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BIENNIAL REPORT ON THE MINERAL PRODUCTION
OF VIRGINIA DURING THE CALENDAR

YEARS 1911 aNo 1912

BY THOMAS L. WATSON.

INTRODUCTION
This bulletin includes (1) a discussion of the mineral production of

virginia for the calendar years 1911 and 19L2, (p) a tlescription of the
occurrence of zirconiferous sandstone near Ashland, and (3) a summary
of the geology of the salt and gypsum deposits of southwest'virginia. The
description of surface features oi th* stui., given in Buletins i-A and vr
of the Survey, has been omitted in this report.

The statistics of mineral production in virginia for the calendar years
1911 and 1912 were colrected by the virginia Georogicar survey in
codperation with the united states Georogicaf survey. T:he total numberof productive operations for the two yJars was rarge and includecl a
variety of subjects, as indicated in the totals below of"annual production.

The total value of the mineral industry in 1911 amountetl to
$19,320,970, and in 7grz, $27,276,15?, distributed as shown in the table
on page 2.

w'ith but few exceptions the returns indicate substantiar gains in theproducts mined and quarried in the state. The total ugg".g"ut. value ofthe-mineral industry in 191p showed. an increase of g1,9d5,1g? over thatof 1911. The most noticeable increase was that of coal, and the most
marked decrease was in iron ores.

-^,Thu 
mineral products mined ancl quarried in virginia in 1911 anir7912 are discussed in this report in the fo'owing order: rron ores,

manganese ores, golcl and silver, copper, lead and ziic, Iin, coal ancl coke,clay and clay products,_lime and cerient, sand and gravel, stone (granite,
limestone, sandstone, 

.slate, crushed stone, and futace 
'flux), 

abrasives(millstones), silica (cliatomaceous earth), mica, feldspu", urbu.io., talc ancr
soapstone, bartyes, gypsum, salt, mineral paints, marl, pyrite an. pyrrhotite,
arsenic, rutile, and mineral waters.



MINEBAL PRODUCTION OF VIRGINIA.

M'i,neral Prod,uction of Virgi'nta in 1911'

Product

Clay products ... .

Coal .

Coke .

Copper
Gold .

Granite
Iron ores.
Iron, pig.
Lead .
Lime .

Limestone
Manganese ores...
Millstones
Mineral wate$.
Pvrite
Sind and gravel.
Sandstone
Silver .

Slate .

Talc and soaPstone.
Zinc (spelter) ... ' '.
Other Productsa ..

Clay products ....
Coal .

Coke .

Granite
Iron otes.
Iron, pig.
Lime .

Metals (gold, silver, GoPPer,
lead, ancl zincl..

Millstones
]Iineral waters.
Pyrite
Sandstone
Sand and gravel.
Slate .
llalc antl soapstone.
Other Productsa ..

DIIUf U UUUD

Short tons

Long tons
Long tons
Short tons

t,5u

Gallons
Long tons

Short tons 689,266
42,220
25,313Short tons

6S'6466i
910,411

90,000

$ 1,743,007
6,254,804
1,615,609

tt,250
3,064

424.6fi
1,146,188
3,898,285

37,374
483,016
369,872

24,546
17,635

298,707
558,494
2A4170

31,315
11

188,808
660,926
117,695

1,235,589

$ 1,884,743
7,518,576
1,815,975

470,ffi7
903,130

4,364,708
488,628
403,063

14,881

74,855
25,866

349,255
627,219

4,020
291,773
L95,3W
576,473

1,272,943

9.320,970Total .

arncludes asbestos, bartyes, cement (Portlantl). feldspar, ferro-alloys, gyp-unr'

diatomaceous ...*,, -u.frtif-"io"* *", metallic paints, niica' ocher' and salt'

Product Unit of Measurement QuantitY Yalue

7,846,638
967,947

4t2,520
328,961
124,7rL

r57Total .

DIIUIU IUUD
Short tons
Pounds
tr'ine ounces (TroY). .. .

Long tons
Long tons
Short tons
Short tons

Mineral Prod,uction of Vr'rgt'ni'a in 1912'

aTneludes ba rytes, briquets ( fuel ), Portland cement, feldspar' fl*::3]1"V:^,q-,T:
and preeious stones, gypsu-m, diatomaceous earth, manganiferous ore. ocner. m€[alllc

oainf. rutile, and salt.



IRON ORES AND PIG IRON.

IRON OBES ANI} PIG IRON.

The production of iron ores in Virginia in 1911 and 1912, shows a
decided falling off, both in quantity and value, from that of the two
previous years, 1909 and 1910. The production in 191p was the lowest of
any single year during the last five-year period. It was 4IZ,\Z\ long
tons, valued at 9903,130, as compareil with 610,8?1 long tons, valued at
$1,146,188 in 1911, a decrease of 198,1t51 long tons in quantity anil
S243,058 in value.

The 1911 production of iron ores in the state representecr the output
from forty-two mines distributed among fourteen proclucers operating in
the same number of counties (1+); as against twenty-nine mines
distributed among eight producers operating in ten counties in 191p.

The counties producing iron ore in virginia during 1g11 were:
Alleghany, Augusta, Bedford, Botetourt, Carroll, Craig, Grayson, I_ree,
Page, Pittsylvania, Pulaski, Roanoke, Rockbridge,, and W-ythe. Those
producing in 1912 were: Alleghany, Bedford, Botetourt, Craig, Lee,
Pulaski, Roanoke, Rockbridge, 'Warren, 

and Wythe.
There js girt'n in the table below the lotal produetion of jron ore in

virginia, by varieties, from 1908 to 1912, jnclusive. rt will be observed
that brown hematite is vastly the most important variety, amounting at
present to 88.5 per cent of the total production. Red hematite is next in
order of importance, amounting to 11.5 per cent of the total production
in 1912. The procluction o{ magnetite in 1911 was small; there being
only one producer. There was no reported production of magnetite in 191p.

Prod'uction of Iron ore in vi,rgi,nia, by aarieties, 1g0g-rg1g, in long tons.

,_ Red hematite I Total I Totalycar tsrown hematite and magnetite i quantity ] value
1ro8 

-i--6r6,r10 

] m" aszrn l-. sr:li,.

I Red hematite I Tothl'Brown hematite and magnetite i quantit
Total

692,223 I $1,465,691837,847 1.693.188lflql ............: 7g?,9?I i4:ii0 I $?',81: "1.6er,r88
1e10 . .. . . .. . . .. .. ., g?l;lgt 8r',146 l eot:dti t,84E,14a1e11 .. F+!,gT.g I 6t;001 i 6i0;8ii i;ia6;i88relz .. s6b.048 41'.4i, I ilr:.Efr effi.r30

The average price per |ong ton of the difierent varieties of iron ore
producecl in virginia during 1912 follows: Brown hematite g2.p6, as
against $1.91 in 1911 and $2.0? in 1910; red hematite g1.6p, as against
s1.58 in 1911 and $1.?4 in 1910; and magnetite g1.50, being the same
as the average value per ton of magnetite in 1910 and 1911. These prices
represent the value of the ore at the mouth of the mine, anil are taken
directly from the replies of the producers.



MINERAL ?RODI]CTION OF VIRGINIA.

owing to the fact that there were less than three producers in most

of the producing counties of iron ores during 1912, the production by

counties can not be given. Namecl in the ortler of procluction the counties

were: Botetourt, W'ythe, Craig, Alleghany, Pulaski, I-.,ee, Roanoke, Beclfortl,

Rockbridge, ancl Warren.
On December 31, 1912, one furnace was building in Virginia, which

will use mineral fuel; one was rebuilding; and in adclition one coke

furnace was partly erectetl.

The production of pig iron in virginia during 1912 amountetl to

328,967 long tons, valuecl at $4,364,?08, as comparecl with 308,789 long

tons, valuecl at $3,898,285 in 1911, and 444,916 long tons, valuecl at

$6,150,000 in 1910.

There is given in the table below the production of pig iron in virginia
for the years 1905 to 79L2, inclusive.

Prod,uction of Pig Iron in Virgint'a, by Eears, 1905-1912.

Year
Quantity
Long tons Value

YaIue
per ton

$14.78
17.77
18.72
t4.29
14.19
13.82
L2.62
13.27

1905 ..
1906.. .........::
1907 ..
1908 ..
1909 ..
1910 ..
1911 ..
L912..

510,210
483,525
478,771
320,4580
391,134b
444,9760
308,789
328,961"

$7,540,000'
8,591,000'
8,963,000
4,578,000
5,550,000
6,150,000
3,898,285
4,364,708

aEstimatetl.
bBirkinbine, J. Personal communication.
cParker, E. W. Personal eommunication.

OPEBATOB

I,IST OF' IBON ORE PRODUCERS.

OtrN'ICE MINA

Alleshany Ore & Iron Co..... -'..Iron Qqte ..'.....Dlxie' Oriskany
sair" 016 & Iron Corporation... .Pittsville ........ Barr
Sooue,s-Fatn Iron Co^. ...Raltimore, Md. ... Rose Eill Station
erescent lron Ore Co..... ......Ngw York, N. Y. ..Crescent
lvannoe f,ui.naci Co..,.. ........Pittsburgh, Pa. ...Bailey Crockett,. Fries,

Gregory, Ivanhoe
Lonsalale Iron Co. ........Irongilale .........Cir-cle' r,ongdalg
il;;6i iion Co. oi virginla. . .. .Lowmoor . . ' .. . . a'D"r\t{r""n#h".Ir11*i3T:

dan

fArcadia
I CIaYton
l F aris
I Norma

. . -{ Porter
I Rustin
I Tasker
I Thomas
LTiptoD

Pulaski IroD Co. .. ., . ...Pulaski



MANGANESE OBES.

OPERATOA OXFICO
Seibel, If. J., Jr.. ..,,..Happy Creek

Virginia Iron, Coal & Coke Co. ...Roanoke

MINE

Barren Snrinss
Cedar Run
Dewey
F enwlck
Grubb
Ifurst
Little Wythe
Percival
Potts Valley
Morrls
Reed Island
Rich HilI
Rustin
Sanders
Tasker
Thaxton

LTrouts:est pnd- Furnace Co. ..Roanoke . GreenvilleWorrell. N. J.--------worrell. N. J... .......Sylvatu; .,.......Hish RockZinns lron Mining co. .. .. .. . . . . washington, 'p". 
. .liiiis^ci"-"t

MANGANESE ORES.

virginia has always been the principal proarucer of manganese oresin the united states. The figures of production in 1912 were 1,58?
long tons, valued at $14,881, u" .o*pur.d with 2,485 long tons, valued at
$2+,546 in 1911. The figures represent a small increase in 1911 over that
of 1910, but a decrease in 191p. Notwithstanding this decrease virginia,
as heretofore, exceeded in output ail other states combined.

fn addition to the figures given above, 1,405 long tons of manganese
o e were reported as stock on hand at the close of tr911, and 410 long tons
at the close of 191p.

There were 6 producers in 1911, and 5 in 191p. The following b
counties contributed to the 1911 production: Augusta, campbelr, Rock-
bridge, Rockingham, ancl 'warren. rn 191p the producing cor].nties were:
Augusta, Campbell, Rockbridge, and Rockingham.

- There are given in the table below the dgures of production and value
of manganese ores in Yirginia from 190g-191p, inclusive.

Production and, ualue of Manganese Ores in Virgi,ni,a,, 1g0g_1g1g.

Year
Quantity
Long tons

Average value
per ton

$r0.22
r0.70
8.98

10.00
9.68

VaIue
1908
1909
1910
1911
t912

862,776
14,725
18,509
24,546
14,881

6,144
1,334b
2,059b
2,455
1,537

alu -adjlition, 274 long tons o-f manganiferous iron ore were sold.bfncludes small produ"ctio" of -;"-g:;;lf;";; ;;;.



6 MTNERAT, PRoDUcrroN ol' vrRGrNrA'

Greater interest and activity were manifested in manganese mining

in Virginia during 1912 than for several years past' The 
-Piedmont

Murrgaiese Corporation, operating in Campbell County, and the Pittsburgh

Manlanese CompanS operating near El}:ton, were engaged chiefly in

developing their mines preparatory for steady produc.Lions' '

The produciion of iranganiferous iron ores in 1912 is inclutled' under

"Other Froclucts," since it came from only two proclucers'

LIST OF' MANGANESE PRODUCERS.

OFX'I CE }IIST

N. Y. ....Crimora
....EiYington
. .. . Leesvllle

......Elkton

.. ' ... Elkton

. .10 mlles east of LYnch
burg

. Mitlvsle

(6 miles

GOIJ) AND SILVER.

The production of precious metals, gold and silver' in Virginia'during

the years 1911 and i912, *u* variable, as indicated in the following

figorls: Goitl in L911 amounteil to L48'22 fine o.nces, valuecl at $3'064'

as compareal u'ith 10.54 fine ounces, valuecl at $218 in 1912' a very marketl

d..reusl.; silver 21 fine ounces, valued at S11 in 1911, against 982 fine

ounces, valued at $604, in 1912.

In 19L1, the gold and silver produced in Virginia was 105'26 fine

ounces in quantity and $2,1?6 in ialue more than in 191'0' Of the gold

produced g-9.0g fin. ounces were cleriveil from placers a-nd 109'13 from

,iIi."oo, ores; of the silver produced ? fine ounces came {rom deep mines

anl 14 fine ounces from siliceous ores. Of the 13 properties proclucing,

5 were placers. According to McCaskey, 7,761 tons of golcl quartz ores

were treated with an average extraction value of $1'29 per ton'

In 1912, the gold proJuction was clerivecl entirely from siliceous ores'

Accorcling io Ucgast .y 45 tons of Virginia siliceous o es were treated

with an aYerage precious metal recovery of $2'98 per ton' The silver

protluction totlne same year was derived from L1160 short tons of copper

ores. The i.912 productlon of precious metals in the State' was clerivetl

from X'auquier, Goochlancl, ancl Prince William counties' No production

from placer mining in the State was reportecl in l-912'



COPPER,

rn rralifax county development work was in progress at the poole
gold mine and the erection of a stamp mill was ,ooiu*plutud.

rn Spottsylvania county, the rlolladay mine of mixea sulphides of
lead, zinc, and iron with copper, and yielding small values in golcl ancl
silver, has been opened to a depth of 150 feet. The ore body, 

-carrying

large values in lead and zinc, has a width up to p0 feet and tor tne alpttr
opened is a most encouraging prospect. The country rock is schist. rn
addition to the shaft some open-pit prospecting has been clone, ancl in
L912 diamond drilling was in progress. Development work was also uncler
way during 1912 by John M. Holladay ancl Son on the adjoining property,
known as the Grindstone, which was worked for gokl -uoy l"uru ugo.
The reporta just issued by the virginia Geologicai survey on ttre goid
deposits of the James River Basin, including the counties oi Buckingham,
Fluvanna, Goochland, and cumberland, should revive interest in Eold.
mining in that section of the State

The following table, taken from Mineral Besources of the united states

{9: 1912, shows the production of gold, silver, copper, lead, and zinc in
Virginia for the years 1905 to L9IZ, inclusive.

Tonnage of ore treated, and, mine prod,uction of metals ,i,n llirginia,
1905-1912.

trfncludes placer gold and silver.

COPPER.

The production of copper in yirginia in 1911 was 90,000 pouncrs,
valuecl at 9L1,250; and in lgIZ, l1,A,gB5 pouncls, valued. at g1g,61g, an

lnclease of 32,83d pounds in quantity and $?,aeS in value. The production
in 1912 was derived from 1,160 short tons of copper ores ancr irom inine

=tr.% 

Stephen, Geology of the Gold Belt in the James River Basin virginia,Va. Geol. Survey, Bull. wij rsrs, tZi p"g*.'" 
*



MINEBAL PRODUCTION OF VIRGINIA.

waters of the pyrite mines in lrouisa and Prince William counties' There

was no production of copper in 1912 reported from the mines of the

virgilina district in Halifax county. Annual statistics of copper pro-

do.Iio' in Virginia for the years 1905 to 7912, inclusi'e, are given in

the tabie on page ?.

LEAD AND ZINC.

'Ihere was an important production of both iead and zinc in Virginia

in 1911 and 191p, but there ias a markeil clecrease in both in 1912 from

that of 1911. The fi.gures are, accoiding to McCaskey : Lead 830,5+2 pounds'

valuetl at $31 ,374 in 191L, against +69,026 pouncls, valued at $21,106 in

7912, a decrease of 361,516 pouncls in quantity and $16,278 in value;

zinc 2,064,818 pounds (flgured as spelter), r'alued at S11?,695 in 1911'

as compared *iit +st,zz)sloonds, vatued at $34,309 in 1912, a decrease of

L,567,583 pounds in quantity and $83,386 in value'

The Austinville, Bertha, and I-.,ittle Wythe mines, in Wythe County'

produced lead and zinc in 1912. McCaskey has summarized the 1912

iroduction from this county as follows:a "The output is from both ore and

old tuiliogr, which are concentrated. A small tonnage of ore was also

shipped crude. Part of the concentrates ancl soft ore were treateil in the

Ausiinviile oxide plant antl the remaincler was shipped' At the LitUe

W'yihe mine, neat Cripple Creek, the principal production is of iron ore'

but as zinc sulphides 
-are 

encountered in streaks they are mined' hand-

sorted, and shipped crucle to zinc smelters."

