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south of Cape Fear River and occasionally outcrop in stream bottoms
where the country is broken.

The Duplin Miocene with sandy shell marls may be expected in the
area south of the river from Tar Hill to a few miles below Elizabeth-
town and southward beyond Abbottsburg and Clarkton. The similar
sandy shell marls of the Pliocene Waccamaw formation are found be-
tween Rosindale and Cape Fear River and north of East Arcadia.
The outerop on the river at Walker’s Bluff, where a high grade shell
marl shows a thickness of five to ten feet and is overlain by about 15 feet
of sand and clay.

The following notes on marl in Bladen County were made by Mr.
John E. Smith of the North Carolina Geological and Economic Survey
during the summer of 1916:

“Some prospecting for marl has been done on the farms of Miss
Anna Guion Stith and Mr. C. W. Lyons, about three miles northeast-
ward from Dublin on the right (south) bank of the Cape Fear River.

“There is a landing on each of these and the bluff here is three
hundred yards or more from the river. This bluff reaches a height
of nearly one hundred feet and varies in gradient from nearly vertical
to very gentle slopes.

“An outerop of shell marl was found at or near a location known as
‘Oyster Shell Ridge’ on Miss Stith’s farm. The unweathered rock of
the stratum was not exposed but the loose material covering it on the
hillside indicates a total thickness at this place of probably six feet of
good shell marl. The samples obtained showed the presence of 65 per
cent to 70 per cent of a CaCOj3 which is probably much lower than would
be shown by tests of material taken directly from the marl bed. Among
the fossils observed are Pelecypods, Gastropods, Brachiopods, Bryo-
zoans, etc., part of which are well preserved, but most of them are
fragmental.

“The position of the marl bed is well toward the top of the bluff and
pits would be easily and thoroughly drained in working it. The de-
posit lies beneath five to twenty-five feet of sand and clay, on which
heavy timber stands, and therefore could not be exploited profitably in
small areas unless larger ones are found; these a considerable search
along the bluff failed to reveal. Several occurrences of marl along
the creeks in this vicinity and one or more along the road to Lumber-
ton are reported.”

What was probably Duplin marl has been dug on the Clark property
four miles southeast of Elizabethtown. It has been dug from time
to time for local use without grinding and is reported from the Pierce
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property, two miles northeast of Clarkton and along Brick Yard branch,
four miles south of Clarkton.

Marl is also reported at various localities in a belt extending along
the tributaries of White Marsh Creek from about four miles north of
Clarkton southward to Whiteville in ‘Columbus County.

The analyses available from the records of the State Department of
Agriculture show considerable variation in quality and a range of 44
to 94 per cent calcium carbonate.

Corumsus CouNTy

The surface is formed by the sands, loams, and swamp deposits of
the Wicomico and Chowan Pleistocene formations. The Wicomico is
the higher, better drained, and more rolling of the two and reaches
elevations of upwards of 80 feet. It forms the northern and western parts
of the county. The Chowan is lower, occupies the southern and eastern
section of the county, and contains broad areas of swamp land. The Pee
Dee cretaceous underlies the whole county beneath the thin mantle of
these Pleistocene formations. It contains no marls of agricultural
value, although large amounts of the Pee Dee materials are utilized by
the Acme Fertilizer Company as a filler for commerical fertilizer.

Beneath the Pleistocene mantle and occupying depressions in the
surface of the Pee Dee cretaceous shell marls of the Duplin Miocene
and Waccamaw Pliocene are often encountered. These usually are
present as thin beds of shell marl or rock, and may be met with in any
part of the county, although none are reported from the southern half
of the county. The Duplin formation outcrops along the north shore
of Lake Waccamaw and underlies a considerable area northeast of the
lake.

The outcrop on the lake shore and in adjoining gullies shows two to
ten feet of ferruginous sandy clay of Pleistocene age, beneath which is
an eight foot bed of Duplin marl, consisting of broken shells embedded
in broken shells and sandy clay. Beneath this there is a four foot bed
of compact shell limestone. The upper bed of shell marl has been found
near the surface at various localities in the vicinity of the Florence
Branch of the Atlantic Coast Line R. R. from the vicinity of Bolton
westward as far as Fair Bluff and has been dug sporadically and spread
broadeast on the land at various localities near Bolton, Whiteville, Chad-
bourne and Fair Bluff. It is of low grade and usually too sandy to be
useful except on heavy clay soils. Analyses of several samples show a
varying caleium carbonate content ranging from 30 per cent to 60 per
cent. The shell limestone underlying the marl in the vicinity of Lake
Waccamaw contains traces of phosphoric acid and 55 per cent calcium
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A. Marl pit in the Duplin formation, one mile east of Magnolia County

B. Exposure of limestone of the Duplin formation, north shore of \Waccamaw Lake,
Columbus County
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carbonate. As it is deeply buried, except_along the lake shore, and
would require grinding to be of use, it is not to be recommended as a
source for agricultural lime. (See Plate XVI, A and B.)

The Waccamaw Pliocene contains local deposits of shell marl of
high grade, but usually of slight extent and thickness. It underlies con-
siderable areas in the vicinity of Acme (formerly Cronley) in the
eastern part of the county. It overlies the Pee Dee Cretaceous in the
workings of the Acme Fertilizer Company at Acme but is only a few
inches thick and is not utilized. It occupies a number of small basins
northeast of Acme in the vicinity of Neills Eddy Landing on Cape
Fear River and was formerly worked commercially by B. F. Keith
Here the country is timbered and the overburden heavy, ranging from
five to fifteen feet. For ten years or more prior to 1913 operations
were carried on. The marl varied slightly in quality, analyses made
for Mr. Keith by the State Department of Agriculture showing from
65 to 95.83 per cent calcium carbonate, and the ground product 85
per cent. Sample collected by the writer in 1918 showed 0.46 phosphoric
acid and 77.96 calcium carbonate. On account of the heavy overburden
the plant was moved to a locality about one-fourth mile south of Green-
bank Landing.

The overburden is shoveled into small cars that run on a tramway
and is dumped into the pit filling it at some distance back from the
face of the marl, as progress in excavation is made. The marl is
easily loosened with picks and no blasting has been done. Pits have
been opened at various distances not exceeding 500 yards from the
crusher, to which the marl is transported in a tram car, (capacity, half
a ton) drawn by a mule. As the crusher is of the swinging hammer
type, the marl must be thoroughly dried before reaching it; this is
accomplished by means of the method known as the American process.
A hollow tube 22 feet long and about two feet in diameter is mounted
in such a way as to permit rotation while the lumps of marl are passing
through it. This tube is placed between a brick furnace and a smoke-
stack, with the furnace end about three feet lower than the other, and
conveys a direct blast of heated air from the furnace to the smokestack.
The marl enters this revolving drum at the upper end and passes in
three minutes to a conveyor at the lower end that transports it to the
crusher. The capacity of the dryer is eight to ten tons daily. Power
for all of the machinery is supplied by a 15 horse power gasoline
engine.

The ground marl is stored in a bin as it leaves the crusher. From
the bin it is put into bags of 200 pounds each, and transferred to
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lighters (capacity 60 tons each) on the river only a few feet away. At
Wilmington it must be reloaded, and is sold for $7.50 to $9.00 per ton
f. 0. b. cars. This lime is used as a soil amendment.

The mill is usually in operation from September or October to April
or May, but in 1913 did not begin until late in November, when it was
installed in its new location. The annual output varies from 600 tons
to 1,000 tons, and when the plant is run at full capacity about 15 men
are employed.
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A. Working Marl deposits with hand labor

B. Exposure of Pleistocene coquina rock, New Hanover County



PART IV

NORTH CAROLINA’S POSITION IN THE MARBLE, LIME-
STONE AND LIME INDUSTRIES

INTRODUCTION

The unfortunate position of North Carolina and South Carolina
with respect to the great limestone resources of the country is shown
in Plate 1. The great series of extensive limestone and dolomite for-
mations of the Appalachian Mountains passes southwestward through
Virginia and West Virginia, across eastern Tennessee within a very
short distance of the North Carolina boundary, across the northwest
corner of Georgia and into central Alabama. Only a few relatively
small outliers of this great series are found in western North Carolina,
and besides these there are only small deposits, mostly of inferior quality
and unfavorable location, in the western half of the State, and marl or
shell rock deposits, most of which are also inferior, in the eastern part.

So far as the actual tonnage of limestone in the more important
deposits is concerned, the state’s resources are considerable, but their
restricted distribution and distance from large markets compared with
the more widely distributed deposits of the other states further limits
their industrial importance.

The first table below, compiled from reports of the State Geologist,
shows the comparatively small total value of marble, limestone, and
lime produced in North Carolina since statistics have been available,
and later tables show the corresponding total values of limestone and
lime produced in adjacent states during recent years.

TorAL VALUE or MARBLE, LiMEsTONE, MARL, AND L1ME PRODUCED IN NORTH CAROLINA
1898 To 1918, INCLUBIVE

1808.....| 8 1,156 | 1904...... $ 19,887 | 1910...... $ 77,585 | 1916...... $ 176,164
1809....... 300 | 1905...... 29,015 | 1911...... 81,651 | 1017...... 233,950
1908 fecenennnnenna. 1906....... 72,051 | 1912._.... 100,766 | 1918...... 220,407
1901 ... 8,266 | 1007...... 46,338 | 1913...... 140,364
903 23,153 | 1908...... 53,405 | 1914_...._ 154,888
1908.......| . 25,365 | 1909...... 106,931 | 1915 .. |...... 164,346

[139]
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The production of marble and limestone (including marl) in North
Carolina, compiled from reports by the State Geologist and the U. S.
Geological Survey, is shown in the following tables, in as much detail
as available data permit:

LimMesToNE (INCLUDING MARBLE AND MARL) SoLb IN NorTH CAROLINA, 1808* To 1918, INcLUSIVE.

*The only sale reported in 1898 was riprap valued at $450.

tIn 1901 a value of $237 was reported by the State Geologist for limestone sold for building. No
marble was sold in that year. The value for 1907 also represents rough limestone.

$The figures to 1916, inclusive, include marl. Marl production in 1917 and 1918 shown in another

table.
qLess than three producers. Figures withheld to avoid disclosure of confidential information.

MARL SoLp IN NorTH CAROLINA IN 1917 AND 1918°

Quantity Average Price
(Short Tons) Value Per"{’on
) ] & P 31,728 $29,261 $2.49
4] 1. SRR 29,634 86,585 2.92

*Production prior to 1917 included with that of pulverised limestone in the preceding table, or in
that of lime on page 000.

