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ABSTRACT

An investigation was made of the residual kaolins of the Southern
Appalachian region to evalnatc conditions giving rise to halloysite and
kaolini te.

Samplcs werce taken from weathered grenitcs ond pegmotites in the
Picdmont provinces of Virginis, North Carolina and Georgia and in the
Blue Ridge province of North Carolina.

A new differential themal analYEis technique was developed to
determine quantitatively the reletive amounts of endellite versus kao]_j_nite
and/or halloysitc in a éample. This was used along with other analytical
methods to make quantitative mineralogical analyses of the rosidual clayse

The mincralogical analysoé and thin scetion studies formed the
basis for detcrmining the scquonce of weathoring in the gronites and
pegmatites. Halloysite is formed ornly from ths weathcering of feldspars,
and under conditions of intcnsc leaching is formed from both the plagioclasc
and potash fcldspars, The primary miea always alters to vermicular
kaolinmite. Where leaching is less intcnse, vermicular kaolinite is fo. aed
from the potash fcldspars through the intcrmcdiote stage of sceondary mica
of the muscoviie type and halloysite is formed from the plagioclase
fecldspars.

Vermiculer kaolinite is formed from the weathering of fcldspars
through the intermediate stoge of secondary mica with minor amounts of
halloysite froming directly from fcldspar where acid leaching conditions
obtain but arc lcast intense, The bnses arc not cffectively lcachcd and
secon&ary mica is the first weathoring product to be formed from the
feldspars Once sccondary mica is formed, vermicular kaolinite is the
next we~thoring product.

The only pﬁysiographic region in the Southemn .\ppalachians where
halloysite predominatcs over kaolinite is in the Bluc Ridge province of

westem North Carolina.




INTRODUCTION

Kaolinite (Al O «RSi0 »RH 0), endellite (ALl O .2510 .4H 0) and
23 2 2 2 3 2 =2

halloysite (Alaos. 25102. 2H20) occur as intimate mixtures in residual clay

depositse Halloysite is known to be the dehydration product of endellite
(Alexander, 1943, Hendricks, 1938 and Bates, 1950), but the reason for
the simultaneous occurrence of kaolinite and endellite, two varieties of
the kaolin group,‘ which are very similar in chemical composition had not
been determineds It has been the purpose of this investigation to make

a detailed mineralogical analysis of sﬁch mixtures and the source
material from which they were derived in the hope of obtaining evidence
as to the conditions giving rise to these two minerals during the
processes of weathering."

The Blue Ridge and Piedmont provinces of the Southern Appalachian
region in Virginla, North Carollna and Georgia were selected as the
regions of studys Both kaolinite and halloysite occur there as weathered
products and particularly good deposits for sampling were af forded by the
accessible strip mines producing mica and clay derived from the
alteration of the granites and pegmatites in the region. An areal map
showing distribution of the areas sampled is shown in Figure l.
Composition of the pegmatites over the entire region is remarkably uniform
according to Parker (1950) with the typical rock consisting essentially
of plagioclase, perthitic microcline, quartz and muscovite. This
uniformity in parent material was of particular advantage in the study.
The study was resiricted to residual clays in order that climatic control
and parent rock or mineralogical control might best be evaluated.

The pegmatites and granites‘ (variety alaskite) are weathered up to
depths of one hundred feet with the depth'of alteration depending on the




Virgiria

Figure 1, 4real map showing location of dsposits in the Scuthern
Appalachian reglone



topographic location and degree of fracturing of the intrusive body. The
deeply weathered deposits are located on gently sloping strath terraces
and it was in these occurrénces that transitions from completely altered
feldspar grading into the parent material were exposed by the mining
operations. According to Parker (1946) the most extensive periecd of
kaoliznization in the Spruce Pine district occurred during the period
during which the terraces were being formed. The altitude}of these
terraces led Bridges (19505'to suggest that they can be considered as
intermontane extensions of the Harrisburg peneplane of early Tertiary
ages HAccording to Hunter (1940) Edwih C. Eckel was the first to
recognize the existence of old river terraces and peneplanes in the
Spruce Pine area and called them Tertiary in age. These terraces are
covered with deposits up to thirty feet in thickness of poorly sorted
river boulders,

Bridges (1950) states that the rocks in the Blue Ridge region were
deeply weathered locally during the interval beginning with the uplift
of the Schooley or Kittatimmy peneplane and throughout the period in
which the Harrisburg peneplane was being formed. Hunter and others
observed- that the depth of alteration coincides with the lowest lewel at
which water freely circulates and the clay deposits occupy such a
position relative to the river levels.

Hunter (1940) found no evidencde of hydrothermal activity and none
was found in the present study, either in the field or as the result of
laboratory studies. It séémpldefinitely established that these deposits
are residual in nature and éffected only by ﬁeathering processese. |

Samples were collected in sample bags in August 1950 but laboratory
work showed the need for preventing the dehyration of endellite and a
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return trip was made in May 1951 to collect and keep moist samples. The
bulk of the sampies were taken in the Blue Ridge province of western
North Carolinas Profiles were also sampled in the Piedmont provinces of
North Carolina, Virginia and Georgia. Sampling was done in open pit or
quarry workings and in road cutse.

Analyéis of the first suite of samples collected in 1950 disclosed
the need for the development of new techniques for making quantitative
mineralogical analyses of the clays in order to determine the relative
amounts of kaolinite, halloysite and endellite. This was accomplished by
development of a differential thermal analysis technique for determining
the amount of endellite versus kaolinite and/or halloysite and a base~
exchange method for determining the amount of kaolinite versus endellite
and/or halloysite.

Mineral composition of the clays was determined in two ways. First,
the clay was fractionated and a detailed mineralogical analysis made of
each fraction and second, point count analyses were made of thin sectionsf
Analysis by the first method utilized the techniques of x-ray diffraction,
differential thermal analysis, and electron microscopy.

Phase equilibria studies were made on endellite to determine the
conditions under which this variety is stables The results of these
studies and the data obtained from the mineralogical analyses form the
basis for establishing the sequence of formation of kaolinite and

endellite in these residual deposits.
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NOMENCIATURE

Endellite -~ +this hame proposcd by Alexander, et al. (1943) is
used for the variety containing the monomolecular layer of interlayer
water and having the theoretical formula Alz03°R2Si02*4H20.

Halloysite o~ +this name is used for the variety resulting from
the dehydration of endellite and having the theoretical formula
Al203°R25102°RH0. Usually the varietal name of endellite or halloysite
is specificd for the variety present, but where it is not necessary to
distinguish betwecen the two varicties the general term of halldysite is
appiied as rccommended by the International Clay Group (Brindley, 1951).

