________________________ __ __________________ 5,781 
Firewood (cords) _______________________________________ 9,142 

HISTORY AND DEVELOPMENT 

Goochland County was created in 1727 by the House of Burgesses 
of the Virginia Colony from Henrico County, one of the original eight 
shires into which the colony was divided in 1634. The new county was 
formed for the benefit of settlers who had migrated westward along the 
fertile valley of James River, and was named in honor of William 
Gooch, governor from 1727 to 1749. Among the earliest settlers were 
the Huguenot refugees from France who from 1699 to 1701 estab
lished communities on both the north and south sides of James River in 
the vicinity of Manakin. 

The section of country along James River is rich in historical lore 
and famous plantations. A number of old homes typifying the best 
in early Colonial to early nineteenth century architecture are still extant. 
Tuckahoe, a large H -shaped house, in the eastern part of the county, 
is said to have been built by William Randolph in 1690. Other old 
places bear names found many times in early Virginia annals. Among 
them are Bendover, Eastwood, Tabot built in 1855 by James A. Seddon, 
Confederate Secretary of War, Rock Castle, Dover, and Elk 'Hill, 
a plantation once owned by Thomas Jefferson. 

From its origin more than two centuries ago Goochland has always 
re~ained a predominantly agricultural county. At first, farming was 
confined to the very fertile alluvial soils on the floodplain of James 
River. As the pressure of population became greater, primeval forests 
on the uplands were cleared and "new ground" was brought into cul
tivation . Farm produce, principally tobacco in the earlier days, moved 
down treacherous roads and trails from the uplands to James River and 
thence down the water course to markets. Old roads worn 20 feet into 
the residual soils still testify to countIess thousands of such wagon 
journeys. (See PI. 4, A.) Soil resources were rapidly exploited in 
the early days and fields were worn out in the course of a few years 
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by soil washing and gullying. Land was plentiful, however, and new 
fields were cleared as the old ones were abandoned to second growth 
pine and weeds. (See Pl. 4, B.) The history of the county, in com
mon with many other counties of the State, has been a continuous record 
of "mining" soil resources. Only on the better plantations along James 
River were steps taken to protect the soil against excessively rapid 
erosion, by hillside ditching and planting of winter cover crops. 

The results of unscientific agriculture are evident from census 
statistics. An old map published about 1880 gives the population of the 
county as 10,313. The census of 1890 lists 9,958 people. In 1900 the 
population was 9,519; in 1910, 9,237 ; in 1920, 8,865; in 1930, 7,953. 
Not all of this decline can be attributed to normal migration toward 
urban centers. Agriculture has become less profitable both in total value 
of produce and relative to city or industrial occupation as a means of 
livelihood. Only by a well planned program of optimum land utilization, 
with scientific forestry and soil conservation, will the county be able to 
regain and maintain a status to which it is entitled by natural heritage. 

The need for adequate transportation facilities in marketing farm 
produce from the Piedmont was early recognized. For more than a 
century James River was ' the principal artery of traffic through the 
State from the "back-country" to tidewater. Improvement of the 
river for navigation was started at Richmond in 1785, by the first James 
River Company, with the object of providing a water route to the Ohio 
Valley. It continued · expanding westward, for 95 years, with vicis
situdes and varying political fortunes, always dependent in large measure 
on the public treasury. The early work improved the river for naviga
tion by bateaux and light draft boats from Richmond to Buchanan. 
In 1820 the second James River Company, and after 1835 the James 
River & Kanawha Company, succeeded in constructing a canal parallel 
to the river from Richmond to Buchanan. This canal extended along 
the north side of the river through Goochland County and before the 
War between the States was an enormous aid to agricultural expansion 
in the county. The traffic on the canal reached a peak in 1853 with a 
tonnage of more than 230,000 and a gross revenue of almost $300,000. 
The War between the States, the advent of railroads, and damaging 
floods in 1870 and 1877 combined to wreck the canal project. In 1880 
the James River & Kanawha Company, approaching bankruptcy, bur
dened by a huge debt and suffering heavy losses from railroad competi
tion, transferred its properties to the Richmond and Alleghany Railroad 
which was acquired eight years later by the present Chesapeake and 
Ohio Railway. In 1880 the canal was abandoned and the railroad 
tracks were constructed along the old towpath of the canal. This rail
road line because of its low grade is one of the chief routes for coal 
and heavy freight between Norfolk and the Middle West. 

, 
I 
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A typical land use pattern. The lighter areas are cultivated fields; the darker 
areas are wooded. Aerial photograph from the Soi l Conservat ion Service. 
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A. Old road worn into hill side. It is about 20 feet below the orig inal level. 
North of Byrd Creek, between Columbia and Lantana. 

B. Soil erosion in abandoned field now grown up in pine trees. 
South of Little Lickinghole Creck 
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In former y~ars much local heigh t, particularly lumber, cattle, and 
farm produce, was hauled by the railroad. In recent years with the 
decline in output of lumber and cattle fro111 the county, and with the 
advent of hard surfaced highways, much of the local shipping goes by 
truck to nearby cities. Two east-west highways cross the county, State 
Highway No.6 in the southern part and U. S. Highway No. 250 in 
the northern part. The latter is now the main l-oute from Charlottesville 
to Richmond. Two hard surfaced roads and several gravel roads con
nect these highways within the county. 

POPULATION 

Of the 7,953 people living in Goochland County in 1930, 3,813 
were native white persons, 26 foreign born, and 4,114 negroes. The 
population density was 27.7 persons per square mile. The county re
mains, as it has always been, wholly rural and predominantly agri
cultural. There is no incorporated town or village in the county. The 
principal settlements are Goochland (population 62), the county seat, 
Manakin (population 300), Fife (population 125), Cardwell (popula
tion 48), and Crozier (population 50) . The county seat consists of a 
courthouse built more than a hundred years ago (PI. 5, A), a jail long 
since fallen into disuse, a testimonial to the law-abiding character of 
the citizenry, several small brick offices in the court yard, two stores, a 
church, four garages, the county bank, a frame assembly hall, and a dozen 
homes more or less. 

There are three accredited high schools, one in each of the three 
magisterial districts. The State maintains a modern pnSOll farm for 
men at State Farm, and one for women at Maidens. 

MINERAL INDUSTRIES 

No manufacturing plants of commercial size are located in the 
county, though at Boscobel a large crushed stone plant is in operation. 
In 1934 exploratory anel development work was in progress at two gold 
mines, the Waller and Moss, near Tabscott, and one gold placer mine 
ai, Byrd Creek was being worked. In 1936 a new mill was erected at 
the Moss mine and a moderate production of gold was reported. The 
mine has not been operating since November, 1936 and no work has 
been in progress at the Waller mine since late in 1935. Prospecting 
and development were carried on at the Tellurium mine in 1936 and 1937 
and a small prospecting mill for gold recovery was installed in the 
spring of 1936. Placer operations are still in progress at several places 
in the county. 
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GEOLOGY 

GENERAL FEATURES 

The geology of Goochland County is complex. The rock forma_ 
tions, many of them among the oldest known in Virginia, have persisted 
with changing character through long periods of varied history. The 
oldest rocks have suffered profound alteration by great heat and pressure 
and the injections of molten magma, or liquid rock and gases, while 
buried miles deep in the earth's crust. Subsequently many of the 
formations have been severely mashed and granulated by enormous 
differential pressures of the type responsible for the upheaval of moun
tains. There is some evidence also to indicate that the formations have 
been sl iced into great wedges or slabs which have been shoved miles 
to the west along fracture surfaces, or low-angle planes of thrusting, 
called overthrust faults. Most of these remote events have left their 
records in the rocks. In some of the formations, however, they have 
produced changes so profound as to obscure completely the previous 
character of the rocks from which their origin could be traced. In other 
rocks new miner-als and new structures were added without obliterating 
the old. 

It is the province of geology to unravel this complex chain of 
events and establish an orderly sequence, not only for its scientific value 
but because it sheds light directly on the occurrence, nature and locai 
distribution of mineral deposits. It thus enables the prospect~r to know 
where to search.' the miner what to anticipate, and the property owner 
what to expect 111 regard to rock and mineral resources. 
. . In a lim.ited area of complex geology, such as Goochland County, 
It IS seldom pOSSIble to learn the whole story. Many observations by 
other workers III adjacent areas must be used to fill in the gaps. This 
has bee.n particularly true in Goochland County for two reasons: Many 
~orma~lOns cross the county in belts because the long axis of the county 
IS at nght angles to the northeast trend of the rocks. Deep weathering 
has blanketed much of the county with a cover of soil and decayed rock 
which masks the bedrock beneath, and there are now insufficient ex
posures of fresh bedrock to tell all of the geologic history. 

ROCKS AND MINERALS 

Rocks.-The earth's crust, that outer shel! of the earth beneath 
the atmosphere and bodies of water, is composed almost entirely of solid 
rock, called bedroc~. ThIS bedrock has been exposed naturally and in 
man-made excavatto~s at nu.merous places in Goochland County, for 
example, along the hIghway Just east of Columbia. Throughout much 
of the county, however, the bedrock is overlain by decayed rock mate-
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rials, and the soil and subsoil, together called the mantle rock or 
regolith. In a geological sense, this mantle is considered to be rock. 

All varieties of bedrock are generally classified by geologists and 
engineers in three groups, namely, igneous, 'sedimentary, and meta
morphic. Igneous rocks have been formed by the cooling and solidifica
tion of masses of molten rock originating deep in the earth. Some of the 
molten rock cooled and crystallized while still at considerable depths 
below the surface, making intrusive ignequs rocks, whereas other masses 
were forced to the surface, as lava flows and eruptions of volcanic 
debris forming extrusive igneous rocks. Common intrusive igneous 
rocks are granite and pegmatite, although other varieties, such as dia
base, peridotite, and pyroxenite are found in Goochland County. The 
first two named are light colored and medium to very coarse grained; 
the others are rather dark colored and may be more or less coarse 
grained. These rocks have been exposed by the removal of overlying 
rocks through the normal processes of erosion . The aporhyolite in the 
eastern part of the county was probably in part erupted as lava and 
volcanic debris. It -has since been much altered into a. type of meta
morphic rock. 

Sedimentary rocks are commonly in beds, or layers. Most of them 
have been formed by the deposition of sediment-gravel, sand, mud, 
organic remains, and chemical precipitates-in or along bodies of water, 
such as seas, lakes, swamps, and rivers. Hence in many places the beds 
contain fossil remains of the invertebrate and vertebrate animals and 
the plants that lived at the times of deposition. Such organic remains 
are called fossils. The common varieties of sedimentary rock which are 
found in the southeastern part of Goochland County are conglomerate,6 

sandstone, shale, and coal. Limestone is another very common kind of 
sedimentary rock, but it is absent from the county. 

Metamorphic rocks, the most abundant group in Goochland County, 
have been derived from igneous or sedimentary rocks by profound altera
tion. Great heat and pressure, accompanied by chemical changes, have 
caused the minerals in the original rocks to take on new physical forms 
or to combine into new minerals better adapted to the new environments. 
Gneiss and schist are common types of metamorphic rocks in the county. 
Gneiss superficially resembles granite, but close inspection shows that 
the minerals are arranged in more or less definite streaks or bands, the 
result of the enormous pressure deep in the earth's crust, to which the 
parent rocks were subjected. Schist is a crystalline rock in which 
metamorphic processes have developed cleavage. The varieties are named 
according to the predominant mineral, for example, mica schist. 

e See Glossary. 
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Minerals.-A mineral may be defined as a substance in the earth's 
crust, which has a definite and ~niform chemical composition and charac_ 
teristic physical properties. Thus a mineral may be a chemical element 
or a chemical compound, either of simple or complex composition. 
Graphite, composed of carbon (C), and gold (Au) are examples of 
minerals composed of an element. Both are found locally in Gooch
land County. Quartz, composed of si lica (Si02 ), is a common mineral 
having a simple chemical composition. Feldspar, on the other hand, has 

... a complex composition. The common variety, orthoclase, contains 
potash, alumina, and silica. 

Many of the minerals are "rock makers," that is, they occur chiefly 
as essential constituents of rocks. Some of the minerals in these rocks, 
such as feldspar and mica in pegmatites, may be of considerable economic 
importance. The rocks themselves, such as granite and soapstone, may 
have industrial uses. Other minerals may contain valuable metals, such 
as lead in the mineral galena and titanium in the minerals rutile and 
ilmenite. Sti1l others, such as kyanite and asbestos, are nonmetals of 
commercial im,portance where they occur in large deposits of high 
quality. 

CRYSTALLINE ROCKS 

Wissahickon formation.-The Wissahickon formation is named 
after Wissahickon Creek in P hiladelphia, Pa., where it was first de
scribed. It occurs in two belts crossing Goochland County. These belts 
differ greatly in their geologic history and in the rock types of which 
they are composed. 

The eastern belt of the Wissahickon formation is much wider than 
the western belt. It extends through Gum Springs, Pemberton, Sandy 
Hook, and Goochland Court House. It is made up of several types of 
rocks, the oldest of which are biotite schists and gneisses of high-rank 
or intense metamorphism. Injected into them are a few layers of horn
blende gneiss and biotite granite, probably equivalent to the Columbia 
granite, described below, and a great quantity of muscovite granite and 
pegmatite of younger age and probably equivalent to similar rocks in the 
pegmatite belt. The injected igneous rocks generally follow the folia
tion planes of the older schists, but in some places both the muscovite 
granite and pegmatite cut the schists at all angles. The successive in
jections of molten igneous material have so altered the schists that it is 
impossible to determine their original character. Evidence at places 
outside of this county, however, where injection is less abundant or ab
sent, indicates that these schists were derived from sedimentary rocks, 
such as shale and sandstone. Subsequent to alI of these injections the 
whole formation has been folded and crumpled into open folds, which 
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in many places resemble the folded structures in rocks of the Appalachian 
Valley and Ridge province. (See PI. 5, B.) Most of the mica and 
feldspar deposits of the county are included in this belt. 

The western belt extends from South Anna River through Shan
non Hill, Tabscott, and Priors Cross Roads to within a mile of Columbia. 
It consists "f a series of foliated metamorphic rocks, chiefly chloritic, 
garnetiferous, and biotite schists, quartz-sericite schists, and sericitic 
quartzites. Other less common varieties, namely, biotite gneiss, biotite 
quartzite, kyanite quartzite, and hornblende schist, are found in scat
tered outcrops. These types are interbedded in a varying succession 
and a single type can rarely be traced more than a mile in one band. 
The foliation has a general northeast strike or trend, and a dip of 45° to 
the southeast. 

These rocks differ from members of the same formation in the 
eastern belt in two major respects: They lack the lit par lit ( layer-by
layer) inj ection of granite which is so pronounced in the eastern belt, 
and they have been subjected to differential stresses during mountain 
building which have crushed and granulated them to a more pronounced 
extent. New minerals have been formed, particularly sericite and 
chlorite which are two of the most abundant minerals. A new facies 
of metamorphism has resulted, which is lower in the scale of meta
morphic intensity than that which previously affected the rocks7 In 
other words, because of their position in a zone of differential move
ment associated with thrust faulting in the upper crust of the earth, 
these rocks have suffered retrogression from their original more highly 
developed type of metamorphism. The gold mines of the county are 
confined to this belt and the adjoining mashed, or mylonitized, Shelton 
granite-gneiss on the west. The formation is of pre-Cambrian age. 
(See geologic time scale, p. 47.) 

