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THE CLAYS OF THE PIEDMONT PROVINCE, VIRGINIA

Bv H. Rrps axr R. E. Solrpns.

INTRODUCTION.

The field work for this report was carriecl on during the season of 1915,

and the laboratory tests during the following winter. In the course of the
work an effort was made to visit all parts of the Piedmont region, which
were located within a sufficient distance from the railroad to permit any

clay deposits they contained being worked.
Samples for testing were collected not only from the different geological

forrnations, but, where these were of consiclerable extent, sarnples were

obtained from the same formation at a number of difierent points. These

samples were of two sizes, namely, large and small.
The large samples were taken chiefly from those locaiities which were

speeially well located for establishing a planf or where the outcrops were
large. The small samples were taken in palt from les$ important localities,
and to obtain a clue regarding the nature of the clay from a given for-
mation at points other. than those supplying the large samples.

TESTING TIIE CI.I\YS.

To the practical clay worker, the physical characteristics of the clay
are of prime importance, the chemical analysis being of little or no value.
ft was consequently the former class of properties that were investigated.
AII samples were carefully taken, so as to represent the average of the
deposit, ancl not a selectecl sample.

The clays so obtained were put through a crusher with r/s-inch opening,
so as to break up the stony fragments, and the ground material was then
mixed with water to a plastic mass. tr'rom this bricklets were molded by
hancl, antl these were usecl to cletermine the average air shrinkage. T'he

same bricklets were then slowly fired to coneso 010, 05, 03, and 1, or higher

oCones or Seger Cones are a series of artificial rnixtures, molded into slender
pyramids. The series range from O22 to 01, then I up to 39. The first named has
the lowest fusion point, and the last named the highest. The theoretic fusion
points of successive numbers difier by 20' C. Thus 0I0 used in this.report fuses
at 950" C; 05 at 1050'C; 03 at 1090'C; and I at 1150" C. As the temperature
approaches the fusion point of the cone the latter begins to soften and bends over
until the tip touches the base, when the fusion point is supposerl tc have been
reached. The cones are not however used for temperature rneasurernents. but for
determining pyro-chemical effects. Thus, if a certain clay develops a body of the
proper quality at say Cone l, this number cone can be placetl in the kiln to be used
as a gauge of the firing process.
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if necessary, and the fire shrinkage, absorption, ancl color, after burning,
determined on them.

Another lot of the mixed plastic clay was morded into briquets. These
were frrst dried slowly in the air, anct then in a hot-air bath, after which
they were tested to determine their tensile strength. As some doubt exists
regarding this last-mentioned test, a word of explanation should be given.

The tensile strength expresses the resistance of the air-clried clav to
ruptule. A clay of good tensile strength will stand handling in its un-
burned condition better than one of low tensile strength. Moreover, this
property conveys to us an idea of the clay's bonding power. on the other
hand, it is not a direct measure of the plasticity ur rotr. believe, nor does
it indicate the probable strength of the cray after burning. Another fact
brought out by these tests is that a clay may have a very low-tensile strength,
and yet flow smoothly through the die of a stiff-mud machine. The indi-
vidual briquets sometimes show consiclerable variation in strength, and it
has been suggested that this might be clecreasecr by adding a certain amount
of a standard s4nd. This, of course, may decrease the average tensile
strength of the clay, antl so for purposes of comparison all clays to be com-
pared shouid be treated in the same way.

Still another lot of the large samples collected was put through a small
power-clriven stiff-mud inachine, and the results are given in the tests. rf
the clay worked well in the brick die, it was also tried in the hollow block.
and other dies.

'while the stifi-mud tests can be regarded as giving clues to the work-
abilify of the clay by this process, their failure in some cases is not neces-
sarily to be regarded as decisive, for the reason that armost every clay in
stiff-mud work is a problem by itself ; ancl, ri,hile it may not work rvell in
one type of die, it often does in another.

Another lot of the clay rras dry-grouncl to pass through a p0-mesh sieve,
and moldeil in a hand-power dry-press machine. Most of the pieclmont
clays failed here, because of their grittiness.

The kaolins were burned not only in their crude condition, but were
also put through a washing test to eliminate the grit, ancl the washecl
product fired at the proper temperature.



ORIGIN OF THE ?IEDMONT CLAYS.

ORIGIN OF TIIE PIEDMONT CLITYS.

'Ihe clays of the Piedmont region fall into three classes, namely, (1")

residual, (2) colluvial, and (3) transported.

R,ESIDUAf, CLAYS.

These are derived from all rocks by weathering processes. As a result
rocks like granites, gneisses, and schists are broken clown to a clayey
massrthe residual clay. Since the weathering agents begin their attacks
on the surface, antl work from there into the rock mass, the decomposition
is most complete above, and gradually diminishes clownwartl until fresh,
unclecomposed rock is reached. 'We 

therefore often find that at, the surface,

and extending downward for a variable depth, the rock may be so completely
decomposed that little of the original structure remains. This may grade
downward into a second poorly-defined zone in which the material is pretty
well weathered, but the rock structure is still retainecl. Belorv this there
may be a third zonb, partly decomposed, antl containing some partly-decaved
rock fragments, which in turn gracles into the solid rock.

The depth of these several zones may vary, and each one is not always
present: The ciay of the upper zone is usually the most plastic,o while
that of the second may be noticeably less so. This is an important feature
to recognize, because the upper zone alone may not be deep enough to work,
and so in taking a sample it is necessary if possible to inclucle some of the
lower-lying material.

Residual clays vary greatly in depth, and even within a short distance
may show great irregularity in thickness, this, variation being due to uneven-
ness of either the lancl surface or the bed rock.

Yariation in depth may be due to variation in depth of weathering or
erosion. On a flat surface the residual clay is likely to accumulate, as it is
not washed away, while on a slope or ridge crest where the rain wash
temoves the soii rapidly, unless protected by vegetation, the products of
weathering are apt to be removed. Bearing these facts in mind, we can see

the necessity of carefully determining the extent and depth of a deposit of
residual clay.

Most residual clays are colorecl yellow, brown, or recl by iron oxide, which
is supplied by the decomposition of iron-bearing silicates like biotite mica,

aTillage of residual clay sometimes loosens the upper few inches so that the
surface water washes out the clay particles. The surface soil may therefore appear
sandy or loamy, but be immediately underlain b5' the sticky clay of the upperzone.
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hornblende, ete. If these minerals are absent the clay is white or nearly so.

The feruginous resicluals burn retl or brown, while the whitish ones usually
burn white or light buff.

The crystalline rocks from which most of the Piedmont residual clays
are clerivetl often contain veins of quar'tz, which in weathering do little
more than break up into angular fragments. These remain scattered
through the clay, ancl must be crushed or screened out before the material
can be put through the molding machine.

COLLUVIAL Cf,It'YS,

In many localities, the residual clays founed on hillsides are moved a
comparatively short distance down slope, the action being partly a siiding
of the deposit down hill, and partly a wash process. Such deposits are
teuned collua,ial.

TBAIISPOBTED CLAYS.

As residual clays are washed down the slopes of the land they reach the
streams, ancl are carried along by the current, until it slackens enough to
deposit them. The clay so deposited is called a transportecl or sedimentary
clay. \Me may therefore get several types of transportecl clay, depending on
the conditions of deposition.

FIOOD PLAIN CLAYS.

These represent a common type in the Piedmont region. They include
the clayey setliment deposited by streams on the flat tracts (flood plains)
which often border the river courses. Many of the streams flol'ving across

the Piedmont belt are borclered by flood-plain terraces underlain by clay.

These clays are rather characteristic in their occurrence. They vary
from plastic to sancly, and the clay may gracle into sand both vertically and
horizontally. So there is an equally great need here for testing the deposit
thoroughly before locating a plant on it.

}IARIIIE CI,AYS.

Clayey sediment may be carried by streams into estuaries or to the Fea

before it settles to the bottom. The latter ca'se especially may yield deposits
of wide extent. If these sediments are later coverecl by a great thickness of
adclitional beds, they become hardened or consolidated. to fonn shale. The
Iatter, however, when grouncl up and mixed 'with water, may become quite
plastic, especially if the indiviclual shale grains cohere by pressure alone,
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shales vary from hard gritty ones like those at Ireaksville Junction west

of Danville to smooth fine-grained ones like those at Wolftrap'

They may form deposits of considerable thickness' of clean material

from top to bottom, oi at other times beds of sandstone are interstratified

with thi shale. As these do not always weather as readily as the shale,

their presence even in residual clays derived {rom shale is at times a soulce

of trouble in excavating.

MINER,AL COMPOSITION OF T}IE PIEDMONT CI,AYS.

The mineral composition of the Piedmont clays is shown in tabular

fonn on pages ? and 8.

The determinative work was clone with the petrographic microscope.

samples of each clay were powderecl anil maile into.microscopic mounts,

the specimens usually being imbedded in Canada balsam' In some cases

special determinations had to be made by putting the grains in liquids

of higher index of refraction.
The minerals noted were quartz, muscoYite, biotite, chlorite, epidote,

zoisite, hornblenile, feldspar, zircon, tourmaline, rutile, titanite, gatnet,

magnetite, ilmenite, sericite, hydromica, and kaolinite' The term hydrom-

ical is usetl to designate a mineral whose optical characters vary from

those of sericite and possibly biotite to kaolinite. There is probably an

isomorphous gradation between sericite and kaolinite, at least, with a

gradoal loss of potash and the addition of water, and in weathering

iroducts such as ihese, hydromica represents a transition stage of weather-

ing toward kaolinite as the final procluct.

In every clay examinetl quartz is present, varying in size down to the

minimum timit of vision of the microscope. Biotite is nearly as common

and usually more or less bleached from loss of iron. Muscovite, strictly

speaking, is very rare, the colorless mica of high double refraction generally

having ihat minute scaly character which classes it as sericite. Chlorite is

compa-ratively uncommon, but a fevr small grains of epidote are to be

foood in the majority of thg clays. Zoisite is present only in the Roseland

kaolins and in three of the transported clays, while few are sufficiently

fresh to retain the hornblende. x'el.dspar is commonly seen, although

never in large quantity, and the varieties drthoclase, microcline, and plagio-

clase maY be distinguished. Zitcon, tour.rnaline, and rutile are not un-

.oSeeGalpin,S.L.,Stuilieso!Tlint.ClaysandTheirAssociates,Trans.Am.
C"ru*i" So.., Voi. XfV,'pp. 306 and 338, for an excellent discussion of this term.
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common, although present in very small amounts, but titanite, garnet,
magnetite, and ilmenite'are very rare. sericite has been noted in a few
of the clays, but as a rule seems to have gone over into either hydromica
or kaolinite. These two latter minerals a=re neverlacking, and although
varying in relative abundance, compose most of the finer particles of the
clays.

The residual clays are groupecl in the table according to the rock
formation from which they were ilerivecl, with the pegmatitic antl similar
clays by themselves, ancl a group at the end to include all the transportecl
clays.

comparing the difierent groups, it is noticeable that the transported
clays contain a greater variety of minerals than the residual on.r. [*ong
the latter the greatest development of kaolinite is found in the kaolins, as
might be expectecl, but in the other clays the mineral composition seems
to depend more upon the composition of. the original rock and less upon
the degree of alteration. The simplicity of the cambrian resicluals and the
abunclance of quartz and biotite in those derived from the pre-cambrian

.granite-gneiss reflect the compositions of their parent rocks.
The symbols A, c, ancl S are usecl to denote the relative quantities of

the minerals. A iildicates that the mineral is relatively abundant, c that
it is common, and S, scarce.

A more detailed petrdgraphic discussion of these and other clays tested,
together with the practical bearing of the investigations, wilr be taken up
in the final report.
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MINERAL COMPOSITION OF T}{E PIEDMONT CIAYS.

TABLE SEOWING MINERAI] COMPOSITION OF'PIEDMONT CLAYS.A

Symbols.A, C, and S denote relative quantities of minerals. A, mineral is relatively abundant; C,
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TABLE SHOWING MINERAL COMPOSII'ION OF' PIEDMONT CI,AYS.

(Symbols A, C, and S denote relative quantities of minerals. A, mineral is relatively abuntlant;' mineral is common ; S, mineral ls scarce. F or symbol in third column under "F ormation" see
logical map, Plate I.)
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(A) Bank of transported clay, \4rard Bros., yard, Galax.

(l'l) Pit in flood plain cla1,, Culpeper.
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(A) Bank of transported cla;', \Varcl Bros., r,ard, Galax.

(IJ) Pit in flood plain cl:r1., Ltulpeper



FLOOD PIAIN CI,AYS.

DETAIIEI} DESCRIPTIONS AND TESTS OF TIIE PIEDMONT CIAYS.

T.LOOD PIAIN CIAYS,

n{ost of the larger streams in the Piedmont belt, and even many of the
smaller ones, are borclerecl, sometimes for long stretches, by flood-plain
terraces. These terraces are of varying width, and may be almost at the
stream level or 15 to ?0 feet above it.

The surface soil of the terrace is often sandy, while underlying it may
be clay or sand, the pockets, lenses, or layers of the tr,vo often irregularly
distributed. The floocl-plain clays are often more plastic and denser-burning
than many of the residual clays, and rvhere obtainable seem to be preferreii
by the brick manufacturer.

Good examples of this t;,pe of cleposit are li,orked at Drakes Branch,
Danville, Deacon near Lynchburg, and Culpeper.

CUI,PEPER COUNTY,

Culpeper.-Stream or flooc1-plain clar-s are \yorkeal at Clarke's brickyard
on thc northeastern edge of towrr. The plant is not a \rery large one, and
hence the quantitl, of clay requireil is comparatively small. It is supplied
from what is probably a flood-p1ain ileposit borclering Mountain Run, but
only that portion lying on the south side of the crcel< is worl<ecl. lfhis
shows the variable nature so characteristic of many flood-plain deposits.
Thus nearest to the works the surface is unclerlain b;, a tough blue clay
(Lab. No. 2007), about 5 feet thick, while on the farther side of the pit,
towards the highway, there is a ye1low, less sticky clay (Lab. No. 2006),
ancl again, next to the run the clay becomes very sandv.

The blue clay has too much shrinkage and is too tough to work a1one,

consequently it is mixed with the yellorv, r,vhich is of lower shrinkage. The
difference in the physical charticter of the two clays is well shown by the
following fe'w tests that were made on them.

Lab. N0.9007, blue clay.-Nthough this ciay is gritty, it is aiso very
plastic. It worked up with 34 per cent water to a mass whose air shrinkage
was 8.4 per cent. 'Ihe bricl<lets were hard with a good ring even at Cone

010. At Cone 010 the fire shrinkage and absorption were 2 and 13 per
cen! respectively, while at Cone 05 they rvere 4.6 and 12 per cent.

Lab. No. 2006, yellow clay.-This clay, although gritty, has good

plasticity. \ rith 24 per cent water it gives a \,vorkable paste that shows
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5.9 per cent air shrinkage on drying. The clay burns red, and gives a hard
body at Cone 05, although at Cone 010 the product is fair. In firing the
bricklets, those heated to Cone 010 had a fire shrinkage of 0 per cent,
and an absorption of 19.3 per cent, 'r,vhile those fired at Cone 05 showed
1 per cent fire shrinkage, and 15 per cent absorption.

It is seen then that by mixing the two together .we overcome the higher
shrinkage of the one, and the more porous-burning character of the other.

The output of the yard consists at present of common brick. The clay
is prepared by passing through rolls, from which it goes to an end-cut,
stiff-mud machine. The bricks are dried untler sheds, and burneil in scove

kilns with permanent side-walls. The product has a good ring.

CAITIPBELL COU}ITY.

Dea,con.-The flood plain bordering James River is underlain by a

typical river cleposit that varies from sancl to plastic sandy clay, there being
at times enough of the latter to warrant working it for the manufacture
of brick. Such a ileposit has been openecl up at Deacon, on the Chesapeake
and Ohio Railroacl, about 6 miles east of Lynchburg, and is utilized by
the firm of Adams Bros.-Paynes Co., for making common building brick.

The clay underlying the flood-plain surface ayerages about 10 feet in
depth, but at times is as much as 14 feet. It is excavated by means of a

steam shovel, preparecl with rolls and pugmill, ancl molcled in a soft-mud
machine. Tunnel clryers anil permanent side-wall, upilraft kilns complete
the outfit. The product supplies much of the Lyrchburg market.

AMIIERST COIINTY.

Beusens.-On the north side of James River, about 500 yards east of
the blast furnace of the Oriskany Ore and Iron Corporation, and on the
property of T. L. Wills, there is a curious deposit of clay about 50 feet
above the river level. It lies higher than'the surface of the flood-plain
terrace, and is not a recent river deposit; at the same time the presence

of a number of rounded pebbles and cobbles in the clay indicate that it is
probably some type of transported material, and not a purely residual
deposit.

The upper five feet of the deposit is a ferruginous sandy clay (Lab.
No.2047), with scatterecl, roundecl pebbles. Under this is a gray, gritty
clay, 4 to 6 feet in thickness (Lab. No. 2043), containing pebbles antl
cobbles of quartz, coarse Jeldspar, ancl biotite schist. The material is
interesting, because it serves well for use as a fire-mortar clay ancl for
tamping at the blast furnace.
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(A) Brick lqorks at Br.odnax

(B) CIa;' pit at Brodnax.
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(A) Blick llorks at Br.odnax.

(B) Cla5r pit at Brodnax.
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There is not much clifference between the two clays as the following
few tests indicate.

Lab. I{o. 20+7.-L brown, sandy, plastic clay of red-burning character,
with 5.8 per cent air shrinkage ancl low fire shrinkage. It has about l-5
per cent absorption at cones 010 and 05.

Lab. No. ?)J+s.-Tlnts has 6.L per cent air shrinkage, very low fire
shrinkage, and 13 per cent absorption.

Meherrin.-Stream clay is known to occur about 1 mile southwest of
Meherrin, on the Richmond and Danville division of the Southern Railway.
ft is referred to as white, but is of a light gray color, and this fact has led
some to think it a fire c1ay. Indeed it was this rumor which attracteil our
attention to it. The material (Lab. No. 2052) is a smooth, plastic clay,
which shows 5.6 per cent air shrinkage, after being mixed up with 25
per cent water. The clay burns red, and has an excellent ring at Cone 010.
At Cone 010 the fire shrinkage and absorption were 1 anil 14.2 per cent)
respectively. At Cone 05 these two values were 1.4 per cent and 13.1
per cent.

n'rom these few trial tests, the material gives promise of being adapted
to the manufacture of a good red brick, but it is not a fire clay.

Virso.-More stream clay occurs at this point about 1/a miles south-
west of Meherrin. The material is of light gray color and undoubtedly
very similar to the preceding.

BRUNS'WICK COUNTY,

Brod,nar.-One mile northwest of Brodnax, anil about 100 yards south
of the Lacrosse-Brodnax road, is an old clay pit of the Chase Brick and
Tile Corporation. The deposit lies in a bottom and is a transported clay'
It is gray in color, with numerous iron stains, and fairly plastic in itq
nature.

The clay was hauled to the works with an engine, fed into a screw

mixer, then into a pugmill, and end-cut machine. It was dried in steam-

heated tunnels, and burnecl in permanent side-wall, updraft kilns. The
yard is not in operation, but the bricks at the plant lacked ring and seemed

to be badly laminated.
A sample of the material (Lab. No. 2069) collected by us, worked up

with 34 per cent water, hacl ari air shrinkage of 1.2 per cent. The bricklets

11
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burned red with a good ring at Cone 010. At this Cone the fire shrinkage
was 1.3 pet cenf and absorption 23.2 per cen! while at Cone 05 the fire
shrinkage and absorption were 4 ancl 20.2 per cent, respectively.