Primary mica - +this term refers to the mica present in the
- unweathered pegmatite or granite.

Secondary mica - +this term refers to the mita formed by decompow
sition of thec fcldspar during weathering. It is of the muscovite type.

Alaskite «~ in the Sprucc Pine district the term alaskite is used
for the coarse textured granite free from Fe - Mg minerals. Since there
is some argumcnt gmong geologists in the area about the applicability of

the term the material will be referred to in this report as granite.
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LITERATURE REVIEW

Ross and Kerr (1930, 1934) give excellent reviews of the literature
for the origin of ksolinite up to 1930 and for halloysite up to 1934,
They state that halloysite is very commonly associated with kaclinite
in some kaolinite deposits, especially residual deposits deriﬁed from
pegmatites. They suggest that the halloysite occurring under such
conditions may represent a2 stage in the eventual crystallization of
kaolinite.

Hunter and Hash (1949) on the other hand suggest that in the
halloysite deposits of western North Carolina alternate wetting and
drying, with the possibility of aeration, may have been influential in
the conversion of kaolinite to halloysite.

Ross ard Kerr consider weathering to be probably the dominant mode
of formation of halloysite, as in the case of kaolinite, but that a
cohsiderable proportion of halloysite has been formed in areas where
oxidizing sulfides have supplied acids which acted on aluminous materials;

Undoubtedly meny of the residual kaolin clays described are in part
halloysite and the general evidence cited for the formation of
kaolinite probably applieg in part to the formation of halloysite.

Bayley (1921) states that the kaolins of North Carolina have withe
out doubt been formed directly or indirectly by the weathering of felde
spathic rocks. Surface water percolating through swampy tracts became
charged with carbonic and organic acids which not only accelerated the
process of veathering but caused removal of some of the iron that was in
the parent rocke Bayley (1925) states that the kaolins in the mountain

district of North Carolina are residual products resulting from the
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decay of pegmatite. Concerning the alteration of mica in these deposits,
he states that near the surface the mica is altered and loses its
characteristic features. Some plates thin enough to be transparent give
no axial figure and contain numerous small flakes. He uses the term
fThydromica"™ when referring to the decomposition products‘embedded in a
matrix of unaltered muscovites

Ries (1911) states that all of the workable kaolin depod ts of the
United States and probably meny of those in central Europe are the work
of surfacs waters whether they entered directly from the surface or
filtered through a swamp bed of peat.

Lindgren {1915) states that kaolin is either a product of alteration
by descending waters containing sulfuric acid or carbon dioxide, or of
alteration by ascending weak carbonated waters close to the surface.

Selle (1876), Hickling (1908) and Galpin (1912) advocate the origin
of kaolinite through the weathering of mica as an intermediate product.
Galpin states that it is probable that secondary muscovite is directly
converted into kaolinite. Sccondary muscovite represents the first
stage of the process and is the normal product of weathering of fcldspars.

In the North Carolina deposits Ross and Kerr {(1930) call the
intermediate product a muscovite~like kaolin mineral. They say that
crystals form vermicular aggregates like those of the kaolinite in the
same deposit and many of thesc groups are partially altered to kaolinite.
They present evidence to show that the muscovite of Hickling is not a
miscovite but a c¢lay that has about ﬁhe same proportion of silica and
alumina as kaolinite but with some potash and less water.

Denison, Fry and Gile (1929) made a study of alteration of mica in
soil profiles and concluded from chemical and optical evidence that the




miscovite alters to kaolinite.

Ross (1928) reports phenocrysts of biotite in a bentonite altering
to kaolinite.

Cady (1950) reports on two deposits within two miles of each other
in the Piedmont province of North Carolina. In a mctagabbro he observed
feldspar altcring to halloysite and in a diorite he listed the formation
of gibbsitc, chlorite and allophane as the first stage of alteration
and vermicular kaolinmite as the sccond stage. He believes that halloysite
is formed in rcgions vhere weathcring is slow and free movement of air
and watcr is restricted.

Shrader (1950) states that morc koolinite is developed in forest
soils than in preiric soils.

In discussing the halloysite deposits of North Carolina, Hunter
(1940) statcs that kaolinization takes place best where the topographic
features cencourcge drainage and where alaskite is covered by a dense
growth of vegetation such as rhododendron and laurel thickets. He points
out that the halloysite deposits in alaskite and pegmatite are on river
terraces vwhich arc copred with river gravels. This level topography
discouragcs rapid runoff and causes a high percentage of rain water to
percolate through the underlying alaskite. He adds that all of the
deposits orc underlsin at somc variable depth by.partly weathered
alaskitc at levels where possibly the acidity of the water is partly
neutralized ond drainzge becomes slow.

Takayasu (1950) rcports pscudomorphs of kaolinite after biotite in

a deposit of h~1Nloysite.
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METHODS OF INVESTIGATION

- Disaggregation and Dispersion Procedure

The samples analyzed were almost all white kaolinitic clays derived
from feldspathic and micaceous materiale The disaggregation ayl dise
persion proccdure is relatively simple. For mineralogical analysis it
is required in this particular research that the material be kept wet
during fractionation to prevent dehydration of the endellite. A 80 to
100 gram wet sample is mulled in water in a mullite mortar with a rubber
pestle. The suspension is brought to pH = 10 by the addition of ammonium
hydroxide and stirred in a blender for ten minutese This gentlg treate
ment allowed clay aggregates to be present in the coarser fractions, but
it prevented the books of kaolinite and mica from being broken up and

appearing in the finer fractionse.

Fractionation Procedure

The suspcnsion is first wet sieved through 60 mesh to remove all
particles larger than 230 microns comprising the medium sand fractiona
The material on the sieve is reworked in thec mortar with the rubber
pestle until only clear water passes through the sieves The sediment
then remaining on the sieve is bottled in watcr and sct aside for x-ray
and petrographic analysis. The suspension passing through 60 mesh is
brought to pH = 10 and stirred again before wet sieving through the 200
mesh sicve. The same procedure as before is uscd to separate the material
belonging to thc fine to medium sand size. The sediment on the sieve is
bottled wet for future analysis and the suspension again brought to

pH = 10 and stirrede
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The coarse to fine silts, ranging in sizé from 7.8 to 74 microns,
are separatcd by gravity sedimentation. Starting with the 5@ size
fractions are token off at every in;bergrai phi unit®* (Krumbcin 1934). The
corrcsponding micron size can be found by referring to the flow sheet in
Figure 2. Thc finest fraction scparatcd by this mcthod is the 6 to 7 phi
fraction,~nd is the first to be taken. The suspension containing less
than 200 mcsh particles is put into onc liter settling tubes and the top
ten eccntimcetcrs decanted after 31 mimitcse This is repeated six to cight
times until thc top 10 ecm. is clear. The same procedurc applics to the
next two coarscr fmctions-

Scedimcntation times are for particles with 2.65 specific gravity
and a tcmpcrature of 25°C derived from Stokcs Lo

For scparcting fractions down to 10 phi (1 micron), the Intcrmational
Centrifugc No. 1~SB with Noe. 242 head and 250 mle bottles with sus-
pension dcpth of 10 cme is useds Times and specds nre given in Figure
2. Cocntrifuging for cach fraction is rcpeated six times or until the
liquid is clcare s is done throughout the fractionation the suspension
is kept at pH = 10 ond stirrced before cach stepe.