State Farm g1teiss.-The State Farm gneiss is named herewith 
from typical outcrops near State Farm. (See PI. 6, A.) It occurs in 
a wide belt extending from Perkinsville to Centerville, and from State 
Farm to Sabot. It is a relatively uniform, even-banded gneiss with weIl 
developed foliation. (See PI. 6, B.) It is light to dark gray and 
medium grained. It differs from the adjacent Wissahickon formation 
in several respects: In general it lacks lit par lit igneous injection and 
it is a completely recrystallized product of thorough igneous invasion 
and almost complete assimilation or displacement of older schists; it 
shows only a limited amount of folding in any single outcrop; and it 
shows numerous divergences in structure from the regional trend. 

This gneiss appears to be derived for the most part from an igneous 
1For a detailed discussion of this subject see: Jonas, A. 1., Geology of the kyanite 

belt in Virltinia: Virltinia Geol. Survey Bull. 88, pp. 1-88. 1982. 



14 GEOLOGY AND MINERAL RESOURCES OF GOOCHLAND COUNTY 

r~c~, such. as granite, which has thoroughly invaded an old series of 
bIOtite schists, probably of Wissahickon age. The resulting formation 
has been so thoroughly recrystallized that most traces of its oriain ha 
been obliterated. The absence of fresh exposures of the Sta:e Fa ve 

. I ~ 
gneiss a ong the contact with the granitized Wissahickon belt to the west 
precludes a definite determination of their relationship. So far as 
observed this boundary appears gradational. Tbe State Farm gneiss is 
older than both the aporhyolite, which shows none of the intense re
crystall ization, and the Petersburg granite which does not have any of 
the folIated or gneIssIC structure. Inasmuch as no conclusive proof has 
been ad.vanc~d elsewhere in the eastern Virginia Piedmont and none was 
fo~nd I.n this county for the existence of a formation older than the 
WI~sahIckon, the State Farm gneiss is tentatively considered to be 
de:l:,ed frol? a younger igneous injection which took place after the 
ong~nal sedIments of the \Vissahickon were laid down but before in
tru~lOn of the magmas that formed the rocks now classed as hornblende 
gneiss and Columbia granite. The best exposures of the formation are 
at the type locality, State Farm quarries, on the Chesapeake and Ohio 
Railway. The formation is of pre-Cambrian age. 

. Columbia granit~.-The Columbia granite is" a light-gray, medium
gram.ed, gnelss~c bIOtite gral1lte (petrologically a granodiorite). It oc
curs 111 a belt lYIng east of the western belt of the Wissahickon formation 
and extends fro~n Columbia. t~ beyond the northern boundary of th~ 
county .. Parallehsm of thebl?tlte Rakes produced by metamorphic pres
Sttt es gl.ves the r?ck ~ gneIssIC structure. The Columbia granite is in
truded ll1 the Wlssah.lckon formation and is therefore younger. It is 
older. th~n the Arvol1la slate, of Ordovician age, which unconformably 
overlies It, as shown in an outcrop along the Chesapeake and Ohio Rail
way at .Carysbrook. In most places it is separated from the Wissahickon 
formatIOn by a border facies, or zone, of hornblende gneiss, which is 
als~ y?unger. than the Wissahickon, but older than the granite. This 
fac~es IS consl~ered to be an earlier differentiation product of the magma 
whlcb on coohng formed the Columbia granite. The best exposure and 
the type locahty of the Columbia granite are in the Cowherd quarries 
at Columbia (PI. 7, A), on State Highway No.6. 

Sl~elton granite gneiss.-The Shelton granite gneiss is poorly ex
posed 111 a small area northwest of Tabscott, in the northwest corner 
?f the county. It is a fine-grained, gray, gneissic granite with a crushed 
Internal structure that was produced by the same forces that so pro
foundly altered the western belt of the Wissahickon formation. It is a 
l11!lonitized or crushed facies of the Columbia granite and, like it, con
tams many bands of hornblende gneiss. 

\ 
I 

GEOLOGY 15 

Pegmatite belt.-The "pegmatite belt" lies east of the Columbia 
granite, and extends through the county from Island to Hadensville, hav
ing an average width of 3 miles. It is characterized by an abundance 
of pegmatite and muscovite granite. The pegmatites are very coarse
grained, light-colored igneous rocks composed chiefly of feldspar, quartz 
a~d mica. They and the muscovite granite are younger than the Colum
bia granite. The boundary of the pegmatite belt with the Columbia 
granite is well defined. A few layers of hornblende gneiss and biotite 
granite, probably equivalent to tbe Columbia grani te and its border 
facies, are also present in this belt. The several types are complexly 
intermixed. In general the dip of the foliation is southeast, but fold
ing of the entire complex has produced many local variations. 

Elk Hill comple.t:.-The E lk Hill complex lies east of the peg
matite belt, and extends f rom East Leake to Elk Hill. It is named from 
good exposures in bluffs along the Chesapeake and Ohio Railway south 
of Elk Hill. The formation is composed of hornblende gneiss, biotite 
granite, muscovite granite, ,and pegmatite, named in the order of their 
age. The large amount of hornblende gneiss distinguishes this belt from 
others in the county. (See PI. 7, B.) The biotite granite is probably 
equivalent to the Columbia granite, but the muscovite granite and peg
matite are younger. The prevailing dip of the gneissic structure is south
east. 

Both this complex and the pegmatite belt are equivalent to other 
igneous rocks of the county, sllch as the Columbia granite and the 
muscovite granite injected into the Wissahickon formation . Some 
geologists have included these belts in the granitized Wissahickon. They 
are described separately here because they can be generally distinguished 
in the field. 

Pyroxenite dikes.-Pyroxenite dikes occllr at several places in the 
county. The rock is dark green, coarse grained, and is high in iron 
and magnesia. One of the best exposed dikes is on U . S. Highway 250, 
one mile west of Hadensville. In some places these dikes have been 
altered along their . borders to soapstone. A dike of altered peridotite 
west of Cardwell shows seams of asbestos. These dikes cut all of the 
formations having pronounced gneissic structure and, therefore, are 
younger, but are probably older than the aporhyolite and Petersburg 
granite with which they are not in contact. 

Aporhyolite.-Aporhyolite crops Ollt east and northeast of Center
ville, in the northeastern part of the county. It is a fine-grained to 
dense, greenish-gray, highly fractured volcanic rock, which accumulated 
originally at or near the surface of the earth and was formed from 
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molten rock rising from the interior. The local area is an outlier of 
the great belt of volcanic rocks that extends from Keysville, Va ., south
ward to Georgia. The age of the aporhyolite is not definitely known. 
It is younger than the State Farm gneiss, but it is older than the Peters
burg granite, which is in jected into it. It may be either late pre
Cambrian or early Paleozoic. 

Petersburg granite.- The Petersburg granite is a coarse-grained, 
white and pink, muscovite granite. It is exposed in the Boscobel quar
ries (PI. 8, A), and for some distance to the north. It has thoroughly 
invaded an older formation, which is for the most part the aporhyolite, 
but which is so al tered in many places by the inj ection as to. defy 
positive correlation. The granite in Goochland County is an outlying 
area of the Petersburg granite, which is exposed in many quarries in 
Henrico County, and in outcrops along Tuckahoe Creek, on the op
posite side of the Richmond coal basin. 

TRIASSIC ROC KS 

Sandstone and shale .-Triassic sandstone and shale containing sev
eral seams of coal occur east of Manakin and cover the eastern part of 
the county.8 This series is composed of sediments which were deposited 
in shallow lagoons, swamps, and on river flood plains. After consolida
tion these rocks sank along nearly vertical faults and for this reason 
have been in part preserved from erosion. Most of the sandstones and 
shales are gray to buff, but in places, especially near the edges of the 
basin, conglomerate (PI. 8, B), red and black shale, coal seams, and 
red sandstones crop out. The lower part of the series, exposed in the 
vicinity of Manakin and again along Tuckahoe Creek, is called the "Coal 
Measures. " The overlying thick beds of gray to buff sandstone and 
shale have been named the Vinita sandstone9 from typical outcrops at 
Vinita Station on the Chesapeake and Ohio Railway. Large coal mines 
were formerly worked near Manakin. 

Diabase.-Diabase dikes of late Triassic age have been intruded into 
the Triassic sandstones as well as the older rocks. They are the youngest 
igneous rocks in the county. One of the largest dikes, 250 feet wide, 
crosses State Highway No.6, one mile east of Columbia. The rock in 
these dikes is dark green to black and medium 10 fine grained. It dif
fers in one notable respect from other igneous rocks in the county. It 
has not been crushed or metamorphosed in any way since its formation, 
·and thus retains all of its original structure and texture. 

8 Roberts. J. K., The geology of the Virginia Triassic: Virginia Geol. Survey Bull. 
29, H128 . 

• Shaler, N. S., and Woodworth, J. B., Geology of the Richmond Basin, Virginia: 
U . S. Geol. Survey Nineteenth Ann. Rept. , pt. 2, p. 4S5, 1899. 
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A. Goochland County Courthousc. Built more than 100 ycars ago. 

B. , ¥ issahickon gneiss one mile north of Gooch land Court House. Pegmatitic 
muscovite granite has been inj ected into biotite schist. 
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A. State Farm gneiss at State Farm quarries. 

B. Tex ture of the Slate Farm gneiss . 
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SOILS 

Long continued weathering of the rock formations, during the last 
few thousand and perhaps hundred thousand years, has produced a thick 
zone of decomposed rock on .which soils of various types have been 
developed. This zone of rock decay, with a maxium thickness of SO 
teet or ,more on the upland divides, has been variously tenned the 
flmantle rock," 41regolith," and ((saprolite." Soils developed on this 
residual decayed rock are classified according to their texture, structure, 
color, organic and colloid content, and drainage conditions. All soils of 
the county are residual soils except those on the floodplain of James 
River and a few of its larger tributaries, which are classed as alluvial 
or deposited soils. 

The soils of Goochland County have not been mapped. Soil surveys 
of Louisa, Hanover, Henrico, and Chesterfield counties were made be
tween 1905 and 1913 by the U. S. Bureau of Chemistry and Soils. 
From these reports a general outline of soil types to be expected in 
Goochland County may be obtained. 

The predominant soils in the county belong to the Cecil and Iredell 
series. The Cecil soils are yellowish clays, si lty loams, fine sandy· 
loams, and sands, 6 to 15 inches deep, with subsoils to a depth of 36 
inches composed of friable and greasy, heavy red clays. They have been 
derived from light- to dark-gray granites and gneisses. 

The Durham series derived from similar rocks consists of gray to 
pale-yellow sandy loam with a yellow moderately friable sandy clay 
subsoil beginning at a depth of 10 inches. This type is developed par
ticularly in the northeastern part of the county. 

The Iredell soils consist of dark-brown clay loams, 6 to 16 inches 
thick, over a yellowish and reddish heavy clay subsoil as much as 36 
inches deep. They have been formed from the decay of dark-green 
hornblende gneisses, trap dikes, and other basic rocks. 

The Penn clay loam is a soil developed on the Triassic formations 
in the eastern part of the county. It is characterized by its peculiar 
I ndian red color, particularly in the subsoil. The soil type consists of 
grayish-brown to reddish-brown, f riable clay loam to silty clay loam, 
which passes at a depth of about 6 to 12 inches into red, moderately 
friable clay. The Granville silty clay loam is a related type, also 
derived from T riassic formations . It has a yellowish to pale-yellow 
silty clay loam topsoil which grades into a yellow silty clay, and at about 
20 inches to mottled yellow, gray, and reddish subsoil becoming heavier 
and more plastic with depth. 

The alluvial soil along James River is largely Congaree silt loam. 
This soil is a reddish-brown to chocolate-colored, mellow silt loam, 
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wh!ch cha.nges but. little within the 3-foot section below the surface. 
ThIs SOIl IS exceedll1gly fertile and very productive, but is subject to 
frequent overflow dunng flood stages on the river. Other alluvial soils 
less common an~ p:esent on benches and better drained higher portions 
of the flood plam mclude types of the Altavista and Wickham series 
These are older alluvium and in part colluvium deposited from the im: 
medIate slopes. 

I 
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MINERAL RESOURCES 

General featttres.-Gold was discovered in Goochland County about 
f829 in placer gravels on the Collins place. In 1832, veins were found 
at the sitt of the Waller mine, and in the next few years all the important 
veins known in the district were prospected. The earliest mining was 
confined to washing the placer gravels in crude rockers, sluice boxes, 
and f/ long toms." The first ore mined from the veins was ground in 
Chilean mills consisting of stone disks rolling in a stone basin. By 
1836, a primitive stamp mill, believed to be the first in America, had 
been erected at the Tellurium mine. It consisted of square, non-rotating, 
wooden stamps with iron shoes, working in iron die plates. At least 
four other stamp mills had been erected before the War between the 
States stopped all mining operations. A number of attempts were made 
in the 1880's and 1890's and again about 1910 to revive mining in the 
county, but with littTe success. Beginning in 1930, renewed interest, and 
in 1933 increase in the price of gold, has led to development work and 
prospecting, especially at the Waller, Moss and Tellurium lode mines, 
and the Collins placer mine. 

No adequate records of production are available, but fragmentary 
evidence indicates that between $500,000 and $1,000,000 worth of gold 
has been recovered in Goochland County. If the recovery of gold at 
the Tellurium mine, however, amounted to $1,000,000, as reported by 
Watson," then the total production from the county would be about 
$1,500,000. 

Gold-bearing veins, or lodes, and replacement deposits are largely 
confined to the western belt of the Wissahickon formation, but they also 
extend into the hornblende schist on the east and the Shelton granite 
gneiss on the west. The foliation of these rocks has a prevailing strike 
N. 50° E., and an average dip of 45° SE. The veins almost invariably 
follow the foliation, with rare offsets along zones of cross-fracturing. 
Important cross veins are rare in the district, the ,4West" vein at the 
Tellurium mine being the only important one reported. 

Quartz veins and stringer lodes constitute the important ore de
posits of the county. Both types are frequently accompanied by mineral
ization of the wall rock. In a few places the wall rock is silicified to 
such an extent that individual stringers are traceable with difficulty, and 
the ore body is termed a replacement deposit. The veins, stringer lodes 
and replacement deposits are gradational into one another and one ore 

10 See algo Taber, Stephen. Geology of the gold belt in the James River bagin, Vir· 
ginia : Virginia Geol. Survey Bull. 7, 1913: and Park. C. F .. Jr., Preliminary report on 
gold deposits of the Virginia Piedmont: Virginia Geol. Survey Bull. 44. 1936. 

11 Watson, T. L., Mineral resources of Virginia: Virginia·Jamestown Exposition Com· 
mission, Lynchburg, Va., p. 559, 1907. 
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deposit may exhibit in different parts characteristics of each type. Both 
the veins and replacement deposits are lenticular in vertical and longi
tudinal sections and show a pinching and swelling characteristic of ore 
bodies in schist. So far as observed, well-defined faulting is negligible, 
but most of the deposits occur along zones of fracturing in the country 
rock, and post-mineral slipping along the veins has been noted in several 
mines. The veins range in size from a knife-edge seam to five feet or 
more wide. Many of the gold veins are found along the contact of mica 
schist and hornblende schist, but they are not confined to this position. 
Well-defined ore shoots are to be expected in these veins in common 
with veins throughout the Southern Appalachian region. Development 
work in this county, however, has not yet been sufficient to outline them 
definitely as to size and shape. 

The veins are composed dominantly of quartz, but in some, feldspar 
is a prominent gangue mineral. At the Young American mine the vein 
rock strongly resembles a pegmatite of high quartz content, which sug
gests that it originated under similar conditions of high temperature 
and pressure. In most mines sericite is, next to quartz, the most 
abundant gangue mineral. Carbonates, principally ankerite and calcite, 
and chlorite are other gangue minerals locally prominent. 

