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HI‘GH;GRADE CLAYS OF THE EASTERN UNITED STATES
WITH NOTES ON SOME WESTERN CLAYS.

By H. Ries, W. S. Bayrey, and others.

- INTRODUCTION.
FIELD WORK AND ACKNOWLEDGMENTS.

The field work required for the preparation of this report was
done in the summer of -1918. Most of the worked deposits of the
types of clay discussed in this report in Pennsylvania, Virginia,
Florida, Alabama, Mississippi, Tennessee, Kentucky, Illinois,
Arkansas, and parts of Missouri and Georgla were visited, but
time was not available for detailed geologic mapping, much of which
has already been done by the United States Geological vaey and
State surveys.

In all the States visited the State geologists cooperated most cor-
dially. Thanks are also due to the clay-mining companies for similar
cooperation and for many courtesies.
~ The States of North Carolina and South Carolina were visited by
W. S. Bayley, whose report is included in this bulletin, as are also
some separate descriptions, by W. N. Logan, of the white clays of
Indiana; by E. S. Moore, of the Cambrian residual clays of central -
Pennsylvann by F. B. Peck of the residual clays of the Oriskany
of eastern Pennsylvania; by G. H. Brown, of the clays of New Jer-
sey; by Wilbur Stout, of the glass-pot clays of Ohio; and by J. P.
Buwalda, of some clays of Nevada. Thanks for assistance are also -
due to Dr. A. V. Bleininger, of the Bureau of Standards; Prof.
C. W. Parmelee, of the University of Illinois; C. R. Schroyer, of
the Illinois Geological Survey; M. E. Wilson, of the Missouri Geo-
logical Survey; Prof. E. S. Moore, of the Pennsylvania State
College; Dr. R. R. Hice, then State geologist of Pennsylvania; and
Prof. I. B. Peck, of Lafayette College. The petrographic work for.
the report was done by Dr. R. E. Somers.

IMPORTS OF CLAY.
STATISTICS.

Prior to the beginning of the war, in 1914, the United States had
been a large importer of certain high-grade clays, which were used
in the manufacture of white-ware pottery, floor and wall tile, electri-
cal porcelain, paper, graphite crucibles, glass refractories, linoleum,
paint, and other products. Some idea of the extensive use of these”

i 1



2 HIGH-GRADE CLAYS OF THE EASTERN "UNITED STATES.

foreign clays in the domestic industry may be gained from the figures
showing the imports for the years 1907-1920, published by the
United States Geological Survey.

Clay imported and entered for consumption in the United States, 1907—1920.

. Coam(l‘mn bfl\ule ° All other clays.
. . and Gross-Al-
Kaolin or china clay. merode glass- Total.
pot clay. Unwrought. Wrought.

Year.

Quém- %‘g“ Qut?n- Quan- Qutan- Qil.lélll-

til ti - tit, ti [ tity

(sho);t Value. prgl:.e (shos;t Valae. (shgrt Value. (sho};t Value. | (g%, | Value.

tons). t%n. tons). tons). tons). tons).
1907. .| 239,923 181,582,893 | $6.60 (12,378 1$110,686 | 31,196 |8145,698 | 2,520 881,155 | 286,017 |81,920, 432
1908. .| 176,895 | 1,129,847 | 6.39 | 4,872 | 37,053 | 27,730 | 129, 1,372 | 22,990 | 219,869 | 1,319,301
1909. .| 246,381 | 1,505,779 | 6.11 |12,346 | 104,401 | 30,147 | 134,978 | 1,906 | 50,632 | 200,780 | 1,795,790
1910. .| 257,902 | 1,593,472 | 6.18 |21,176 | 181,334 | 27,890 | 113,352 | 1,496 | 26,205 | 308,464 | 1,914,363
1911 255,107 | 1,461,068 | 5.73 {17,193 | 124,278 | 26,086 | 100,540 | 1,032 | 10,436 | 299,418 | 1,696,322
1912. .| 278,276 | 1,629,105 | 5.85 (23112 | 184,018 | 32,473 | 127,004 | 704 | 12,109 | 334,655 | 1,952,236
1913 268,666 | 1,623,993 | 6.04 (24,986 | 204,911 | 42,582 | 155,693 { 1,889 | 22,178 | 338,123 | 2,006,775
1914 328,038 | 1,927,425 | 5.88 (16,761 | 122,325 | 50,069 | 195,956 | 3,232 | 41,712 | 398,100 | 2,287,418
1915. .1 200,132 | 1,152,778 | 5.51 | 8, 62,569 | 23,718 | 90,367 | 1,343 | 12,433 | 243,057 | 1,318,147
1916. .| 253,707 | 1,326,684 | 5.22 | 2,501 | 12,134 | 42,478 | 163,421 | '1 1,994 | 208,866 | 1,504,233
1917 241,029 | 1,315,769 | 5.46 88 709 | 26,581 | 123,439 338 | 2,142 | 268,036 | 1,442,059
1918 168,100 | 1,153,240 [ 6.86 114 983 3 163, 484 137 | 1,087 | 195,335 | 1,318,794
1919, .} 180,592 | 1,965,393 | 10.88 4 133 | 23,759 | 187,550 498 | 4,262 |.204,853 | 2,157,338
1920.." 361,800 | 3,568,677 | 9,86 | 6,837 | 157,201 | 34,252 | 272,524 | 691 | 10,267 | 403,580 | 4,008,669

This table shows that the chief foreign clay used in this country
is English kaolin or china clay, which in 1920 represented nearly 90
per cent of the quantity and value of all the clay imported.

Until 1917 the strong movement of foreign clays to the United
States continued, but with the entry of this country into the war
the possibility increased that the importation of clay might be shut
off, or at least reduced, owing to scarcity of ships, and so a real
anxiety arose in the clay-using industries lest there should be a
deficiency of clay for making those kinds of ware whose production
had depended on a supply of foreign raw material. Not all the
industries that used imported clays relied on them exclusively, but
some did; and others relied on them to a large degree. Indeed, some
manufacturers claimed that it was impossible to get along without
a supply of imported raw material.

The following estimate, compiled by the United States Shipping
Board, shows the quantity of English china clay required by the
United States in 1918.

English china clay required by the clay-working industry of the United States

in 1918.

. Long tons.
Porcelain and electrical ..___ e 20, 000
Paper filler ______________ 112, 000
Paper coating_________________________________________ 30, 00C .
China 50, 000
Oilcloth, cotton filler, and bleaching_____________________ 12, 000
Sanitary ware and tile-.._______________________________ 25, 000

Ultramarine and paint-—_____________________________.__ " 2,000
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The quantities stated in the estlmmte for paper filler and for paper
coating are probably too low.

When it became evident that shipments of clay from foreign coun-
tries might be curtailed, the problem was presented whether similar
classes of clay now produced in the United States could be obtained
in sufficient quantity to meet a considerably increased demand and
whether those industries which had hitherto relied wholly or in
part on foreign materials could not draw more largely on domestic
sources of supply. Strictly speaking, therefore, this report deals
with only those types of clay that had been imported; others are not
considered unless they are closely associated with those that claim
‘our particular attention.

On the whole, the facts concerning the domestic supply shown by
this investigation, some of which have already been made public,
are most encouraglng

Though it is difficult and even unsafe to make any definite calcula-
tions of the quantity of clay in the domestic deposits, except where
many test-hole records are available, it is nevertheless possible to
form a reasonably safe estimate of the probable reserves of many
deposits, or at least to state whether they are large or small.

SOURCES AND KINDS.

Most of the clays imported prior to 1914 were obtained from
England and Germany. Those imported from England were chietly
kaolins and ball clays; indeed, England has supplied not only the
United States but certain European countries that have not sufficient
supplies of their own, such as Germany, France, Holland, Denmark,
and Italy. The English kaolins were used not only by domestic
manufacturers of vitrified and unvitrified clay wares but by makers
of paper; paint, linoleum, ultramarine, and other products. The
English ball clays were used in making the burned-clay wares men-
tioned above and also to some extent in making glass pots, crucibles, -
and abrasive wheels.

The type of clay that was most largely imported from Germany
is that known as refractory bond clay, which is used in the manu- -
facture of glass pots, crucibles, and abrasive wheels. According to
the reports of the United States Bureau of Foreign and Domestic
Commerce, the imports of German clays into the United States in

1914 amounted to 22,062 tons and in 1915 to 12,057 tons. The chief
" German clays included in these imports were the Gross_Almerode
clay; which was used extensively in making glass pots, and the

1 Rijes, H., 'fhe occurrence of high-grade American clays, and the possibility of their
further development: Am. Ceramic Soc. Jour., vol, 1, No, 7, 1918.

7741222 2




4 HIGH-GRADE CLAYS OF THE EASTERN UNITED STATES.

Klingenberg clay, which was much employed by manufacturers of

graphite crucibles. A third German clay that was widely used,
though in smaller amounts, was the Vallendar clay, which was
employed as an ingredient of enamels. A fourth German clay was
the Scheppach refractory bond clay.

At the beginning of the war the exportation of the German clays
had to stop, and that of the English clays was decreased. This
decrease of imports at first cwsed considerable uneasiness among
consumers, although some of them had rather large stocks of foreign
clays, but it had the beneficial effect of increasing the consumption
of domestic clays, and the increase might have been even greater had
there been sufficient labor to mine the clay and cars to carry it to the
points of consumption. Nevertheless; many manufacturers did use
a larger quantity of domestic clays, and the clay-mining industry was
thus stimulated. Then there arose a discussion as to the extent to
which foreign clays were really needed in the domestic industries,
and right at the beginning some strong dlﬁerences of opinion were
expressed.

In preparing this report the senior author has conferred with
several clay technologists and corresponded with a large number of
producers, and in addition he has ascertained as far as possible the
regular purchasers of clay from every pit visited. From the data
so obtained the conclusions given below have been drawn.

1. The industries that now use English clays but that in time may
be able to dispense with them are those that manufacture vitrified
tableware and sanitary ware, hard-fire porcelain, chemical porce-
lain, and linoleum. Some firms that make these products have
already ceased to use the English clays, but the manufacturers of
certain grades of vitreous ware at least have not yet found it pos-
sible to substitute American clays completely for imported ones.
One objection that is made to some of the domestic clays is their lack
of uniformity, and this is a- fault that the domestic producers should
strive to correct. Greater loss in firing is another objection made
to American clays, but there seems to be a difference of opinion as to
whether the trouble really lies in the clay or whether the manu-
facturers have not yet discovered the proper mixture of domestic
materials and the best conditions of treatment.

Linoleum manufacturers claim that English china clay has greacer
umformlty of composition, better color, and more opacity than
domestic clay.

Most paper manufacturers claim that English clay is necessary for
coating because it has better color and spreads better, but that
. domestic clay to the extent of about 10 per cent can be mixed with it.

2. The industries that need only a small quantity of English clay
are those that manufacture electrical porcelain and paper. The
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makers of electrical porcelain could dispense with English ball clay
and could cut out half of the English china clay they use. Some
manufacturers of electrical porcelain use only domestic clays. One
objection urged against American clays is that they are not uniform.

Many manufacturers of paper say that English clay is not needed
for filler, but it seems to be needed for coating.

3. The industries that need no English clay are those that manu-
facture white earthenware and floor 'md wall tile.

The industries numbered 1 to 3 need no other foreign chy than
that mentioned.

4. The industries that probably need no foreign clay whatever are
those that manufacture glass pots, graphite crucibles, abrasive wheels,
pencils, and paint (?).

Al consumers and even all technologists may not-agree concerning
the requirements stated in the above grouping. The manufacturer
naturally objects to changing a mixture that he has long been using.

For some years manufacturers of glass refractories have been using
a considerable quantity of washed clay from the St. Louis district
in their glass-pot mixtures and have also drawn upon the German
pot clay, just as the crucible manufacturers have used the imported
Klingenberg clay. When the supply of German clays was shut off
domestic bond clays had to be sought, and they are now in use.

The makers of glass refractories seem to be successfully using
domestic clays, but the makers of crucibles, or some of them, at least,
complain that a mixture composed entirely of American clays does
not stand as many heats as the old combination. This trouble,
however, may be due to the fact that the proper combination has not
yet been fully worked out.

EXPORTS OF CLAY.

Although the United States has imported a considerable quantity
of clay, it has, during the last few years at least, also exported
a considerable quantity, as the following figures will show:

Clay exzported from the United States, 1916-1920.

Fire clay. All other. Total.
Year. Quantity Quantity Quantity

(short Value. (short Value. (short Value.

tons). tons). tons).
45,752 $144, 552 27,941 $145,970 73,693 $290, 522
.»4 023. 268, 093 29 194 178 764 83,217 446 867
60 206 333, 880 24 348 192 053 84, 554 525,933
37,486 262, 501 30,9083 249, 571 68, 469 512,072
54,125 393,177 | . 66,035 775,222 120,160 1, 168 399
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At least nine-tenths of the clay exported was sent to Canada, and
the remainder was sent to Europe, South America, Central America,
Asia, and Oceania.

STATISTICS OF PRODUCTION.

Some conception of the demands of the country for certain grades
of domestic clay may be obtained from the following table. These
quantities added to the imports less the exports give the total con-
sumption. The classification in this table is not strictly exact, how-
ever,.for it includes, under fire clay, grades that are not considered
in this report. One prominent American potter says that the potters
of the United States use in their mixtures from 35 to 40 per cent of
American kaolin and from 25 to 50 per cent of domestic ball clay.

Domestic clay marketed in the United States, 1918-1920.

Kaolin. Paper clay. Slip clay. Ball clay. Fire clay.
Year. | Quan- Quan- Quan- Quan- Quantit
tity tit tit; tit panuey
(short | Value. (sho};t Value. (sho);t Value. (sho);t Value. glrl)(;r)t Value.
tons). . tons). tons). tons). *
1913..... 28,834 | $235,457 | 126, 377 $567,977 | 10,902 |$24,505 | 67,134 |$237,672 1,8 0,379 |82, 592, 591
1914..... 31,191 284 817 116 328 558 334 8 237 | 17,731 | 67,927 | 255,767 1,409 467 | 2,147,277
1915.... 28,031 | 241,520 | 113,033 | 530,622 | 7,646 | 18,774 | 75,348 | 301,910 | 1,570,481 | 2,361, 482
1916.. .. 47,723 | 306,819 | 153,434 | 768,911 | 14,064 | 47,939 | 89,761 | 391,152 | 2,057,814 | 3,708,009
1917.. ... 31,885 301 378 | 174,449 | 962,421 16 972 | 70,505 {107,406 | 569,240 | 2, 347 972 | 5,625,005
1918..... 37,969 391 109 | 141,725 1,068,420 1‘3 552 | 49,808 | 89,896 | 590,631 2,305 033 | 5,664,064
19192 | 39,000 |. 427,000 | 148,000 (1,221,000 | 3,000 | 12,000 | 93,000 | 637,000 | 1,715, 4,143, 000
1920 |b264,000 (52,385,000  (b) (6y | 10,009 | 49,000 [145,000 (1,340,000 | 2,400,000 | 7,720,000
Stoneware clay. Brick clay. Miscellaneous clay. Total.
Year. | quantity Quantity Quantity Quantity
(short Value. (short Value. (short Value. (short Value.
tons). tons). tons), tons).
1913........ 153,353 | $143,587 158,890 | $137,976 282,120 | $240,694 | 2,647,989 | $1,180,459
1914...0.00 130,383 | 116,610 | 199,154 | 161,852 | 244173 | 214,180 | 2,200,860 | 3,756,568
1915........ 134,297 126 429 ]Ol 968 93, 863 332,150 288,341 | 2,362,954 3,971,941
1916........ 135,958 137 779 97 164 76,854 336,672 314,311 | 2,932,590 5,751,774
917,000 81,352 | 113,839 | 93779 | 94703 | 260,020 | 305,365 | 3,113,844 | 8,042,546
1918000000 86,800 | 147,008 | (¢ (¢ 301,38 | 421,421 | 2,976,361 | 8,332,641
1919a. .00 65000 | 137,000 | |, (c) () 300,000 | 500,000 | 2,363,000 | 7,077,000
1920a._.... 90, 000 250, 000 (c) (c) 250, 000 350,000 { 3,159,000 12 094 000

e Estimated.
b Paper clay included under “ Kaolin.”
¢ Included under “Miscellaneous clay.”

REQUISITE QUALITIES OF HIGH-GRADE CLAYS FOR
DIFFERENT PURPOSES.

WHITE-WARE CLAYS.

The white-ware cla:ys inclpde the kaolins and ball clays and white-
‘burning sedimentary clays which are used in white ware, including
pottery, electrical goods, and floor and wall tile, whether vitrified or
porous.
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KAOLINS.

The kaolins include those white residual clays which burn white
or nearly so and are of refractory nature and more or less porous
after burning. Their plasticity is usually lower than that of the
sedimentary clays, and they have to be washed before shipment to
market. The necessity of washing this material with care can not
be emphasized too strongly; the high reputation of English kaolins
for uniformity is due to better preparation than that made in
America.

Chemical analyses of kaolin, though not of much practical value,
show that most of them contain a low percentage of impurities, that
-some approach rather closely to kaolinite in composition, and that
they may have much the same composition whatever the nature of
the parent rock. The influence of the parent rock is shown perhaps
chiefly in differences in the content of silica. ‘

Analyses of kaolins.

1 2 -3 4 5
SIlER. .. e 45.78 46. 50 72.30 48.20 43.31
Alumina......... 36.46 37.40 18.94 37.64 39.42
Ferric oxide. ... .28 .80 .40 46 2.86
Ferrous oxide. . LOS oo el
Lime........... e .50 Trace. .68 U P
;{agnesia ................ O .39 [ Trace. .04
otash..........eoeeaen . .25
30d8........... -25 L1 42 1. 56 .30
[gnition loss.... 13.40 12.49 7.04 12.02 13,58
Water 110° C. ..o 205 | e e
99, 84 98.29 99, 57 100. 00 99,76

1. Washed kaolin, Webster, N. C., derived from pegmatite. North Carolina Geol. Survey Bull. 12, p.

9. Washed kaolin, West Cornwall, Conn., derived from feldspathic quartzite.
3. Crude kaolin, Glen Allen, Mo., derived from cherty dolomite. Missouri Geol. Survey, vol. 11, p.