The annual statistics of lead ancl zinc production in \rirginia for the

years 1905 to 1912, inclusive, are given in the table on page ?'

TIN.

Though not a producer of tin, the existence of tin ore of excellent

quality in ttte Itistt Creek area of Rockbridge County has been known for

*urry"y"u"*, and in 1883 an'd later the deposits were openecl in several

places.

COAL.

The coal areas of Virginia which have produced or are produeing are

(1) the Bichmond coal lasin in tlne eastern bordei of the Piedmont

--Iai-r"u chapter from Mineral Reso'rces of the unitetl States, Calendar Year

L912, p.21.



COAL.

Plateau, and the only area of free-burning coal in the eastern portion of
the United States that is located immediately adjacent to ticlewater; and
(2) the Appalachian region west of the Blue Ridge and which comprises

a number of separate areas extending entirely across the State from
Frederick County on the north to the Tennessee boundary on the south.

Geologically, the Virginia coal deposits are grouped as (1) those of
Triassic age, including the Richmond coal basin, and (2) those of
Carboniferous age, which includes all coal deposits found west of the Blue
Ritlge. Of the Carboniferous coal deposits, those of the Mountain Falls
ilistrict, Frederick County; the North River area, Augusta County; the
North Mountain area, Botetourt County; the Montgomery-Pulaski counties
area; and the Blantl-.Wythe counties area are Mississippian (Lower
Carboniferous) in age. The Virginia portion of the Appalachian coal field,
which inclucles the extreme southwest counties along the borclers of W'est

Virginia and Kentucky, and to which the State owes its rank as a coal
producer, is Pennsylvanian (Upper Carboniferous) in age.

The southwest Virginia area (Pennsylvanian), including the Pocahontas
and Big Stone Gap coal fields, is estimated" to contain 1,550 square miles.
The Virginia Geological Survey in coiiperation with the U. S. Geological
Survey is engaged in systematic study, including detailed topographic and
geologic mapping of this entire area, after the completion of which an
elaborate report will be preparerl and published by the State Geological
Survey. The area comprises all or a part of the following counties:
Buchanan, Dickenson, I-ree, Russell, Scott, Tazewell, and Wise. Of these,
Wise, Tazewell, and Lee counties are the most important proclucers at
present. The other counties contain large reserves of coal which are
rapidly undergoing clevelopment.

The mining of coal on an extensive scale in southwest Virginia began
with the opening up of the Pocahontas field in 1883 and ten years later
the development of the Wise County coal field. In 1905 the Black
Mountain district of I-.,ee County was made available, and the first ship-
ments began in 190?. Lee County is now producing at the rate of ?50,000
tons a year. The production has increasetl in Russell County from about
220,000 tons in 1908 to more than 1,200,000 tons in 1912.

Reopening of the old Gayton mines in llenrico County about four years
ago has revived interest in coal mining in the Richmond basin, ancl a

large tonnage was reported for each of the years 1911 anrl 1912.
The quantity and value of coal mined in Virginia in 1912, exceeded

by nearly a million tons in quantity and more than one ancl a quarter



10 MINERAL PRODUCTION Otr' VIRCIINIA.

million dollars in value the production of any previous year. The figures
were 1,8461638 short tons, valuecl at $7,518,5?6, an increase of 981,97L

short tons in quantity, and $1,263,772 in value over 1911. More than
?5 per cent of the total increase was from Wise County, whose production
in 1912 was 4,500,174 short tons, against 3,75+,360 short tons in 1911,
a gain of 745,8t4 short tons, or nearly 20 per cent. In 1912, 47.1 pet
cent of the total coal mined was shot off the solid, and 35.6 in 1911. The
number of machines increasetl from 156 in 1911 to 185 in 1912. I-rikewise
the machine-mined coal increased from 2,55!,627, or 3?.1 per cent of the
total, in L911, to 3,205,504 tots, or 40.8 per cent, in 1912. The quantity
of coal mined by hand in 1912 was 898,821 tons, as comparecl with 1,865,320
tons in 1911. The average price per ton of coal mined in Virginia in
1912 was 96 cents, against 91 cents in L911.

The coal mining industry in Virginia cluring 1911 showed a very
marked increase over the production for 1910, in which year it wili be

recalled the high-water mark was reached in the production of coal in the
State. The figures of production were 6,86+,667 short tons, valued at
$6,254,80+. Comparecl with the 1910 production, the increase in quantity
was 356,6?0 short tons, and in value 937?,318. The production in Wise
County increasecl from 3,?30,992 short tons in 1910 to 3,754,360 short
tons in 1911 ; in Tazewell, from 1,18?,146 short tons in 1910 to 7,281,224
short tons in 1911 ; and in Montgomery, from 7,699 short tons in 1910
to 8,462 short tons in 1911. The production in Lee County clecreasecl

from ?9?,096 short tons in 1910 to 120,695 short tons in 1911.
fn orcler to avoid disclosing individual procluction, the figrires for

Henrico, Pulaski, and Russell counties are combined, anc[, for the same
reason, ft is not possible to compare the 1911 prod.uction in these three
counties with that of the preceding year. The production of llenrico,
Pulaski, and Russell counties combined was 1,098,594 short tons, valued
at $996,209. The average price per ton in 1911" was 91 cents, as against
90 cents in 1910, and 89 cents in 1909. The number of mining machines
increasetl from 142 in 1910 to 156 in 191"1, and the machine-mined coal
from 2,290,435 short tons in 1910 to 2,55I,627 short tons in 191I,21.2
per cent of the total quaatity of coal mined in 1911.

The accompanying table gives the quantity ancl value of coal produced
in Virginia from 1908 to 1912, inclusive.
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Qwantity and ualue of Coal prod,uced, in Virgi'ruia, 1908 to 7912, 'i"ncht'siao,

Year
Quantity

(short tons) Value

11

1908
1909
1910
1911
t9t2

4,,259,042
4,752,2L7
6,507,997
6,864,667
7.846.638

$3,868,254
4,?.51,056
5,877,486
6,254,804
7,518,576

The production of coal by counties in 1911 and 1912 and its distribution
for consumption dre given in the tables below:

Coal prod,uction of Virginia in 1911 and, 7912, i'n short tons.

191 |

3s
trh

totdc
hq

t.Edx
EE

F"d

hs

&;
ex

776
1,352
3,684

1,68A

21,830
38,389
89,343

82,098

1,081
7,#7
4,461

r,779

8,674

z6el
2031
*t]
znl

,nl

Er

d

Er

o

E

frtr
3oB
-olfooF

sfrRo-..0

dq
60
|]

189 r,28t

I
1,154,

,of!
181.

Total..........

L€e . . . . . . . . . . . . . . . . . . .
llaz€weU
Wlse . . . . . . . . , . . . . . . . .
Other countlesi and

small min€s.,.....,.

Total ..........

1,8(n
4,500,

1,293,

L,O57,
3,008,

I

7,618,576

1912

rllenrico, Montgomery, Pulaski, and Russell.
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There is given in the table below the production of coal in Virginia from
1908 to 1912, inclusive, by counties.

Coal prod,uction of Virginin, 1908-1912, by counti,es, ,i,n short tons.

I,ee .. ,.
Tazewell
Wise
Russell ..,.
Small mines

OPERATOR

4,255
s3,868,52{

LIST OX' COAL PRODUCERS.

ox,x,rcE MINX]

Beecham Coal Co, . ..,..Christiansburg . .. .. . . Beacham
Big Town Hlll Creek Coal Corporation. ...Richlands . .. .. . . . . .. Bis Town Eill
Big Vein Pocahontas Coal Co. ..Pocahontas ..Bie Vein No. 1
Black Iuountain MiniDg Co. .... .Blg Stone Gap . . ... . , Kamont
Blacksburg Minlng & Mfg. Co. ....Cambria ...:........Snider Iltll
Blackwood Coal & Coke Co,,.., ,.Blackwood ..Blackwood, pa.rdee, a,nal

Roarins Fork
Blue Rltlge Coal Co. ...,Roanoke ....Btue RidEe
Bond Coal Co..,.. ......Tacoma .....Greeno -
Bontlurant Coal & Coke Co..... .Pennington Gap ...... Bondurant
Bruce Coal & Coke Co. ..Coeburn . ,. . . .. .. ., . Bruce
Buchanan Lumber & Coal Co. ... .Camden, N. J. . .. . . .. Prospect
Clinchfleld Coal Corporation..,,....,....Dante .......Clinchfeld, Cranes

Nest, antl Dante
Cllnch River Coal Co. ...Rlchlantls ...Clinch Riyer
Colonlal Coal & Coke Co.,... ...Dorchester ,.Dorchester
Darby Coal Minlng Co, . . Darbyville . , Darby
Domestic CoaI Co. ......Raven ......Domestic
Dominion Coal Co. ......Pennington Gap ...,..Mabel Edgar
Empire CoaI Land Corporatlon. .. .. ...,..Alfredton . .. .. ., .. . . Seaboard -
Esser Coal & Coke Co. ..,Esserville . ... Eisserville
n'leming & Co., Bobert. .,Norton . .. , . Banner
Fork Rldge CoaI Co. ......Ashevllle, N. C. .,....,Greeno
Cloodloe Bros. Co., Ine. .. .. ... ...Big Stone Gap .., .. . Pln Ilook
Gray Coal Co..,.. .....Pennington Gap.....Jew
Eall & Robinett (Formerly N. E. Dicken-

son) ..Coeburn .. .. Dickenson
Eluettel Coal Co. . .. ....Norton . .. .. [Iuettel
lntermont Coal & Iron Co. .. .. .,Big Stone Gap . . . .. . Josephlne
Jqwell Ridge Coal Corpora.tion. ..,.... ...TaZewell . .. . Jewell Ridge
Klnzer & Son,...
I4pps qoat co..... .....wise .......rripps
Monarch Coal Co. .Cincinnati. Ohio .....Lebna
Norton Coal Co. .. .. ...,Norton . .... Norton No. 2
Old Domlnion Development Co...........Richmontt .......,... Carbon Eill
Pocahontas Consolldated Colllerles Co....New York. N. Y, ..,..Bolssevain and

Pocahontas

afneludes L€e, Montgomery, and Pulaski counties.Dlncludes llenrico, Montgomery, and Pulaskl countl€s.
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COKE.

The coking coals of virginia are confineil to the coal-producing counties
in the extreme southwestern part of the state. Development of the region
began in 1883. virginia is handicappeil in the manufacture of coke by
the fact that it has but few local markets for its product.

The production of coke in virginia cluring 1912 amounted to g6v,g4l
short tons, valued at 91,815,9?5, against 910,411 short tons, valued at
$1,615,609 in 1911, an increase of 5?,536 short tons, ot 6.82 per cent, in
quantity, ancl 9200,366, or L2.4 per cent, in yalue.

The number of coke-making establishments was 1g for each of the
years 1911 and 1912. The total number of ovens was realuced from 5,496
to 5,408, which represents an abanclonment of 8g ovens cluring the year.
There were 2,9?6 ovens in operation in 191p and, Z,ZIB in igtt. The
ayerage value of coke per ton in 1911 was g1.??, and in 1g1p, $1.gg.

Of the 1911 production of coke (1,615,609 short tons) in Virginia,
?59,?89 short tons came from wise county, with a value of ggg3,Op9.
The other counties producing in L911, listed in order of procluction, were:
Tazewell, Lee, and Alleghany. of the total coke prorluction in 191p
(961,947 short tons), 848,474 short tons, valued at, ${pll,en, came from
w'ise county. Named in orcler of prod.uction, the other counties producing
iu 1912 were: Tazewell, Alleghany, and Lee.

The statistics of the manufacture of coke in virginia from 1g0g to
1912, inclusive, are shown in the following table.

Statisti,cs of the manufacture of Coke in Vi,rqinia, 1g0g-1g1g.

Year
Estab-

lish-
ments

'19

19
l8
t8
18

Ovens

|B"ild-Built I irs
4s$ l-ib8
s,aoe | 1oo
5,389 100
5,496 100
u,uo8 I 0

TotaI
value

of cote at
ovens

$2,121,980
2,475,765
2,731,348
1,616,609
1,815,9?5

Value ot
eoke at
ovellg

por ton

$1.83
7.79
1.83

1.88

1908
1909
19r0
r91 I
1912

1,785,28i1,
2,060,518
2,3rO,742
r ,425,303
1,555,969
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All the coal usecl in coke-making in virginia is of exceptionally high

grade and requires no preparation before charging into the oYens, save

that of crushing. Ilence, all the coal usecl in the manufacture of coke

in the State during the years 191-1 anil 1912 was unwasheal. of the

!,+25,303 short tons of coal made into coke during 7917, 149,806 were

slack and 675,+97 were run-of-mine. Of the total quantity of coal

(1,555,969 short tons) used in the manufacture of coke in 1912' 762p50

short tons were unwashed slack and ?93,019 short tons were unwashed

t"";i;*Jff;acter 
of the coal usecl in coke-making in virginia during the

last f.ve-year period (1903 io 1912) is shown in the table below.

,r-.trtr tr tr- "t;

Year
Run-of-Mine
(Unwashed)

t,438,754
1,405,111
r,554,784

675,497
762.950

Slack
(Unwashed)

346,5n
655,4M
755,958
749,806
793,019

1,785,28r
2,060,518
2,310,742
1,425,303
1,555,969

llotal

LIST OF' COKE PRODUCETTS.

OPDRAIIOR OI'F'ICA MINE

Blackwooal Coal & Coke Co..,.. .Blackwooil ..Blackwooil
Colonial Coal & Coke Co. .. .. . ..Dordhester ..Dorchester
pmDire Coat Lanal Corporation.........'.AHretlton'.......'..Richlands
tnteimont CoaI & Iron-Co...... ..Big Stone Gap ... ...{orton
r,-owmooi-f"-on Co. ot Virgtnia .....Lo-wmoor

Norton Coal Co.., ,. . ' .. .Norton . .. . . Norton
Poeahontas Consolitlateal Collleries Co.'

Inc.
Stonela Cirte & Coar Co... :.. :..'.......Big Stone Gap ....'.I-O3u?8,"hdK"S?":"3s?

Stonegap Colliery Co. .. .. ..... .Glamorgan . '. .. . . . , ' Glalorgan
Sutheillind Coai -& Coke Co... .. ..Dorchester ..Dorchester
Viis-fiia lion,-Coat C Cok; io.........'.noanote ....Appalachia and Toms

Wise Coal & Coke Co. ...f)orchester ..Dorchester

CLAYS AND CI,AY PRODUCTS.

In 1911, the total value of all clay products in Yirginia, including
the value of pottery proalucts, fire clay, and miscellaneous clay mined

and sold in the State, amounted to $I,743,001 , a decrease of $98,724

over 1910. The 1912 production amounteal to $1,884,743 in value, an

increase of $141,?36, or 8.13 per cent over 1911. The principal clay
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product in the State is common brick, with front brick ranking second,
valued at $313,555 in 1912. Alexandria and llenrico are the two principal
common brick-producing counties, with'Wasliington, D. C., and Richmond
their chief sources of supply.

The table on page 16 gives the statistics of clay products in Virginia
from 1908 to 1912, inclusive. The item "Miscellaneous" in the table
includes all products not otherwise specified, such as fire clay, pipe clap
clay for moulding, fancy or ornarnental brick, fire brick, sewer pipe, and
pottery products. fn oriler to avoid disclosing inrlividuai production, it
becomes necessary to combine these items under a single head.

From the accompanying table it will be seen that the total number of
common and front brick manufacturecl in Virginia in 1911 was 240,067,000,
valued at S1,688,640, distributed. as follows: 219,035,000 common brick,
valued at $L,374,439.00, and 21,032,000 front brick, valued at 9314,201.
The average value per thousand in 1911 was: Common brick, 96.2?; front
brjck, $14.94.
. The total number of common and front brick manufactured in Yirginia

in 1912 was 266,296,000, valued at 91,826,889, an increase of 26,229,000
in quantity, and $138,249 in value over the 1911 production. Of the 1912
protluction, 244,5+1,000 were common brick, valued at 9115131338, ancl
27,755,000 front brick, valued at 9313,551. The average value per thousand
in 1912 was: Common brick, 96.19; front brick, $14.41.

The total number of fancy or ornamental brick ancl of fire brick
produced in virginia during 1911 and 1912 must be concealed in order to
avoid disclosing figures of individual production. For the same reason
it is not possible to give the production of common brick, by counties,.
cluring each of the years 1911 and L912, except for the following counties:
During 1911, Alexandria, 56,130 M, valued at S339,448 I Augusta, 895 M,.
valuecl at $6,900 ; Ifenrico, 38,489 M, valued aL gZE4,544; and. Nansemond,
13,606 M, valuecl at $70,803; and during 191p, Alexanclria, 58,6?1 M,
valued at $294,590; Augusta, 653 M, valued at 94,88b; Chesterfielct,
I2,L+4 M, valued at 97L,4591 Tairfax, 12,826 M, valued at g96rb5p;
Ilenrico, 53,232 M, valuecl at 9334,108; and Nansemond,74,475 M, valued.
at $79,131.