This clay makes a good common bricli material, although it does not
show as low absorption as some of the strearn clays of the Piedmont area.

It 'r'vould seem from these tests that the bricks at the yard rvere not burned
hard enough, and that the laniinations were clue to the machine 1nf hoino

suited to this particular clay.

Lawruncerillo.-Transported cla-vs are available at ser,eral points around
Lawrenceville. Thus, near Great Creek about one-half mile west of town,
and just south of the Southern Raihvav tracks, is a I'arcl orvned by \V. A.
Crinkiey, rvhich utiiizes a flood-plain clay. The clav is light gray and very
plastic, rvith streaks oJ limonite. It closely resembles the Broclnax material
describecl above. At the yartl the clay is put through rolls, pugmill, and
encl-cut, stiff-mucl machine, driecl on pallets, and burnecl in upclra{t kilns.

A small sarnple (Lab. No. ?206) rvas tested in tho laboratory, rvith the

result that it gave with 22 per cent of r-ater a t'orkable mass whose air
shrinkage was 4.? per cent. The material burns ler1, to a bricklet of
moclerate absorption, having a good ring at Cone 010, ancl being nearly
steel hard. At Cone 010 the fire sbrinkage $ras zero, antl absorption 15.5

per cent. At Cone 05 the fire shrinkage was 1 per cent, and absorption

15.2 per cent. This clay should rlalre a good common brick.

r\nother flood-plain deposit, located in the flood plain of Rose Creek, is

workecl northeast of torrn by the stucients of St. Paul's Coliege (colored).

The clay is treated with ro1ls, pugmili, stif{-murl machine, ancl burnecl
in snrlraff kilns. Jlro hrinL.ra fqir enr':l gh6Ulal be burned harder, -[Or

the follolving tests on a samplc from here (Lab. No. 2068) show that the

clay burns to a good bocly at a lov ireat. It gave r,vith 21 per cent rvater

a workable bocly of fair plasticity, having 6.3 per cent air shrinkage. The

bricklets molded {rom this burnecl to a red product, having an excellent
ring at Cone 010. The firc shrinkage ancl absorption at Cone 010 rvere

1 per cent and 16.8 per cent, respectively, rvhile at Cone 05 the corresponcl-

ing values rqere 2.6 per cent and 13.4 per cent.

These preliminary tests point to a good brick clay"

CHARf,OTTE COUNTY,

Drakes Branch.-The only clay worked at Draltes Branch, a station

on the Richmond and Danville division of the Southern Railway, is a stream
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(A) Brickyard of St. Paul's school, Larvrenceville.

(B) Brick;'ard, Lax'renceville.
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(A) Bricliyard of St. Paul's school, Las'renceville.

(B) Brick,vard, Laivronceville.



FLOOD PI,AIN CI,AYS.

deposit rvhich is utilized at Payne and Spindler's yard for making common

brick. The yard is located on the southeast sicle of the railroacl, aricl is

equipped with a pugmill, stifi-mud, end-cut brick machine, tlryer sheds, ancl

scove l<ilns. The clay deposit is from 4 to 5 feet in depth, and unclerlain

by sand.

Labolatory tests on this materiai (Lab. No. 2038) gave the following
results: A brorvn clay of high plasticity, but rvorking up with 23 per cent

of rvater to an easily molclable mass. The air shrinl<age was 6.1 per ccnt,

ancl the average tensiie strength 245 pounds per square inch. 'Ihe clay

burns recl, wiih a good color up to Cone 05, but darkens at Cone 03. The

bricl<iets had a good ling even at 010, and burned steel harcl at this Cone.

Additional tests are tabuiated below:

IO

010
05
03
I

l'ire shrinkage
Per cent

.0

.6
2.O
2.0

Absorption
Fer cent

15.3
It,I
r0. 3
r0. 1

can be worlieil in aThis material is a goocl common-brick ciay, rvhich

stiff-mud machine. It neecls thorough tempering.

PITTSYIVANIA COU]

Danaille.-Both residual and stream clays occur in the vicinity of Dan-
ville. The latter are found bordering Dan River, and there is a possibility
of finding them at a nuinbcr of points. They are worked, however, only at
one point, 2 miles east of Danville, along the Richmond and Danville clivi-
sion of the Southern Railway.

At this point Dotharcl ancl Riddle are using a flood-plain clay, running
about 8 feet deep, {or making common brick. The c1ay, which is ulrtlerlain
by sancl, varies in its nature, there being exposed in the pit two rlistinct
types. One of these is a loamy yellow clay (Lab. No.2040), which is said

to tear if worked alone in the stiff-mud machine. The other is a tough

blue clay (I-ab. No.2091), which is saial to be too plastic to rvork alone.

The plant is cquipped r,vith a pugmill, rolls, end-cut, stiff-mud machine,

Steele dryer, and updraft, sicle-lvall kilns.

The {olloiving tests \irere made on three samples, representing the yellow

sandy clay (2040), the blue clay (2091), ancl a mixture of 50 per cent of
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each (2216). For purposes of comparison the tests are given in parallel
columns.

Texture
Plasticitv
Water required .....
Air shrinkage
Tensile strength, lbs. per sq. in....
Color burned-
Cone 010

X'ire shrinkage .. . . .

Absorption
Cone 05

X'ire shrinkage .. . . .

Absorption .;. .. . .

Cone 03
Fire shrinka,ge .....
Absorption .......

Cone 7
X'ire shrinkage .....
Absorption .......

Sandy
Fair
27.4%

5 '8Eo
60.0
Reri

0.0
20.6

0.0
18. I
r.4

15.9

2.6
r5.4

Fine
High
27.3%
6.0%

I59.0
Red

.6
19. I

Good
28%
7.2%

102.0
Red

I,O
19.8

1.0
u.8
3.6

15.7

3.7
13 .9

2.0
16.0

3.0
11.8

3.0
t2.8

No. 2040 develops only fair ring at Cone 010, but is steel hard at 08.

No. 2091 gives better body at 010 than No. 2040.

No. 2216 develops good ring at 010.

No. 2091 was run through the die of the stiff-mud machine without
difficulty, but it is a tough clay, requiring considerable g-rinding to break
up the lumps. If these are not disintegraterl thoroughly the bricks show a

tendency to crack. In using a mixture, thorough pugging of the clay is
also necessary in order to prevent cracking.

While the clay is useal for common brick, it is probable that it could
also be useal for makins drain tile and hollow blocks.

GRAYSON COUTTTY.

Galan.-.Lbout half a mile southeast of Galax stream clays are being
used at Ward Brothers' yard for making common brick. The deposit ap-
pears to be a delta, and the cut u'hich has been maale for digging the ciay is
above the level of the flooc1 plain of the near-by stream. In this pit the
clay is stratified and the upper 10 feet of the 1Z-foot face is a brown, smooth,
plastic, micaceous ciay (Lab. No. 2122).
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.l

(A) Flood plain elarv, Douthat ancl Rirldle yard, two rniles east of Danville.

(B) Cla;' pit in flood plain deposit' Deacon, of Lynchburg.
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(A) Flootl plain clay, Douthat anrt Riddlc 1-ard. t1{o rniles cast of Dani'ille.

(B) Clay pit in flood plain deposit, J)eacon, east of L1'nchburg.
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This clay when worked up had ? per cent air shrinkage.
a red color, and at Cone 010 had a fairly good body. The
and absorption are low. They are:

Cone 010: 1.3 per cent fire shrinkage, 19.9 per cent absorption.
Cone 05: 1.3 per cent fire shrinkage, 18.9 per cent absorption.

This clay shoulil yieJd a good brick.
Unclerlying the upper clay, anil sharpJy separatecl from it, is a bluish-

gray clay (Lab. No. 2714) of very plastic character, quite micaceous, and
having a somewhat different fire shrinkage, as the tests below show. This, a
smooth, plastic material, had ?.1 per cent air shrinkage. It burns to a red
color, and forms a body with an excellent ring at Cone 010. At Cone 010
there was .7 per cent fire shrinkage, and 20.8 per cent absorption. At Cone
05, 3 per cent fire shrinkage, and 16.2 per cent absorption.

The two clays are mixed in about equal parts, and the bottom clay
improves the quality of the brick; but if it is not thoroughly pugged, the
product shows a tendency to crack.

The bricks are molded in a stiff-mud machine, air dried, and burnecl in
scove kilns. There is a possibility also of making drain tile from these clays.

Two miles east of Galax is W. C. Cole's yard. The clay which lies in a

hollow also appears to be of transported character. It is plastic and
micaceous (Lab. No. 2777). The pit, rvhich is not over 5 feet deep, shows
clays o{ brown, blue, ancl light-gray color, but the highly micaceous char-
acter, as shown by the following tests, seems to interfere with its making
a good hard brick at the temperature of the ordinary scove kiln.

'Ihese tests show it to be of low plasticity, and 5 per cent air shrinkage.
It burns to a light-red color, ancl does not give a very hard product. The
fire shrinkage up to Cone 05 was 0 per cent, and the absorption 25 per cent.

15

It burned to
fire shrinlcage
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'IRIASSIC CLAYS.

ColrurNrs oN TrrE T'l"lr,n.

The foregoing tests indicate that most o{ the transported clays examinecl
clid not require an excessive amount of r,vater for mixing, but were of good
plasticity. The air shrinkage was usually moclerate. 'Ihe tensile strength
is variable. Tire shrinkage is high above Cone 010, but most of them shorv
only a moderate absorption. They are therefore good brick clays, and some
are adapted to tile making. 'Ihose best adapted to tile or even to hollow
brjck manufacture are the ones tested frorn Danville, Drakes Branch, ancl
Meherin.

TR,IASSIC CLAYS.

'I'he 'Iriassic formations occupy a number of disconnectecl areas within
the Piedmont province of Yirginia.

The first and largest enters the State as a belt about ?0 milcs rvide,
with Leesburg, Loudoun County, near its rvestern border, and Manassas,
Prince William County, a little farther south, near its eastern margln.
This belt, forming the Yirginia portion of the New York-Virginia Triassic
belt, and comprising parts of Loudoun, Fauquier, Prince William, Cul-
peper, and Orange counties, nar'r'o\r's rapidlv southwarcl. antl cxtcnds, u.ith
the exception of one break north of Orarige, as far as'Gordonsville. The
clays are all resiclual, red burning, and derir,ecl chiefly from shales and shaly
sandstones, but in some localities, as south of Culpeper, they are derived
frorn conglomerates. The tests show that this area contains clays of eco-

nomic value.
A seconcl area, and one containing coal, Iies west of Richmond, but few

shales of any value have been found il it. Thc Richrnond area includes
parts of Amelia, Cliesterfieid, T{enrico, Porvhatan, and Goochlancl counties.

A third onc of small size, lcnown as thc Scottsr-ille alea, Iies rvcst of
Warren, anil comprises parts of Albemarle, Buckingham, and Nelsorr
counties.

A fourth and long belt, lrnown as the Darr River belt, extencls north-
eastward from the State line through Pittsylvania Coulty into Campbell
ancl Appomattox counties. Most of this area iies remote from the railroad.
ft is, horvever, accessible near Chatham ancl r,vest of Danvil1e, and is
crossed by the main line of the Southeln Ilailway betrveen thesc trvo points,
and again by the Danville and \Vestern Railroad between Danville and
n artinsville. \\rest o{ Danville the shale is too gritty.

There are finally some small areas located, respectively, near 'Wolftrap,

Halifax County, and betrveen tr'armville ancl Cumberlanrl, rvhich contairr
some goocl clays.

1?
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FAUSUIER COU}ITY.

Calaerton.-Aiihough the region around Calverton is unclerlain by a

broad area of Triassic rocks, which have weathered to residual cIay, there
are, owing to the topography, few good exposures of the material. The
beilrock seems to be mostly a reil, shaly sandstone. Some search was
made around this locality for natural exposures of clay, but few good
ones were found, and the area should be tested out by boring.

The two following samples may serve to convey some iclea of the Triassic
residual clay occurring in this region, although it should be rememberecl
that the material may vary from point to point, a fact emphasized by the
samples collected between Culpeper and Elkwood to the southwest.

One sample (Lab. No. 2020) collected from a pasture near Calverton
was light brown, smooth, and quite sticky, requiring 30 per cent of water
for tempering, ancl having 8 per cent air shrinkage. The air-clried sample
showed a few fine cracks. The bricklets burned at Cone 010 had a goocl
ring and good red color, with a fire shrinkage of .3 per cent, and absorption
of 17.3 per cent. At Cone 05 the bricklets were steel harcl, rvith a fire
shrinkage of 4.3 per cent, and absorption of 10.3 per cent. The material
can be classecl as a common brick clay, and at Cone 010 should make a

salable product.
A second sample (Lab. No. 2021) was taken from the railroad cut on

the branch line to Warrenton. The same material shorvs in the neighbor-
ing wagon-road cuts, but here the bedrock does not appear to 1ie very
deep. This is also a good brick clay, and better than the preceding. Its
plasticity is fair, and there is littIe grit. It required 20 per cent of rvater
for working, and the mixture had an air shrinkage of 4.9 per cent, rvhich
is not high. At Cone 010 the bricklets had a gooil ring and retl color with
a fire shrinkage of 1 per cent, and absorption of 18.9 per cent. At Cone
05 they were steel hard with a fire shrinkage o{ 6.3 per cent, and absorption
of 8.4 per cent.

CUIPEPER COUNTY,

Culpeper-ElkwoocI.-The wagon road from Culpeper to Elkwood traverses
the Triassic forrnation, but there are ferv heavy cuts either along the rail-
road or the wagon road. A short clistance northeast of where the main
highway crosses the railroad, the residual clay from the shale is well ex-
posed in a long, shallow cut. The location here is a good one for working
as it is close to the railroad. Above the clay is 7 to 2 feet of sandy loam,
which could be mixeil in with the clay (T,ab. No.2013). Owing to the
favorable location of the deposit a large sample was tested.
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This clay worked up with 25 pet cent of water to a mass of good
plasticity, and 8.3 per cent air shrinkage. The average tensile strength
was 95.1 pounds per square inch.

The fire tests of the soft-mud bricklets were as follows :

Cone Fire shrinkage
Per cent

010 0.0
05 t.7
03 2.4
| 2.4

Absorption
Per cent

18 .9
I5. I
t4.2
13.92

The clay burned recl, and the bricklets had a good ring even at Cone
010, but an excellent one at Cone 05. They were nearly steel hard at
Cone 010, and completely so at Cone 03. Dry pressing was also tried, but
on account of the fine silty character of the material it clicl not work very
well.

A large sample was put through the stifi-muc1 machine, but clifficulty
was encountereai in getting it to flow through the clie without cracking,
and it worked best when treated with the minimum quantity of rvater.
There seems no doubt that it could be made into a goocl common brick by
the soft-mud process, but there is some question as to whether it could be
molded stifi muil.

About one-half mile further to the northeast is another exposure of
residual clay (Lab. No. 2008), but the weathering here does not appear
to be so deep as at the preceding locality. The clay from this locality is
very gritty, but fairly plastic. On account of its grittiness it has a low
air shrinkage of 1.4 per cent. It burns to an excellent brick with a good
ring even at Cone 010, and is nearly steel hard also at this temperature.
The fire shrinkage at Cone 010 is low, namely, .? per cent, and the absorp-
tion is moderate, 15.8 per cent. At Cone 05 the fire shrinkage is ? per
cent, anil the absorption 4.7 per cent. The material gives promise of
making a good brick for general use.

Brandy.-Ldditional exposures of Triassic clay are to be found around
Brandy, but one of the best is at the summit of a hill on the road, 1.b
miles northeast of town,.ancl not more than half a mile in a clirect line
from the railroad.

The clay (Lab. No. 2009) is well located for working, and the tests
given below indicate the possibility of using it. It gives a mass of good
plasticity, but high air shrinkage, namely, 11.4 per cent. The clay burns
to a goocl red color, and has a good ring even at Cone 010, becoming steel
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harcl at this cone. The fire shrinkage ancl absorption at Cone 010 were,

respectively, 3.3 per cent anil 22.4 per cent, while at Conc 05 they were

6.4 per cent and 15.6 per cent. The material could be used in brick manu-
facture, but it would be desirable to mix it with another clay of lower air
shrinkage.

Culpaper. Southeast of Culpeper orr the road to Ster,ensburg there are

a number of good exposures of Triassic cla;rs. The best ones are nearest to

Culpeper, and the material appears to be rrerv similar to No. 2013, {rom
the Elkwood-Culpeper road.

Bteuensburg.-J. N. Legg has a brick and tile,vard at this localitv,
rvhich is intermittently operated, being iclle at the time of our visit. The

cleposit which arljoins the yard is located on higher grouncl than the sur-

rouniling country, but it is probahly derjved from the Triassic, although
it ma1, have been rer,vorked siightly by rvashing action.

This material (Lab. \ro. ?023), though of high plasticity, required

only 20 per cent of lvater for mixing, and hac.[ arr air shrinkage of ? per

cent. Tt burns to a bricklet rvitli good ring and recl color even at Cone 010.

At this cone the fire shrinkage rvas 1.3 per cent, and absorption 11 per

cerrt, rvhile at Cone 05 the fire shrinlrage rvas the same, ancl the absorption
9.1 per cent.

'I'he clay can be used for comrlron brick anil drain tiie, and l{r. Legg's
yard is equipped r'vith ro11s, auger machine for brick and tile, arril one

circular, updraft kiln.
ORA}IGE COUNTY,

Orange.-A large, lens-shaped area of Triassic lies west of Orange, antl

extends, from a point 2 miles north, southward to Gordonsville. \\rhile the
clepth to bedrock seems to vary, there are eviclently a number of points where

it is possible to get a sufficiency of clay. The ll'riassic rocks in this area

consist of congiomerate, sanclstone, and shale, with some r.olcanics, anil
the resiclual clay derivecl from these may therefore be expected to r,aly
somer'vhat.

Thus follorving the wagon road wesiward from Orange, and parallel
with the railroad, a number of Triassic exposures are to be seen. One of
these is abort 27/,+ miles from Orange on the Iriberty Mills road, the bank
being 12 feet high, ancl not tar from the railroad. ilhc material (T,ab.

No. 2001) is dark red gritty clay, ancl not used. It has fair plasticitv,
rcquired 33 per cenl of rvaicr for mixirrg. aird has a rather high air
shrinkage of 10 per cent. It burns to a fair brick of red-brown color at
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Cone 010, with a fire shrinkage of 1 per cent, and an absorption of 21.7

per cent, which is rather high. At Cone 05 the brick is steel hard, with a

good ring,4 per cent fire shrinkage, and 15.3 per cent absorption.

The material could be used for common brick, ancl cou1c1 probabll' be

mixecl up rvith less watel, so as to recluce the air shrinkage.

About three-fifths of a mile east of Libertv ffil]s ihe Triassic still
outcrops, but the clav hcre is rnore grittl'. The intercsting feature of this
clay (Lab. No. 2002) is that jt is residual from conglomerate. \\rhile the
pebbles are pretty lvell clecomposed, the clay is nevertheless somewhat gritty.
The plasticity is fair and the ail shrinlrage 8.? per cent. It gar.e a fair
bricklet at Cone 010, of br:ov'nish-recl color, anil, while harcl enough for
use, the c1a-v clid not actually becone steel hard until abol'e Cone 05. At
Cone 010 thc fire shrinkage was 1 per cent, and absotption 18.8 per cent,

rvhile at Core 05 these two r-alues rverc, respectively, 1.6 per cent and 1?.4

per cent. The matelial shoulcl r'ork for common brick.