The Sherplces cir-turbine supercentrifuge equipped with clarifer bowl
is uscd for scparating thc less than 10 phi fractions. The finest
fraction is token off first and then subsequently coarser fractions.

Two oxr thrce runs for ench froction arc usually sufficicent. The flow
ratces and spoeds for various particlce sizes arc giwven in Table 1, calcue-
lated for o temperature of 25 C. an effective bowl wolume of 267 mle

{Jackson, et. nl., 1950) is used in the €alculations.

*g- ~logz (dizmctcr in nm. )
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Figure 2

Flow Sheet for Fractionation Procedure

Wet Clasy Ssmple

Mull in water with mullite mortar and rubber pestle,

Bring suspension to pH=1l0 with addition of 2% NH) OH,
Stir with mechanieal stirrer 10 minutes,
Wet sieve 60 meshe

On sieve
Thru sieve
> 250* 3y Mo sand
< 250/ (28) .
Xeray
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Decantate
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DTA
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aliquot

< 1641 (88)

Gravity sedimentation
Decantation: 10 cmes 31%=0%

#ifferential Thermal Analysis
Electron Mlcrcseopy
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TABLE 1
Flow Rates and Speeds for Sharxples Supercentrifuge

Particle diameter Specific gravity Speed Flow Rate  Feed Nozzle

# units RPM ml. /min..
10 2.6 6,000 5§50 large
11 2.6 12,000 550 large
12 2.5 25,000 550 - large
13 2.5 50,000 550 large
14 : 2.2 50,000 110 smalk

Size Analysis
To determine the size distritution of the clay sample the x ght
side of the flow sheet in Figure 2 is followed 2ll the way down, and a
25 ml. aliquot taken after every step. To check on the efficiency of
fractionation an aliquot should also be taken of ever& fraction ob-—

tained and the results compared wi th the size analysis.

Differcential Thermal Analysis

A differential thermal technique was developed which gives the
amount of endellite versus kaolinite and/or halloysite in a sample. This
new technique was uséd to determine the amount of endellite in each size
fraction and the results are incorporated into the mineralogical ana~ -
lyses.

As Bradley (1946) and MacEwan (1948) have shown, various poXar.
organic liquids have the ability to replace the interlayer wator-in
endellite. VWhen differential thermal analyses were run on certain of
these endellite~organic liquid complexes, such as endellite v th ethylene

glycol, di~ and triethylcne glycol, and glycerine, the endothermal peak




usually occurring at approximately 575°C was lowercd to 500°C. Since
this did not happen with kaolinite or halloysite, which do not form the
complex, it presented itself as a method for determining the amount of
endellite versus kaolinite and/or halloysite in a sample.

Endellite from the Dragon Mine, Bureka, Utah and ethylene glycol
were used to form the complex by shaking the clay (aggregate size be-
tween 80 and 200 mesh) in an excess of the glycol for five minutes. The
suspension was contrifuged at 3,000 rpm and the liquid decanted. Excess
ethylene glycol was removed by working the complex on the retentive
filter paper. Halloysite produced by dehydrating the endellite at 110°C
was treated in exactly the same manner so that proportional weights of
halloysite and endellite-glycol complex were obtained. (Placing the
halloysite and endellite complex in a controlled atmosphere might give
better standard mixtures, but the stability of the complexes has not yet
- been warked out and there is the possibility of some of the endellite
changing to halloysite. This rcmains, however, as a possible future re-
finement of the method. ) Ethylene glycol was added to the weighe&
mixture which was then worked into the consistency of a thick paste and
ran on the differential thermal unit.

The apparatus used for obtaining the patterns is shown in Figure 3
and is similar to that described by Kerr and Kulp (1948). The sample
holder is a nickel block with a 1/4" dia. x 3/8" hole to contain the
sample and covered with a nickel lid. Cz2lcined alumina is used as refer-
ence material; The sample block sits on top of a vertically mounted
muffle tube over which a fumace is lowered. The rate of heating is
10°C/min. and the differential thermal cffect is recorded on an auto-

matically recording Leeds and Northrup Speedomax potentiometer using a




F:gure- 3.

Differential thermal analysis unit.

..L'..
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sensitivity scale on the preamplifier prbviding’a.fulléscale deflection
of 0.6 millivolts on the Speedomax chart for chromel~alumel thermocouples.
The chart moves at a rate of 6 inches/hr. to give a temperature interval
of 100°C/inch. '

A series of twenty-one mixtures at 5% intervals was prepared and rn,
and the curves in Figure 4 are the endothermal doublets obtained for the
standard mixtures. The endothermal peak at 500°C represents the structure
al water leaving the endellite complex while the 575°C peak represéhts
structural water leaving the halloysite. There is a drift to the exo-
thermal side due to the smaller specific heat capacity of the sample
than of the standard used, so the base line is drawn as in Figure 5.

Kaolinite from Langley, South Carolina was subsﬁituted for halloysite
and mixtures of kaolinite and the endellite complex were also run on the
DTA unite Since it was found that kaolinite gave the same peak intensity
as halloysite, this method gives the relative amounts of endellite versus
kaolinite and/or halloysite in a sample. Where all three minerals are
in a sample other techniques must be used to obtain the proportion of
kaolinite and halloyéite. If the kaolinite and halloysite particles are
approximately the same size a cbunt of plates and tubes can be made from
electron micrographs. In special cases where the kaolinite occurs as
coarser vermicular crystals, point counts can be made of the thin sections
(Chayes, 1949), or the kaolinite crystals may be fractioned off leaving
the fine fractions consisting only of halloysite and endellite.

The patterns in Figure 4 are used for direct comparison with those
obtained from unknown mixtures and are especially useful in the low and
high percentage mixtures.