:63’1 ;§§£§th kaolin, Cornwall, England, derived from granite. U. S. Geol. Survey Prof. Paper 11, p.
S éfvg;l.xde kaolin, Cold Spring, Va., derived from Cambrian shale. Analysis supplied by Virginia Geol.
Of the kaolins listed in the table only Nos. 1 and 4 are regularly
used in the manufacture of white ware. No. 5 does not burn quite
white enough, but a small amount of it can be used in a white body
without seriously affecting the color. ‘
The true kaolins used regularly in the manufacture of white ware

come chiefly from North Carolina and Delaware.
WHITE-BURNING SEDIMENTARY CLAYS,

In the trade the white-burning sedimentary clays are known as
kaolins, plastic kaolins, sedimentary kaolins, and secondary kaolins.
Certain white sedimentary clays, like those found in Georgia and
South Carolina, are also used in white wares. They are incorrectly
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spoken of as kaolins, and some potters seek to differentiate them from
the white residual clays by calling them sedimentary kaolins.

Most of these clays are smooth, and some of them, like those of
* Georgia and South Carolina, may yield comparatively little residue
‘on washing, but others, like those of Florida, carry a large propor-
tion of sand. Few of therp/ burn quite as white as the best true
kaolins, and in -plasticity they stand intermediate between the true
kaolins and the ball clays. They closely resemble the residual kaolins
in composition, but usually have higher shrinkage. According to
the testimony of many manufacturers the one class can not be sub-
stituted, pound for pound, for the other.

The following tests and analyses give some of the characters of
Georgia white sedimentary clay: :

Analyses of white sedimentary clay from Georgia.

1 2

Silica (S102) . v e it e e 44,76 44,25
Alumina (AleO2).....oooiiiiiiiiiiii e i eeiianaaas 38.41 38.06
Ferric oxide (Fez03) ceee et eeeaeraa e .63 1.03
lee (Ca0).......oeiiiiil N .20 .08
agnesia (MgO) .09 Trace

a (Naq0). .09 .10
Potash (K00 .35 .70
Titanic oxide (TiOz 1.37 1.29
Sulphur (8). .. ..o e e e .06
Loss on ignition........ 13. 46 13.63
Lossat 100° C. ..ottt e 1.22 .38
100. 58 99. 58

1. Dry Branch, Ga.
2. Gordon, Ga. Schurecht H. G., Am. Ceramic Soc. Trans., vol. 19, D- 248, 1917
Drying and shrinkage tests of white sedimentary clay.
Fire
Drying | shrink-
. age. age,
cone 1.

English china Clay . .. ..o i it iie e 2,32 4.48
Washed Georgia Clay ... .. ... e 4. 38 8.12

Tests of clay from Gordon, Ga., showing shrinkaege and porosity in firing.e

Tem?erature Porosity (per | Volume shrink-
cent). age (per cent).
1,210 . 29,45 36. 01
,1,250 28.33 33.05
. 1,290 31,02 32.88
1,330 34.15 31.10
1,370 28,53 36.05
1,410 22.78 40.40

o Schurecht, H. G., Am. Ceramic Sec. Trans., vol. 19, p. 248, 1917.

The white sedimentary clays of Georgia and South Carolina are
being used more in pottery than formerly. However, as is pointed
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out by Watts,? they can not be indiscriminately substituted for other
white-burning clays on account of differences in physical character.
Results of tests of clays from South Carohna in porcelain bodies

are given on pages 170-184.

BALL CLAYS,

The term ball clays is applied to clays of good plasticity, strong
bonding power, and high refractoriness, which burn white or
creamy white and are used in mixtures employed for making white
ware to give the mixtures greater plasticity, to strengthen their bond,
and to increase their density after firing. They are used chiefly in
making white earthenware and porcelain but are also used in making
floor and wall tile. Some of these clays are used in the manufacture

of glass refractories and crucibles.

The supply of ball clay was formerly obtained from England, but
large quantities are now obtained from western Kentucky and Ten-
nessee. - The total quantity reported by these two States in 1918 was

58,140 short tons, valued at $265,325.

The white-burning clay of Florida, which is called by some a ball
clay, is really intermediate between the ball clays of Kentucky and
Tennessee and the sedimentary clays of the belt that traverses

Georgia and South Carolina.

The following results of chemical analyses of some ball clays are

given for those who may be interested in their composition.

The

results of physical tests of ball clays are given on pages 13 and 281.

Analyses of ball clays.

Silea (S108) - ..o eeee e
Alumina (ALOj).. . - ..
Ferric oxide (I egoa)
Ferrous oxide ( Feog
Titanic oxide (TiOg s
B T (071 T
Magnesia (MgO).
Potash (K30)..
Soda (Nag0)..........
Sulphur trioxide (SO3)
Loss on ignition. .......

MoiSture at 100%C. .. ... oemtt ittt
99. 98| 97.03‘ 100. 20
1. Whitlock, Tenn.
2. England.
3. Mayfield, Ky.
2 Watts, A. S.,, Comparison of American china clays as porcelain Ingredients: Am.

Ceramie Soe. Jour., vol. 2, p. 151, 1919,

~
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PAPER CLAYS,

Clay is used by the paper manufacturer as a filler, for coating, and
in wall paper as a base for color applied to the surface. For all these
purposes the clay must be free from grit; for grit cuts the wire of the
screens and scratches the surface of the calendar rolls. It should also
disintegrate readily. “White clay is invariably selected, but the color
may not have to be quite so carefully watched in clay for filler as in
clay for coating. A third essential property is that the clay shall be
retained by the pulp, a point that has to be determined by practical
test. Whiteness and fineness, however, are of prime importance.

The domestic clays most used are the white sedimentary clays of
Georgia and South Carolina, although the white residual clays of the
Mount Holly Springs and the Saylorsburg district of Pennsylvania
have been used to a lesser extent. More recently. the white residual
clay of Cold Spring, Va., has been employed for filler.

A canvass among the producers and consumers shows that most of
the white clay from Georgia and South Carolina is sold. for use in
paper. Some manufacturers state, furthermore, that it is being used
as a substitute for English clay ; others state that it can not be so used.
Curiously enough, some producers of the same class of paper express
opposite opinions concerning the same clay.

According to Roe,® there has been a recent tendency to develop
American clays for use in making paper. He writes:

For many years there was a distinct prejudice in most quarters against local
clays, it being claimed that the English article is of better color, contains less
grit, and possesses to a higher degree those qualities which are peculiarly essen-
tial in a coating clay. As far as color is concerned, domestic clays tend to a
yellow tone whereas the imported article is more of a blue white. It is a fact,
however, that some of the higher grades of English clay are artificially colored
with a blue coal-tar dye, which undoubtedly accounts for the superior color.
In some cases ultramarine has been used for the purpose. This pigment is un-
stable under conditions which might easily obtain in paper making, in which
cases the color imparted would fade. While the average English clay is better
in color than the average American clay, some of the domestic clays now on the
market are of good color and are admitted in most quarters to be qulte satis-
factory for filling purposes.

He further states that the domestic clays as. formerly marketed
carried too much grit, but that they have been geatly improved in
this respect. For coating, however, the English clay is almost uni-
versally preferred.

*Roe, R. B., Clays for use in paper making: Am, Ceramic Soc. Jour., vol. 2, p. 69,
1919.



QUALITIES OF HIGH-GRADE CLAYS, 11

PAINT CLAYS.

Manufacturers of paint demand in general a white gritless plastic
clay, which is used to mix with the colors. In general the material
required is similar to that demanded by the paper makers, although
the requirements as to minute differences in shades of color and grit
would seem not to be quite as severe, although one manufacturer
states that the clay should pass a 300-mesh sieve. Low moisture con-
tent is also demanded. However, irregularity in product is seri-
ously objected to, and clay miners should give heed to -this fact.
Domestic clays used in paints are obtained in general from the same
districts as the paper clays.

LINOLEUM CLAYS.

White clays are used for making linoleum. In addition to white:
ness, they”must possess opacity, freedom from grit, and proper
plasticity. The additioni of talc to the clay is claimed by some to
increase its opacity. Clays also differ in the quantity of linseed oil
required to mix them with the color, and it is said that English clays
take less oil than American clays. Absolute uniformity of standard
is highly essential. The South Carolina white sedimentary clays
and some of the domestic kaolins are employed to some extent in
making linoleum. ’

REFRACTORY BOND CLAYS.

The refractory bond clays include those clays which have refrac-
toriness and bonding power that makes them of value for glass
refractories, for crucibles to melt steel and brass, and to a less extent
for the bond of abrasive wheels.

In considering the properties of refractory bond clays, attention
must be given both to the properties that exist in the clays in their
raw condition and to the properties that are developed in the clay
by burning. _

The characteristic properties of the raw clays are their transverse
strength, especially if mixed with an equal amount of sand, and the
ratio of pore water to shrinkage water. Bleininger* suggests that
clays may be divided into two classes—the first class including those
whose modulus of rupture is 325 pounds to the.square inch or more,
and those whose modulus of rupture is between 225 and 325 pounds.
The ratio of pore water to shrinkage water should not exceed 1.00

4 Bleininger, A. V., and Loomis, G. A., The properties of some American bond clays:
Am. Ceramic Soc. Trans., vol. 19, p. 601, 1917.
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for clays of the first class. For strong, heavy, plastic clays, low
“in free silica, the ratio should not exceed 0.75, but siliceous bond
clays, such as the Gross Almerode, can not meet this requirement.

The principal criteria of the value of the clay as determined by
burning are the overﬁring temperature and the softening point. For
very severe service the clay should not develop a definite vesicular
structure below 1,425° C. nor a softening point below cone 31
(1,750° C.); but, as Bleininger says, this specification may not be
fair to some plastic clays that are of use in the manufacture of
graphite crucibles, especially for brass melting, although even for
this purpose the temperature of overfiring should not be much below
1,400° C. and the softening temperature not much below that of
cone 30 (1,730° C.). Anything below these requirements should be
ruled out as a bond clay.

To grade these clays, then, according to then uses, Bleininger sug-
gests the following classification :

1. Clays particularly suited to manufacture of graphite crucibles
used for melting brass., Should burn dense at 1,150° C. and show no
evidence of overfiring at 1,400° C. and have other required physical
properties.

2. Clays adapted for crucibles for steel melting. Should burn
dense around 1,275° C. and not overfire at 1,400° C. or higher.

2a. Clays like those of class 2 but that do not overfire below 1,425°
C. These clays are valuable in addition for maklng glass 1ef1ac-
tories.

3. Clays especially suited to glass industries. Should burn dense
only at 1,425° C., or even higher, and not overfire below 1450° C.

Clays that become dense between 1,150° and 1,300° C. and that
overfire at or just above the temperature at which they become dense
are of no value as refractory bond clays.

The following table by Bleininger and Loomis shows the char acter-
istic physical properties of a number of good refractory bond clays,
as well as some that are deficient in refractoriness:
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QUALITIES OF HIGH-GRADE CLAYS.
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A number of interesting tests of crucible clays mixed with graphite
have been made by M. C. Booze,® from which he concludes that no one
clay satisfies to a high degree all the requirements for crucibles.
Indeed, some of these requirements are so diametrically opposite
that no one clay is entirely satisfactory. By selecting the clays that
rank higher than the others in all or most of the requisite properties,
using them as a base, and blending them with others, it is possible
to get a mixture that gives better results than any one clay alone
Would yield.

The domestic clays used in the manufacture of glass pots and
crucibles are obtained chiefly from the Wilcox group of northwestern
Mississippi and the Lagrange formation of Tennessee, Kentucky, and
Tllinois, from the Carboniferous clays of the St. Louis district in
Missouri, and from the Portsmouth district in Ohio. Some clay for
glass pots has been obtained from deposists at Lowell, IlL.* and in
- the Woodbridge district of New Jersey. The deposits near Lester,
Ark., which occur in the Wilcox formation, have not been worked
for at least two years, and there is no.steady production from the
locality near Contee, Md.

s Booze, M. C., Some properties of hond clays for graphite crucibles: Am. Ceramic Soc.
Jour.! vol. 2, p."461, 1919.
m;;,ines, L. H., Pennsylvanian fire clays of Illinois: 11linois Geol. Survey Bull. 80, p. 73,

f



DEPOSITS OF HIGH-GRADE CLAYS.
KAOLINS (WHITE RESIDUAL CLAYS).
DEFINITION.

"The term kaolin is properly applied only to a white residual clay
that is the product of weathering, though kaolinization may occa-
sionally be caused by other processes;! but by many the term is
somewhat loosely used to mean any clay that burns white or nearly
white, including white clays of sedimentary origin. This practice
is unfortunate, for the uses of these two classes of white clay are
somewhat different.

GENERAL FEATURES.

Residual clays may be formed by the weathering of many different
kinds of rock. The depth of the deposit depends on the extent to
which weathering has penetrated the rock and the thickness of mate-
rial that has been removed during the period of weathering or since .
the clay was formed. The depth to which weathering may penetrate
the rock is determined by the permeability of the rock, the resistance
of the minerals composing the rock, and by the depth to water level.
‘We can not assume, therefore, that weathering will extend to the
same depth in all kinds of rock or-at all places. Even in the same
formation weathering may reach to great depth at one locality hut
not at another. (See pp. 22-23.) '

The shape of a deposit of residual clay will be governed largely
by the shape of the parent rock—the rock from which it is derived.
Thus a pegmatite dike will yield a deposit that is relatively long but
narrow, whereas a horizontally bedded deposit or a mass of granite
may yield a deposit that is of considerable horizontal extent as com-
pared with its depth.

The color is likewise dependent on features of the parent rock.
If the parent rock contains few or no particles of iron-bearing min-
erals, which liberate iron oxides during the process of weathering,
.the residual clay is white, but if the parent rock contains many par-
ticles of iron-bearing silicates or ferruginous impurities the clay is
likely to be more. or less strongly colored. Residual clays may there-
fore range in color from snow white to an intense red or brown,
caused by iron. Indeed, different parts of the same rock mass will

7Ries, H., Origin of kaolin: Am. Ceramic Soc. Trans., vol, 13, p. 51, 1911,
15
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yield different-colored residual clays, which may lie side by side but
be separated by sharp boundaries. In pits in residual limonite
(brown iron ore) it is not uncommon to find lenses of white clay

completely surrounded by brilliantly colored material. ‘

TYPES OF ROCKS THAT FORM KAOLIN,

-The true kaolins are not derived exclusively from feldspathic rocks.
The deposits in the United States have been formed from syenite,
granite, pegmatite, rhyolite, arkose, schists, shales, limestone, and
feldspathic quartzite. The hydrous aluminum silicates in clay de-
rived from the first six of these types of rock are produced chiefly
by the decomposition of the feldspar; those in the shales, limestones,
and quartzites are probably present in the parent rock.

NEED OF PURIFICATION FOR MARKET.

The parent rock of most kaolins contains considerable quartz, and
some of it contains much mica, and as these minerals are regarded as
undesirable impurities the kaolin is commonly washed in order to
eliminate them as far as possible. Some kaolins present no special
difficulty in washing, but others (such as the kaolin from Mount
- Holly Springs, Pa.) contain sand which is so finely divided that it
tends to float off with the clay in the process of washing. By adding
an electrolyte like sodium carbonate the clay is deflocculated and the
silica settles out more completely. This method of treatment appears
to work better with residual than with sedimentary clays. The
quartz and mica are sometimes sold as by-products.

DISTRIBUTION OF KAOLINS IN THE UNITED STATES.

Kaolin deposits are rare in the glaciated area. Outside of this
area they are somewhat widely distributed, at least in the eastern
half of the United States, but the number of commercially valuable
deposits is comparatively small. Moreover, the physical qualities
of those already developed differ considerably, so that they are not
all useful for the same purpose. Nor do they all occur in the same
geologic formation.

KAOLIN-BEARING FORMATIONS.

All the kaolins found in the United States are probably of com-
paratively recent geologic age, but the age of the rocks from which
they have been derived differs in different places.

Beginning in the northeast, there is an isolated deposit near West
Cornwall, Conn., which is derived from a feldspathic quartzite.
Small bodies of kaolin have been reported from western Vermont
and yield a small output annually.
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Next there are the kaolins derived from pegmatite in Delaware
-and Chester counties, Pa., which were extensively worked in former
years, though their production has now fallen off greatly owing to
the exhaustion of the deposits. Similar deposits are still worked
in the State of Delaware.

Two other formations that yleld kaolin in Pennsylvania are (1)
the Devonian shales and cherty limestones, which are worked near
Saylorsburg, Monroe County, and which supply residual clays far-
ther west in the State, though all the material is not pure white,
and (2) the Cambrian schists, which contain kaolin in the South
Mountain district of Cumberland County, as Well as farther west in
Huntingdon County.

In Cecﬂ County, Md., a small deposit of kaolin derived by decom-
position from a granodiorite has been worked at different times.

In Hampshire County, W. Va., and adjoining portions of Virginia
white and grayish-white residual clays occur-in shales and sand-
stones of the Oriskany group.

Along the western slope of the Blue Ridge in Virginia the Cam-
brian shale yields white residual clays, but the known kaolins of the
Piedmont area .in that State have not proved to be valuable.

The western counties of North Carolina have long produced
kaolins. The material was formed from pegmatite veins, but simi-
lar rocks in Georgia and Alabama have yielded little thus far.

In the Central States the only deposits of kaolin known are those
derived from limestone in Missouri, and some of doubtful value in
Wisconsin from schist and in Arkansas-from syenite

Some scattered depos1ts of unique character in Nevada and Idaho
derived from limestone in Missouri, and some of doubtful value in
California. One of doubtful origin and remote from the railway
is known in Texas, as well as some small deposits in Colorado.

" In the following descriptions the deposits are grouped according”
to the type of rock from which they are derived.

KAOLINS FROM PEGMATITES,

The purity of the crude clay depends on the mineral character of
the parent rock. Where weathering has been complete all the feld-
spar is generally changed to clay. The impurities, which occur in
varying amounts, are quartz and muscovite mica. Tourmaline in
blocklike lumps or crystals and beryl are also found in some de-
posits. Garnet, if present in the original rock, is usually decayed to
ferruginous spots. Other impurities may occur in small amounts.
Rautile is almost invariably present, but the grains are so small that
they can be seen only with the microscope. In the kaolins of North
Carolina Bayley notes the occasional presence of lumps of iron’ or
manganese oxide.
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PENNSYLVANIA AND DELAWARE.

Kaolin derived from wne weathering of pegmatite veins was for-
merly worked near Kaolin, Chester County, and Brandywine Sum-
mit, Delaware County, but the mines are no longer in operation.®
Similar deposits were worked at Hockessin, Del., and are still being
operated near Newark, Del.

MARYLAND. -

Kaolin occurs in Cecil County,” but the production has not been
very large nor steady. The clay has been used in china and in paper.
According to tests made by the Bureau of Standards, the mixture of
clays employed for making porcelain glass pots may contain about 24
per cent of this clay.

: VIRGINIA.