The most abundant are minerals are usually pyrite and chalcopyrite. 
Free gold is locally present in visible grains, especially in the oxidized 
ores, but more commonly is disseminated through the are in exceedingly 
minute particles. Galena, sphalerite, pyrrhotite, and tetradymite have 
been found sparingly in the primary ores. Marcasite, pyromorphite and 
vanadinite occur as secondary minerals. 

The mineralogy, texture, and structure of the veins show that they 
are of deep-seated origin and that they were formed by ascending ore 
solutions of magmatic origin, probably given off as a final cooling product 
of one of the magmas from which the adjacent granites were formed. 

The two problems of most practical importance to mining are: 
(1) To what extent the rich gold deposits near the surface are second
ary chetnical concentrations effected by circulating ground water and 
what, therefore, will be the relative value of the primary ores below; 
and (2) will primary ore of workable grade extend to considerable 
depths? Unfortunately, little evidence bearing on either of these per
tinent questions could be obtained ;n this county. The Moss mine, at 
a depth of 150 feet on the dip of the vein, shows valuable ore which 
appears to be of primary origin, but this depth represents just about 
the dividing line between weathered country rock with oxidized ores, 
and unaltered bedrock with primary ores. In most mines of the 
Southern Appalachian region, gold was the last ore mineral to be 
deposited. Geologists who studied the primary ores from other dis-
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tricts concluded it was of magmatic origin, and this seems scarcely open 
to doubt regarding ores from depths of 300 to 800 feet. A: 150 feet, 
however, there is some reason to question whether the gold nught not be 

concentrated in part from above. 
. A number of mines in the South have yielded high-grade gold ore 
at depth~ of 300 to 800 feet, or far below the zone of pOSSible surface 
enrichment. Laney12 reports a sizeable are shoot, at a ~epth of 800 
feet, in the Gold Hill mine, Rowan County, N. C., that car ned from $10 
to $385 per ton in gold. Profitable operations have extended to depths 
of 650 feet at the Phoenix mine in Cabarrus County, N. C, to 600 feet 
at the lola mine in Montgomery County, N. C, and well mto the 
primary zone at numerous other mines in the South. Most of the 
deposits of this region were formed in the deep-seated hypothermal zone, 
and no evidence has yet been advanced to show that they should not ex
tend to depths of at least several thousand feet below the present surface. 

Waller mi1te.-The Waller mine is half a mile southeast of Tabscott. 
(See PI. 2.) Taber" says it "was discovered in 1831, and dunng that 
year Cole and Woolfork carried on surface washm~s for sever~l n~onth.s. 
Veins were discovered by Moss in 1832, and a vem 6 f:et thick IS Said 
to have been opened by the Fishers and worked until the land was 

h d b Wm K Smith Later it was sold to R ichards, of New 
purc ase y ..' ld . E r h 
York, who worked the mine 12 months and then so It t.o an . ng I~ 
company for a large sum. After two years, during wluch it IS Said 
to have been badly managed, the property was divided and sold m two 
parts (about 1855). Since that time only the western part of the old 
estate has been known as the Waller mine. In 1865, Turner, Hughes 
& Co. sank a shaft and did some development work, .... " In 1876, 
30 days work was done on the property. In 1910, a company sank a 
shaft 72 feet, and drove cross-cuts northwest at 45 and 60 foot depths. 
In the lower cross-cut the vein was found, bUt a dnft started southeast 
soon ran into old workings. In 1911 another shaft was sunk, but at 
the time of Taber's visit had not cut any veins. . . 

The Goochland Gold Mines Holding Corporation was orgamzed m 
September 1930, and acquired control of a mining tract saId to cov~r 
about 1,200 acres. Prospecting work was begun .at onc~ and certam 
old workings were cleaned out, this operation lastmg until May 1931. 
On March 23, 1932, the new vertical Cohn shaft (PI. 9, A) was started 
at a point about 300 feet southeast of the supposed outcrop of the 
Waller .vein. The shaft was 300 feet deep 111 January 1933. Develop
ment work was carried on at the 300-foot level through the summer 
of 1933 until the present cross-cuts and drifts were completed. 

1 ~ Laney, F. B. The Gold Hill mining district of North Carolina: North Carolina 
Geol. and Econ. Survey Bull. 21, pp. 98-102, 1910. 

13 Op. cit., pp. 148-161. 

I 
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Details of the old English work are k 
during 1910 and 1911 other than the briet"°\ nown, nor of the work 
first work of the present con d no es gIven by Taber. The 
Ft· lpany, un er the direction of M L 

aus , consisted of sinking a vertical shaft i h' r. eo 
believed to be the "Waller" At d h n t e hangmg wall of a vein 
14 f . a ept of 41 feet a . 

eet northwest entered old work' I . I ' cross-cut dnven 
retimbered for a considerable di stal~~lgsi w lie 1 w~re ~leaned out and 
was then sunk 14 feet deeper u fl :t . n each dIrectIOn. The shaft 
I I d 'f n I I 1I1tersected the vein At h' 
eve n ts were run on the vein for 105 fl ' t IS 

northeast. eet sout nvest and 12 feet 

The Cohn shaft is located' tl h . 
At a depth of 300 feet 111 10 angmg wall side of this vein 

a cross-cut extends 160 f t N 370 . 
feet from the shaft drifts run 60 feet no th ee . W. At 80 

The total production of the Wall r e~st and 84 feet southwest. 
t er mIne IS unknown A f f men ary records have Come to I' ht ' . . ew rag-

h Ig 111 pnvate reports d' d 
t e old court records at Goochl d C H Iscovere among 
. an ourt ouse Mr 0 MD' 
111 a report dated October 24, 1852 sa s. ,,' '. ac amel 
have been washed from the su f '/. ' Many thousand dollars 
and the ravine below the (W rllace) eart m the bed of a small stream 
d' a er veIn " I ' Irectors of the Waller Gold M" C· ·· ·· n a report to the 
11855, a statement by Mr. Gre m~,g ompany dated February 21, 
tons of ore from the Tellurium

gg
,. t e slupenntendent, says that 1,500 

f I vem, va ued at £ 1 500 . d 2000 
rom t 10 Waller vein valued at £ 10 000 h '. an , tons 

the mill. S ince no appreciable ua t"~ f ad been ~aIsed and were at 
day, this ore must have been e~en~ul iJ 0 ?l~e remam~ at the mine to
are true, it yielded 1110re than $55000 a l m1 ed, and I f the valuations 
ings and value of the or , . ons~denng the extent of work
to $75,000. e, the total productIOn is estimated at $60,000 

The country rock penetrated b th C . . 
grayish-green hornblende schist and Yban~ed ~:~ ~;af~ IS, In large part, 
bands are highly quartzose and h ~ en e gneIss. A few 
series appears to represent' a t

ave
, been called Impure quartzite. The 

b' con ammated border fa' f h C la granite, in which the earl b " . Cles 0 t e olum-
quartzose schists and partially aYss ' a.sl,c

t 
dddl'lerentlate has injected the 

b Iml a e t 10m The . h . 
een completely recrystallized d' . ' senes as Since 

gneissic banding follows the regio unlng
t 

:~glOnal l?etamorphism. The 
On the 300-foot Jevel small na s rl, e, and dIps about 45° SE. 

f ' lrregu ar masses lense d . o quartz appear noticeably at 50 f ,s, an strmgers 
well as less abundantly at oth . eet and 80 feet from the shaft, as 

II b er pomts The quart . I era y arren of sulphides b til' z IS gassy and gen-
(or ankerite) are in a fe\; pI~cesl11a a~nounts. of . feldspar and calcite 
the shaft a 2-inch stringer of C~,a~~~ocI~Jed WIth It. At 70 feet from 
at other points small irregula py f te and bormte was cut, and 

r masses 0 these sulphides were found. 

I 
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At 77 feet from the shaft in the cross-cut, two parallel fractures occur 
about four inches apart. They strike N. 50° E. and dip 65° NW. 
Slipping has taken place along these planes, and they show slickensides 
as well as a thin film of reddish, clayey gouge. They have been fol
lowed by short drifts. Stringers and lenses of quartz up to 18 inches 
ihick, approximately parallel to these fractures, are found in the drifts. 
They a~ not continuous, but branching and lenticular, and where one 
stringer pinches out it is in places replaced by another at a different 
horizon. 

Taber" says the Waller vein, as traced by old cuts and pits for 
300 yards on the surface, strikes N . 58° E., and dips 45° SE. This 
vein was only 1 to 4 inches thick in the workings where Taber observed 
it. However, a shaft sunk in 1852 is said to have exposed a section of 
this vein 30 inches thick. The Goochland vein cut in the early workings 
is said to have been 4 feet thick near the surface. Mr. Faust believes 
that a mineralized quartzose band penetrated between 275 and 288 feet 
in the Cohn shaft is the extension of the Goochland vein. The writer 
had no opportunity to observe this band because the shaft was closely 
lagged, but it seems doubtful that any of the quartzose bands in the 
gneiss are a direct extension of the well defined quartz veins cut near 
the surface. T he failure of assays to show any appreciable values in 
these bands lends some weight to this conclusion. 

No commercial ore has been found in the Cohn workings. The 
only appreciable values found in numerous assays" were $4.20 in gold 
per ton (at $35 per ounce) for a 5-foot mineralized band at 145 feet in 
the shaft, and $7.00 per ton in gold for the 2-inch sulphide stringer cut 
70 feet from the bottom of the shaft. Assays on quartz stringers, in
cluding those showing chalcopyrite, failed to give more than 0.02 oz. 
of gold per ton, except in one case where 0.08 oz. was reported. 

The conclusion must follow from study of the Cohn workings that 
either the veins reputed to have y ielded rich ore near the surface do 
not follow the same inclination in depth, and hence the Cohn workings 
are not sufficiently extensive to cut them, or else the veins pinch out be
fore reaching the 300-foot level. The first hypothesis seems unlikely 
since the gneissic banding maintains a uniform dip, and no cross veins 
are known at the surface. It is possible on the other hand that the deep 
workings have only exposed a pinched and barren section on the dip 
of the vein which is represented at this level by fractures and stringers 
found at certain points. 

Moss mine.-The Moss mine is 10 miles southwest of Tabscott. 
(See PI. 2.) It is said to have been discovered by John Moss in 1835. In 

14 Op. cit., pp. 148-151. 
15 Private report of Edmund Newton, dated August 29, 1934. 
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1836, according to a report by Silliman." the mine was developed by two 
inclined shafts, 31 and 50 feet deep, connected at the 30-foot level by a 
drift 70 feet long which gave a continuous exposure of the vein. Silli
man's measurements on the vein at this depth ranged from 16 to 30 
inches in width, with an average of 24 inches. The mine was worked 
for two years during this period, or until 1838. It was reopened in 1891 
by G. H. Manning who sank the No.1 incline shaft, often known as 
the Manning shaft, to a depth of 48 feet. No drifting was done but 
tests of the ore from the shaft and an open Cllt to the southwest were 
made in a 3-stamp prospecting mill. In 1893 the mine was leased by 
a Mr. Stevens, who sank No.1 shaft to a depth of 72 feet on the in
cline, sank another shaft, known as the Old Stevens shaft, about 70 
feet southwest of No. 1 and connected the two by a drift on the 72-fool 
level. 

Beginning in the spring of 1902 and continuing into 1904, the 
property was again worked under lease by a Mr. Draper, who added an
other battery of three stamps to the mill. During this period' No. 1 
shaft was sunk to a depth of ll8 feet on the slope of the vein. At 
62 feet a set of three drifts, one directly over the other, in lieu of 
stoping, was run for a total distance of 285 feet along the vein. A 
second old shaft was sunk to 130 feet on the slope, and drifts were 
run 60 feet in each direction on the vein at a depth of 110 feet. The 
last 20 feet of each drift is reported to have been stoped to a height 
of 20 feet above the floor of the drift. The exact location of this 
shaft is not certain. It may have been the Old Stevens shaft. In any 
event it was probably between No.1 and the present No.2 shafts, and 
the old drifts passed through by the No.2 shaft are probably the ones 
run by Draper. All of these older workings were inaccessible at the 
time of the writer's visit in 1931. 

Another period of development began in December 1931 when the 
mine was purchased by J. C. Williams, Sr., and others. Following 
some unsuccessful attempts to reopen the old workings, Mr. Williams 
put down a drainage shaft in the footwall, 70 feet back of the vein. 
This shaft was sunk on a 45 0 incline to a depth of 132 feet solely 
for the purpose of draining the upper portions of the old workings 
to permit their retimbering. T he No. 1 or Manning shaft was then 
reconditioned and sunk to a depth of ISO feet on the incline. (See 
F ig. 2.) At the ISO-foot level drifts were run 105 feet northeast and 
173 feet southwest. No.2 shaft, 208 feet southwest of No.1 at the 
surface along the strike of the vein, was sunk to a depth of 106 feet 
on the incline. During his exploration work, Williams erected a 3-stamp 

1G Silliman, Benjamin, Remarks on some of the gold mines and on parts of the gold 
region of Virginia: Am. Jour. Sci., 1st tier. , vol. 32, pp. 98·1S0. 1837. 

VIRGINIA GEOLOG ICAL SURVEY BULLETI :-.' 48 PLATE 7 

A. Columbia g ran ite at the type locality just cast of Columbia, along 
State Hig'hway No.6. 

B. E lk Hill complex. H ornblende gneiss ( dark ) injected 
by pegmatite. In road cut west of East Leake. 



V IRGI N I A GEOLOGICAL SU RVEY B U LLETI N 48 PLATE 8 

A. H ighly fractured P etersburg g rani te ill Boscobel qua rry. 

B. Boulder in Tr iass ic conglomerate. 

MIN ERAL RESOURCES 

Na 2 SJ.lAFT 
No.1 SJ.lAFT 

228FT. LEVEL '--__ ~ 

L ON GITUDINAL SECT ION 
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Compass set at o·N. 
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1 
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F IGURE 2.-Plan and longitudinal section of t h e Moss mine. 
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prospecting mill for testing the ore Dev I 
In the spring of 1933 for I k f' . e opment work was suspended 

E
. ac 0 capItal. 

arly In 1936 the mine was t k 
pany of Richmond Va d t' a en over by the Moss Mining Com_ 
April I to November i' ~~36ac If~e devhelopment was in progress from 
and allowed to fill with Iwater: ~l~;il;v ;~~;he mine was again closed 
a depth of 228 feet on the incline g , No.2 shaft was sunk to 
at the ISO-foot level which h d b' ,Passll1g through the end of the drift 
I shaft. In No. 2 'shaft dri:ts \~:~' run 174 feet southwest from No. 
northeast and 55 feet south t e run at the 9O-foot level 69 feet 
r un 20 feet northeast. At '~~s .. 22~\ the i2S-foot level a drift Was 
tended about I S feet in each d' t' - oat evel dnfts had been ex
work stopped. No.2 shaft pa~~:~ I~~ fro~ t~; bottom of the shaft when 
125 feet. aug a works at two levels above 

A block of the vein above the 150 f 
shafts was stoped out for a distanc - oat level and between the two 
and a smaller block for a distanc e fO;6~ feet to a heIght of 25 feet 
feet. It is reported that 1'tt1 eo. eet to a height of 10 to IS 
the ISO-foot level betwee~ t~e o~ no ~aIlable ore now remains above 
constitute pillars and bench b'l

vO 
s afts. The are left is said to 

es e ow the old work' 
prevent col1apse of the mine. mgs necessary to 

. . Gray to buff, medium- to fine- r ' d . . 
talI11'2K-dark-red garnets DC ghame , ~uartz-senclte schist C011-
. h ----:---..;: Curs on t e hanO"Ing \ II f th . 
IS t e dominant country "'fOCK 0 to va 0 e veIn and 
highly silicified. At certainc 'l n the footwall the schist is more 
on the ISO-foot level p acehs, espeCIally In the northeast drift 

h
' , a greems -gray mediu . d 

sc 1St OCcurs on the footw II b ' . tn-grall1e hornblende 
a, ut apparently IS a I b d . 