The decomposed conglolnerate is exposed again in a r)e\\r cut of the
Southern llailwav southrvest of Montpelier. At l{ontpelicr station there

is a shallow cut in decayed conglomerate, r'vhich is more clecomposecl than
any of the others, a,nc1 consists of yellor'vish clay abor.e. .\ largc sample

(Lab. No.2003) was testecl from this locality, as the exposure of material
was gooil, and the general character is similar to No. 2002.

The plasticity developed by mirirg rrith 30 per cent of rvater was fair,
the ar.erage air shrinkage ? per cent, antl the average tensile strength,

when air dried, 69 pounds per square inch. The .qoft-mud bricklets yieltled

the followins results:

q1

Cone

010
05
I

Fire shrinkagc
Per cent

'l'oo soft for bricli

3.0

Absorption
Par cent

lo.J
16.8

The clav gives a fair brick at Cor.re 05, but the color is lot a good red.

At Cone 1jt is steel harcl. A tlry-press bricklet was tried, but dirl not
yield a sound enoug'h body.

A sample of the clay was then put through the stiff-rnud machine,rancl

florrecl ihrough both the brich and hollow-briclr dies without anv trouble.
It r,vould be necessary, ho$'ever, to put the clay through a rolls before

molding in order to crush the pebbles, as these would interfere l'ith the

cuttins wires. The bricl<lets made from the stiff-mud mixture were a
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litUe more absorbent at Cone 010, but showecl the same absorption at
Cone 03 as the soft-mud bricklets at Cone 1.

This clay could be useal, we believe, for the manufacture of both common
and hoilow brick. ft does not burn dense enouEh for drain tile.

PRI}ICE EDWARD COUNTY

Farmaille.-There is evidently consiclerable Triassic clay in the vicinity
of Farmville, and some of it was used a number of years ago for making
brick. One of the best exposures is at the end of E1y Street, where an
excavation has been made by Thos. A. Bolling for making brick. The clay
is red and plastic near the surface, but about 3 feet down sho.r'ys considerable
mica. The material (Lab. No. 2039) is well located for transportation,
and hence a large sample was testecl.

The clay sholvs considerable santl and mica, the small scales of the latter
being noticeable in the burned brick. With 36 per cent of water the clay
worked up to a mass of fair plasticity, whose average air shrinkage rvas

6 per cent, and average tensile strength 90.4 pouncls per square inch.

The fire tests on the soft-mucl bricklets resulted as follows:

Cone

0r0
05
03

Fire shrinkage
Per cent

1.0
4.0
.).u

Absorption
Per cent

23.r
17 0

15. t

The clay burns to a red color, r,vith a fair ring at Cone 010, and a good
ring at Cone 05. ft became steel harcl at Cone 03. The material can be

considered suitable for common brick, although the absorption is a little
higher than desirable at Cone 010. Attempts to mold the bricklets dry
press did not yielcl encouraging results.

Bolling's yarcl was equipped with a soft-mud machine, operated by
horse-power. The proclucf which was burned in scove kilns, rvas not fired
hard enough.

On High Street, 1 mile northwest of town, a blue-gray, very sticky
clay is to be found. It is probably residual from shale or shaly sandstone,
and there is an exposure of it about 100 feet long and 8 feet high, without
any bedrock showing.

As the tests shorv, ii (Lab. No. 2073) is a good brick material, and
though from the same formation, it yields results quite unlike those

obtainecl on testing 1{o. 2039, ancl is of better grade.
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(A) Horse-po\\rer pug mill, Bolling's yard, Falmville.

(B) Clal'bank, Ivev's brickvard, Chathalr
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(A) Horse-po\\'er pug rnill, Bolling's rard, Falmville.

(B) Clai' bank, Iler-'s brickl':rrtl, Chatharr.
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The clay worked up with 24 per cent of water to a mass of good
plasticity, whose air shrinkage was 5.1 per cent, and average tensile strength
131.7 pounds per square inch. It was tested both by molding soft mutl,
and by r-unning it through the stiff-mud machine.

The soft-mud tests were as follows:

6)Q

Cone X'ire shrinkage
Per cent

0t0 .3
05 .3
03 1.3
1 1.7

Absorption
Per cent

16.4
t6.2
LI.7
11 .0

These bricklets show a low fire shrinkage, and moalerate absorption.
They were steel hard at Cone 03, but had a fair ring even at Cone 010.
At this cone the color was light red, but deepened at Cone 05.

A sample was pui through the stif{-mucl machine, and flowecl easily
through the brick die without cracking. There are scattered pebbles in the
clay, which woulil have to be eliminated by means of a rolls. The product
from this machine gave a fair brick at Cone 010. This clay could be used

for common brick, and might even work for hollow brick.

HALII'AX COUNTY.

Wolftrap.-There is a small elliptical area of Triassic, about 8 miles
long, iying north and west of the railway in this vicinity, while a second
area of about the same size lies 24 miles to the north in Charlotte County.

One mile northeast of W'olftrap station there is an excellent section
of the Triassic in the railroad cut. The material exposeil is a smooth,
brownish-red shale, which grinds up easily and in its upper part is com-
pletely weathered to a plastic clay. This clay unclerlies the field and slopes

to the west of the track, and has there been utilized for making common
brick by the Boston Brick Co. They have not employed any of the shale,
as'the residual clay has thus far been sufficient for their needs.

The product now being macle from the clay consists of common brick,
the plant being equippect with a disintegrator, rolls, pugmill, encl-cut,
stiff-mud machine, and dryer.

The shale deposit is the most important material to consider here, for
it represents one of the best deposits of plastic materials seen in the Piecl-
mont Plateau region. This is a smooth, brownish-red shale (Lab. No.
2037) that worked up to a mass of excellent plasticity with 35 per cent of
water, and 10 per cent air shrinkage, which is too high and would have
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to be reduced, probably by aclding some of the neighboring sandy residuai
soil. The average tensile strength was 200 pounds per square inch.

On testing the soft-mud bricklets the following results were obtaineil :

('one Fit e shrinka3e
Per cent

0r0 2.0
05 4.0
03 5.7
I 6.0

Absorption
Per cent

qql

17. I
8.90
7.00

'l'he clay burns to a led color, has an excellent ring er-eri at Cone 010,
and is steel harcl at Cone 03. A sample testecl in the stiff-mud machine
worked well in both the brick and the tile dies, ancl ga\re a good hard
procluct.

'Ihe shalc could probablJ'be usecl fol common bricli, hollow brick, and
drain tile. It woulcl also lr'orlc for ilry-press briclr. Incleed it is one of
the best clays testecl froin the Piedmont region.

PITTSYLVATTIA COUNTY.

Laaksaille Junction.-The Triassic shale at this locality is quite
different from the Wolftrap material, for it is exceedingly gritty, and is
interstratified r,vith occasional beds o{ sanclstone. r,hich have to be throrvn
out in quarrying the shale.

The shale is harcl ancl cloes not grintl readily, moreover it possesses low
plasticity, and the {act that it coulcl be rvorkecl is due to the loamy over-
burden being mixed r'vith it. As the cut irecomes cleeper, there r'-oulcl rrot
be enough of this to mix rvith the shale. So, on the whole, unless enough
claf is available to mir with the shale, it is rot to be regarded as a \rerr
desirable proposition.
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(A) Triassic shale in cut, onc n'rile north of Wolftrap.

I'I,A'fII VII.

a

(B) Triassic shale at brick r.orks near T,eaksville Junction.
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(^\t Triassic shale in cut, onc mile nortlt of \\rolftralt'

'friassic shalc at brick rvorl<s near' l'eaksrille Junction'
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Colrlrnwrs oN Tr{E T,q.ern.

Tlie Triassic clays show a variable amount of water required for mixing,
but the quantity is not ahvays high. The plasticity is fair to good, and the
air shrinkage is variable, but in most cases not too high for use. It is to be
especially noticed that not a few of the shales burn to a fairly dense body
at Cone 05. While all the clays make common brick, the absorption at
Cone 010 is at times rather high. Certain ones like those tested from
Farmville, Montpelier, and trVolftrap woulcl do for the manufacture of
hollow brick. The W.olftrap material js also suited for the manufacture
of drain tile and dry-pressed brick.

ORDOVICIAN CTAYS,

PRINCE \IIIIIIAM COUNTY.

Quantico.-Six miles rvest of Quantico Station, near Dumfries, is the
Cabin Branch pyrite mine. The pyrite boily is enclosecl between schists,
which are weatherecl on the outcrops. In puttinq dor,yn a nerv shaft at the
mine 18 feet of residual clay rvere passecl through, ancl then 60 feet of
what appeared to be disintegrated biotite schist. The material rvas fairly
solid when thrown on the dump, but crumbled readily to a mass that
resemblccl clayev sand.

As the question rvas raised, irhether this matcrial rvould do for brick
manufacturc, a large sample (T"ab. No. 2022) r,vas put through some
physical tests. f'he material is a clarlr gray, sandy clay of slight plasticity,
and 5 per cent air shrinkage. The ar.erage tensile strer-rsth rvas 6? pounds
per square inch.

The chief clifficulty with the material is its low plasticity in the raw
state. But in burning the soft-mud bricklets had a body at Cone 010 that
was surprisingly solid and gave a fair rlng, although the clav cliil not
actually burn steel hard until Cone 03.

The firing tests gave the results shown belorv:

Cone

010
05
03
I

Fire shrinkage
Per cent

.6
2.0
3.0
4.3

Absorption
Per cent

22.2
8.6
8.4

The clay burns reddish and is steel hard at Cone 03, but has a fair ring
at Cone 010; ani[, while it is by no means an ideal brick material, it could
be used if necessary.
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&:

PT,AI'D YIII.

(A) Clay overlying slate, north of Arvonia.

(B) Section shor,r'ing sharp contact betrveen cla;' and slate shown in vien' above.
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(A) Clay overlying slate, nortli of Arvonia.

(B) Section shoiving sharp contact between clay and slate shown in vieu' above.
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BUCKINGHAM COUNTY.

Araonia.-The Orclovician slates at this locality have been activelv
worked for many years for roofing purposes, but as usual the amount of
waste is very 1arge, accumulating in dump piles of consiilerable size, for
which there is no use at the present time. The problem that presentecl
itself here, therefore, I'vas to determine whether the slate refuse could be

usetl for common-brick manufacture.

The fresh slate, even if fine1y ground, has too littIe plasticity to permit
its being moldecl, so we have the possible alternative of mixing the slate
with clay, the Iatter representing the residual material derived from the
weathering of the slate.

An examination of a number of quarries in the clistrict showed that the
depth and extent of weathering is exceeclingly variable. Thus at the
Williams quarry near the station there is very little \veathered rock, while
at the Pitts and L,eSueur quarries the slate though hard is slightly
weathered to a clepth of 15 to 30 feet, and it is claimed that this material
can be used for making dry-pressed brick. On the other hand at the
quarry of the Arvon Slate Co., 2 miles south of Arvonia, and at n'erncliff,
2 miles north of Arvonia, plastic, residual clay overlies the s1ate.

In orcler to get some definite in{ormation of the possible use of the
slate for clay products, several samples were collected and tested.

The first investigated was the slate of Wiiliams quarry, which was
mixed with clay from a cut along the railroad about a quarter of a mile
north of Arvonia. This is a tough, ferruginous clay resting directly on
the slate, but sharply separateil from it. The clay is usually quite plastic,
but in places it is loamy or sancly, anil contains rouncled q'uartz pebbles. It
is probably a colluvial c1ay, ancl the exposure is about 400 feet long and
8 to 10 feet deep.

A mixture (Lab. No. 2101) was made up of ?5 per cent slate refuse
ground to pass through an ys-inch crusher opening, and 25 per cent of
the clay from one mile north of Arvonia. Some of the slate became rather
finely crushed in putting it through the crusher. This mixture worked
up to a fairly plastic mass with 18 per cent water, whose air shrinkage was
1.? per cent, and average tensile strength about 25 pounds per square inch.

It was possible to molcl it into bricklets without any difficulty, and these

became steel hard, deep red in color, and had a good ring if fired to Cone 05.

tty
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The other f.ring tests were:

Cone .

010
05
I

PIEDMONT PROYINCE, VIRGINIA.

Fire shrinkage
Per ce'lxt

0.0
0.0
0.0

Absorption
Per cent

L4.3
13.5
10.8

Absorption
Per cent

ii'o
lD. d

The very lorv fire shrinkage, due to the gritty character of the slate,

is quite noticeable, but the clay which fills in the voids keeps the absorption
low. If desired, it would be perfectly possible to use this mixture for brick
making, and the rough slate grains scattered through the clay would help

to roughen the surface, if the mixture were usecl for making rough-texture
brlck.

At the quarry of the Arvon Slate Co., already referrecl to, the residual

clay shows in the quarry above the slate, ancl also in the slope to the rvest

of the quarry where several prospect trenches have been dug. One o{

these is 3 feet deep and all clay; the other is 9 feet deep and mostly clay,

there being some partly-weathereal rocl< in the bottom.

The residual clay from the 3-foot trench (Lab. No. 2103) is smooth

and plastic, and worked up with 35 per cent of water. The air shrinkage
was 8 per cent. The clay burns to a good color, but not to a very dense

body. Thus at Cone 010 the fire shrinkage and absorption were, re-

spectivelp 1 per cent and 27.9 per cent, while at Cone 05 they were 3'4

and 24.8 per cent. So while this particular part of the deposit gives a

souncl brick, at a low heat, the product is very porous.

Comparing the above with another sample (Lab. No. 2104) from the

9-foot trench on the same property, and inclucling a little partly-weathered

slate in the sample, we find some interesting differences. This mixture is
smooth and plastic, but required only 30 per cent of water to work it up,

and had an average air shrinkage of only ?.4 per cent. The average

tensile strength was low, being not over 10 pouncls per square inch. The

bricklets had a good ring at Cone 05, and an excellent one at Cone 03.

They burn to a retl color. The other firing tests were as follows:

Cone Fire shrinkage
Per cent

Too soft to use

2.7
4.0

010
05
03
I
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The clay should be burrred to Cone 03 to give a good brick, and if there
is a sufficient quantity of the clay it could be employed for this purpose.

The variation in the character of the material could be adjusted by
using a mixture from different parts of the deposit.

The slighily weathered slate (Lab. No. 2106) from the I_.,eSueur

quarry was also. tried out. This when ground up is of too low plasticity
to mold. It can be dry pressed, if care is used, but it takes too much care
for commercial purposes. The best way to treat this would be to mix it
with a little plastic clay.

At Ferncliff, north of Arvonia, the gullies on the hillsiile above the
quany indicate rather widespreacl residual clay, but our actual knowledge
of its depth does not exceed 3 feet.

The decayed schists along the main roatl between Arvonia ancl Bremo
Bluff do not offer much promise.

to
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(A) \rew cut on Southcrn Raiirvay near Orangt,.

(ll) old cut near citv Farr' station, southeast of L;.nchburg. Residuar clay fromrocks of Cambrian age.
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(A) Nen. cut on Southcrn Raihvay,- near. Or.angc.

(B) old cut near citv Farrn station, souilreast of LJ'nchburg. Residual cla5. 1"orr.rocks of Cambrian aEe.
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Colrlmwrs oN TrrE Tallp.

The residual clays from the slate can be used for making brick. The
best results were obtainecl by using grouncl slate waste from the quarries
and the clay found north of Arvonia, a mixture that should work well for
rough-textured brick.

CAMBRIAN CLAYS.

The Cambrian formations occupy rather narrow belts in the .r,vestern

part of the Piedmont region. (See map, Plate I, in pocket.) These belts,
which coalesce to form one south of Charlottesville, extend all the wav
across the State. The rocks from which the residual clays are derived are
chiefly schists. The clays are not as important as those from the other
formations, partly on account of their location, anil partiy because they
do not always burn to as good a brick as the other clays.

Residual clays derived from the Cambrian rocks lvere tested at some
six different localities discusseil belorv.

ORANGE COUNTY.

Orange.-There is a considerable quantity of residual clay from the
Cambrian to be founcl around Orange, but none of it is being used at the
present time. The best exposures are in two large cuts along the new line
of the Southern Railway about one mile west of Orange. The second cut
shows recl ancl brown residual clay, with a maximum exposed depih of
40 feet. The clay is soft and plastic when wet, but not very sticky, and
there are many slicken-sided surfaces coated with limonite. Numerous
cross joints, emphasized by streaks and films of limonite, cut through the
clay. No solid rock shows in the cut.

The material (Lab. No. 2004) is residual clay derived from gneiss. It
has fair plasticity, but talres considerable water to rnix, namely, 48, per
cent. The air shrinkage is low, 3.3 per cent, and so is the average tensile
strength, which does not exceeil 10 pounds per square inch.

The soft-muc1 bricklets burned to a bright red color, and, while they
were not hard enough at Cone 010, gave a fair product at Cone 05.

The other firing tests were as below:

X'ire shrinkage
Per cent

4.6
5.3
t.J

Absorption
Per cent

37.0
37 .0
35.6

31

Cone

ul)
03
I
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The main objection to the bricklets is their very high absorption. A
Iarge sample tested in the stiff-mud machine workecl through the die with-
out any trouble.

While the material could be utilized for 'the manufacture of common
brick to be used in smail structures, a denser and harder-burning clay is
desirable.

Following across the Cambrian from Orange to Madison Run, there are

many outcrops of bedroc\ and occasional cuts in residual clay, much of
which is similar to that in the large cut previously mentioneil.

About three-quarters of a mile northeast of Madison Run, the phyllites
are decomposed to a moderately plastic clay (Lab. No. 2005). Other

shallow exposures are to be seen northwest of Madison Run station, and not
far from the station is an olcl church built before the war of brick made

from the local clay. Most of these are still in good condition.

A few tests made on the clay clerir,ed from the phvllite are given below.

This clay (Lab. No. 2005), though derived from the same formation but
a more schistose rock than No. 2004, is quite contrastecl to it so far as

fested. Though gritty, it has fair plasticity, and took 38 per cent of water

to develop it. The air shrinkage was 8.2 per cent. At Cone 010 the soft-
mud bricklets had a fire shrinkage of 2 per cent, and an absorption of ?0

per cent, while at Cone 05 these rvere 6.4 per cent and 12.?0 per cent,

respectively. The bricklets had a good ring at Cone 05, although the

product coulcl be burned at a slightly lower temperature. The color after
burning is red.

Judging from these tests, this clay shoulcl make a much better brick

than the prececling one.

Additional good exposures of cambrian resiclual clays are founcl alorrg

the Southern Raihvay, about half a mile north of Orange. The clav is red

on the surface, but yellowish below, and is quite sticky.

A very red sticky clay was formerly workeil by Hatcher and Gaither

near Orange, but the procluct, clue partly to insufficient burning, was not

r.ery hard. No brick have been made since 1912-

Gord,r,tnsai.Ile.-cuts in cambrian residual clays are numerous to the

southeast of Gordonsville, but ferv of them are deep. The material exposed

in them, however, exhibits consiilerable similaritv.

The best cut seen is located ahotl 27/a miles southeast of town on the

road to Mechanicsville, and shows a section of resiilual clav about 8 feet
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tleep derived from schist. The upper part of the section is thoroughly
weathereil, but the lower third still shows the schistose structure of the
parent rock. Thele are scattered r.einlets of quartz, but on the whole the
rnaterial is sufficiently plastic to mold as shown by the following tests.