MARBLE

Activity in developing marble quarries in North Carolina has been
intermittent since 1900, if not earlier, but in no year have sales been
made by more than one company. During this period marble quarry-
ing has been an important industry in the neighboring states of Ten-
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nessee, Georgia and Alabama. Its annual value during recent years
has averaged about $1,000,000 in Tennessee and Georgia, and the marble
has been sold throughout a great part of the country. The marble
deposits of North Carolina are less favorably situated so far as freight
rates are concerned, but this is probably not the main factor retarding
development, as marble of superior quality and attractiveness has been
marketed throughout the country in spite of high freight rates and long
hauls. Most of the marble thus far prospected in the state has been
too much fractured to be quarried economically, and no more attractive
than marbles well established in the trade. The stone quarried by the
Regal Marble Company, at Regal, Cherokee County, is a partial excep-
tion to this rule, as it is in part different in appearance from any other
marble quarried east of California, and has found favor as a monu-
mental stone. At a few other places in Cherokee, Macon, and Swain
counties marble of sufficient quality to merit development has been found,
some of it resembling marble quarried in Georgia and some of it of un-
usual if not unique color, but, all things considered, North Carolina is
not destined to become an important marble-producing state.

The following notes on development are taken from the State Geolo-
gist’s reports on the mining industry in North Carolina from 1900 to
1912 inclusive:

In 1900 the Notla Marble and Talec Company was active a large part
of the year at the Kinsey quarry, 5 miles southwest of Murphy. Four
channelers were in operation and some splendid blocks of marble were
taken out, but no sales of marble for building or monumental work were
reported during that year or subsequent years. The only sales reported
from this quarry have been for flux.

The Culberson quarry, to the southwest and near the North Carolina
boundary, was under development about the same time. No sales of
marble have ever been reported from it, however, although some waste
stone may have been sold for flux.

At Regal, 3145 miles northeast of Murphy, development work began
probably in 1902 and sales of monumental and building stone were made
in 1903 and 1904. No production was reported during the next three
years, but sales have been made in every subsequent year, from 1908
to 1918.

In 1907 efforts were begun to interest capital in marble deposits in
Swain County, and during the following 2 or 3 years the North Carolina
Mining and Tale Company did some development work. Some blocks
were quarried for exhibition purposes, but no sales of marble were re-
ported at that time or in subsequent years.
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Prospecting for marble at other places in Cherokee and Swain
counties has taken place at different times, but there have been no devel-
opments comparable with those mentioned in the preceding paragraphs.

All of the other limestone deposits described in Part II of this re-
port are crystalline and may be termed marble, from the strictly geo-
logic standpoint, but very little of it would meet the commercial require-
ments of marble.

LIMESTONE
Present Uses

The production of limestone, including marble for flux, and marl or
shell rock for road metal, has increased from practical insignificance
in 1900 to a total value of more than $100,000 in 1917; but this value,
as shown by the accompanying table, has been much less than that of
any other southeastern state except Georgia and South Carolina. Geor-
gia has an abundant supply of limestone in its northwest corner, be-
tween the productive districts of Tennessee and Alabama, which limit
its markets in these states, which are nearer than markets, other than
agriculture, within its own area. Deposits in South Carolina are even
fewer than in North Carolina.

ToTAL VALUE OF LiMesTONE IN CERTAIN SOUTHEASTERN StATES, 1913-1018, INCLUBIVE

1913 1914 1915 1916 19017 Principal Uses

Alabama__.___._. $ 812,664 | $ 787,214 | § 426,266 ( $ 917,599 | § 1,278,008/ Mostly flux, con-
siderable crushed
stone, also building,
agricultural and rip-
rap.
Florida..._...._._. 156,589 343,799 354,673 479,837 494,568 Mosetly crushed
stone; also agricul-
ture and building.

Georgia.......... 83,809 80,216 86,254 82,709 155,172 Agriculture and
crushed stone.
‘Tennessee. . ...... 643,586 678,068 855,245 752,049 750,639 Mostly crushed

stone; considerable
flux; also agricul-
’ ture and riprap.
Virginia.._........ 598,032 | 1,194,261 | 1,534,545 | 1,062,247 | 1,263,284 Mostly crushed
stone; considerable
flux; also agricul-
ture.
West Virginia.__.| 1,046,625 778,749 922,766 | 1,452,393 | 1,788,528 Mostly flux; also
' crushed stone and
comparatively little
for agriculture.

North Carolina’s increase in the production of limestone has been
due mainly to the marked increase in pulverized limestone for agricul-
ture. This has been a rather important product in the neighboring
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states, but very subordinate to crushed stone and flux in all except
Georgia. North Carolina’s value of pulverized limestone sold has ex-
ceeded that of most of the other states, even Virginia and West Virginia,
in some years.

Fluz.—The flux represented in the accompanying table was mostly
waste, sold to furnaces and smelters in southeastern Tennessee, from the
marble quarries in Cherokee County, principally the Kinsey quarry.
A small quantity has been sold during the past year or two by Clinch-
field Lime Company, Asheford, to open hearth steel plants. Quarries
of fluxing stone in Cherokee County must compete with quarries in
northen Georgia and southeastern Tennessee, and it is significant that
no quarries in that county or elsewhere in North Carolina were worked
for flux in 1916 to 1918, although the demand for copper and iron was
unusually great. Either more suitable stone can be obtained elsewhere,
or satisfactory stone can be quarried more economically elsewhere now,
that the supply of waste marble and stone above water level at the
Kinsey quarry has been largely exhausted. Stone to be suitable for
flux should contain very little silica and alumina, or “insoluble” (pre-
ferably 2 per cent or less), should be practically free from phosphorus
and sulphur. Both high calcium and high magnesium or dolomitic
stone is satisfactory, each being preferable in certain particulars. Of
the 37 limestones represented by analyses tabulated on pages 149-
151 only 14 are sufficiently low in silica and alumina to receive
very favorable consideration. Of these the dolomite marble in Mitchell
County (analyses 19 and 20) is by far the best. It is on the line of the
Carolina, Clinchfield & Ohio Railroad which connects it with industrial
centers in northeastern Tennessee. Anaylsis No. 31 is also unusually
low in “insoluble,” but is probably not an average of the rock quarried,
and is much more distant from metallurgical centers.

Crushed Stone.—The crushed stone sold from 1901 to 1910 was
mainly if not wholly shell rock from New Hanover County. Craven,
Columbus, Beaufort, and Jones counties also furnished this material
during the next few years, but very little of it is used at present. An
intermittent production of crushed dolomite began at Hewitts’ in Swain
County in 1912; more steady production began at Fletcher, Henderson
County, in 1912, and at Asheford (Linville Falls Station), McDowell
County, in 1916. These three quarries have railroad connections and
are equipped to supply a considerable demand. The low price of
crushed stone, however, and the availability of granite in the central
parts of North Carolina and South Carolina partially limit their mar-
kets to the western parts of these two states, where large cities are few.
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The results of physical tests on limestone and dolomite made by the
Bureau of Public Roads, U. S. Department of Agriculture, are given in
the table below.67 In the table the term marble implies crystalline high
calcium limestone. The weights per cubic foot of the marbles are very
close to the theoretical weight of pure calcite, and signify a general
absence of pore space, which is also indicated by the low degree of
absorption. Of the dolomites that marked “Hewitts, Macon County’
(probably from Swain County as it was shipped from Hewitts, Swain
County) has almost the theoretical weight per cubic foot of pure dolo-
mite. The others are not quite so heavy, probably because of the small
percentage of calcite present.

The high calcium rocks show a somewhat higher percentage of wear
(a lower French coefficient of wear) than do the dolomites, and are
hardly suited for more than light traffic (less than 100 vehicles a day).
That of the dolomites, however, is for moderate traffic (100 to 250)
vehicles a day) on water-bound macadam and for moderate to heavy
traffic on bituminous roads. The same remarks apply to the tests for
hardness and toughness, which, so far as available, compare favorably
with the average for limestones, dolomites, and marbles in the country.
Test No. 8,295 is rather unusual, showing a comparatively high coeffi-
cient of wear, but inferior hardness and toughness. Only three of the
tests show more than low cementing values.

®"Hubbard, P., and Jackson, F. H., The results of physical tests of road-building rock:
Dept. of Agriculture, Office of Public Roads and Rural Engineering, Bull. 370, pp. 6-12, and
651-53, 1916; also, The results of physical tests of road-building rock in 1916 and 1917:
Bull. 670, p. 15, 1918,
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Rzsurts or PrYsICAL TE8Ts OF MARBLE (CRYSTALLING LiMEsTONE) AND DoLoMITE Yor Roap-BuiLpiNa Rock

Absorption|
Berlal T t, County |Name of Material s | Per Cent b
| T g Sk lophen] U (o7 st | T | Oppaine
3,383 Cherokee .| Marble.......... 172 .16 6.0 6.7 14.1 3 61
6.199 Cherokee .| Marble.......... 172 .28 4.4 9.1 14.7 6 21
6,106 Cherokee . 171 .08 4.7 8.5 14.0 4 21
11,507 Cherokee . 169 .35 6.06 6.6 12.3 3 i
8,977 Macon....
181 .21 6.0 6.6 15.2 10 9
8,205 | Hewitts_...._............._. Swain.._.. 178 34 3.9 10.3 12.5 3 39
504 | Hot Springs.__. Madison __ 178 .13 4.2 9.5 . M d
772 | Hot Springs..............__ Madison. . 178 .22 5.5 7.2 . . 21
868 | Marion (Woodlawn)...__... McDowell. 175 .27 4.7 8.6 . b 21
11,397 | Asheford....... ... _._.__.__ McDowell.
178 .41 4.5 8.9 16.0 8 25
4,963 | Asheville(probablyquarried
at Asheford,McDowell
County). ... Buncombe| Dolomite........|.......__._| _........_. 4.0 10.0 17.3 14 18
Average limestone and dolomite in United States. ................ {Limest?ne, 168} __________________________ 8 15 7 | Lees than 25
Dolomite, 170,
Average marble. L 173 | 14 5 | Less than 25
Light traffic 5to8 5to8 10to17| 5to9 Lessthan25low
Requirements for water-bound macadam._.__.._.._. ... .. ___. Moderate traffic 2.7to b 8to 15 above 14 10 to 18| 26-75 average
Heavy traffic below 2.7 above 15 above 17 | above 18{| Above 75 high
Requirements for bituminous roads....._..____..... ... .. ... .. Light to moderate traffic Not over 8 [ 2 P 5
Broken stone with bituminous carpet or bituminous broken ston
with seal coatt. .. ... Moderate to heavy traffic | Not over 5.7 10
Bituminous concrete with or without seal coatt .______._......____ l;;ﬁz:r:;otenlzd::::;t::ﬁﬁgc N;Jto:v::ei'i - B l;
Requirements for Portland cement roadst......... .. .._._...._._. Moderate traffic =~ | .____.... Not less
Heavy trafic =~ |.._..........__. than 8

*Test not made.

tLight traffic implies less than 100, moderate traffic 100 to 250, and heavy traffic more than 250 vehicles a day.