The Piedmont province of Virginia contains a few deposits of
kaolin, all derived from pegmatite by weathering, but none of them
have proved to be of economic value, chiefly because their area, so far
as known, is small, or because the quantity of washed product obtain-
able is small.

Some years ago attempts were made to work a deposit of kaolin
near Roseland, in Nelson County, but the venture was unsuccessful,
and the plant has been dismantled. Another deposit was formerly
operated near Patrick, in Henry County.?

NORTH CAROLINA.
By W. S. BAYLEY.

DISTRIBUTION OF KAOLIN.

The kaolins of North Carolina occur west of the “ fall line,” which
runs along the east side of Warren County and southwestward to the
State line near Rockingham, Richmond County. (See PL I.) There
are some white clays east of this line, but most of them are impure.
and hence they can not be used for the same purposes as the kaolins
so they are not discussed here.

The part of the State that lies west of the “ fall line” is separable
into two main physiographic divisions—the Piedmont Plateau to
the east and the Appalachian Mountain area to the west. The line
dividing these provinces (see Pl. I) is at the base of the Blue Ridge
and passes diagonally through the State from the west side of Surry

8 Hopkins, T. C., Clays of southeastern Pennsylvania (in part) : Pennsylvania State
Coll. Ann. Rept. for 1898-99, Appendix, p. 29, 1900. :

% Ries, H., Report on the clays of Maryland: Maryland Geol. Survey, vol. 4, pt. 3,
1902. Cecil County report, Maryland Geol. Survey, p. 211, 1902.

10 Ries, H., and Somers, R. E., Clays of the Piedmont province, Va.: Virginia Geol.
Survey Bull. 13, 1917. :
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County, southwestward to the center of Polk County. A small area
of the Coastal Plain covers parts of Richmond, Anson, and Mont-
gomery counties, but this is somewhat broken by outliers of the Pied-
mont Plateau.

The mountain area is characterized by strong relief. It comprises
mountain chains, broad plateaus, and deep, narrow valleys.

The plateaus were formed by long weathering and denudation,
and it is at places on their surfaces where the weathering has been
deepest that the best deposits of kaolin occur, The areas along the
main streams have been reduced to nearly level plains, which have
been cut into by the streams to depths of 100 to 300 feet. In these
areas the rocks are deeply decomposed, and where they contained
much feldspar deposits of kaolin have been formed. Unfortunately,
however, most of these deposits are buried under surficial material
and can not be found.

The Piedmont Plateau which lies east of the mountains is char-
acterized by low, rounded hills, which are separated by broad, shal-
low valleys. Here all the rocks are deeply decayed, but the slope of
the hills is so low that much of the product of decay has been left
on the surface. Thus materials derived from different sources have
been intermingled, and the entire surface is covered with a deep
mantle of mixed detritus that obscures the underlying rocks, so that
narrow belts of kaolin produced by the decomposition of pegmatite
dikes are difficult to locate. Where feldspathic grainites or other
feldspathic rocks occur over large areas, however, the deposits of
kaolin may be so extensive that their presence may he revealed at
the surface. Because of its striking appearance, the kaolin, even
when much mixed with other materials, may easily be recognized.
Indeed, the kaolin at the surface generally covers a much larger area
than that beneath, and where kaolin outcrops on a slope, its creep
or wash downhill may also tend to increase the apparent area of the
deposit. Deposits of kaolin derived from pegmatites are generally
more valuable than those derived from other feldspathic rocks, which
usually . contain much undesirable material. A few deposits of
kaolin occur on the Piedmont Plateau in North Carolina, but the
most promising ones are in the mountain area.

Deposits of clay are found also along the river valleys. Large quan-
tities of the products of rock weathering have been transported from
the upper courses of the streams and have been spread over the flood
plains in the lower courses. Many of the rivers in North Carolina
flow through districts where there is much kaolin, which they have
brought down in large quantities and deposited, with other material,
on their flood plains. Some of these deposits contain many minerals
besides kaolinite; they consist of an impure clay which is not suited

77412—22——3 '
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to the purposes for which the purer kaolin is employed, and they are
therefore mentioned only incidentally in this report. Much of this
clay may be used in making stoneware, but most of it is too impure
even for this use.

The high-grade kaolins of North Carolina may, for convenience in
classification, be separated into two groups—those of the mountainous
district and those of the Piedmont Plateau. Only the clays of the
mountains have been developed commercially.

ORIGIN.

The kaolins of North Carolina have without doubt been formed
directly or indirectly by the weathering of feldspathic rocks. Those
in the mountain regions, where the surface waters have had almost
direct access to the material of the pegmatite dikes, have been formed
directly by weathering. The kaolins around Bessemer City, Bostick’s
Mills, and Statesville may have been formed somewhat differently.

There the areas underlain by the clay are wide rather than long and
" narrow, as in the mountain district, and possibly the feldspathic
rocks from which the kaolin has been denved were formerly covered
by swampy tracts, so that the surface water per colatmg through them
to the bedrock be(,ame charged with carbonic and organic acids, which
not only accelerated the process of weathering but may have caused
the removal of some of the iron that was in the parent rock.

The data given below are based chiefly on studies of the deposits of
- the mountain region, which have been more extensively opened up,
although the changes descubed mlght apply to the Piedmont area
as well.

In the breaking down of the feldspar considerable silica is set free
and must be removed in solution, for orthoclase on weathering gives
‘only 52 per cent of its weight, or 61 per cent of its volume of kaolinite.

The residual clay, however, is generally very compact and contains
as much as 90 per cent of kaohmte This high content of kaolinite
may be due either to the settling of the material or to enrichment of
the kaolin by the migration into it of kaolinitic material from the
higher-lying parts of the deposit.

Few deposits contain an average of more than 40 per cent of kaolin,
even where all the feldspar has been entirely decomposed, and the
rest of the material is made up of other minerals, chiefly’ quartz.
Products of the decomposition of other constituents of the pegmatite
may affect unfavorably the color or purity of the kaolin.

Even quartz, which is one of the most resistant constituents of
the pegmatite, may sometimes show the effects of attack by the per-
colating waters, as in .the rounding of the edges of the grains, or the
pitting of their surface by solution. Indeed, it is probable that they
have invariably undergone solution to some extent, though perhaps’
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only exceptionally is the solution marked. The quartz then has a
pebbly appearance, and the crude kaolin may look very much like
a mass of water-worn pebblesin a fine-grained sediment. The solu-
tion may be due to the action of the alkaline carbonates produced
during the weathering of the feldspar, for it is well known that
quartz is appreciably dissolved by alkalies. If the quartz in the
original rock was in fine grains some of it may be completely dis-
solved, but much of it may nevertheless remain as grit or sand in
the kaolin. .

Beryl alters to mica or kaolinite and in altering to mica is apt
to yield fine scales, which are difficult to separate from the flakes
of kaolinite, and may injure the refined product if the beryl was
originally present in any qiantity.

Tourmaline, though probably strongly resistant to weathering,
appears in some deposits to have been decomposed to a mixture of
clay and iron oxide. 4

Muscovite loses its elasticity and luster and alters to a hydrated
mica, but generally it changes so slowly that it may be picked by
hand from the kaolin, provided the plates are large enough, and
much of it may be so slightly altered that it can be sold as sheet,
ground, or punch mica, depending on its size.

Biotite, hornblende, and any other ferriferous minerals may be
altered to a number of compounds, among which may be limonite or
other iron hydroxides, and even ferrous carbonate. In the presence
of abundant oxygen the hydroxides are apt to form; and these
stain the kaolin brown or yellow. TIn the absence of oxygen ferrous
carbonates are produced, and as these are soluble in carbonated water
they may be carried away in solution. Thus, near the surface,
where the percolating waters carry abundant oxygen, staining by
iron salts is rather common, whereas with increase of depth the
stains decrease, except where crevices furnish channels along which
the water may flow freely, and at ground water level the kaolin is
practically free from them.

The most objectionable components of the kaolin are the products
of the decomposition of garnet. When the crystals are decomposed
they give rise to chlorite and other micaceous products that are
commonly colored reddish brown by iron hydroxides or other iron
compounds. The heaviest particles may be separated from the
kaolin by washing, but some of the lightest material floats over with
the slip and is distributed through the refined kaolin, even sertously
impairing its value. In the clay bank the decomposed crystals ot
garnet appear as little circular brown spots. If the spots are few
the clay containing them may be removed by hand sorting before
the crude material is sent to the washer, but if abundant there is
no recourse but ‘to abandon that part of the mine in which they occur.
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VARIATION IN COMPLETENESS OF KAOLINIZATION,

Most pegmatite dikes contain a large proportion of quartz, so
that the average quantity of kaolinite in their decomposed parts is
generally much less than 40 per cent, so low that the deposits are
not profitably workable throughout. However, richer pockets are
scattered through the dike mass, and upon these the minér depends
for his commercial success. He therefore passes by the poorer ma-
terial and removes the richer.

As kaolinization progresses downward from the exposed surface
the completeness of the process becomes less and less as depth
from the surface increases until the proportion of undecomposed
material becomes so great that deeper mining is impracticable.
Although even at great depth, the feldspar is partly kaolinized, the
quantity of undecomposed feldspar is so great that a crowbar can
not be forced into a mass of it without hammering. The quantity
of kaolin in the mass is there so small that the increased cost of pre-
paring it for market makes its mining unprofitable.
 The depth at which mining becomes unprofitable differs in dif-
ferent dikes, but in deposits well up on slopes it is generally at about
95 feet from the exposed surface. The purer kaolin lies near
water level, and above this plane kaolinization is practically com-
plete. When the miners reach water level the kaolin becomes so
plastic that it-is difficult to maintain the shafts, and for this and
other reasons the mining operations become so expensive that the
shaft has to be abandoned unless it can be drained. Consequently
deposits high up on slopes are generally minable at greater depths
than those at the bases of slopes or on plains, where the water level
is nearer the surface. Usually the best kaolin in any deposit lies
near the level of the ground water. Below this level the complete-
ness of kaolinization rapidly diminishes with depth, and in many
deposits the dike material a few feet below the water level has been
protected from alteration to such an extent that it might be used
as a source of feldspar. In general, a dike is richer in kaolin near
its footwall than near its hanging wall. The hanging wall, espe-
cially if it is composed of schists, protects the material to some
extent against downward-flowing water, but near the footwall the
water accumulates.

Though the statements just made are correct as to the complete-
ness of kaolinization of the feldspar in the different parts of a dike,
yet the present relation of a pegmatite to the surface features of the
vicinity is not the only condition that determines the thoroughness
of its alteration. Fresh feldspar and completely kaolinized feldspar
occur at the same elevation and near each other in neighboring dikes.
Watts 1* calls attention to the fact that a few years ago, at Penland,

1 Watts, A. S., Mining and treatment of feldspar and kaolin: Bur. Mines Bull. 53,
p. 17, 1913.
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N. C., a dike in an advanced stage of kaolinization was being worked
for kaolin, and that another dike 50 yards distant which was also
being worked contained fresh feldspar. He adds, however: “The
kaolin deposit is not well defined and appears to have been disturbed
by a slide; whereas the fresh feldspar is in a well-defined dike.”

It is not apparent to the writer why the kaolin at Penland is
regarded as a slide. A sketch map of the occurrence is given in
figure 4 (p. 49). However, in one of the shafts from which kaolin
was taken a distinct dike of pegmatite about 2 feet wide cut diago-
nally through the kaolin, and the material of this dike is practically
unchanged. The feldspar of the small dike is microcline and not
orthoclase. Evidently the microcline resisted decomposition more
successfully than the orthoclase and is therefore nearly intact. Some
of the contrasts in the degree of alteration of neighboring dikes are
probably due to differences in the character of the feldspar.

REFINING AND BY-PRODUCTS.

A thorough system of washing should remove many of the objec-
tionable constituents from the crude kaolin and yield a refined prod-
uct of nearly constant composition. Constancy of composition is
more easily attained than freedom from impurities. At one mine
the product was maintained at a constant standard during at least
five years, as indicated by the table below, which shows the limits of
variation in the refined kaolin shipped between the years 1890 and
1895. The analyses were made by N. P. Pratt on material dried at
100° C.

Analyses of washed kaolins from Dillsboro, N. C.

[Furnished by Harris Clay Co.}

1 2
SIlCa (S102). - -t et 46,47 46. 47
Alumina (AbOs)..ooeiveneieii .. .. 38.82 38. 14
Ferric tmd terrous i .. .89 .36
Lime (Ca0)........ 28 .50
Magnesla (1\5 . .25 .09
Alkalies (Ko +N320) .. .75 .64
Water (HoO ). oottt 13,34 13, 61

1. Analysis of kaolin high in iron and alkalies.
2. Analysis of kaolln low in iron and alkalies.

Some of the objectionable constituents are not so readily removed.
Nearly all refined kaolin contains some quartz and feldspar, and
some of it contains a large proportion of more objectionable compo-
nents. Washing alone, no matter how carefully and thoroughly
done, will probably not remove all the iron hydroxides, for some
of them are colloidal, but unquestionably many of the heavy iron-
stained particles and much of the quartz that now finds its way into
the refined product can be removed by more careful washing.
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Analyses of the crude and washed kaolins from the Springer pit, nea
Webster,'? give some idea of the 1mprovement made by washing an
unusually good crude clay.

Analyses of crude and washed kaolin from the Springer pit near Webster, N. C. A

1 2
Silica (S10g).+.veuoeiiiiai.l) et e et taeaaene s A 45.78
Aluming (AlgOs). . ..o o oiin e X 36.46

Ferric oxide (Fes03)

Ferrous oxide (FeO) s 1.08
Lime (Ca0)............. e . .50
Magnesia (MgO)........ . .04
Alkalies (Na;O+K:0) .25
Water (HaO above 100° C.)......... PR 13.40

Moisture (20 below 100° C.).... ... o .25 2,05
100. 66 ‘ 99. 84

1. Crude material.
2. Washed material.

The crude material contained 15.61 per cent of quartz and 18.91
per cent of feldspar and the washed material contained 6.60 per
cent of these two components.

In some of the deposits a great deal of the quartz occurs in grains
so fine that it passes the sand wheels used to remove the coarse com-
ponents from the crude kaolin. This quartz may pass into the mica
troughs and settle, and if not mixed with much mica it may be
used in scouring soaps and other cleansers. It is not sharp enough
for *sandpaper and rarely pure enough for use in making glass.
Occasionally the coarser quartz, when fairly uniform in size, has
been used in roofing but with what success is not known.

Much of the mica that was in the original pegmatites has remained
unaltered during the kaolinization of the feldspar and is now em-
bedded in the crude clay. That which is in large flakes or aggre-
gates of flakes may generally be easily separated from the kaolin
by hand, and if it is clean and uniform in structure may be put on
the market as ‘“ sheet mica” or if in smaller flakes as “ punch mica.”
Indeed, some of the mines are now producing mica of this kind. As

~ the mica must be removed from the mine and separated from the

kaolin, the small additional expense required to save and sort it is
warranted by the price at which it can be sold. In some pegmatites,
however, the mica occurs in very fine scales. Moreover, the coarser
mica found in most dikes is so severely pounded and torn in the
processes of refining the crude clay that much of it is shredded into
fine particles. The quantity of fine mica that passes the sand wheels
may be very great. Much of it drops to the bottom in the mica
troughs, but the fine scales float out in the slip that goes to the set-
tling tanks. By placing screens of the proper mesh in the sluice

122 Ries, H., Clay deposits and clay industry in North Carolina: North Carolina Geol.
Survey Bull 13 p. 62, 1897.
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carrying the slip most of this mica might be saved and sold as
“ground mica.” At the '‘Sprucepine mine an excelle¥ grade of
ground mica is now being saved at very little cost.

COMPOSITION.

A number of analyses of both crude and washed kaolins from
North Carolina have been published. The crude kaolin usually has
a high content of silica, whereas the washed kaolin commonly shows
a ratio of silica to alumina, which closely approaches that of kaolin-
ite, although occasionally the content of silica falls below that of
kaolinite, thus indicating that hydrous aluminum oxide or some
hydrous aluminum silicate other than kaolinite may be present. A
few illustrative analyses are given below.

Analyses of Laolins from North Carolina.

Silica (S102)...........oooiii i
Alumina (A)0ys).. s ..
Ferric oxide ( FegOa) PN
Ferrous oxide (FeO).............

10)
Titanic o*ude (TiOg).....
Water (HOs above 100° C.
Moisture (H:0 below 100°

7 8 9 10 11 12
Silica (SlOz) ............................... 45, 56 45 61 46. 51 49, 56 46. 95 44,00
Alumina (Al20s)...... s .. 38.65 38.63 39,91 37.53 37.24 40.79
Ferric oxide (Fe;0a). s .. .41 .46 .11 .02 .40 1
Lime (CaO)......... . .. .05 .08 .00 .00 Trace. Trace.
Magnesia (M O) .. . 08 08 .00 .06 Trace Trace
Potash (K;0). 80 90 | Trace. .05 49 55
Soda g a30)...... 55 66 .00 .06 21 07
Titanic oxide (TiO )11 DO PSP PPN 0! Trace
Water (Hz0 above 100° 13.90 13.57 13,38 12,65 14.10 14

IMClllédg kaolin trom Springer pit, Webster. North Carolina Geol. Survey Bull. 13,
‘P.

2. Commercially washed sample of kaolin from Springer pit, Webster, North Carolina
Geol. Sulvey Bull, 13, p. 62, 1897.
B %l 53mple of kaoliz‘l3 from Hog Rock mine, Webster. Washed in laboratory. Bur. Mines

u

4, Wasged kaolm from Hog Rock mine, Webster. Idem, p. 61. .

5. Commercially washed sample of Kaolin from Roda mine, Sylva. Analysis fur.
nished by Harris Kaolin Co.

6. Sample of kaolin from Buchanan property, Sylva. Washed in laboratory. Bur.
Mines Bull. §3, p. 154, 1913. (Probably same as Ross property. See p. 55.)

7. Commercial]y washed sample of kaolin from Olﬂ Sprucepine mine, Sprucepine.
Analysis furnished by Harris Kaolin Co.

8. Commercially washed sample of kaolin from Harris mine, Penland. Analysis fur-
nished by Harris Kaolin Co.

9. Commercially washed sample of kaolin from Wilson mine, Micaville. Analysis fur-
nished by Harris Kaolin Co. alculated to 100 per cent dry material.

10. Commercially washed sample of kaolin from Hand mine, Woodrow. Analysis fur-
nished by Harris Kaolin Co. Calculated to 100 per cent dry material.