The material (Lab. No. 2095) is a smooth red clay, which .lvorked up
with 39 per cent of water to a mass of good plasticity, whose air shrinkage
was 8.3 per cent, and average tensile strength 65 pounds per square inch.
The soft-mud bricklets burnecl to a good red color, but dicl not give a good
ringing product unless burned to at least Cone 05, ancl became steel hard at
Cone 03. The fire shrinkage is not high, but a desirably lorv absorption
was not obtained unless burned to Cone 1, although that noted at Cone 010
is not higher than that of many of the common brick norv macle in the
Piedmont.

The fire tests made on the soft-mud bricklets are tabulated below :

Cone Fire shrinkage
Per cemt

010 0.0
03 2.7
r 3.7

Absorption
Per cent

26.7
28.4
18.7

A sample tested in the stiff-mud machine flowed through the bricl< die
without any difficulty. The clay contains some stony lumps, however, which
must be broken up before it is put through the machine. This clay is to be
classed as a fair common-brick clay.

Other Cambrian clays are found to the northr,yest of Gorclonsville.
Thus on the Barboursville roacl, about a third of a mile northwest of town,
there is a section about 200 feet long, with a maximum depth of 10 feet.
'lhe clay is at times stony, but the pebbles r,vere broken up in grinding the
sample. The latter was taken from the top to the boftom of the cut.

'Ihe clav (I"ab. No.2080), although sanciy to the feel, and moderately
plastic, should be useful for common-bricl< manufacture. Its air shrinkage
after mixing v'ith 35 per cent of water is ?.9 per cent. The bricklets burnecl
to a good red color, and had a good ring even at Cone 010, although the
absorption was rather high. The fire shrinkage and absorption at cone
010 r,vere, respectivelv, .7 and 26.4 per cent, and at Cone 05, B, and 19.P
per cent.

A little further west on the same roacl is another cut, 150 feet long with
a maximum depth of 12 feet. similar clay shows in the hills around this
point, and so it was thought desirable to sample it. The tests show it to
be a red, smooth clay (Lab. No. P084) of high plasticity, which when
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workeil up r,vith 39 pcr cent of rvater hacl an air shrjnkage of 8.3 per cent,
and a tensile strength of 49 pounds per square inch.

The clay diflers somervhat from many of the other samples tested, for
while it maintains a good red color up to Cone 03, above that it darkens,
shrinks, and cracks so badly as to be rvorthless. Belolv the temperature
mentionecl the color and ring are goocl, although the blicklets at times
crackecl a little. It was steel harcl at Cone 05.

Other firing tests are as below:

(-lone Fire shrinkage
Per cent

010 2.3
05 4.0
03 8.3
I 11.0

Absorption
Per cent

22.8
t9 .4
b.dt)

The clay would probably work in a stiff-mud machine. Tt could be used
for brick manufacture. These residual clays from Cambrian show at other
points along the road nearly to the base of Southwest Mountain.

0ltarlott,esuille.-Residuai clays derived from the Cambrjan schists and
the Catoctin schist (altered basalt) o{ pre-Cambrian (Atgonkian) age occur,
but the clays derived {rom the Cambrian rocks are the only ones that have
thus far been utilizecl in the manufacture of common brick. Of the two
brick plants recently operated at Charlottesville, only one is running at
present.

Keswi,ck.-The bedrock arouncl Keswick is schistose ancl slaty, anil there
are but few exposures of clay rvithin a mile o{ the town.

One found about a quarter of a mile southwest of Keswick was put
through a few tests. The material (Lab. No. 2085) from here is a tlark
brown, sancly clay, with good plasticity. The acldition of 30 per cent of
rvater gar,e a rvorkable mass whose ,a\rerage air shrinkage rvas 5.6 per cent,
and at Cone 05 it gave a good brick. 'lhe fire shrinkage and absorption at
Cone 010 were 1.3 and 24.4 per cent, respectively, while at Cone 05 they
were 2.3 and 19.7 per cent.

Although the absorption is a little high, there is no objection to employ-
ing this material for common-brick manufacture.
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City Farm Btati,on.-In an abandoned cut o{ the Southern Railway
there is one of the best exposures of residual ciay from the Cambrian rocks
that we ini,estigated. The section is about 20 feet thick, and the clay
appears to be derived from schist, but on account of slide material it was
not possible to section the full thickness of the deposit.

Of the two following samples, No. 2026-? represents the upper 8 feet,
and No. 20?5 the next lower 4 feet. The clay from the upper part of the
cut (Lab. No. 20?6-7) is recl-brown and fairly plastic. Its air shrinkage
was ? per cent, and ayerage tensile strength not over 15 pounds per square
inch. At Cone 010 it was too soft for a goocl brick, but at Cone 05 while
hard enough the absorption was too high, namely, 31.6 per cent. This high
porosity was accompanied by an almost negligible fire shrinkage.

The material from lower down in the cut (Lab. No. ?0?5) was very
similar, for while its air shrinkage was a little lower, 5.2 per cent, the
absorption at Cone 05 was also high, 30.6 per cent, ancl the fire shrinkage
very low.

These clays could be usecl for common brick, but materials with lower
absorption and denser-burning qualities should be sought.

Lynchburg.-The only locality near Lynchburg, where the Cambrian has

been workecl, is at the plant of the DeWitt brick works, 2 miles west of
Lynchburg, on the Norfolk and Western Railway.

The material (Lab. No. 2099) appears to be residual from a schist,
but the deepest lies on a hill slope, and may have been moved somewhat by
slicle, as well as being reworked a little by rvater. Scattered through it are
schisl -fragments.

The clay is fairly plastic, and requiretl 38 per cent of water to work it
up. The air shrinkage was 8.7 per cent, and the average tensile strength
69 pounds per square inch. The bricklets after burning had a good red
color, but clid not develop a good ring unless burned to Cone 05. The
absorption is moclerate above Cone 05.

The fire shrinkage and absorption, at the several cones, were as below:

Cone Fire shrinkage
Per cent

010 .0
05 .0
03 2.4
L 4.4

Absorption
Per cent

26.7
25.I
16.4
r6. I

JD
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A second 1ot was tested in the stiff-mucl machine, but could not be

made to flor'v through the die without tearing badly. The material couid
be used for common brick, if moldeil in a soft-mud machine, but it must be

well burned to give a marketable product.

Altaa,ista.-No bricks are now matle at this locality, but there is an

abandoned brickyar:d on the south side of the Virginian Railroad, about

a quarter of a mile northeast of the town. The clay (Lab. No. 205{i) is
residual from schist, and has been excavated to a depth of 4 to 6 feet, the

upper part being quite uniform, but becoming mottlecl with depth. No

bedrock was struck, and we do not know how deep the deposit is.

The clay is of good plasficity, with an air shrinkage of ?.9 per cent' It
burns to a red brick, ancl has a sound ring even at Cone 010.

The fire shrinkage and absorption at different cones are given belorv:

Cone Fire shrinkagc
Per cemt

r.7
D.U
5.0

Absorption
Per cent

25.9
23.4
r5.0
rb. tt

0r0
UD

03
I

These tests show low fire shrinkage up to Cone 05, with rather strong

absorption, but above that a moderate fire shrinkage with only moderate

absorption.

The clay should work for a common brick, but the yard ceased operations

about two years ago, although the location is an ercellent one, ancl there

seems no reason why the clay should not make a salable product if properly
handled.
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ColrlrnNrs oN TrfE Tl.t;r,n.

The residual clays derived from the Cambrian rocks usually required a

consiclerable amount of water for mixing, and had at least fair plasticity.
The air shrinkage is variable, and not iLirectly related to the amount of rvater
required. The fire shrinkage was low at Cone 010, but variable at Cone 05.

The absorption of all rvas rather high ai Cone 010, but ivith some it
decreased considerably at Cone 05. The Cambrian clays can nearly all be

useil for the manufacture of common brick, but they are the ieast desirable

of an]' of the classes of residual clal,s testecl, for the reason that most of

them burn to a very porous body. This is clue in part at least to their
micaceous character.

ALG,ONKIAN CLAYS.

Reference to the map, Plate I, will show the extension southwestward

from Maryland into Yirginia of trvo approximately parallel but irregular
narrow belts of dark basic igneous rocks (basalt and cliabase) of pre-

Cambrian (Algonkian) age, ancl designatecl Catoctin schist. The rocks of
these two belts have been. more or less altered bv metamorphism into chlo-

rite and epidote aggregates, and are schistose in character.

The more westerly of the belts is confinecl to the Blue.Ridge llountains,
anil extends southwestward from the Potomac almost to the James' The

second belt extencls from north-central Loudoun County southwestr'vard to

a point south of the central portion of Albemarle County' Warrenton and

Culpeper are located on this belt, rvhile Orange and Gordonsville are

situated only a short distance east of it, and Charlottesville lies on the

rvestern margin not far from its southernmost extension.

The Catoctin schist yields normally a highly ferruginous clark red clay

which can be usecl for brick manufacture, but it seems to be inferior to that
derived from some of the other formations.

FAUQUIER COUNTY.

Warrenton.-The region arouncl \Yarrenton is underlain by Catoctin

schists, but there are comparatively fer'r' exposures of clay, in spite of the

hilly character of the region. Such cuts a,s there are appear chieflv along

the high roacls.

From these road-cut sections it rvould appear that the character of the

schists is valiable, and consequently also the character of the residual clays'

where the bedrock contains more or less biotite ancl feldspar it seems to



ALGONKIAN CIAYS. 39

give rise to a tough, often plastic clay, but in other places, as on the north
side of Baldrvin's Ridge ancl on the Ner,v Baltimore turnpike, the schist
contains so much muscovite and quartz as to r,veather to a light-colored,
very sandy c1ay, known locally as sand, and of no use in brickmaking. All
the bricks used in \Varrenton come from Alexandria.

One sample was testeil from the vicinity of Warrenton. This rvas col-
lected about 2 miles northeast of tor,vn, on the roaal from Auburn to the
Ner'v Baltimore turnpike; and, while the location is not favorable for a

brick p1ant, the material represents the better type of clay to be found in
this vicinity.

The clay (Lab. No.2019) which is residual from diabase is of moderate
plasticity, and, I'vhen mixed up with 36.6 pcr cent water, had an air
shrinkage of 6.4 per cent, and an average tensile strength of ?1 pountls
per square inch. It burned to a good recl color, and was steel hard with a

good ring at Cone 03, although even at Cone 05 it rvould probably be hard
enough for common brick. The absorption belorv Cone 03 is a little higher
than is clesiretl, but at the last-named cone is not excessive.

The other fire tests on the soft-mud briclr foliow:

Cone

0I0
Ub
03

1

Fire shrinkage
Per cent

o2
3.0
4.4
6.0

Absorption
Per cent

27 .0

18. l1
17 .70

A sample trieil in the stiff-mucl machine ran through the brick die
fairly we1l, although at times jt shorvecl a tendency to crack, but this may
have been ilue to the fact that the die was not thoroughly adapted to this
type of clay. The material diiL not dry-press successfully. It is to be

classed as a red-burning brick clay.

Another sample (Lab. No. 2025) taken frorn a small cut south of
Warrenton was fairly plastic, had 5.6 per cent air shrinkage, ancl, while
the bricklet at Cone 010 rvas fair, the absorption wa.q very high, ramelr.,
30 per cent.

CUIPEPER COUNTY.

Culpeper.-The residual clays from the Catoctin schist are found in
limited amounts $rest of Culpeper, especialiy to the southwest on the road
towards Fordville. But while clays are not scarce, there are few large
outcrops. The best .was seen about a mile southwest of Culpeper, where a
bank about 75 feet long can be examined. There is not enough material
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here to warrant starting a yard, and a small sample (Lab. No. 2015) was
put through a few tests, to compare with the other Catoctin clays. The
results of these tests follow:

This material (Lab. No. 2015) was a yellowish-brown, gritty clay, which
with 22 per cent of water gave a mass having 4.5 per cent air shrinkage.
The few tests made on this sample indicate that it burns to a better body
than most of the Catoctin clays tested, giving a fair bricklet at Cone 010,
and a good one at Cone 05. The fire shrinkage at both cones mentioned
is zero, and the absorption at Cone 010 is 18.5 per cent, and at Cone 05,
15.3 per cent. lfaterial of this character shoulcl make a gootl brick.

A second sample was taken from a pit, r.here l[r. Clarke of the brick
works is said to have obtained a trial load of clay. This cleposit is near the
creek, about a half to three-quarters of a mile west of town, anil the materiai
is probably of colluvial nature. It is a light brown, gritty clav (Lab. No.
207+), rvhich worked up with 38 per cent of water, anal hacl 11.3 per cent
air shrinkage. One sample burned at Cone 010 showed zero fire shrinkage,
and 2?.8 per cent absorption. It is not to be recommended as a goocl brick
clay. About 50 yarcls from this pit is another one of undoubtecl residual
character.

About half a mile west of south from Culpeper is a residual clay, rvhich
seems to result from the weathering of a conglomerate made up largely of
material deriveil from the Catoctin. There is an outcrop about 200 feet
long and 6 feet high. The material is a red, slightly gritty clay (Lab.
No. 2016), which took up 34 per cent rvater in mixing, and hacl an air
shrinkage of ?.5 per cent. It burns red, but c'loes not give a very hard
product, the absorption even at Cone 05 being rather high.

Two miles southwest of Culpeper, the residual clay which may possibly
be in the Cambrian is very micaceous and sandy (Lab. No. 201?). It is

sufficiently plastic to mold, but does lot yield \iery good results on burning.

Again, 1.5 miles southwest of Culpeper, there occurs a very sticky red
clay, which appears to be very abundant. The material (Lab. No. 2018)
takes 40 per cent of water to work it up, but gives a mass of excellent
plasticity, rvhose air shrinkage is ?.2 per cent. It burns reil-brown, but
owing to the high porosity of the burrrecl proiluct does not give a very hard
bricklet. Thus at Cone 010 the absorption rvas 34.4 per cent, while even at
Cone 05 the absorption was 31.? per cent, with a fire shrinkage of 3

per cent.

The material is a low-srade brick clay.
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ORA}IGE COUNTT,

Gordonsaille.-The Catoctin formation lies to the rvest of the railroad
anil separatetl from it by a narrow belt of Cambrian. A sample of it was

obtained about 2 miles north of west from Gordonsville on the Barboursville
road, and may be residual from diabase.

This clay (Lab. No. 2035) is red, smooth, and plastic. Thirty-eight
per cent water gave a mass rvith molilable qualities, and 7.? per cent air
shrinkage. The burned product has a reil color, and is fairly harcl even

at Cone 010, but shows a tendency to develop many small surface cracks.

The absorption after burning is also high. Thus at Cone 0l-0 the fire
shrinkage and absorption were, respectively, 4.3 and 30.8 per cent, while at

Cone 05 they were 6.4 and 27.? per cent.

The material could be used for common brick, but is not the best

obtainable.

41
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PRN-CAXTBRIAN YOLCANIC CI,AYS.

CoaurlmNrs oN TllE T,q.sr,r.

The chief features of these clays are the high amount of water required

for molding, and their high absorption after burning. They can be usecl

for brick-making, but most of them are too open 6urning, and if possible a

clay that fires to a denser bod;' should be chosen. No. 2015 from Culpeper

forms a desirable exception.

PRE-CAMBR,IAN VOLCANIC CX.AYS.

These occupy a small area in the southern part of the Pieclmont region,

extending from north of Meherrin southr,vest to Yirgilina. The roclcs are

more or less schistose, antl weather to a ferruginous residual clay, which i-"

often suitable for brick manufacture.

CIIARf,OTTE COU}ITY.

Kaysuille.-There are not many exposures of cial in the pre-Cambrian

volcanic area arouncl Keysvilie, aithough r'r'here an1 are seen the material
seems to be fairly plastic, but not over 3 or 4 feet deep.

I,UNE}TBURG COUNTY.

Simpti,city.-This town lies betrveen Keysville ancl Meherrin, and in the

Virgirian Railroail cut at Simplicity station, the pre-Cambrian volcanics

yie1cl a resiclual clay from 3 to 4 feet deep. This is one of the few localities
rvhere a sample of this formation was obtainable.

The clay (Lab. No.206?) is recl, smooth, moderately plastic, rvorhing

up with 41 per cent of lvater to a mass whose air shrinkage was 9.2 per cent.

The clay burns red, with a good ring even at Cone 010, ancl is a good brick
clay, even though the absorption of the bricklets is a liitle high. At Cone

010 the fire shrinkage was 3 per cent, and absorption 26.8 per cent. At
Cone 05 the fire shrinkage was 2.? per celt, with an absorptioir of 26 per

cent. The bricklets were steel hard even at Cone 010'

Vi,rso.-In this vicinity, too, we lr,ere able to obtain samples o{ the

residuals of the pre-Cambrian volcanics. One of these was obtained from
a cut a third of a mile west o{ Yirso on the \rirginian Railroad, the sectiorr

being about 25 feet high. The bedrock is a light-colored schist, and the

passage from beclrock to clay is rather abrupt.

The clay (Lab. No. 20a8) is \rery smooth and plastic, and works up

with 23 per cent of water to a bocly having 7.4 per cent air shrinkage.' It
burns to an excellent hard body, of low flre shrinkage, although not ver)r

+3
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bright color, at Cone 010. The absorption, moreover, is not b;t any means
high, so that the material recommends itself as a brick clay, or possibly
even for other kinds of structural clav products. At Cone 010 the fire
shrinkage and absorption \yere 0.3 per cent anal 12 per cent, respectively,
while at Cone 05 they were 1 per cent iind 9 per cent.

Just west of Yirso on the same railroail is a cut about 200 feet long
and 12 feet high, shorving a very uniform clay of gneissic texture, and
bands of deep red and yellow. This material is very gritty, smooth, and
sticky. Two samples were collected, one of these (Lab. No. 2041) repre-
senting the upper six feet, and the other (Lab. No. 2046) representing the
bottom six feet. A comparison of the tr,vo is interesting, as it indicates
how the upper and lower portions of a deposit may differ, and, consequently,
in ord,er to get an a\rerage sample, it should not be taken.from too shallow
a depth.

Sample No. 2041 is a recl, fairly smooth, plastic clay, rvhich absorbs a
large amount bf water in mixing, namely, 45 per cent, and has a high air
shrinkage of 10 per cent. It burns to a reil body of high absorption, but
good ring, even at Cone 010, and is even steel hard at this cone. At Cone
010 the fire shrinkage and absorption were 0 and 26.? per cent, respectively,
rvhile at Cone 05 they were 3 and 25.4 per cent. The material could be

used for brick manufacture, but the high air shrinkage and high absorption
are not altogether desirable. These troubles might be overcome by rnixing
with a material like No. 20a8 (p. a3).

No. 2046 shows an interesting contrast r'vith the preceding one (No.
2041). Its air shrinkage is about the same, but the fire shrinkage is
higher and absorption lower, so that it forms a good material to mix with
the upper six feet of the section.

As to its qualities, the clay is smooth, fair'ly plastic, requires 42 per
cent of water for mixing, ancl has an average air shrinkage of 10.3 per cent.
It burns to a good red color ancl has a good ring, becoming steel hard at
Cone 05. At Cone 010 the fire shrinkage was 2.? per cent, and absorption
14.4 per cent. At Cone 05 the fire shrinkage rvas 3.? per cent, and absorp-
tion 11.9 per cent.

The material is a good brick clay.

IIAf,IFAX COU}ITY,

Virgilina.-The testing of this clay (Lab. No. 2058) was in the nature
of an experiment. as there was some doubt as to whether it would work at
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all. The pyroclastic rocks exposed in the railway cut just west of the station
are only partially altered, so that no bed of true resiclual clay is present.
But the altered rock is soft and easily ground up.