VNITOUV]) HLHO)N J0 STVJy ONV SINOLSANIT
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Agricultural Limestone—The use of pulverized limestone as a fer-
tilizer or soil amendment has increased rapidly during the last ten
years, increasing six-fold from 1911 to 1916. North Carolina’s pro-
duction has made even greater increase during these years, and has
continued to increase during 1917; but there was a marked decrease
during 1918, owing to adverse conditions of transportation during the
war.

The figures for years prior to 1917 include a certain quantity of marl,
but this product is shown separately for 1917 and 1918. Marl at
present is produced by the State Department of Agriculture, the Trent
River Marl Co. and a few others who produce for local use. It is
probable that some small quantities dug occasionally by farmers at
various places for their own use are not included in the figures of pro-
duction. The production in 1918 increased considerably over that of
1917, but not enough to offset the decrease in pulverized limestone.

The great majority of the marl deposits of the state, as shown by
Berry and Cushman in Part III, are too low in lime content and too
unfavorably situated to be of more than strictly local interest. Only
those near New Bern and Wilmington are capable of supplying more
than local demand. They are especially favored by water transporta-
tion to points along the coast and by railroad connections to points in
the eastern half of the state and in the adjacent part of South Carolina.

Pulverized limestone is produced by the Buquo Lime Company at
Hot Springs, Madison County, the Blue Ridge Lime Company at
Fletcher, Henderson County, and the Clinchfield Lime Company at
Asheford (Linville Falls Station), McDowell County. Part of the pro-
duct enters into manufactured fertilizers, and part is applied directly
to the soil. The rocks pulverized at Hot Springs and Asheford are
both dolomites, or high magnesian limestones. That at Fletcher is
in part high caleium and in part high magnesium, and the average
product marketed is about midway between the two in composition.
The State Department of Agriculture has opened a quarry and pulver-
izing plant in eastern Tennessee to produce high calcium rock, as the
only readily accessible high calcium rock of good quality in North
Carolina, except a part of that quarried at Fletcher is in Cherokee and
Swain counties, where freight rates are so high that it is more eco-
nomical to import limestone from Tennessee. Iigh calcium rock of ade-
quate purity may exist in Buncombe County northeast of Fletcher but
can be located only by prospecting at considerable expense. High cal-
cium rock has also been reported in the vicinity of Hot Springs. This
was found unsuitable for burning into lime but may be satisfactory
for pulverizing. By far the greater part of the limestone deposit at
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Hot Springs, including that now produced for agricultural use, is the
high magnesium variety. Although the State Department of Agricul-
ture favors high caleium limestone for use on the soil, both high caleium
and high magnesium limestones have been applied in various parts of
the country with satisfactory results. So far as marls and high mag-
nesium limestones are concerned, the present producers are well situated
for supplying the greater part of the agricultural demand. Further
discussion is given on page 167, under burned lime for agriculture.

Requirements for Other Uses

The quantity and value of limestone sold for various uses, other
than the manufacture of cement and lime in 1916, 1917, and 1918, is
shown in the following table.68

LiuzsToNE PRODUCED IN THE UNITED STATES IN 1916 ,1917 AND 1918. BY Usks

*Partly estimated.

tIncludes stone sold as a filler for asphalt, paint, rubber, soap. and other material; stone sold for
the manufacture of basic magnesium carbonate; stonesold to alcohol works and calcium carbide works
dolomite sold for use in making refractory products; stone sold for chicken grit and other products
cPaving blocks and flagging included in curbing.

®Loughin, G. F., and Coons, A. T, Stone in 1917: Mineral Resources of the United States,
1917, part II, pp. 649 and 654, 1919. Stone in 1918: Mineral Resources of the United
States, 1918; part II, pp. 1251-1285, 1920.
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In addition to this great quantity the following approximate quan-
tities were used in the manufacture of cements and lime.

Lime used in cement and lime industries in 1916, 1917, and 1918 in
short tons:

Portland cement (including limestone 1916 1917 1918
and ‘some ‘“cement rock”)........ 23,323,220 24,640,230 17,658,700
Natural cement.............e0vvuunnee 158,054 102,260 67,300

Lime .......ciiuiiiiiiiiiiiiiiiinnnns 7,685,723 7,194,000 6,400,000

31,166,997 31,963,490 24,126,000

The total quantities used for all purposes in these 3 years, about
98,400,000, 95,400,000 and 78,000,000 short tons, respectively, proves
the importance of limestone in the industrial world. The three leading
products, flux, crushed stone, and Portland cement, far exceed the others
in quantity of limestone used. Lime is a poor fourth, stone for alkali
works, fifth; agricultural stone, sixth; riprap, seventh; building stone,
eighth ; stone for sugar factories, ninth, and stone for glassworks, tenth.
Of these products the only ones represented in North Carolina’s output
are flux, crushed stone, agricultural stone, and burned lime. The
conditions limiting the output of the first three have already been con-
sidered. The lime industry of the state is discussed on pages 159
to 165. ? :

As the suitability of limestone for most of the remaining uses depends
upon its chemical composition, available analyses of limestones in
North Carolina are given here before their qualifications for different
usese are considered.



ANALYSES OF LIMESTONE IN NORTH CAROLINA

Crzroxss County

-
o
3
-3
[
©
S

Alumina (Al503)......
Ferric oxide (FesO3)...
Ferrous oxide (FeO).....
Manganese oxide (MnO).....

Lime or calcium oxide (CaO)........._...._....
Magnesia or magnesium oxide (MgO)
Strontia or strontium oxide (SrO)....
Potash or potassium oxide (K:0)..
Soda or sodium oxide (Naz0).
Water below 110° (HsO—)._.
Water above 110° (H:0+).
Carbon dioxide (CO4)...... o oo oo ...
Phosphorus pentoxide (PsOs)
Sulphur. ...
Sulphur trioxide (SOs)..
Chlorine (Cl)

Dolomite..

102.46 199.80 (98.68 |99.39

57.88 | |oeenos 53.82
4112 | 43.47
8.91

90.07

*Calculated
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ANALYSES OF LIMESTONE IN NORTH CAROLINA—Continued

Strontia or strontium oxide (SrO)...
Potash or potassium oxide (K:0).
Boda or sodium oxide (Na0)._.
Water below 110° (H:0—)
Water above 110° (H:0+)
Carbon dioxide (CO3)
Phosphorus pentoxide (P303)....

Sulphur trioxide (SOa)...........
Chlorine (Cl)

Swain County Lé:ﬁ:f; h(g:)‘:xl::;l McDowell County

11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
Insoluble ... ___ ... |4270 . )| .75 1S b2 DRI FUURIIN SR ISR RPN Sy SUURITE SR S SR S
Silica (SiOs)....._.__...__. 13.20 |ocooofaeaeaas .38 1.01 | 1.92| 1.68) 5.96 ( 1.87 | 1.81 60)1.40 | 2.74 | 185
Alumina (Al:O3)...___..___ 1.82|---a--- 11 .18 .88 | 1.76 .60 1.300.14 | 1.32 70| .70 063|024
Ferric oxide (FesOs)....... .42 073 0.56 | 0.49
Ferrous oxide (FeO).......___.............. | feoo)eaaos I -2 RSO DU PRI SRR USUN PRI SRR SO PR U N R SR
Manganese oxide MnO)______________.______ || ... X173 (RN DR SRS RSN ORI (R SO DU IR U I AU S
Lime or calcium oxide (CaO)......__. 17.62 [52.33 (31.00 {47.35 | 33.31 | 30.67 | 31.29 | 30.93 | 29.60 | 29.97 | 20.13 [30.68 |30.59 | 30.29 |29.23 |29.52 (290 68
Magnesia or magnesium oxide (MgO) - 11.48 | 1.69 {20.21 | 1.09 | 18.87 | 21.43 | 21.08 | 20.59 | 20.79 | 21.20 | 19.56 ;19 57 [19.29 | 21.22 [19.58 [19.85 (20.01

Totals ... ... ... 08.27 (98.17 |...... 99.97 | 99.74 |100.15 |100.08 [100.01 [100.02 | 99.97 {100.02 (98 41 [99.99 | 99.01 |95.38 (98.51 |97 62
59.50 | 54.80 | 55.88 | 55.23 | 53.02 | 53.52 | 52.01 |.._... 54.58 | 54.05 [52.16 | ... |......

30.65 | 45.02 | 44.27 | 42.80 | 43.32 | 44.17 | 40.75 |..___. 42.28 | 44.56 [41.12 |.____|_.__..

...... 72.00 | 12.30 | 1.20| 3.18( 4.03 | 1.04 | 0.52( 3.11 |......|4.25| 1.00|3.21 | ____|......

...... 4.97 | 86.85 | 98.62 | 96.97 | 94.09 | 95.30 | 97.17 | 89.65 |......[92.61 | 97.61 |90.07 | _____[....__

*Calculated.

tAbout 3 per cent in excess of carbonate rations; may represent water or iron carbonate.

0ST
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ANALYSES OF LIMESTONE IN NORTH CAROLINA—Continued

Henderson County "’..‘d‘”." ‘-:’..‘“'.‘:‘ }.“"°°!‘_‘
28 29 30 31 32 33 M 35 36
Insoluble. - . ieeiaieieceeeeccmcececcaecececccecesccescemconaen
Silica (SiO2).cccnen...
Alumina (Al1204)
Ferric oxide (Fe10,) [ ~7777 77777 7rmmmrmmnommommmenanaamnasanannsan s
Ferrous oxide (FeO). ... e ceceeeceeeeececccieeeeeaea

Manganese oxide (MnQ)
Lime or calcium oxide (CaO).__..__..
Magnesia or magnesium oxide (MgO)
Strontia or strontium oxide (SrO) ... . iiieiiiimeiceaas
Potash or potassium oxide (K20) .. i iiiiiiiiciiaaoaas
Soda or sodium oxide (Na20)........
Water below 110° (H20—)....__.___..
Water above 110° (H204)........_...
Carbon dioxide (COs2)....._....._..

D 020) 103 o 12.05 | 7.45| 6.07 | ..._..|....._. ) U T, T PN RN P
Caleite . ...l e eceemeeeeeeaaaee 88.29 | 01.15 | 92.02 |..._._.|-.--.-. (/N7 S PR R PO,
*Calculated.