For the mixtures between 20% and 80% of one component, it is
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preferable to use the graph shown in Figure 6. Here the ratie of the
height of the 500°C peak from base line (E) to the height of the 575°C
peak (H) is plotted along the logarithmic ordinate and the percentage
of endellite in the mixture along the abscissa. The ratios as obtained

from the standard patterns are as follows:

% Endellite Ratio: E/H Z Bodellite Ratio: E/H

10 «130 55 «450
15 .138 60 - 496
<0 142 65 : - 660
25 157 70 «7R0
30 172 75 - 980
35 . 198 80 1.16

40 «2R6 85 1.60

45 « 302 90 1.78

For manually recording potentiometers, where a continuous pattern
is not obtained, the graphical solution, which necessitates only the
measurement of maximum el heights, is superior to direct comparison
with the reference curves. The overall accuracy of both methods using
our apparatus is ¥ 3% and might be improved by refinement of technique
in preparing the standards.

The unknown sample to be analyzed should be mulled in water so the
clay aggregate will wet sieve through 80 mesh and be caught on 200 meshe
The clay-water suspension is centrifuged in 15 ml; tubes and the clear
water decanted. A large excess of ethylene glycol is added to the'wet
clay and the tube vigorously shaken until a uniform suspension is
obtained. This is centrifuged at 3,000 rpm for about fifteen minutes
and the clear ethylene glyccl decanteds The resulting clay-glycol
suspension is of the right consistency for differential thermal analysis.
(If no centrifuge is available the excess glycol may be removed by

working the mixture on filter paper.) If the clay aggregate size is below
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ten microns, the suspension after ccentrifugation is not sufficiently
compact and the ethylene glycol must be evaporated in an oven until
the suspension has the proper consistency.

Since samples to be analyzed for content of the kaolin minecrals
usually contain other minerals, the effect of impurities on the curves
was studicd. & mixed laycer dioctahedral 2:1 clay, an expanded
dioctahedral 2:1 clay, quartz and mica were selected as minerals commonly
associated with kaolinite and halloysite, and mixtures of these with the
endellite complex were run on the diffcrential thermal analysis unit.

The mixed layer clay was a K-bentonite from Oak Hall, Pennsylvania
containing 20% expanded and 80% non-expanded layers. A mixture of 25%
of this material and 75% endcllite complex yielded a curve (Figurc %a)
which is similar to that obtained for 957 cndellite and 5% halloysite.

A mixture of 50% mixed layer clay and 50% endellite complex gave curve
4b which is similar to 90% endellite and 10% halloysite. A mixture of
50% mixed layer clay, 25% endellite complex, and 25% halloysite gave a
curve similar to 42% endellite and 58% halloysite. 102 mixed layer clay
in the mixture had no evident effect on the shape of the curve.

| The expanded 2:1 clay (montmorillonite from Polkville, Mississippi)
had no effect on the curves except to decrecase the peak heights.

Vein quartz from Washington, D. C. gave a sharp peak at 573.5°C
which was used as the temperature reference. Ground to 200 mesh and
mixed with the endellite complex the quartz had the same effect as the
mixed layer clay in causing the halloysite peak to be present to a
degree equal to about one-fifth the amount of impurity present in the
sample. Curves of a series of quartz-endellite complex mixtures are

shown in Figure 7c, d, e.
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Mascovite ground to 200 mesh had the same effect on the curves as
the mixed layer clay and quartz.

The effect of impurities, as shown by these curves;, is to dampen
the peak intensities and produce an erroncous halloysite or kaolinite
peak which in magnitude is approximately equal to one-fifth of the
amount of impurity present. Less than 10% of impurity in the sample will
cause only dampeningp Because of its ability to retain the glycol, the
expanded 2:1 clay is the only cémmonly associated mineral which in
amounts greater than 10% has né cffect on the shape of the curve. The
erroneous halloysite or kaplinite peak is produced in the case ¢of the
other impurities presumably because'theré is insufficient glycol retained
in the mixture and a small amount of the endellite changes to halloysitei
This will also happen if & cover is not placed over the sample, or if
the amount of sample is too smdll o¥ not of the correct consistency.

.To test the application qf,the}mcthod using dissimilar digferential
thermal analysis units, sample% were run on Mr. R. K. Gruver's apparatus
in the Division of Ccramics and on_Dr._C. D. Jeffries?_pnitfin the
Departgent_of Apronomy. Thcse.units are describcdlin.the respective
papers by those authors. Mr. Gruver's unit consists of a hbrizontalxy
mounted furnace and sample holders which,aré 1;3 miiplatinum crucibles -
with coversa The rgte of heating is autpmatically_controlledgand'the
differential thermal effccts automatically recordcd,on a Brown potenti-
omcter.e Dr. Jeffries uscs a iarge nickel block with cover which holdé
a two gram sample and is pladed in a horizontally,mpunted,furnaceé1_Tﬁe
heating rate is maihtained_bx mapually increasing the Variac setting .
while tﬁe temperature and differential thermal effect are,measured_ﬁy:

rcading,déflections on a Rubiéoﬁ 3400H galvanomctors
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The two units produced curvasg which gave values to within & 52 of
those obtained on ocur unit and which were also sensitive to a minimm
of 5% of one component. Greater accuracy couid be obtained by running
a series of standard mixtures on each unit. It scems apparenf that
almost any type of apparatus may be used providing the following
procedures are observed:

l. Not less than 0.6 ml, of sample should be usede

2. The sample should have the consistency of a
thick paste.

3¢ A 1id should cover the sample.

4., Rate of heating should approximate 10°C/mine..

X~ray Analysis

The Norcleco x-ray spectrometer with Brown rccorder was used exmw
clusively for x-ray analysis of samples. Since the samples usually
contained only endellite, kaclinite, mica, quartz and feldspar, these
were easily differcntiated on the ppestromster pé;btems. and bhe peak
intensities obtained directly. CuKx radiation was used« Speed of
operation was a great advantage because of the large number of samples
and fractions thereof that were analyzed. Forty minutes was the aver—
age time for one analysis using the 2 RPM motor., The moist sample was
first run through an arc from 20 = 14° to 20 = 3° and then dried at
105°C and run from 20 = 60° to 20 = 3° This procedure was nccessary
to resolve the endellite and mica basal reflections which interfere with
each other. Upon drying at 105° C the endellite completely dehydrates
to halloysite with a2 shift in the basal spacing from 10.1 1: to 7.25 }:.