It gave a mass of very fair plasticity that requirecl p? per cent of water:
for tempering, anil hacl an air shrinl<age of 1.g per cent. The tensile
strength was low, not exceeding 15 pouncls per square inch.

'Ihe soft-mud bricklets gave the followirig results:

Cone Fire shrinkage Absorption
Per cent Per cent

0r0 0.0 24.2
05 0.0 23.2
03 1.6 23.2

1.6 2L.5

The absorption is high, and the ploduct is not verv goocl unless burnetl
to Cone 03. The material coulcl be used, but the addition of a little more
plastic clay would greatly improve it.
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PRN-CAMBRIAN GRANITN AND GRANITN-GNIISS CLAYS.

Col.l,rawrs oN Trrr Taeln.

The clays derived {rom the pre-Cambrian volcanic rocks are better than
those ilerived from the Catoctin schist (altered basalt), ancl there is no
reason why, so far as their properties are concerned, they should not be used
in the manufacture of common brick.

PN,E-CAMBR,TAN GR,ANITE AND GR,ANITE-CNEIS$ CIAYS.

The rocks of this subdivision of the pre-cambrian underlie trvo belts in
the Piedmont area, ancl extend all the way across the state in a noftheast-
southwest direction.

The first or eastern belt is narrotv at its upper end but widens rapidly
southward, attaining its greatest width on the North Carolina boundary.
Beginning at the north encl and going south we flnd that it incrudes
part or all of the folloi'ring counties: Fairfax, prince lVilliam, stafford,
Spottsvlvania, Irouisa, Caroline, T:[anor,er, Goochland, Cumber]and, Chester-
field, Amelia, Nottorvay, Dinwiddie, Lunenburg, Mecklenburg, Brunswick,
and Greene'ille. This belt is traversed by a number of rines of railway.

The seconcl or r,vestern belt passes through Loudoun, n auquier, Rappa-
hannock, Culpeper, Madison, Greene, Albemarle, Nelson, Amherst, Bedford,
Floyd, and ca*ol]. The Southern Railway skirts the southeastern edge
along its miildle third. rt is also ctossecl ty railroads between Leesburg
and Bluemont; Manassas and Front Royal; charlottesvile and Basic;
Lynchburg and Roanoke; and Rocky Mount and Roanoke. on the .whole,

however, this belt is not as wiclelv accessible by lines of raihvay as the
easlern one.

since then the pre-cambrian granite and granite-gneiss group covers
such a large portion of the Piedmont region in virginia, it deserves careful
consideration as a possibie source of clay suitable for the manufacture of
clay products. Samples for testing were, therefore, corlected at a number
of different points, .which are referred to below.

PRE-CAUBR,IAN CRIINITE CLAYS,

SPOTTSYLVANIA COUNTY.

rreder'icksburg.-No brickyards are jn operation at Fredericksburg.
The local granite is covered bJ'residual clay, but the exposures clo not show
an abunclance of the material. Two samples were taken from the clay
overlying the granite in the quarries west of tr'redericksburg, to obtain a
clue to their properties. The one (Lab. No. pO3p) was too sancly to ,work.

AryTI
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The other (Lab. No. 2033) was sufficiently plastic to mold, but dried to a
rather tencler bricklet. This burned rccl, but was not very harcl and showed

considerable mica. The absor:ption was also high, being 26.4 and 22.6

per cent at cones 010 ancl 05, rcspectively.

GOOCHI,A}ID COUNTY,

Goochland,.-The resiclual clay from the pre-Cambrian granite and

gneiss is well represented by a large cut bank, a quarter of a mile north
of Maidens Station on the Chesapeake anil Ohio Railroad.

In the field the clay shows the foiiated structure of the rock from i,vhich

it was derivecl, but is easily dug.
The material (Lab. No. 2140) is a micaceous clay of fair plasticity,

which required 46 per cent of water for tempering. The air shrinkage was

?.3 per cent, and the average tensile strength not orrer ?0 pounds per square

inch. The brichlets made frorn this clay burnecl to a good recl color, with
a fair rilg at Cone 05, ancl a goocl ring at Cone 03. They became steel

hard, at cone 1. The other fire tests on the soft-mud bricklets are as be10w.

Cone X'ire shrinkagc
Per cent

0I0 r.3
05 2.0
03 2.3
I 5.0

Absorption
Per cent

28.4
26.3
26. t)
22.6

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

CUMBERI.AND COUNTY.

cumberlanrJ, Courlhouse.-on the road to cumberland, from Farmviile,

there is much clay exposecl in cuts as far as George (3 miles from Farm-

ville). It is all quite sticky, and seems to be derived from a gneissic or

schistose phase of the granite.

The following sample (Lab. No. ?044) is fairly typical of these

exposures. It is rec1, sandy, not very plastic, micaceous clay, requiring

33 per cent of water for mixing, ancl having 7.8 per cent air shrinkage.

The fire shrinkage at both cones 010 and 05 was '4 per cent, and the

absorption was 24 per cent in each case. The bricklets \vele retl ancl had

a fair ring at the cones mentioned. The clay coulcl be usecl for common

brici<, even though it does not burn very dense.

There is also a fair amount of retl clay around cumberland, but it
varies somewhat in its character, depending on the nature of the beclrocl<'
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(r\ ) .I'ipe rvorks at pamplin.

(B) Kiln at Stevensburg brick plant.
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(i\) Pipc ivorks at pampliu.

(B) I(iln at Ster-ensburg brick plant.
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The following tests macle on a sample from a large bank near town are

perhaps a iittle better than the average of this district. Like the preceding,

this materiat (Lab. No. 2051) is also a rec1, sandy, micaceous clay of not
very high plasticity. It took 34 per cent of water for mixirig, hacl an air
shrinkage of 6.1 per cent, and an average tensile strength of 85 pounds

per square inch. The clay burns to a good bricklet of reii coLor and havin€l

a good ring, even though the absorption is not very low.
Soft-mucl bricklets yieldecl the following shrinkage and absorption tests :

Cone

0r0
05
03

I

X'ire shrinkage
Per cent

1.0
2.0

. 2.7
t ,n

Absorption
Per cent

24.7
23.7
20.5
18.4

'I'his rnaterial could be used for blick manufacture.

PO'WIIATAN COUNTY,

Ballsuillc.-The lesitl ual clay I'rom the pre-Cambrian granite is cxposerl
in a 4-foot clepth of cut, just east of the station on the Ticlelvater and
Western Railroatl.

'I'he clay (Lab. No. ?209) is recl, somewhat coarse-grained due to mica
and sand, but it has good plasticity. It requirecl 28 per cent of water to
ternper it, and the air shrinkage was 4.? pel cent. At Cone 010 the fire
shrinkage vas .? per cent, ancl the absorption !.1.8 per cent, rvhile at Cone 05
there was little difference in either the shrinkage or the absorption.

The bricl<lets though of good color 4re not sufficiently harcl even at
Cone 05 to make a first-class product.

' Poulzatan.-A fair amount of clay is to be seen in the cuts of the Ticle-
water and \\restern Railroad in Powhatan County, and, while the sections
are not very cleep, the decay of the rock seems to be fairly thorough. The
soil is red and sticky.

One sample taken from a cut just rvest of Powhatan Station nray be

taken as fairly typical of many of the exposures. The material (Lab. No.
2210) is a recl sancly clay of slight plasticity, working up with 2? per cent
of watel, ancl having 4.2 per cent air shrirrkage. The clay rvhen burnecl to
the temper:ature usually reachecl in common-brick kilns makes a nice-looking
bricklet, but lot a very hard nol a ycry rlense one. It could be usecl for
smal1 buililings. At Cone 010 the fire shrirrkage ancl absorption were 1 and
26.5 per cent, respectivelv, while at Cone 05 they were 1.4 and P?.0 per cent.
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Moseleys.-One-half mile east of lfoseleys are several fair-sized cuts
on the line of the Southern Raihvay. There are no rock exposures, and
there is somc doubt as to i,vhether the material is dcrivcd from the pre-
Cambrian granite or Triassic formations. Much o{ the clay is yellowish-
brown, rvith streaks of very plastic gray clay running through it. The
materjal is red-burning and capable o{ making a good common brick.

Mich,aur.-Here again the residual clay from the pre-Cambrian granite
is obtainable, and there is at least orre good section, 200 by 1[t feet, exposed.
The material (Lab. No. 2?00) is a red sandy clay of fair plasticity, having
5 per cent air shrinkage when rvorkecl up rvith 32 per cent of rvater. Ii
burnecl to a recl bricl<let of good appearance, but not great hardness. The
fire shrinkage at both cones 010 and 05 \\ras zero, and the absorption about
?6 pcr cent.

Jefferson.-This is the only locality in Yirginia where local clay is used

exclusively for smoking-pipe manufacture. The deposit, which is probably
of residual nature, Iies near a stream about 17/+ milcs east of Jefferson.
The clay is yellow and plastic. It is strained through cloth into wooden
tanks and allowed to settle. After drawing off the excess of lvater, it is
mixed in a blunger, antl tempered in a vertical pugmill. As the bar of
clay issues from the mil1, pieces are broken off and formed into pipes in
the press. The latter are burned in a small iriln.

'Ihe two following sets of tests indicate the character of No. 2139 the
crude clay, and No. 2077 the strained clay:

The crucle clay is smooth and highly plastic. $rith 31 per cent o{ lvater'
it molds up well, and has ?.5 per cent air shrinkage. In buming it yielded
a nice recl boc1y, with good ring arid moderate absorption. As comparecl
with the other resiclual clays from the pre-Cambrian granites and gneisses,

it is much finer-grained, more plastic, and denser buming. At Cone 010
the fire shrinkage was 1 per cent, ancl absorption 19.1 per cent. At Cone 05

these figures were 2.? and 16 per cent, respectively.

The washed clay is very smooth and plastic, and rvorked up with 40
per cent, the bricklets made from this showing ?.9 per cent air shrinkage.
The clay burns to a nice red, smooth body, with a gooil ring, and steel hard
at Conc 05. At Cone 010 the fire shrinkage was 0 per cent, and absorption
2? per cent, while at Cone 05 they were 3 and 20.5 per cent, respectively.

Clayailla.-A brick and tile works rvas in operation at this locality from
1892 to 190?, and produceiL common, ornamental, and fire brick. The clay
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supply, which was not properly prospected beforehand, gave out, anil for
several years clay rvas shipped in from other points.

}IOTTOWAY COUNTY,

Nottoway.-The residual clay arounil Nottoway is all red, fairly plasiic'
antl contains a moderate number of feldspar-quartz stringers, which would
have to be crushed before running the clay through a brick machine.

The follorving sample taken from a large road cut illustrates the char-

acter of the material around Nottoway. The clay (Lab. No. 2204) is red,

sorner'vhat coatse-grained, micaceous, and of good plasticity, working up

with 36 per cent of rrater to a mass whose air shrinkage \'vas 7.2 per cent,

ancl average tensile strength ?5 pounds per square inch.
It makes a fair common brick, antl one which is not as absorbent as

many of the others from this region. It coulcl probably be worl<ed in a

stiff-mud machine, although rue did not have a suffrciently large sample to

try it.
The fire tests on the bricklets were as follorvs :

Cone Fire shrinkage
Par cent

010 1 .3
05 1.3
03 4.0
r 4.3

Burlceuille.-One-third mile east of the Norfolk and \\restern Railway
station is a cut a third of a mile long and 15 feet deep. It consists mostly
of a yellow to brorvn decompose-l granite, rvith streaks and patches of rer1.

At the eastern encl of the cut is a disintegrated r'vhite granite rvith
pegmatite stringers, ivhile at the rvestern encl of the cut is another patch
of the same material (Lab. No. ?20?). This resiclual clay is very sanily, of
low plasticity, and air shrinkage of 1 per cent. It burns buff, and requires

too high firing to mal<e it of use for commercial brick. It might do for
the bojler-selfing brick.

Just east of the station on the Nor{olk and Western Railway there is a

cut about 1?5 {eet long and 8 feet high, consisting of yellowish-brown clay
r,vith light streaks. The material (Lab. No. 2049) is of goocl plasticitv,
anil works up with 2? per cent water. It had an air shrinkage of 5.8 per
cent, and average tensile strength of 81 pouncls per square inch.

T'he soft-mud bricklets burned to a buff body, but one that flashed

rather easily in the firing, and if firecl to Cone 03 had a good ring, although

Absorption
Per cent

23.O
2t.9
18.3
r7.1
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a product was obtained at Cone 05 that would probably be sa1able. On
firing the soft-mud bricklets sho'rvecl the following additional properties:

Cone

0r0
05
03
I

This clay should make a good common brick by the soft-mud pr:ocess.

A sample was also put through the stiff-mud machine, and flowccl through
the brick clie without any difficulty. Another sample was moldecl into
dry press, but did not give a sound bricklet under Cone 1. This clay is
unlike most of the other resicluals from this formation in its color-burnins
qualities, for it yields.a buff procluct.

At High Bridge on the Norfolk and Western Railway there js another
cut containing decomposed pegmatite, irr fact considerable clay is exposed
in the cuts here.

Blackstona.-There are no exposlues of clay on the road wcst of Black-
stone, but in a cut on the \rorfolk ancl Western Raih,vay, just east of the
freight depot, a good section jn the residual clay is to be seen. The deposit
is at least 72 feet thick, and seems to be quite uniforni in character.

The clay (Lab. No. 2011) is slightlv sandy, but of good plasticiiy.
With 29 per cent of water it gar,e a nice moldable mass. The air shrinkage
was ?.5 per ccnt, ancl the average tensile strength ?? pounds per square
inch. Jt burns red, and gir.es a good sound product at Cone 03, ancl even a
fair ono al Cone 05.

The firing tests of the soft-mud bricklets rvere:

Cone

0r0
05
03
I

A second lot of the clay was tested out in the stiff-mud machine. It
workecl finely in the brick die, ancl also fairly rvell in the hollolv-brick die.
The clay would make a good reil bliclr, and coulcl probably be used also for
hollow brick.

()ne-half mile west of Blackstone is the bricl<yard of Adams ancl Cannon,
nol nolv in operation. The clay is fairly plastic, red, and full of quartz
stringers. The bricks that rvere made from it are rather soft.

Fire shrinkage
Per cent

.0

.t

.2
r.7

Fire shrinkage
Per cent

0.0
1.0
r.4

Absorption
Per cent

20.4
20.4
15.8
t6.4

Absorption
Per cent

20.8
I9.0
17.0
r5.34
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The air shrinkage of this clay (Lab. No. 2203) is 3.7 per cent, rather
characteristic of a sandy clay. While the bricklets made from this clay
bumed to a good red color, they would have to be fired above Cone 05 to
make a salable product. The fire shrinkage up to this cone is zero, and
the absorption 23 per cent.

If a more plastic clay were addeil, it would give a better procluct.

Di,nwiilclie.-For at least a quarter of a mile west of the station there
are several good cuts, some of them 10 feet deep. The material in all is
residual clay from a coarse-grained granite, and that clescribed below (Lab.
No. 2061), shows the character of the clay.

ft is micaceous gritty clay of gooil plasticity. Water requirecl for mix-
ing, 31 per cent; air shrinkage, 5.3 per cent; average tensile strength,
68 pounds per square inch. The material burns to a reddish-buff bricklet,
and while the working qualities are good, and the absorption not excessive,
it has to be rvell burned to give a good ringing brick.

The so{t-mud bricklets gave the following results:

otl

Cone Fire shrinkage
Per cent

010 .4
05 .7
03 3.0
r 3.0

Absorption
Per cent

22.2
2r.6
18.0
19.6

A sample of the clay worked in the stiff-mud machine without any
difficulty, antl gave a fair brick.

LUNENBURC COU}ITY.

Kenbriclge.-The bedrock around Kenbridge appears to be a complex
of chiefly gneisses, schists, and granites, but exposures of the fresh rock
are rare. The clays are all shades of red, yellow, gray, greenish-gray, and
white. They range from plastic to lean anil sandy.

A brickyard was formerly located on the site of the present Kenbridge
roller mill, but the bricks to be seen in some of the buildings did not appear
to be very uniform.

A sample, representing average material, was taken from a cut 300 feet
in length just east of the station. The material (Lab. No. 2010) represents
a red sandy clay of good plasticity. It worked up with 33 per cent of
water, the bricklets macle from this having ?.5 per cent air shrinkage, ancl
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125 pounds per square inch tensiie strength. The clay burns red, and gives

a very fair brick even at Cone 010. The soft-mud bricklets also gave the
following aclditional data a.fter firing:

0r0
05
03
I

Fire shrinkage
Per cent

.7

.7
3.0

Fire shrinl<age
Irer cent

0.0
1.0
J.O

Absorption
Per cemt

22.5
20.0
18.7
r6.79

Absorption
Per cent

28.S
974
t6.2

Another sample was lun through the stiff-mud machine' It florved

readily through the brick die, but the r,vhitish iumps in the clay dicl not
pug up very easily. This clay seems well aclapted for making building
brick. If burned hard enough it might be possible to make a drv-press

brick from the material.

Victoria.-A mile or so east of the railroad station is a long cut of
whitish residual clay. No sample of it is available for testing, but it may

be buff-burning.

Meharrin.-A fine cut of residual clay, 18 feet deep and about half a

mile long, is to be seen on the Virginian Raihvay \,Yest of Meherrin Station.
The ciay is recl, fairly sticky, and not always very cleep, but the rock below

it is badly rottecl.

The material (Lab. No. 2089), rvhich is noticeably micaceous, worhed

up with 43 per cent of water to a mass of gooil plasticity, rvith 9.1 per cent

air shrinkage, and 86 pounds per square inch tensile strength. The brick-
Iets burned at Cone 010 had a good red color and fair ring' and the same

held true at Cone 05, but at Cone 03 there was an appreciable increase iu
the fire shrinkage, at which cone the bricklets also became steel hard.

Other fire tests on the wet-molcled bricklets were:

Cone

010
UD

03

The absorption is somewhat high, but otherwise the procluct is good.

The clay r,vas also founiL to rvork in the stiff-mud machine.

'\t one point in the cut above mentioned, about ?50 yards {rom the

railway station, the clay is light-colorecl. plastic, and badil' stainec] rvith

iron and some biack-stainins matter.
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In a small sample the clay (Lab. No. 2042) Iooks as if it might have
been clerived from a pegmatite, because of its cream color. It is smooth
and of good plasticity. After mixing ivith 26 per cent of water it had 8.3
per cent air shrinkage. The clay burned to a nice red bricklet, with good
ring at Cone 010, and the absorption was lower than is usually founcl in
these resicluals. At Cone 010 the fire shrinkage was .? per cent, and
absorption 14.9 per cent, while at Cone 05 they were 1.? per cent, and 12.?
per cent, respectively. The clay would probably work irr a stiff-mucl
machine. It is a good recl brick clav, and rnight also serve for making
hollow blocks.

MECKLENBURG COUNTY.

Lacrossa.-There are but ferv cuts around Lircross€, hcnce it is difrcult
to estimate the amount of clay in this vicinit)'. \Vhere any cla;, is exposed
it is mostly red, but covered rvith a surface soil of yellorv or gray color.

The following sample (Lab. No. 20?0) is fairly tvpical of thc resiilual
clay in this vicinity, and was collected from a road cut near the high school.
The tests shot ecl it to be a recl clay of goocl plasticity. lts air shrinkage
after mixing with 46 per cent of water rvas 8.s per cent, vhich is a little
high, and the average tensile strength 86 pouricls per square inch. It burns
to a red co1or, and has a fair ring even at 010.