$1f all lime and magnesia are calculated as carbonates the analysis totals 107.59. They are probably present in part as silicates.
$Part of lime and magnesia probably present as silicates.
$Calculations of nll the lime and magnesia as carbonates would give a total of 106 per cent.

VNITOEV]) HI¥ON 40 STUV]] ANV SINOLSANIT
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CHEROKEE COUNTY—No. 1. Culberson Quarry. Marble. Nitze, H. B. C,
Iron ores of North Carolina, First Biennial Report of the State
Geologist, 1891-92—56.

2. Kinsey Quarry. Marble. Nitze, H. B. C., Iron ores of North Car-
olina, First Biennial Report of the State Geologist, 1891-92—56.

3. Kinsey Quarry. Pink marble. (Pratt, J. H., N. C. Geol. Survey.
Econ. Paper No. 3, pp. 22-23, 1900, Charles Baskerville, analyst.

4. Kinsey Quarry. Blue marble. (Pratt, J. H., N. C. Geol. Survey,
Econ. Paper No. 3, pp. 22-23, 1900, Charles Baskerville, analyst.)

5. White marble in contact with talc. (Pratt, J. H., N. C. Geol. Sur-
vey, Econ. Paper No. 3, pp. 22-23, 1900, Charles Baskerville,
analyst.)

6. Marble. Hayes place, Tomotla.

7. White marble, Hickerson's place, near Andrews (Nitze, H. B. C,,
Iron ores of North Carolina, Bull. 1, p. 209, 1893.)

8. Marble. Regal Quarry. W. B. Kilgore, analyst.

10. Motley Mine, one mile northeast of Tomotla. White marble in
contact with talc. (Pratt, J. H, N. C. Geol. Survey, Econ
Paper No. 3, pp. 22-23, 1900, Charles Baskerville, analyst.)

SwaIN CouNTtY—No. 11. Hewitts. White marble in contact with talc. (Pratt,
J. H, N. C. Geol. Survey, Econ. Paper No. 3, pp. 22-23, 1900,
Charles Baskerville, analyst.)
12. Hewitts. Marble. (The mining industry in North Carolina dur-
ing 1901, Economic Paper, No. 6, p. 80, 1902.)
13. Hewitts. Dolomite. (State chemist.)

MapisoN CounNTtY—No. 14. Marble from Marshall, N. C.,, E. C. Sullivan, an-
alyst. (U. S. Geol. Survey, Bull. 591, pp. 227-228, 1915.)
15. Hot Springs. G. C. Buquo Lime Co.’s quarry. Dolomitic limestone.

MircHELL CouNTY—NoO. 16. Marble from Bakersville, N. C., E. C. Sullivan,
analyst. (U. S. Geol. Survey, Bull. 591, pp. 227-228, 1915.) Prob-
ably the Intermont (Toecane) deposit.

17. Marble from Intermont (Toecane), furnished by the Carolina,
Clinchfield and Ohio Ry.

McDoweLL CounTtYy—No. 18. Dolomite from Avery tract. Furnished by Car-

olina, Clinchfield and Ohio Ry.

19. Dolomite from Henofer tract and adjoining lands. Furnished by
Carolina, Clinchfield and Ohio Ry.

20. Dolomite from near Linville Falls Station. Furnished by Car-
olina, Clinchfield and Ohio Ry.

21. Dolomite from near Linville Falls Station. Furnished by Car-
olina, Clinchfield and Ohio Ry.

22. Dolomite from Clinchfield Lime Co., Linville Falls Station.

23. Dolomite from Pitts tract. Furnished by Carolina, Clinchfield
and Ohio Ry.

24. Dolomite from Woodlawn. Diamond drill boring made by N. C.
Geol. Survey, F. P. Venable, analyst.

26. Dolomite from Woodlawn. (Bull. 1, N. C. Geol. Survey, 1893, p.
233, W. B. Phillips, analyst.
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26 Dolomite from Woodlawn. Analyst, N. C. Dept. of Agriculture.
27. Dolomite from Woodlawn. Analyst, N. C. Dept. of Agriculture.

HENDERSON CoUNTY—No. 28. Marble from Fletcher. George Steiger, analyst.
U. S. Geol. Survey, Bull. 591, pp. 227-228, CO, calculated to sat-
isfy bases. ’

29. Limestone from Blue Ridge Lime Co., D. K. Pope, analyst. N. C.
Geol. Survey, Economic Paper, No. 9, p. 76, 1905.

30. Limestone from Blue Ridge Lime Co., D. K. Pope, analyst. N. C.
Geol. Survey, Economic Paper, No. 9, p. 76, 1905.

31. Limestone from Blue Ridge Lime Co. Analyst, N. C. Dept. of
Agriculture.

32. Dolomite from Blue Ridge Lime Co. Analyst, N. C. Dept. of
Agriculture.

JacksoN CouNTY—No. 33. Marble from Caney Fork. Partial analysis by W.
T. Schaller, U. S. Geol. Survey, Bull. 5691, pp. 227-228, 1915.

CatawBa CouNTY—NoO. 34. Dolomite from Powell quarry. N. C. Geol. Sur-
vey, First Biennial Report, 1891-92.
35. Dolomite from the Shuford quarry. N. C. Geol. Survey, First
Biennial Report, 1891-72.

LincoLxy CouNTY—No. 36. Dolomite from the Keener quarry. N. C. Geol.
Survey, First Biennial Report, 1891-92.

Most of these analyses were incomplete, and the percentage of carbon
dioxide was calculated. Where silica, alumina, and iron are very low,
the calculated percentage is essentially accurate, and where it does not
bring the total within 0.25 of 100, some error has evidently been made
in the analyses. Where alumina, iron and especially silica amount to
considerably more than 1 per cent, a part of the lime and magnesia were
probably combined with them to form such minerals as feldspar, tre-
molite, and epidote, and the calculated percentage of carbon dioxide is
correspondingly too high. This is evidently the case in analyses Nos. 7,
14, and would be in Nos. 37, 38, and 38, in which calculated carbon
dioxide would bring the totals to as much as 106 or 107 per cent. In
analysis No. 17, where carbon dioxide has been definitely determined,
it is insufficient to balance both lime and magnesia. If all the magnesia
is regarded as carbonate, only 41.83 of the 47.35 per cent of lime can
be present as carbonate, the balance entering into epidote and other
silicates which are known to be present.. Where, in spite of the rather
high percentage of impurities and the calculated carbon dioxide, the
total is considerably below 100, the difference may be due in part to
failure to determine other constituents, notably alkalies, but is more
probably due to inferior analytical work.

The incompleteness of the analyses is also shown by the general fail-
ure to separate alumina and iron oxides, or to determine the constituents
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of “insoluble.” Without accurate determination of these constituents
it is impossible to state whether a limestone can be recommended for

certain uses.
PorTLaND CEMENT

Portland cement is made by burning a definite mixture of finely
ground limestone and shale, or other rock containing the requisite quan-
tities of silica, alumina, and iron oxides to fusion, and finely grinding
the resulting clinker. The raw mixture containg about 75 per cent
calcium carbonate and 25 per cent of silica, alumina, and iron. As
the limestone is finely ground its original form is of little consequence,
and may be ordinary limestone, marble, chalk, or marl. Furthermore,.
as a certain quantity of silica, alumina, and iron is to be mixed with
it the presence of these impurities in the limestone is not objectionable.
Some limestones contain approximately enough of them to yield a
cement without admixture of shale, and are called cement rock. Large
quantities of “natural cement” were formerly made from cement rock,
but the more carefully prepared Portland cement has almost entirely
replaced it in the building industry. - Limestone for Portland cement,
however, must not contain more than 7 per cent of magnesia, as mag-
nesia tends to hydrate, or combine chemically with water, after the
cement is in use, causing it to swell and disintegrate. The alkalies
were formerly considered undesirable, if in any considerable quantity,
but may be volatilized during burning and a large part of the potash
present recovered as a by-product. ’

"Few of the analyses on page 149 are sufficiently complete to show
the potash content, but magnesia and silica, alumina, and iron together
or separate are shown in all. “Insoluble” shown in some of the analyses
consists principally of silica and alumina with some iron. In most of
the analyses the magnesia is much higher than the maximum allowance
for Portland cement.

By far the most promising deposits for manufacture of cement are
those along the Murphy Branch in Cherokee and Swain counties. From
Murphy northeast to Marble Station there is high calcium limestone
(marble), accompanied by beds of high magnesium limestone; but it
lies in depressions so that quarry operations necessarily involve pump-
ing. As the formation is largely concealed beneath soil, it is impossible
to predict where a sufficient quantity of high calcium rock free from
high magnesium rock can be found. The marble quarry at Regal gives a
general idea of the relation between topographic and quarrying condi-
tions and shows the largest exposure of high calcium rock in the state. A
gravity water supply can be obtained from creek tributary to Valley
River. From Marble east to Andrews the broad valley along the rail-
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road is underlain by marble. The only available analysis ((No. 12)
shows a high magnesium content, but it is possible that prospecting
with a drill may disclose a sufficient quantity of high calcium rock.
The marble area along the Murphy Branch from Nantahala to Hewitts,
Swain County, contains both high ecalcium and high magnesium rock.
Quarries here can be made self-draining and plenty of water for use
at the plant may be obtained by gravity.

Although there is no true shale near these marble deposits, they are
bordered by the Valleytown formation, which includes large quantities
of slate and mica schist or metamorphic shale, parts of which may not
only prove to be of suitable composition for Portland cement manu-
facture but to contain enough potash to yield a profitable by-product.

By-product potash from Portland cement plants is the most promising
source of domestic potash after normal conditions of international
trade are re-established and is especially worthy of consideration in
this case as the southeastern states are by far the largest consumers of
potash in the country.

There is a general complaint that high freight rates have retarded
developments of limestone and marble resources along Murphy Branch,
and the distance from adequate markets and sources of fuel supply is
also unfavorable to the establishment of a Portland cement plant in
this area.

High calcium limestone is reported from the vicinity of Hot Springs,
Madison County, but all specimens collected during recent study prove
to be dolomitic, and available analyses show high magnesium content.
The high calcium rock is said to have crumbled and choked the kiln
during attempts to burn it into lime. This behavior may well have
been due to presence of unsuspected dolomite (Mg.-Ca. Carbonate),
which may decompose with explosive violence if heated too rapidly.
High caleium and high magnesium rocks frequently occur in thin alter-
nate beds, and the sample taken from a high calcium bed may have
failed to show the average magnesium content.