country rock less than I foot th' k B h n y a an In the 
to soft, greasy or plastic f IC: at types of wall rock are changed 

h . , errugmous red cIa ys' th 
weat enng. Pronounced weatherin In C upper zone of 
more from the surface and consideI~b~xte~ds t? a depth of 50 feet or 
I SO-foot level (approximatel 75 e OXIdatIon has occurred on the 
the are at this depth must be ~Ias d

feet dbel~w the surface), although 
TI ' . se as ommantly prin 

lC vel11 IS composed of white b " lary ore. 
laminated parallel with the II t~ IUlsh vItreous quartz which is 
to I inch thick between cro

wa 
f
S

' an commonly breaks in slabs 0.5 
t t . ss ractures 5 to 9 in h 

~ rue ure IS a peculiar characteristic of th M . c es apart. This 
It from any other vein of th" d' e ass vem and distinguishes 
other abundant gangue . lSI Imme . late belt. Sericite is the only 

I· . mmela and IS prese t . II 
sp Ittmg planes of the quartz. n especla y along the 

The vein has a general ran f h' 
It 'occasionally pinches to 6' h

ge 
a t Ickness from 16 to 30 inches 

. Inc es or less and i I . 
up mto several thin stringers se t d b' .. ~ some p aces breaks 

para e y SIlICIfied wall rock. On 
\ 
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the whole, the vein is markedly persistent through a length of 280 
feet on the I SO-foot level. Measurements made at S-foot intervals, 
where the drift was not stulled and lagged, gave an average thickness 
of 20 inches on the I SO-foot level between the shafts, and 11.5 inches 
in the northeast drift. In the short drifts on the 228-foot I<vel the 
~ein averages 29 inches and is enclosed in a 6-foot zone of highly 
silicified' schist bounded by clearly defined wall rock. The vein is 
parallel with the foliation of the wall rock. It strikes about N. 60° E., 
and dips 45 ° SE., near the surface and near the bottom of No.1 shaft. 
At other places in the workings it seems to become flatter. Measure
ments in the middle and end of the northeast drift of the ISO-foot level 
give a dip of 30° . About the middle of the southwest dri ft connecting 
the two shafts the dip is 36°. At No.2 shaft on this level and on the 
228-foot level the dip is 30° to 32°. 

Faults have been reported in parts of the mine not accessible to 
the writer. One fault was reported in the recent stope above the 
ISO-foot level about half way between the shafts. It is said to strike 
north and south and have a vertical displacement of 3 feet. The are 
northeast of the fault is reported to be of higher grade and to carry 
more sulphides. Another fault was reported in No. 2 shaft 10 feet 
above the ISO-foot level. It is said to be parallel to the vein and have 
a vertical displacement of 4 feet. It was not observed in stopes on the 
ISO-foot level. Southeast of the fault the vein is said to take a steeper 
dip for a short distance and more oxidation is apparent. 

!' rite, galena, occasional sphalerite, and a little free gold are the 
qnly important are minerals of the vein, although on the 228-foot level 
copper minerals were beginning to appear and chalcol!yrite and covel
lite were reported from the lower drifts. Marcasite occurs as crusts 
along fractures in the vein and is later than the are minerals. Pyro
morphite is found in minute needles and crusts, also along later 1;aC
tures, and is a secondary mineral. During the work in 1936 vanadinite 
was-reported from the oxidized zone. A black mineral. reported to be 
tetradymite by the Virginia State Chemist,l7 occurs sparingly. Much of 
the gold is coarse, occurring in grains, plates. and scales up to 5 mm. 
across. It is found especially along the surface of the quartz laminae. 
The gold recovered from the mine has averaged about 890 fine. Sericite 
and feldspar are minor gangue minerals in the vein. and a little 
tounnaline is said to have been found. 

In 1836, Sillimanl8 sampled the Moss vein at intervals of 12 feet 
along the drift on the 30-foot level. By crushing and amalgamation he 
obtamed from a 9-pound sample, gold equivalent to $99.60 per ton.'" 

11 Oral communication. 
1.8 Gp. cit., p. 1001. 
It Old price, $20.67 per ounce. 
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Another sample of 3)/, pounds of powdered rock, in which no gold was 
visible, yielded the equivalent of $139.60 per ton, and a third sample 
of 2 pounds yielded $204.20 per ton. During the work in 1903, the are 
from drifts off of shaft No.1 is reported to have milled $15 per ton." 
In the west level a small pocket or shoot was encountered which as
sayed $150 per ton in gold and 40 ounces of silver. From drifts of 
the old shaft near the present No.2 shaft, are is reported to have milled 
$ 14.40 per ton. Regular assays of tailings averaged $2 per ton. 
Presumably these figures represent the value of free gold obtained 
on amalgamating plates. No records of concentrates are available. 
but, if they compare with recent concentrates, a considerable part of the 
value of the ore was included in them. 

Systematic sampling of the mine by reliable engineers several dif
ferent times during the last six years have indicated an average assay 
value of approximately $26 per ton for are exposed on the I SO-foot 
level between the shafts. Only a part of the vein in the northeast drift 
is reported to carry sufficient value to constitute ore. The drifts on 
the 228-foot level, although in a well-defined vein, have not disclosed 
minable ore values. 

The most reliable record of the value of the are is found in the 
mill production during 1936. During this period of operation, 172 
tons of are was milled after hand picking and discarding on the surface 
of probably not more than 25 per cent of the material hoisted, which 
was largely wall rock schist. T hi s ore was obtained from slopes above 
the 150-foot level as indicated above, and ill sinking the shaft. The 
mint return for gold recovered was $3,375 .25 or $19.61 per ton milled. 

During the work in 1936 a rich pocket was discovered in No.2 
shaft at about 175 feet. The a re is said to have showed s ectacular 
crusts and films of f ree gold associated with fine-grained galena, 
vanadinite and pyromorphite. Exploration work has not proceeded far 
enough, however, to outline the dimensions or pitch of any definite 
ore shoots within the vein. 

The mine is now equipped with a small but modern mill erected 
by the Moss Mining Company. (See PI. 9, B.) It consists of a jaw 
crusher, 20-ton storage bin, Hardinge ball mill and counter current 
classifier, a Denver mineral jig, corduroy blankets, a one-cell flotation 
unit, a concentrate tank, amalgum drum, launder, and amalgamating 
plates. 

Taking into account a mint return of $906.30 to J. C. Williams, Sr., 
for gold obtained in his prospecting mill, the mine has returned $4,281.55 
since 1931. Draper's production in 1893 is reported to have been 
$10,000. Manning's production in 1891, as well as that during the 

i!O Tuber, Stephen, op. cit., p. 14.5. 
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. 8 . unknown. Judging, however, fro~l the 
operatIOns of 1836-183 , I ~ the mine and indicated values It ap-
are known to be removed . rOll

h
1 b $20000 to $25 000. 

h t th total pl'oductton as een, '. h' t 
pears t a e . . rable in the decomposed nllca sc IS 

Mining conditions ar~ not favo d when saturated with water, 
near the surface, because It ~las a. ten ency, en s ace It is difficult to 
' to "flow" under its own W~lght tnt: ~; t~P of 7~ fe~t. In July 1937, 
timber ~afts through tlus zone tO

h 
Pf ce and needed extensive re-

2 h ft badly caved at t e sur a 
No. s a was . . 50 allons per minute of water to 
pairs. T he mine requIred pump~ng ;'his supply plus a small sur-
maintain its level b~low the WI o~f mgs . furnishes ~mple water for all 
face reservoir covermg about la an acre, 
milling requirements. 

. . h If a mile northeast of the Moss 
Busby mine.-The Busby mtne IS a. t 1'1 as 1830 and 

mine. Placer gravel was worked on thIS ~a\ as ~a YIn 1836 Silli
led, shortly thereafter , to discovery .of the us y ve~:~n ut down to 

md a~~ r~p~g~~ 2t~1~~e;0~~l;~:f:c~:;ti:~a!~:f~~as bein: sunk
7
'Owh

f 
ic~ 

ep so' ected to cut the veto at ee . 
had reached 57 feet and was exp . 12 to 30 inches thick, 
The v~in exposed i~ the pr~sPi:c~~~cr~~~d '::s white, coarsely granular 

averagtng 15 t~ l~p;:r~:s;IY '~ithout are minerals other than free gold6 to sugary quar z, 1 f the dump amounting to about 
An average samp e 0 Ofe on mal amat~d and yielded, accord

pounds, was crushed, panned, and a g . I' t of $81 60 per ton 
in to Silliman, 6 grains of gold or the ~qulv~ en . old treated 

(~d price). A selected sample sl;m:tnf f~:l;~~t:o~f ( ~~~ep;ice) . This 
in the same way yielded the eqUlva en

f 
a . thin 26 feet of the surface, 

Ofe it should be remembered, came rom WI . 

and was doubtless enriched by secondary c~ncentratlOn. r wef had 

Before 1836 a small wooden stamp mIll run by wate po S 'll' 
K B I In that year I 1-

been erected by the F ishers and D. W. . owes. l' e ui _ 
man states that a steam engine, engine hOllse, WhUll, tan~3 O~ bu~h~S 
ment had been built or installed, and already 1.2,000 a '. ht fane 

I d f 'lling Stnce the welg a 
of are had been accumu ate or ml '. d 600 t 650 
bushel of are is approximately 100 pounds, tlus represente a 
tons of are, all of which was obtained close to th~ sur~ac~ine in 1865 

A d' to Taber 22 when H. Credner VISIted t e 
ccor tng ' . , I 600 to 650 tons of are was 

the mill was in ruins. In the mtent11 t le d If this 
milled or removed, as none is found °SI\te o~d !~~n~l~o~~erthe value 
ore averaged $80 per ton or more as 1 lman s , 
of this are was not less than $48,000. 

n oP. cit., p. 102. 
'" Op. cit., 11. 147. 
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The vein referred to b S 'II' 
tinuation of the Mas . Yb I Iman has been supposed to be 
t s VeIn ut conti . a COn~ 
ween the two mines is not' possible nllQUS t:~Ctng On the surface be-
~; ~he property located on a line with I~ ~ddlt~on there are a few pits 
b I : e IS known of these workings The e;s a the Tellurium system. 

aSIS of old reports, appears to wa~rant f rtUhsby veIn, h?wever, on the 
u er exploratIon. 

Payne tract.-On the Pa 
?n the south side of the cou~;; tra~, half a mile southeast of Tabscott 
I~ the early days of mining. Th:o:t' . ~everal prospect pits were sunk 
a out N. 580 E. During the s rin n e of a lIne connecting these is 

b
on thIs property and one small ~ . g of 1933, some trenching was done 
een determined em was dIsclosed, but its value h . as not 

Fleming mine - Th Fl' . 
east of Tabscott ·(S epl emlI1g mIne is three-fourths of '1 
d . . ee 2) Th' a ml e north_ 

unng the 1830's. In 184'6 'G e earhest work was On placer gr I 
sta'll ' eneral Cook' 'd ave I11p ml and begun lode m" H' IS sou to have erected a 6-
been at times as much a $2

1
00nmg . IS production is reported t h 

d . s per da b h a ave 
. uratIOn .~ the vein was SOon "lost" y, ut.t e success was of short 

lIttle addItIonal work was d . The mme was sold in 1848 d 
W b One except f b . an 

arT etween :he States, when several o~~ a h nef period following the 
he workmgs consist of . 5 afts were cleaned out 

for 150 d' a sen es of old shaft d' . 
50 yar sma direction N. 600 E T s an pItS extending 

and 35 feet deep, respectivel . W? old shafts are said to be 
reported by Taber to strike N 6~'0 EThe sch~st II1 one of the shafts is 

. . and dIp 45 0 SE 
Tellurium mine.-The TeIl" . 

Tabscott (PI 2) unum mme is 2'" '1 . " along the Goochl /2 ml es southwest of 
~vere dIscovered at this pJace b G and:Fluv~nJ1a county line. Vein 
It was leased by F' h Y . W. FIsher m 1832 T s 

d IS er and Sons and D WK' wo years later 
erecte a primitive 6-stamp mill b I' . . . Bowles. In 1836, they 
contmued working the . ,e leved to be the first in Arne . d 
C mme untIl 1848 h' nca, an 

ommodore Stockton. He at w en It was purchased b 
On an ex d d once erected a 40 st· y 

pan e scale until 1857 whe . - amp mIll and operated 
erty Was then sold a d f n the mIll was burned Th h ' n no urthe ' . . e prop-;V el~;O lO-stamp mill Was erected. r ~~:~mg w~s carried On until 1880 
nand 1909-1910 attem ts e War was done at this time 

these did not meet with muc/ suc~:":s~ made to reopen the mine, bu~ 
. The deepest workings of th F' i lttIe veins, reached only 65 feet e St Is~ers, confined to the Middle and 

epth of 136 feet. Nearly all ~f tI oc ton's. deepest shaft had a vertical 
was obtamed b 1e are mmed by St k S a ave water level H " Dc ton, however 
andst~ne vein above this levei for el 1;OOsalfd to have worked out the Bi; 

, eet along the strike D . . . urmg 
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the last operations, a shaft was sunk 90 feet in the Big Sandstone vein 
and short drifts were run at the bottom. Other old shafts and tunnels 
were cleaned out above water level. 

Beginning in May 1935, prospecting and development work was 
started by "v. S. McDonald who later operated for the Tellurium Gold 
Mining Company. The prospecting. work to July, 1937, has consisted 
of cleaning out the aid Harrison shaft sunk in 1910, extending the drift 
southwest on the vein at the bottom of this shaft from 30 feet to ap
proximately 4S feet, and running a cross-cut 17 feet southeast from a 
station just northeast of the bottom of the shaft . In the southwest 
drift, McDonald reports he stoped out a block of are 20 feet long and 
15 feet high above the drift beginning at a point 10 feet from the shaft. 
In addition several prospecting shafts have been sunk on the property 
15 to 30 feet deep and short drifts and crosscuts run from these. 

A 3-stamp mill with amalgamating plates and blankets was set up 
(PI. 10, A) and 19 tons of are had been milled to July, 1937. 

Taber states that, according to local reports, the production from 
1834 to 1848 was $130,000 to $150,000, and from 1848 to 1857 it was 
variously reported from $75,000 to $1,000,000, but it probably was 
nearer the lower figure . It seems safe to estimate that the total produc
tion has been $250,000 or more, all from are in the oxidized zone. 

The country rock consists of fine-grained, quartz-sericite schist, 
some of 'it gametiferous, and interbedded thin layers of fine-grained, 
even-granular, and locally ferruginous quartzites. 

Taber23 describes the Tellurium vein system in detail, from work
ings that were accessible at the time of his visit but are now caved. 
Only a brief resume of the veins is given here. 

The "Big Sandstone" vein is a mineral ized quartzite bed, 2 to 6 
feet thick, cut in places by irregular, gold-bearing quartz stringers, which 
in places are as much as 1 foot thick. It exhibits some of the character
istics of a replacement deposit, but its continuity indicates it was orig
inally a sandstone bed in the country rock. The average strike of the 
bed is N. 64° E., and the dip 45° SE. It is said to have been traced 
3 miles, but only certain portions are mineralized, generally where quartz 
stringers are abundant. The portions of this vein that were worked are 
said to have averaged about $5.00 per ton in gold (old price). 