11. Sample of kaolin from mine of Harus Clay Co. near Bryson. Washed in labora-
tory. Bur. Mines Bull. §3, p. 126, 1913

12. Sample of kaolin from mine of Gurney Clay Co. near Franklin. Washed in labora.
tory. Idem, p. 133.
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KAQLINS IN THE MOUNTATN REGION.
bl

OCCURRENCE.,

The kaolins of the mountain districts are all, so far as known,
residual products resulting from the decay of pegmatite dikes that
cut the schistose rocks and granites. These dikes are not continuous
for long distances and consequently form very narrow lenses. Many
of them are parallel to the plains of schistosity of the rocks with
which they are associated, and the strike of these rocks in turn is
parallel to the trend of the mountain ridges in their vicinity. As
most of the ridges have a general northeasterly trend most of the
dikes also have a northeasterly trend. A few of the dikes cut across
the planes of schistosity, but most of these crosscutting dikes are
~offshoots of main dikes that follow those planes. As a rule the
largest deposits of kaolin have been produced by the decomposi-
tion of the larger dikes and therefore have a northeast trend. The
crosscutting dikes are smaller than those that run parallel to the
structure of the schists and have given rise to smaller deposits of

kaolin,
CHARACTER OF THE PEGMATITES.

The relations of the pegmatites to the neighboring rocks have been
so well described by Sterrett®? that his statements concerning them
may be quoted almost without modification. After stating that the
pegmatites of North Carolina occur mainly in the Roan gneiss, which
is a series of hornblendic gneisses and schists, and in the Carolina
gneiss, which is nonhornblendic, he says:

Pegmatites occur in irregular masses, streaks, lenses, augen, or balls, some
of them having no visible connection with other pegmatite bodies. They
range from a fraction of an inch up to wany yards in thickness. * * *

Horses, or inclusions of wall rock, are common in pegmatite. Some of them
are in the form of bands or sheets parallel to the walls, and the schistosity of
these bands is also parallel to the walls. They range from an inch or two up
to several feet in thickness, and their length may be many times their width.
Elgsewhere they occur as irregularly shaped masses, from a few inches up to
several feet thick. * * * In some places the horses are partly pegmatized
by streaks of pegmatite ramifying through them and by the development of
considerable feldspar and quartz through their mass, In such places no sharp
line can be drawn between the pegmatite and the original horse.

Pegmatite is closely allied to granite in composition. As in granite, the
essential constituents are feldspar and quartz, with more or less mica and
other accessory minerals. Though hornblende is pather a common mineral in
granite, it is less so in pegmatite. Orthoclase and microcline are the most
common varieties of feldspar found in pegmatite. In many places, however,
a variety of plagioclase, either albite or oligoclase, makes up part or all of the
feldspar component, The feldspar occurs in masses and rough crystals, some
of them with a dinmeter of several feet.

8 Sterrett, D. B., Mica deposits of North Carolina: North Carolina Geol. and Econ.
Survey Economic Paper 23, p. 37, 1911, and U. 8. Geol. Survey Bull. 430, pp. 601-604,
1910.
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Quartz assumes various forms and positions in the pegmatite. In many places
it bears much the same relation to the feldspar and mica as in granite, the
three minerals being thoroughly mixed with one another; but the individual
grains are many times larger than in ordinary granite. Not uncommonly the
quartz and feldspar assume a graphic-granite texture in a portion of the
pegmatite. Another common feature is the occurrence of large separate masses
of quartz occupying various positions in.the pegmatite. Such quartz masses
may be irregular in form and but little influenced by the shape of the pegma-
tite or inclosing wall. Many of them, however, lie in bands or sheets parallel
to the walls. There may be one or more of these quartz bands constituting
varying proportions of the pegmatite. Their thickness ranges from a fraction
of an inch up to 6 or more. feet. Many of them are lenticular in shape, the
length varying from four or five to twenty or more times the thickness. In
numerous” places these quartz streaks or veins are persistent through the whole
length of the pegmatite exposed. Some inclose feldspar or mica bodies; others
do not. The quartz of these segregations is massive and generally granular,
though locally crystallized. If crystallized it may be translucent or clear and
of a dark, smoky, or light color. It is generally rather pure and does not
contain feldspar or mica in appreciable quantity.

Muscovite is the common mica of pegmatite. * * * Biotite occurs in
moderate quantity in a few deposits and in simaller amount in many others,
* &k Phe mica occupies various positions in the pegmatite. Where the -
rock has a typical granitic texture the mica may be found evenly distributed
through it. More commonly the larger crystals will be found either in clusters
at intervals through the “vein” in places connected by streaks of small
crystals, or collected along one or both walls of the pegmatite, with some of the
crystals partly embedded in the wall rock. Where there is a quartz streak
within the pegmatite the mica occurs on either or both sides of it. The mica
may be partly embedded in the quartz or be scattered through the remaining
portion of the pegmatite, which generally is composed largely of feldspar.

The dike rocks in places contain garnet, beryl, tourmaline, and
other rarer compounds. During kaolinization these minerals may be
changed partly to kaolin and partly to a mixture of ivon and man-
ganese oxides and hydroxides, which are likely to stain the kaolin in
streaks and to produce in it little nodules of limonite. The biotite
breaks down into limonite and perhaps chlorite or some other hy-
drated micaceous mineral and produces soft black masses in the midst
of the clay. These constituents are particularly objectionable because
of the difficulty of separating them from the kaolin, for their fine
scales are apt to float and be carried into the settling vats when the
kaolin is collected.

Beryl and tourmaline occur chiefly in the feldspathic portions of
the dikes. As the beryl readily alters to kaolin it is not found in the
kaolinized product, but the tourmaline changes to limonitic masses
which color the clay brownish black.

KAOLIN MINES,

All the deposits of kaolin now being worked in North Carolina
occur in the mountain district, and all of them are residual deposits
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from pegmatites. In addition there are many other similar deposits
which are not being worked. Some of them are too small for profit-
able exploitation; others, though large, are not near the railroads;
others are owned by people who lack financial means to develop them;
and others are being held in reserve by the owners of the present ac-
tive plants. Other deposits include some that are promising but have
not been brought to the attention of the public and many which have
never been explored.

In this paper only active deposits, those that have recently been
active, promising deposits near transportation lines, and deposits held
in reserve are described. On the accompanying map (Pl I) the loca-
tions of these deposits are indicated and also the locations of known
deposits which are not described in the text, but which will be re-
ferred to in a fortlicoming report of the North Carolina Geological
and Economic Survey. _

The eight active mines of the State are in Haywood, Jackson,
Mitchell, and Yancey counties. Three others, now inactive but partly

equipped for operation, have been opened in Swain, Haywood, and

Mitchell counties, and a score or more promising deposits might pos-
sibly be developed into producing properties under favorable condi-

tions. The deposits are described in general from southwest to north-
east.
DILLSBORO, JACKSON COUNTY.

Hog Rock mine—The Hog Rock mine of the Harris Kaolin Co.
is about 4 miles southeast of Dillsboro, near Harris, on Little
Savannah Creek, Jackson County. It is the oldest mine in the State
and has been operated continuously for 30 years.

The deposit is well up on the slope of a hill which has been re-
duced by open-cut work to three terraces above the wvalley level.
The present workings are on the two higher terraces. The deposit
consists of pockets of rich kaolin separated by narrow lenses and
streaks of quartz and by layers of gneiss. In the aggregate, so far
as it has been developed, it 1s 900 feet long and 250 feet wide at its
broadest part, but its width diminishes at one place to 100 feet and
again increases to 200 feet. It is cut diagonally by a spur of quartz-
mica rock 400 feet long and 30 feet wide. West of this rock there
are other deposits 15 to 20 feet wide, which are separated from the
larger deposit by several hundred feet of gneiss. Still farther west
a new deposit about 300 feet long>and 100 feet wide has recently
been opened. It is separated from the deposits-to the east by 750
to 900 feet of gneiss and is apparently entirely independent of them.

The depth to which kaolinization has progressed differs markedly
in different parts of the mine. The maximum depth to which min-
ing has gone is 125 feet from the original surface. This depth has
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been reached partly by open cuts and partly by shaft. Because of
the pockety character of the deposit a reliable estimate of the re-
serve can not be made.

The walls of the deposit are not well exposed. They appear to be
formed of decomposed Carolina gneiss. The quartz-mica rock that
penetrates the large deposit is mainly quartz streaked with little
tongues of pegmatites. It contains pockets of decomposed feldspar,
clumps of mica, small masses of limonitic material that may have
come from hornblende or tourmaline and nodules of soft brown and
black flaky limonite, as well as others of manganese oxides.

The deposits at this place evidently represent a large dike and sev-

“eral smaller parallel dikes, which in general have a northeastward
trend and a nearly vertmal d1p The dlkes were irregular in width,
and the feldspar and quartz, in the main dike th least were irregu-
larly distributed. '

The crude clay is distinctly cream- -colored when first mined, but it
becomes darker after it has been dried out and exposed to the air,
This darkening is apparently due to the oxidation of some iron com-
pound. The kaolin contains a great deal of fine white mica and
fine sand, a little decomposed feldspar, a few reddish-yellow stains,
and a few concretionary nodules of mixtures of limonite and psilome-
lane or wad. Most of these nodules are small, but some of them are
about an inch in diameter. They are readily separable from the
kaolin in the refining process, and consequently manganese is rarely
reported in analyses of the commercial product. The material from
different pockets differs in chemical composition, but a uniform prod-
uct is maintained by careful mixing.

The crude kaolin passes through agitators, sand wheels, the usual
tanks, and screens, and after being pressed and dried it is hauled by
horse tram 4 miles on a narrow-gage road to a siding at Dillsboro, on
the Murphy branch of the Southern Railway.

The output of the mine and plant is about 2,400 tons annually.
Tts capacity is about double this quantity, provided sufficient labor is
obtainable.

The kaolin from the Hog Rock mine is well known to nearly all
the white-ware potters of the Middle West. It has been used by
them in the manufacture of china and porcelain. It has also been
employed in making floor and wall tile and is now being tested for
use in glass-melting pots. For some years it has constituted a part
of the mix for making the binder for vitrified carborundum wheels.

The following tests of the crude kaolin were made in the labora-
tory of the Bureau of Mines at Columbus, Ohio:



30

b

HIGH-GRADE CLAYS OF THE EASTERN UNITED STATES.

General physical tests of kaolin from Hog Rock mine, Dillsboro, N. C.

Workability
Color of unfired clay_.___ _
Water of plasticity, in terms of dry clay_

Short, sandy; corners tear; dries well,
~White.
per cent-_ 44,78

Air shrinkage by volume. in terms of dry clay._____ do—-—-_ 20,92
Air shrinkage, linear_______________________________ do-.—-- 7.6
Moisture factor on dry basis__ . ________________ do_-_- 1.10
Fineness test:
Residue, 20-mesh sieve_._ . _______________ do-__- 38.60
Residue, 65-mesh sieve_________________________ do__-- T7.08
Residue, 100-mesh sieve______ . ______ do.-._. .65
Residue, 200-mesh sieve_ ... ______ | S do-_—- 5.80
Amount passing 200-mesh sieve_.________ __________ do-___ 47.87

Hire tests of kaolin from Hog Rock mine, Dillsboro, N. C.

: Volume : - Volume
Porosity : Porosity Yy
Temperature | (per centin (%};‘gg’{‘fgl Temperature | (per cent in (f)l;';‘g;ftgfn
c). tem‘lns)lczlrl Itl)g)rned terms of volumel ©C.y. terts(s)l?lfl:l)g)med terms of volume
' of dry clay). . of dry clay).
1,190 37.1 16.0 1,370 30.9 24.1
1,250 41,9 18.6 1, 410 24.9 30.7
1,310 36.8 17.9

Roda mine—The Roda mine, which is operated by the Harris
Kaolin Co., is in Jackson County, about 73 miles southeast of Dills-
boro and 5 miles southeast of Webster on the south side of Tuckasegee
River, opposite the mouth of Cany Fork. The plant in which the
clay is filtered and pressed is on the south side of the river, 1 mile
east of Webster. - The washer is near the mine.

In his report on this mine Watts'* says that the dike which gave
rise to the kaolin _ ‘
cuts diagonally a low ridge and has a northeasterly strike. A broad band of
sugar quartz follows the south wall which is very crooked. The extent of the
dike has been proved more or less by test pits, but the chief exposure is by a
long tunnel driven from the west slope of the hill. This tunnel passes through
a broad band of low-grade pegmatite mate}'ial into a band having a low quartz
content,

An average sample from a shaft sunk into this band contained
26 per cent of kaolin. - Since Mr. Watts’s visit the mine has been
sufficiently developed to show two dikes, one 20 feet and the other
40 feet in width, separated by 40 feet of rock. The deposit is pockety,
and the clay in the different pockets differs somewhat in character.

In 1918 there were five active shafts, the material from which was
mingled in the flume leading to the washer, so that the washed kaolin
formed an average product of the whole mine. The crude kaolin
yields about 25 per cent of refined product. The depth of the work-

# Watts, A. 8., Bur. Mines Bull. 53, p. 156, 1913,
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able clay is about 50 feet on the lower slopes of the ridge and more
than 100 feet on its upper slopes. The estimated reserve is about
10,000 tons in that portion of the deposit that has been developed,
but it is plain that its entire extent has not yet been explored.

The crude kaolin is white and somewhat sandy. It contains some
fine mica, $ome sand, a few tiny black specks, large fragments of
quartz and partly decomposed feldspar, and a few large flakes of
silvery muscovite. Black streaks of a decomposed mineral are
abuudant near the wall of the western vein, and near the surface
streaks of red clay and bunches and streaks of soft black com-
pounds of manganese spoil the kaolin, but the main mass of the
clay is free from stain and dark streaks. Veins of mica, however,
embedded in red clay, occur throughout the mass. Much of the
mica is stained and therefore useless, but 7 or 8 tons of rough ma-
terial are separated monthly and put on the market as cut and
scrap mica. It is noticeable that the better mica and the better
clay are found together, and that where the mica is poor the kaolin
also is apt to be inferior. «

Under the microscope the kaolinite is seen to occur mainly in plates
and flakes, but many of them ave radially arranged, forming bundles
and globular masses. The dark specks are composed of iron-stained
clumps of kaolinite, pieces of stained feldspar, and here and there
plates of chloritic material and shreds of greenish-yellow mica that

~are fragments of decomposed muscovite. *

An analysis of the washed kaolin, furnished in 1917, is given
-in the table on page 25. ..

The crude clay is carried to the washer by a flume. The slip is
pumped to a pipe which carries it to a flume, through which it
flows by gravity to a tank on the top of a hill, then by a gravity
siphon to the top of another hill 1} miles distant, and finally by
another flume 3 miles to the settling tanks at the plant on the river.
After being pressed it is carried by motor truck 3 miles to a siding
of the Southern Railway at Sylva. The normal capacity of the
plant is about 2,500 tons of refined clay annually.

The uses of the kaolin from the Roda mine are the same as those
of the kaolin from the Hog Rock mine. Indeed the kaolin of either
mine is often subssituted for that of the other.

WOODROW, HAYWOOD COUNTY.

Mine of the Hand Clay Co. (Inc.).—The Hand Clay Co.’s mine
(PL I) is about 1 mile southeast of Woodrow on the Pigeon River
division of the Tennessee & North Carolina Railroad, a short branch
that makes a connection with the Murphy branch of the Southern
Railway system. Woodrow is 6 miles south of West Canton (its
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post office), and the plant is connected with the railroad at Woodrow
by a narrow-gage tram that uses cars drawn by mules. This deposir,
may be the same as the Sonoma prospect mentioned by Keith* in
1907. .

The deposit is well up on a hill slope that affords a convenient
grade for sluicing the crude material to the refining and compressing
plant in the valley. It is worked by an open cut 40 feet deep and
90 feet wide and by 2 shafts, of which one in August, 1918, was 72
feet deep and still in workable clay. Thirty-nine borings, distributed
over an area 450 feet long and 120 feet wide, indicate a workable
deposit at least 450 feet long by 90 feet wide and covered by an
overburden not more than 5 feet thick. The deposit strikes about
N. 20° E. and dips nearly vertically. Two tunnels, 55 feet and 125
feet long, which cut across the deposit, show a fairly uniform bed
of clay, broken here and there by streaks of quartz. The thickness
of the deposit is not known, for the augers penetrated to depths of
only 30 feet, but most of the holes were stopped in hard clay. As
the present workings show a thickness of at least 90 feet of work-
able material, it is safe to assume the average thickness over the
whole area to be 60 feet. On this assumption the quantity of crude
clay available is about 135,000 tons. If 20 per cent .is saved as
refined kaolin the reserve is about 27,000 tons. If the average depth
of the workable clay is assumed to be 90 feet the calculated reserve
rised to 40,000 tons. In making this estimate no allowance has been
made for the presence of a horse of flint that shows in the pit. This
horse may disappear at a greater depth or it may expand; at present
its underground extension is unknown, though recent shaft work
indicates that it is “ playing out.”

The walls of the deposit are not clearly defined, because the rock
has been so much broken down by weathering that its original char-
acter is not now recognizable. Keith!® maps the country rock as
Carolina gneiss, which is in accord with the abundance of weathered
micaceous material in the overburden. The clay deposit was evi-
dently a pegmatite dike striking about N. 20° E. and dipping about
85° SE. In general it was uniform in composition, but in one place at
least it was crossed by a mass of quartz which now appears as a horse
in the kaolin. (See P1. II.)