TD
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SAND AND GRA.[EI,., 27

rock-limestone. The marl and clay deposits usecr by this plaut are rocated
on branches of James River near Smithfield anct Chuckatuck.

rnasmuch as there were onry two prants in virginia producing porfland
cement in 1911, the figures of production are combined with those of
another subject in order to avoid disclosing individuar operations. The
same condition holds for the 19Lp production.

OPERATON

LIST OF' CEMENT PRODUCERS.

OX'FICE PI]ANT

+&1""'L "fJfl?ffu "dff*, "a;y:ii,l::: : : : : fiB#'$?,?*l'k. ? : : : : ; : : :ilf"$Sf"o

SAIVD AND GRAVEf,.

The production of sand and graver in the state during 191p amounted
to 689,P66 short tons, valuecl at gZg7,77B, as comparecl wilh SS8,SO6 short
tons, valuecl at $2041?0, in 1911. These figures represent an increase
over the 1911 production of IBE,Z?} short tons in quantitn and gg?,608
in value.

fn 1911, there were 81 producers, operating in p0 counties. The
piocluction by counties, during L911, was as foilows: Giles, p0"p09 short
tons, valuecl at $11,39?; Ilenrico, 11,?50 short tons, valued ui gtt,a'a;
Rockingham, 25,908 short tons, valuerl at gg,465; Spottsylvania, 2g6,490
short tons, valued. at g?5,020; and other counties,a 209,642 short tons,
valuerl at 997,435.

Ia 7912, there were 81 producers, operating in p1 counties. The
procluction by counties, during 1912, was as foliows: Giles, d,g?g short
tons, valuecl at $8,0?4; Ilenrico, 10,?16 short tons, valued ut 6OraeA;
Roanoke, 18,533 short tons, valued at gg,986; Rockingham, 12,0g0 short
tons, valuecl at 99,?18; Spottsylvania, p16,9g? short tons, valuecl at
S82,630; and other counties,b 425,072 short tons, valued at g1?gr049.

The following table shows the details of the inrrustry uod ihu co--
parative quantities ancl values from 190g to 1gIZ, ioclusioe.

:;I""hdE--Atexandria, 4l]eghry_,y, Augusta, gTpt.tt, Caroline, Chartes City,Dinwiddie, Erizabeth city. Ne# r6,it, rBri"lli, p;i;G;'A;;;'iiiirrJr.i]'noroor.",
Scott, Slenandoah, and Wythe.

blncludes Alexandria, Alleghany, Augusta, C11pbe]f., 
. Caroline, Charles City,Dinwiddie, Elizabeth citv, Ean&e4"li.;ii;;;;N;rfol\ piftsylvania, princess Anne,Pulaski, Wisg and Wytfie.
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STONE.

I,IST OF' SAND AND GRAVI]IT PRODUCERS.
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STONE.

The stone industry in 191p was third in importance among those based
upon the mineral wealth of the state, being surpassed only by the coal and
clay products. The total production .*.id.d in value that of the iron
ores. The value o{ the annual production of stone in virginia from 190g
io 191,2 is given in the accompanying table.

Value of the annual production of Stone in Virgini,a from 190g-191Q,
,l,nctusL,,ue.

The total value of the different kinds of stone quarriecl for the period
of years for which statistics are given, shows that the quarrying of granite
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is the largest industry in stone, with limestone next, ancl slate thirtl. The

procluction of sandstone for the period representetl in the table is relatively

unimportant
The value of the total production of stone in the State during 1912

was $1,0?2,382, against S1,010,606 in L911, an increase in value of $61,??6'

Granite.

The procluction of granite in the State during 1911 was valued at

$420,611; against $503,106 in 1910, a clecrease in value of $82,495' or

nearly L6.4 per cent. Twenty-eight proclucers distributed among 16

counties contributed to this pri6uction. The counties were: Campbell,

Chesterfielcl, Dinwiddie, Fairfax, Fluvanna, Goochland, Greenesville'

Ilenrico, Iroudoun, I-runenburg, Mecklenburg, Nelson, Pittsylvania' Prince

William, Spottsylvania, and Stafford.

The value of the granite production in 1912 was S4?0,65?, which

represents an increase in value of $50,046 over the 1911 production'

There were 15 counties producing in 1912, namely, Alexandria, Campbell'

Chesterfield, Dinwiddie, Fairfax, Fluvanna, Goochlancl, Greenesville'

Ilenrico, Lroucloun, L,unenburg, Nelson, Pittsylvania, Prince William, and

Stafford, and the output was distributed among 25 protlucers'

There are given in the table below the value ancl uses of the granite

antl gneiss quarried in Virginia during the years 1908 to 1912, inclusive'

Vatue of Granttte prod'uced, i,n Virgoni'a, 1908-1912, by uses'

Ivuo jJUT 
I rrru I '"-' | +v1-

*"'Si,1'llfu'"::5. 
1n aq,leel$ 2+,pgtl$ Bl,gfll$ 9.ffit1$ 

zg'gli

Made into pavins moc#...-.:::::::l 1q;iiAl ts,osal ?q;Egql 7?'!19i 7'q'V6'

curbing ......:.:::::::::::::l -6;it0l 2e;*91 5i;glil ?!'!ae', +2'!?4

Riprap ..............1 ltt.dittt r"ldo] o'ror \a'
sh-edstone- I I I I l

Road-making ... ..1 2!,6-70\ ,7^4-,0541 40,q91 .qg,qiql 54'540

Rairroad bauast.......:::.:.:::.1 sz,1itll 12s-:'1941 1l1.ll1l !*5.J^771,!2'18J

Use 1eo8 I tooo I toto i 1e11 I 1e12

-t-
lt

2q,7qel$ 4,qqql$ 3l,g-411$ 9,lPll$ 2g'g*"'S;1'llfu'"111- 
::::::: ::::::]- ru:fiqilt,i:ffi1-'i,iiif 

-,trul::iq,.i
Monumental

D"*g:h'"r",:;,ikii,ii:::::::::::::::::l i:36ii ii,tqql 
'\',linit\ iig-'l s'sli

Dressed tor monume"t;i';;;k::::::l ?i;qOpl -9,+!21 ^9;p991 kl."l "T'"n

Cmshed stone-

conerete .......::::::::::l 8i'i451 14i.,\\1\ iBo,ag+t 104;9451 115'427

$133."*;j;;;:::::::::::::.::::::::::l::,:::::1....1i::1. .-!:?!!.\ l3,f'rl lt.*
Total .

alncluded under miscellaneous.
blncludes dressed for monumental work, flagging, antl other purposes'
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There was a yery marked increase in the number ancl value of granite
paving blocks producecl in the State in 1912.

The table below gives the number of granite paving blocks produced
in Virginia, by years, from 1908 to 1912, inclusive.

Number and aalwe of Granite Paaing Blocks prod,uced in Virginiu,
ttrt_tre

25

Year Number I turo.
Average Yalue

per 1,000

$44.22
2t.16
42.02
37.r9
44.95

(near)

(near Elm-

1908
1909
1910
1911
L9T2

252,910
853,300
680,602
872,7t0

1,980,943

$10,173
18,053
28,596
32,458

LIST OF' GRANITE PRODUCERS.

James Riyer Granite Co. ........Richmonal
Jones. IL D.. Rock Co. . . .. .. .. .. Llmchburc
Lane Bros. Co..... .....Altavisla.-
Logan. A.. .....L.ynchburs
Lone Jack Stone Co. (Gnelss) ....Lvnchburi
Mccloy, John A., Granite Co. .. .... .... .Richmond-
McGowan,.Iohn... ....,.Richmontl
Markley, C. ..... .......Roanoke
Miller & Kirkpatrick. .. .Petcrsburs
Nethetwood, Albin... ...Richmondi
Norfolk County Roaal Board. .....Skippers
Old Dominion Iron &
PetersburE Granite Co
Smith, Charles G.. &

Nail Works. .. .. .. .Richmond . .. .. .. .. .
..Baltlmore, Md. .....

Son. ... . .Washington, D. C. . ..

Limestone.

The production of limestone in Yirginia during each of the years 1911
ancl 1912 was below that of 1910, but the 1912 production showecl a
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marked increase over that of 1911. The value of the protluction in L912

was $403,063, against $369,8?2 in 1911, an increase of $33,19L, or 8.2

per cent.
There were 34 protlucers of limestone during 1911, operating in 16

counties as follows: AIIeghanR Augusta, Botetourt, Giles, Irouiloun,
Montgomery, Boanoke, Rockbritlge, Rockingham, Russell, Shenantloah,

Smyt\ Tazewell, trVashington, 
'Wise, 

and Wythe. There were 33 protlucers

of limestone in Virginia in L972, the production coming from the same

counties as in 1911, except that Montgomery ancl Russell counties had no
production, ancl there was one aclditional county, 'W-arren, producing.

The protluction of limestone in Virginia from 1908 to L912, inclusive,
and the uses for which it was quarried are given in the table below:

Production of Limestone in Virg'i,n'ia, from 1908 to 1912, by uses.

1909 1910 1911

Roush building ..... ......1 $ $ (a) $ 5,707
Dressed building

1908

1,870
2,950

79
110

Riprap
Crushed stone:

Road-making
Railroad ballast
Concrete

Flux

Unspeeified ... ..
Miscellaneous .. .. .

OPERATOR

3,377

30,159
45,541
26,604

169,847

I,IST OX' LIMESTONE PRODUCERS.

$369,872 $403,063

40,677
143,099

4,555
431

I

4t,192
130,916
20,992

300
31,880"

alncluded under miscellaneous.
blncludes rough building, paving, and alkali works.
cfncludes alkali works, paper mills, rubble, and small protluction of marble.

O!'I'ICD QUARRY

AUeqhany Lime Co., Inc.... ......Christiansburg .......Elouchln Station
Aueshanv Ore & Iron Co. . , .. ...Iron Gate . . . Bells Vauey
Brislol Llme & Stone Co., Inc. ....Bristol, Ya.-Tenn. ....Benhams (near)
Bunn & Co..... ..Big Stone Gap .......Big Stone Gap
Boxley. W. w..... ......Roanoke ....Sinklng Creek
Clark-County Constructlon Co............Bis Stone Gap .......BiC.Stone Gap
CooDer. I. C-..,... .......lfinton ......Flinton
Cripiger,R.C... ..Wytheville .._\Yytleville
Cul-bert, W. F.. .{a1ion .'...Marion
Dillon's Sons, E. .fndian Rock 'UT*3n"* and Indian

Eegle Rock Lime Co. ....Eagle Rock ......'...OagleRock
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Wells, John S...... ......Staunton
Wytheville Town Quarry. . .. .. . .Wytheville

Sanilstone.

The protluction of sandstone in Virginia is slight, and it varies greatly
according to the local demantls. The production in 1912 was valuetl at
$4,020, as comparec[ with $31,315 in 1911, a alecrease of $2?,295. There

were 3 protlucers rluring 1912, ancl 5 cluring 1911. The value of the
annual production of sandstone in the State from 1908 to L912, inclusive,
is shown in the accompanying table.

Value of Sand,stone prod,ucti,on in Virgi,nia, 1908-1912.

Year
1908 ..
1909 ..
1910 ..
1911 ..
79t2..

Yalue
$ 4600
28,574
25,080
31,315' 4,020

LIST OX' SANDSTONE PRODUCERS.

OPDRATOB ott'rcD QUARRI

Gaither Construction Co..... .....Manassas,....Nokesville
Eau. L. l[..,... ..Wlse. .......Wlse
Mathewg Curtis Co., Inc.... ......Clifton X'orge .....,..Basic Citv
Peak Creek Santlstone Co... .. ....Pulaski ,. . . .Pulaski
Warden & Hailley. .......Pulaski .....Pulaskl
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Slate.

There are five principal slate areae in Virginia, which, namecl in the
order of their commercial importance, are: (1) The Arvonia belt in
Buckingham and Fluvanna counties; (2) the Keswick-Esmont belt in
Albemarle County; (3) the Snowden belt in Amherst and Bedforcl
countiesl (a) the W'arrenton belt in Fauquier and Culpeper countiesl ancl
(5) the Quantico belt in Spottsylvania, Stafiord, and Prince 'William

counties. These are shown on map, fig. 1. The production cluring the
yea.rs 1911 and 1912 was from the Arvonia and Keswick-Esmont belts.

In 1912, Virginia ranked fourth among the slate-producing states. The
productive quarries are at Esmont, Albemarle County, ancl Arvon,ra and
Penlan, Buckingham County. The product from these quarries is usecl

exclusively for roofing.
The total production of slate in 1912 was 42,220 squares, valued at

$195,392, as co nparecl with 40,040 squares, valued at $188,808 in 1911,
an increase of 2,180 squares in quantity and 96,584 in value. The average
price per square in 1912 was 94.63 and in LgtL, $4.'12, a clecrease of
$0.09 per square. In 191"1, there were ? producers of slate operating in
two counties, namely, Albemarle and Buckingham, as against 8 in the same
counties in L912, with the principal part of the production for each year
from Buckingham County.

The amount ancl value of the annual production of slate in Virginia
from 1908 to L972, inclusive, are given in the aciompanying table.

Prod,uction of Blata in Vfuginia, 1908-1912.

Rooflng Slate
Number ot

i Squares

$194,356
180,775
t48,721
188,808
r95,392

Average Price
Per Square

$4.66
4.42
4.68
4.72
4.63

The number of squares, as given in the above table, inclucles both
first anrl seconcl qualities, and the average price per square does not give a
fair indication of the prices obtained for most of the stock.

4r,678
40,880
3t,787
40,040
42,220
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LIST OF' SLATE PRODUCE}RS'

QUABRY

.. . . ArYonia
... .ArYonia

Crusheil Stone.

The value of the production of crushed stone in Virginia in 1911 was

$500,250, against $43,2,'lL5 in 1912, an increase of $6?,535' This material

is used exc-lusively for roatl-making, railroad ballast, antl concrdte, ancl

includes a wide range of rock-types, such as the crystalline siliceous rocks,

limestone, etc.
The value of the crushed stone procluced in Virginia from 1908 to

1912, inclusive, is given in the table below.

Valueofo,nnualp.od,ucti,onofCrushed'stonei'nVirgi,nia,1908-1912.

Granite. Gneiss" etc'

Con- | Road-
crete j makins

$ 81J451 $ 30J5,81,745 1 $ 30,159
t47.ll2 31,076
156.894 20,056
104.945 i 42,643

Limestone

Bal- | Con-
last L crete llotalYear

Road-
making

$ 21,670
74,A54
40,691
39,37e l

54.540

Bal-
last

1908
1909
1910
1911
rgl2

l,i*.rtoo., usecl in .*.,,rt*t"n.|j:":[t flux, is quarried and shjpped

to the numerous blast furnaces in the State. The utilization o{ limestone

as flux constitutes the largest consumption of the virginia stone. Each

of the principal limestone horizons in western virginia supplies bome stone

as flu* to the iron furnaces, but the cambro-ordovician ancl Lewistown

(Helderbergian) limestones are the principal sources of stone for this

purpose' 
timstone in the state in 1911Of the total production ($369,8?2) of I

only 39 p., ..nt ($143,099) was sold as flux and utilized in the blast

furnaces, and in LgL}, 32 per cent was sold for the same puqposes'

$ e4895
r25,704
111,811
L45;722

$ 45,541
84,883

108,129
126,884
1

$ 26,604
8,068

36,849
40,677

$298,614
470,897
474,430
500.250

192 15



ABBASIVE MATERIAIS.

The value of the limestone sold as flux in 1912 was $130,916 against

$143,099 ia 1911, a slight decrease.

There are given in the table below the annual production and value
of limestone as furnace flux in Virginia from 1908 to 1912, inclusive.

Prod,uction of Furnace Ftuc in Virginia, 1908-1912, in long tons.

Quantity

31

1908
1909
1910
1911
r9I2

290,847
388,746
540,264
281,968
254,108

$169,847
2r3,M4
294,ffi8
143,099
130,916 .

ABRASIVE MATERIALS.

Millstones (Buhrstones)

The millstone industry in Virginia is limited to the quarries in Brush
Mountain, near Price's Fork, Montgomery County. A very markecl
increase in the production was shown for the years L911 and 1912. The
value of the production in 1911 was nearJ.y three and a half times that of
1910, and that of 1912 was much larger than for 1911. The value of
the millstone production in 1911 was gL?,635 ancl in 191P, g2b,866, an
increase of $8,231. These figures represent the value of millstones of
12, 74, L5, 76, 20, 22, 24, 26, 30, 36, 42, and.48 inches in size, ancl of a
small output of chasers (drag stones). Five operators contributecl to the
production for each of the years 1911 and 1912.

The value of millstones produced in Virginia from 1908 to 7g12,
inclusive, is given in the table below.

Vtl"t tf Mil"t"tt * nia. 1908-1972. inchrci,ae-

Year
1908 .. $ ?.9b4
1e0e ....... : : : : : : : : : : : : : : : : : : : : :. : : : : : : : : : : : : : * 

pi.ez6
1910 .. 5:,273
1911 .. tz:ffis
L9r2 .. 25:866

LIST OX' ABRASIVE PRODUCERS.