I_n the quantitative mineralogical analysis of the ¢lay sample, the




x-ray analyses were used for determination of the amounts of quartz,
mica and feldspar in the finer fractions (=32 microns). This was only
an estimate based on peak intensities but was found to be satisfactory
for obtaining the small percentages of these minerals in th&se @tss
fractions. 1In the coarser fractions where these minerals are concen-~
trated, thc percentages were obtained accurately by point counts of
grain mounts. The data obtained from x-ray analysis are incorporated
into the mineralogical analyses. Where kaolinite and halloysite were
both present in the finest fractions, the position and sharpness of
the basal reflection and the asymmetry of the (020) peak were used as
criteria along with differential thermmal analysis data and electron
micrographs to estimate the mineral composition. Determination of the
amounts of halloysite and kaolinite by x-ray analysis was attecmpted but
for several rcasons was not found to be satisfactory for more than
qualitative evaluation. The tendency for endellite and halloysite to
orient causes large variations in peak intensi ties of subsamples. iAlso,
the peak intensities of the endellite ecan not be comparcd with those of
kaolinite since the kaolinite is present in twc different ways in the |
samples. Either it is interleaved with the mica from which it is being
derived, in which case it orients preferably on the (001l) planes, or it
occurs as vernicular aggregates which have a preferred orientation on
the (010) plancs.

There is a possibility that x-ray spectometer analysis might have
been used for quantitative analysis for cndellite and kaolinite content
if the sample had been homogenized to less than one micron to destroy
the vermicular habit of the kaolinite and reduce the variability due to

difference in orientation. However, a homogenizer was not available
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for this experiment.

Electron Microscopy

In the initial stages of the investigation it seemed that use of
the electron microscope would solve the problem of qugntgtative‘anaiysis
of halloysite and kaolinite in these samples by making counts of the
platy kaolinite‘and tubular halloysite in elecirbn micrograﬁhs. However,
since it was found that the kaolinite occurs in these residual c¢lays as
éoarse vermicular aggregates and interleaved with the micé, the electron
microscope could not be utilized extensivély‘in the quantitative
mineralogical analyses. In the few samples wherce both kaolinite and
halloysite verc prescnt in the <1 mieron fractions, counts of
halloysitc tubcs and kaclinite plates wore uscd in conjunction with
differcntial thcermal and x--ray analyscs to arrive at the mineral coms-
position. Thc clcctron microscopc proved an invaluable tool for obscrving
the variations in morphology of the halloysitc frﬁm diffcrent dcpos;ts,
The tablc modcl clcctron microscope, type EMT, was uscful in the |
rcconnaissancc of samplces buforc’taking thc micrographs in the large

e¢lcetron microscope, type ENU.

Thin Section Analysis
The noint countcr mcthod of Chaycs (1949) was uscd as a mcthod for
mineralogical analysis. Sincc in the samplcs studicd the kaolinite
occurs ohly as virmicular crystals, it was rclativcly casy to dis-
tinguish from halloysite by its habit as well as bircfringence. Whewe
the kaolinitc was intcrleavcd with the mica from which it was derived,

it was somctimcs difficult to differentiate betweon the kaolinite and'hica.‘




- 29 =

The amounts of the other minerals such as quartz, mica and feldspar
were also quickly obtained by this methods This technique was used to
corroborate the results obtained from mineralogical analysis of the size‘
fractions and vas used exclusiwvly for determing the composition of
samples which had dehydrated and could not be analyzed by the other
method.

A point count employing 1200 counts of a thin section from the 17

acre prospect in the Spruce Pin¢ district was statistically analyzed for

precision and the results are tzpulated in Table 2.

Tatle 2.

Bulk Mineral Ccmposition of 5-39

Ari th. Standard Dev. Coef. of Confidence
Mean Mean . Variation Limits
Quartz " 30 0% 0. 39% 390%
Halloysite 66.8 1.05 ‘ 6 6% 7-~70.0
Kaolinite 13.1 1.16 10 11.0-~14.6
Mica 17.1 0.97 15 15.1-19.1
100< 0%

Two thin sections were made at right angles to each other of
another sample ONR 698 from the same deposit to show variation in sub~
samples as determined by this method. The two analyses compare well as

, N

seen in Table 3.

Table 3.
Bulk Mineral Composition of ONR 698

698a 698b
Halloysite 85.6% 84.9%
Kaolinite 8.8 ) 8.8
Mi.ea 3.8 6.8
Quartz 1.8 —

100.02 106.0%
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In order to compare the method of a point count of a thin section
with the method >f det2rmining the mineral composition by analysis of
size fractions, “wo sa ples of S-39 analyzed by the latter method are

listed together with tae mineial composition obtained by point count in

Table 4.
Table 4
Bulk Mineral Composition of S5-39
Analysisg +f Sime Fractions Point GCount

=334 S—-39B S-39
Halloysite 34.5%2 T 61.8% 66.8
Kaolinite 13.2 11.1 13.1
Quartz 8.5 8.8 3.0
Mica 16.8 18. 2 17. 1

100.0%2 99. 9% 100.0

Gr ﬁ.ﬁ Mounts
Fractions larger than 32 microns were mounted in Canada balsam
and point counts made to determine the mineral compositions. These
fractions consisted of combinitions of quartz, mica and feldspar and of

clay aggreg~tes which had not been effectively dispersed.

Base=exchange (apacity Determinations

Base—exchange studies we%e made on the kaolin clays as well as on
artificial mixtures of kaolinfte and endellite to determine whether the
method would be suitable as an a2nalytical tool. Data obtained from this
work was promising and with a"!ditional work should form the basis of a
method for determining the relative amounts of kaolinite versus halloysi te
and/or endellite in a2 kaolin sample. A combination of this method with
the dif.t"erential‘ thermal analysis method which quantitatively determines

the relative amounts of endellite versus kaolinite and/or halloysite
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should provideha complete gunantitative picture of the amounts of the

three varieties in a srsmple of kaolin clay. Unfortunately the base-
exchange-studies were made too late to apply to all the samples. Sampling
was dé%%iéd out so that the majority of the samples analyzed contained
only endellite and kaolinite so the method wasnt't essential for ob-
taining the mineralogical compositionse

An accurate and fairly rapid colorimetric method develgped by Bower
and Truog (1940) was used for the determination of the base..exchange
capacities of the residual kaolin clays. This method was selected be-
cause of its adaptability for use on small samples. Apparatus in the
laboratory of Dr. C. D. Jeffries of the Department of Agronomy vias used
and the cooperation and assistance of Mr. G. W. Kunze was of great help
in analyzing the samples in a minimum of time. Eight samples in dupli-
cate were run simultancously and required three days for processing.

The method involves saturation of approximately 0.1 grams of clay with
manganous chloride solution. After displacement with ammonium acetate
(pH = 7) the manganese is oxidized to permanganic acid and determined
cclorimetrically.

The base-exchange capacities were determined for bulk s=amples
(-200 mesh) from each of the deposits under detailed study. The values
follow in Table 5 with the basc-exchange capacities expressed in
milliequivalents per 100 grams of clay.