The red Watauga shale is abundant on the north side of the main
limestone body, both east and west of the river. Other rocks that may
be suitable for mixing with the limestone are the Hiwassee slate, which
forms the steep slope along the railroad from Putnam westward for
more than a mile; the Nichols slate, which crosses the river about 114
miles southeast of Hot Springs and covers a considerable area northwest
of Hot Springs near Paint Rock; and the Murray Slate, which forms
a narrow east-west band several miles long extending along the south
edge of Hot Springs. The gneiss in the vicinity of Marshall may also
deserve consideration because of the potash content.
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Near Fletcher, Henderson County, high calcium and high magnesium
rocks (analyses Nos. 28 to 32, page 151) are exposed in the Blue Ridge
Lime Company’s quarry, which is connected by spur track 2 miles
long with the Southern Railroad. The limestone formation here is a
lens about 1 mile long, but should be carefully prospected before a
new quarry is opened. The limestone underlies a flat valley and quarry
operations involve pumping. There is no gravity water supply readily
available. The adjoining rock, called the Brevard schist, is a mica schist
which may prove suitable for mixing with the limestone and for yield-
ing by-product potash.

High calcium rock may also form parts of the other limestone lenses
northeast and southwest of Fletcher, but its presence can be determined
only by considerable careful prospecting.

The only other prospects worthy of any consideration are in the vicin-
ity of Kings Mountain (city). This limestone also is so thoroughly
concealed that much prospecting is necessary to determine its character;
but at one or two places, notably at the steep source of a south dry
branch of Abernathy Creek, one-half mile east of the railroad and 1%
miles northeast of Kings Mountain, the topography is favorable for
quarrying. For the most part the formation lies along creek bottoms
and the cost of pumping would preclude any extensive quarry develop-
ment. The limestone where exposed contains many thin partings of
micaceous shale, which vary in quantity to such extent that an unusually
careful check should be kept on the chemical composition of the rock
produced. No analyses of this limestone are available.

Marls are abundant in Coastal Plain region, but their analyses, ac-
cording to E. C. Eckel6? show them to be unsuitable as quarried for the
manufacture of Portland cement.

ALgALT MANUFACTURET?

In the manufacture of soda ash both lime and carbon dioxide are
used, and manufacturers therefore obtain limestone and burn it
themselves rather than purchase the two products separately. High
magnesium limestone is said to be unsuited for this industry, although
the objectionable properties of magnesium are not stated. Caustic soda
is made by dissolving soda ash in water and adding lime. Magnesia is
inert and its presence lowers the percentage of active lime. Impurities
tend to contaminate the finished product. High calcium limestone as
free as possible from impurities is therefore required, and only a few

®Eckel, E. 0., Cement materials and industry of the United States: U. 8. Geol. Survey,

Bull. No. 522, pp. 298-299, 1913. X
TFor a more general discussion of and references to the manufacture here cited, see Emley,
W. E., The source, manufacture, and use of lime: Mineral Resources of the U. 8. Calendar

Year 1913, pp. 1585-1593, U. 8. Geol. Survey, 1914.
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of the analyses quoted, notably Nos. 1, 15, and 31-34, represent rock
of satisfactory quality.

SugAr MANUFACTURE

Both lime and carbon dioxide are also used in the manufacture of

sugar, and many manufacturers therefore buy the limestone and burn
it, although a considerable number buy burned lime. Magnesia and
silica are both troublesome and each should constitute less than 2 or
3 per cent of the rock, a requirement which limits the state’s resources
to the high calcium deposits represented by analyses Nos. 1, 15, and
31-34.

Grass MANUFACTURE

Ground limestone is generally used in the manufacture of glass, but
quicklime and hydrated lime are sometimes used. Magnesia renders
the glass more difficult to melt, but is a valuable constituent in certain
glasses. For all but cheap green glass the content of iron oxide must
be less than 0.3 per cent and for optical glass less than 0.05 per cent.71
Only a few of the analyses on page 149 show iron oxides separately.
Qualitative tests, however, have proved that the high magnesium lime-
stones of the state are prevailingly higher in iron than the high calcium
stones. Microscopic and chemical examination shows the marble in the
Regal quarry to have a remarkably low content of iron, even where the
per cent of magnesia may be considerable. The high calcium stone
in the Blue Ridge Lime Company’s quarry at Fletcher is also probably
low enough in iron, and this small quantity could be still further re-
duced if it were practical to select stone free from black streaks. On
the other hand, a specimen of high calcium, or at least low magnesium
stone from the south quarry at Hewitts has an unusually high content
of iron. Information thus far available would restrict the resources
of limestone for the manufacture of high-grade glass to the present
quarries at Regal and Fletcher.

Paprer MANUFACTURE
Both high caleium and high magnesium lime and high caleium lime-
stone are used in different processes of paper manufacture, but of five
processes, soda, sulphite, sulphate, rag, and strawboard, all but the
sulphite process, call for high calcium lime, in which calcium oxide is the
only useful ingredient. The sulphite process, if “milk of lime” is used,
calls for a high magnesium lime carefully burned, containing at least

7TIA recent article by F. Gelstharp (The use of lime in the glass industry: Rock products,
Aug. 30, 1919, p. 80) quotes a series of analyses of limestone that have been found satisfac-
tory for glass making, in which iron (ferric) oxide ranges from 0.02 to 0.26 per cent, and
magnesium carbonate from 0.50 to 1.55 per cent (in one exceptional analysis 10.25 per cent).
Bilica and clay (‘‘insoluble’’)range from 0.08 to 1.00 per cent, and alumina 0.04 to 0.12
per cent. The distinction of alumina from clay (aluminum silicate) is not explained. He
states that the limits of impurities in a fairly good limestone for use in the manufacture of
grilénary kinds of glass to be, clay and silica 1.5 per cent, ferric oxide 0.15 per cent, alumina

.10 per cent.
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37 per cent magnesium oxide (about 19.4 per cent in the unburned
stone), and not more than 3 per cent of silica, alumina, and iron oxides
together ; if raw limestone is used it calls for a high calcium limestone
containing at least 94 per cent calcium carbonate, not more than 1.5
per cent of combined silica, alumina, and iron oxide, and not more than
5 per cent of magnesia.’2 Of the analyses quoted, only Nos. 15 and
31 meet the requirement of raw limestone for the sulphite process.
These are also the best for the other processes, although lime from stone
represented by analyses Nos. 1-4 and 32-34 may also be used if obtain-
able at lower cost than purer limestone. Of the high magnesium lime-
stones Nos. 10, 19, 20, 21, 23, 27, 28, and perhaps 18, should yield
lime suitable for the sulphite (milk of lime) process. High magnesium
lime was furnished for this process by one producer until a few years
ago, when the consumer changed to a different process.

Deap-Burnep DoLoMITE

Since the war has cut off the supply of Austrian magnesite, formerly
used for flooring and lining basic open-hearth steel furnaces and copper
furnaces, there has been a rapidly growing demand for dead-burned or
sintered dolomite. The purer and perhaps some of the less pure dolo-
mites, or high magnesium limestones in North Carolina, should prove
suitable for this use. A small quantity of North Carolina dolomite
was shipped for use as a flux in open-hearth steel furnaces in 1918, but
the cost of producing the dead-burned product, which requires admix-
ture with a small percentage of ground clay or slag and reburning at
a high temperature, would discourage this enterprise unless operation
on a large scale could be assured. The larger metallurgical centers are
supplied from dolomite deposits much nearer than those in North
Carolina.

Basic MaeNesiuM CARBONATE

“Basic magnesium carbonate,” or magnesium alba, is a mixture of
the carbonate and hydrate of magnesium made by the removal of cal-
cium carbonate from dolomite. The resulting product is particularly
valuable for heat insulation, and is mixed with 15 per cent asbestos
to make pipe and furnace coverings and other forms of insulators. As
the principal demand for this product is in the leading manufacturing
centers, most of which are included in the northeastern part of the
country, the dolomite deposits best situated for supplying raw material
are some of those in Pennsylvania and Ohio. There is very little pros-
peet at present of a demand for North Carolina dolomite for this
purpose.

"Specifications for the sulphite process from a letter to the writer by C. F. Rhodes, Inter-
national Paper Co.
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BuiLpine StoNE

With the exception of the marble of the state, whose commercial im-
portance has already been considered, there is no limestone or dolo-
mite in western North Carolina that is attractive as a building stone
and that can therefore attain more than a local market for roughly
trimmed stone. The structure of the stones is unfavorable for the pro-
duction of curbing, flagging, or paving. Even for local use the cost
of opening a quarry to supply the necessarily small demand would be
too great to encourage the attempt. Riprap and rubble are supplied
from waste rock or from quarries opened near some large engineering
project. At most places in western North Carolina other kinds of stone
are more available for these uses than limestone. The local use of shell
rock for building in the eastern part of the state where no other suit-
able rocks are found is described on page 132.

Minor Uses
There is a great variety of minor uses for limestone, for example,
chicken grit, filler for asphalt, paint, and other materials, and filler
stone, but none of these alone is sufficient to give much encouragement
to the opening of new quarries in the state.

LIME
Production in North Carolina
The production of burned lime in North Carolina since 1901 is shown
in the following table:

Lime Sorp 1N NortH CArOLINA, 1901-1918 Number of
Average price Plants in

Quantity Yalue per ton Operation

1901 ... iiiiiiiiitt diiiiiciiaaas $ 35698, ... iiiiis cee i e
1902 .iiiiiiiiiiite tees deeeeeen 2,000, .. 000ttt tie tiiiiees o
1903 ... iiiiiiiiis hiie eereeeaes 600........... .