OPERATOX OX'FICE QUARRY

Cowan Millstone Co. (F ormerly R. E.
Snitler) . ....Blacksbure ..........\

IJinkous, F. C. & EI. M. .. .. . ... ..Camhria -. .. .. .. .. .. . I
Olingerr R. L., &^Co.. ...Cambria . .. . fBrush Mountain, nearPrtce, $. -S., & Co. .....Blacksburg .......... I priceJ ForkPrice,Zack. ..,.Cambria -............1
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SILICA.

Under this heading are inclucled three forms of silica which have
rather wide distribution in the State. These are qaarlz, chert, antl
cliatomaceous earth. There was no reportecl production of quartz and
chert in 1911 and 1912, although preparations were in progress during
1912 for working several of the quartz deposits in 1913. The Vulcan
Fire Brick Co., Baltimore, Md., with operations,at Rollins Fork, King
George County, was the only producer of diatomaceous earth in Virginia
tluring the years 1911 and 1912, respectively antl, in orcler to avoid dis-
closing individual procluction, its output is included under "Other
Products."

MICA.

Although Virginia has been an irregular producer of mica for many
years, there was no production reported in 7912, and only one proalucer

in 1911, narnely, the Chestnut Mountain Mica Company, near Bocky
Mount, Franklin County. fnterest was revived in several of the Yirginia
mica mines in 1912, and active preparations were in progress for working
in 1913.

I,IST OF' MICA, OPERATORS.

OPERATOR OFFIC!) MIND

Chestnut Mountain Mica Co. .....Danville ....,Rocky Mount
Corson Mica Co..... ....El. Stroudsburg, Pa, . .Amelia
Fink, C. E. & J. B.
Ilanoyer Mica Co. .....Ilewlett ......Hewlett
Mecklenburg Mica & Mintng Co. ,South Elill ..South Hill
Otter HiU-Mica Mines.
Plnchbeck Mica Mines, ,.Chula ........Amelia C. EI.
Reetl, Mrs. E. P... ,.,...Irwin .......Irwin
Ridsewa.v Mica Co. .....Pittsburgh,Pa. .......Ridgeway
RutEerfortl, A. H... ....Amelia c. FI. ........Amelia C. II.
Virglnia Asbestos Co... ,.
Winston. Chas. P. ......Amelia C. EI. ........Amelia C. H.
Wooton & n'ontaine. .....Axton ..'....Martinsvllle

FELDSPAR.

The entire protluction of feltlspar in the State during the years 1911

and 1912 was from a single operator, the Dominion State Mines Corpo-

ration, Prospect hence the figures of production are combined with those

of another subjec! in order to avoid disclosing intlividual returns.

ASBESTOS.

No production of asbestos has been reported in Virginia since 1906.

aithough the mineral has been notecl in several of the Piedmont counties,
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and. has been mined in Bedford and Franklin. The mines have been
inactive since 1906 and the mill at Bedford city for fiberizing the asbestos
is closed.

TALC AND SOAPSTONE.

__ .Vilg.rniu is vastly the most important producer of soapstone in the
united states; exceeding both in quantity and value that of all other states
combined. The production of talc and soapstone in virginia during 1911
was 26,759 short tons, valued at g660,9p6, an increase of gE1 short tons
in quantity and 9150,145 in value over that of 1910. The 1911 procluction
was from 8 producers, operating in four counties, namelS Llbemarle,
Fairfax, Nelson, and Orange. In 1912 there were a produling quarries,
operating in the counties of Albemarle, Fairfax, and Nelson. ontv a smalr
proportion of the total quantity of talc ancl soapstone quarried in virginia
is sold in the crucle state. The production is classified in the following
four groups: Rough or crude, sawed into srabs, manufacturerl articres. a,,d
ground.

- The 1912 production was ZZ,66E short tons. Of this amount, Zb,Zi,B
short tons valued at 957G,4?B were sorcr, a decrease of $g4r453 in varue
from that of 1911. The clecrease as indicated in the table below was shown
both in the product sawed into slabs and that manufactured. into articles.

_ The quantity antl value of talc ancl soapstone produced in Virginia
during 1911 and 1912, according to the condition in which it was marketed,
are given in the subjoined table.

Production of Tatc and, Boapstone in Virginia during 1911 and, 19ip,
accord,ing to aarieties.

1911 t9t2

Quantity Yalue Quantity

2,550

3,384
20,825

$ 16,450

69,631
574,845

$ 16,496

47,596
512,381

bfncludes
mill stock

$576,473

;#"l#?'Jh"tfl ffi ,:11il9i,fl -""'Ti'fl 
il#""xi.,.fi"l"l**f l*;"f f .

laboratory or ki sinks, stove bricks, griddles, or other
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The yearly production of'talc and soapstone in virginia from 1908 to

L912, inclusive, is given in the table below.

Prod,ucti,on of Talc and, soapstone in vi,rgi,nia, 1908-1912, i,n short tons.

Year QuantitY YalueI ga-f \ru@u ur !J

_\--.-_-
1e08 .. .l tq,glq $3IP'?q?

lero.. .........1 zs,sos qlq'iql
1911 ..
Istz .. .. .... .. . 25,313 '' 576'473

I,IST OF' TAI,C AND SOAPSTONE PRODUCERS.

OPENATOR Olr'X'I CE QUARIIY

LIST OX' BARTYES PRODUCERS.

BullRunTaIc&SoapstoneCo.'.CliftonStation.'...'.CllftonStation
dr'iioai-Eoapsioni: Co.......... ..El?inf,ton'. 

v.ot... I".Yolrjogtoo
f,'airfax SoaDstone Co..... .Wiehle,:.............Wiehle -^nt""tl^riiile". &-S;n.:....:...........clifton station ...""clifton Station
iir.i ilorti"io" Soibsione corporation... '..Esmont . " ' "Damon
Fitln-ii Soa-pstoneto.....:.-.. ...New York, N' Y' ""'Arrington
F"i"t*"i6"i"Siai"to"; i;. :. : . ... ,. .. . .. .. .Asbestine . .. . .Aqbestine.-.
b;i;r*Mi"i"e*'& riliirind co. .:: . :. .. .. .. ..oranee " " ' Rhoadesville-
vlrsiniaSoaDstoneco..'.'..:::::'..'....Scn"ite"
i'ii'ailffi i;id"& s"r:ili;n;'i;:.:::.':....veroiersvtlre ""'" "ver'riersYrlre

BAR,YTES.

The prod.uction of barytes in virginia for each of the years 191-1 antl

1912 can not be published separately without disclosing the output of

individual operations, hence the figures are combinecl with another subject.

OPENATOR Ox'rrCD MINE

Chism, Daniel C...... .....4u-rt :.".'' "Eittsylvania Countv

ktt"-3:i""1d* Fi{";,"";;'Ja'";:::::::::B{iTi8"r,,'M;.':::::::fiJJt€3""

GYPSIIM.

Gypsum of excellent quality was minecl in 1911 and 1912 by the

southern Gypsum Company at North Holston, three and a half miles north-

east of saltville, smyth county, and by the united ,states Gypsum Com-

pany at Plasterco, washington county. The crude gypsum is treated in
the mills of the two companies on the respective propertiqs, and the protluct

put upon the market in the form of wall plaster and land plaster. The

geology of these deposits is tlescribecl by George W. Stose on pages 51-?3

of this report.



SALT; MINEBAL PAINTS, MABL.

The fgures of production for each of the years 19LL and 1912 are
combined with another subject, in order to avoid clisclosing individual
production, since there were only two producers.

LIST OF' GYPSUM PRODUCERS.

OPERATOB o!'n'rcD MIND

I,IST OF'MINERAIJ
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Southern Gypsum Co., Inc. .....,North Eolston . . . .. ..North EolstonU. s. Gypsum Co, (a). ..Chicago .....plasterco

ufotr*.ly. Buena, Vista Plaster and Mining Co., Plasterco.

SAI.T.

Salt brines anal rock salt occur in the llolston Valley of southwest
Virginia in association with gypsum. More than 50 wells have been
tlrilletl, ranging in depth from 300 to 2,380 feet. These wells are confineal
to the immediate vicinity of saltville, and are controlled by the Mathieson
Alkali 'works. 

since 1903 the brines have been utilized exclusively for
the manufacture of soda products, chiefly sodium carbonate and caustic
soda.

The geology of these deposits is described by George W. Stose on pages
51-73 of this report.

MINERA"f, PAINTS.

The production of mineral paints in virginia during r91p was limitecl
to the natural product ocher anil came from one producer each in Bedford
antl Page counties. rn 1912 the production included ocher ancr pigments
(zinc oxide, Zno) made directly from ores. The output in ocher was
from Bedforcl, Page, and Pulaski counties, ancl that of zinc oxide (Zno)
from the Bertha Mineral Company at Austinville, 'Wythe County. The
figures of production of mineral paints for 1911 and 191p are combined
with those of another subject.

aFormerl;r Page Ocher Corporation, Stanlevton.

MARL.

Greensancl and shell marls are widely distributed over the coastal plain
region of Yirgini4 but there was no reported production of either during
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1911 and 1912. Shell marls in Isle of Wight County were tlug ancl usetl

by the Norfolk Portlantl Cement Corporation in the mix for the manu-

facture of Portland cement at their plant in Norfolk.
Fresh water calcareous marls of excellent grade ancl in quantity are

founrl in several counties of the Valley region west of the Blue Riclge.

Active preparations were in progress tluring 1912 in Bath and Rockingham

counties to mine these marls for agricultural purposes.

PYRITE AND PYRNHOTITE.

Virginia has long held first position as a proclucer of pyrite among

the pyrite-producing states in the United States. The production for the

years 1911 antl 1912 was from four operators as follows: Cabin Branch
Mining Company's mine, near Dumfries, Prince 'William County;
Arminius Chemical Company (Inc.) and Sulphur Mining and Railroad
Company's mines, 1".5 anrl 4 miles, respectively, north of Mineral, Irouisa

County; and the Pulaski Mining Company's mine at Monarat, Carroll
County. The ore mined by the Pulaski Mining Company at Monarat is

chiefly pyrrhotite, which is utilized in their plant at Pulaski.
In addition to the producing properties in 1912 namecl above, one new

property was being developeil and plans for the reopening of several olcl

ones were in progress. The Old Dominion Pyrite Mining Company began

developing in L9L2 a property locatetl about 1 mile east of the Arminius
mine and about 2 miles north of Mineral in Irouisa County. Preparations
were being macle to reopen the Boyd Smith mine situatecl north of Minera!
between the mines of the Arminius Chemical Company and the Sulphur
Mining and Railroatl Company. The mine on Austin Run, neat Stafforct,

Stafiord. County developed by the Austin Run Mining Company was taken

over by the Old Dominion Sulphur Qompany, for reopening antl working.
The production of pyrite (concentratetl and cmtle) in Virginia during

1912 amounted to 162,4118 long tons, valuetl at $621,2L9, against 150,800

long tons, valued at $558,494 in 191"L, an increase of 11,6?8 long tons in
quantity and $62,?25 in value. There was an increase.in the average price
per ton from $3.?0 in 1911 to $3.82 in 19L2. The average sulphur content
in pyrite produced in Virginia tluring 1911 antl 1912 was about 43 per cent.

There is given in the table below'the production of pyrite in Virginia
from 1908 to L912, inclusive.



ARSENIC, RUTILE, MINERAL WATEBS. 37

Production of PErite in V,i,rginia, 1g0g-1g1g, inclusi,ae.

Quantity
Average price

per ton
1908
1909
1910
1911
t9t2

116,340
tt4,l76
140,106
150,800
L62,478

9435,5n
423,283
525,437
558,494
62t,2t9

$3.74
3.7t
3.75
3.70
3.82

LIST OF' PYRITE PRODUCDRS.

ABSENIC.

The mines of the united states Arsenic Mines company, located 14
miles southeast of christiansburg, af, Brinton, x'royrt bountp did not
produce during 191L and 191p. The ore is arsenopyrite, a sulpir-arsenide
of iron (FeAsS), aad occurs in lenses in quartz_sericite schist.

BUTILE (Titanium).

virginia is the only procrucer of rutile in the united states, ancr muchof the product is shipped abroad. The American Rutile Company,
operating at Roseland, Nerson county, was the onry producer in 1911 and
L972' This company is mining and milling rutile in lhe hard rock syenite,
and in 1912 artded a magnetic separating tachine to its equipment. The
nelsonite occurrence of rutile in the same"district is nor now mined. There
was no production of rutile in 1911 and 191p from the recently exploited
deposits of Goochland and rlanover counties in the central eastern portion
of the Virginia Piedmont province.

The 1912 production was large and greaily in excess of.that of anv
previous year.

MINSRAf, \ITATERS.

The production of mineral waters in virginia during 191p showecl a
yarked increase in quantity ancr varue over that of the pr"evious year 1911.rn 1912, the production of mineral waters was 2,162,8L9 gallons, valued
at^,$349,255, as compared with Z,4l4,g1g gallons, valuerl at gp9g,?01 in
1911, an increase of P8'r,a}L gallons in quantitn and gb0,b54 in varue.
These figures are exclusive of the quantity of wate" used in the manufacture
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of soft drinks. The average price per gallon of the water soltl in 1911

was 12 cents, antl in L912, 13 cents.

The foilowing table gives the production ancl value of mineral watere

in Virginia from 1908 to 1972, inclusive.

Prod,wction an[l aalue of Mineral Waters in trTirginia' 1908 to 1912'

iSprinesl_lreirorting QuantitY 1 -.Yearj-"8;i;--i--^soldlvalue
I i (Galt'otrs) 

I

1908 .. .. .... -1- 46 , 2,009,614" ' $?91'11I

1e0e .. ..........: as 1;504;530" ?q9.4IItnr^ ^h i'ill'.gz| 301,523

aAmount usecl for soft tlrinks not inclutled.

Of the 2,4V4,9I8 gallons of mineral waters sold in Virginia during

19L1, valued at $298,?01, $116,052 worth was sold for medicinal purposes

and $182,649 worth for table or domestic use I ancl cluring 1912' of the

$3+9,255 worth sold, $162,380 was for medicinal purposes, and $186'8?5

*u, fo" table or domestic use. The total number of springs reported as

prorlucing in 191L was 43, and in I9t2,45. These were d,istributecl among

ttr. follo*io g 24 co:unties: Alexandria, Amelia, Augusta, Bath, Botetourt'

Chesterfielcl, Culpeper, Franklin, Henrico, Loudoun, Mecklenburg'

Montgomery, Norfolk, Nottoway, Prince Edward, Princess A:rne' Roanokg'

noctb'riage, Rockingharn, Surry, Sussex, Tazewell, 
'Warwick, antl W'ythe'

Virgiiia occopietl third place in 1911 antl 1912 in the number of

commercial springs in the United States, and also in the value of medicinal

waters sokl. As indicated above nearly one-half of the output is sold for

merlicinal use. Eleven springs reported resorts in 19L2, accommodating

1,400 people, ancl at 6 t]re water is used for bathing' The returns show

tt ut u[ooi 91,000 gallons of water are used to make soft drinks, in atlcli-

tion to the sales.

out of a total of 62 springs credited to virginia, 43 reported sales in

1911, antl 45 in 1912. The list of producing springs for the years 1911

and 1912 is as follows:

Alleghany Springs, Alleghany, Montgomery County'
nasi"c Spiing Baiic City-, Augusta-Coirnty.
Bear l-.,ithia"Spring, near Elkion, Rockingham ,Colmiyt
Beaufont Spring, -South Richgond,- Chesterfield County'
Berry Hill wfi"6iut Spring, Elkwootl, Culpeper County'

(Gal'l,on's) 
I
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3l:: Tld** Springs, near Blue Ridge Spri-ngs, Botetourt County.llowman Spring, near Staunton, Aususta Cd ntv.
-Broad Rock Mineral [plilg, near Richmond, Ch"esterfield County.Brugh Spring, Nace, dotetiurt Couniv.
Buckhead Lithia SprinS* B_ugkh_eg{ .Sfrings, Chesterfield County.Buffalo L1thi3 Spring, 

"Buff 
aio Lithia' Sp;ingr; M.rkl.;b"rg t"i,"ty.Burnetis,Splilg,- Huq_ron M ill, Culpepef County.

Uampfiel d I,i I hia Well, Eichlon d, bhesterfield "County.
Carper_Lithia Springs, Radford,'Montgomery Countv.
uomo lrthra Spring, East Richmond, Henrico County.
Ltoppahaunk Mineral Springs, W-aveily, Sussex Couniv.
crockett Arsenic Lithia-spring, .croctitt sp. i"gr, lio"lgo-."y county.Diamond Sp1iLs, Diamon? Siring princ.'ss-A?i; GXt"-"
*rup {+lnej?l_ Pft_1og, near Glencarlyn, Alexandria County.
riarmvrlte Lrthra Sp^rings, Farmville, prjnce Edward County.
Fonticello Mineral 

-Spr1qS,. 
near Manch.ertur, Ct .rt.rn.n Cilrty.