The "Middle" vein is parallel to the Big Sandstone vein and 30 
feet southeast of it. It is composed of a series of lenses of quartz con
taining feldspar, pyrite, and free gold. It varies from a knife-edge to 
3 feet thick. The "Little" vein, also parallel and 20 feet southeast of 
the Middle vein, is less than 1 foot thick. It is said to have been richer 
than the Middle vein, but are from both averaged $50 to $100 per ton 
(old price) in the oxidized zone. 

IS OP. cit.. pp. 152-172. 
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The "West" vein is said to have been cut in a shaft 40 yards north_ 
west of the "Big Sandstone" vein. The "West" is a cross vein, striking 
N. 27° E. and dipping 80° SE. Another vein known as the "Hodges" 
also crosses the property. Of all the veins the Big Sandstone is most 
persistent and uniform and, though of lower value, seems most deserv_ 
ing of further attention. • 

Bento .. mine.-The Benton mine is three-fourths of a mile north_ 
east of Tabscott. Nothing is known of its history. The main working 
consisted of a shaft which was put down to water level or below. The 
mine is on the strike of the Tellurium vein system. 

Young A'merican mine.-The Young American mine24 is on Luck 
Branch, 1 mile east of Priors Cross Roads. For a short time after its 
discovery in 1869 it was operated by a Mr. Aldrich, who erected a small 
stamp mill and worked the "House" vein. Placer gravel on L4ck 
Branch was worked between 1871 and 1874. In 1880 development work 
was renewed and continued until 1883 by the Tagus Gold Mining Co. 
In 1893 a cyanide plant is reported to have been in operation. The last 
period of development began in 1909, when a substantial mill was erected 
and equipped with crusher, feeder, slow-speed Lane mill, plates and two 
concentrating tables. This mill was operated until 1912, but only 
slightly more than 1,500 tons of are was milled. 

Two veins cross the property. The "Sulphur" vein has an average 
strike of N . 40° E., and a variable southeast dip. It ranges from a few 
inches to 6 feet thick and averages 2 to 3 feet. It carries irregular gold 
values from a few cents to $24 per ton, averaging about $5 (old price). 
'It has been explored by the Sulphur shaft, 80 feet deep vertically and an 
additional 42 feet on the incline, connected by a 340-foot drift on the 
vein with the "H. V." shaft, which is 83 feet deep. Most of the are 
above this drift has been stoped out. 

The "House" vein crops out 250 yards east of the Sulphur vein. It 
is said to strike N . 22° E . and to average 5 to 6 feet wide. It has been 
stoped out above water level for 600 feet along the strike. Old reports 
credit the are of this vein with an average value of $5 to $10 per ton 
(old price) . Both veins, strictly speaking, are stringer lodes, and are 
made up of many quartz stringers in addition to the main vein, which is 
itself irregular and lenticular. Some of the parallel gold-bearing stringers 
are found as much as 25 feet away from the main vein. The wall rock 
of the vein is of two types, a dark greenish-gray, fine-grained gneiss, 
and a similar light-gray gneiss without hornblende. 

~4 Accessible at the time of Taber's visit and described by him in detail , op. cit., pp. 
118-189. 
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Belzoro ",ine.-The Belzoro mine is half a mile south of the Young 
American mine. (See PI. 2.) Placer gravels were discovered on this 
tract in 1832, and are reported to have been very rich in spots. One 
short stretch known as "Dry Gulch" is said to have yielded $30,000. 
Several shafts and pits were sunk on the property, and a primitive 10-
stamp mill was in operation before the War between the States. The 
vein system is the same as at the Y Dung American mine. Two veins 
300 yards apart average 2 to 3 feet, and 3 to 4 feet thick, respectively. 
Old reports" show that 2,000 to 2,500 tons of ore were milled, and 
that the yield of this, together with the recovery of placer gold, gave a 
total production of not less than $100,000. The property has not been 
worked since the War between the States. 

Bertha and Edith ",in e.-The Bertha and Edith mme is located 
3 y.( miles northeast of Columbia. Placer gravels were worked on this 
property before the War between the States. In 1877, a 20-stamp mill 
was erected and two veins were opened. The "Oak Hill" vein averages 
about 3 feet thick and carries values said to average about $5 per ton 
(old price). It has been opened by an adit 400 feet long in the side of 
a low hill, 75 feet below its summit. The ad it was connected by a raise 
with an upper level on which 300 feet of drifts was run. The " Maple 
Branch" vein was explored by an adit of unknown length. It is said 
to be narrower but richer than the Oak Hill vein. The wall rock at this 
mine is a light-gray, medium-grained gneiss, with interbedded fayers of 
hornblende schist. 

Colli1Js~ Morgan} Grannison and other mines.-These mines are 
chiefly placers. On the Collins place, the first gold in the district was 
found in 1829. At the Morgan mine, a 4-foot vein was worked and a 
10-stamp mill was operated before the War between the States. All 
of these mines are located wi~hin a mile or two of the Young American. 

Placer deposits.-Placer deposits in the county still yield some gold 
during sporadic attempts to work them. There is no indication that a 
sufficient quantity of these gravels remain for large scale exploitation. 

Placer mining operations were under way at the old Collins placer 
in the valley of Little Byrd Creek about 4 miles south of Tabscott in 
1934 and 1935. (See PI. 10, B. ) According to Park," "The operations 
are controlled by the Powhatan Mining Co., and are in charge of Lewis 
L. Stirn. A considerable extent of the bottom land along the branch 
has been cleared of timber and brush. A portable machine for 
recovering placer gold and a steam drag line were operating; about 1,0CX> 

21 Snell, P. A., From a report on the Belzoro mine, c ited by Taber, op. cit. , p. 
189. 

mop. cit., p . 19. 
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cubic yards of alluvium are handled in one shift of 8 hours. The 
gravels are reported to run about 40 cents a cubic yard" 

Placer op~ratio~s are reported to have been in p~ogress on th 
Bertha and EdIth mme tract in the summer of 1937 b t th t e 
work to this time had been small. ' u e ex ent of 
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RUTILE27 

Rutile is found over a considerable area north of U S H ' h 
~ o. ;;50, west and northwest of Centerville. It is conspicu~us I~n \:~Y 

uc ois farm, where masses weighing 2 to 3 pounds are found i e 
a
l 

bundance on the surface, and masses weighing as much as 30 pou d
n 

lave been found. n s 
Rutile is a. dioxide of the metal titanium and is one of its chief 

sources .. Tltamum compounds are used in the manufacture of h' 1 
grade pamts, steel-hardening alloys, and in the coloration f ~g.,
and enamel ware, including false teeth. 0 porce am 

~~l th; ~util.e in this area is massive and intermixed with ilmenite 
an ?XI e a tltamum and iron. The two may be readily distin ished b' 
theIr color and luster. Rutile is cherry-red to deep brownisf,:'red an~ 
has a . metalhc-adamantll1e luster; ilmenite is black a d h ' 
metallic luster. n as a sub-

Th: source of the rutile and ilmenite found in the soil has n t b 
conclUSively prov d th 0 een . e ,2S ere are no exposures of fresh rock in the 
area. !t IS .probable, however, that they are primary minerals of th 
pegmattte dIkes that cut the State Farm gneiss It' d e . d' . IS reporte that 
prospect pItS lsclosed stringers and lenses of rutile in th - , 
and to a small extent in the feldspathic gneiss Th t.

e 
pegmattte 

g l td d 1 . e s ringers were 
ranu a e an e ongated parallel to the walls of the pegmatite 0 1 

one fact throws doubt on this origin and that I'S the 0 . n Yf 'J . b ' ' ccurrence a 
~ memte- earmg pyroxenite dikes in the rutile areas. Further prospect-
mglmay reveal whether these dikes bear any genetic relation to the 
rutl e. 

Prospect pits more than 100 years old are found in the area Th 
are supposed to have been sunk in the belief that the red . ebse '1 d are was ru y 
SI ver, an were abandoned on. discovery of the mistake. The true 
character of the ore was detenmned in 1910 ad' done durin tl I ' n some prospectll1g was 

. g lat year. n 1918 a shaft was sunk to a depth of 60 feet 
but It was abandone~ ':rhen no large masses of rutile were found. ' 

Th~ most pr0l111s.mg commercial possibility appears to be the lumps 
and grams of the l111l1eral disseminated through the residual soil and 
decayed mantle rock. So far no tests have been made to determine the 

In See also Watson . T. L. and Tab r St h G deposits of Virg inia: Virginia Geol S e ~e eD
P ·lln ,. Aeology of the titanium and apatite . ur y u. " pp. 248-2Gl, 1913. 
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quantity of ore minerals per cubic yard, and this should be done. Be
cause of its specific gravity, the ore could be readily concentrated by 
either wet or dry gravity methods. The manner in which the two min
erals are associated suggests that they could be readily separated by an 
electro-magnet after fine crushing. The deep residual soil could be 
\~orked by steam shovel or drag-line scraper at relatively low cost. If 
the quantity of ore in the soil is shown by sampling to be sufficient and 
market conditions are favorable, surface mining would be a feasible 
enterprise. On the other hand there is little indication that rutile will 
be found sufficiently concentrated in th.e underlying bedrock to warrant 

deep mining. 

MICA AND FELDSP AR
28 

General features.-M ica and feldspar occur in pegmatite dikes in 
the central part of Goochland County. These dikes are lenticular , rang
ing in width from a few inches to 10 feet, and in length from a few feet 
to as much as half a mile. The larger dikes in part cut across the 
foliation of the country rock, but the smaller dikes generally follow the 
planes of foliation. The pegmatite is coarsely granular and the min
erals are intimately intergrown. Feldspar makes up 50 to 80 per cent 
of the pegmatite, and consists of both the potash and soda-lime varieties, 
with the former predominating. Muscovite, the principal mica, occurs 
in books up to 6 inches in diameter, but a few books are larger. It is 
generally present to the extent of 5 to 10 per cent, and is more or less 
concentrated along the well-defined walls of the dikes. Garnet, tour
maline, si llimanite, and graphite are found sparingly in some dikes. 

Muscovite mica is used for insulation in electrical equipment, and in 
other places where a transparent heat- resisting substance is needed. It 
is ground for certain lubricating compounds, for roofing material, and 
similar purposes. Feldspar is used principally in the manufacture and 
glazing of porcelain ware. The mines of this county have been worked 

exclusively for mica, 
Amber Queelt mine.-The Amber Queen mine is located half a 

mile southwest of Elpis Church. It was opened on a pegmatite dike 10 
feet wide, which has been traced for half a mile in a direction N. 40

0 

W . The dike is nearly vertical. The chief minerals are feldspar 
(largely orthoclase), smoky-gray quartz, and clear amber-colored mica. 
The mica is of high quality and occurs in books that yielded perfect 

square cuts 4 by 4 inches and more. 
This mine was operated from 1916 to 1918. It was opened by two 

pits on the outcrop of the vein and a vertical shaft, located at the point 
!IS See also Pegau. A. A.. Pegmatite deposits of Virginia: Virginia Geol. Survey 

Bull. 8S, pp. 15-49, 61-G6, 1932. 
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of a triangle with reference to the pits. The shaft was 40 feet deep, and 
a 3 by 6 foot drift at its bottom extended 50 to 60 feet northwest 
along the vein. According to Mr. T. J. Slayden, the production of this 
mine in two years was 35.000 pounds of mica. 

Irwin mine.- The Irwin mine is located on State Highway No. 6, 
half a mile northeast of Irwin. The lenslike dike has been almost en
tirely removed at the surface. It is said to have had a maximum width 
of 5 feet, but the portion now showing is only 22 inches wide. It 
strikes N . 20° E. and is nearly vertical. The mine was opened by a 
shaft 90 feet or more deep and 9 feet square, with a drift 6 feet long at 
the bottom, and also by a pit 25 feet in diameter and 20 feet deep. The 
best mica is said to have come from the pit. The largest marketable 
sheets are said to have been "about the size of the hand." T he property 
was opened some 30 years ago and worked for 2 years. There is no 
record of its production. 

Salter prospect.-The Salter prospect is between Goochland Court 
House and Sandy Hook, half a mile west of State Highway No. 49. 
It was opened more than 30 years ago by a pit 20 by 25 feet in diameter 
and about 20 feet deep. Sheets of good mica up to 4 by 4 inches were 
found on the dump. T he dike is said to have been too small for com
mercial exploitation. 

Bradshaw prospect.-The Bradshaw prospect is half a mile north
east of Goochland Court House, on the Glebe road. One pit 6 to 8 
feet deep was sunk. and a small dike carrying mica in sheets as much 
as 4 inches wide was found. 

Swan" prospect.- T he Swann prospect is half a mile west of Gooch
land Court House. Several narrow veins carrying small books of mica 
were found. 

Reed prospect.- The Reed prospect is 1:y,( miles northwest of 
Maidens. It consists of a cut 75 feet long, 25 feet wide, and 20 feet 
deep, trending N. 35° W. Sheets of good mica 2 inches square were 
found on the dump. 

Turner prospect.-T he Turner prospect is three-fourths of a mile 
south of the Amber Queen mine. It was opened more than 30 years 
ago by a cut 70 feet long. Sheets of mica 3 inches in diameter were 
found on the dump. 

Owens prospect.- The Owens prospect is 200 yards south of Per
kinsville. A pit 12 feet deep disclosed only small sheets of mica. 
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Nicholas prospect.-The Nicholas prospect is three-fourths of a 
mile east of Perkinsville. A cut 22 feet deep shows a dike 5 feet wide 
which strikes N. 30° E. and dips 60° SE. Good amber-colored mica 
was recovered in sheets as much as 6 inches square. The dike can be 
tr~ced for nearly half a mile. 

Lewis prospect.-The Lewis prospect is a few hundred yards north 
of Community Church and three-fourths of a mile west of Little Byrd 
Creek. According to Mr. H. B. Lewis, a pit 10 to 12 feet deep dis
closed an 8-inch dike carrying mica in sheets as much as 8 to 9 inches 
across. 

CLAY 

Residual clay suitable for brickmaking occurs in many places 
throughout the county. Clays of high quality suitable for fine pottery 
ware. that is. residual kaolins, have not been found in sufficient quan
tities to warrant description. 

One sample of residual clay from the Wissahickon gneiss, taken 
from a large cut bank a quarter of a mile north of Maidens Station, 
was tested by Ries and Somers,29 with the following results : 

"The material .. . . is a micaceous clay of fair plasticity, which 
required 46 per cent of water for tempering. The air shrinkage was 
7.3 per cent, and the average tensile strength not over 20 pounds per 
square inch. The bricklets made from this clay burned to a good red 
color, with a fair ring at Cone OS, and a good ring at Cone 03. They be
came steel hard at Cone 1. . . . . 

"This clay could be used for common brick, but its absorption is 
a little high." 

This sample is probably fairly typical of all the residual clays of 
the gneissic area. 

COAL 

Coal seams occur near the base of the Triassic series in the eastern 
part of Goochland ' County. They crop out near Manakin on the 
western side of the R ichmond coal basin, and along Tuckahoe Creek on 
the eastern side. T hese coal deposits have been known for more than 
100 years, and in the past were extensively worked. The last important 
operations were at the Dover mines at Manakin about 1870, although 
some coal was taken out as late as 1888. That the coal is of good 
quality is shown by the analyses in Table 3 . . 