1904 ... 920 ......... 4,800........... $5.22 ........ ..
1905 ....ccvviinnnnn 1,792 ......... 7,980........... 445 ........ ..
1906 ....ccvininnnns 5,896 ......... 41468........... 703 ........ 6
1907 ........ veveses 5,000 ......... 24,010........... 480 ........ 4
1908 .....coiiinnnns 5132 ......... 24,750........... 482 ........ b
1909 ... ...l 9,881 ......... 44148........... 447 ........ 1
1910 ... .ovivivennen 9962 ......... 40,455........... 407 ........ 7
1911 ......eniinnn.. 7809 ......... 335643........... 430 ........ 6
1912 .......... veess 6,693 L......L. 30,559........... 457 ........ 4
1913 ... ceiiieneen, 9815 ......... 47,838........... 487 ........ 4
1914 .......oiinnn. 8,098 ......... 36,356........... 4.49 ........ 3
1915 ... .civiinnnnnn B cieeieans - T 492 ,....... 2
1916 .............. . - S 550 ........ 1
1917 ....iviiinenns S - 741 ........ 2
1918 ..ot : R - 1

i a Less than three producers. Figures withheld to avoid disclosure of confidential informa-
ion.
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The production of lime until 1905 served to supply small local de-
mands. In 1904 the Blue Ridge Lime Company opened a quarry and
erected two kilns near Fletcher, Henderson County, and in 1905 added
two more kilns. The plant was connected with the Southern Railroad
by a tramway, and later by a broad gauge railroad, 2 miles long, and
a market of considerable extent established. In the few following years,
presumably because of increased costs of manufacture, production for
local consumption gradually ceased, and since 1915 the Blue Ridge Lime
Company has been the only continuous producer. There was formerly
intermittent production of lime reported from Buncombe, Transylvania,
and Yadkin counties in the western part of the state, and from New
Hanover, Jones and Pender counties in the eastern part. Small produe-
tion for local use, of which there is no definite record, was formerly made
in other counties whose limestone deposits are described in this report.
Production for local demand was a feature of the lime industry before
the development of railroad facilities, improved methods of manufac-
ture and increased cost of operations rendered production on a small
scale by crude methods impractical.

Some increasc in production of lime is to be expected when the plans
of the Clinchfield Lime Company to erect kilns and a hydrating plant
at Asheford (Linville Falls Station) are carried out. The Carolina
Lime Company has been recently organized to produce lime in the vicin-
ity of Woodlawn, McDowell County. Both of these properties are
near enough to the Carolina, Clinchfield and Ohio Railroad to have
ready access to all the principal markets of North Carolina and South
Carolina. With the establishment of these two companies the best
quarry sites in North Carolina have been taken up, and there is little
prospect of further growth of the limestone and lime industries of the
state; for any marked increase in demand could be more economically
met by increase in the output of existing plants and by imports from
adjacent states than by the development of deposits within the state
but poorly situated for quarrying or transportation.

Production and Consumption in the Southeastern States

North Carolina’s position in the burned lime industry during 1916
and 1917, compared with other southeastern states, is shown in the
accompanying table. During each of these years North Carolina
ranked 28th among the lime producing states of the country, and 6th
among the 7 producing states in the southeast. Virginia, which ranks
third among the producing states of the country, consumes a large quan-
tity of lime and also supplies markets in Maryland, Pennsylvania, and
the District of Columbia, and other northern states, but the largest
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consumer of Virginia lime is North Carolina. West Virginia, which
ranks fourth, is a comparatively small consumer, but has its principal
lime plants near its northern border, conveniently situated for supplying
markets in several of the northern states. Tennessee, which ranked
12th in 1916 and 13th in 1917, consumes only from one-fourth to one-
third as much lime as the lime produced, and ships most of the re-

LmMe CoNSUMED IN SOUTHEASTERN STATES IN 1916 AND 1917
1916

Alabama_......._.. 66,744 22,921 47,428 3,603 2,363,939 .01
Florida....._..._.... 9,914 16,231 264 6,581 916,185 .017
Georgia. . -ocooooofeccanaoias 39,057 |....oooo... 39,957 2,805,841 .01
Kentucky.......... (px] 19,860 ... ... ..... 19,137 2,394,093 .008
Mississippi. - ooooooo|ocooaaaot 11,368 | ... 11,368 1,976,570 .006
North Carolina_...|.c-cco.o.... 60,569 |-............. 55,557 2,434,381 .02
South Carolina..__|......__._.. 14,000 | ... ... 14,090 1,643,205 .01
23,761 80,769 2,694 2,304,629 .01
226,633 115,729 35,167 2,213,025 .10
36,399 230,415 21,245 1,412,602 .025

mainder to other southern states, particularly North Carolina. The
same general statement applies to Alabama, which ranks 16th, among
the lime producing states. Florida, which ranked 26th in 1916 and
24th in 1917, consumes almost its entire output and about two-thirds
as much again, but its per capita consumption, like that of most of the
southeastern and southwestern states, is low.

The per capita consumption of lime for the country was .04 ton in
1916 and .037 in 1917. With the exception of Virginia, all southern
states are below the average. Virginia, Maryland, Pennsylvania, and
Delaware include some of the most thickly settled industrial distriets
in the country and are correspondingly far above the average. Only

11
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14 states and the District of Columbia equaled or exceeded the average
in 1916 and 1917. North Carolina’s consumption of lime is not far
below the average per capita and is considerably greater than that of
any other southeastern state.

In normal times from 40 to 45 per cent of the lime produced is used
for building, and approximately equal quantity goes to chemical works
and manufacturing plants which require lime in their process, and the
remainder is used mostly in agriculture. North Carolina, therefore,
evidently surpasses most of the neighboring states in the number of
buildings of superior quality erected annually, but its principal cities
are small compared with those of states whose consumption of lime
equals or exceeds the average per capita. No great increase in the
consumption of building lime is, therefore, to be expected, although
substantial gains may result from the use of hydrated lime in concrete
construction work, as recommended by many construction engineers.

The industrial growth of North Carolina and of the south as a whole
is promising as regards increased consumption of chemical lime. Sta-
tistics are not available to show any growth in the state’s use of chemical
lime. Of the lime produced within the state some has been used for
tanning and for the cooking of pulp for the manufacture of paper, but
data regarding these uses are too few to be significant. Most of the
chemical lime used has been brought in from other states.

Data regarding burned lime, or quicklime, for agriculture are also
too meagre to show definitely any changes in demand for it. Although
some authorities have claimed that the caustic property of quicklime
is injurious to soil, recent demonstrations have disproved this claim,
and preference for quicklime, hydrated lime, or pulverized limestone is
based mainly on the readily available content of lime and magnesia
and differences in cost. Producers of both quicklime and pulverized
limestone have found that farmers located close by railroads tend to
favor the relatively low priced limestone whose content of lime and
magnesia ranges from below 50 to 55 per cent, whereas those who must
haul their lime a considerable distance from the railroad to the farm
prefer the relatively high priced quicklime whose content of lime and
magnesia ranges from 95 to 98 per cent. For certain purposes, whose
discussion is beyond the scope of this report, one form of lime may be
preferable to the others, but in general the choice depends upon the
ultimate cost of applying a certain quantity of available lime and
magnesia to the soil.
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Relation of North Carolina’s Resources to Requirements

In view of North Carolina’s considerable consumption of lime com-
pared with its small production, what are the prospects of supplying
more of the state’s requirements from within its own boundaries?
These depend upon the quality of lime required, the quality that is and
can be produced and the cost of getting it to market. The one lime-
producing company that was active in 1918 has both high calcium and
high magnesium rock in its quarry. It can produce high calcium lime,
but its high magnesium stone tends to choke the kiln during burning if
used alone. The two are or can be burned together, producing a lime of
intermediate composition. The other two companies mentioned on page
160 can be expected to produce only high magnesium lime. None of
these three companies are poorly situated as regards transportation.
The company which has produced lime at Hewitts, Swain County, has
high magnesium rock which burns well, and high calcium rock which,
though of good chemical composition, burns to an unsatisfactory color.
It may, however, be handieapped by high freights which may place
it at a disadvantage compared with producers of the same qualities of
lime, not only within North Carolina but in eastern Tennessee as well.
In the undeveloped deposits, or those worked intermittently on a small
scale, both high caleium and high magnesium rocks occur abundantly
in the Cherokee-Swain County area, but are handicapped by high
freight charges; other high calcium rock may be found in the Fletcher-
Boylston-Brevard group of deposits but most of the stone worked or
tested is magnesian, and is a considerable distance from a railroad.
Only high magnesium stone has been proved to exist in other deposits
whose location entitles them to commercial consideration. The marl
deposits in the eastern part of the state are nearly all high calcium,
but attempts to produce burned lime from them have been unsuccessful.

Buirpine LiMe

Building lime is made from both high calcium, high magnesium and
intermediate rock, but the different varieties of stone do not behave
identically during or after burning. High magnesium stone decomposes
at a lower temperature than high calcium stone, and if burned by one
accustomed to high calcium stone is likely to become somewhat sintered
or overburned. Overburned particles of lime tend to slake incompletely
during the mixing of mortar or plaster, and later to complete their
slaking in the wall causing the plaster to “pop.” Any kind of lime
will “pop” if incompletely slaked, but the mistreatment of high magne-
sium lime by one unaccustomed to high calcium lime may result in an un-
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usually large amount—enough to condemn the lime. Dolomite, the
chief mineral constituent of high magnesium limestone, may decom-
pose with explosive violence if heated too rapidly,”® and the resulting
fine material will then choke the draft in the kiln—another disadvantage
that results if the properties of the stone are not appreciated. There
are other causes of draft-choking, for example, the presence of a
small percentage of free silica which unites with lime to form calcium
disilicate, whose formation is accompanied by sudden expansion which
reduces the lumps of stone to powder. The choking of the draft by
high calcium stone may be due to this cause or to the unsuspected presence
of some dolomite. Both high calcium and high magnesium rocks may
contain a considerable quantity of occluded hydrogen sulphide or other
gasses whose expansion during too rapid heating may cause disintegra-
tion and draft-choking.

Properly burned high magnesium lime slakes more slowly and with
less evolution of heat than high calcium lime, and this difference may
also result in improper treatment of one variety of lime by one accus-
tomed to another kind. The magnesia or magnesium oxide in burned lime
does not slake when water is added under ordinary conditions, that is at
atmospheric pressure, as it constitutes about half the volume of high
magnesium lime, or, in other words, as it dilutes the active constituent of
lime by about 50 per cent only a proportionate quantity of water is
required for slaking and only about half the heat is evolved during
slaking that would be evolved by an equal quantity of high calcium
lime; but it takes water longer to reach all the active particles. The
amount of shrinkage during the settling of the lime and the amount
of sand that should be added to make a good mortar will also vary
according to the quantities of active calcium oxide and inactive mag-
nesium oxide in the lime. Some slaked limes, particularly certain high
magnesium limes, have a much higher degree of plasticity or spreading
quality than others, and are held in such high favor that they have
been shipped to markets hundreds and even thousands of miles away.
The cause of this quality has never been satisfactorily determined. A
few limes possess it to a marked degrce, whereas others of practically
identical composition are deficient in it.

This brief discussion of the principal differences between the two
kinds of lime will readily explain some of the prejudices held against
either kind for certain uses. It is said that in eastern Pennsylvania,
where large quantities of high magnesium lime are produced, high
caleium lime is held in disfavor by builders, whereas the reverse is true
in Virginia, where there is a large production of high calcium lime.