The crude clay is white, finely granular, and free from coarse
quartz. It contains an abundance of quartz and is discolored here
and there by small brownish-yellow stains similar to those seen on the
sides of cleavage cracks in semikaolinized feldspar. In addition the
clay contains numerous very small flakes of white mica and small

16 Keith, Arthur, U. 8. Geol. Survey Geol. Atlas, Pisgah folio (No. 147), p. 7, 1907.
18 Keith, Arthur, op. cit.
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PANORAMIC VIEW OF HAND MINE, WOODROW, N. C.
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4. WALL OF PIT OF GURNEY CLAY CO., NEAR B. PIT No.1 OF PAYNE & SULLIVAN MINE, BRYSON,
FRANKLIN, N. C. N. C.
Showing inclusfons of country rock in the kaolin. View looking southwest.
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36 Sonoma prospect 54 Wiseman prospect

U

Ollis prospect

Wiseman prospect
Isinglass Hill mica mine
Green mica mine

Tom Baxter mica mine
South Hardin mica mine
Jesse Bare property

J. A. Smith deposit

J. A. Smith deposit
Piedmont tin mine
Ervin prospect

5 Ellers & Jones deposit

Cashion & Furchess deposit
Eames deposit

Unnamed prospect
Overton deposit

Steele exploration

Bennett prospect
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crystals and larger groups of crystals of the same mineral. The yel-
low stains are most common in the neighborhood of the mica plates
and especially around the larger crystals and groups of crystals and
in the cleavage cracks between their plates, where infiltration has
carried iron compounds and deposited them. The mica itself within
the kaolin appears to be almost wholly unchanged except compara-
tively near the surface, where it has become red and opaque and has
lost its elasticity. Iven when bleached by treatment with strong
hydrochloric acid it remains opaque, except on thin edges, where it
seems to be only slightly double refracting if not entively isotropic.
It has lost completely its homogeneity and has heen changed to an
aggregate of tiny transparent or translucent particles, which in the
mass appear white and opaque, as if they were kaolinite. They are,
however, so lacking in definite characteristics that their nature has
not been determined. The microscope reveals the presence also of
numerous particles of partly kaolinized feldspar, small plates of
reddish-yellow decomposed muscovite, flakes of a brown pleochroic
mica that may be biotite, little aggregates of brown-stained kaolinite,
and a few highly refracting grains that may be zircon. Some of the
biotite flakes contain slender black needles, like the needles of rutile
commonly seen in the biotite of igneous rocks. '

. The washed clay as put upon the market consists mainly of kaolin-
ite material in flakes and granules, considerable quartz in irregular

grains, a small quantity of kaolinized feldspar, and a few frayed-

flakes and many fibers of muscovite together with here and there a
little plate of slightly pleochroic brown mica.” Most of the kaolinite
particles measure about 0.01 to 0.03 millimeter in diameter, but they
are commonly grouped together into clumps whose diameters are six
or eight times as great as the diameters of the individual grains.
However, these grains are interspersed among others of smaller size,
whose diameter averages about 0.004 millimeter. The quartz, mica,
and feldspar are usually in much larger grains, often measuring 0.06
to 0.08 millimeter. A few of the clumps of kaolin and also some
of the particles of feldspar are stained yellowish brown.

An analysis of the washed clay is given on page 25. It is impos-
sible to compute the composition of the kaolin with any close degree
of accuracy, because some one of the constituents must have been
determined by difference, and therefore if there is an error in the
analysis it is not discoverable, and furthermore the proportion of
muscovite and feldspar in the sample is not known. On the assump-
tion that all the alkalies are in the muscovite and that the determina-
tion of combined water is correct the composition.of the sample was
about 90.50 per cent of kaolinite, 7.50 per cent of quartz, 1.33 per cent
of alumina, 0.64 per cent of muscovite, and 0.08 per cent of miscel-
laneous minerals.

T7412—22——4
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The plant, which is near the mine, is well equipped with washing
and filter pressing apparatus. Its production during  the past
few years has been at the rate of 2,400 tons of refined kaolin annu-
ally, but if labor was abundant the output might perhaps be doubled.
Changes made in the plant during the winter of 1918-19 may reduce
its capacity to a slight extent, but the quality of the output will be
improved. These changes consist in lengthening the mica troughs
and in replacing the 100-mesh sieves by others of 130 mesh. It is
hoped by these changes to reduce the quantity of quartz in the refined
product.

The clay from this mine has been used in making china, porcelain,
and other kinds of white ware. It is introduced into mixtures of
imported and other domestic clays to the extent of 24 to 15 per cent.
Letters from the Bureau of Standards to the company under dates
of December 5, 1917, and March 6, 1918, declared it to be of good
grade for pottery. When burned to cone 8 (1,290° C.) the material
was still a very excellent white. The sample submitted was fine
grained, as much as 94.61 per cent passing the 300-mesh sieve. When
introduced in the proportion of 28 per cent into a porcelain mix-
ture and fired in the biscuit to cone 8 and in the glost to cone 4
(1,210° C.) a vitrified body of “a very satisfactory white resulted.”

The following tests of the washed clay were made in the labora-
tory of the Bureau of Mines at Columbus, Ohio:

General physical tests of washed Laolin from Woodrow, N. C.

Workability - - __ Not very plastic; makes good bars.
Color of unfired ¢lay - e White.
Water of plasticity, in terms of dry clay_.______ per cent__ 47.5
Air shrinkage by volume, in terms of dry clay______ do--__ 28.91
Air shrinkage, lingar, caleulated___________________ do_._. 10.8
Moisture factor on dry basis— o __________ do_-—_ 1.56
Fineness test:
Residue, 20-mesh sieve_______ S S do-._- .00
Residue, 65-mesh sieve______ . _________________ do-..— .07
Residue, 100-mesh sieve___ . __________________ do.-__ .04
Residue, 200-mesh sieve________________________ do--_- .60
Amount passing 200-mesh sieve_____________________ do___- 99.34

Fire tests of washed kaolin from Woodrow, N. C.

: Volume Volume
Porosity Porosit
Temperature | (per cent in (;};;lgé(;tgfn Temperature | *(per cent%n (;}g‘gé‘l;‘tgf n
¢ C). Lerlg(s)louflglex)med terms of volume| ¢ C). Lengg&flgg)med terms of volume
. of dry clay). 1 of dry clay).
1,190 39.4 17.1 1,370 '
1,250 39.4 19.3 1,410
1,310 377 19.7
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MICAVILLE, YANCEY COUNTY.

Wilson mine—The Wilson mine of the Harris Kaolin Co. is 1 mile
southeast of Micaville (fig. 10), and the washing plant is 1 mile to the
northeast. There are two cuts on the same deposit, with one shaft
in each cut.

Nothing of special geologlc interest ‘can be seen in the pits. The

overburden is the common red clay, and its thickness ranges from
3 to 8 feet. KExcept for the thin veneer of overburden around its
top, the walls of the pit are almost entirely formed of kaolin. At one
place rock shows for a few feet, but otherwise only white clay is
visible. From the present development it appears probable that the
deposit ranges in width between 18 and 75 feet and that the mer-
chantable kaolin is 30 to 50 feet deep. Its strike is -N. 60° E., and
its dip is about 85° SE.

The kaolin is very light cream-colored. It contains fine flakes of
white mica, sand, fragments of quartz, and a little biotite that pre-
vents the separation of the fine white mica as a commercial product.
On the other hand, many streaks and isolated clumps of coarse white
mica are scattered through the mass, and from this material about
one hundred dollars’ worth of sheet and punch mica is saved monthly.
An analysis of the washed kaolin, made in 1914, is given on page 25.

The crude clay is sent to the washing plant, whose capacity is about
350 tons monthly, provided sufficient labor is available. From the
washer it is sluiced 1} miles to the settling plant at Lamonti, on the
Black Mountain Railroad.

The Wilson clay has been used with success in the manufacture of
china and semivitreous porcelain of all types. About 15 per cent
goes into the mix, together with six or seven other clays, for making
semivitreous ware and a little less in that used for making table
china. The major portion of the mix, besides flint and spar, is made
up of English china and English ball clays.

Wyatt mine—The Wyatt mine is a new opening about 1 mile
northeast of Micaville. It is.across the stream from the Lamonti
plant, where the output of the mine will be prepared for shipment.

In September, 1918, the mine consisted of several openings on the
side of a hill about, 600 feet south of the Lamonti plant and about
100 feet above it. Toward the east end of the property two veins
separated by 50 feet of rock are visible. About 600 feet southwest
of the eastern opening, which is a shallow pit, the two veins unite
and form a single vein 70 feet wide. In a tunnel a short distance
south of the pit a mass of kaolin 35 feet in width is exposed. It
contains streaks of mica and of red-stained material and is inter-
sected by a nearly horizontal horse of red clay. At the end of the
tunnel the kaolin fingers out in thin stringers, but 34 feet beyond
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more kaolin occurs in a deposit which is said to be 22 feet wide.
According to Mr. Hise, the superintendent of the property, these
two veins unite 300 feet southwest of the tunnel into a single wider
vein. He says that the system of veins can be followed for 1,100 feet.
The kaolin is covered by 4 feet of overburden, and the average depth
of the workable clay, as revealed by bounws is 42 feet. In some
places the depth to hard rock is 60 feet.

Only about 10 carloads of clay had been washed by September,
1918, but preparations were being made for systematic operation.
The washer is on the hill near the mine. The slip is sluiced down to
the plant at Lamonti, where it is mixed with that from the Wilson
mine. The mixed kaolin is to be the standard commercial product
in the future. '

TOECANE, YANCEY COUNTY.

Job Thomas mine.—~The Job Thomas mine (fig. 10, p. 62) has
been worked since 1914 by the Intermont China Clay Co., of Erwin,
Tenn., and Bandana, N. C. The mine is 3} miles southwest of Toe-
cane, on the north S1de of Chestnut Mountain. The deposits are
pockety and therefore difficult to work, so that it is proposed to -
abandon the mine as soon as a new source of clay is developed.

The crude clay is like that of the Wilson mine. It is light cream-
colored and contains sand, fine mica, and red streaks like the other
crude kaolins of this district. The overburden consists of 3 to 8
feet of red clay.

The washer is near the mine. After passing through the usual
troughs and screens the slip flows by gravity in a flume 2% miles to
the filter plant at Intermont, on the Carolina, Clinchfield & Ohio
Railway, 2 miles south of Toecane. The capacity of the plant is
400 tons of refined kaolin monthly.

The kaolin from the Job Thomas mine has been used in the manu-
facture of china. Occasionally it is mixed with other domestic
kaolins, but generally with Florida and English china clay and
Enghsh and domestic ball clays, especmlly in the mix used for mak-
ing porcelain.

Pit of the Clay Products Co—At one time the Clay PIOdUCtS Co.
(fig. 10, p.62) operated a pit about 100 yards from the Job Thomas
mine. It was probably on a parallel dike. The deposit was small
and pockety. A tunnel that traversed it exposed good kaolin, which
was intersected, however, by many streaks of schist. The place was
never sufficiently developed to prove its value. It was worked a year,
and after producing about 40 tons of refined kaolin that had been

- washed by hand it was abandoned.

SPRUCEPINE, MITCHELL COUNTY.

Sprucepine mine—The present openings of the Sprucepine mine
_of the Harris Kaolin Co. (fig. 10) are on the slope of a hill about
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three-fourths of a mile southeast of Sprucepine station on the Caro-
lina, Clinchfield & Ohio Rallway, near the mouth of Beaver Creek.
'lhe settling tanks and pressing plant are on the railroad near the
station.

The deposits now being operated were first opened in 1916. Be-
fore that time the product wis obtained from a deposit 24 miles
north of Sprucepine near the head of Beaver Creek and then was
sluiced to the plant on the railroad.

The present mine consists of two openings about 500 feet apart.
The western opening has been worked for two years and the eastern
one since March, 1918. The western opening has been worked by
open cut to a depth of 30 feet and by shafts to a further depth of
55 feet. At this depth dynamite is used to loosen the material and
beyond this depth mining is unprofitable. The kaolin from this
opening is light cream-colored. The overburden, composed of red
clay and broken rock, is from 6 feet to 10 feet thick. The crude
kaolin contains the usual impurities—quartz, mica, black lumps of
manganese oxides, and here and there small masses of stained clay.
The dike in.which it occurs probably strikes about north, but its
walls are not clearly enough revealed to warrant a definite opinion.

In the eastern pit two shafts were down 30 feet in August, 1918.
Both contained so much water that pumping was necessary to. keep
them in condition to be worked. The kaolin obtained from this
pit is white, not cream-colored, like that from the western pit, but it
contains the same impurities, though in somewhat different forms.
The quartz occurs in grains and also in little round pebble-like
fragments. The appearance of their surfaces suggests that they
have been corroded. The mica occurs in very fine flakes. In wash-
ing the kaolin the mica is separated from the slip by 100-mesh sieves.
This mica after separation consists of plates of fresh muscovite be-
tween 0.2 and 0.5 millimeter in diameter, many smaller plates and
shreds of the same mineral, a few flakes of a reddish-yellow mijca
that is probably an altered muscovite, and here and there a plate
of a slightly pleochroic dark-yellowish red mica that may be a
partly decomposed biotite. In addition, there is much kaolinite in
very small flakes and shreds and a few clumps of dark material
that may be stained kaolinite. ~About 90 per cent of the mass is
fresh muscovite. About a thousand pounds is saved daily and sold
as ground mica to rubber and roofing manufacturers. The other
impurities are nodules of soft black material, probably manganese:
oxides, and streaks of yellow clay. '

The deposit at this place is probably large. It has not yet been
sufticiently developed to uncover distinct walls nor is the depth of
kaolinization known. The kaolin, however, is cut by horses of red
clay, some of which are 15 feet wide. These probably represent
decomposed country rock, which may pass into well-defined rock.
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at’ greater depths than have thus far been xeached Borings around
the open pit in which the shafts are sunk show nothmg but kaolin
and streaks of yellow or red clay

The crude clay is cleaned in washers near the pits and the result-
ing slips are sluiced in a common trough to the settling, drying, and
filtering plant on the railroad. They are thoroughly intermingled
before they reach the settling tanks, and in this way a uniform
product is assured. .

The present capacity of the mine and plant is about 5,500 tons
annually, if labor is abundant, but this output is not always attained.
With the completion of a hydroelectric plant on Toe River it may
be possible to install labor-saving appliances, and the output may be
increased.

The users of the Sprucepine kaolin include most of the potters
who use also the kaolin from the Hog Rock and Roda mines near .
Webster. In the manufacture of china and white ware a mixture
is made with imported clays and clays from Florida or Tennessee
or with clays from both these States. The Sprucepine kaolin is a
favorite among most of the potters who use it. Some of them em-
ploy it to the extent of 15 per cent of the total mix and contemplate
increasing the quantity used in order to decrease the amount of im-
ported clay now employed, whereas others report that they are
gradually substituting for it some of the domestic clays from other
sources. One potter declares that he uses no imported clay but

makes his mix entirely of domestic materials. The Sprucepine kaolin
-is also used in the mixture of domestic clays employed in making
spark plugs and other types of porcelain. Some of the largest manu-
facturers prefer it to foreign clay for these purposes, whereas others
declare that they could not use it alone for semivitreous porcelain,
as 1t would shrink badly. However, practically the whole output of
the mine goes to china, porcelain, and other white-ware factories.

The following tests of the crude kaolin from the Sprucepine mine
were made in the laboratory of the Bureau of Mines at Columbus,
Ohio:

General physical tests of crude kaolin from Sprucepine mine No. 1, Mitchell

“County, N. C.

Workability___________ Very gritty; short; molds with difficulty ;
7 dries well; no cracks.
Color of unfired clay-—- . ______________ . ____ Cream,
Water of plasticity, in terms of dry clay.____.___ per cent__ 43.18
Air shrinkage by volume, in terms of dry clay___.____ do..__ 14,11
Air shrinkage, linear, calculated-______________ ____ do-__. 5.00

Fineness test: :
Residue, 20-mesh sieve_._______________ ‘' ___ do-___ 21.18
Residue, 65-mesh sieve_._______________________ do____ 29.87
Residue, 100-mesh sieve________________________ do___. "2.28

Amount passing 200-mesh sieve_..____.___ ___________ do____ 46.67
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I'ive tests of crude kaolin from Sprucepine mine No. 1, Mitchell County, N. C.

Volume Volume
Porosity Porosity
, Temperature | (per centin (%lglgé:r?tgfn Temperature | (per cent in (;}gg{&gﬁn
C). ter mvsl%fIgg)r nedlyorms of volume' €. termvgﬂlgg)med terms of volume)
o of dry clay). | : of dry clay).
|
— 7 F |
1,190 45.90 10.7 , 1,370 40.80 22.3
1,250 47.20 8.1 1,410 29. 10 24.5
1,310 4487 4.0 I

Gen‘emi physical tests of crude kuolin from opewning of Sprucepine wine, half
« mile east-southeust of Sprucepine, Mitchell County, N. C.

Workability . _________ Very sandy; no stlengt]l, corners tear,
Color of unfired clay_ . . ‘White,
Water of plasticity, in terms of dry clay.___.___ per cent__ 36. 69
Air shrinkage by volume, in terms of dry clay.______ do____ 16.01
‘Air shrinkage, linear, calculated. . ___________ do___ 5.7
Moisture factor on dry basis . _______ do__._ 1.317
Fineness test:
Residue, 20-mesh sieve. .. ____________ do_-_- 21,58
Residue, 65-mesh sieve________________________ do____ 17.89
Residue, 100-mesh sieve____.________________ do.__- 1.16
Residue, 200-mesh sieve— . ________________ do_——_- 1.95
Amount passing 200-mesh sieve_____-_-_______v _____ do____ 57.95

17ire tests of kaolin from opewning of Sprucepine mine, half ¢ mile east-southeast
of Sprucepine, Mitchell County, N. C.

Volume
shrinkage
(per cent in
terms of volume

Volume
shrinkage
(per cent in
terms of volume

Porosity\
Temperature (per cent in
©C). terms of burned

Porosity
Tem})erature (per cent in
©C). terms of burned

volume). of dry clay). volume). of dry clay).
1,190 35.7 14.7 1,370 30.0 23.25
1,250 37.2 15.8 1,410 18.7 27.6

1,310 36.0 16.8

" Sparks mine—The Sparks mine of the Harris Kaolin Co. is on
the Carolina, Clinchfield & Ohio Railway about 2 miles northwest
of Sprucepine and about midway between this village and Penland
(fig. 10).

The deposit is on the slope of a hill several hundred feet above
the washing plarnt, which is at the foot of the hill on the railroad.
The mine was opened in the early part of 1914 and has been oper-
ating ever since. The main vein strikes about north. It is about
100 feet wide and is known to extend 1,000 feet north and south.
A spur branches from the main vein to the northeast. This spur
ranges in width between 65 feet and 75 feet and is several hundred
feet long. Another vein 47 feet west of the main vein and parallel
to it is 30 feet wide. 'The reserve, calculated on the assumption that
kaolinization has proceeded to the depth of 60 feet-and that 20 per
cent of refined product can be recovered, is at least 60,000 tons.
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The mine is worked in the usual way by open cut and shafts. In
August, 1918, two shafts about 20 feet deep were being operated.
Other shafts from 45 feet to 50 feet deep had been abandoned be-
cause of water and the hardness of the rock at their bottoms. The
overburden of red clay and rock fragments is from 6 feet to 10
feet thick. :

The crude kaolin is white and coarse. It contains abundant
rounded quartz fragments, bunches of white and dark mica, quartz
stringers, and much sand. On the walls of the shafts can be seen
coarse quartz, quartz stringers, and dark and light mica flakes in
bunches, forming streaks through the clay and abundant ‘smaller
plates of white mica scattered indiscriminately through the purer
kaolin. Much of the darker mica is evidently badly decomposed,
and some may itself be partly decomposed muscovite. A great deal
of the white mica is fresh and in plates large enough to be of com-
mercial value. This material is separated from the kaolln by hand
and sold as punch and sheet stock.