*flj: A$i-Dyspgptib pi'iins, Burkevlle, (r"it"*;t -C;;"ty.

|I.ul,_oq,Pptlogs, Hot Springs, Bath County.
-t_ron-Lrthra .Springl Tip Top, Tazewell County.
Jeffress S.ql+ga Jefiress, Mecklenburg County. "

)3yt.r ,ltlr,u. sprrngs, Staunton, Augusta County.
r\rrvassa Lrthra Sprrngs, near Manchester, Chesterfield County.
f4i{atg;Snring, near 6cean View, Norlotk C;";it:- - -"*
lithia M_agnesia Spring, Rocky Mount, Franklin bountv.
l\tagee L)hlorjnated Lith ia. Flring,. crarksville, Mecklenburg couniy.
Massanel ta Spring, near llarriso"oburg, nocki"sLaor C;;;?".
J\tecktenburg Mineral. SpIins. Chase City, Meck'ienburg CouLt,u.
Mico W'ell -Alexandria,'Alexandria 

Co""iy.
lSr,rlberry .Isljrnd, Mul_Erry Island, WarwiJk County.
Nye 

l,ithia_ pplings. WytLeviile. Iflythe County. "
Otterburn Lithia Spring, near Amejia, Amelia'County.
Pmon i an Springs. Pre-on-ian Springs. f,o"ao""-'Co;;ti
Pickett Sfil."g, Worsham, prince-Edward Count.y. '
Ion,",ok.. 

Lithia Spring,.Roanoke, Roanoke County.

a"Ji;:ottn*. 
Alum Springs, Rockbridge Alum "Springs, 

Rockbridge

Rubino TIeaJing Springs,-Eealing Springs, Bath County.
Dea$'nght Spnng. near Staunton, Augusta County.
Stribling Springs. Stribling Springs,'Augusta Coirnty.
$1;nf o. 

-uirierai 
spriog. _cfit.'i'onJ 

'S;fi 
Counr5,.- 

'' '

_V_ygrnra _bltna Spring, _Vinton, Roanoke Oounty. "

llirginia Uthia (Lion Mineral), near Richmond.
Yirginia Ma-gnesian Alkaline Spring. near Staunton, Augusta County.
Wallawhatoola Springs, Mil1bor6, Biin County o----
Ttlyrick Mineral Spring, Crockett, Wfihe Coriniy.
There arc 49 springs listeil above, three of which procrucecr in 1911

that did not produce in 1912. These were Diamond spring rron Lithia
Spring, ancl Kiwassa Lithia Spring.



ZIRCONIFEROUS SANDSTONE NEAR ASHLAND'
VIRGINIA.

BY TEOMAS I,, WATSON AND FRANK I" IIESS.

INTRODUCTION.

In L910, Mr. August Meyer, of Richmond, Virginia, submitted to one

of the writers a specimen of 'rock obtained about three miles west of Ash-

land, which was ihought to contain rutile' It was a fine-grained friabie

dark reddish-brown 
"oik, 

io which grains of ilmenite or some similar black

mineral were distinctly visible. The color of the other grains was appal-

ently similar to that of the rutile found 10 to 15 miles farther southwest,

in Ilanover and Goochlancl counties, antl uniler a hand ]ens no difference

in appearance coultl be distinguished' As the rutile of these counties

o."*.^ with a very black ilmenite, it was thought that the specimen might

possibly be a frne-grainecl mass of titanium minerals' Microscopic exami-

iation of a thin section, however, showed the rock to be a sanclstone com-

posedofverysmallgrainsofilmeniteanclzircon(zirconiumsilicate'
ZrSiOn), together with" a few grains of other minerals, chiefly quartz ancl

silicates, cementetl with ]imonite.

. In Jooe, 19L1, the writers, in company with Mr' Meyer' visitecl the

Iocality from which the latter obtained the original specimen, on the farm

of Mr. F. B. Sheldon, 3 miles west of Ashland, Ilanover county, ancl about

20 miles north of Richmond.

GENEBAI, GEOI,OGY OF IIIE AREA.

The area of zirconiferous sandstone forms a part of the western edge of

the Coastal Plain, near and along the overlap of the sediments upon the

older crystalline rocks of the PieJmont Plateau (see map, fig'1)' Along

ihis etlge (the "fall-line") the surface is somewhat roughenecl from erosion'

buttotheeastitbecomesmoregentlyrollingandisessentiallyflatand
featureless. 'I'he area lies on the south side of South Anna River' but

withinitsdrainagebasinandonlyashortdistancesouthwestofits
confluence with the North Anna to form Parnunkey River'

--lnii. sao-P, U. S. Geol. Survey, l-9-I2;--a1so Bull' Phil' Soc'' University of

Vi"gi"L,'S.i-""tihc-sectiott, 1912, vol' i, No' 11, pp' 267-292'



. GENERAL GEOLOGY OF TI{E AREA, iI1

The sandstone outcrops along a low ridge having genily sloping sides
ancl a general direction of N. p0' E. At the point where the sanclstone
seems to be most abundant and perhaps richest in zircon the ridge marks
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+2 ZIRCONIFEROUS SANDSTONE NEAR ASHLAND, YIRGINIA.

formation transgresses the underlying older coastal Plain sedimentary

formations, and its western margin rests upon the crystalline rocks of the

Piedmont Plateau.a The Calvert formation in Yirginia is about 200 feet

ihick and consists chiefly df sanils, clays, marls, ancl cliatomaceous earth,

fine-grained sands being predominant. Diatomaceous earth has not been

identifierl in the Ashland area.

Extending westward from the foot of the west slope of the low ridge
mcntionecl above are the crvstalline rocks of the Piedmont Plateau, chiefly

granites ancl gneisses, most of which are of pre-Cambrian age. The con-

tact between the sedimentary formations of the Coastal Plain ancl the crys-

talline rocks of the Piedmont Plateau extends across the State in roughly

a general north-south line and in position nearly coincides with the

meridian ?8" 30'.b
In the southern part of the State the Calvert formation is overlain by

the St. Mary's formation (middle Miocene), and along the western eclge

the St. Mary's transgresses the Cah'ert ancl rests on the cllrstalline locks

of the Piedmont Plateau.

DISTRIBUTION AND OCCURRENCE OF rtIE SANDSTONE,

In the Ashlancl area the sandstone does not outcrop in a continuous

bed. It was seen only in the form of irregular flat fragments i-ving loose

upon the surface. The fragments are of the samq reddish-brown to yellow

color as the specimen submitted b;r Mr. Meyer. In size the fragments

range from those as large as a man's fist to some measuring 2 feet ).ong, 2

feet broacl, and 6 inches thick. There is as much variation in texture as in
size, and the rock accordingly ranges from a t1'pical fine-graineil sandstone

to a typical moderateiy coarse conglomerate, with intermediate gradations.

Muclr of it is very fine-grainecl, showing little visible q:uariz. Other pieces

ale of varying clegrees of coarseness, some containing qnartz ancl quartzite
pebl-rles 2 inches in diameter. Some pieces short cross-bedded stnrcture.

The largest number of the sanalstone fragments were seen on a small

mound 150 yards southwest of Mr. Sheldon's house, and scattered frag-
ments can be found both to the north and the south for a distance of half
a mile. On Mr. J. B. Davis's farm, which adjoins the Shelclon farin on

the north, there are many pieces of the sandstone, though most of them are

smaller. I{owet'er, many of the pieces, especially those found farther
north, are of lighter color anil lower specific gravity than the fragments

aVirginia Geol. Srrvey, Butl. No. IV. 1912, p. 126 et seq.
bSeelhe geological mip of Virginia, Virginia Geological Survey, Charlottesville,

191 l.



TESTS.

from the Sheldon farm, though one of the richest specimens collectetl was

from the line between the Thomas Kies and John Boschen farms, half a

mile north of the Sheltlon farm. The specific gtavity is of value in field
examination, for specimens having low specific gravity show only a few
grains of zircon, whereas those haying high specific gravity carry a large
percentage of the mineral.

It is probable that the hard lumps of sandstone represent the local
cementation of a sandy bed which, in most places, is soft or but slighity
consolidated, a characteristic of the Chesapeake group (Miocene). Partly
or wholly indurated sanrls, yielding somewhat highly ferruginous crusts
ancl beds of sanclstone, are common in the formations of the Virginia
Coastal Plain near its western margin. So far as the authors are aware

these ferruginous sanclstones have been generally regarded as composeal

chiefl;' of quartz grains cementecl by iron oxide. At no point beyontl the
Ashland area, so far as known, have they been tested for zircon or other
uncommon heavy minerals.

At the home of Mr. Benjamin W-right, three-eighths of a mile southwest
of Mr. Sheldon's house, a highly zirconiferous and but slightly consoli-
datecl sancl bed was cut in the ]ower part of a well 14 feet deep. This betl
is probably the same one from which the indurated or harclenecl fragments
of zirconiferous sanilstone have come. Perfectly rounclecl water-worn
qaartz and quartzite pebbles, mostly quattz, up to 3 inches in diameter
and usually white in color, were taken from this well at a depth oJ 14 feet.
None of the zirconiferous material was found south of Mr. Wright's well,
and clecomposecl granite is exposed in a roacl 200 yards southwest of his
house.

A hundred yards northwest of Mr. Sheldon's house a bed of zirconif-
eror:rs sand, similar to that cut in the 'Wright well, was exposeal in a

shallow prospect hole. The zirconiferous sand was 18 inches thick and
was underlain by clay ancl coverecl by a few inches of soil.

From the appearance of the float and the san[[ cut in the prospect hole,

the zirconiferous betl is thought to be probably not more than 2 to 3 feet
thick. The data at hand indicate that it is probably a narrow lens three-
eighths of a mile long and of unknown but probably of less width.

TESfS.

The zircon was separated. from six lump sarnples weighing from 50 to
100 grains each as follows: The lumps were fi.rst treated. with hydrochloric
acid to dissolve the cement of limonite. In two specimens small lumps

+;'t



++ ZIRCONIFEBOUS SANDSTONE NEAR ASHLAND" YIRGINIA.

resisteal dissolution and were treateil with aqua regia on a steam bath for
two tlays, which resulted in dissolving the cement and disintegrating the
sand grains. After washing by decantation the sancl was digestecl with a

mixture of sulphuric and hydrochloric acids to remove ilmenite and quartz
and then washed. The specimens thus treated vielded zircon as follows:

Zircon obtuined, from sand,stone nea,r Asltland,, Virgini,a.

Locality
Gross I

weight i

ofl
Zftcon

sample

Specimen from low hill, F. B. Sheldon's farrn..
Specimen from low hill, F. B. Sheldon's farm..
Specimen from low hill, F. B. Sheldon's tarm..
Specimen from 100 yards northwest of F. B.

Sheldon's house .
Specimen from Wright's well..... .: ..
Specimen from top of hill on line between

Thomas Kies' and John Boschen's land. ... .

Grams
bU

100
52

100
52

Grants
t4,955
25,375
6,280

100 27,230

Per cent
29.9
25.4
t2.l

15,890
6,815

15 .9
13. 1

27.2

Total

Accessory heavy minerals in the form of impurities, such as cyanite,
garnet, ancl staurolite, coulcl not be separated from the zircon by the
method useal, anal the results given in the table above are perhaps Z to B

per cent too high, though certainly not more. Owing to possible losses
through the severe treatment during separation and to the loss of fine
zircon in decanting, the tests are as likely to show less as more than the
quantity present. The results are not, of course, to be regarcled as exact,
but the method of selecting random specimens. from float rock would not
warrant more accurate determinations.

It is not thought that the method used in separating the material
introduced appreciable errors, as a blank test run on finely pulverized zircon
by treating it with a mixture of sulphuric 'and hydrofluoric acicls, showed
at the encl of three days no trace of zircon in solution.

The zircon crystals in the material are minute, averaging less than 0.b
mm. in cliameter. Out of about 96 grams of zircon separated, a small
quantity was caught on a sieve of 60 meshes to the linear inch I possibly
l per cent would not pass through a sieve of S0-mesh; nearly 1? per cenr
(1,6.23 grams) passecl through an 8O-mesh and was caught on a 100-mesh
sieve; 7? per cent (?4.I5 grams) passed through a 100-mesh sieve and was
caught on a 150-mesh sieve; andmore than p per cent (p.B grams) passed



YIRGINIA GEOLOGICAL SURYDY. BUI,LF]TIN YIII PI,ATE I.

Fig. I.-Iiticrophotograph of zircon separated from sandstone obtained 3 miles west
of Ashland, Virginia. Passed tlrlough a 150-mesh sieve. Rounding of the
grains from'lvear is shown, but in many cases the original crystal outline can
be seen. Masnified 97 diameters.

Fig. Z.-Ilicrophotograph of zircon separ.ated from sandstone obtained 3 miles v-est
of Ashland, Virginia. Passerl through an S0-mesh sieve and caught on a
100-mcsh sieve. Rounrling oI lhe grains from wear is pronouncerl. Large
prismatic grain to right of center is cranite. Magnified g7 diameters.

}fICROPHOTOGRA}'HS OI' ZIRCON SEI'ARAT ]D FROM SANDSTONE.

,
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Fig. l.-,\licrophotoglaph of zilcon sep:rrated from santlstone obtained 3 miles 'u''est

of Ashland, \'ilginia. l'ir,ssed tlrrough a 15O-rnesh sicve. Rounding of the
grains from tle:rr is sl.tou'n. but in marrv case-s the origina,l cr1'stal outline ctrn
be seon. llagnilied 07 cliarnetels.

:l.::' :l.:,

l,'ig. 2.-llicrophotoglaph of zircon sep:rratcd ftorn sandstone obtaincd 3 miles rvest
of Ash):rnd, Virginia. I)assctl througli an 80-mesh sieve:rntl caught c-rn a
100-nresh sieve. Rountling cif tlrc glirins fron l'crr is plonounced. Large
plisrnrLtic grain to liglt of ccnter is c)':rnite. l{agnilied .97 dianreters.

]IICROPHOTOGRAP}IS OI.' ZIII(]ON S}.]T'ARA'IDD FROII SANDSTONE.
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through a 150-mesh sieve. Most of the accessory minerars (impurities)
can be caught on an g0-mesh sieve.

CHAR,ACTER OF TIIE SEPARATED ZIRCON CRYSTAIS.
The zircon crystals, as separated above, are mosily of short, stout form,

tho rgh they include a smalrer number of elongated forms, po*riuty one ancr
one-half times as long a-s thick. rn mass they are pinkish or pinkistr brown,
but on heating to redness they become colorress. under ihe microscope
individuai crystals are pink or yelrow, but much the largest number are
colorless' . The erystals in most specimens are very much worn, but thecrystals in the specimens from the prospect hore northwest- of Mr.
sheldon's house show beautifur crystal 

-form. 
Though nearly ali of the

zircon is undoubtedly worn, the wear in general may be in part apparenr
onlS as small zircon c_rJstars formed in place very commonly have ouilinesthat do not show good faces or angres. The difference in the amount of
wear of the particles which were caught on a 100-mesh sieve and of those
which passed through a 150-mesh sieve is striking (see pl. I, figs. 1 and p).
The greater mass of the rarger crystals smail as ih.y ur. seets su-fficientto cause much more fracturing from the force of impaci when thrown
around by waves and currents.

ASSOCIATED MINERALS.
Associated with the zircon are qtartz and a variety of heavy minerars,including garnet ( ?), ilmenite, rutile, staurolite, .yuoit., aoa an isotropic

green mineral which has not been definitely cletermined but which may bepleonaste or hercynite. occasionar ferdspar and pyrite were noted in
several thin sections of the rock. As statJd above, these are alr cementedwith limonite, possibly in part siliceous.

rlmenite is the most abundant minerar in the rich pieces ancr its grains
are of about the same size as those of zircon. The quartz and cyanitegrains are generally severar, times as large. rn praces the fine-grained
zircon and ilmenite surround quartz pebbles an inch iong with the other
dimensions somewhat smaller.

No magnetite.was found in the material.

, MICROSCOPICAI PETROGRAPHY.

. The petrography of the rock is simple, but the generar character of theminerals and their rerations to one anotire" and to the cement are more
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definitely established by microscopic than by megascopic study' Con-

sidered as to mineral composition the ten thin sections of the rock stutlied

may be divided into two groups, (1) zircon-ilmenite sandstone and (2)

qoa"t, sandstone. The rJunding of the ilmenite and zircon grains is

f,ronooo.ed, but the quartz sand is remarkably angulara (see. Pls' I and

II). Both are..-.nt.d more or less flrmly by oxidb o{ i131'chiefly

limonite and probably a less hydrous oxide of reddish color, possibly giithite

or hematite.
oftheminera}spresentinthesandstone,zitcon,ilmenite,anclquartz

are the three most abunclant, and are described below in the order named.

occasional grains of an unstriated feldspal wele noted in one or two of

the ,quartz-r=ich sections, and red- to yellowish-brown rutile in partially

rounied grains of variable size is sometimes present, a5,vays in association

with ilmenite. 'Terromagnesian minerals are entirely absent'

Zircon.

In the thin sections the zircon is mostly colorless, though occasional

Iight yellow"and pinkish crystals were observed, ancl is readily identified

Uy itt high refraction ancl double refraction' The grains usually shorv

rountlecl outline ancl many of them are nearly spherical' They range {rom

approximately equidimensional to elongate forms, and the angles or corllets

of those that exhibit squarish to rectangular cross-sections usually slro['

more or less rouncling (Pls. I and II)' Crystal outline is. frequcrrtll

observecl but as a rule it is modified by rounding from rvear' Zircon grarns

separated from the rock anil examinecl under the microscope usually sholv

rounding from wear ancl rather clull luster (Pl' I, figs' 1 ancl 2)' The most

perfectly rouncletl grains are apt to erhibit the least luster' The zircon

graios uo."ug" from 0'2 to 0.3 mm. in tliameter' Some of the larger

elongated grains measure as much as 1.1 mrn. in the t'ljrection of elongation'

so*. grains show cleavage and many indeterrninabie inclusions.