3 Ries. R ., and Somers. R. E .. The elays of the Piedmont province, V irginia : Vir
a-inia Geol. Survey Bull. 13, p. 48, 1917. 
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TABLE 3.-Analyses of coal from eastern Goochland COfmty30 

Location 
Volatile 
Matter 

Randol ph's _______ ____ _______ ________ 30. SO 
Anderson's (Manakin, upper seam) ___ 28.30 
Ande rson' s ___ _______ ..:. _______________ 26. 00 
Barr's pits (first seam) ____ __________ 24.00 
Barr's pits (second seam) ____ ___ ___ 22.83 
Barr's pits (third seam) ______ ______ 24.70 
Barr's pits (fourth seam) ___________ 21.33 
Crouch's (lower shaft ) ______________ 30.00 
Richmond Basin (Midlothian) _______ 25.70 

B. t. u. 

Fixed 
Carbon 

66.1 5 
66.78 
64.20 
70.80 
54.97 
65.50 
56.07 
64.60 
62.50 

13,490 

Ash Authority 

3.35 Rogers 
4.92 Rogers 
9.80 Clemson 
5.20 Rogers 

22.20 Rogers 
9.80 Rogers 

22.60 Rogers 
5.40 Rogers 
9.00 Campbel1 

Mines on the western side of the basin lie between Manakin and 
J a,:,es Rive": A few prospect pits are located north of the village, in 
whIch dIrectIOn the coal seams can be traced for 2 miles. The mines 
were opened prior to 1835, and one shaft was 450 feet deep before the 
War between the States. The mines were reopened just after the war 
and worked until 1870. During this period the Aspen Wall shaft was 
sunk 900 feet vertically and bricked up f rom top to bottom. It is 
located near the old brick smokestack still standing south of State 
HIghway No.6 near Manakin. It passed through one 6-foot seam 
of coal but was abandoned when it failed to strike the lower seam. 
The Company shaft close to the highway is 312 feet deep. Canal shaft 
on the n ver IS 280 feet deep. The depths of the Bell and Garden Wall 
shafts are unknown. 

Old reports differ on the number and position of the coal seams. 
R ogers" and Lyell" agree that there were two principal seams the upper 
6 to 16 feet thick, separated by 30 feet of sandstone and shoie f rom th~ 
lower seam, 4 to 8 feet thick, which rested close to the underlying 
crystalline rock. Several smaller seams were also found near the base 
of the series, and these thickened in some places to workable beds. 
Fontaine" maintained on the other hand that 100 to 600 feet of barren 
rock separated the lower coal seam from the crystalline rock. He stated 
that the lower seam is 6 to 8 feet thick and that the main seam is 40 to 
50 feet higher. Wolff" noted three seams in the Manakin mines, 
th ;~~e':8' w. B., A reprint of annual reports and other papers on the geology of 

e .ra-mlas , pp. 534-585, New York, D. Appleton and Co 1884 Cl T G 
~lalys ls of some of the coal from the Richmond mines : Geol·'Soc. Penns;i!!!~i~ ~ans:: 
Un:te~ ft' t29~, t:35S GCaiP~ell, M. R., and Bownocker. J. A., The coal fi elds of the 

I n Op ac~: pp.' 62.69~· urvey Prof. Paper 100 , p. 32, 1929. 

R' 33 Lyell, C~arles, On .th~ ~tructure nnd probable age of the coal field of the James 
lve:;, near . RIchmond, Vlrgml!1: .Geol. Soc. London Quart. Jour., vol. 3, p. 267, 1847. 

V . . ~ontame, W. M., Contributions to the knowledge of the older Mesozoic flora of 
lrg~ma: U. S. GeoL Survey Mon. 6, 144 PP .. 1883. 

U S 
SChaler. N. S., ~nd Woodworth, J. B., Gcology of the Richmond Basin, Virginia : 

. . eoI. Survey Nmeteenth Ann. Rept., pt. 2, p. 480, 1890. 
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respectively, 6 to 8, 12, and 3 to 4 feet thick. The coal beds dip 25°_ 

90° E. 
Coal seams of comparable thickness and quality are also found 

along Tuckahoe Creek on the eastern margin of the basin, but none of 
them have been opened or explored since the War between the States, 
and only fragmentary and generally undependable records are avai lable 
concerning them. 

T he mines were abandoned not so much from lack of good coal, as 
because of bad mining conditions due to the shattered and faulted con
dition of the rocks. Lack of expert geological supervision and lack of 
modern safety methods in mining were important factors in the fail
ure of these mines. It appears certain from old records that there are 
two and possibly more workable seams of good coal at Manakin. Dia
mond drilling should be used as the best method of prospecting the 
area, and a competent geologist should be employed to supervise the 
operation_so If this is done and favorable market conditions exist, min
ing may again be profitable. There is good reason to believe that ample 
reserves are present. Coal from this point would have the advantage of 
favorable freight rates to the Atlantic seaboard. 

STONE 

Stone suitable for building and paving blocks and for crushing is 
found at several places in the county. Although no high-grade build
ing stone is present, several localities have ample reserves of stone suit
able for rougher grades of work. One crushed stone plant is in opera
tion at present. 

Cowherd quarries.-The Cowherd quarries are located at Columbia 
on the western border of the county. (See P I. 7, A.) The stone is a 
medium-grained, light-gray gneissic granite. It coniains fairly abundant 
dark spots, or Hcat-eyes," as well as stringers of quartz and lenticular 
veins composed of quartz, feld spar, and mica. Large blocks could be 
obtained, but it is doubtful if any block would be free from these 
defects. Horizontal joints, or so-called Hbedding planes," are 6 feet 
or more apart in the lower part of the quarry, and vertical joints 
are widely spaced. The stone is suitable for curbing, paving blocks, 
riprap, and crushed stone. The chief difficulty in quarrying would 
be the proximity to the town. The effects of blasting might be 
inj urious to foundations and windows of buildings since the whole town 
is underlain by the granite. These quarries have never been worked to 
any extent, and not at all since 1900. 

State Farm quarries.-The State Farm .quarries are located on the 
Chesapeake and Ohio Railway three-fourths of a mile south of State 
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Farm. The stone is a medium-grained gray gneiss. (See PI. 6.) These 
quarries are the type locality of the State Farm gneiss. They were 
opened in 1907 and operated until 1912. Some dimensional stone was 
taken out, but most of the rock was crushed for ballast. At the height 
of operations, 5 to 25 cars a day were shipped. The quarries were 
opened in the side of a hill overlooking the James Valley, and were 
abandoned when they were worked to the point where it became Un
profitable to remove the overburden. The stone is said to yield a high 
percentage of dust on crushing, and thus to require washing before it 
can be marketed for ballast. 

Boscobel quarries.-The Boscobel quarries are located south of 
Manakin along the Chesapeake and Ohio Railway. Three openings have 
been made, of which the easternmost is now being worked. The floor 
of the quarry is 150 feet below the top of its northern face, and 50 feet 
below the level of thc railroad. At present operations are confined to 
the west face of the main or eastern quarry hole. The overburden on 
the north face of the quarry is 40 feet thick. 

The stone is a dark-colored, fine-grained injection gneiss with 
intermixed coarse-grained light-colored granite. It is highly brecciated 
and fractured and is suitable only for crushing. (See PI. 8, A.) 

Operation consists of shooting off the face of the quarry, loading 
the rock with a I-yard steam shovel into large iron pans, which are 
hauled by truck to the south face of the quarry, where they are lifted 
by a 20-ton steel derrick and dumped directly into a 28- by 36-inch 
jaw crusher. From the bottom of the crusher, the stone is carried by a 
30-inch belt conveyor up to a scalping screen, from which the coarse 
stone goes into a secondary 4-foot cone crusher. It then passes by 
bucket conveyor to a 5-compartment 300-ton bin, where it is graded 
by screens, washed, and stored. Part of the stone passes by belt con
veyor to a second 3-compartment bin. 

The stone is sold principally for railroad ballast and highway con
struction. The average yearly production of the quarry is 150,000 tons 
during 6 to 9 months operation, although the quarry had been operated 
almost continuously during the year which ended in July, 1937. The 
quarry has been in almost continuous yearly operation for the last 40 
years. 

Triassic sandstone.-Thick-bedded, heavy, gray Triassic sandstone 
crops out in the vicinity of Vinita station and along Tuckahoe Creek. 
Some of this stone has been quarried for local use. 
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MINOR MINERAL RESOURCES 

A number of other mineral resources occur in the C,ounty b~t h.ave 
not been found in sufficient quantity to justify commercIal explOltatlOn, 
although they have had some local use. 

. Graphite is found in thin seams on the property of Mr. T. J . 
Slayden southwest of Elpis church, and also half a mIle southwest of 
Lantana. Kyanite occurs at several points in the gol~ belt, .at Stage 
Junction in Fluvanna County, and at the Young Amertcan mme: ~s
bestos is found 1 mile northeast of State Farm, in small Sf:am~ m Im-

ure serpentine which is an alteration product from a pertdottte dIke. 
~he thickest seams are a quarter of an inch thick. Impure soapstone 
occurs at several localities and has been quarr~ed for local . use on the 
Payne Farm, 2 miles south of Tabscott. It IS an alteratIOn product 
occurring along the borders of pyroxemte dIkes: Iron oXIde. IS con
centrated in certain beds of ferruginous quartzIte m the schIst belt, 

especially near Lantana. 
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WATER RESOURCES 

Gmeral cOllditiolls.-Adequate water supply for domestic use may 
be obtained from dug wells on almost any farm in the county, at 
depths ranging from 10 to 50 feet. Dug wells seldom go below the zone 
of rock decay which is usually deeper than the water table, or surface of 
the saturated zone, and consequently are a relatively inexpensive SOurce 
of water supply. They are ordinarily lined with rock slabs or boulders 
and average·3 to 5 feet in diameter after they are lined. The water sup. 
ply is usually sufficient for: all stock as well as human consumption on a 
farm of average size. In the area of crystalline rock the ground water 
is ordinarily free of mineral salts, though many wells have hard water, 
or water containing relatively large amounts of lime in solution. In the 
eastern part of the county, underlain by Triassic formations, the water 
is often less potable and some wells have been abandoned because of 
objectionable quantities of sulfates dissolved in the ground water. 

Wells.-Where larger supplies of water have been necessary, small 
bore wells have been drilled with cable drilling rigs to greater depths to 
tap water circulating through fractures and porous beds below the water 
table. Usually electric, gasoline or wind-driven pumping units are 
installed and connected with supply tanks. Records on 15 wells drilled 
in the county, listed in Table 4, show depths ranging from 55 to 616 
feet below the surface and water output ranging from 1 to 100 gallons 
per minute. 

The location for drilled wells should be made by a competent 
geologist who will carefully consider the character, porosity, fracturing, 
and structure of the rock formations. Competent professional services 
are fully as necessary in the proper location of wells as in the develop_ 
ment of mines or the success'fttl exploitation of any natural resources, 
if the greatest return is to be obtained on the money invested. Many a 
drilled well in the Piedmont region has been abandoned at depths of 
several hundred feet for lack of water, whereas later drilling at another 
site on the same tract of land has developed ample supplies of water. 
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Dam sites.-A number of dam sites suitable for development of 
hydroelectric power projects exist in the county. Several of these were 
investigated by the Corps of Engineers, U. S. Army, under the provi
sion of the River and Harbor Act of January 21, 1927. A site at 
pemberton was reported as feasible in the basic plan for 7 new hydro
electric projects in the James River basin.35 The report, however, 
recommended that none of the projects be constructed at that time 
because of lack of adequate markets for the power output. The dam 
proposed for the site at Pemberton would have a mean productive head 
of 20 feet, and the installed power capacity would be 12,800 horsepower. 
The capital cost of the development was estimated to be $1,886,000 . 

Other dam sites investigated, but not included in the basic plan, 
are the Maidens site on James River, the Elk Hill dam site on Byrd 
Creek, and the Dogtown site on Lickinghole Creek. Numerous other 
sites are avai ~able for limited power production or secondary power not 
suitable for network distribution. Available records show only one 
dam in the county at present. This is the Leake's Mill dam on Lick
inghole Creek, a structure 8 .feet in height which develops power for 

grinding corn meal. 
Many excellent sites for construction of impounding reservoirs 

exist on small streams in the county, but owing to the absence of manu
facturing enterprises or urban developments in the county no surface 
storage of water has been necessary. A few small farm ponds and fish
ing ponds, impounded by low earth dams and road embankments, have 
been developed in different parts of the county. 

M James River, Va. "308" R<!port U. S. Corps of Engineers, War Dept.: 73d Cong., 2d 
sess., H. Doc. 192, 1934. 
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GEOLOGIC HISTORY 

GEOLOGIC TIME SCALE 

The 1,800 million years involved in the history of the earth 
since the oldest kn own rocks were formed has been subdivided by 
geologists into eras, periods, and epochs. This has been done 

. partly for convenience and clarity of discussion of geologic records 
and events, much the same as the relatively short span of human 
history has been similarly divided, and partly because definite 
cycles of inorganic and organic events have been recognized i~ 
the rocks of the earth's crust. Such a classification of geologic 
events is also of great practical importance in the search for an 
interpretation of the origin and environment of diverse mineral 
deposits-each of which has had a definite geologic ancestry. 

The sequence of events and their grouping' under time units are 
readily deciphered in a region containing a thick succession of 
almost horizontal beds of rock, as in the Grand Canyon of the 
Colorado. In such places, the oldest rocks are a lways at the bot
tom, with successively younger beds toward the top. In re
?"ions where the sed imentary rocks have been simply folded, as 
In parts of the Allegheny Mountains in Virginia, the same gen
eral principle applies. Where the rocks are mainly igneous and 
metamorphic, as in Goochland County, other criteria are used to 
differentiate the ages of the rock masses. The general principle 
of an orderly succession of events applies, however, as in all other 
areas, but in areas of such complex geology, it is a far more diffi
cult task for the field geologist to decipher those remote events 
and to arrange them in their proper time order. 
. An era is t.he longest unit of time in the standard geologic 

time scale. It mcludes a related series of physical events, more 
?r less marked at the beginning and at the end by profound changes 
In the c?n~m~nts, such as the upheaval of great mountain ranges. 
An era IS mdlcated also by a series of changes in the development 
of organisms, with the beginning and end of the era indicated by 
very marked changes in the groups of plants and animals. Some 
:aces dis~p?~ared and new ones ~ame upon the scene. A period 
IS a subdIVIsion of an era, during which similar inorganic and or
ganic changes occurred, but on a smaller scale or in a restricted 
area. A peri~d may be marked by the invasion of the continent by 
the sea, and Its subsequent retreat. Each period is in turn sub
divided into several epochs, each marked by less pronounced phys
ical and organic changes. 
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The geologic tim,e scale in general use throughout the world 
is given in Table S. It lists the five principal eras, the periods 
into which each era is commonly divided, the characteristic life 
of each era as is determined from world-wide studies, and an 
estimate of the duration of each period. This time estimate is 
based upon numerous determinations of the disintegration of 
radioactive minerals in rocks whose positions in the standard 
geologic time scale are known . 

TABLE 5 -The geologic ti11lJ! scale 

Era Period Characteristic Life Durationo 

Ctnozoicb Quattrnary Mammals, mollusks and flowering 
Tertiary plants. 60 

--(r) 
Cycads, ammonites, giant reptiles, Cretaceous 

Mno1.oic Jurassic and birds . 125 
Triassi: 

-(d) 
Permian 
Pennsylvanian 
Mississipian Invertebrates, fishes, amphibian~, 

368 Paleozoice Devonian reptiles, and land plants. 
Silurian 
Ordovician 
Cambrian 

Proterow1c Primitive invertebrates. 900± 

Archeozoic Primitive aquatic life. 500+ 

a In millions of years. . 
b Those italicized are represented in Goochland County. 
c Uplift of old Rocky Mountains in western North America. 
d Uplift of ancestral Appalachian Mountains in eastern North America and disap

pearance of old land mass Appalachia. 
e Great land mass Appalachia prominent in Piedmont and Coastal Plain regions and 

beyond present Atlantic coast; source of much sediment fed to streams and deposited as 
conglomerates, sandstones, and shules in the Appalachian Valley to the west. 