The other tests on the soft-mud bricklets were:

0r0
05
03
I

Irire shrinkage
Per cent

2.4
4.0
8.0
8.6

AbSorption
Per cent

q7q

91 q

13.9
13.5

The material should make a good common brick, burning harrl at a

low cone. It does not r'vork verJr well dry press, but might run satisfactorily
through a stiff-mud die.

Clarksaille.-Immediately around Clarksville, especially on the south,
there is much recl clay exposed in gullies and shallorv road cuts, the bedrock
in places being schistose, in others gneissic, or even in some places nassive
in structure.

As a type of the clay derived probably from schist, reference may be

made to the olcl road cut) a third of a mile south of town, and south of the
Petersburg road, as rvell as 100 yards north of the bridge. The material
(Lab. No.2066) is a snooth recl clay of good plasticity. 'Ihe trial brick-
lets had 6.2 per cent air shrinkage when mixed with 31 per cent water.
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They burned to a reil color, and goocl ring even at Cone 010, and became

steel hard at Cone 05. The fire shrinkage and absorption at Cone 010 were

2.3 ancl 25.4 per cent, respectively, lr,hile at Cone 05 they rvere 3 ancl 22.4

per cent, respectively. From these few preliminary tests the material gives

promise of making goocl common brick.
A deposit, deriveil from more gneissic rock, is to be seen in a cut on

the Petersburg roail, 150 feet south of the bridge, ancl about half a mile
south of torvn, the cut being 100 by ? feet, and the clay extending nearly
to the bottom of the cut.

This clay (Lab. No. 2065) is red like the preceding, but quite sandy

and not as plastic, although there was no trouble in moltling it. After
mixing rvith 2? per cent of water jt showecl an air shrinkage of 6.3 per
cent. The clay burns red, ald has a fair ring even at Cone 010, althoug'h

of high absorption. At Cone 010 the fire shrinkage \vas zero, and absorp-

tion 33.4 per cent, while at Cone 05 the fire shrinkage was 1 per cent, and
absorption 21.8 per cent. The cla1, could be usecl for brickmaking.

Just at the edge of tor,vn, on the same toad, is a bank 1?5 by 10 feet

composed of clay ilerived from a coarse-grained gneiss or granite, and so

quartzose as to be very deceptive as to its plasticity. The material (Lab.
No. 20?1) is a yellorvish-brown, very sandy clay, of moclerate plasticity.
The bricklets maCle from the clay when mixed with 30 per cent rvater hail
an air shrinkage of 5 per cent, ancl were not very hard. They burned to a

recl brick, but the product lvas not very hard even though the absorption

was moderate. The fire shrinkage and absorption at Cone 010 rvere zero

and 19.5 per cent, respectively, and at Cone 05 they were practically the
same.

Judging from this sample, the material is not a very goocl brick clay.

To the east of Clarksville on the National Highway is a recl plastic clay,

occurring in consiclerable quantity in shaliow cuts, but ivith no exposure

of bedrock. Here, again, rve have a recl smooth clay (Lab. No. 2031) of
goocl plasticity. \Mith 29 per cent of r,vater it workecl up to a mass having
?.4 per cent air shrinkage, and 68 pouncls per square inch tensile strength.

The soft-mud bricklets burneil recl ancl had a good ring even at Cone

010. They became steel hard at Cone 05, but if burned to Cone 1, while
hard and sound, the color became too dark.

Other tests on these soft-mud bricklets are as belc-,rv:

tr'ire shrinkage
Per cent

I.D
1.7
4.3

Absorption
Per cent

20.1
t2.4
14.4

Cone

010
05

I
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(A) Residual clal' near Larvrerrceyillt,.

(R 1 Residual cla;. near Alber.ta.
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{i,,

(A ) Residual clav ncar Lar,vrencer.illc,,

Residual claS' near Alberta.
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The clay also workecl fairly well in the brick die of the sti{f-mud
machine, but showed a tenclency to tear in the hollow-brick die. This may
possibly have been the fault o{ the die. There seems no reason why this
material should not be used to make a good graile of brick.

Boyclton.-Residuai clay from granite is well exposeil on the National
Highway, 1 mile west of Boydton, the bank being about 250 by 9 feet.
This represents a type which is plentiful in this area, being noticeable in
cuts all the way from Boydton to Clarksville.

A sample rras testecl from the large bank near Boydton, with the follow-
ing results: The material (Lab. No. 2088) is a red smooth clay of good
plasticity. It required 42 per cent of r,vater to work it up, and the bricklets
macle from the clay had an air shrinkage of ?.9 per cent, ancl an average
tensile strength of 48 pounds per square inch. The clay burnecl to a good
recl color, with a fair ring at Cone 010, and an excellent ring at Cone 03,
at which temperature they were steel hard.

The fire shrinkage ancl absorption were as follorus:

Cone X'ire shrinkage
Per cemt

.4

.4

4.0

The clay would probably work in a stiff-mucl rnachine. There seems

no obstacle to using this clay for the manufacture of good common brick.
It is not to be recommended {or a dry-press product.

BRUTISWICK COUNTY.

Alberta.-Several good cuts of resiclual clay occur along both the
Seaboard Air-Line and thd Yirginian railways near Alberta. The best
one is just east of Alberta on the Seaboaril Air-Line Railway. Ilere in a
cut about 300 by 10 feet is a mass of light gray, yello.li', ancl red clay, with
many small stringers of decomposed pegmatite.

This bank was sampled to include all except the top foot, ancl gave
very satisfactory results on testing. The clay (Lab. No. 2028) is some-
what gritty and of moderate plasticity. Its air shrinkage when mixeil
with 32 per ce.nt of water was ?.1 per cent, and the average tensile strength
?0 pounds per square inch. It burns to a reilclish-brown color, and gives
a good brick at Cone 05, but is a little too soft at Cone 010. The absorption
is moderate. The soft-mud bricklets behaverl as follor.s:

DI

0t0
05
03
I

Absorption
Per cent

31.8
22.2
23.6
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Cone

010
05
0:l
I

Fire shrinkage
Per cent

.U

4.6

Iire shrinkagc
Pe)' cent

I.0

4.0
4.0

Absorption
Per cent

21 .6
2r.l
14.8
14. 1

Absorption
Per cent

2r t
30.3
22.0
22.6

Although tlre clay is sanclv, it florr'erl through the bricl< tlic of the stili-
mucl machine rvithout dillicultv. The tests inclicate the probability of
malring brick from this clay by either the soft-mud or stiff-mud process.

It did not rvorl< rvell clrv prcss.

0och,ran.-Just rvest o{ the railroar-l station is a cut, 250 to 300 feet
long ancl 15 feet deep, showing a fine exposure of lerl plastic clay to its
full dcpth. No test was nracle of it, but the matcrial \i,oulc] probablv 5'61tr

for brick.

I'al.urence'uille.-Tn the vicinity of T,awrenceville therre are a moclerate

number of cuts, sliorving red residual clay. Orr thc northern cdge of torvn,
along thc (locliran roacl, is a banli about 150 bv 10 fect, shorvilg r:cd clay,
rather typical of this vicinity.

'lhe cla-v (T,ab. No. 2060), although containing consi(1erable linely
divitled rnica, hail f:rir plasticity. \Vith 40 per cent water it g-ar,e a rvork-
able na-ss u'hose air shrinkagc rr.as 5.8 per cent, but whose average tensile
strength was 1ol', not exceetling 15 pounds per squarc inch. To givc a

goorl prorluct it should be burnecl to at least Cone 05 antl prefelablv
Cone 03. Thc color after burnins is red. ancl the bric]<lets at Cone 0i]

were steel hard.

Cone

010
05
03
I

It u'or'L:ccl wcll in thc blicl< clie o-[ the stiff-mucl machinc, and clen
florvecl ptettv n-cl1 throug-h the hollow-brick die.

'llhere is no reason rvhy this clay coultl not Jre usetl to aclr,arrtage jrr

thc manufacture of goocl commoir brick, ancl it rnight everl servc for making
hoilorv brick.

BrorJnar. Selclal S'oo, l crts of le,l tlirv ale to Lre fourttl alorrg the
railroad betl.een Brodnax and Larvlenceville.
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ALBEMARLE COUNTY.

Croeet.-'lhe countrv both rrorth ancl south of Crozet, for a reasonable

clistance from the railroad, was looked over in search for goocl clarv. A num-
ber of exposures were found, but, as rvill be seen from the tests noted below,

the deposits u.ere not of equal value. Just north of Brorvnsville, which
is south of Crozet, a yellowish-bror.n clay, rvith scattered rock fragments,

is to be seen.

This material (Lab. No. ?0?8) is of fair plasticity, ancl rvorkeil up

with 33 per cent of water to a mass lvhose air shrinkage l'as 5.4 per cent,

ancl average tensile strength 59 pounds per square inch. 'I'he clay burns
red, is steel harcl at Cone 03, but has a fair ring at Cone 010.

Frrrther iests a re as belurr :

This clay should rnake a good colnmon brick b;r the soft-mud process,

and coulcl probably be rvorkecl also in the stiff-mucl machine.

A ljttle farther north residual clay outcrops again (Lab. No.2076).
This is a broln, plastic, smooth clay, rvhich burns recl, antl has a low air
shrinkage, but does not gire a sufiicicntly hariL brick at Cone 010. It
shoulcl be bulneil to Cone 05 for goocl results.

Along the road up to haif a rnile rior:th of Ctozet Station there are

several cuts showing very consistent and homogeneous clay, and one sample

(Lab. No.2055) taken from a point a quarter of a mile north of the
railroad is quite typical. This red-brorvtr clav has good plasticity. \\rith
31 per cent of rvater it ,levelopetl a l'orl<able bocly for soft-mucl molding.
ifhe air shrinkage is 5.2 per cei:rt, but the ar,erage ter-rsile strerrgth is not
over 15 pounds per square inch. It burns to a reil bricklet, steel hard at
Cone 03, but not sound enough unless fired to Corre 05.

Further tests on the soft-mud bricl<lets are tabulatecl belorv:

Cone

010
05
03
I

Cone Irire shrinkage
Per cent

010 .0
05 .7
03 2.7
I 3.0

Firc shrinkagc
Per cent

q7

4.7
4.7

Absorption
Par cent

O2a
2I .9
19 .3
18.4

Absorption
Per cent

otr l
23.0
16.8
Ii.D
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The clay will flow through the brick die of the stiff-mud machine, but
care hail to be used to prevent the bar from tearing as it issued from the
die. It tlid not work dry press. This material can be used {or making
common brick if properly fired. It would work in a soft-mud machine,
and might work in a stiff-mud one.

NELSON COU}ITY,

Roselamil.a-This district contains: (1) Red residual clay derived from
gabbro, qttartz monzonite, and the hornblendic phase of the rutile-bearing
syenite, ancl (2) kaolin or white residual clay derived from the purer
feldspathic phase of the syenite. The latter is discussed under the kaolins.
The other group is referrecl to here.

Near the mine of the American Rutile Company there is consiclerable
residuai clay derived from the quartz-bearing syenite. The material (Lab.
No. 2185) is red-brown, smooth, and contains scattered grains of blue
quartz, which does not breal< down on weathering. With 35 per cent water
it works up to a mass of good plasticity, and has 8.4 per cent air shrinkage.
The clay burns red, has a gooil ring at Cone 010, and is steel hard at
Cone 05. At Cone 010 the flre shrinkage and absorption were 2.4 and
26.9 per cent, respectively, while at Cone 05 they were practically the same.

There is no reason why this clay shoulil not be useal for making common

brick, if molded in a soft-mud machine, and, while it would probably flow
through the die of a stifi-muil machine, the many small quartz fragments
would interfere rvith the cutting wires.

In this same district there is a variable amount of residual clay derived

from the quartz-monzonite, but there are few good sections in it and most
of these show a somewhat sandy clay. Near Colleen, about 1,000 yards

south of it, on the Roseland-Arrington Highway, there is a deposit of clay
which is evidently r,vashed from the quartz monzonite resitluals. Although
sandy, the material (Lab. No. 21?0) is plastii and of low air shrinkage.
It burns buff at both cones 010 and 05, with about 14 per cent absorption.

AMIIERSE COU}ITY.

Amherst.-The region around Amherst is underlain
monzonite gneiss, rvhich varies in places both structurally and
composition. Ilence rvith variation in the character of the

by quattz-
in mineral
underlying

Watson and" For a detailed discussion of the geology of this district, see
Taber, Buli. III-A, Va. Geol. Survey, 1913.
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rock there will be more or less variation in character of the residual clay
derived from it, aside from differences clue to the stage of decay of the
material.

The clays around Amherst seem to be rather irregular in depth, and
the more schistose phase of the quartz-monzonite seems to $r'eather more
readily to clay than the coarser-grained, normal rock. Several cases may
be quoted to show the character of the clays obtainable arounil Amherst.

On Builalo llill, about 2 miles north of Amherst, there occurs rather
an extensive exposure of tough clay (Lab. No. 2093), which appears to be

of promising character. It is a smooth red clay of good plasticity. If
mixed up with 31 per cent water the bricklets molded therefrom had an
air shrinkage of 6.9 per cent, and an average tensile streneth of 6? pounds
per square inch.

These wet-molded bricklets burn to a good reil color up to Cone 05,
but to a consiclerably darker color above this. They were steel hard at
Oone 1, and had a fair ring at Cone 05, but showed a little tendency to
clevelop surface cracks. The other soft-mud tests are as below:

61

Cone

0I0
ul)
I

Fire shrinkage
Per cent

0.0
^

L.4

Absorption
Per cent

23.r
18.3
15.7

Molded in the stiff-mud machine, the clay r,vorkecL well through the
die if not too wet. It is probable that red brick could be made from this
clay by either the soft-mud or stifi-mud process.

On the south side of Buffalo River, along the short-cut roacl connecting
the two curves of the toll road, is a long cut of r,ery sandy material, r,vhich
is only partly decomposed (Lab. No. 205?). It is so micaceous and o1l such
low plasticity as to be unfit for brick manufacture.

About 1 mile south of Amherst the surface clay is reclcler, more plastic,
and more prornising than the preceding. This materjal (Lab. No. P0?4)
is smooth and plastic. With 35 per cent water it g'ave a mass that was
easily molclecl, and had 8.1 per cent air shrinkage.

The bricklets burnecl red, hacl a fair ring at Cone 010, ancl an excellent
ring at Cone 05. At Cone 010 the fire shrinkage and absorption lrere,
respectively, .6 and 30 per cent. At Cone 05 they were 2 and 28.? per cent.

These fer,v preliminary tests inclicate that tlie material could serve at
least as a local solrrce of supply for the manufacture of common brick.
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No bricks are macle from the clays arounil Amhers! and, owing to
thc hiil1' natule of the country, a brick plant if started should be located

fairly close to the railroad.

'l'he buildings of Srveet Briar College are saitl to have been made from
local clays.

BEDFORD COUNTY.

Retlorcl Ctly.-Residual clays from p4lanite occttr throughout this
district, but there are fev good exposures in rvagon or railroad cuts. One

of the best is on the road to Thaxton, anrl just rvest of Bedforcl City,
r.here the ferruginous clav shorvs in a cut about 6 feet tleep.

'Ihe material (Lab. No.2098) is a fairly plastic red clay of slightly
rnicaceous character. \[orked up rvith 34 per cent u.ater it had 7.8 per

ccnt air shrinkage. At Cone 010 the Iire shrinl<age aud absorption rvere,

respectively, .l' and 26.6 per cent, rvhile at Cone 05 thc,v were 1.4 and

?13.5 per cent. The briclrlets hacl a goocl ring anrl retl color at Cone 010.

I"ronr thesc tc.qts we feel ,*ure the matelial rvoulcl rvork for cornrnon blick.

-\ rlile farther rvest on the same road is another aucl largcr banl<,

probably 15 feet high, and lying betr,veen the highrtal' ancl the railroari.
This is also a goorl recl-buming clay.

.\oa irr irrsi \\ psl oi ihe ra ilroa,l station orr the Irorlh si(le uf lhe 1r'a, k,

rcsiclual clars front grru'rite-gneiss are exposerl in several cuts, buf onlv
the upper portion is decayed enough to yielcl a clay \yorth $'orliirg. the

lower part (Lab. No. ?096) being so,qandy as to yielcl a soft porous brick.

Between Berlford City and Lynchbur:g there arc a number of cuts, .*ome

like those at Lowrv ancl Forest appearing to contain consiilerable clay.
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VIRGINIA GDOI,OGICAI, SURYDY.

(A) Residual clay near Louisa.

[,I,A'TE XII.

(B) Residual clay containing linonite near pittsville.



VIRGINIA GDOI,OGICAI, SURYET. T'I,A'IE XII.

(A) Residual clav near Louisa.

(B) Residual clay containing lirnonite near pittsr.ille.



PR]I-CAN'IBRIAN CRYS'IALLINE SCHISTS AND GNEISS CI,AYS. 65

Co.rrrupNrs oN TrlE T.q.sr,n.

The residual clays derir-ecl from the pre-Cambrian granites and gneisses
are mostly of good plasticity, so that they can be molded without difficulty,
some of them working well in the stiff-mud machine. They also burn to a

good color. Many of them could be usetl {or the manufacture of common
brick ancl some of them for hollow tile.

PR,E.CAMBR,IAN CRYSTALf,INE SCIIISTS AND GNEISS CIJIYS,

llhere is one irregular but important belt.or area of rocks of thjs sub-
division of the pre-Cambrian.

It enters the State in Fairfax County, and crosses parts of Prince
William, Culpeper, Stafiorcl, Orange, Spottsylvania, Louisa, ancl Fluvanna
counties. It then wiilens out in Buckingham, Appomattox, Prince Eilwarcl,
Campbell, Charlotte, Halifax, and Pittsylvania counties. A broad tri-
angular area including parts of Grayson, Canoll, Patrick, Floyd, Henry,
and Franklin counties lies on the r,vest.

Except for the last-mentioned triangular area, the formation is tra-
vcrsed by a number of lines of railway, and, next to the pre-Cambrian
granite belt, is the most important from standpoint of size in the Piedmont
province.

I,OUISA COUNTY,

Louisa.-The residual clays arounil Louisa are mostly red burning,
although there are some exceptions.

Thus about three-quarters of a mile clue northeast of rrevilians there
is a deposit of r,vhitish clay irear J. L. Latharn's house. A pit about b0
feet square r.vas opened some 22 years ago, anc_l bricli macle from it. The
clay, which seems to occur in some quantity, is very sericitic, ancl contains
consiilerablc quartz. There is some iloubt as to rvhether it is clerivecl frorrr
a pegmatite or from a schist containing stringers of pegmatite.

As tested out iri the laboratory, the material (Lab. l\o. p034,) $,ss
cream-colorecl, contalned much fine grit, and u.as lolv in plasticity. Aif
shrinkage 4.4 per cent. Two trial burns lvere made on it, one at Cone 010
ancl the other at cone 05. The fire shrinkage in each case was low, and the
absorption about ?0 per cerrt. At neither of the.qe cones \r,as the bricrrlet
vc r.y so I id.

The material iloes not appear to contain much iron, and, while of no
value for building brick, it might if burned harder serve for boiler-setting
brick.
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r\t arrother point, 1,3/a nriles cluc noltheast of Tlevilians, there is a

banlt of clav ?0 feet 1ong, rvhich appcars to be rlerivecl from the weathering
of granite. Scr,eral other exposurcs of the sarnc material are to be founcl
ncar-by, so that it is probaLriv rather abunilant. The clay (Lab. No. 2082)
is tr dark brcx,n, plastic, santlv matet'ial, requiring little r,ater to mix
(24 per cent) as cornparecl r,ith rnartv otbcls. The air: shrinkage r'va.s 6.2

per cent. Tlie clav burns ici a nic'c lccl co1or, but must bc 1ilet1 abor,c

['orre 05 to gir,e a good harcl blic]i. .\t this cone t]re absorption i.o 18

per cent.