A fairty noticeable fealo"e in man-r' of tle zircon grains is an apparent

irregular, ihin, cloucly and light-colorecl peripheral zone or boriler' which

upp.urc isotropic o, tot feebiy double refracting' This borcler probablv

ruir.*.nt, the pitted surface made by pountling against other fragments

and possiblv to some alteration from hydration'

.aThis is in:r,ccordance r,vith the investigation of Mackie on the rounding,gf san{

erains, -Lo obse.oed that grains of zircon-were- rounded more re_aclily than those ol

;;;;. due possiblv t. tfru"i"-l* dmsity of the zircon. See Maekie, Wm., Trans'

Edinbursh deol. S6e., 1897, vol. vii. pp. 298-3ll'
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Fig. I.-X{icrophotograp}r of a thin section of zirconifelous sandstone obtained
3 miles r'vest of Ashland, Yirginia. The grains of high relief shorving rounding
from rvear are zircon; the smaller, angular, $'hite grains are quartzl and the
black groundmass is mostly ilmenite; the lvhole is cemented with limonite.
Magnified 97 diameters.

Fig. 2.-l{icrophotograph of a thin section of zircnn-bearing sandstone obtainerl
3 miles rilest of Ashland, Virginia. The white, angular grains are mostly
quartz with a ferv of feldspar; the scattered, roundish grains of high relief
are zircon, and the black groundmass is mostly limonite, which forms the
cement, with some grains of ilmenite. Magnifieil 97 diameters.

MICROPHOTOGRAPHS OX' ZIRCONIX'EROUS SANDSTONE,
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Fig. l.-llicrophotogi:rp)r of a tlrin sectr'orr of zilconifelous santlstone obtained
3 miles r'vest of Ashlanrl, \-irginia. 'fho gi'irins of high r.elief sliorving rounding
flom l'ear ale zilcorr: the srn:rller, angul:rr. rvhite gr:rins are quartz; and the
black grounclnrass is mostll ilmenite; the rrhole is cemelted rvith limonite.
Maglifled 97 diamcters.

I'ig. 2.-llicrophotoglaph of n thin section of zircorr-bcaritrg sandstone obta,ined
3 miles lrest of Ashl:rnd. \iirginia. 'l'lre rvhite, angular grains are mostly
quartz l'ith a fel'of feldspar; the scirtteretl, roundish grains of high relief
are zilcon, and tlie black groundrnass is mostl"v limonite, rvhich forms the
cement, r.i'ith some grzrins of ilmenitc. llagnified 97 rliameters.

}IICROPHOTOGRA}'TIS OF ZIRCONIFEROUS SANDSTONE.
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granites anal gneisses, of the Piedmont Plateau, which extend westward
from the Coastal Plain contact. These formecl the country rock of the
shore, and the zircon and associatecl minerals derived from them by
rveathering were accumulated by waters near the mouth of a small stream
or behind a sheltered point, while the quartz sand was largely worn and
carried away by the currents of the sea.

Zircon is an almost constant minor accessory mineral in tlie crystalline
rocks, especially granites ancl gneisses, of this old shore and its extension
westward, and in places it occurs in large masses. Thin sections of granites
occurring immediately'rvest of Ashland and at other places in the Piedmont
Plateau of Virginia show tbe presence of zireon, chiefly as inclusions in the
quartz and feldspar. Near Gouldin post-office, 10 to 15 rniles southrvest of
the Ashland area, pieces of zircon 3 inches in diarneter r'veathered out of
pegmatite dikes have been notecl on the surface. Massive zircon without
crystal outline, measuring 4 by 6 inches, has been observed in the pegmatites
of Amelia County, Virginia. Similar clikes oceur in the gneiss-granite
complex of the Piedmont Plateau, forming the old shore-line which extends
entirely across Virginia from Maryland into North Carolina, roughly
coinciding with the meridian of 77" 301'. The zircon in the sandstone was
not derived, howerer, from the pegmatites in which it occurs in com-
paratively large masses, but from the gra.nites ancl gneisses'which carry it

Zir@n bearing sddslitne

l-ig. 3.*Generalized east-rvest section across the fall-line near Ashland, Virginia,
illustrating the occurrence of zircon-bearing sandstone.

in innumerabie very small crystals. It seems probable that similar zircon-

rich sandstones may accur at numerous points along this old shore-Iine.

Many zircon-bearing deposits may be covered by later seiliments and some

may have been removed by erosion, but it is probable that others, which
may be richer or poorer, will be discovered along the contact of the granite
and gneiss of the Piedmont Plateau with the overlying sediments of the

Coastal Plain.
It is probable that some magnetite was present with the ilmenite, and

glauconite is abundant at places in the Calvert formation. The altera-

tion of either of these minerals might procluce limonite, which forms the

cementing material. An occasional pyrite grain was observed in one or
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usEs.

zirconia (zror) has been used in place of lime and magnesia as the

incantlescing material in the oxy-hydrogen blowpipe, ancl a very small

quantity of zirconium nitrate is used in making mantles for gas iights.

iurge qouotities of zirconia were once usecl in the Nernst lamps, a form of

incanclescent electric lamp in which a small stick of zirconia and yttria is

used, as a glower, but its consumption is not now so large, owing to the

competition of metallic frlament lamps. Zirconium carbide iras been usecl

in making incandescent electric lamps, but this also has beerl supersecled

by metallic filament lamps. The property of incandescence possessed by

,irconia has tempted arc-lamp manufacturers to use it in their electrodes,

but thus far it has not been useil successfully. zirconia is an excellent

insulator for both electricity and heat ancl when mixecl rvith a conductor

can be usetl fol electric heaters. In the Heraeus iridium furnace the

iridium may be protected by a glaze macle from a zirconium salt in place

of the thorium or yttrium salts now used. Zftconia makes an excellent ancl

very refractory crucible, which is manufactured in many sizes by a German

firm. Its refractoriness makes zirconia a suitable lining for electric

furnaces, and Bijhm suggests that it might be used for saggers, but for the

ceramic trade it must be free from iron ancl cheap. He also suggests its

use for the walls of furnaces, for the making of molds to withstand high

temperatures, and for heat insulation. Owing to its inertness zirconia

is suitable for chemical ware, and many forms are rnarrufactured from it.

The same property has led to its recommenilation for certain medicinal

uses, anil in Riintgen ray therapy it is used in place of bismuth nitrate,

which has sometimes given bad effects. Zirconia is a beautiful soft wliite

powiler which js well adapted for making paints ancl lacquers, as it is

unaffectecl by gases, acids, or alkalies, anil has goocl' covering po\rer" Ii
rnakes a good opaque glass,"but for this.use the borate is better than the

oxide. It is used for a polishing powder in place of tin oxicle. Ferrozir-

conium is manufactured by one German firm for use in steel. Zirconium

carbide is extremely hard and makes a valuabie abrasive. Glass ? mm.

({-inch) thick is cut u'ith it as readily as with a diamond.

Clear zircons of brownish, orange, or reddish color are cut for gems ancl

are then known as hyacinths. There is no probability of stones sufficiently

large for cutting being found at the Ashland locality, but they may be

present in some of the pegmatites of the crystalline area'



GEOLOGY OF THE SALT AND
SOUTHWESTERN

GYPSUM DEPOSITS OF
VIRGINIA"

BY GEORGE W. STOSE.

f,OCATTON.

Large deposits of salt and gypsum are known to occur along a belt of
country 20 miles long running northeastward from the village of Plasterco,
Va., anel lying in'Washington and Smyth counties. Much of this territory
is in or near the valley of the North Fork of Holston River. and this

Fig. 4.-Index map of southrvestern Virginia. The area described and mapped in
this repori, is indicated by the slradetl rectangle. Railroad connections for this
l roa onl; :r re shol n

portion is made accessible to railroad tlansportation by the Saltville branch
of the Norfolk & Western Railway, rvhich joins the .main line at Glaile
Spring. The location anil relations of this area are shown in figure 4.

'Iwo gypsum plants and onc salt or allcali u-orks are norv in operation iu

aRepublished with revision from (ontlibutions to Economic Geology, 1911, U. S.
Geological Survey Bull. 530, Part I.



SALT AND GYPSUM DEPOSITS Otr' SOUTII'IVESTERN YIRGINIA.

this area. Numerous old gypsum workings and prospects indicate the
extent of the deposits, some of which are at present not commercially
rvorkable because of lack of transportation facilities. The active mines,
old rvorkings, and prospects are shown on the geologic map in figure 5.

TOPOGBAPHY.

The area representetl on the accompanying map (fig. f) comprises a
mountain ridge 1;000 feet high separating parallel valleys and rising
above an adjacent deeply clissected plateau. 'Ihe ridge, named Pine
Mountain at the southwest and Brushy Mountain at the northeast, trenils
in a general N. ?0" E. clirection and its elevation ranges from 2,500 to
3,000 feet. It is cut nearly at right angles by several deep water gaps
through which pass the waters from Clinch Mountain that drain into the
North Fork of Holston River. This stream flows southwestward, in
general hugging the foot of Pine Mountain, and its valley descencls from
an altitude of 2,000 feet at the northeast to 1,500 feet in the southwestern
part of the area. The plateau to the southeast ranges from 2,000 to P,500
feet in altitude and its surface is dissected into narrow transverse ridges
and rounded hills.

GEOLOGY.

Stratigraphy.

The rocks in which the deposits occur are of Mississippian ("Lower
Carboniferous") age. A generalized s'ection of the Carboniferous rocks
derived from several detailetl sections in the vicinity of the mines is as

follows :

Generalized, section of Carboniferous rocks i,n the aicinity of Sattai,lle, Va.

Feet.

'400+

to

1,150

250

1,875+

-



GEOLOGY.
OJ

Maccrady formation:

iaining Mississippian 
-ptants

'111t.l;ffi i'#:"*l,1,;liii;t,1t,f#;.Xlatheringrighter
Gray sandstone. mos{.lv 

"aldareous anJ-;;;i;, ;;; ;i,;iiargillaceous or eartliv Isort1;.c" j;ild;;;:t,rifi ';""1:;#:.iI'il:*:fi 
l,,},",'ff i,,j3ldrlo1* and_red" shate, largely ;;;"[;. . . .'], 

t{"^1_pi1! red sha te. an d,it, ty""d"a.to, 
", 

-;r:d 
;;; ;;; ysnaly sandstone; lower part_soft tight,-f"tr-.h"ie, with

lli:, *j'*, *1!,o11 g9ous. srr,a r" 
-ii,a'%li 

_,'"uilfi 'r,, .oo_

n'eet.

225

120

300

720

765

X'eet.
sandstone, with some

95
275

Devonian rocks: -4'z0 -
. Thin-bedded sa-ndstone and sandv shale containing

_,brachiopods of Chemung ;g.. --"",rraly sandstone and slaty- sh-ale.

The Price sandstone.is a hard ricrge-making rock which forms the ridgeknown as Pine Mountain and B"ushy ltoooturrr. The southeastern faceof this ridge is a dip slope of the 
'u"J-ro.k, 

of this formation, whichdip about 40' sE' The severed edges of the dipping strata-are nnelyexposed in the gaps through the mointain a1d make picturesque iedgesand cliffs' Less wet exposed in the gaps and on the oorttwesi slope ofthe ridge are the underrying rr,ury rrtiJJtones and shares which are spar_ingly fossiliferous and oi c*'u,''oog 
"g.. 

--'rt 

" rithologic character of thePrice sandstone, its gulut_u.r stratigiph'ic position, and the presence of coarseamlets near its top, indicate itJ.qoiouiuoce to the pocono, at the baseof the carboniferous system, and the invertebrate foss's obtainecl fromit corroborate this opinlon. 
-rn 

the "a;*""t region to the northeast thePrice sandstone .ottui.r, tttict .oat 'n.as 
whose flora establishes itsMississippian age.

The Maccrady formation is composed o{ materiars reratively so softand easily disintegrated 
,that it ir du"pty eroded and in generai poorryexposed' rt outcrops iy the va'ey of trr. North x,ork of the rlorston butis largely covered by the terrace 

""a n""J-prain deposits of that stream.
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Tlre lrasal black shale and reddish sandy beds are not uncommonly exposecl

in the lower spurs of pi". ltoottain, but the earthy limestones- ancl shales

of the formation are seen in few places' A few fossils have been found

in some of the thin calcareous beds, ancl certain dark shales near the middle

are in places highly fossiliferous' At the base are coal seamlets anil uncler-

clays that carry plant remains' The invertebrates have been assigned by

George II. Girty to the upper Mississippian' antl he correlates the formation

with the Moorefield .ft"it "f Arkansas' It also probabiy represents the

lower part of the Mauch Chunk of Pennsylvania' In places plastic red

and olive to bluish .iuy* *itft gypsum deposits occur in the miclst of the

Maccradyformation.Theiroccurrenceanclrelationsarediscusse[luntler
tlie heading "Origin'of the Deposits"' on pages 64-?3-' This formation

has been called the Pulaski shaie in geologic reports describing adjacent

areas to the norilreasi, ""a 
this name *oota ue usecl here were it not that

Puiaski has a prior established usage for an Ordovician formation in

NervYork.ThenewnameMaccradyisheregiventotheformation,from
tlie village of that ,tu,ou oo ttre Norttr Tork of Holston River' where the

best section of the formation was measurec'

'IllteNewmanlimestoneiscalcareousthroughoutbutcontainsshaly
portions which weather readily to clay and soil' The limestone generally

makeshills,rvhichinmostplacesasslrmerouncledformstluetodissection
by streams flowing across the trend of the beds into the largel longitudinal

streams. The formation is highly fossiliferous and the fauna inclicates

its general eqrrivalence r,vith the-Greenbrier ]imestone of West Virginia and

P.nosyloania and the Batesville sandstone of Arkansas'

Ple-Carboniterous rocks are present in two tracts within the area

presentetl on the *uf 1ng' u;' Bene-ath the basal Carboniferous sanclstone

Iie Devonian sedl-eots,-mostly shales and sanilstones, about 2,?00 feet

thick, underlain l" to'n n;' ditotiu" sediments' also mostly shales and

sanclstones. These are noi differentiated on the map' as they do not

concein the problems here discussetl. These rocks occupy the north-

western portion of the mapped area and form the slopes of Clinch

Mountain, which is .ufpta 
'f'y tft" basal Silurian formation' the Clinch

sandstone, of Meclina age.

In the southeastern part of the area mapped are 
-Cambrian 

strata'

mostly hard gray to Uf"i magnesian limestone and dolomite' which are

also undifierentiateJ on the mlp' The oldest of these Cambrian rocks are

adjacent to the Carboniferous, with successi#ly younger beds to the

southeast.



STRUCTURE. ot)

Structure.
The cambrian rocks on ilre southeast are part of a great overthrust

mass which rocle on a flat fault plane over the carboniferous srrara on
the northrvest, as shor'vn in the structure sections in figures 6 and ?. The
cambrian strata dip rather uniformly g0o-40o sE] successivery order
cambrian strata appearing at ilie northwest. Massive gray dolomite and
magnesian limestone of cambrian age are adjacent to the fault throughout
most of its course in the mapped irea aod probably form the competent
strata that carried the thrust. There is no indication of an antictinal
axis in these lower limestones southwest of saltville, where this formation
h-as a na*ow outcrop, but northeast of sartville there is close folding in
the brbad belt of tlris formation adjacent to the fault, vith all dips over-t.rned to the southeast. A still rower cambrian formation of red
argiilaceous shale and sanclstone is exposed over part of this area. This
folded portion of the cambrian -uy ".pr...nt the axis of an overturnecl
anticline, the breaking and overthrusting of which initiated the faurting.
This is no local or minor fault, howev.r, fo" it has been traceti throughout
the so'therri Appalachians into the Rome fault, .'vhich has been demon-
strated to lrave a horizontal displacement of at least b miies in the vicinity
of Rome, Ga. A tlirust fault of such magnitude ancl rength must have a
deep-seatecl origin and its plane may be u" *rr.u, plane cutting diagonaily
across the strata, rvithout folcring except that produced by friction or drag.

'Ihe fault plane is exposed at several places in the arla, dipping souilr_
east, arrd its inclination r,aries from 20o to 60". Figure s is a sietch of
tlre faulted rocks in the cliff southwest of Maccrady. Next t" trr. r""ri p1"r.
tire dolomite of the overthrust mass is hardened uod il.. bedding obliterated,
and tire vertical beds farther from the prane of r,ovement are jointed
parallel to the plane. The softer shary rimestones beneath are mashed
ancl altered b;. circulating waters to clay adjacent to the fault.

Another section of the fault laid bare by old gypsum workings p miles
east of Broad I'ord sholvs the cambrian dolomite 

".rfi"g on red 
.-and 

greencia' containring gvpsum, rvith 1 foot of brack banded carbonizecl carcareous
glay gouge directly beneath the fauit plane, which dips p0"-40o ,SE. In
places a dolomite breccia of large and sma]l masses marks the fault contact.rn the railroad cut at prasterco the cemented breccia is freshly exposed
and its components ar: s:en to be largely dolomite, wiilr minor lragments
of chert, limestone, ancl shale.