1Hildebrand, W. F.. Chemical analyses of silicate and carbonate rocks. U. 8. Geol.
Survey Bull. 700, p. 212, 1919,
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In North Carolina the one important manufacturer of building lime
produces a high calecium product, or at least one with only a low con-
tent of magnesia. The preferences of builders is not known to the
writer, but the fact that so much lime is shipped in from the high
calcium districts of Virginia, Tennessee, and Alabama, suggests a
preference for high calcium lime. Some of the largest deposits of high
magnesium limestone in the state appear to be well suited for burning
into lime and to be advantageously situated as regards transportation
to the principal cities of the state; but those of high calcium stone,
other than the one now worked, are less favorably situated.

Increase in the production of building lime in North Carolina de-
pends, therefore, on the demonstration that a good quality of high
magnesium lime can be produced on a commercial scale and on the
proper treatment of the lime by the builder. Difficulties attending the
slaking or hydrating of the lime may be overcome by the installation
of a hydrating plant by the producer, which will enable him to furnish
properly hydrated lime to the builder with explicit instructions regard-
ing its sand-carrying capacity and the quantity of water to be used in
mixing.

CreMICAL LIME

The use of lime in chemical industries has greatly increased in recent
years, and at the present rate of increase will soon become the principal
use. There are considerably more than one hundred uses of lime in
manufacturing industries, including the manufacture of sundry chemi-
cals, and of such products as paper, sugar, and leather. Almost none
of these chemicals and other products contain lime, but is necessary to
bring about certain chemical reactions in the process of manufacture.
The composition of the lime, as of limestone, is more important in the
chemical industries than in the building industry, as the impurities in
the lime may produce undesired reactions, or, if inert, may lower the
efficiency of the lime and increase the cost of operation.

The most prominent impurities in lime as shown by the analyses of
limestone on page 149 are silica, alumina and iron oxides. Other
impurities may be present in minute quantities but are seldom deter-
mined in analyses of burned lime. Magnesia may be regarded as an
essential constituent or an impurity according to the particular chemi-
cal process under consideration. Some limes have been shipped across
several important lime-producing states because of their unusually low
content of silica and magnesia; others because of their high content of
magnesia, but almost total freedom from iron. In contrast to these
both high calcium and high magnesium limes are equally suited for
some uses, and it may make little or no practical difference whether
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quicklime, hydrated lime, or ground limestone is used. A great deal
of investigation remains to be carried on before the essential properties
of limes for different chemical uses are thoroughly understood and appre-
ciated. The following statements will serve, however, to outline the
principal requirements of lime for some of the more important indus-
tries, named in order according to the quantlty of lime used annually by
them in the United States.74

Paper Manufacture—This use has already been considered under
limestone.

Tanning.—In the leather industry limewater is used for loosening
the hair from the hide, and high calcium lime is usually required.
Magnesia, silica, alumina are injurious because they make the lime
more difficult to slake, and iron because it may cause stains in the
leather. Onme special process, however, calls for lime with very high
magnesium but with less than 0.10 per cent of iron.

Sugar Manufacture.—This use also has been considered under lime-
stone.

Glass Manufacture.—This use also has been considered under lime-
stone used in the manufacture of glass. Calcium oxide is always essen-
tial. Magnesia may be desirable or undesirable according to the kind
of glass to be made. Iron imparts a green color to glass. For white
glass oxides of iron must be less than 0.3 per cent, and for optical glass
less than 0.05 per cent of the unburned stone.

Calcium cyanamid.—Calcium cyanamid is prepared by heating a mix-
ture of lime and coke in an electric arc furnace and treating the fused
mass with nitrogen, which is obtained from the fractional distillation
of liquid air. High calcium quicklime is required. Impurities are un-
desirable on account of the expense required to heat them, and lime-
stone containing 97 per cent calcium carbonate was specified as the raw
material for the Government plants. The cyanamid plants authorized
by the Federal Government were designed to consume lime equivalent to
500 tons of limestone a day. This large demand would place a premium
on suitable stone within a short distance of the plant.

Illuminating gas—High calcium lime is essential for the purifying
of illuminating gas derived from coal. Calcium oxide is the only useful
constituent, although magnesia and impurities are not harmful.

7 A more extended outline of the requirements for different chemicnl uses of lime is given
y Emley, W. E., in “The source, manufacture, and use of lime’’: Mineral Resources of the
Umted States, Calendar year 1913—Part II, pp. 1681-1598, U, S Geological Survey, 1914.
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Oil, fat, and soap manufacture.—In these industries also calcium
oxide is the only useful constituent of lime, although magnesia and im-
purities are not harmful.

Other industries—For most other industries using lime, calcium
oxide is necessary or desirable, although magnesium lime may be equally
suitable for some. Those which require high magnesium lime are few
in comparison. The preponderance of high magnesium limestone in
North Carolina, therefore, is not favorable for the attraction of many
of the chemical industries. The most favorable districts are those along
the Murphy Branch of the Southern Railroad, but these, as already
stated, have been handicapped by high freight rates, and it has not been
demonstrated whether they are free enough from interbedded dolomite to
supply large requirements like those of the Government cyanamid
plants. The only chemical uses that have been reported from North
Carolina lime are paper manufacture (sulphite process) which calls for
high magnesium lime, and tanning, which calls for high calcium lime.

AGRICULTURAL LiME

The remarks on page 146 regarding agricultural limestone apply
as a whole to agricultural lime, whether in the form of quicklime or hy-
drated lime. Quicklime is especially adapted for certain uses, such as
deflocculation of clay in heavy, sticky soils, and quick reaction with acids
and other ingredients of the soil. High calcium lime would have a
greater deflocculating effect than high magnesium lime. Hydrated
lime is especially desirable wherever the caustic property of quicklime
is not wanted, and where more rapid reaction is wanted than can be
obtained from pulverized limestone. The effectiveness of unburned
stone varies with the fineness to which it is ground. Pulverized stone,
100 per cent of which can pass through a 200-mesh screen, reacts with
comparative rapidity, whereas ground stone, which can only pass a 10-
mesh screen, is relatively ineffective for rapid reaction. Unburned
stone, moreover, contains only about half as much available lime and
magnesia as the corresponding burned lime. The presence or absence of
magnesia is apparently of little consequence as a rule, although magnesia
may be especially desirable or undesirable for certain crops. The main
factor in deciding among these three forms of lime, therefore, as stated
on page 162, is the ultimate cost per unit of efficiency to the consumer.

Of the limes and limestone in North Carolina marketed for agricul-
tural use, those produced for several years by private companies have
had a moderate to high content of magnesia, whereas the limestone (from
east Tennessee) and marl produced by the State Department of Agri-
culture have been calcium products. The prospects of increasing the
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total output of agricultural lime and limestone in the state are good,
but are limited by the territory which can be more cheaply supplied
from these sources than from sources outside of the state.

Future of the Marble, Limestone, and Lime Industries in North Carolina

The foregoing discussion forces the conclusion that scope of the lime-
stone industries, including marble and lime, is not likely to increase
greatly. Although one marble company has maintained a considerable
. output, particularly of monumental stone, several other attempts to
open quarries have been unsuccessful, largely because of defects in the
stone, and in part probably because of insufficient capital, and adequate
nearby markets, where the stone could have been introduced at minimum
cost. A few prospects, however, afford hope that good quarries can be
developed from them if funds are available for the necessarily expensive
preliminary work of removing shattered surface rock and reaching sound
stone below. :

The demand for crushed limestone is likély to increase as the “good
roads” movement grows in territory that can be readily supplied with
North Carolina’s limestone, and there is every reason to expect the nor-
mal increase in production of pulverized limestone to continue. The
fact that the production of flux failed to increase during the period of
intensive metallurgieal activity gives little hope for marked increase in
the future. Marked growth in the production of burned lime depends
largely upon the successful introduction and handling of high magne-
sium lime for building purposes, and establishment of paper mills using
the sulphite (milk of lime) process of preparing wood pulp. The loca-
tion of the largest high calcium deposits is not very favorable for the
establishment of Portland cement plants or of chemical manufacturers
calling for high calcium lime, except perhaps paper mills. Markets and
the sources of other essential raw materials are too distant to attract the
other more important industries. Waterpower is plentiful in western
North Carolina, however, ‘and its future development may offset the
present disadvantages. Whenever this change takes place the high
«alcium limestones particularly will increase in commercial importance.
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38. Forms covering the Organization of Drainage Districts under the North
Carolina Drainage Law, Chapter 442, Public Laws of 1909, and Amendments.
And Forms for Minutes of Boards of Drainage Commissioners covering the
Organization of the Board up to and Including the Issuing of the Drainage
Bonds. Compiled by Geo. R. Boyd, Drainage Engineer. 133 pp.

39. Proceedings of the Good Roads Institute held at the University of
North Carolina, March 17-19, 1914. Held under the auspices of the Depart-
ments of Civil and Highway Engineering of the University of North Caro-
lina and the North Carolina Geological and Economic Survey. 8°, 117 pp.,
15 figs.,, 4 pl. Postage 10 cents.

40. Forest Fires in North Carolina during 1914 and Forestry Laws of
North Carolina, by J. S. Holmes, State Forester, 1915. 8°, 56 pp. Postage
J cents.
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41. Proceedings of Seventh Annual Drainage Convention of the North Caro-
lina Drainage Association held at Wilson, North Carolina, November 18 and
19, 1914. Compiled by Joseph Hyde Pratt, State Geologist, and Miss H. M.
Berry, Secretary, 1916. 8°, 76 pp., 3 figs. Postage 5 cents.

42. Organization of Coiperative Forest Fire Protective Areas in North
Carolina, being the Proceedings of the Special Conference on Forest Fire
Protection, held as part of the Conference on Forestry and Nature Study,
Montreat, N. C.,, July 8, 1915. Prepared by J. S. Holmes, State Forester,
1915. 8°, 39 pp. Postage 4 cents.

43. Proceedings of the Second Road Institute, held at the University of
North Carolina, February 23-27, 1915. Compiled by Joseph Hyde Pratt, State
Geologist, and Miss H. M. Berry, Secretary, 1916. 8°, 128 pp. Postage 135
cents.

44. Highway Work in North Carolina During the Calendar Year Ending
December 31, 1914. Compiled by Joseph Hyde Pratt, State Geologist, and
Miss H. M. Berry, Secretary, 1916. 8°, 55 pp. Postage 10 cents.

45. Proceedings of the Eighth Annual Drainage Convention. Held under
the Auspices of the North Carolina Drainage Association and the North Caro-
lina Geological and Economic Survey, Belhaven, N. C., November 29, 30, and
December 1, 1915. Compiled by Joseph Hyde Pratt, State Geologist, and
Miss H. M. Berry, Secretary. 8° 90 pp. Postage 15 cents.