A thirtl locality is well erposccl abott 71/2 miles north of Irouisa on

thc roarl to Ellisvillc. I{erc there is a bank about 200 feet long r,vitli a

maxinrum rlepth of 8 feet. llhis rnateri:ri (Lab. No. ?087) is a recl mica-

ceous c1ar., containing scattelerl fr:rgmcnts of thc bedrocl<. Tt has friir
plastir:it1 . anrl, nhen mixecl up u'ith .1,0 per ccnt of r-atcr, shorverl ?.4

per cerrt ar'r shrirrliage. 'Ilic ar-ernge tcnsile strength u,as 9? pounrls pel:

squale inch. Thc clay burrrs red, ancl the bricklets hacl a fair ring even

nt (lone 010, although thel rlitl not bccome stccl hartl until Cone 03. '\t
tlris cone aLso thc colol becat'ue applcciablv rlarlicr.

Other test.q on the soft-rnud britlrlets arc sit-ert hcrewitli:

( olle

0t0
05
03

I

1,'ire shrink:-rqt
Per cent

0.0
t.0
4.0

Absorptiort
Per cent

24.4
22.6
16.0
16.0

This clay rvoulcl make a conlmon brick, but rnight not rvork in a stilT-

mucl machine. At several places on the road leacling rrolth from Louisa

there is clav exposerl resembling sample No. ?082, as rvell as material

which appears to be practically iclentical with sampie No. 208?.

l[i,naral,.-In the region about Mineral the rcsitlual cla,vs are mosUv of

red co1or, but there are ferr goorl exposures. Bricks lr'erc formelly maile

at a yard locatecl aiong the rajlr'ay just east of Minelal. The excar-ation

is not or-er 5 feet deep, arcl the yard has not been in operation for several
years. 'I'he clay (Lab. No. 2081) is brownish-red, of goocl plasticit-v, but
contains scattcrcd qualtz fragments, I'hich rnay cause trouble in rlolcling,
if not cru.qhec.l. '['here rvere also scatterccl sc]rist fragmcnts irr the rnaterial.
The sample tcstcd requirerl 44 per cent of l'ater to give a pla.stic ma.*s, ancL

g-ave 9.5 per cert air: shrinkage. The averagc tet"rsile strength r'vas 1??

pounds per square inch.
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The soft-mucl bricklets had a good red color, a good riug at Cone 010,

ancl becamc steel hard at Cone 03, although at this heat the shrinkage htrd

incleasecl considelabl-v, anc1 the color hatl becorle \,eLv ntuclt darker. The

other tests rvere:

Cone

010
05
03
I

Fire shrink:rg-c
Per cent

t.o
8.0

Fire shrinka.ge
Per cent

0.0
,7

3.0
4.0

Absorption
Iter cent

28. I
26.6
12.2
t2.4

The suclclen cleclease in absorption accorllpanfirrg the incleasccl firtr

shrinkage is quiie noticeable in the above figures' l\ saurple \{as put through

the stiff-mut1 machine, but it rvas clifficult to rnal<e the clay run tlrrough tl.re
clie without tearing unless thc bar r.as lun slowly r,vith the nlitrirnttrtt
quarrtity of rvater in the c1a1'. il'his clay should make gootl cotnnron brick,

but the best results may be obtainecl by molcling it jn a soft-rnucl nlachirlc.

Along the road fron J{ineral to Hollada,v, and about 400 feel south of
the clossing of ihe Sulphur-Ifine Railr'oaCl, there is a 1ottg, but lather
shallorv cut in the lesidual clal'. This js tough, some$'hat stonv, ancl

requiles thorough rlisintegration beforc molc1ing.
This clay (I"ab. No.2100) is fairlv plastic, but mcaly to the feel. It

shorvs arr air slrrinl<rge of 7.8 per corrt. an,l n lensilc btroirgllr ol ? I l,oulr,ls
per square inch. The clay burns rec1, rvith a fair ring at Cone 05, but not
hard errough at L'one 010. It r'vas steel hard at Cone 03.

The fire tests on the soft-mucl bricklets gar-e the follorving lesults:

Absorption
Iter cent

23.O
22.1
16.4
16.3

There is no reason i,vhy this clay should not makc a led brick by the
soft-mud process. A sample $'as tried in the stiff-mucl machine, but, in
spite of the plastic nature of the material, it rvould not flow through the
die without tearilg. Possibly it might $rork in some other style of die.

APPOMATTOX COUNTY.

Altpomattor.-The bedrock around Appomattox is a micaceous schist,
r'iith many stringels of qualtz up to l inch in thiciiness. So far as coulrl
be deterrnined from surface eviclence, the clay clerivecl from tlre schist iloers

Cone

0I0
05
03
I
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not seem to ]re very abunilant, and in some places the beilrock comes close
to the surface. The following sample (Lab. No. 20?9) may serve to show
the character of the clay derived from the schist.

The material is a dark red, micaceous, sancly clay of good plasticity.
It hatl ?.9 per cent air shrinkage, anil the bricklets burneil at Cone 010
had a good recl color, ancl good ring. At Cone 010 the fire shrinkage and
absorption were, respectively, .3 and 2?.1 per cent, whiie at Cone 05 they
'were 2 and 25 per cent.

The clay shoulcl be well adapted to common-brick manufacture.

Pamplin,.-Located at Pamplin is a small plant of the Akron Pipe
Company, rvhich is making clay-pipe bowls. Two clays are used. One is
a light gray clay from Ohio. The other is a yellow clay, of red-burning
character, obtained from Stony Point on James River. Some clay has also
been obtained from the farm of R. Davis, near Pamplin. This material
while usecl in pipe making' also seems to be aclapted to other uses.

It is a very smooth and plastic clay (Lab. No. ?030), in fact it is one
of the best resiclual clays of the Piedmont. l{ith 23 per cent of water the
mixture had an air shrinkage of 5.3 per cent, burned to a bright red color,
ancl had arr excellent ring even at Cone 010, as well as being steel hard.
It also gave a product of loir absorption with lorv fire shrinkage. At Cone
010 the fire shrinkage and absorption rrere, respectively, .4 and 12.8 per
cent, while at Cone 05 these rvere 2.4 and 8.8 per cent, respectivelv. This
clay should riot only rnake a good common brick, but there seeln-q a

possibility of using it for hollow brick and ilrain tite.
There is not much clay exposed along the road from Appomattor to

Pamplin, but near the latter locality there are cuts of light grav rnatcrial,
of which some was tested.

'Ihe clay (Lab. No. 2064) is sandy ancl micaceous, and not of very high
plasticity. It takes less water to mix it (26 per cent) than marry of the
other resicluals, ancl has an air shrinkage of 6.5 per cent. The bricl<lets.
while of good reil color, should be burned to at least Cone 05 to give a
good sound product. At Cone 010 the fire shrinkage and absorption rvere
.3 and ?1.2 per cent, respectively, .lvhile at Cone 05 these were 1 arrd p0.8

per cent, respectively. Although this clay could be usecl for common brick,
it cloes not yield a hard product at as low a cone as some of the others.

One-half mile southeast of Pamplin in a new railroad cut, about half
a mile long, anil with a maximum clepth of 2b feet, there is a largc deposit
of residual clay, whose structure poirits to gneis.s as the parent rock. il'his
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material (Lab. No. 2086) is red, and of very fair plasticity. The air
shrinkage was 8.9 per cent, a little higher probably than it r,vould be in
actual practice. The average tensile strength was 88 pounals per square

inch.
The clay fired to a good red color, and the bricklets had a fair ring

even at Cone 010. The color darkenecl somewhat at Cone 03, ancl con-

siderably at Cone 1.

On firing, the soft-muil bricklets gave the following additional tlata:

Cone X'ire shrinkage
Per cent

0t0 2.4
05 2.6
03 4.0
1 5.0

Absorption
Per cent

26.9
25.8
20.7
r8.5

This clay should make a good common brick by the soft-mud process,

and might possibly also work in a stiff-mud machine.

PITTSYLYA}IIA COUIITY.

Chatham.-Both the Triassic ancl pre-Cambrian gneiss and schist for-
mations may serve as sources of residual clay arouncl Chatham. Oniy the
Iatter concerns us at this point. One deposit is exposecl on a road, 1 mile
northeast of Chatham Station. The clay is quite micaceous and rvas not
sampled.

Another cut is about 2y4 miles north of east from the station. This
section, which is about 300 feet long and 10 feet cleep, shows no beilrock.
The material (Lab. No. 20?2) is a red-brorvn micaceous clay, of low
plasticity. The air shrinkage is only 2.9 per cent, and the average tensile
strength not over 15 pounds per square inch.

The clay bums to a red bricklet, but the product is not hard enough

for service unless fired to Cone 03. At Cone 05 the fire shrinkage is 1

per cent, and absorption 25.5 per cent. At Cone 03 the fire shrinkage and

absorption are 3.4 and 20.8 per cent, and at Cone 1 they are 3.6 and

22.3 per cent. The clay was tested in the stiff-mud machine, but would

not flow through the die without tearing.

About half a mile farther east is another cut of resiclual clay from
schist. And again, about 1 mile south by east from the station, is a

brickyard that was operatecl up to about a year ago. The cla;' is iight
reddish-brown, and may be of colluvial character.
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A sample of this meiterial (Lab. No. ?06?) rras takerr {or testirs. It
is quite different from the other samplc tested from Chatham. It worked
up with 28 per cent of r'yater to a mass of good plasticity, ancl hacl an air
shrinkage of 5 per cent. The average tensile strength rvas 80 pouricls per
square inch. The bricklets burnecl red, and if fired to Cone 03 hatl a gooil
ring.

The fire shrinkage antl absorption at dillerent cones are given below:

Cone

0I0
05
03
I

l'ire shrinkage
I'er cent

3.0
3.0
3.0
3.0

Absorption
Per cent

r8.7

t4.7
T4.I

A sample li'a,s also testecl in the stiff-murl machir.re, ancl flolcrl through
both the briclr ancl hollorbrick clie l-ithout any trouble.

This clav coulcl be usec'l for manufacture of common brick and also
for hollorv bdck. If l.orkcd in a stiff-rnucl rnachine it shoulc'l first be

put through a rolis to crush the scatterecl stones which it contains.

Danrille.-The clevelopmelrt of goocl brick and tile clavs arouncl Dan-
r,ille is of importance, partlv becausc of local demand, and partlv because
it is a central point {or several lines o{ raih:oad. The transportecl clavs of
this distr:ict l'rar,e been refclred to in an earlier page, but there sti1l remain
to be mentionec-l the residual clays of the pre-Cambriarr gneisses and schists.
These clays are r.idely distributec.l in thc Danr,ille area, ancl may vary
considerably, accorcling to the rocli {t'orn rvhich they are clerir.ecl.

Tr,vo samples were testeiL, u'hich serve to ilrlicate the more important
tlifierences in the clays that occru' in the vicinity of Danr,ille.

Ser-eral openings have bccn rnarle at Danville to obtain clay for the
rnanufacture of brick. One of these supplics at ibc present tiue the vard
of \[atson ancl X'itzgcrald. The material is c]erjr,ecl from schist, and, at
the point where rvorked, thc thoroughlv rveatheretl rock ol clay does rot
exceecl 4 or 5 feet in clepth.

l'he clay (Lab. No. 2029) has goocl plasticitv, an air shrinkage of
8.3 per cent anil an a\rerage tcnsile strength of 87 pounds per square inch.
It burnecl rccl, ancl hacl a goorl rin-{ at Conc 010. If fired at Cone 03 the
shrinkage shor.s a rroticcalrle increase, ancl the color rlarliens perceptibly.
The bricklets burned steel hard at Cone 03.
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(A t Drying raeks, Danvillc.

(B) Brick kilns, Deacon, east of Lynchburg.
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(B) Brich kilns, Deacon, east of Lrnchburg.
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Other tests $rcre as belor.:

Cone

0I0
05
03

1

'lhe clav makes a good

as li'ell as a soft-mual one.

Not far from \\ratson anrl Fitzger:alil's 1'arc1 there is obtained a rvhitish

c1ay, derivecl from a n'eatherecl pegmatite, which is usecl for malring boiler-

sctting brick.

About 6 rniles west of Danr,ille, near the trestle of the.DanYille and

\trrcstern Raihoacl over Dan River, there is a shallorv cut of resiclua.l

clay, rvhich is quite cliflerent fronr that at l)anvi11e. As the cut is shallor.,

the cxact extent of the deposit coulcl not be cletermined rvitliout Loring.

The matcrial (Lab. No.2063), although gritt.v to the fcel, is of goocl

plasticity. It has ti.4 per cent air shrinkage, and 94 pounals per square

inch tensile strength. It burns retl, ancl has a fair ring even at Cone 010,

but does not become steel harcl until Cone 03.

On firing the soft-mucl bricklets they were founcl to have a low fire
shrinkage, ancl moclelate absorption as can be seen from the tests rvhich

folloli :

Fire shrinkage AbsorPtion
Per cent Per aent

1.7 29.8
I.7 26.9
7.3 I2.5
7 .7 I2.8

common brick, anrl $-orks in a stiff-rnutl rrrachine

Cone

010
05
03
I

This is a gootl brick clar., anrl is better: than the material being useti

at Danville at the present time.

IIAI.IT'AX COUNTY

Sou,th, Bo.stoii.-No brickyards are in opel'ation at South Boston,

although onc \vas fornerly operatecl near thc depot. 'Ihe ferrugilous
c1a1,s cleriyed {rom sc|ist al.e to be seen at a number of poilts, blt the

cuts are all too shallor,r. to afford gooil samples. There seerns a stlong

probability, howeYet, that brick clays can be found in the Yicinity of South

Boston.

l'ire shrinkage
Per cent

0.0
1.0
3.0
3.0

Absorption
Per cent

25.5
19.6
16.3
1.5 .4
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GRAYSON COUNTY,

Galar.-AIthough only transported clays are worked around Galax,
residual clays are not lacking. .For example, three-quarters of a mile
east of Galax, on the road to Hillsville, there is a cut of red, vellow, ancl
brown clays, which are fairly t;'pical of the resiclual rock materials found
in this vicinity. Indeed, there is probably considerable clay at the point
where the sample was taken. 'Ihe material (Lab. No. p115) has goocl
plasticity, burns to a red color, and at Cone 010 gives a bricl< rvith a
good ring.

The air shrinkage is 5.4 per cenf and the average tensile strength
?3 pouncls per square inch. Iurther details of the tests are given belorv :

0r0
ui)
03

Fire shrinkage
Per cent

0.0
2.0
o.l

Absorption
Per cent

21 .0
r7 .r
t2.4

This clay should make a good common brick with the soft-mud process,
and, while it was riot tried in the stiff-mud machine. we believe it woulcl
work.
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Coulrnxrs oN TH.r T,ttr,l.

From thl tabulated tests abor,e, the clays derived frorn the weathering

of pre-cambrian gneiss and schist show a Yariable amount of water

required, and are usually of goocl plasticity. Their air shrinkage is quite

variable, but the fire shrinkage is generally lorv. The absorption at both

cone 010 and cone 05 rarely falls beloiv 20 per cent, but not a few of the

clays make a sound brick.

KAOLINS.

The term kaolin is properly applied to deposits of white-burning

residual clay. These may be clerived from the rveathering of pegmatite,

talcose schists, feldspathic quartzites, or granites free from iron-bearing

silicates like biotite, hornblerrde, etc., or shales. In the Piedmont reqiorr

of Yirginia, only kaolin derived from the rveathering of pegmatite occurs

to any extent.
In the formation of kaolin from pegmatites, the fcldspar $.eathets more

or less completely to a rvhite clay, while the r,vhite rnica and the quartz

resist decomposition. 'Ihe crude kaolin may therefore consist of a mixture

of white clay, fragments of quartz ancl mica, and cven grains or lumps of

undecayecl felclspar. The depth o{ r.eathering may range from 5 or 1l)

feet to over 100 feet.
such a rirass in its natural condition is of little Yalue, although it is

occasionally uscil for fire hrick, and it js therefore customarv to put the

clay througli a t'ashing test in orc1el' to eliminate the grit.
The methocl commonly foilowetL is to tlisintegratc the clay thoroughlv

in rvater, after r,vhich it is run through a series of troughs of very 1ow pitch.

In its passage through the troughs the gritty particles settle out, so that

rvhen the water reaches the farther. end of the troughing it contains only

clay in susperrsion, ancl jt is cotrclucted into large tanks rvhere the clav

settles out. The clear water is then drar.n ofT, ancl the wct clay in the

bottom rlr:awn off into {ilter presses r.here more r.atel is squeezed out. The

cakes of clav are then removed from the fi.lter press, dried, and shippetl

to the factories for use.

l\iashed kaolins are usetl for several rliffcrent purpo-qes, The fine, rvhite

gracles are ernployecl in paper uranufacture, arrtl in thc manufacttrre oi

rrhite china or porcelain. For thc last-namccl purpose they mrrst bulrl

I'hite. Those which clo not shorv an absolutely rrhite color on burning,

but exhibit a faint cleamy tinge, can be enplovecl in making C. C. ware,

electrical porcelain, ancl sanitary u-are.



YIITGINIA GEOI,OGICAI, SURYEY. PI/A'IE XIV.

local clay and erected before the Civil
(A) _Church constructed of brick made from

War.

(B) Kaolinized pegmatite in railroad cut near Motiev.
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clay and erected before the Civil
(A)_Church constructed of brick made from local

w ar-

(B) Kaolinized pegmatite in railroacl cut near nloilev.



KAOLINS. 75

The l<aolins testeil came from three localities, viz.: (1) Motley Station,
Pittsyivania County; (2) northwest of Altavista, Campbeil County; and
(3) near Roselancl, Nelson Countv. The first two are ilerjved ftom
pegmatites or coarse-grained granites, the third from a syenite.

PITTSYIVANIA COUNTY.

Motley.-One mile south of l{otley, in a cut on the Southern Railway,
is a vein of l<aolinized pegmatite, at least 50 feet in witlth, inclosecl between

walls of schist.

llhe material (Lab. No. 2186) in its crucle condition is very coarse

grained, containing numerous flakes of muscor,ite and angular fragments
of quartz. It is therefore not available without. some form of preparation.

A sample of it was put through the crusher, rvith the opening set at
one-eighth of an inch, and then molded into bricklets. The crushed
material ryas of lorv plasticity, and had an air shrinkage of zeto. The,
bricklets were burned to Cone 9, and at this temperature showed 2 per cent
fire shrinliage and 1?.6 per cent absorption. They r'vere also steel hard.
The material might be worked in this condition to make boiler-sctting brick.

Another sample was put through a I'ashing test, and yielcled 14 per
cent of rvashed c1ay, which is a somewhat loly return for commercial pur-
poses. Some of the rvashed procluct i,vas tested rvith the following results :

Air shrinkage 4.6 per cent; co1or, after fir:ing, cream-white. At Cone 1

lire shrinkage 1.? per cent, absorption 41.5 per cent, clay not steel hard.
At Cone 9 fire shrinhage 3.4 per cenf absorption 36.6 per cent, color cream-
white, clay rot quite steel harcl.

ttlta,a'istu,.-On the Jackson propertv, 1./a miles r,vest of Hurt, there are
several showings of kaolin, derivecl from peg-matite veins, cutting the prc-
Cambrian rocks. The one vein visible in tunnel 300 {eet south of river
dips 45" N. 30' W., and is 30 to 50 feet lvicle. The \rirginian RaiJiray
runs between Iloanolre River and the tunnel, following close along the
formet, with the tunnel mouth about 65 feet above the tr:ack. Ser-eral
small pits, dug presumably in the same vein, show inuch mica (muscovite),
less than 1 inch in diameter. A tunnel was driven on strihe of vein 45
feet, r'vith a cross-cut halfway in, extentling 32 feet from the tunnel, and
exposing the footwall schist.