Two samples were selected to qualitatively measure the effect of
kaolinite and endellite content on the base-exchange capacity of the
clay. Sample S-16 is predominantly endellite and S<112 is predominantly
kaolinite with cendellite increasing in quantity in the finer fractiéns

of both samples. The base-exchange capacities for the various size
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fractions are tabulated in Table 6.

Table 5.

Base-exchange Capacities for Bulk Samples

Sample Bulk Composition B&ae Exchangg

S5-16, Alexander, N.C. Endellite, kaolinite, mica, quartz R5%8
S-21, Micaville, N.C. Mica, endellite, kaolinite, quartz 15.0
S~34, Fluken Ridge deposit, Endellite, kaolinite, mica, quartz 19.8

Spruce Pine, N.C. -
S-44, Gusher Knob deposit, Endellite, kaolinite, mica, quartz 28.5

Ingalls, _NoCo ‘ .
S5-104, Dry Branch, Ga. Kaolinite, mica, quartz 17.4
S-39, 1l7-acre dcposit, Bndellitc, kaolinite, mica, quartz 18.5

Spruce Pine, N.C.
S-112, Hartwell, Ga. Kaolinite, mica, endellite, quartz 11.3
S~113, Kings Mountain, M.C, Kaolinite, mica, endellite, quartz 6.1
S5-119, Ellerbe, N.Ceo : Kaolinite, mica, quartz 17.5
S-122, Hayesville, N.C. Kaolinite, mica, endellite, quartz 15.2
S5-123, Roseland, Vae Kaolinite, mica, quartz, endellite 7«6
ONR 653, Carter Ridge deposit, . _

Spruce Pine, N.C. Endellite, haolinite, mica, quartz 12,7

Table 6.

Base~cxchange Capacities for Size Fractions

Size Fraction Base Exchange Capacity
5-16, Alexander, N.C. bulk 25.8
‘ : 32-74 microns 11.0
16-32 " 9.7 }
8«16 " 11.3 f
4.8 " 12.2 '
_—4 n 17.2 .
1= n 2.9 J
-11 " R7.3 ;f
S-112, Hartwell, Ga. bulk , 11.3 i
4-8 microns 12.4 N
2.4 " . 16.1 \
1-2 " 17.9 \
~1 n k6.6 5

The valucs listed in Tables § and 6 were obtained from clays containing

endellite. To compare the base exchange of halloysite with that of the




endellite from which it was derived, three fairly pure cndellite
samplcs werec dried at 105°C and the base-exchange capacitics determincd.

These results are tabulated in Table 7.

Table 7.

Base-exchange Capacities for Endellite and Halloysite

Sample Locality State of Hydration BesexExchange
S5-16, -1 micron Alexander, N.C. endellite 258

Ls " " halloysite R7.3
S5-39, -«1 micron Spruce Pine, N. C. endelli te 25.0

" " " halloysite 26.5
ONR 311, -1 micron Eureka, Utah : endellite R7-4

" n n halloysite 25.3

Ammonium hydroxide had been used to disperse the samples before
taking aliquots, and in the first set of eight samples run, washing out
the ammonia remaining in the clay after decantation was neglected so
manganese hydroxide was precipitated in small amounts to give an
erroneous and very high base-exchange value of over a hundred for the
endellites This err§r in procedure was corrected in subsequent samples
by washing with dilute hydrochloric acid before adding the manganous
chloride, so that no hydroxide would be present to precipitate manganese.

Since the endellite fractions gave a much higher value than the
kaolinite fractions when the manganous hydroxide was precipitated erro~
neously, it was thought that possibly some of the hydroxide precipitated
in the water layers of endellite. If this were the case, the wide range
of values that had been obtained in the erroneocus determination of from

12 m.e. for kaclinite to 168 mese. for endellite might be used as the

basis for a method for determining the amounts of the two presente
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Weighed amounts of Georgia kaolinite}(—eoo mesh) and aliquots of an
Burcka endellitc (=200 mesh) suspcnsion were mixed in O, 25, %0, 75,

and 100% mixtures.” This was done in triplicate and the basewexchange
determinations made on the fiftcen samples. Before adding the
manganous chloride the mixtures were made up to constant concentration
of ammonium hydroxide (15 ml. of O.5N eammonium hydroxide per gram of
clay). These were centrifuged at SOOO rpm for one hour, decanted aﬁd
inverted to drain for five minutes before the base-exchange determinations
were made. The mean values obtained for each mixture are given in Table
8 and plotted in Figure 8 to show the lincar rclationshipe It is
apparcnt from the results that centrifugation and thorough decantation
had removed thc coxcess ammonium hydroxide and no manganese hydroxide was

~precipitated in the water layers of the endellitee

Table 8.

Base—~exchange Capacities for Prepared Mixtures of Endellite and Kaolinite

Percent Kzolinite Percent Endellite Base-Exchange
0 100 18. 3
25 75 15.4
50 50 12.8
75 R_5 98
100 0 7+1

As seen in Table 7 endellite and halloysite derived from the
endellite have very similar base-exchange capacities. Vélﬁes for halloy-~
site samples from different deposits in the North Carolina pegmatite
district fall very close to each othere Taking a value of 6.1 m.e. for
kaolinite and 27.3 m.e. for halloysite, the graph in figure 9 was
constructed and the calculated values in Table 9 obtained from this graph.

The percentages of halloysite were obtained from differential thermal
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analysis data and are part of the mineralogical analyses of S-16 and
S-112. Particle size undoubtedly has an effect in the increase of br~e-—
exchange capacity in the finer fractions, but it is probably secondary
as compared to the kaolinite to halloysite ratio. This is substantiated
by the correlation between calculated and measured wvalues for the
various size fractions of S~16 and S-112. The fractions listed contain

only kaolinite and halloysite.

Table 9

Measured and Calculated Base—-exchange Capacities
for Natural Mixtures of Halloysite and Kaolinite

—— . Calculated
Size fraction % Halloysite ba Ee. Vggg. ' be =~€w Cape
S5-16, Alexander, N« Ce.
bulk 78«1 25.8 22.7
4-8 microns 367 12.2 13.8
=4 microns 70.0 172 0,1
1-2 microns 80x 22.9 23.2
=1 rrdcron 1000 273 27.3
S-112, Hartwell, Ga.
4-8 microns 20.7 12.4 10.5
2=4 microns 5364 16.1 17.0
1-2 microns 573 17.9 18.2
-] micron 86.9 26.6 24.5

Even with the large error inherent in using aliquots of the endellite
suspension to make up the prepared mixtures of endellite and kaolinite
and in using bulk samples, fair results were obtained (in Tables 8 and 9
and Figure 8) which indicate the linear relationship between the
kaolinite to halldystte and/or endellite ratio and the base-exchange

capacity.
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Phase Equilibria Studies

Since little has been reported in the literature regarding the
stability of endellite at low temperatures, an experiment was set up
to determine the vapor pressure-temperature relationship between
endellite and halloysite. Brindley and Goodyear (1948) studied thé
water content of endellite and halloysite at room temperature over a
rarige of humidities as already mentioned, and their results are based
on the supposition that endellite and halloysite are in equilibrium at
these various humidities. MacEwan (1948) makes the statement that endele
lite loses its interlayer water at 50°C even when immersed in water at
this temperature, but doesn't say how he obtained this figure.