46. The Vegetation of Shackleford Bank, by I. F. Lewis, 1917. 8°, 40 pp.,
11 pl. Postage 10 cents.

47. Proceedings of the Ninth Annual Drainage Convention of the North
Carolina Drainage Association, held at Greensboro, N. C., November 22 and
23, 1916. Compiled by Joseph Hyde Pratt, State Geologist, and Miss H. M.
Berry, Secretary, 1917. 8°, 110 pp., 8 figs. Postage 15 cents.

48. Forest Fires in North Carolina during 1915, 1916, and 1917, and Present
Status of Forest Fire Prevention in North Carolina, by J. S. Holmes, State
Forester, 1918. 8°, 97 pp. Postage 10 cents.

49. Mining Industry in North Carolina, during 1913-1917, inclusive, by
Joseph Hyde Pratt, State Geologist, and Miss H. M. Berry, Secretary, 1919.
8°, 170 pp. Postage 20 cents.

Gives list of useful minerals of North Carolina; contains detailed report on the Uwarra
Mill at Candor; data relating to the brown hematite iron ores and a special report on the
titaniferous iron ores of the State; report on tin resources of the Kings Mountain District;
:gelc.ml data relating to manganese; greensand; marble deposits of Cherokee County; clay

sts,

50. Proceedings of Tenth Annual Drainage Convention, held at Washington,
North Carolina, March 31 and April 1, 1920, compiled by North Carolina
Geological and Economic Survey, 1920. 8°, 718 pp. Postage 10 cents.

VOLUMES

Vol. I. Corundum and the Basic Magnesian Rocks in Western North Caro-
lina, by Joseph Hyde Pratt and J. Volney Lewis, 1905. 8°, 464 pp., 44 pl.,
35 figs. Postage 32 cents. Cloth-bound copy, $1.50 extra.

Vol. II. Fishes of North Carolina, by H. M. Smith, 1907. 8°, 453 pp., 21
pl, 188 figs. Out of print.

Vol. III. The Coastal Plain Deposits of North Carolina, by William Bul-
lock Clark, Benjamin L. Miller, L. W. Stephenson, B. L. Johnson, and Horatio
N. Parker, 1912. 8°, 509 pp., 62 pl., 21 figs. Owut of print.

Bl ik, BOTITILY 1 Sonoq, s Cosel Pl of o Carlv, by W

Pt. II.—The Water Resources of the Coastal Plain of North Carolina, by L. W. Stephenson
and B. L. Johnson.
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Vol. IV. The Birds of North Carolina, by T. Gilbert Pearson, C. S. Brimley
and H. H. Brimley, 1918. 8°, 380 pp., 24 colored plates, 10 black and white
plates, 275 text figures, one map. Paper copies, $2.00, postpaid. Cloth-
bound copies, $2.75, postpaid.

BIENNIAL REPORTS

First Biennial Report, 1891-1892, J. A. Holmes, State Geologist, 1893. 8°,
111 pp., 12 pl,, 2 figs. Postage 6 cents.

Administrative report, giving object and organization of the Survey; Investigations of
Iron Ores, Building Stone, Geological work in Coastal Plain Region, including supplies and
drinking waters in eastern counties, Report on Forests and Forest Products, al and
Marble, Investigations of Diamond Drill.

Biennial Report, 1893-1894, J. A. Holmes, State Geologist, 1894. 8°, 15 pp.
Postage 1 cent.

Administrative report.

Biennial Report, 1895-1896, J. A. Holmes, State Geologist, 1896. 8°, 17 pp.
Postage 1 cent.
Administrative report.

Biennial Report, 1897-1898, J. A. Holmes, State Geologist, 1898. 8°, 28 pp.
Postage 2 cents.
Administrative report.

Biennial Report, 1899-1900, J. A. Holmes, State Geologist, 1900. 8°, 20 pp.
Postage 2 cents.
Administrative report.

Biennial Report, 1901-1902, J. A. Holmes, State Geologist, 1902. 8°, 15 pp.
Postage 1 cent.
Administrative report.

Biennial Report, 1903-1904, J. A. Holmes, State Geologist, 1905. 8°, 32 pp.
Postage 2 cents.
Administrative report.

Biennial Report, 1905-1906, Joseph Hyde Pratt, State Geologist, 1907. 8°,
60 pp. Postage 8 cents.

Administrative report; report on certain swamp lands belonging to the State, by W. Ww.
Ashe; it also gives certain magnetic observations at North Carolina stations.

Biennial Report, 1907-1908, Joseph Hyde Pratt, State Geologist, 1908. 8°,
60 pp., 2 pl. Postage 5 cents.

Administrative report. Contains Special Report on an examination of the Sand Banks
along the North Carolina Coast, by Jay F. Bond, Forest Assistant, United States Forest Ser-
vice; certain magnetic observations at North Carolina stations; Results of an Investigation
Relating to Clam Cultivation, by Howard E. Enders, of Purdue University.

Biennial Report, 1909-1910, Joseph Hyde Pratt, State Geologist, 1911. 8°,
152 pp. Postage 10 cents.

Administrative report. and contains Agreements for Codperation in Statistical Work, and
Topographical and Traverse Mapping Work with the United States Geological Survey;
Forest Work, with the United States Department of Agriculture (Forest Service); List of
Topographic maps of North Carolina and counties partly or wholly topographically mapped;
deseription of Special Highways in North Carolina; suggested Road Legislation; list of
Drainage Districts and Results of Third Annual Drainage Convention; Forestry Reports
relating to Connolly Tract, Buncombe County and Transylvania County State Farms;
certain Watersheds; Reforestation of Cut-over and Abandoned Farm Lands on the Wood-
lands of the Salem Academy and College; Recommendations for the Artificial Regeneration
of Longleaf Pine at Pinehurst; Act regulating the use of and for the Protection of
Meridian Monuments and Standards of Measure at the several county seats of North Caro-
lina; list of Magnetic Declinations at the county seats, January 1, 1910; letter of Fish
Commissioner of the United States Bureau of Fisheries relating to the conditions of the
North Carolina fish industries; report of the survey for the North Carolina Fish Commission
referring to dutch or pound-net fishing in Albemarie and Croatan sounds and Chowan River,
by Gilbert T. Rude, of the United States Coast and Geodetic Survey; Historical Sketch of
the several North Carolina Geological Surveys, with list of publications of each.
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Biennial Report, 1911-1912, Joseph Hyde Pratt, State Geologist, 1913. 8°,
165 pp. Postage 7 cents.

Administrative report, and contains reports on method of construction and estimate of
cost of road improvement in Statonsburg Township, Wilson County; report on road con-
ditions in Lee County; report on greliminnry location of section of Spartanburg-Henderson-
ville Highway between Tryon and Tuxedo; report of road work done by United States
Office of Public Roads during biennial period; experiments with glutrin on the sand-clay
road; report on Central Highway, giving Act establishing and report of trip over the
Highway; suggested road legislation; report on the Asheville City watershed; report on the
Struan 1gu-operty at Arden, Buncombe County; report on the Woodlands on the farm of Dr.
J. W. Kilgore, Iredell County; report on examination of the woodlands on the Berry place,
Orange County; report on the forest property of Miss Julia A. Thorns, Ashboro, Randolph
County; report on the examination of the forest lands of the Butters Lumber Company,
Columbus County; proposed forestry legislation; swamp lands and drainage, giving drainage
districts; suggested drainage legislation; proposed Fisheries Commission Bill,

Biennial Report, 1913-1914, Joseph Hyde Pratt, State Geologist, 1915. 8°,

118 pp. .Postage 10 cents.

Administrative report and contains reports on the work of the State convicts on Hickory
Nut Gap Road, Henderson County, and on the link of the Central Highway in Madison
County which is being constructed with State convicts; report on road work accomplished
by the State Survey and by the United States Office of Public Roads during biennial
period ; suggested road legislation; a forestry policy for North Carolina; report on investi-
gation. Timber supply of North Carolina; reports on the examination of certain forest lands
in Halifax County; report on the ash in North Carolina; report on the spruce forests of
Mount Mitchell; report on the forest fire conditions in the Northeastern States, by J. 8.
Holmes. Report on the work of the United States Forest Service in North Carolina in con-
nection with the purchase of forest reserves and their protection; timber tests, including
strength of timber, preservation of timber, timber suitable to produce pulp, distillation of
certain woods and drying certain woods; suggested forestry legislation; report on the swamp
lands and their drainage in North Carolina; suggested drainage legislation, report on
magnetic observations made during biennial period; report on the economic value of the
fisheries of North Carolina; report on the survey made in Albemarle, Croatan, and Pamlico
sounds by the Coast and Geodetic Survey; suggested fisheries legislation.

Biennial Report, 1915-1916, Joseph Hyde Pratt, State Geologist, 1917. 8°,
202 pp. Postage 25 cents.

Administrative report and contains special reports on the Protection from Fire of the
Forested Watersheds of Navigable Streams; National Forest Reservations; forestry report
on Lake Latham Farms near Mebane, N. C.; report on Forest Tract owned by the Cran-
berry Iron and Coal Company near Cranberry, N. C.; report on work of N. C. Forestry
Association; report on Southern Forestry Congress; special report on ‘‘The Fisheries of
North Carolina’”; Magnetic Observations made during 1915 and 1916; Memorial Sketch of
Dr. Joseph Austin Holmes.

Biennial Report, 1917-1918, Joseph Hyde Pratt, State Geologist, 1919. 8°,
110 pp. Postage 15 cents.

Administrative report, and contains special reports on the Mitchell State Park; Proposed
Forestry Course at the State University; North Carolina Forestry Association; report on
magnetic observations made during biennial period.

Biennial Report, 1919-1920, Joseph Hyde Pratt, Director, 1921. 8°, 70 pp.
Postage 12 cents.

Samples of any mineral found in the State may be sent to the office of the
Geological and Economic Survey for identification, and the same will be
classified free of charge. It must be understood, however, that No A8sAYS
OR QUANTITATIVE DETERMINATIONS WILL BE MADE. Samples should be in a lump
form if possible, and marked plainly on outside of package with name of
sender, postoffice address, etc.; a letter should accompany sample and stamp
should be enclosed for reply.

These publications are mailed to libraries and to individuals who may
desire information on any of the special subjects named, in most cases free
of charge, except that in each case applicants for the reports should forward
the amount needed for packing and transportation for mailing the bulletins
desired, to the State Geologist, Chapel Hill, N. C.