The users of the Sparks kaolin are the same as those of the
Sprucepine product, and the kaolin from both mines is practically
the same in character. (See p. 38.) The potters that manufacture
white ware and semiporcelain, who employ it in mixtures, report
that as furnished to them in carload lots it burns to a very white
body. It is used in the proportion of 10 to 16 per cent in the
dry mix. It is also said to stand a very high fire and to be entirely
satisfactory for the purpose to which it is put. The tile manufac-
turers employ it with New Jersey ball clay, flint, and feldspar, and
as a uniform quality has been furnished, through the method
of mixing the products from different pockets, it has given such
good results that it has replaced completely the imported kaolin.
The capacity of the plant is about the same as that of the Spruce-
pine mine.

The following tests of the washed kaolin were made in the labora-
tory of the Bureau of Mines at Columbus, Ohio:

General physical tesis of washed kaolin, from Sparks plant, Sprucepine, Mitchell
County, N. C.

s

‘Workability..__Short, sandy ; corners tear; dries well (no cracks).

Color of unfired ¢lay . White.
Water of plasticity, in terms of dry clay.._______ per cent__ 44. 48
Air shrinkage by volume, in terms of dry clay______. do_-__ 20.20
Air shrinkage, linear, caleulated_—._________________ do___._ 7.3
Moisture factor on dry basis__. . ______________ do_-._ .352
Fineness test:
Regidue, 20-mesh sieve . ________________ do-_—_ .00
Residue, 65-mesh sieve__________________.______ do____ .00
Resifue, 100-mesh sieve________________________ do____ . .00
Residue, 200-mesh sieve_—______________________ do____ 2.92

Amount passing 200-mesh sieve_____ SO do___._ 97.08
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Fire tests of kaolin from Sparks plant, Sprucepine, Mitchell County, N. C.

; Volume ; Volume
Porosity f Porosity :

Temperature | (per centin (;}é?gé{[?tg?n Temperature | (per cent in (f)lé‘;‘g;ﬁgfn

¢ C). term;gl%f]gg; ned|terms of volume) ). tern‘z’(s)l%rnl])g)med terms of volume!

. of dry clay)- : of dry clay).

1,100 39.6 181 1,370 35.5 24.93

1,250 39.7 18.4 1,410 28,5 28.0

1,310 37.97 20.3

FRANKLIN, MACON COUNTY.

Porter property—The Porter property was formerly worked by
the Gurney Clay Co. as the Gurney mine. - It is 4 miles north-
west of Franklin and 3 miles east of Burningtown on Iotla Creek.
The shape of the pit, which has an average width of about 35 feet
and is 400 feet long, indicates that the deposit is a narrow lens, but
as the width differs widely in different places the kaolin was evi-
dently pockety. Watts,'" in describing the mine when in operation,
says that “the kaolinized dike forms an expanded lens, averaging
about 200 feet in width and 300 feet in length already proved.
* * * The lens consists of bands varying in kaolin content,” but
by mining the entire width of the dike a uniform product was ob-
tained. At first the mine was worked by shafts, some of which
were 100 feet deep, but this method ‘proved so expensive that the
open-cut method was adopted. The mine was worked about 4 years
and produced about 250 tons of merchantable kaolin monthly.

It was abandoned in 1914 not, Mr. Gurney says, because of lack of
material, but because of the lack of demand for kaolin in that year
and because of a red stain in the output, which was caused by de-
composed biotite. This stained material could not be separated
from the clay in mining and therefore it had to be removed by hand.
The cost of this cleaning was as. great. as the cost of mining. The
time required for sorting limited the output of the plant to 250 tons
monthly, though its capacity was 500 tons.'® Mr, Gurney believes
he now has a method for eliminating the stained clay, which shounld
enable the deposit to be operated successfully.

The relations of the clay to the rock in the pit are now concealed
by wash, but several branching dikes can be seen in the pit. There
are also indications that the kaolin is crossed by horses of partly
decomposed feldspar and coarse quartz, and where the walls are ex-
posed there are small veins of kaolin in the country rock and seem-
ingly fragments of rock in the clay. (See Pl ITI, 4.) The frag-
ments are probably parts of the country rock that have been sur-
rounded by pegmatitic material. Bunches of muscovite are common

17T Watts, A. S., op. cit., p. 133.
18 Letter of Mr. J. W. Gurney of Aug. 14, 1918.
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in the kaolin in many parts of the mine. In some parts the musco-
vite was so abundant that it was saved as a by-product. Biotite is
also present but in smaller quantity, and it is generally associated
with quartz. The waste heaps, which consist mainly of large frag-
ments of quartz, indicate that much quartz was mined with the clay.
The overburden was not more than 10 feet in thickness anywhere,
and its average thickness was about 6 feet.

The crude clay was washed and pressed in a plant a few hundred
-yards from the pit and when dried was hauled by teams to Franklin.
It was sold under the name “Iotla brand” and was used by many
of the potters in the Ohio Valley.

The buildings of the washing plant are still in good repair, but
some of the machinery has been removed.

Johnston property—The Johnston property, about 1 mile north-
west of Franklin, which is owned by W. R. Johnston, of Sylvester,
Ga., was formerly worked by the Southern Clay Co. It was oper-
ated only two years, and then the lease was surrendered, the plant
was dismantled, and the company was dissolved. One of the causes
of -the abandonment of the mine was the difficulty of handling the
water. There were a number of openings on the northeast flank of
Tremont Mountain, the largest of which was about 1 mile northwest
of Franklin post office.

Little of interest can now be seen on the surface. Most of the
workings have fallen in and their walls are concealed. About half
a mile back of the main workings mica is now being taken from some
of the old shafts and tunnels, and they have been cleaned out.
Three of the openings expose kaolin about 10 feet in breadth, but
much of it is badly stained near the surface. At increased depth,
however, the staining diminishes, and at 25 feet underground the
clay 1s uniformly white. It contains many bunches of large mica
plates, which are now being removed for sale. .

The main workings consist of an open pit 400 feet long and 50
feet wide and a shaft 125 feet deep to water. The walls of the pit
are nearly vertical, and its trend is a little north of east. The crude
clay contained some coarse quartz and a great deal of fine mica,
beside clumps of large plates, like those that are being mined farther
northeast. This mica was saved and sold. The fine mica was sepa-
rated during the process of washing the clay and was thrown aside.
Large dump heaps on the site of the old plant are composed almost
exclusively of fine white mica scales, which might possibly have been
saved and sold as ground mica.

Mr. Johnston reports that about 4,000 tons of refined clay were
sold and that it was used in making white ware and tile.

Cunningham property—Across a valley from the east end of the
Johnston property, where the main dike of kaolin is reported to have
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disappeared, the dike reappears in the property of Mr. C. C. Cun-
ningham, where it was worked through a number of shafts and pits
as a source of mica. One shaft 25 feet deep is said to have pene-
trated 10 feet of overburden and 15 feet of clay. A boring in its
bottom went through 35 feet more of similar clay. Two other
shafts 25 feet deep and a third shaft 60 feet deep also exposed clay:
for their entire depth under the overburden. The depth of the
kaolinization increases toward the east. Mr. Cunningham reports
that borings and test pits outline a dike 22 feet wide and at least
1,500 feet long. It strikes a little north of east and dips about
vertical. There is a great deal of mica in the clay and considerable
quartz. It is possible that the kaolin and mica might be mined
together. -

Iotla mine.—The Totla mine of the Franklin Kaolin & Mica Co.
is 4} miles north of Franklin, on the west side of Little Tennessee
River, at Totla Bridge. The place is now abandoned. It was origi-
nally worked for mica and later for kaolin. Watts,’® in his descrip-
tion of the mine shortly after it was abandoned, says that the devel-
opment consisted of 10 tunnels and 12 shafts and that some of the
shafts were 120 feet deep. The dike had been mined for a length
of 550 feet and for a width that ranged from 10 to 100 feet.
Although layers of sugar quartz bordered the kaolin and a streak ran
through the center of the dike, the crude clay contained very little
quartz. A sample taken by Watts *® from one of the shafts yielded
42 per cent of white kaolin of excellent quality.

If the property was ever worked for kaolin it was probably worked
on only a very small scale, as there is no indication that any large
quantity of material was ever removed from the ground. Moreover,
all the dumps consist almost exclusively of mica. The most accessi-
ble part of the mine at present is a tunnel 150 feet long at the base
of the hill, near the river. This tunnel for nearly all of its length
is in a white clay, cut here and there by horses of rock and crossed
" by numerous streaks of muscovite in crystals and groups of crystals.
The clay surrounding the crystals of mica contains a comparatively
small amount .of quartz sand and abundant tiny flakes of white
mica. Farther up on the hill slope-six or seven other tunnels and
a shaft penetrate clay, and near the top of the hill is a large tunnel
through clay, mica, and quartz. Men who have worked on the
property say that mica was much more plentiful near the top of
the hill than lower down and that the quality of the kaolin was better
at lower levels.

The large number of pits and shafts scattered over the property
indicate that there are many small dikes of pegmatite and many

¥ Watts, A. 8., op. cit.,, p. 133.
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small pockets of kaolin. Some of the largest dikes appear to be
promising. ‘
, ALMOND, SWAIN COUNTY,

Hewitt mine—The Hewitt mine, which is no longer in operation,
was worked by a number of openings in a. belt that extends north
and south at a distance of about 2 miles east of Almond (fig. 3)
on the Murphy branch of the Southern Railway. The geologic asso-
ciations here are unusual, for the wall rock is composed of gray-
wacke and schists of the Great Smoky conglomerate, which is Lower
Cambrian in age.® The wall rocks of all other kaolinized pegmatites
are formed of gneisses and schists of pre-Cambrian age. Six deposits
are mapped. In 1905 the company was working the deposits 2}
miles southeast of Almond on the east side of the road between this
village and Needmore. The clay was being taken from the top and
the southern slope of a small ridge. - Test pits and a short tunnel
proved its extent for about 450 feet in a northerly direction. About
a mile farther north is another deposit of kaolin and one-fourth
mile west still a third one. Other deposits have been opened up by
tests pits 2 miles southwest and 14 miles northwest of the Hewitt
mine. At the locality last indicated there are two separate veins,
and the kaolin in them is at least 50 feet deep. Later the deposit on
‘the west side of the road was opened. This deposit was abandoned
a few years ago, and the entire plant has been closed. At this place 2
a dike 20 to 30 feet wide, which trended northward and dipped 75°
E., had been removed for a distance of 275 feet and to a depth of
40 to 60 feet. The pegmatitic material was incompletely kaolinized.
The crude material yielded 20 per cent of a pale cream-colored re-
fined kaolin.

BRYSON, SWAIN COUNTY.

Payne & Sullivan mine—The Payne & Sullivan mine, which
is now abandoned, is 4 miles southwest of Bryson, near Yalaka
Creek. The openings are a short distance from those formerly
worked by the Carolina Clay Co. at the head of Buckner Branch.
The Carolina Clay Co.s deposits were abandoned some years ago,
but there are other dikes of kaolinized pegmatite in the neighbor-
hood, and on one of these dikes the Payne & Sullivan mine was
opened. At the old Carolina mine the dike is reported to have been
16 feet wide.?? Tt strikes N. 15° E. and dips 75° SE. It was rich in
kaolin near the footwall but became progressively poorer toward the
hanging ‘wall, near which the dike material was nearly all sand.
There were pockets of garnet-colored sand in the kaolin and streaks

2 Keith, Arthur, U. S. Geol. Survey Geol. Atlas, Nantahala folio (No. 143), p. 8, 1907.
21 Watts, A. 8., op. cit, p. 119.
2 Watts, A. S., op. cit., p..124.
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of wall rock. A sample taken from across the entire width of the
dike yielded 22 per cent of a yellowish kaolin. The Payne & Sul-
livan mine, which has also been closed down for several years, is
farther.south, on the top of a steep slope. The buildings of the wash-
ing plant are still in fairly good repair, but all the machinery has
. been removed. One of the present owners says that the former
lessees, who built the plant, operated the mine but a short time. They
took out material that yielded about 250 tons of washed kaolin,
of which they shipped 100 tons. The remaining 150 tons is still in
the storage sheds. When the mine was worked water was pumped
320 feet. The crude clay was trammed 300 feet from the mouth of.
the pit and sent down a chute to the refining plant at the bottom of
the slope. The refined kaolin was hauled in wagons 1 mile to a
private railroad known as the Yalaka Railroad and there loaded
on standard cars. When the mine is reopened the crude material
~ will be sent from the old pit to the plant by a flume, the new open-
. ings will be joined by a tramway already partly constructed, and
the product will be sluiced, together with that of the old opening.

There are now two main openings on the property and a number
of shafts, tunnels, and test pits, nearly all of which expose excellent
clay. The old pit is known as No. 1. A newer pit about half a mile
farther northeast is known as No. 2. Wherever the clay is exposed it
appears to be in a dike that strikes about N. 20° E., or rather a series
of ramifying dikes that have a general northeasterly trend. In pit
No. 1 the width of the deposit is 40 or 45 feet, in pit No. 2 about 20
feet, and in a shaft and tunnel 375 feet south of pit No. 2 the maxi-
mum width of clear kaolin is 6 feet.

Pit No. 1 (PL III, B), which is 190 feet long and 40 feet wide, is
an open cut along the strike of the dike. Its southeast wall is granite.
Its contact with the kaolin is vertical, so far as it has been uncovered.
The northwest wall is composed of kaolin that is crossed by narrow
horses of quartz and feldspar, but for 50 feet from the north end this
wall shows an intermixture of small streaks of clay in an undecom-
posed mass of quartz and feldspar. The kaolin has been worked out
to the bottom of the pit by open-cut methods to a depth of about 65
feet from the original surface, except at the southwest end of the
excavation, in the northwest corner, where terrace-like benches have
been left. These benches are ‘l.bOllt 40 feet above the bottom of pit,
and at the time the mine was abandoned material was being removed
from the terrace with the aid of two shafts. At the west end of the
terrace is a cliff 40 feet high that is pierced by a tunnel. Both
cliff and tunnel expose kaolin that is traversed by many vertical
streaks of quartz an inch wide.

The clay in this pit is dense and white. It is contaminated by little
masses of partly decomposed feldspar, grains of quartz, soft crystals
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of partly decomposed muscovite, and hard black streaks of what is
believed to be psilomelane or some other hard manganese oxide or
hydroxide. ,

Pit No. 2 is a small open cut across a thoroughly kaolinized dike,
about 26 feet wide, which exposes pure white clay. A tunnel, which
has been drived into the face of the dike, extends back about 30 feet
along its strike. Just beyond the end of the tunnel the dike ends in
the face of a steep slope, which cuts it off. In the tunnel the relations
of the dike to the country -rock
are well shown. On its north
wall the pegmatite sends irreg-
ular tongues into the granite and
| gneiss, as illustrated in figure 1,
and on the south wall the same
relations are shown in a less
marked degree.

Ficure 1.—Relations of kaolin and country Figure 2 shows the end and
275 the ayme e Sallven mime e portion of the side of a crosscut,
Bryson, N. C. which reaches the side of,a 6-foot

dike of kaolin exposed in a shaft 375 feet south of pit No. 2. Here
again the main dike fingers out into small veins that cut the country
rock. Indeed, everywhere on the property the streaks of rock in the
kaolin appear to be masses between tongues of kaolinized pegmatite.

The crude clay of pit No. 2 is like that of pit No. 1, but it contains
more coarse quartz in sharp fragments and very little sand and mica.
In some places in the tunnel it possesses a distinct graphic structure.
The quantity of clay in sight in this pit is estimated to be sufficient
to yield 1,000 tons of washed kaolin. In this estimate no account has
been taken of the amount of crude clay in oo
the extension of the dike southwest of the [~
‘pit, since its length in this direction has not o Keolin
been explored.

Nearly all the openings between pits Nos.
1 and 2 have exposed excellent white, al-
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most porcelain-like clay, containing as visi- .R\
ble impurities only here and there coarse ' e
flakes of mica and a few particlesofsand. A s’ A
boring in the bottom of the most promising  Ficuzs 2. — Relations ot
shaft penetrated 39 feet of this kind of clay. ~ fag's 10 mes shist &
Harris mine.— The Harris mine, now in the Payne & Sullivan

mine, Bryson, N. C.

abandoned but formerly worked by the
Harris Kaolin Co., of Dillsboro, N. C., was 24 miles north of Bryson,
on the east flank of Sharptop Mountain. It was in a dike 40 to 60
feet wide, in which there were many bands of wall rock. The dike
trends N. 20° E., and it is crossed by faults at intervals of about 150
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feet. The dike is irregularly kaolinized and in some places is stained
vellow. 1In 1913 the deposit had been about worked out.

A similar deposit was opened about 1 mile southwest but was
abandoned after a few months’ work and a new opening was made
3 miles farther northwest, near Deep Creek. This place was later
also abandoned. (See fig. 3.)
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Ficure 3.—Map of kaolin deposits near Bryson, N. C. Abandoned mines: a, Hewitt; b,
Payne & Sullivan; ¢, Harris. Prospects: 2, Messer; 3, Hyde; 3% Everett.

PENLAND, MITCHELL COUNTY.

Property of the Bailey Lumber Co.—The Bailey property, be-
tween Bear Creek and Toe River, contains two distinct deposits of
kaolin in the neighborhood of Penland on the Carolina, Clinchfield
& Ohio Railway. The western deposit was formerly worked as the
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Penland mine of the Harris Clay Co., of Dillsboro. This deposit is
on the railroad about half a mile east of Penland station. It was
abandoned a few years ago. The other deposit, which is known as
the Firescald property or the “ New deposit,” is three-fourths of a
mile northeast of Penland and about three-fourths of a mile from
the old Penland mine. ,

The old Penland mine (fig. 10, p. 62) was worked by the Harris
Clay Co. for 11 years and previously by the C. J. Edgar Co. The
area covers 21 acres. The openings from which the clay was taken
are on a hill slope about 70 feet above the railroad. The washers
were near the pits and the filter pressing plant was at the railroad.
The deposit was worked by an open cut to a depth of 30 feet and by
shafts to a further depth of 60 feet. The maximum length of the
cut was 400 feet. At the depth of about 60 feet the rock became so
hard that it had to be dynamited. The overburden was of the usual
character and ahout 6 to 8 feet thick.