With advice from Dre E. F. Osbormn of the Pennsylvania State College,
an attempt was made to obtain this stability information. To furnish a
constant temperature, a standard constant-temperature water bath was
used. which consisted of a 12" pyrex jar, heating element, thermostat
and stirren This was used in the temperature range of 40-65°C. Be=
cause of the limitations of this apparatus, runs were of two days duraw
tion although it would have been desirable to make them longer. 1" x 6%
test tubes, containing 2" of sulfuric acid-water solutions were immersed
in the water bath with a2 water trap leading from the test tubes to
prevent escape of vapors (Stockdale and Tooley, 1950). The sample of
endellite was spread thinly on a glass slide, excess water removed by
filter paper, and the slide was then placed on a2 support over the
solution after the latter had been allowed to reach the desired temper—
ature.

To obtain data at room temperature, the endellite was placed on a

glass slide over these soluttons for a period of ten days in sealed
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bottlese

Since the water bath only recached a temperature of 65° C, an
arrangement was needed to give a constant temperature up to an in-
cluding the boiling point of water. This was satisfactorily obtained
by supporting a flask with reflex condenser at various distances over a
hot platees

Sulfuric acid-aqueous solutions were chosen to give the desired
vapor pressures because of the wide range of vapor pressures that could .
be obtained. The differences in vapor pressures are relatively smal¥
between various concentrations of solutions at the lower temperatures
and conseq&ently concentrations were taken at 10% intervals at these
lower temperatures and 5% intervals at higher temperaturese

For determining whether endellite or halloysite was present after
equilibrium presumably had been obtained, the sample on the glass slide
was wep@ed immediately and put on the x-ray spectrométer for analysise
In all.qases,_whethqr,endell@te_orvhallqysite,fthe_samp1e~app§ared dry
and powdery to the touch before wetting.. The results of these data are
plotted in Figgrg 10;_ The bounda:y curve gets very, steep.between 80°
and 100 Q,and approaches_yegyjclosqiy_tgdthe vapor. pressure curve of .
wape:sr “

Siggg»gndelli?e—halloy;ite is a twg component system, thg_qplygplace
yhere the two,can_cqfexist at eqpilibrium is on the boundary curve,. .. Thus,
it i; belieyedAthat preyioqs_weightflqssémeasuremeqtsJat various . .-
humiditigs‘pf_endellite versus hgl;qysi§eqon1y measured the rate.of .

dehydration and did not represent equilibrium conditions.
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pH Determinations
pH measurements were made with a Beckman H=-2 glass electrode
pH meter. 50% suspensions of clay in distilled water (pH = 6.85) were
usede.

|
|
|

2
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ANALYTICAL DATA OF SAMPLES

The Piedmont Province of Virginia

Morefield Mine, Amelia Court House, Amelia Co., Vreginia

A decomposed portion of a large pegmatite dike 1500 fee*i: long and
15 feet wide outcrops on the property of Silas V. Morefield, 4-1/2 miles
east of Amelia Court House and 1-1/2 miles southeast of Winterham as
shown on F gure 11. The pegmatite is predominantly guartz-microcline
with nunerous rare minerals as accessories (Pegau, 1933). It strikes
NSO°E and dips steeply to the northwest. This particular area is in
the Piedmont province and has low relief, poor to fair drainage and an
average clevation of 300 feete

The mine is not being worked at the present time and the shaft is
completley filled with water. Samples of the decomposed pegmatite we~2
taken in Cut #1 of the mine. This cut is 15 feet deep across the
pegmati te dike. The feldspar is altering to secondary mica which in tum
is being kaolinizeds Very little of the feldspar is altered to halloysite.
Electron micrographs of all the samples show well-defined kaolinite
plates with a few halloysite tubes averaging 2 microns in length and 0.2

microns in diameter.

American Rutile Mine, Roseland, Nelson Co., Virginia
These open pit workings are located between Virginia state highway
655 and the Tye River in Roseland, Wrginia and can be seen from the
highway as one enters the community from the southe

This area is close to the Blue Ridge province, has moderate relief
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Figure 1ll. Areal mep of the Pledmont province of Virginia.
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and good drainagee

The mine is not being worked but overgrowth is negligible and
weathering profiles are accessible. The parent rock is a rutile-bearing
syenite, locally referred to as nelsonite, with apatite and ilmenite
also fairly abundante The deposit lies 75 feet above the Tye River and
the depth of weathering varies from several feet to thirty feet. This
variation is due to structural control with the alteration concentrated
along fault zones and fractures and most intense at fracture joins.
The clay is white with yellow and brown stains from decomposed rutile
and ilmenite grains.

Sample ONR 365 was taken at the zone of most intense weathering at
a fracture join. Mineralogical 2nalysis of the sample by the thin
section method gave the following composition: kaolinite and\halloysite
70.0%, mica 29.2% and guartz 0.8%. The feldspar is altering to secondary
mica which in mrn is being kaolinized to small (.02mm. ) vermicular
crystals. The vermicular habit is not as well developed 2s in most

deposits of this type. Electron micrographs of the clay show

predominantly kaolinite books with a few halloysite tubess

Nat Kidd Prospect, Roseland, Nelson Co., Virginia

0ld kaolin prospects in the weathered nelsonite in the vicinity of
Roseland were located but these had been completely filled in and an

auger drill is necessary to obtain samples. One moist sample was sub-

sequently obtained in this manner by Mr. Robert Taylor of Roseland from

the Nat Kidd kaolin prospect several miles west of Roseland and sent to

the author- A mineralogical analysis vas made of this sample, S-123.