_opposite Maccrady Gap a mass of clinch sandstone of silurian ageand associated rocl<s of sufficient size to make a hill zbO feet high andnearly 1 mile long was caught up along the fautt and is shown on thenap (fig. 5) by the fault dividing west of North Holston.
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double the scale of figure 5.
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CmclSSi-SR

t'ig, 7.-structure sections across Holston Valley along lin_es indicated by letters on
- tle -argins of tlre geologic map (fig' 5i. Cn, -Newmau .lime^stone; Cmc,

Maecradf formation; "Cp, Frice si,ndst|ne; SD, uldifferentiated.Devonian and
Silurian"rocks; e ,'undiiiTerentiated Cambrian rocks, mostly dolomite' Scale,
double the scale of figure 5.
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STRUCTURE SECTIONS.

The outcrop of the fault plane is very crookecl in the northeastern part
of the area, owing to the facts that the plane is very flat in most places
and is probably somewhat foided or wavy along the strike. 'Where 

the
fault iies between the Cambrian
dolomite and the shale of the
Maccrady formation, it afiords
favorable channels for circulating
unclergrouncl water, from which
springs issue at many places,
and iarge solution channels are
formed that may have aided in
breaking down and removing the
overlying dolomite at their out-
lets along the fault and may have
assisted the formation of deep
reiintrants in the trace of the
plane. These redntrants are
invariably underlain by soft
clays of the'Maccracly formation,
which form low flats generally
without rock exposures. The
redntrant at Saltville is one of the largest, and is entirely barren of rock
exposures. Another redntrant is at Broad Forcl, where there are only a
few outcrops of the lower harcler beds in the Maccrady. Northwest of
Chatham Hill is a stiil larger reiintrant, due to the flattening of the
general structure and a corresponding wider exposure of the softer rocks
after being stripped of the overthrust Cambrian dolomite. These reiintrant
areas are the chief places where salt and gypsum deposits have been founcl
and are of especial interest in the study of the distribution and origin of
these products.

The rocks northwest of the fault, except those immediately adjacent
to it, Iie in a monocline, dipping 25"-40o SE., which culminates in Clinch
Mountain, northwest of the area mappecl. The soft Carboniferous rocks
near the fault are bent into an overturned syncline. The sections in
figures 6 and ? illustrate the progressive rise in this syncline from
southwest to northeast. As the Newman limestone rises northwarrl in
the shallowing syncline, erosion has removecl its upper portion and its
remnant gradually diminishes in thickness frorn 3,300 feet in the most
southern section until northeast of Saltville it is entirely absent. The

59

Fig. 8.-Section of the faulted rocks in the
cliff southwest of Maccrady, Va. a,
Massive Cambrian tlolomite, bedding
vertical but indistinct, jointing parallel to
fault; b, zone of altered dolomite, bedding
entirely obliterated; c, zone ol altered antl
crushed argillaceous material, bantled
parallel to tie fault; d, eartby limestone
and calcareous shale (Carboniferous).
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soft underlying Maccrady formation cloes not extend all the way along

the southeast side of the syncline, but is faultecl out in the southwestern
part of the area. Where present on the southeast side it is vertical or

overturnec[.
No outcrops are visible in the broad flat at Saltville, but the absence

of hard outcropping strata and the record of only soft rocks of Maccrady

type in the deep wells at this place indicate that the syncline is follorved

on the east by an anticline whose east limb carries the Price sanclstone

below the points reachecl by the drill but apparently not deep enough to
bring the Newman limestone down to the surface, so on the sections the

rocks are shown to be undulating in the portions uniler cover of the

overthrust fault.
Northeast of Saltville the beds of the Maccrady formation are so poorly

exposed that their attitude is not generally shown. At the cliff west of
Maccrady the last clear exposure of the syncline is preservecl in the ledges

of shale ancl sanclstone. Just east of North Holston a small anticlinal
roll of thin limestone in the Maccrady is an indication of the undulations
probably existing throughout this band of soft rocks. East of Broad Ford
a similar gentle fold is exposed in the small stream gully crossing the

lowland.
n'arther northeast the structure flattens more and moreo ancl in the

re6ntrant northwest of Chatham l{ill a thin limestone in the Maccrady
formation indicates a very gentle syncline, followed on the southeast by
a gentle anticline antl another syneline, which is sharply turned up at
the fault. The gentle syncline is also shown in the southward swing of
the Price santlstone outcrops forming Brushy Mountain at the northeast
end of the area mapped.

From the overturned syncline of Newman limestone at the southwest

it might at first be concluded that this was a syncline associatecl with an

overturnecl anticline on the southeast, which broke and was thrust over

upon the syncline. Ilowever, it is concludetl from a wider study of the
structure that the fault did not originate in a broken fold but is of deeper-

seated origin, being manifest by a shear plane cutting diagonally across

the strata and folding and crumpling those at the overridden contact bv
reason of friction and drag.



SALT AND GYPSUM INDUSTRITS.

SAf,T AND GYPSUM INDUSTBIES.

Salt.

Salt seepages were known to exist in the vicinity of Saltville in pioneer
days, for this swampy flat was one of the salt licks frequenterl by wilcl
animals ancl was sought by hunters and trappers and before them by the
Inclians. The early settlers dug shallow wells and extracted the salt
from the brine that flowed from the springs. As early as 1836 two wells
were reported in operation. During the Civil War the wells at Saltville
were the main source of salt for the Confederacy. A brief history of the
salt and gypsum industries of this region is given by T. I-,. 'Watson, Mineral
Besources of Virginia.a

Present d,eaelopment-The salt industry is now conducted by the
Mathieson Alkali W'orks, with offices at Saltville. The Saltville Valley
and. surrounding country are owned. and controlled by the company.

Since L895, when the Mathieson Co. came into control of the property,
the brine has not been evaporated into salt, but is converted by a modifiecl
and improvecl ammonia-socla process into soda prorlucts, chiefly sorlium
bicarbonate, or baking soda, which is the basis of all baking powders ancl
is used also to some extent in making soda water. A large part of the
production is in the form of socla ash, usecl extensively in the manufacture
of glass, pottery, etc. SaI soda is also mad"e for this purpose. Caustic
socla, put up in large hermetically sealecl cans, is prepared. for medicinal
and other purposes.

Over 50 wells have been drilled in the vicinity of Saltville, about
25 of which are at present in operation. They range in depth from a

few hundrecl feet to 2,280 feet, the average being about 1,000 feet. The
shallower wells are on the northwest side of the flat and the deeper ones
on the southeast sicle, near the fault. The former are dry wells and have
to be flushecl with water through the outer casing. The wells on the
southeast sitle are wet and the brine flows in as fast as it is pumped out.
In the wet wells the rocks become honeycombed and cave in. in some
wells bentling the pipe so as to cripple or entirely disable the well. The
brine is raised by ordinary deep pumps each operated by a walking beam
dliven by an electric motor housed in a small shack at the well, ancl the
brine is piped to an open reservoir in the town. X'rom the reservoir it
is piped to the company's plant covering several acres on the east bank

aWatson, T. L., Mineral Resources of Virginia, Jamestown Exposition Com.,
1907, pp. 2ll-213.
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of the North Fork of Ilolston River, about a mile distant, where it is
convertetl into baking soda and the other sorlium proclucts.

For the conversion of salt to these compounals large quantities of pure
calcium carbonate are used, ancl an aerial bucket tram carries crushecl
limestone from the company's quarry 3 miles southeast across the limestone
hills. As the limestone must be free from magresium and other impurities,
satisfactory rock is difficult to obtain in quantity. Part of the present
supply comes froni quarries at Marion, Va., about 25 miles clistant by
rail on the main line of the Norfolk &'Western Railway. About 600 tons
is usecl daily.

Gypsum.

Gypsum has been used for fertilizer for many years, and as early as

il.835 the great possibilities of this deposit as a source of supply for the
agricultural lands of Virginia were recognizecl. Over a decade ago gypsum
was converted to plaster of Paris by roasting on only a small scale, as the
procluct dicl not then have wide usage, but the adoption of this kind of
plaster for walls in buildings, especially as a finishing coating, because

of its superior harclness and whiteness, has made its production a large
and profitable industry. 'When mixed with cement it acts as a retarcler,
greatly increasing the value of that product, and for gypsum to be usecl
in this way there is now a large demand. As land plaster or fertilizer
the gypsum is simply ground and not roastecl. It has proved very
beneffcial'to certain soils and for certain crops, being highly recommenclecl
for peanut cultivation.

Present d,euelopment-Two gy?sum companies are operating in the
area at the present time. The United States Gypsum Co., with offices in
Chicago, leased the Robertson tract, adjoining the Mathieson Alkali Co.'s
property on the southwest, from the Buena Vista Plaster Co. and has been

operating for the last few years. This plant is locatecl in a narrow exten-
sion of the broad flat at Saltville, separated from it by a low divirle.
Two shafts furnish access to the workings, which are reported to be about
100 feet below the surface, each set of workings seemilg to be in a clistinct
body of g"ypsum. A third abandoned shaft leacls to another mass of the
deposit, and as other new borlies are located by clrilling over the bottom
land additional shafts will be sunk. I,arge deposits of gypsum on the
eastern edge of the tract clirectly arljoining the Mathieson property were
previously worked. out by the owners.

As just mentionecl, the gypsum in this mine seems to be in detached
masses of great size and not ia continuous beds, as might be expected.
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This will be refened to . again later under the heading ,,Origin of the
Deposits." The gypsum is mostly a white to gay granocrystalline rock
inclosed in clay, the gray variety streaked with fine dark argillaceous
material. Numerous small anhydrite crystals are scattered through some
of the gJrpsum from the old southernmost shaft, and these appear more
prominently on weathered specimens. The gypsum is brought to the
surface by elevators ancl conveyeil by tram cars to the company's mil,
where it is roastecl and pulverized. The molding of praster bricks, tiles,
and hollow blocks in the company's shop is a new branch of the industry
in this region.

The Southern Gypsum Co.'s plant and office arc a!, North Holston,
reached by the company's branch railroad from saltville. The mine is
on the old Pierson plaster-bank farm, in one of the embayments of lowlancl
adjoining the North x'ork of rrolston River which is underlain bv the soft
shales of the Maccrady formation. The shaft in the lowlancl is Lonnected
by an aerial bucket tram with the main roasting and grinrling plant at
the railroad on the hillside. A large part of the crude product is ground
for fertilizer at the lower mill near the shaft, much of the gypsiferous
clay being of the right mixture to be used in this way for land plaster,
effecting a great saving in the expense of mining. For wall and finisning
pIasterancIcementretartIeronlythepurerlumpgypSumisempioyed.

The bulk of the gypsum here is much like that at ttre united states
co.'s plant, granular and crystalline. some large sheets of pure selenite
are encountered, and small veinlets of satin spar are common in the clay.
Large masses of .black argillaceous material called "brack rock" occur in
the midst of the gypsum, and apparent bedding of the gypsum is indicated
by banding of black grains of the same material. The gypsum is reported
to occur in beds of considerable thickness ancl extent and not in isolatecl
masses, as at the united States co.'s mine. The deposits have been tested
by bore holes over all the river bottom of the embayment. The beds vary
greatly in thickness, however, being somewhat lenticular in shape. The
gypsum formerly outcropped at the river, where it was mined in open cuts
in the early days for fertilizer. rt is now minecr from the shaft in the
bottom land in all directions at a maximum depth of about 100 feet.

Deposi,ts not, at present utiti,zed,.-Old parUy fiIlert pits .where gypsum,
or "plaster," as it is commonly called, was minecl from the surface in
earlier days are visible all along this belt from a point a mile west of
Plasterco to the vicinity of chatham Hill. r-iarge quantities of good
gypsum still remain in these olcl workings. Near plasterco large pits,



6+ SAIT AND GYPSUM DEPOSITS OF SOUTHWESTERN YIRGINIA.

abandoned shafts, and cavetl-in ground abound, marking the places where '

the Buena Vista Co. and the Robertsons formerly operated extensively antl
removed much of the available g'ypsum that was close to the surface.

Smaller openings were made in the embayment about 1 mile to the south-
west, but the deposits there have been only slightly explored. They are

all owned by the old Buena Yista Co. anil are leasetl to the United States

Gypsum Co. In the Saltville Yalley thick tleposits of gypsum are reporteil
in all the wells drilled for salt, and some beds at the surface were formerly
mined for the manufacture of a kind of cement. They are ownecl by the
Mathieson Alkali Co. and are not now being workecl.

At North llolston and in the embayment just east of it several old
gypsum pits formerly worked on the Pierson and Miller farms are nearly
obliterated. Several old pits are to be seen also near Broacl Ford., some

to the west but most of them in the broad embayment to the east. One
is stil] open in the river bank on the Taylor farm, about a mile east of
Broad Ford, where the gypsiferous shales have been dug out from beneath

the overthrust Cambrian dolomite. Another pit on the Taylor farm is
among the low hills io the northeast, beyond the point where the North
Fork of llolston River leaves the belt of the Maccrady formation. A shaft
on the adjacent Barnes place opened a large deposit by clrifts but is norv

abandoned and fiIled with water.
Northeast of the Taylor farm conditions continue to appear favorable

for the occurrence of gypsum, except that the exposecl area of the Maccrady
formation is narrow, but gypsum is not known to have been reported in
the next 3 miles. Beyond, however, on the Buchanan property, important
deposits occur and were minecl on a large scale and crusheil in the com-
pany's mill on the property. The smaller holes have fallen in ancl been

fllecl up, but some of the larger ones are full of water and are reportetl
to be very deep. Pits are scattered over the broad embayment in the
Maccrady formation not only in the Locust Cove Creek bottom but also on
the low divide and small valley to the west. Several pits were also located
north of Chatham Hill, and the crude gypsum was crushecl in a water-
power mill on the river at Chatham Hill.

ORIGIN OF THE DEPOSITS.

Former Views.

In his early description of these deposits W. B. Rogers correctly
identifes the beds inclosing them as "I-.iower Carboniferous" anil states
further that they are at the fault contact between these beds and older
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limestones. As to their origin he adopts the explanation that oxidizing
iron pyrites in the shales produced sulphuric acicl, which, acting on lime-
stone, converted it into calcium sulphate. Ife says:a

In speculating upon the origin of the gypsum of this region, the readiest
explanatiol that suggests itself is that which ascribes its proiluction to similar
causes with those which gave birth to the gypsum of the Tertiary strata of lower
Virginia. It has been in=eidentally remark6l'above that pyritou! slate occurs in
fragments qingled with the gypsim and clay of the salt-fuells and other places.
Supposing the valley to have once been ffllecl with the d6bris of this slate and of
the neighboring limestones, we would have all the materials brought together which
are necessary for the production of the gypsum, while the slate after decomposition
wou-ld become the clayey matrix in whidh'the crvstals would collect. This view is
rendered more probabie-from the occurrence, 

"ueti 
itr the midst of the solid masses

of plaster, of fiagments of the siliceous roci< which skirts the vallev on the south.
It is at least certain that the gypsum has not been deposited here, as in some
other parts of the -world, from the waters of thermal spririgs holding it in solution,
since in that ease it would be found disposed in layers-as tlavertindand not in the
irregular and scattered condition whieh'has been iescribed.

J. J. Stevenson,b in 1885, after describing the mining clevelopment,
occurrence, and distribution of the gypsum and sa1t, anives at somewhat
similar conclusions, as follows:

l. The gypsum deposits are not beds of Carboniferous or Cambro-Silurian
Iimestones changed into gypsum.

2. These deposits occupy deep basins, which have been eroded in Lower Carbon-
iferous shale or limestone or in the hard, sligbtly calcareous sandstones of the
Knox group. rn at least two localities branehes'pr6trucle from the main bodv into
drains or ravines, so that the horizontal plan resimbles somewhat the snlash'made
by throwing soft muil against a wall.

3. The character of the deposit is wholly independent of the rocks on which
it rests.

4. ,The -gypsum occurs in irregular masses, incased in red marly clay, which
penetrabes the gypsum-to a varia6le distance; there is less of this claj,'in the
eastern basins than at Saltvilld.

5. At a variable depth salt occurs with the gypsum, and this salt contains
very little of iodicles or bromides.

9. B_lue- clay ov-erlies the gypsum at all localities yet examined.
,7: No fossils of any sort have been found thus fai in the gypsum, its incasing

red clay, or in the overlying blue clay; but just west from saltiviile a conglomeratE
cemented by gypsum occurs, in which remains of Mastodon have been fou"nd: this
overlies the blue clay and incloses many fragments of both blue and red clay.'8. These gypsiferous deposits occrir inlhe vicinity of the saltville fault.

But the amount of the erosion and the general relation of the svosum to the
b-lu9 g!ay, with the relation of the latter to-the euaternary conglofr6iate, suggestttat the _gypsum is .not older than the Tefiiaty. until some "fossils have been
discovered, however, the question of age must be'regarded as undeterminecl.