PRE-CAMBRIAN EVENTS 

The ongll1 of the oldest rocks in the county and the geologic 
events recorded in them are obscure because profound deformation 
and metamorphism have almost obliterated their earlier charac
teristics. So far as known, the mica schists and quartzites of 
the Wissahickon formation are the oldest rocks in the county. 
Their history began with deposition of sands and muds in an 
ancient basin that existed in pre-Cambrian time when only the 
most primitive forms of life had appeared on earth. Sinking of 
th e basin and continued deposition buried these sediments miles 
deep in the earth's crust. Here, under great heat and pressure, 
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attended by movements of molten rock, they were slowly Con_ 
verted. mto mIca schists and quartzites. This was probably ac
co.mplIshed ?y the slow chemical and molecular rearrangement of 
mmeral particles and the formation of new minerals better adapted 
to the deep-seated environment. The igneous rock that form s the 
State F~rm gneiss was intruded as molten rock, probably during 
this period, and under simIlar conditions converted into an even
banded gneiss. 

During a later period, a succession of igneous inj ections was 
forced into the schists, all of which had a profound effect on the 
mineralog ical and textural character of the earlier rocks. The or 
der of inj ection during the second stage was: ( I ) A basic rock 
,": Illch l ~ now the hornblende gneiss, and is in part at least, a 
dIfferentIate of the magma w hich later form ed the Columbia 
granite; (2) the Columbia granite which was intruded along the 
folIatIon planes of the older schists and gneisses and as large 
m~sses that completely dIsplaced the older gneisses; and (3) an 
InjectIOn whIch was more acid molten rock that cooled and crys
tallized into muscovite granite and pegmatite. These successive 
injections completed the development of the Wissahickon, State 
Farm, Columbia, Pegmatite, and Elk Hill formations , except for 
structures developed during a later period of folding and shearing. 
A ll of . thes: events probably took place in middle to late pre
Cambnan tIme, that IS about 1,000 to SSO million years ago. 

Pyroxemte and associated basic dikes were intruded after the 
main complex was formed. The volcanic aporhyolite also is 
younger than th e schists and gneisses. It was formed by outpour
lIlg of aCId molten rock on the earth's surface through volcanic 
actIOn or by its solidification so close to the surface that rapid 
cooling prevented the formation of mineral grains "that are indi
vidually distinguishabl~. In later times this rock was recrystal
lIzed under metamorphIC pressures although still retaining its reI\<" 
lIvely fine texture. There is no definite evidence of the geologic 
age of the aporhyolite except that it is younger than the State Farm 
gneiss and older than the Petersburg gran ite, which is of Car
bonifero.us age. ,!,he pegmatites which contain mica, feldspar, 
and rutIle are belIeved to be associated with the pre-Cambrian 
gr~llIt~, beca.use, like it, they are crushed and granulated . Quartz 
~eIns, lIlcludlllg those which are gold-bearing, appear to be genet
Ically related to the pre-Cambrian granites, and to the final stage 
of th:lr mtruSIOn. ThiS relation is not proved, however, and for 
the time their age must remain in doubt. 
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PALEOZOIC ERA 

Sedimentary rocks of Paleozoic age (from about SSO to 18S 
million years ago) are not present in this county. During most 
of this era the Piedmont region is believed to have been a land 
mass undergoing long continued erosion of great mountain ranges 
formed in late pre-Cambrian time. Sediment derived from this 
area was carried into an inland sea on the west, which extended 
from New England at least to Alabama, until by the end of the 
era sediment tens of thousands of feet thick had been deposited. 
This major trough of Paleozoic accumulation is know n as the Ap
palachian geosyncline. The accumulation, however, was not one 
continuous event but was interspersed with numerous elevations 
and depressions of the land which caused successive encroach
ments and retreats of the sea on different parts of the land. 

During an epoch in the Ordovician period (from about 4S0 
to 380 million years ago), as proved by fo ssil invertebrates, ,an 
embayment of the sea covered an area near Arvonia, V irginia, 
only a few miles west of Goochland County and many miles east 
of the main Paleozoic seas. Muds deposited in this part of the 
sea have now been transformed into the Arvonia slates, w hich are 
preserved from erosion 'because they were sharply downfolded 
into a deep, narrow syncline. The presence of these slates indi
cates the possibility that all of Goochl and County may have been 
covered by the sea at one time or another during the P aleozoic 
era. No trace of any sediment that may have been deposited is 
now to be found. 

The volcanic materials in the aporhyolite may have originated 
during igneous activi ty in this era. Much of the crushing and 
thrust faulting of the rocks occurred near the close of the Paleo
zoic era, during the great deformative movements that produced 
the ancestral Appalachian Mountains. 

MESOZOIC ERA 

During the succeeding Triassic period (from about 18S to 
I S7 million years ago) streams flowing down the slopes of high 
mountains, formed to the west at the end of the Paleozoic era, 
and into shallow basins and onto floodplains, began to deposit 
boulders, sands, and m,uds. Ih local swampy basins vegetable mat
ter accumulated in great abundance, slowly decayed, and even tully 
formed beds of coal. After the early swamp accum ulations, the 
climate apparently became drier. The basins sank along nearly 
vertical fault s and received only sands and some muds with local 
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boulder deposits adjacent to the faul t scarps. Many thousand 
feet of sedIment accumulated in this way, but much of it has been 
SInce remo,ved by denudation and carried to the sea. Certain shale 
bed~, p~rtlcuI.ar1y -those associated with the coal, contain many 
fossIls, mcludmg severa l species of fi sh, molds of the small crusta
c~a~, Estheria. ovata, Lea, and occasional vertebra of reptiles. In 
s~mllar areas In northern Virginia footprints of these strange rep
tIles have been discovered.36 

Molten rock was intruded 
the later part of that period. 
dikes. They are the youngest 
county. 

In the Triassic sediments during 
It solidified to fonn the diabase 
ig neous rocks now found in the 

Events in ~oochland County later than the Triassic per iod 
are recorded mamly m the landscape and not in the rocks, because 
bedrock younger than the Triassic is either absent or represented 
only by gravels of uncertain age. Before Cretaceous time which 
beg~n about 125 million years ago, the region was red~ced by 
erOSIon to a w~despread and relatively flat plain, which covered 
nearly all of PIedmont Virginia. An important economic result 
of ,thiS deep and e~tensive erosion was the uncovering of the gold 
vems and other mmeral deposits which had formed far below the 
surface. Subsequently, the eastern part of this plain was sub
merged by the sea so that it was covered with sediments far in
land .. It is not im~robable that all of Goochland County was a t 
one time co:ered w ith such younger sediments. On this old sur
face, accordmg to some geologists, at the time it was covered by 
Coastal Plain sedim ents the master streams of th . . . . ' e regIOn, lfl-
cludmg James RIver, were formed. In this way they account fo r 
the fact that Jam es River has cut through such resistant forma
tIons as the quartzite at Bremo Bluff. In any case the river 
must have been flowing on a su rface that concealed the 'underlying 
:eSlstant rocks. As it cut down to them, its channel being fixed 
It was forced to cut also through the barriers of resistant rock. ' 

CENOZOIC ERA 

. In the course of time, probably during the Tertiary pe
nod (60 to 2 million years ago), any or a ll the new sedim ents 
were eroded from the surface of the upper and middle Pied
mont, and the la.nd was again r educed to a relatively fl at plain. 
At the end of thIs penod of erosion James River was flowing in 
a broad flat valley at a level about even with the tops of the 

29, ;P~o;(~:~4l' pf·, 8T~~ ~:2~~gy of the Vir&'inia Triassic: Vir&'lnia Goo!. Survey Bull. 
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present bluffs along its course. The sides of the old James Valley 
are preserved in the slopes of the interstream divides from the 
northern boundary of the county to the river. These slopes aver
age about 10 feet in a mile. A t a geologically recent date, prob
ably during t he Pleistocene (the last 2 million years), the old pene
plain was again uplifted and t he streams renewed their downcut
ting. James River entrenched its channel 150 to 200 feet below 
the old upland surface and has now closely approached temporary 
base level, established in many places by resistant beds of hard 
rock crossing the stream. It is now swinging back and forth in 
its alluvial flood plain and w idening its valley by lateral cutting. 
Tributary streams are rapidly dissecting the old u pland plain of 
w hich only a few flat remnants are still preserved. During the 
formation of this old upland surface, the deep cover of residual 
soil was developed by chemical decay and mechanical disintegra
tion of the solid rock. 

The humid climate during late Pleistocene time was favorable 
for the growth of extensive forests and forest vegetation. When 
white men first explored the region during the 1600's it w"as a 
vast expanse of thick forest cover over deep, mellow and exceed
ingly fertil e soils. Birds, game, and fi sh were present in great 
profusion and variety. Streams ran clear. Quotations from the 
writings of Colonel William Byrd, one of the V irginia Commis
sioners who surveyed the boundary line between V irginia and 
North Carolina in 1728, probably applied fully to the primeval 
lower Jam es River watershed although he was at the time describ
ing principally the Roanoke and Dan River basins. Wrote Colonel 
Byrd :87 

"The air is wholesome and the soil equal in fertility to any in 
the world. This charm ing valley will bring forth like the lands of 
Egypt, without being overflowed once a year. The grass in the 
river section grows as high as a man on horseback. The river 
.... always confined within its lofty banks and rolling down its 
waters as clear as crystal. 

"The stream, which was perfectly clear, ran down about two 
knots, or two miles, an hour, w hen the water was at the lowest. 
The bottom was covered with a coarse g ravel, spangled very thick 
with .a shining substance, that almost dazzled the eye, and the 
sand upon either shore sparkled w ith the same splendid particles. 
A t first s ight, the sunbeams g iv ing a yellow cast to these spangles 
made us fancy them to be gold dust, and consequently that all our 

11 Byrd, William, The Weetover manuscripts containing the history of the dividing 
line betwixt Vir&'inia and North Caro1ina, 1st ed., Petersburg, Va., Edmund and Julian 
C. Ruffin, 1841. 
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fortunes were made .... But we SOon found ourselves mistak 
and our gold dust dwindled into small flakes of isinglass. Ho~~ 
e~er, though this did not ~ake the ·river so rich as we could 
WIsh, yet It made It exceedmgly beautiful." 

Throughout Byrd's "History of the Dividing Line" and "Th 
Secret History," he continually refers to the richness of the sOi~ 
and the punty of the streams in the areas drained by the James. 
Me.hernn, Nottoway, Staunton, and Dan rivers with their tribu_ 
tanes. Such references as the following are numerous: 

. "The soil ~e past over this day was generally very good, 
bemg clothed WIth large trees, of poplar, hickory and oak. But 
another ce~tain token of its fertility was, that wild angelica 
[Archangehca atropurpurea] grew plentifully upon it." 

"In. that place [the Roanoke River where the state line first 
crosses It on the east] the river is forty-nine poles wide, and rolls 
down a crystal stream of very sweet water, insomuch that when 
there comes to be a great monarch in this part of the world h 

·11 ' e WI cause all the water for his own table to be brought from 
the Roanoke . . . . " 

"The high land we travelled over was very good, and the low 
grou2ds promIsed the greatest fertility of any I had ever seen." 

All the land we travelled over this day, and the day before, 
that IS to say from the. river Irwin to Sable creek, is exceedingly 
nch, both on the Vlfgl1l1a SIde of the line, and that of Carolina. 
BesIdes whole forests of canes, that adorn the banks of the river 
and creeks thereabouts, the fertility of the soil throws out such a 
quantity of winter grass, that horses and cattle might keep them
selves In heart all of the cold season without the help of any fod
der." 

That is the portrait of the Piedmont province in its primeval 
state, a product of nature's generosity for a million years. 

A vastly different landscape now meets the eye, even of the 
cas~al observe~.. S? profound has been the effect of man's occu
pallon and ullhzatlOn of the land that it cannot be considered 
otherWIse than a new event in the geologic history of the county. 
The cleanng of forests, attendant upon man's appropriation of 
the land for agricultural use, has upset the equilibrium between 
the forces of denudation tending to reduce the land surface and 
the forces of. protection inherent in the forest cover. Whereas 
~mder the pnmeval conditions denudation took place by exceed
II1gly slow soIl creep down the valley slopes to points where later
ally cutting streams picked up material from their banks today 
removal of vegetal cover has laid bare much of the lands~ape to 
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surface washing and direct soil removal in surface run-off. This 
d " 1 t d·l . "38 new development has been terme acce era e SOl erOSIOn. 

The streams of the county and James River no longer run 
clear, but are carrying greatly enlarged burdens of sediment to
ward the sea. Not all of the soi l removed from the land, however, 
passes on to the ocean, for large amounts of it are deposited on 
the valley flo od plains and on the lower slopes of fields. Upland 
soils are being depleted of their fertility by SOIl erOSIOn, whIle 
rich bottom land and soils are often covered by sorted and less 
fertile erosional debris from the uplands, with consequent impair
ment of their productive capacity. 

The result of accelerated soil erosion has been to speed up 
greatly the rate at which the Piedmont uplands are being reduced 
in mean elevation and the rate at which valleys are bemg filled 
with alluvium. Another and very important consequence of soil 
erosion is also apparent. The rate of run-off of surface water has 
on an average been greatly increased. This tends to cause floods, 
which have probably always occurred to some degree in the val
ley, to be more frequent, and more frequently. higher. Run-off 
waters concentrate more rapidly and reach greater peaks of flow. 
Less water soaks into the ground and drought hazards in the 
drier years are correspondingly greater. 

As a result of more than 200 years of cultivation in the county, 
most of its farm land has lost 25 to 75 per cent of the original 
topsoil, or A soil horizob, mainly through sheet erosion or ~he 
widespread development of small rills and bare spots from willch 
water flows rapidly without concentration into larger channels. 
In addition gullies are numerous on some slopes (PI. 4, B), par
ticularly the more steeply sloping lands bordering James River. 
Although not developed to such magnitude as elsewhere m the 
Piedmont, in some places they are 10 feet deep, 20 feet WIde and 
several hundred feet long. The U . S. Soil Conservation Service, 
on its reconnaissance erosion map of Virginia,Stl classifies almost 
90 per cent of the county as area in which more than 25 per cent 
of the land has undergone moderate sheet erosion and occasional 
gullying. Almost 10 per cent of the county is shown as having 
undergone, in more than 25 per cent of the area outlIned, severe 
sheet erosion and occasional gullying. Only relatively very small 
areas, such as the flood plain of James River and its main tribu
taries, have escaped widespread soil erosion. 

as Lowdermilk, W. C., Acceleration of erosion above geologic norms: Am. Geophys. 
Union Trans., 15th Ann. Meeting, pt. 2, pp. 505-509, 1984. . . 

119 U. S. Dept. Agriculture, Soil Conservation Service: Reeonnali.sanee erOSIOn survey 
of the State of Virginia, 1934. 
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GLOSSARY 

Technical terms are here defined briefly in the sense in which they are 
used in this report. For more extended discussion the reader is referred 
to standard textbooks on geology. 

Adamantine luster. The luster of oiled glass, exhibited by minerals of high 
index of refraction such as diamond. 

Adit. A nearly horizontal passage from the surface by which a mine is 
ente red. In the U nited States an ad it is usually called a tunnel, though 
the latter, strictly speaking, passes entirely through a hill and is open 
at both ends. 