Although no definite wall can be seen, Watts says that at the time
of his visit the southeast wall was well defined, but on the northwest
side of the deposit “the dike material grades gradually into a hard,
granitelike rock producing little or no kaolin.” 2

On the map furnished by Mr. B. B. Westphalen, engineer of the
Bailey Lumber Co., which owns the mineral rights, the strike of the
eastern wall of the worked deposit ranges from northwest to north
and the general trend of its greater length is north, though it turns
to the east at its northern end. (See fig. 4.) The maximum width
of the opening from which kaolin was taken is about 200 feet, but this
space was not all occupied by clay, for the clay is traversed by several
small horses of micaceous schist, and toward the north the dike is
separated into two parts by a central horse of the same schist which
has a width of about 80 feet. Moreover, the east wall of the pit is
formed by the west side of another horse, or at any rate by a strip of
schist which separates the worked deposit from another one that has
not heen opened but which has been tested sufficiently thoroughly to
show that it occupies a large area. Whether the different deposits
are united and represent parts of a single great branching pegmatite
dike, divided by ‘inclusions of rock, or whether they are on inde-
pendent dikes has not yet been disclosed by the mining operations.

On the side of one of the shafts still open small dikes of pegmatite
cut through the clay. They not only retain their structure but ap-
parently have escaped kaolinization to such an extent that their feld-
spathic components are still recognizable. One of these dikes con-
sists of quartz, perfectly fresh orthoclase and microcline, and here
and there a flake of muscovite. It is 3 feet wide and dips 45° SE.

2 Watts, A. S,, North Carolina Geol. Survey Bull. 53, p. 148, 1913.
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Samples of the crude kaolin taken by Watts from the workings
yielded 22 per cent of cream-colored refined kaolin. When burned
the product was a cream-colored porcelain which had a translucency
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Fi1GURE 4.—~Map of borings at Penland mine, Penland, N. C.

of (2;6‘2 and showed a pale-green color under raw-lead and fritted

glazes. The analysis of the commercial clay, as furnished by the

Harris Kaolin Co., shows the following composition:
T1412—22—5 )
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Analysis of washed clay from Penland mine, Mitchell County, N. C.

Silica (8102) oo~ - 45.61
Alumina (ALOs) —_____ N 38. 63
Ferric oxide (Fe.0s) — - 46
Ferrous oxide (FeO) - e *
Lime (CaO) S, . 08
Magnesia (MgO) - — .08
Potash (K:0) __ — e R .90
Soda (Na:0) s ——— . 66
Titanic oxide (TiO-) _— _ --Trace.
Water (H.0)___. e e 13.57
99. 99

"The clay from the Penland mine was used in the manufacture of
white earthenware, semiporcelain, china, and tile. It was often sub-
stituted for the clay of the Sprucepine and Sparks mines. Like the
kaolin of these mines, it was not used alone but in mixture with
clays from Florida and Tennessee and English china clays.

Northeast of the old Penland openings and separated from them
by a thin wall of rock lies an area“of about 4% acres which has been
explored by borings. The borings were made along lines that trend
northeasterly and northwesterly and at intervals of about 50 feet.
The overburden averages not more than 7 or 8 feet in thickness, and
the depth of the ¢lay penetrated ranges from 20 to 45 feet. On the
assumption that the average thickness of the clay is 30 feet and that
the average yield of commercial kaolin is about 20 per cent of the
crude tonnage, the tested area would yield about 70,000 tons of refined
clay. However, the thickness of the kaolinized material is probably
greater than 30 feet, and the yield of merchantable kaolin from the
crude clay might run higher than 20 per cent.

The “New deposit,” on the Firescald property, is three-fourths
of a mile northeast of the old Penland mine. It has been tested by
boring over about 15 acres by 200 holes at irregular intervals. The
reserve on this area is estimated to be about 250,000 tons of commer-
cial clay on the assumption that the whole area is occupied by kaolin,
that the thickness of the deposit is 80 feet, and that the crude kaolin
will yield 20 per cent of the refined product. The accompanying
sketch map (fig. 5), furnished by the owners of the property, shows
the distribution of the borings and the thickness of overburden and
clay disclosed by them.

The character of the kaolin from the old Penland iine was very
much like that from the Sparks mine. The crude clay, however,
contained a larger proportion of coarse rounded fragments of quartz
and pieces of partly kaolinized feldspar and a similar proportion
of mica. The refined kaolin was used, apparently with satisfaction,
by a number of white-ware and china potteries and by makers of
vitrified tile in the Ohio Valley.
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The material from the borings on the Firescald area is said to
have been tested by several potters and other manufacturers and
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to be similar to the Hog Rock kaolin, but of course it has not been

tried on a commercial scale.
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UNDEVELOPED DEPOSITS.

FRANKLIN, MACON COUNTY,

Of the many other deposits in Macon County in addition to those
now worked or which have been worked in the past, only a few have
been prospected in a.way to furnish any idea of their value. Most
of them were originally opened as mica mines, and generally the
value of the kaolin was completely disregarded. Moreover, most
of them are so far from the railroad that the expense of marketing
their product would be prohibitive, unless several of them in the
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FiGure 6.—Map of kaolin deposits near Franklin, N. C.

Abandoned mines: Prospects—Continued. Prospects—Continued.
d, Gurney. , Raby mica mine. .15, Frank.
e, Southern Clay Co 8, Porter mica mine. . 16, Myers.
f, Iotla. 9, Cunningham. 17, Sloan,
Prospects : 10, Moore. 18, Sanders. X
1, Smith. 11, Lyle. 19, Rochester mica mine.
4, Lenoir. 12, Kasson mica mine. 20, West.
5, McGuire. 13, Billings. 21, Bryson.
6, Chalk mica mine, ‘14, Ferguson.

same neighborhood should develop into much larger deposits than
now seems probable. The positions of all the known deposits are
indicated on the accompanying sketch map (fig. 6).

The two most favorable prospects are on the McGuire and the
Ferguson properties.
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McGuire property—The McGuire property is about 34 miles west
of Franklin on the southwest slope of Tremont Mountain. The de-
posit is on a dike 18 feet wide that strikes northwest and dips 80°
SW. Mr. J. H. Pratt made an examination of the property in.1915
and reported that at places over an area of about 2 square miles a
number of openings have exposed kaolin, but only a few of them in
commercial quantities.” The largest of these openings are two tun-
nels. One of the tunnels is 72 feet long and runs N. 40° L. It
penetrates kaolin for 22 feet and then enters country rock. At the
contact of the kaolin and country rock a drift extends.N. 100° E.
for a distance of 15 feet. The original pegmatite has been almost
completely kaolinized ; the only unaltered rock observed in the dike
is a little feldspar that is associated with a band of quartz. In the
kaolin there is a little scattered mica and a few nests of *“ decomposed
garnet.” A second tunnel 200 yards S. 50° E. from the first one
starts at the contact of the dike and the country rock and follows
the hanging wall for 108 feet. At a point 56 feet from the mouth
of the tunnel a crosscut that runs N.'30° E. crosses the dike, which is
18 feet wide. By assuming that the deposit is continuous between
the two dikes and that kaolinization has extended to a depth of 100
feet, Pratt estimates that 18,000 tons of washed kaolin is present,
provided the yield is 30 per cent of the crude clay.

About 900 feet S. 60° E. from the tunnel there is a shaft 20 feet
deep that cuts 12 feet of kaolin like that in the tunnels. XKaolinized
material is exposed east and west of the shaft for a distance of 14
miles, but at only one place, a tunnel in the woods west of the shaft,
does the quantity seem to be large. The tunnel is cut into a hill
for 120 feet, and at this point it encountered the footwall of a
dike, which was again exposed in a shaft of 30 feet or more above
the tunnel. At the extreme western end of the property a shaft
on the top of a little hill that rises 60 feet above a creek struck
clay at a depth of 30 feet. Another shaft 86 feet from this one
reached clay at.the same elevation, and several small pits exposed
it in other places. These openings indicate the presence of a mass
of kaolin about 100 feet broad, but its other dimensions were not dis-
closed. Some of the kaolin is stained by iron oxide, but otherwise -
it is good.

Mr. McGuire reports considerable boring on the property since
Mr. Pratt’s visit, but he can not give details as to the results.

‘A washing test of the material in the dikes yielded 42 per cent
of a cream-colored kaolin, which was analyzed as follows :*4

2 Watts, A, 8., op. cit., p. 137
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Analysis of washed kaolin from McGuire property, near Framklin, N. C.

Silica (8Si02) 46. 35
Alumina (Al:Os) oo e 39.00
Ferric oxide (¥Fe.Os) . .30
Lime (CaO)_ . Trace.
Magnesia (MgO) . Trace.
Soda (Na.O) - .00
Potash (KeO)omooommo .50
Titanie oxide (TiO2) ooo o ____ Trace.
Water (H:0) — — e 14. 00

100. 15

Mr. Lillibridge, of the American Encaustic Tiling Co., for whom
some of the boring was done, says in a letter to the writer that the

N oz, . kaolin is of a sufficiently high standard
von 4. to meet the requirements of wall-tile
= manufacturers.
"o The kaolin can be economically
Noi0g, v mined, as there is a good supply of

water for all purposes and a down
grade to a good road.
Ferguson property.— The Ferguson

No8qy,
“ property is 2} miles northeast of
NoToz - ‘Frapklin and 1 mile southwest of
‘e Mo Dean. The property has been explored
e : by a tunnel that runs northeastward
T'.’ftﬁ%‘ni.’f showing fect indicate depths  1Nt0 the side of a ridge. The tunnel
Dotted lines represent horizontal borings  CULS 93 feet of kaolin in which there
o m woreet 18 @ 20-foot horse of partly altered

feldspar and streaks of quartz. Near
£ “;f;‘r‘gl'lg‘;;“;fo;fef?;‘:gi o0 the end of the tunnel there is a cross-
Franklin, N. C. cut about 50 feet long which is all in
excellent clay. That on the northwest side of the tunnel contains
" considerable coarse mica that is probably merchantable. There is
also a little feldspar that might prove of value. Near the end of
the tunnel there is a shaft 14 feet deep, and in the bottom of this
shaft a boring 20 feet deep reaches hard rock. As the mouth of the
tunnel is 45 feet below the top of the ridge, it is safe to assume that
the depth of the kaolinization is 70 feet.

A sketch showing the distribution of the borings with reference to
the tunnel is given in figure 7. It is evident that these borings do
not outline the deposit. On the assumption that the deposit has
been proved for a length of 200 feet, a width of 48 feet, and a depth
of 60 feet, and that 25 per cent of the kaolin in the crude material
is recoverable, the quantity of refined kaolin is about 6,500 tons.
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. The kaolin in the tunnel is snow-white and free from grit and
visible impurities of all kinds, except the large flakes of mica already
referred to. That on the old dumpat the mouth of the tunnel is
slightly stained.

The deposit, where it is exposed, is near the top of a slope that rises
70 feet above its base, so that mining would be comparatively easy.
Abundant water is available near by. It.could be pumped to the
top. of the ridge and used for sluicing the crude clay to a washer
situated in the valley 70 feet below.

DILLSBORO, JACKSON COUNTY.

Property of the Harris Kaolin Co—~Two other deposits near Dills-
boro (fig. 8) have been tested by boring, but have not otherwise been
explored. One of these. deposits, known as the Ashe property, is
about 5 miles southeast of Dillsboro, in the gap in the mountain
about a mile west, of Painter. Nothing definite is known about
the deposit except that it was once opened by a pit on a vein re-
‘ported to be about 15 feet wide. Borings indicate that the area
underlain by kaolin is 200 feet long by 21 feet wide and that it may
produce about 10,000 tons of refined kaolin.

The other explored deposit is about half a mile south of the plant
of the Roda mine, on the south side of a hill. The area underlain
by kaolin is 400 feet long by 50 feet wide. It contains about 15,000
tons of kaolin, which resembles that from the Hog Rock mine.

The kaolin from both these deposits can easily be prepared for
market at the plant of the Harris Kaolin Co. near Webster.

The total reserve of the four properties of the Harris Kaolin Co.
in Jackson County is estimated by the company to be between 40,000
and 50,000 tons of refined material.

BETA, JACKSON COUNTY.

Ross property—The only promising prospect in Jackson County,
besides those already mentioned, is near Beta, about half a mile
southwest of the railroad station, on the west slope of the hill south
of the railroad. It is now known as the Ross prospect, but it 1s
probably the same as the Buchanan prospect described by Watts.?s
The principal openings are about 400 feet above Scott Creek. They
comprise a number of test pits near the top of a ridge that trends
northeasterly and several tunnels and shafts below these on its west-
ern slope. The only one of the tunnels that is now .open to inspec-
tion is more than 200 feet long and has a right-angled turn about
125 feet from its mouth. Watts reports several dikes at this place
which range in width from 10 to 18 feet, strike N. 40° E., and dip

% Watts, A. S., op. cit., p. 154.
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80° NW. The upper of the two principal dikes has been opened
by a few test pits and the lower, one-eighth of a mile farther west,
by shafts 25 feet deep and by two tunnels. Both dikes contain
lenses of garnet-colored sand mixed with altered biotite. Samples
taken from the lower dike yielded 40 per cent of kaolin that had a re-
fractory value above 1,730° C. Its analysis is given on page 25.
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Ficure 8.—Map of kaolin deposits near Dillsboro, N. C.

Active mines: Abandoned mines-—Contd. I'rospects—Continued.
A, Hog Rock. i, Springer. 27, Cowan.
B, Roda. j, Harris. 28, Ashe.
Abandoned mines: - Prospects : A 29, Forest Hill mica mine.
¢, American Land & De- 23, Cagle Gap mica mine, 30, Harris.
velopment Co. 24, Hall. 31, Long mica mine.
I, North Carolina Mining 25, Ross. 32, Wayehutta mica mine.

& Manufacturing Co. . 26, Love.

The walls of the main tunnel are composed of white clay and
are crossed by many bands of quartzose pegmatite, 3 feet to 4 feet
wide, running in all directions. The pegmatite is thoroughly de-
composed, but its content of quartz is so high that much barren rock
would have to be removed in mining. In most places the kaolin
contains considerable quartz and mica, but some of the masses be-
tween the bands of pegmatite consist of nearly solid, dense kaolin.
At 200 feet from the mouth of the tunnel is a pit that was not’
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crossed, but in the walls beyond there appeared to be wide, clean
exposures of clay.

The best samples taken from the best pockets differ from sampies
of the average material of the walls, exclusive of the pegmatite veins,
only in being almost free from mica and coarse grains of quartz.
The average sample is lumpy, but the selected samples are nearly
uniform in structure. Both are gritty, but the grit in the better
sample is so. fine as to be scarcely visible, whereas that in the average
sample consists of quartz grains one-eighth to one-quarter inch in
diameter. Moreover, little groups of these grains together with
mica flakes are aggregated into lumps. The cracks between the
grains are badly stained by iron compounds that have infiltrated
and oxidized, and therefore the crushing of the lumps seriously dis-
colors the clay. The better samples are pure white when first taken,
but upon standing in a dry atmosphere they turn pinkish or pinkish
yellow, possikly through the oxidation of iron salts. These samples
contain no visible impurities except tiny grains of sand.

Unquestionably deposits exposed by the pits and tunnels on this
hill contain a great deal of kaolin, but it is very doubtful if any of
the deposits are large enough to be worked economically. Besides
the deposits described above a dozen others in the vicinity of Dills-
boro and Webster have been mentioned in the different reports on
the clays of the State but none of them are valuable at the present
time. A few have been worked and abandoned after a year or two.
Others have been prospected but not worked, and still others have
merely been sampled. The locations of all those in which kaolin is
known to occur are shown on the sketch map (fig. 8). ’

ETOWAH, HENDERSON COUNTY.

Valentine property—Mr. G. H. Valentine, of Hendersonville, re-
ports a deposit of kaolin in Henderson County close to the west bank
of French Broad River, 1} miles north of Etowah. The deposit is
known to be from 50 to 75 feet wide and more than 10 feet deep,
but its length has not been determined. Several small excavations .

-have been made in it, and the grade for the public highway cuts it.
- Most of the clay is white, but in some places it is pink or salmon
colored. The deposit is a few hundred yards from the river and.
about 50 feet above it, and a mountain brook near by might furnish
all the water needed in mining. A road 2 miles long, which is used
for heavy hauling by trucks to a point less than one-fourth of a
mile from the deposit, leads to Etowah, on the Toxaway branch of
the Southern Railway. '

The sample furnished by Mr. Valentine is a white gritty powder
that becomes only slightly sticky when moistened with a little water.
When shaken with water the mass rapidly separates into a sediment

‘
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and a thin fluid of a very pale gray, almost white color. The sedi-
ment consists of small sharp-edged transparent quartz grains and
larger masses of grains that are cemented by kaolinite, partlcles of
material stained by limonite, and a few fragments of other sub-
stances, some of which are organic. The unwashed powder is com-
posed of comparatively few small flakes of kaolinite, fragments of
rosettes and wormlike aggregates of the same mineral, many frag-
ments of clear, colorless quartz, and flakes and groups of grains and
a few other partlcles that may be partly kaolinized feldspar. A few
of the quartz grains are large, measuring about 0.3 millimeter in
their longest dimensions, but most of them are between 0.05 and
0.07 millimeter.

The sample is composed mainly of a ﬁne quartz sand together with
a comparatively small proportion of kaolinite. Whether the mate-
rial is residual or sedimentary in origin can not be determined from
its appearance. If it is sedimentary, its components have not been
carried far, for the quartz grains show little or no evidence of round-
ing. The area that contains the deposit is underlain by Henderson
granite, which, according to Keith,*® “upon complete decay * * *
produces a yellow1sh or reddish olay, which is frequently leached
out nearly white. This is mixed with sand and fragments of rock
on the mountain sides and is of no great depth.”

Material of this kind partly assorted by water might yield a prod-
uct resembling the sample, which is very much like the samples
from Richmond and Montgomery counties in'North Carolina and
from the vicinity of Abbeville in South Carolina.

HAZELWO0OOD, HAYWOOD COUNTY.