. Capellini. asc_ribes the.formation_of this gypsum fat Casteilina Marittima] to
19:1:tr "t sulphur springs on calcium ear-bbiate huta io solution; .o'tnnt-tt"

-,. a.R9ger9,--W. B. A, lgprint of annual reports on the geology of theVirginias, 1884, pp. I4l-t[2. ---- -
bProc. Am. Philos. Soc., vol. xxii, 18g6, pp. 15Z-160.
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carbonate was changed into sulphate and depositeil as such in the littoral lakes of
the middle Miocene. The origin of the Holston gypsum is to be accouated
for in some similar way. Several deep basins were occupied by lakes; that of the
Saltville basin reeeived not a little calcareous matter from the Lower Cartroniferous
beds formins its northerlv shore. and some doubtless was receivetl from the wash
of the Knoibeds on the 6outheriy shore; in the basins farther east the calcareous
maf,ter derived from the wash should be far inferior to arsillaceous matter. But
the composition of the gypsum shows less of the red clay at Buchanan's than at
Saltville. The principal source of the calcareous matter must be looked for not in
the wash from the shores but in springs. That calcareous springs can protluce
deposits as extensive as those of this region is sufficiently shown by the extensive
deposits around many of the springs at the far West. The calcium carbonate in
solution would be converted into calcium sulphate by the sulphurous springs also
issuing from the fault, anrl the gypsum would be deposited as such.

The red marly clays were derived from the wash and are more abundant at
Saltville, where the soft red shales at the top of the Lower Carboniferous are fully
exposed on the northerly side of the basin.

E. C. Eckel,a in 1902, concluded that the deposits were interbedded as

original sediments in the "I:ower Carboniferous":

Though the salt and gypsum deposits have been long known antl worked and
have been examined by mauy geologists, a wide range of opinion exists as to their
age and origin, as will be seen on comparing the literature of the subject. It is
sufficient in this place to note that, as to age, the deposits have been variously
referred to the Silurian, Carboniferous, Triassic, Tertiary, anC Pleistocene, while
different authorities have considered them as originating from deposition from sea
water, from deposition from lakes, by the decomposition of pyrite and resulting
action on fragments of limestone, or by the action of sulphur springs on unweathered
limestone.

The work of the last field season would seem to prove that both the salt and
gypsum deposits originated from deposition, through the evaporation of sea water
in a partly or entirely inclosed basin, and that they are of Lower Carboniferous age,
being immediately overlain by the massive beds of the Greenbrier limestone and
underlain by Lower Carboniferous sandstones.

Observed Belations.

The most striking fact in connection with the gypsum and salt deposits
of this district is that they have been found in quantity only in the shales

of the Maccrady formation along the Saltville fault. These shales also
outcrop along the North Fork of the llolston southwest of Saltville, on
the west side of the syncline, but so far as known neither g"ypsum nor
salt has been observed in this area of the formation. Stevenson reported
gypsum on both sides of the fault on the Miller ancl Buchanan tracts
northeast of Saltville, but these observations seem to be in error in that
the fault was not accurately mapped, which is not strange, for the altered
Carboniferous limestone very closely resembles the Cambrian dolomite,
and some of the red shales of the Cambrian closelv resemble those of the
Carboniferous.

aBull. U. S. Geol. Survey No. 213, 1903, p. 406.
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An effort has been made to obtain a carefully measured section of the
Maccrady formation to determine the position of the gypsum and salt-
beariag beds, but with'scant success. rn the broad flats where the gypsum
occurs there are generally no outcrops except red. clay and gypsum, antl
consequently there is little hope of solving the relation southwest of
saltville. Not even the base of the Maccrady, which is the most definite
key horizon, is exposed there.

Northeast of saltville there are a few good exposures, but generally
where the gypsum occurs the inclosing rocks are soft clays and are hidden.
The river cliff southwest of Maccrady is the best exposed section of these
beds in the area, and the following details were measured there:

P*fril ttet" tf M*-qy t west of Maccrad,y, Va.

Thickness

6l

Feet.
Dark crumbly,fossiliferous shale and earthy gray limestones. b0_F

"rt"li1*,,t1-.t-"_! 
e1$hf, Iimestone, calcareois"shile, and thin crystailinerossrrrrerous lrmestones, 60Massive-bedded bluish tough calcareous and urgillu".oo* runartone'*iir,fossiliferous calcareoui layers. . . ..:. .. 25Gray sandstone, weathering brbwn.. . . . .. .:..: .. -. b

$_na\r .gqrltr-y contorted saidy limesto"u. . . . .. :. . . - .ttard thick-fieddil-tiilrh 
"atcareous 

sandstone...:.:-:::::::.:..::::.:. ZISofter shaly earthy saldstone.. ... . -. . .-..1::: ::::::::. :::. :: .::. :: :. B0
llic}.bed oi earthy sandstone. 6H,ard impure limeslone, with chert noautes. . :::. "rxrcK sort-eartny sandstone...... "".'" 8

:i1r/ ."1ln.y .'mesr_one. . .: .. . . .. :. .::::: :: :. :::: ::: : .. ;3rnrcK-bedded to shalv earthy sandstone.. .. 4ECovered,. probably sofie red ;h"t., .Lrty Lr*it y'ii-u.tooe, and soft earthysandstone

5e{ sJralr eand;;;;';;;'Jh;;; ;;ilbd ;;ir-;::: :. :.:: . : :::. :. ::. . :::. '?3tRed shale in part, rest covere.l. .......:.:.::.::.::::::: zE
5f1, :h"l' saridstone, mot'ed- ye'ow. . . : . . : . . : . : : : : . : : . : : : : : : : . : : : : :. . 7Dnaty gray sandstone, with phosphatic fish plates. l0Sandy-shale, -il part covered.
Soft,s}a,le, 

-liqhl_l$ to, dark drab; righi_gray' d;;'"i;;';ith ;"ti;.;reaves, and twrgs at base.. , .. .. .. ,. . ... ., .. .. .. . .. : ZoBlack coaly fissile sihale.
Sr'bbr-!i,l'" ;;;Uffi;'t;;;s"i;;-ffi ;;d' ;;;;;il";' ;;;;i,;t#'d;d,' i ;;p r

of Price sandstone).
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The next best partial section is just east of watson Gap, 2 miles

southwest of Broad Ford, which is as follows:

Partiut section of Maccrad'E formati,on east of Watson Gap, Va'

Feet.

Thin-beclcletl earthy limestone, with some hartl dense beds. 30

F"rptl n..it" sha16, with some earthy limestones. . " " " ' 14

X'iss'ile red shale.. . 10

lfi*o.orr" red sanclstone, mottled yellow . """" 4

ni*.ir" r"a .*-tty red'shale, ono[tled yellow. 37

Hard vellow antt iecl agElomeratic shaie ' . . 1

C""*fiv ied santlstone i"ttd *o-" yellow shale. l0
Harder"red sandstone, in part shaly.. .r..... 4

nea aigiltite and shale, widh drab sindy concretionary masses 3

G..uoi.l fire clay, with rootlets, red at-surface 2

C*"-Ury ancl flsJiie red antl yeliow sbale-.:'..'.. . -""' 30

Soit grtenisn micaceous sanditone, purplish at top. 20

Softiellowshale.. "'""' 4

Stacd nssile coaly shale. 3

Thin sandston" aird fire clay, with rootlets. I
Greenish fissile shale. l0
Thin irrezular-bedded sanilstone. a

Sandy ligit-buff ffre clay, with rootlets. 3

Coveietl,"probably thin s"andstone and shale. l0
Massive-b^eilded "greenish-gray calcareous sanclstone (top of Price

santlstone).

Just east of Broad Ford is another fair exposure that shows the

relations of the gypsiferous shales to the rest of the formation:

Partial secti'ln of Maccrady formation east 0f Broad, Foril, Va-

shale
soft

and er

anrl
thick

Feet.

Weather or change lafurallY into
Eypsum-bearing redl plastic clays with
ieeondary limdstone layers'. . .. .. . .. 150

earthy

I
t2
40+

130-f
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X'rom the relations observecl in the northeastern part of the area it
may be stated that the gypsum does not occur in the lower red siliceous
beds of the formation and probably not lower than 180 {eet from the basel
that thin-bedded argillaceous limestones which are characterized by a small
spirifer resembling B. bi,furcata generally occur near the top of this barren
interval; that the gypsum seems to replace certain soft earthy sandstones,
shales; and limestones in the overlying portion of the formation present in
that part of the area.

Southwest of Saltville, where the surface exposures do not show the
relations of the gypsum, the well records also do not aid much in their
solution. From a glance at the records of the Mathieson Alkali co.'s
borings, kindly permitted by Mr. W. D. Mount, manager of the plant,
no clue was gained as to the sequence of the gypsum ancr sart beds or of
their relation to recognizable limestone, sandstone, or hard recl sandy becls.
The basal barren sandy beds were not observed, even in the deepest well.
A generalized record of one of the typical wells of the Mathieson co.
illustrates the relative distribution of the gypsum ancl salt which prevails
throughout most of the sections.

ft"tr:rrtd tt*t" tt
Thickness I Denth

69

Feet
26

195
359
215
r00
r97

Eeet
26

221
580
795
895

The record of a well on the Buena Vista plaster Co.rs property at
Plasterco, as given by T. I_r. 

'Watson, 
is as follows:

Bection of well at Plasterco, Va.

Thickness I Depth

Feet
t0
o

34
52
63
4D

ll0
70

'D45
l5

Feet
l0
16
50

t02
r65
2t0
320
390
445
490
505

Slate

Pu
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The distribution of gypsum throughout several hundred feet of strata
in the wells at Saltviile ancl Plasterco indicates that, even if the betls have

a relatively steep dip, the gypsum has a wide vertical range in the south-
western part of the area and may replace higher beds in the formation
than occur at the surface in the northeast.

Conclusions.

It can not be determined positively from the well recortls whether the
deposits are in thick continuous becls or, as has been found to be the
condition in the mines at Plasterco, in detached segregated masses. The
distinct interbedding, however, of the gypsum rrith limestone, shale, real

clay, and rock salt in the Saltville wells precludes the idea that the
ileposits were formecl in wash from the surrouncling higher areas into a
trough or lake, as suggested by Stevenson. The gypsum beds have nowhere
been mined deep or far enough to determine how they change laterally
into other sedimentary rocks. This must be inferred from such facts as

can be gathered in the mines, on the surface, and in the well recortls.
The conclusion expressed by Eckel that the deposits are strictly sedi-

mentary in origin, having been derived from the evaporation of confined
bodies of water under salt-pan conditions, is believed by ihe writer to be

only partly correct. The fact that the beds of almost solitl gypsum
50 to 100 feet in thickness vary greaUy, occurring at intervals along the
belt of these rocks, with barren areas between, and, so far as known, not
at all on the northwest side of the syrcline away from the faul! does not
harmonize with this view. That salt-pan conditions coukl be so local antl
still persist for so long a time as to form such thick becls of gypsum and
that these conditions could be repeated over and over again in the same

place while not occurring at a1l in intervening areas is highly improbabie.
The facts that the gypsum is segregated in workable deposits in the

Maccrady formation at intervals along a fault contact, with barten areas

between, and that none occurs in the same formation, so far as known,
where not adjacent to the fault, are more reasonably explainecl by assuming,
fi.rst, that g:ypsum was originally deposited as disseminated grains and
innumerable thin leaves with argillaceous ancl calcareous silt and earthy
sand of the Maccrady formation in a partly inclosed arm of the sea, at
times subjected to intense evaporation; secontl, that the g'ypsum was later
concentrated in the same formation by ground waters, which, circulating
along the fault, dissolved part of the disseminated calcium sulphate and
redeposited it in adjacent gypsiferous becls, the gypsum being segregated
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by chemical selection. The calcium carbonate in the calcareous silt was
likewise dissolved by the meteoric waters and the gypsum has taken its
place, possibly by direct replacement, the waters, being carbonated, dis-
solving the calcium carbonate and depositing the calcium sulphate.

A sample of unaltered earthy limestone from the horizon of the gypsum-
bearing clays of the Maccrady formation near Broatl Ford was analyzed. for
F. A. 'W'ilder, 

presiclent of the Southern Gypsum Co., and was reportecl to
contain 4 per cent of CaSOr. Another sample from the limestone quaffy
across the river from the Mathieson Alkali works, analyzed in the chemical
laboratory of the U. S. Geological Survey, showed 8.16 per cent of CaSOn
present. This may represent the amount of rlisseminated. gypsum present
in the original calcareous silt.

In addition to the facts mentionecl above pointing to this conclusion,
several other observations may be cited. The occurrence of large crystalline
sheets of selenite in the granocrystalline mass ancl especially of small veinlets
of satin spar in the otherwise barren inclosing clay, afforcls positive proof
that solution and redeposition may have taken place to some extent. The
massive gypsum has the appearance of bedding, tlue to the banding of gray
impurities, but on close observation this is founcl to be not sedimentary
banding parallel to the inclosing strata but concentric banding parallel to
inclosed bodies of "black rock " fine particles of the argillaceous material
producing the dark banding. These argillaceous masses may have resulted
from less soluble clayey masses in an otherwise calcareous gypsiferous betl
which was gradually encroachetl upon during the concentration of the
gypsum and particles of it were left as banded impurities in the gypsum;
similar drab argillaceous concretionary masses were observed in the red
argillite g4 teet above the base of the Maccrady formation on the road east
of Watson Gap. Or, on the other hand, the argillaceous impurities may
have been segregated in the rounded masses by chemical repulsion during
the concentration and purification of the gypsum. At least, both the
banding of the gypsum and the rounded masses of argillaceous ..black

rock" appear to have resulted from the secontlary segregation of the gypsum.
The red plastic clay that generally incloses the gypsum is probably the fine
argillaceous impurity of the earthy limestone left as a residuum, expelled
by the crystalline segregation of the gypsum, and stainecl red by containecl
iron highly oxidized when set free during the process. Thin layers of fi.ne-
grained limestone in the gypsiferous clays were apparently redepositecl from
solution as another seconclary mineral.

This theory as to the method of the concentration of gypsum is not
new, for it has been proved beyond much doubt that the remarkable rlomes
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of salt and gypsum in l-rouisiana ancl Texas were formecl by the deposition

of these minerals along spring lines at the exposed intersection of fissures

or faults,a having been dissolved and transported from some deeper-iying

beds. Secondary limestone, apparently similar to the cracklecl layers in
the clays of the llolston Valiey area, also occur in the tlomes associated

with the salt and g)lpsum. The fact that the Irouisiana deposits were

derived from lower beds suggests the possibility that the salt ancl g;rysum

in the Holston Valley area were also derived from beds at a lower horizon,

that the solutions rose along the fault, and that these minerals were

depositetl at or near the surface in their present position. This explanation,

however, is untenable, inasmuch as none of the older formations which

outcrop to the west on the slopes of Clinch Mountain-not even the

representative of the Salina, the great salt and g'ypsum bearing formation
of New York-contain deposits from which these.minerals could have been

clerivecl, and furthermore, as such strictly secontlary deposits would. be

found only at or near the surface, whereas the llolston Valley deposits

occur interbedded in the Maccrady formation to considerable depths.

If the theory of secondary concentration above suggested is the correct

explanation of the origin of the gypsum in the llolston Valley area, it
accounts for the absence of the mineral in quantity on the west side of
the syncline away from the fault, the occurrence of natural outcrops of
gypsum close to the fault, and the greater thickness of the deposits toward
the southeast, as developed by borings in the Saltvilie, Plasterco, North
Ilolston, and other tracts tested. In accortlance with this theory it may

be predicted that the gypsum will be found to extend untler the overthrust
Cambrian dolomite as far as the Maccrady formation is at the fault contact,

ancl when the deposits near the surface are workeil out deeper mining may

be carriecl in this direction.
The beds of rock salt undoubtedly had the same origin as the gypsum

and may be regarded as concentrations of somewhat saliferous beds, the

associatecl calcium carbonate of the earthy limestone being dissolvetl out
and its place taken by salt, segtegatecl by solution and redisposition
through chemical selection. Whether workable betls will be found asso-

ciated with all the gypsum tleposits can not at present be determined,

but where salt has not been encountereal in mining the g;psum there is

still a prospect that it may be discovered at greater depth close to or under
the overthrust dolomite. This is especially true southwest of Saltville,

aHarris, G. D., Rock salt: Bull. Louisiana Geol. Survey No.7, 1907; Oil and
gas in Louisiana: Bull. U. S. Geol. Survey No. 429, 1910.
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where the overriding Cambrian limestone conceals most of the Maccrady
formation, as it is apparently turned under in a minor anticline next to
the fault. Southwest of Plasterco both salt and gypsum may be expected
along the fault some distance from its outcrop under the overthrust mass
where the Maccrady formation is probably at the fault contact. This may
be proved by either drilling through an unknown thickness of tough
dolomite southeast of the fault or boring diagonally under it in the soft
rocks at the fault contact.

SUMMARY.

The gypsum and salt deposits of southwestern Yirginia described in
this report are believed by the writer to have been derived from calcareous-
argillaceous sediments which originally contained disseminated gypsum
and salt precipitated in a partly inclosed arm of the sea during the
deposition of the Maccrady formation, these minerals having been con-
centrated in the same formation by ground waters which circulated along
the fault contact between the carboniferous and cambrian rocks, dissolved
the calcium carbonate from the earthy limestones, and segregated the
gypsum and salt in the gypsiferous and saline berls by chemical selection.
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