'l'he material (Lab. No.218?) is coarse-grained ancl contains an
abundance of quartz and coarse muscovite. The material on the wholc
is not as coarse-grained as that iLcscribed abovc south of }lotley Station.



/o T}IE CL-A.YS OF TI{E PIEDMONT PROYINCE, VIRGINIA.

A sample was ground to pass through a ten-mesh sieve, and molded into
bricklets. These had an air shrinkage of zero, and burned creamy white.

They showed a moderate a.bsorption, and became steel hard at Cone 9.

The details of these tests are as below:

Fire shrinkage
Per cemt

r.0
1.6

Absorption
Per cent

r8.5
16.8
1' a

The material in its crude form could probably be used for common fire
brick, if there is enough of it.

Another lot of the material (Lab. No. 2187A.) was put through a

washing test, and vielded about 15 per cent of washed product, which is

not a high return for commercial purposes. This had an air shrinkage of
6.6 per cent, anal burnecl to a faint cream-white co1or, but appreciably

whiter than the material south of lfotley. At Cone 1 the fire shrinkage

was ? per cent, absorption 32 per cent, ancl clay not steel hard. At Cone

9 the fire shrinkage was 3.4 per cent, absorption 24.1 per cent, and proiluct
steel hard.

NELSON COUNTY.

Roseland,.-The syenite r'vhich carries the rutile in this district in places

appears to be quite free of qvaltz, rutile, arrd other minerals; indeed, it
.qeems to be practically pure feldspar. There are ferr natural outcrops,

but about three-fourths of a mile north of Roselanil, on the west side of

the Roseland-Bryant highway, the remains of a kaolin plant can be seer.

No operations have been carrieil on here for 20 years, and the rvorkings

have caved in, so that an actual exposure of the kaolin is difficult to find.
From the observations that could be maile, the crude material appears to

contain consiclerable quartz, but at the west end of the outcrop, or near

the old workings, ihere seems to be r,ery little quartz, which is very fine

grained. The washed product (kaolin) is quite mealy to the feel, as

though it contained considerable sericite.

SurrouniLing the kaolin is a ferruginous plastic clay, evidently derived

from the gabbro, ancl containing lumps of weathereil nelsorrite. The

kaolin washing plant is completely dismantled, but the product is saicl to

have been sold for paper manufacture.

A test was run first on the crude lraolin (Lab. No. 2169) to determine

its properties. The crude kaolin is white, fine-grained, and passes a 100-

Cone
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mesh sieve. The plasticity developed on mixing the clay rvith 40 per cent
water is only fair, and the air shrinkage, oi,ving to the presence of a large
amount of grit, is low, 2.9 per cent. It burns white, and even at Cone 1

is nearly steel harcl, but as might be expected the absorption is high, and
the fire shrinkage lorv. Thus at cone 010 the fire shrinliage and absorption
were 1.? and 34.? per cent, respectively. At Cone 0b the fire shrinkage and
absorption were 1 and 33.? per cent, respectively. At Cone 1 they were
4 and 29.1 per cent. At this last cone the bricklets had a g'oocl ring.

Trvo samples of the washed kaolin were tested, one in more detail than
the other, and the results are tabulated belolv, for purposes of compar.ison.

2167
X'rom stock house

2I68
From stock pile at

old plant

40%
6%

27%
, c/^

Fire shrinkage
A.bsorption
Color
Ring

Cone 7
tr'ire sbrinkage
Absorption
Ring'....................... :: :.
Steel hard

Aone 9
Fire shrinkage .....
Absorption
Steel hard

.6%
35.17o

Faint cream t'hite
Fair

2.3%
22.3%
Good

Nearlv

::..

2 'ovo
34. LEa

fvory white
Good

4.7%
2L .6Eo
Good
Yes

5%
r9.6%

Yes

The two samples show some ilifferences, but, as the plant is dismantied,
it is impossible to state the exact cause. The burnecl bricklets when dry
appear nearly white, but if wet they show a distinct ivory or very faint
cream tint.

A sample of No. 216? r,vas made into a mixture consisting of kaolin,
10 parts; flint, 4 parts; Roseland spar, 8 parts; whiting, 2 per cent. This
mixture rn as burned at Cone 9, anil gave a body that was vitrified ancl
white, with a scarcely noticeable creamy tint.

\\rhile the kaolin can not be recommended for use in the manufacture
of the whitest china, there is no reason why it should not be cmploved
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as an ingredient in the manufacture of floor tile, electrical porcelain, and

sanitary ware.

some materiai which, as nearly as could be cletermined, appeared to

represent the tailings from the old I'ashing plant was also tested (Lab.

xo. zlee;. It is very white and sandy, but contains some redclish spots

of the suilounding resiclual clay scatter"ed through it. Its plasticity is

naturally very low, and took only ?? per cent of r'vater to molc] it. The

air shrinkage is also lor'v, 1'1 per cent.

only a fer,v {ire tests r,r,ere maile on it. 'Ihese showed a very 1ow fire

shrinkage up to cone 1. An absorption of 2?.5 per cent at cone 010, and

oI 2?.6 per cent at cone 1. At the latter cone it is nearly steel hard.
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OTIIER KAOLIN DEPOSITS,

Deposits of kaolin have been found at seteral othel points in the Pied-

mont province, but nonc of them is being worked at the present time.

In 1904 a kaolin deposit was worked near Oak Level, Henry County.

The kaohn is formed by the weathering of pegmatite dikes that cut the

schists of the district. It r.as mined from circular pits, some of rvhich were

80 feet deep. A washing plant r.as built and operaterl near the deposit.

The mica-bearing pegmatites around Ridgeway, Henry County, are frc-
quenily kaolinized to a depth of from 10 to 50 feet, but the materjal is not

only too impure fnr rvhite-r,i'are manufacture, but is not found in sufficient

quantity for working.

A kaolin prospcct, 6 to 15 {eet wide,' is known to occur one ancl a

quarter miles northeast of Forest, Bedford oounty. It is said to yielcl 2?

per cent o{ r-asl-retl material, which has an air shrinkage of 6.2 per cent,

and at 1350'C a fire shrinl<ase of 16.4 per cent.

T}IE CLAYWORKING INDUSTRY OF TIIE VIRGINIA PIEDMONT

PROVINCE AND ITS FUTURE'

'Ihe ciays of the Virginia Piedmont province are at present developed

to a comparatively small extent. Small brick yards are in operation at a

number o1 points, and ale run chiefly to supplv a local dlemand, brrt around

some of the large to|ns, like Irynchburg ancl Danville, several plants have

been established. n'uture ilevelopments will probably be most successful,

if started in the southern half of the Pieclmont province, as the northern

portioniseasilysuppiiedbythemanyyardsoftheAlexandria(Yirginia)
district.

'I.he results of the tests given in the preceding pages shorv that there are

many deposits of clay that can be successfully utilized for the manu{actule

of ct-roon brick by the soft-mud, or, in manJ'' cases, by ihe stiff-mud

process. .I.he sancly nature of many of the deposits preclud.es their being

cmployed for the manufacture of drv-press brick. 'I'his same character

,.qoi** that the clay shouid be lveli burned in order to get a product of

the proper hardness, a fact that has been neglected by some'

of the several classes of clays testecl, the transportecl ones found along

theriversyieldthestrongestu,'dth.densestbrick'Nexttotheseconrethe
T\vutt*, s. A., Mining and rreatment-.of Feldspar^ancl Kaolin in the Southern

eppufulfrioi n"gio", null."Sf, Buteau of Mines' l9ltl' 101 pages'
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Triassic residual clays, one of which, from Wol{trap, Ilalifax County, is
very plastic and dense burning. Some of the residual clays of the
Cambrian formations, notably those near Gordonsville, Orange County, are
very promising, anil those derived from the voicanic rocks near Yirso,
Lunenburg County, yjelded goocl results.

Of greatest areal extent are the residual clays from the granites and
gneisses, and these often possess excellent plasticity. They burn to a gooCL

color and a moderately hard body, but the absorption is not as low
as desired. The residual c1a;,s from the Oatoctin schists (metamorphosed
pre-Cambrian basalt) are less promising.

The tests also sliow that some of the residual clays can be applied to
the making of liollow brick, arrd the same is true of the ,I.riassic clays,
espccially those near Wolftrap, which in addition can be made into drain
ti1e.

Attention should also be called to the kaolin deposits of Nelson County,
rvhich probably exist in some quantity. As pointed out, they can be

, utilizeil in the manufacture of certain qrades of white ware.



INDEX
(Figures in italics refer to page on which clav in the vicinity of the torvn indexed

is described.)

Atlams Bros.-Pa,wls Company, lo.
Akron Pipe Companl,, 68.
Albemarle County, 17, 38, 47.
Albemarle County, clays, 34, 59.
Alberta, 7 , 57 , 64.
Alexandria, 80.
Algonkian clays, 38.

minerals in, 7.
summarized tests, 42,

Altavista, 7, 36, 37, 75, 79.
.{rnelia Count\. 17, 47.
Amherst, 7, 60, 64.
Arnherst County, 47.

clays, 10, 60.
Appomattox, 8, 67,73.
Appomattox County, 17, 65.

cla,r.s, 67.
Arrington, 60.
Arvon Slate Company, 27,28.
Arvonia, 7, 8, 27,27, 30, 31.
Auburn, 39.
Ballsville, I, 19, 63.
Barboursville, 33.
Basic, 47.
Bedford City, 8, 6,?, 64.
Bedford County, 47, 80.

cla-vs, 62.
Rlackstone, 7, 52, 63.
Bluemont, 47.
Bolling, T. A., vard of, 22.
Boqton Brick Cumpany, 23.
Boydton, 8, 57, 64.
Brandy. 7. 19,25.
Rremo Bluff, 29.
Broilnax, 8, /1,12, 16,58.
Brunswick County, 47.

clavs. I_t, 5/,
Buckingham Countv, 17, 6b.

clavs, 27.
Brrrkeville, 7, 51, 63.
Cabin Rranch, 8.
Clabin Rranch mine, 26.
Calverton, 7, 18,25.
Clambrian cla\.s, 31.

minerals in, 7.
summarized tests, 37.

Campbcll Count.v, 17, 65.
clavs, 10. 35.

Caroline County, 47.
Carroll County, 47, 65.
Catoctin schist cla,vs, 38.
Charlotte Ccunty, 23, 65.

clavs, 12, 43.

Clharlottesville, 7, 3f, 31,38, 47.
Chase Brick and Tile Corporation, 11.

' Chatham, 8, 17, 69, 73.
Chesterfield County, 17, 47.
City Farm station, 7, 37.
Clarke's yard, Culpeper, 9.
Olarksville, 8, 55, 64.
L'lav, colluvial, 4.

flood-p1ain, 4.
inarine, 4.
minera)s in, 5.
residual, 3.
transported. 4.

Clays, origin, 3.
testing, I.

Clay-working industry, 80.
Clayville, 8, 50.
Cochran, 58.
Cole, \\r. C., yard of, 15.
Colleen, 8, 60,64.
Colluvial clay,4.
Cones, Seger, l.
Crinklev. W. A., 12.
Crozet, 7, 64.
Culpeper, 7, 8, 9,16, 18, 18, p0, ZE, BB,

39, 39, 42.
C-ulpeper County, 17, 47, 65.

clays, 9, 18, 3.9.
C'umberland, 7, 17, J18, 63.
C-'umberland County, 47.

clays, 48.
Cumberland Courthouse, {8.
Danville, 8, 73, 16, 17,70,73,80.
Deacon, 70.
De \Yitt Brick \4/orks, 35.
Dinrviddie, 8, 53, 63.
Dinrviddie County, 47.

clays, 53.
Dothard and Riddle, 13.
Dr:rkes Branch, 12, 16.
Dumfries, 26.
Elkrvoorl, 7, f 8, 78.
Iillisville, 66.
l'airfax Countv, 47, 65.
I'armville, 17, 22,25, 26, 48.
Fauquier County, 17, 47.

clays, 18, 38.
FernclifT, 7, 27, 29, 80.
Flood-plain clay, 4.
Flood-piain clays, described. 9.

urinerals in, 8.
lrlo1.'d Countl', 47, 65.
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Fluvanna County, 65.
Fordville, 39.
Forest, 80.
Franl<1in Countv, 65.
l-redericksburg, 7, +7, 63.
Galax, 7"r7, 16, 12, 73.
Galpin, S. L., 5.
Geolge, .{8.
Goochland, {8, 63.
Goochland County, 17, 47.

cla,vs, 48.
Gordonsville, 7, 17, 20, 32, 37, 38, +1, 42,

8I'
Gral'son County, 65.

clays, 14, 72.
Greene County, 47.
Greeneville Countv, 47.
Halifax County, 17, 65, 81.

clays, 23, 44, 7I.
Hanover Clounty', 47.
Hatcher and Gaither yard, 32.
Henrico Count,v, 17.
Henry County, 65.

clays, 80.
High Bridge, 59.
Hillsville, 72.
hlult, /b.
Jefferson, 50, 63.
Kaolins, derivation, 74.

minerals in, 8.
preparation, 74.
summarized tests, 79,
uses, 77, 78.

I(enbridge, 7, 5:1, 63.
Keswick, 7, 3+, 37.
I(e5'svi11e, ,f3.
Laboratorl' \ros. 2001, 20.

2002, 2r.
2003,2I.
2004,31.
2005, 32.
2006, 9.
2007,9.
2008, 19.
2009, r9.
20I0, 53.
2011, 52.
20I3,18.
2014,10.
2015,40.
20r6, 40.
2017,19.
2018, 40.
2019, 39.
2020, 18.
202r, 18.
2022, 26.

. 2023, 20.

Laboratory Nos. 2025, 39.
2026, 35.
2027, 35.
2028,57.
2029, 70.
2030, 68.
2031, 56.
2032, 47.
2033, 48.
2034, 65.
2035,4r.
2037,23.
2038, 13.
2039, 22.
2040, 11.
204L, 44.
2042,55.
2043, ll..
2044, 48.
2046,44.
2047, rr.
2048, 43.
2049, 51.
205r,49.
2052, rl.
2055,59.
2056, 36.
2057,6r.
2058, 44.
2060, 58.
2061,53.
2062, 43.
2063,71.
2064, 68.
2065, 56.
2066, 55.
2067,70.
2068, 12.
2069, lr.
2070, 55.
207r,56.
2072, 69.
2073, 22.
2074,67.
2075, 35.
2076, 59.
2077.50.
2078, 59.
2079, 68.
2080, 33.
208r, 66.
2082, 66.
2084, 33, 34.
2085, 34.
2086, 69.
2087, 66.
2088, 57.
2089,54.
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Laboratory Nos. 2091, Ll.
2093, 6t.
2095, 33.
2096,62.
2098, 62.
2099, 35.
2100, 67.
2t0I,27.
2103, 28.
2104, 28.
2105, 30.
2t06, 29.
2114,15.
21t5, 72.
2It7, 15.
2t22, t4.
2139, 50.
2140, 48.
2166, 78.
2167,77.
2168, 77.
2169, 76.
2170, 60.
2185, 60.
2186,75.
2r86-4, 79.
2187,75.
2187_A, 76.
2200,50.
2201, 51.
2206, 12.
2207, 51.
2208, 53.
2209.49.
22t0, 49.
22t6, 14.

Lacrosse, 8, 55, 64.
Lar,vrenceville, 8, 72, 16, 58, 64.
Leal<sville Junction, 9{.
Lcesburg, 17, 47.
Legg, J. \\r., yard of, 20.
LeSueur slate quarrv, 27, 29.
Libertl' Mills, 20, 21.
Iroudoun County, 17, 38, 47,
Louisa, 8, 65, 73.
Louisa County, 47, 65.

clal's, 65.
Lunenburg County, 47, 8I.

c1ays, 11, 43, 53.
Lynchburg, 8, 10, 95, 37, 47, 80.
Madison County, 47.
Madison Rtn, 32, 37.
Nlanassas, r/, 4/.
Marine cla.v, 4.
A4artinsville, 17.
Mechanicsville, 32.
Mecklenburg Count;', 47.

clays, 55.
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Meherrin, 7, 8, 7.1, 16, 43, 54, 63, 64.
Michaux, 8, 50, 63.
flinoral. 8, 66. 73.
Minerals in clay, 5.
Montpelier, 7, 21, 25, 26.
Mosele.vs, 50.
Moseleys Junction, 7, 8.
Motley, 8, '15, 79.
Nelson Countl,, 17, 47, 8I.

clays, 60.
Kaorlns, /o.

New Canton, 7.
Nottorvay, 8, 57, 63.
Nottor.vay County, 47,

clavs, 51.
Oak Level, 80.
Orange, 7, 20, 25, 31, 32, 37, 38.
Orange County, U, 65, 8f .

clals. 20. 3l. 41.
Ordovician clays, describecl, 26.

mincrals in, 7.
summarized tests, 30.

Pamplin, 8, 68, 73.
Patrick County, 65.
Pa,yne and Spindler yard, 13.
Pegmatite cla.ys, minerals in, 8.
Piedmont clays, description of, !).

minerals in, 5.
origin, 3.

Pittsl'lvania CountY' 17' 65.
cla1s.13,24,69.
Kaolrns, /b.

Powhatan, 8, 19, 63.
Por,vhatan Coun{', 17.

clays, 49.
Pre-Cambrian clays, 43.

summarized tests, 46.
Pre-Cambrian granite clays, 47.

minerals in, 7.
summarized tests, 63.

Pre-Cambrian schist clays, 65.
minerals in, 8.
summarized tests, 73.

Pre-Cambrian volcanic clays, minerals
in, 7.

Prince Edrvard CounQ., 65.
claYs, 22.

Prince William County, I7, 47, 65.
clays, 26.

Quantico, 96.
Rappahannock County, 47.
Residual clays, 3.
Reusens, 8, 10, 16.
Rie)rrnond, 17.
Ridgerva,y, 80.
Roanoke, 47.
Rocky \{ount, 47.
Roseland, 8, 60, 64,76, 79.
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Scottsville, 17.
Seger cones, 1,
Shale, deflned, 4.
Simplicity, 7, 43, 46.
Soft-mud tests, 2.
Somers, R. 8., 7.
South Boston, 7I.
Spottsylvania County, 47, 65.

clal's, 47, 65'
St. Paul's College, 12.
Stafford County, 47, 65..
Stevensburg, 8, 24, 25.
Stiff-muil tests, 2.
Taber, S., 60.
'fensile strength, 2.
Testing clays, 1.
'lransported cIay, 4.

'l'ransported clays, tests summarizecl,
'I'revilians, 65.
'Iriassic clays, described, 17.

minerals in, 7.
surntnarized tesis, 25.

Victoria, 54.
Virgilina, 7, I+, 16.
Virso, 7, 11, 13,44,46,81.
Ward Bros. yarcl, 14.

Warren, 17.
Warrenton, 7, 18, 38, 38, 42.
Washing tests, 2.
Watson, T. L., 60.
Watson and X'itzgerald yard, 70.
S/illiams slate quarry, 27.
Wolftrap, 7, 17, 23, 25, 26, 8I.
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