Herren property—A. deposit in Haywood County that has not
hitherto been described is well up toward the top of a spur at the
southwest end of Lickstone Mountain, on the property of J. P.
Herren, of Waynesville, about 4} miles south of Wa,ynesvﬂle and
3% miles southeast of Hazelwood. There are several openings on the -
property, but they are now filled with débris and difficult to study.
The largest opening furnishes a vertical section 12 feet long and
originally exposed a surface 12 feet high, including 7 feet of kaolin.
The lower portion of the section is now covered by fallen material.
The part now visible shows an almost horizontal contact between
mica schist and a very quartzose stained kaolin that exhibits the
structure of a pegmatite. It is cut by little quartz stringers and con-
tains masses of decomposed black mica, flakes of decomposed white
mica, and sharp-edged fragments of quartz. (See fig. 9.) Other

. 8 Keith, Arthur, U. S. Geol. Survey Geol. Atlas, Pisgah folio (No. 147), p. 4, 1907,
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openings a few hundred yards south of this pit show the same cap
rock and the same kind of kaolin. At a distance of about 12 feet
from the foot of the cliff in the larger pit’is an exposure of mica
schist, which is apparently the footwall of the dike. Accordingly,
both footwall and hanglng wall must be nearly flat, and theéir contacts
with the dike are very irregular. When the pit was opened a little
mica was taken from the neighborhood of the footwall. No kaolin
was mined nor were any tests made of its quality. Samples obtained

Figurp 9.——11erren pit, Hazelwood, N. C. A, Vertical wall of pit; B
Cross section of pit. @, Muscovite-biotite schist; b, Kaolin.

from that portion of the vein now exposed would give no fair idea
of its value.

The deposit is not near the railroad, but there is abundant water in
the vicinity for washing.

BIRDTOWN, SWAIN COUNTY.

Cole & Black property—The Cole & Black prospect is about 7
miles northeast of Bryson and three-fourths of a mile southeast of
Birdtown, about half a mile east of Oconalufty River and the Appa-
lachian Railway along its side. A. B. Cole, of Bryson, N. C., is the
representative of the owners. The location has been plospected by
a series of test p1ts and several shafts.

The largest opening is a shaft 12 feet in diameter and 27 feet deep,
at the bottom of which is a boring of equal depth. The upper 12
feet of the shaft passes through a clay overburden and a mass of
dark schist (probably a micaceous hornblende gneiss), which is
folded into a syncline that can be traced eastward for some distance.
The schist forms a capping above the kaolin and separates it from
the clay overburden on the surface. Below the capping the kaolin
is continuous to the depth reached by the auger. In general the
kaolin is very white, but it is streaked with yellow and red stains
near the top. Farther down it is said to be free from stains, but
only its upper part can now be seen. It contains also coarse frag-
ments of quartz and is crossed by comparatively large horses of
that mineral. Sand and black mica are also present in it, but not
in large quantities. The strike of the bottom of the syncline is N.
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20° E., which is also the strike of the kaolin deposit indicated by
the lines of pits. Where wall rock can be seen it dips southeast-
ward at a high angle. Three other shafts and a tunnel mark the
extension of the dike for at least 300 feet along its strike.

A little farther to the west is another series of openings, consist-
ing of several test pits and two shafts, one 20 feet deep and the
other 57 feet deep. The walls of these shafts are not visible, but
their dumps show considerable sandy kaolin mixed with quartz and
black mica. The deposit marked by this series of openings is par-
allel to the more easterly one and is evidently on an independent
dike.

Although very little definite 1nf01mat10n can be gathered from
the prospecting, it has shown the presence of a great quantity of
kaolin. However, it hasnot shown that the kaolin is in deposits
large enough to be of commercial value. If systematic borings
around the first shaft described above should outline a reasonably
~large deposit it might be worked economically by tramming 500
yards, sluicing to a washer placed a little below the mine, and
sluicing by gravity to a settling plant on the river 400 yards distant.
It would be necessary to pump water about 200 feet to the mine and
to flush the sluice leading to the washer.

MICAVILLE, YANCEY COUNTY.

T homas prospect.—The Thomas prospect is a deposit that is being
“held in reserve by the Harris Kaolin Co. It has been tested by
tunnels and shafts, but has not yet been exploited. It is expected
that the clay will be refined at the Lamonti plant. The deposit is
about 14 miles north of Micaville and 1 mile northwest of Lamonti.
(See fig. 10.) The dike that contains the deposit strikes N. 45° E.
Accmdmﬂ to Mr. Hise, the place has been -thoroughly explored,
Ieveahnw two dikes 60 and 175 feet wide and at least 1,000 feet long.
Shafts and tunnels on the property have uncovered good kaolin,
which contains a little sand and white and black mica and which is
crossed by streaks of red mica that is apparently of the proper size
and in sufficient quantity at greater depths to be commercially valu-
able. The deposits are also penetrated by horses of rock. The over-
burden ranges in thickness from 4 to 12 feet. If half of the clay
can be removed, the yield of the deposit in refined kaolin may be
50,000 tons.

The kaolin is thought to be of the same quality as that at the
Wilson mine. A flume line from the property to Lamonti has
already been surveyed, and electric line poles have been set up, but
the wires are not strung. Water will be pumped from a creek to the
mine, 150 feet higher, and the slip will flow all the way to the plant
by gravity. .
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Smith prospect.—Several other prospects in the vicinity of Mica-
ville, besides those mentioned, are promising sources of kaolin, and
a few others are known but have not been thoreughly tested, so
that it is not possible to give any safe estimate of their value.

Perhaps the most promising prospect is that on the property of
Misses E. E. and M. P. Smith, of Asheville, N. C., and Mrs. George
R. Calvert, of New York. The deposit is 1} miles east of Burnsville,
alongside the Black Mountain Railroad. It was formerly worked
for mica, and during the search for that mineral numerous holes were
dug and a shaft 40 feet deep was sunk. The shaft-cut 3 or 4 feet of
overburden and about 35 feet of kaolin. It was abandoned because
of caving. A tunnel 100 feet long also exposed kaolin. Abundant
water is available for the use of a mine and washing plant. The
place has not been visited. The description given here is based on
the statements of Miss M. P. Smith.

~ Watts *" states in his description of the deposit that it is on a dike,
25 to 35 feet in width, which strikes N. 20° E. and dips irregularly.
The kaolin incloses lenses of semikaolinized material, but on the
whole the dike is well kaolinized. Tunnels connected by a cross-
cut expose nearly the entire width of the dike and show 6 feet
of well-kaolinized pegmatite along its west wall and 9 feet of semi-
kaolinized material and 20 feet of kaolin adjoining its east wall.
Test pits indicate that the dike may extend about half a mile.

The samples seen by the writer are pure white and contain very
little grit. Large lumps break with a distinct cleavage and thus in-
dicate that the part of the dike from which they came was an almost
pure aggregate of coarse-grained feldspar. Close inspection reveals
a few grains of quartz sand, a few flakes of fine mica, and a few
minute spots of some yellow earthy material. Under the microscope
the largest quartz grains seen had diameters of 0.1 to 0.15 millimeter.
The mica is in very tiny flakes and shreds whose diameters-are not

“more than 0.025 millimeter. A few stained clumps of kaolinite were
the only other constituents noted. The sample is an especially pure
kaolin. Offers are said to have been made to mine the kaolin on a
royalty basis, but the amount of royalty tendered was not attractive
enough to the owners to induce them to sign a contract. If the prop-
erty is worked it may produce mica as a by-product.

MITCHELI. COUNTY.

No properties in Mitchell County, besides those described on pages
36-41 and 47-51, have ever been worked for kaolin on a commercial
basis. There have;, however, been many workings for mica, and in
some of these considerable kaolin of good quality has been encoun-
tered. In addition a few deposits have been explored for kaolin

2 Watts, A. 8., op. cit.,, p. 127.
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Ohio Railway a deposit of kaolin is said to occur in a dike that strikes
a little east of north and dips about 75° NW. It has been tested by a
shaft, which penetrates excellerit kaolin to a depth of 35 feet, and by
borings at intervals of 20 feet. Most of the borings go to a depth of
40 feet in clay. The Harris Kaolin Co., owners of the mineral rights,
declare that the deposit is at least 300 feet long by 150 feet wide, and
that the clay is much like that at Sprucepine. The estimated reserve,
calculated on the basis of a 20 per cent yield, is about 20,000 tons of
refined kaolin. The slip could easily be delivered at the railroad by
a flume.

The Flukin Rldge deposit consists of a series of openings that were
originally made in the search for mica. They are on the top of
Flukin Ridge, a northwest spur from Burns Mountain, 2} miles
southwest of Bakersville and about 1} miles east of the plant of the
Intermont China Clay Co., on the Carolina, Clinchfield & Ohio Rail-
way, at Intermont, about 2 miles south of Toecane, with which it may
readily be connected by a flume. Watts *® states that the area contains
a large number of dikes of partly decomposed pegmatite, which strike
N. 50° E. and dip 65° SE. He also states that tunnels and shafts
had been dug over an area a half mile long and one-eighth of a mile
wide, and that— : A

at one point a considerable quantity of fine white kaolin is encountered. There
are, however, occasional streaks of fresh feldspar and on all sides of the lens
there is semikaolinized material; these facts justify the assumption that the
kaolin is merely an isolated lens and would not justify the equipment of an
extensive outfit for handling it, although the presence in the neighborhood
of other isolated kaolin deposits would justify the sinking of shafts and the
removal of this kaolin to a central washmg plant.

In 1915 the place was explored for kaolin by extending old tun-
nels and by boring. At present the shafts are inaccessible and the
tunnels are accessible for only short distances from their openings.
The borings are not mapped. However, representatives of the In-
termont China Clay Co., which contemplates working the place, re-
port that the borings indicate a vein 200 feet wide, including a few
horses of rock, and 900 feet long. Near its southwest end a rock
wedge penetrates it and splits it into two parts, the dimensions of
which are not known. The best clay is said to lie near the footwall, -
where it is white, dense, and free from streaks of mica. Elsewhere
there are streaks of mica and quartz, which increase toward the foot-
wall. In one of the shafts put down near the center of the deposit
fairly good kaolin shows in the walls to a depth of 72 feet, and a
boring made in its bottom penetrates, 11 feet more of good clay. A
crosscut 46 feet from the bottom of the shaft toward the footwall is
also all in kaolin. " The quantity of refined clay that the deposit will

2 Watts, A. S., op. cit.,, pp. 108, 121,
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yield is estimated at about 75,000 tons. It is proposed to sluice the
slip to the settling plant at Intermont, on the railroad. The length
of the flume required would be about 3} miles.’

A sample was taken from the walls of 4 tunnel, near the footwall
of the dike, where the clay is much interrupted by streaks of mica.
If the dep0s1t is worked mica may be obtained as a by-product.

The other properties in this vicinity that might contribute to a
washer on a flume -line between Flukin Ridge and Intermont are
the old Benner mica mine, the Sinkhole Ridge prospect, and the
P. H. Howell prospect. The first two mentioned are on Sinkhole
Ridge, 3 miles southwest of Bakersville and about three-fourths
mile southwest of Flukin Ridge. Neither of these places was seen.

JEFFERSON, ASHE COUNTY.

Bare property—The Bare deposit is known only by its samples.
It 1s on the property of Jesse Bfue, sr., near the mouth of Dog
Creek, 4} miles east of Jefferson, in Ashe County. It has been
opened by two trenches, 2 feet deep, in solid clay. One trench is
10 feet long and 2} feet wide and the other 6 feet long and 4 feet
wide. The overburden is 3 feet thick. Mr. Bare writes that the
deposit is on top of a flat smooth ridge, and that it occupies about
an acre, as is indicated by the distribution of the lumps turned up in
plowing.

The sample sent is in very hard white granular porous masses
that absorb a great quantity of water without disintegrating. Care-
ful examination with a hand lens reveals many transparent color-
less quartz grains in a white structureless cement. Here and there
a larger quartz grain is embedded in the mass, and there are a few
little groups of stained grains,. When shaken with water and
allowed to stand for a few minutes a sediment settles that consists
almost exclusively of grains of quartz and a white opaque material
that is probably kaolinized feldspar, as the particles are bounded
by planes which appear to be the result of cleavage. No other con-
stituents are observable when the crushed kaolin is viewed under
the microscope. The quartz grains, which are jagged in outline,

range from 0.3 to 0.15 millimeter in diameter. They are compar-
atively few as compared with the grains of kaolinized feldspar.
These grains of feldspar are almost nonpolarizing. They are com-
monly straight edged, but a few of them are subangular. The
smallest particles are plates of kaolin. They are not very abundant.
A few wisps of muscovite are noted in places, but they are very rare.

The appearance of the material in the hand specimen and under
the microscope indicates that it comes from an incompletely kaolin-
ized, very feldspathic pegmatite.
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KAOLINS IN THE PIEDMONT PLATEAU REGION.

Although all the kaolin deposits of North Carolina that are now
being exploited are in the mountain district, nevertheless the de-
posits that have been found in the Piedmont Plateau (FL I) may be

"of commercial value when they have been thoroughly explored. A
few of these deposits have resulted from the alteration of pegmatites
and are similar to the deposits in the mountain district. Others have
apparently resulted from the alteration of granites, of schistose
feldspathic rocks, or even of slates. The deposits that have been
derived from slates are of no great commercial value. Some of
these deposits may produce. material that can be utilized for some of
the purposes to which kaolins are adapted, but most of their material
is so impure that it will not burn white. They are mentioned in
the following pages only where their description is necessary to
complete the dlscuss1on of certain propertles on which white- burnlnﬂ'
kaolins occur. .

The kaolins that are derived from granites and schistose feld-
spathic rocks are as a rule less compact than those that are derived
from pegmatites. They are generally fine grained, powdery, and
very quartzose. They rarely contain large fragments of quartz or
large pieces of partly kaolinized feldspar. They cover compara-
tively broad areas, and if derived from schists they commonly occur
as layers between layers of very impure clay or of only slightly
decomposed rocks. The dips of the layers may be high or low, de-
pending upon the attitude of the beds of which they are a part.
If the original-layer of rock was thick the thickness of the kaolin
will depend upon the depth to which kaolinization has proceeded.
If the original layer was thin the resulting layer of kaolin must also
be thin. In prospecting it is important to determine the thickness
of deposits of this kind by actual test or by calculations based upon
observations of dip.

The processes by which the granites and feldspathic schists were
changed to kaolin were the same as those that changed the peg-
matltes, and therefore they need no specml discussion. (See p. 20.)

KAOLINS FROM PEGMATITE AND GRANITE.

BESSEMER CITY, GASTON COUNTY.

Property of J. A. Smith—The only kaolin deposits on the Pled
mont Plateau that have been visited and that are believed to be
derived from pegmatite or from granite are on the property of Mr.
J. A. Smith, of Bessemer City.

Two openings are inside the city limits. One of these openings
is a shaft 30 feet deep near the railroad station. It is now boarded
up, but the walls can be seen to be composed of white clay that unaer-

77412—22——6
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lies an overburden of about 7 feet of red clay. The sample, which
Mr. Smith says was taken from the side of this shaft 18 feet from the
surface, is a white kaolin that dries into a powdery mass. It
contains some sand, a little mica, and the usual black streaks. A
boring in the bottom of the shaft went down 12 feet farther, all in
clay. Wells in the vicinity of the shaft all passed through similar
clay. Several carloads of material were shipped from these open-
ings, two of which went to a tile manufacturer, who made from the
kaolin a cream-colored translucent product.

About 1,800 feet northeast of the shaft is another opening, which
is now partly filled. It is a pit that shows on its wall a 16-foot
band of kaolin, which is said to be separated from another band 10
feet wide by a horse of red clay. Mr. Smith declares that borings
indicate the existence of a belt of high-grade clay 300 feet wide,
interrupted by horses of impure clay. The west wall of the deposit
is as far as can be seen decomposed gneiss, as are also the horses of

le 200 feet ——

Ficure 11,—Longitudinal section of ka(l)lin deposit near
Bessemer City, N. C.

clay. The other walls are not visible. Borings a short distance
from this pit are reported to have outlined a dike 160 feet wide.
Nearly all the holes that penetrated kaolin showed it to extend to
a depth of at least 35 feet. The structure of the clay in the pit
suggests a residual deposit. It is crossed by little veins of quartz
and by streaks of yellow stain. Mr. Smith believes he has discovered
a series of dikes from 10 to 200 feet wide which strike N. 22° E.
and dip vertically. There is no reason to doubt this conclusion,
though no evidence was at hand to confirm it.

Another deposit, 1} miles northeast of the city, near Long Creek,
is of an entirely different character. It is exposed in a long gully
from 10 to 30 feet deep. At the upper end the floor of the gully con-
tains numerous large granite boulders. Farther south these boulders
become friable, and beyond, where the gully becomes deeper, they
are partly disintegrated and covered with a layer of clay. Still
farther south the gully is deep and clay extends to its bottom. The
granite ends in a steep slope over which a little wet-weather stream
cascades (fig. 11). About 100 feet downstream from the last boul-
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der is an exposure of schist, which is separated from the granite
by a deep deposit of white clay. At the bottom of the gully and
in its walls at this place some of the kaolin seems to be a sedimentary
clay, but on the whole it presents the texture of the granite—that is,
it contains quartz grains of the same sizes and shapes as those in.
the granite, and a few streaks of black earthy substance that may
be some decomposed ferruginous mineral, such as biotite, augite, or
hornblende. The components are arranged like those of the granite,
the feldspar in'the rock being replaced by kaolinite in the clay. The
conditions suggest a concentration of kaolin at the base of a granite
slope by the washing of the decomposition products of the granite
into a depression between granite and schist. The deeper kaoliniza- .
tion of the granite at this point and the consequent development of

the steep slope are probably due to the presence here of the contact

surface between granite and schist. Plainly the greater part of the

kaolin is a residual deposit that is the result of the decomposition of

granite. Where the overburden of red clay is visible it is 6 to 7 feet

thick.

A sample of the clay was taken from a hole on the east side of the
bottom of the gully and from a strip of its west wall 25 feet long. Tt
is a plastic white kaolin containing grains of quartz, feldspar, white .
mica, a few specks of black earth, and a few yellow streaks.

There is unquestionably a large quantity of kaolin at this locality,
but it is probably irregularly distributed. Whether it is capable of
being worked economically can not be determined without a thorough
exploration. Water is abundant for washing, and the locality is only
1% miles from the Atlanta branch of the Southern Railway on a road
that could easily be put in excellent condition for trucking.

LINCOLNTON, LINCOLN COUNTY.

Mine of the United States Tin ('o.—At the old Piedmont tin mine,
23 miles southeast of Lincolnton, the dikes in which the cassiterite
occurs are fairly well kaolinized. The dikes occur ? in a belt that
strikes N. 20° E. and dips 80° NW.

. The dike rock is a coarse-grained pegmatite that is composed
mainly of quartz, several feldspars, muscovite, a colorless, somewhat
brittle mica that may be margarite, and grains of cassiterite. Be-
tween the components are films of iron hydroxides that produce an
orange-red stain. All the dike material is more or less kaolinized,
and together with the kaolin there has been formed a reddish-yellow
sandy product i which there are numerous plates of colorless mica,
grains of quartz, and crystals of cassiterite. Where the original ma-<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>