Alluvium. Sand, mud, or other sediment deposited by the ordinary mechani
cal action of running water wherever the flow is checked, par ticularly 
on flood plains along rivers, as the r ich alluvia l lands of the Mississippi 
and the Nile, and in bar s, spits, natural levees, a lluvial ians and cones, 
and deltas. 

Amalgamation. The process in which gold and silver a re extracted from 
pulverized ores by producing an amalgam or a lloy of these m etals with 
mercury or quicksilver for which they have a great affinity. The mer
cury is later expelled by hea t ing in a retort, and the precious metals are 
recovered. 

A nkerite. A white, red, or g ray ish calc ium-magnes ium-iron carbonate. 

Aporhyolite. An acid volcanic rock that has been devitrified or has had its 
g lassy and very fine grained components recrystallized by metamor
phism. 

Asbestos. A white, gray or green-gray fi brous variety of chrysoti le, or 
fibrous serpentine. Occurs in thin seams in serpentine. (Other types 
of asbestos occurring elsewhere are not found in Goochland County.) 
Used for fire-proof fabrics, wall boards, etc. 

Base level. The level below which a land surface or a certain area of land 
can not be r educed by running water under existing conditions. 

Bed rock. Solid rock. It underlies all loose surface materials. The kinds 
are igneous, sedimentary, and metamorphic. 

Biotite. A magnesium-iron mica; the common black mica. Often com
pounded with many names of rocks that contain this mica; such as 
biotite gneiss, biotite granite, etc. 

Bornite. A sulphide of copper and iron. Contains about 62 per cent cop
per. Called also "horseflesh ore." 

Brecciated. Broken into angular fragments which have been cemented. 

Calcite. A mineral composed of calcium carbonate. It is colorless to white, 
has perfect cleavage, and effervesces in acid. 

Carbonate. A mineral consisting of a base, such as calcium or sodium, 
combined with carbonic acid . 

Carboniferous. See Paleozoic. 

• 
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Chalcopyrite. A ~ineral composed of copper-iron sulphide. Copper pyrites 
Resembles pynte but has a deeper yellow color and is much softer . 

Chlo~~e. A green ?laty mineral with flexible but nonelastic lamellae.' A 
slhcate of alumlOum. ferrous iron and magnesium. 

Colloid Solid matter consisting of particles so small that they remain sus-
pended indefinitely in a medium such as water. 

Colluvium. Deposit,ed material, commonly containing a high percentage f 
u~assorted erosIOnal debris derived from steep slopes, cliffs, etc. ~ 0 

Covelhte. A copper su lphide of indigo-blue color; very soft. 
Cretaceous. See Mesozoic. 

Cross-cut. A leve l or passageway dr,'ven at I an ang e to the vein or strike 
of the rock to connect other w orkings in a mine or to prospect for 
new veins. 

Crystalline rock. A rock composed of minerals which have crystallized 
from ~he parent material. It commonly refers to igneous and meta
morphic rocks. 

Denudation. The washing down f f d o sur ace eposits so as to lay bare 
underlying formations . 

Diabase. A basic igneous rock commonly occurring in dikes or intrusive 
sheets, a~d composed essentially of plagioclase feldspar and augite. 
The plagl?clase forms .lath-shaped crystals lying in all directions among 
the . ~ark Irregular augIte grains, giving rise to the peculiar diabasic or 
OphltJC texture which is a distinctive feature. 

Differentiation. Th e process, or processes, whereby cooling magma sepa-
rates to form rocks of different types . 

Dike A 10 d I ' I h' ' . ng an re atlve y t III body of igneous rock, which, while in a 
molten state, has entered a fissllre' Id 111 0 er rocks and has there chilled 
and solidified. 

Erosion. Wearing away of the t ands by running water, glaciers, winds, 
and waves. 

Faci~s. Variety; especially applied to an igneous rock that in some respects 
~ s a departure from the normal or typ ical rock of the mass to which 
It belo.n~s. Thus a mass of granite may grade into porphyritic facies 
(contalflmg scattered large crystals) near its borders 

F ' 
all Zone. A zone (a~so referred t~ as the Fall Line) separating the crys-

talline rock formation s of the Piedmont province from the less resistan t 
sands, gravels, and marls of the Coasta l Plain. In this zone falls and 
shoals are commo.nl~ develop.ed on the rivers. The zone usually 
sents the upper hmlt of navigation on the rivers. repre-

Fault. A fracture in rock along which there has been displacement. 
Feldspar. A group f 

. . 0 very common minerals in igneous and metamorphic 
rocks, con tamll1g alumina, silica, and potash or lime and d S 
orthoclase. so a. ee 

Ferruginous. Containing iron. 
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Flood plain. Part of a valley fl oor that is flooded. It is covered with 

alluvial deposits. 
Foliation. The banding or lamination of metamorphic rocks produced by 

the orientation of platy or elongated minerals or the segregation of 
different minerals in parallel bands. 

Footwall. The wall under a vein . 
Formation. A unit of geologic mapping consisting of rocks of uniform 

character or rocks more or less uniformly varied in character. 

Friable. Easy to break, or crumbling naturally. 

Galena. A mineral composed of lead sulphide. It is black, heavy, and has 
perfect cubic cleavage. An important ore of lead. 

Gangue. The non metalliferous or nonvaluable metalliferous minerals in the 
ore; veinstone or lode filling; the mineral associated with the are in 

a vein. 
Garnet. A reddish-brown, yellow or black vitreous to resinous mineral; 

a complex silicate containing iron, magnesium, and aluminum. 

Gneiss. A banded crystalline metamorphic rock, having some cleavage. 

Gouge. A layer of soft material along the wall of a vein or in a fault, pro
duced by pulverizing of the rock during slippage. 

Gradient. Rate of descent of a stream or a slope. 

Granite. A granular crystalline igneous rock composed of quartz, feldspar , 
and other minerals. 

Granodiorite. A rock similar to granite, in . which plagioclase feldspar 
greatly exceeds orthoclase feld spar. 

Graphite. A mineral composed of the element carbon. It is black, soft, and 

marks on paper. 
Ground water. Underground water, which fill s cavities in the rocks. 

Hanging wall. The upper wall of an inclined vein. 

Hornblende. A rock-forming mineral of complex silicate composition con
taining iron, alumina, magnesium, calcium, and alkali metals. It is 
dark green to black, glassy, and hard. 

Hypothermal. Deep seated zone in the earth's crust, having high tempera
tures and pressures. 

Igneous rocks. Rocks which have been formed by the cooling and harden
ing of molten rock materials. 

Ilmenite. A mineral composed of iron and titanium oxides. It is iron
black and has a brownish-red to black streak. A source of titanium. 

Intrusive. Igneous rocks which have solidified underground. 

Kyanite. A gray to bluish silicate of aluminum occurring in flat blades in 
metamorphic rocks. 

L agged. P rotection of shafts and drifts in a mine by planks, slabs, or 
timbers set behind the main timbers. Lagging does not carry the main 
weight of rock pressure on the opening, but only prevents fragments 
of rock from falling. 
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Lode. Strictly a fissure in the country-rock filled with mineral; usually ap_ 
plied to metalliferous lodes. In general miners' usage, a lode, vein. Or 
ledge is a tabular deposit of valuable mineral between definite bounda
ries. 

Magma. Molten rock materials in the earth' s interior. 
Mantle rock. 

and clay, 
Loose surficial material above bedrock, e. g., gravel, sand, 

Marcasite. A mineral composed of iron sulphide; of paler color than pyrite; 
often called white iron pyrites. 

Mesozoic. Next to the last great era (Cenozoic) of recorded geologic time. 
Follows the Paleozoic era. Includes the Triassic, Jurassic, and Cre
taceous periods. The time of the development of the great reptiles and 
of the first hardwood forests. 

Metamorphism. The processes of great alteration of rocks, as by pressure 
and heat, generally deep in the earth, whereby the resultant rock is 
unlike the parent rock. 

Mica. A hydrous aluminum silicate containing potash, and often magnesium 
and iron, having a very fine basal cleavage that renders it capable of 
being split into thin, tough, transparent plates. The name of the min
eral is often compounded with the name of the rock contain ing it, as 
mica schist, mica gneiss, etc. Called also is inglass. 

Muscovite. Potash-bearing white mica. The most valuable type of mica. 

Mylonite. Rocks which have been completely pulveriz'ed or granulated in-
ternally by extreme differential movements during metamorphism. 

Ordovician. See Paleozoic. 

Ore. Metallic mineral mined for its mineral content. 

Orthoclase. A va riety of fe ldspar containing potash, alumina, and sil ica ; is 
white, gray, or pink; has glassy luster, and scratches g lass. 

Outcrop. Rock at the earth's surface not covered by any other fo rmation, 
although often masked by its own residium or weathered product. 

Paleozoic. The third g reat era of recorded geologic time. The time of 
great development of invertebrates, fish, and fernlike plants. The era is 
subdivided commonly into seven periods: Cambrian (oldest), Ordo
vician, Silurian, Devonian, Mississippian, Pennsylvanian, and Permian. 
The Mississippian and Pennsylvanian are often referred to collectively 
as the Carboniferous. 

Pegmatite. A very coarse-grained dikelike igneous rock, similar to granite. 

Peneplain. An almost flat surface of great extent which has been formed 
at, or near, base level by erosion by running water. The almost finished 
product of an erosion cycle. 

Peridotite. A g ranular igneous rock composed essentially of olivine, gen
erally with some form of pyroxene, and with or without hornblende, 
biotite, chromite, garne t, etc. 

Physiography. The description and interpretation of the surface features 
of the earth. 
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Placer. A place where gold is obtained by washing; an alluvial depo~it, as 
of sand or gravel, containing particles of gold or other valuab le mmeral. 

Plagioclase. A variety of feldspar containing soda, lime, alumina, and silica; 
commonly white or gray, has glassy luster and scratches glass. 

Pleistocene. The geologic time, or epoch, just before Recent time; the 
glacial epoch, during which ice sheets covered Canada and the northern 

United States. 
pliocene. The last epoch of the Tertiary period. 
Pre-Cambrian. All recorded geologic time before the beginning of the 

Paleozoic era , i. e., before the Cambrian period. 
pyrite. A mineral composed of iron sulphide; "fool's gold;" brassy-yellow 

color; hard (scratches glass). 
. 1 . in slender six-sided Pyromorphite. A resinous green mmera occurrmg 

prisms; a chlorophosphate of lead. . 
pyroxenite. A dark-green granular igneous rock, consisting. essenttally . of 

pyroxene, with or without hornblende, spinel, and iron OXIdes, and w1th 

little or no feldspar or olivine. 
Pyrrhotite. A mineral composed of iron sulphide; magnetic pyrites, brown

ish bronze color; black streak. 
Quartz. A very common I?ineral composed of silica (SiO~) ; colorless to 

white; very hard (scratches glass). 
Quartzite. A metamorphosed sandstone. The grains ~f quartz sand have 

been firmly cemented by silica which has recrystallized around them. 

Raise. A mine shaft driven from below upward. 
Regolith. The layer or mantle of loose, incoherent rock material, of what

ever origin, that nearly everywhere forms the surface of the land and 

rests on the "bedrock." 
Relief. Difference in elevation in an area. Irregularities of the surface. 

Replacement deposit. A deposit in which certain minerals have passed into 
solution and have been carried away, while other minerals from the 
solution have been deposited in the place of those removed. 

Residual soil. Soil produced by decay of the underlying rock. 

Resistant rocks. Rocks which disintegrate slowly under the attacks of ero
sive agents, such as streams. In this area they are chiefly quartzites, 
well-cemented sandstones, and crystalline rocks. 

R etrogression. A process of change in metamorphic rocks whereby fea
tures charactewstic of deep-seated metamorphism are changed to fea
tures of shallo;'v zone metamorphism as the rocks are brought closer to 
the surface and subjected to near-surface stresses. 

Rutile. A mineral composed of titanium dioxide; red or red-brown to 
black; hard (scratches glass). A source of titanium. 

Sandstone. A sedimentary rock composed of cemented grains of sand, which 

is commonly quartz. 
Schist. A fol iated crystalline metamorphic rock which has distinct cleavage. 
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Second'-foot. A flow of one cubic foot of water in one second ; about 646,000 
gallons per day. 

Sedimentary rocks. Rocks which are in beds and are compose~ of (1) par
ticles of other rocks, (2) organic remains, or (3) materials deposited 
from solution in \yater. Most fossils are found in them. 

Sericite. A talcJike hydrous mica (a variety of muscovite) occurring in 
small scales. It forms sericitic schist which is often spoken of by pros-
spectors as talcose schist, but this latter term properly applies to schists 4 

composed largely of talc, which are much rarer. 

Shale. A sedimentary rock composed of particles of clay and mud pressed 
and cemented together. 

Silicification. Impregnation or replacement by silica (SiO~). 

Sillimanite. A vitreous brown or gray very tough mineJal occurring in 
long slender crystals or fibrous masses; an aluminum silicate. 

Slate. Metamorphosed shale. It is characterized by well-developed cleavage. 

Slickensides. Smoothed and polished surfaces of fault blocks. 

Soapstone. A metamorphic rock of massive schistose, or interlocking fibrous 
texture and soft unctuous feel, composed essentially of talc. 

Sphalerite. A mineral composed of zinc sulphide; commonly yellow or 
brown to black; resinous luster. An ore of zinc. 

Stamp mill. An apparatus (also the building containing the apparatus) in 
which rock is crushed by descending pestles (stamps) in a mortar box 
operated by water or steam power. Amalgamation is usually combined 
with the crushing when gold or si lver is the metal sought, but copper 
and tin ores, etc., are stamped to prepare them for smelting. 

Stope out. To excavate are in a vein by driving horizontally upon it a 
series of workings, one immediately over the other, or vice versa. 

Stresses. Forces exerted on rock masses in the earth. 

Strike. A horizontal line on a bed of rock; the trend of a body of rock or 
a fold. 

Stringer lode. A shattered zone containing a network of small nonper sistent 
veins . 

Sulphide. A binary compound of sulphur and a metal. 

Terrace. A benchlike flat above a stream; part of a former valley floor. 

Tertiary. The first period of the Cenozoic era; just prior to Quaternary 
time. 

Tetradymite. A pale steel-gray metallic minera l compdSed of bismuth, tel
lurium, and sulphur. 

Titanium. A metallic element found in nature only in combined form, and 
isolated as an infusible iron-gray crystalline powder. 

Topography. The surface form, or shape, of the land. 

Tourmaline. A complex aluminum silicate containing iron and boron; com
monly black and occurs in tong stri ated prisms in metamorphic rocks 
and associated veins. 
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Tr,·assic. See Mesozoic. . ·f d which shows uph t an ero-
n! .ty The contact of two formatIOns 

Unco orrm . d 't d 
s,.on before the upper formation was epost e . 

d ft occurring in sharp 
Vanadanite. A deep-red, resinous lead vana ate, a en 

. atic crystals 
prtsm . 1 disseminated through a gangue, or 

Vein. An occurrence of ore, common YI s regular development in length, 
. t and having a more or es . II 

velllS one, . dId e in common usage, essentta y 
width, and depth. A vetil an a a e ar , 

the same thing. h ntr rock 
W 11 k The rock forming the walls of a v,ein or lode; t e cou Y . 

a roc. The upper surface of the zone saturated with ground water. 
Water table. h 1 

Rocks which offer slight resistance to erosion, e. g., s a e. 
Weak rocks. ar the surface, 

The slow action of geologic agents at or ne 
Weath~ring. 

whereby rocks decay and disintegrate. 
d by horse power or steam 

Whim. A large capstan or vertical drum turne . 
power, for raising coal, are, water, etc., from a mme. 
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