The cumulative size frequency curve is shown in Figure 12.
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Table 1l0.
S=123, Mineralogical :inalysis of Size Fractions

Sizge Size
Fraction Quartz Mica Feldspar Endellite Kaolinite Analysis-

2 & tre 0.2% tre tn 0.2
2-3.75 9% § O3 ) 0.2 0.6
3755 6.1 5.9 12.0
5-6 13.2 13.4 26.6
6-7 8.6 19.0 27.6
7-8 3ol 12.3 15.4
8-9 1.3 7.2 8.5
9-10 tre 0.1 0.7 0.8
10-11 0.1 0.8 2.1 3.0
-11 _ 0.2 1.4 3.7 5¢3
Totals 0.1% 33.1% - 2.3% 64. 5% 100. 0%

The analysis of S-132 shows an halloysite to kaolinite ratio of
1:28. The median size for the kaolinite is C.02 mm. The analysis
corresponds closely with that of ONR 365 obtained from the American
Rutile Mine at Roseland.

Electron micrographs of the less than one micron fraction of S-123
show mica and kaolinite flakes with halloysite tubes averaging 3 microns
in length and O.Az microns in diameter (see Plate 1).

The pH measurement on this sample was 5. 55.

Calco Ilmenite Mine, Piney River, smherst Co., Virginia

An ilmenite mine operated by the American Cyanamid Corporation is
located at Piney River, Virginia on the Amherst County side of the
Piney River. Company offices are on the cast side of Virginia state
highway 151 and the strip mine is located directly behind ﬁhese offices.
This area is close to the Blue Ridge province and has moderate relief,

good drainage and an average elevation of 9850 feet,

The orc body consists of a weathered nelsonite with a high cont.nt
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of ilmenitee ilternating bands of feldspar and Fe-Ng minerals are up to
6 inches in widths The ore body is approximately 3000 feet along the
strike and 500 feet wide and strikes N75°E and dips 45° southeast.
Samples were taken from the feldspathic material for analysis of the
clay mineralse.

Samples of thoroughly decomposed fcldspar from Cut #2 in the foot~
wall on the West; side contain largely kaolinitic clay with some halloysite
tubes averaging 2 microns in length.

Samples from freshly exposed feldspathic material near the south-
east hanging wall are predominantly kaolinite with very little halloysite
present. The feldspar is being weathered to kaolinite through the
intermediate stage of secondary mica. The vermicular kaolinite is
especially rrell developed near fractures in the feldspar and the books

range up to .04 mm. in width.

Dominion Minerals Aplite Mine, Piney River, Amherst Co., Virginia
This mine is located west of Virginia 151 across from the Calco
ilmenite mine. It is a quarry operation in an anorthosite dike 100 feet

2bove the level of the Piney River. The upper 15 feet of this massive
plagioclase is weathered to a white dry clay which is very friable. Tne
clay is stained tan and brown at thce subsoil level but is white at the
contact with fresh rock.

The feldspar is being altered to mica which in turn is being
weathered 1o vermicular keolinite. Some feldspar is altering directly
to halloysite. Electron micrographs of this clay show kaolinite plates
and books with halloysite tubes averaging 1 micron in length and 0.1

micron in diametere Some mica flakes are also present.




-48-

The Piledmont Province of North Carolina

¢: B Boone Quarry, Raleigh, Wake Co:, North Carolina
This abandoned quarry is 1§cated at the juntion of U.S. 15A and
70 with Oberlin Road in Raleigh, North Carolina. Samples were obtained
from the subscil of a Cecil profile developed from granite gneiss. |
This is in an area of low relief with an average elevation of 360 feete
The feldspathic material in the gneiss was found to be weathering

predominantly to kaolinite with some halloysite. Tubes of the latter

average less than 1 micron in length.

North Carolina State College Campus, Raleigh, Wake Co., North Carolina
New construction on the west end of the State College campus afforded
excellent fresh soil porofiles. .\ Cecil soil developed from granite
gneiss was sampled 300 feet northwest of the new agronomy building and 100
feet from Hillsboro Road (U.S. 1 and 64). The clay derived from feld-
spathic material is stained light tan, yellow and rede This is in an
area of low relief but fair drainage with an average elevation of 350 “"zets
- The feldspathic materié.l in the gneiss is being altered to kaolinite
but there is no evidence that mica is an intermediate stage. No
kaclinite with vermicular habit was observed.e Some halloysite is being
formed from the feldspar and the tubes are well develoPed up to 10 microns

in length and averaging 0.2 microns in diameters

Mockville, Davie Co., North Carolina
Weathered gneissoid diorite was sampled in a 12 foot roadcut, 13

miles west of Mockville on U. S. 64 at the juntion with a dirt road leading
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north to Society Church and south to Griffith's farm. Thi§ is an area
of low relief with an avefage elevation of 860 feete.
The feldspar from this gneiss is weathering predominantly to

kaolinite with some halloysite.

Catawba, Catéwba Co., North Carolihé
A Cecil soil profile developed on gneissoid granite was sampled at
an exposure by U. S. 64 on the Catawba County bank of the Catawba River.
The soil has a uniform dark brown color and has relatively fresh feldspar
bands standing cut in relief in the cut.
The feldspar is altering to kaolinite but no vermicular aggregates
were observeds Electron micrographs of the samples show mostly kaolinite

plates with a few halloysite tubese.

Patterson Mica Mine, Kings Mountain, Cleveland Co., Norfh Carolina

This deposit is located one and one-half miles northeast of Kings
Mountaine. Five samples were taken and deteiled analyses made on two of
them.

S-~113 consists of mica, clay and quartz from thoroughly altered
granitic material at the south end of the pit thirty feet below the surface,

The median size of the kaolinite is greater than 0.25 mm. This is .
not the size of the individual kaolinite crystals, but the interleaving ;
of the kaolinite with the mica causes the kaolinite to appear in the \
coarsest fractions. Halloysite is present only to the extént of O.5% of
the total sample and the median size is at 2 microns. Electron micro-

graphs of the less than one micron fraction show mica and kaolinite

flakes and about one-third of the particles are halloysite tubes 3 microns




or less in length with an average diameter of 0.2 micronse.

The halloysite te kaolinite mtio is 1: 109.

The cumlotive size frequency distribution curve for S-113 is
shom in Flgurc 13-

The pH mecsurcment on this sa@le was 5. 61,

Table 1l.
S-113, Mincralogical Jnalysis of Sizc Fraetions
Size Size
Fraction Quartz Mica Endellite Knolinite .nalysis

-2 g 5.0% 13. 5% 31. 7% 50.2%

R-=3+75 13.7 12.9 R6, 6

3.75=5 L1 _ L4 Re5

5=6 Sel 6e 4 9.5

6=7 2.0 2.2 4.2

T8 ’ 1.0 tre B ].Q 4 2.4

8=9 0.5 0.1 1.8 2.4

9-10 0.1 0.} 0.9 1.1

-11 ¢ tr.. - 0.1 0.3 Os 4
Totals S5.0% 35. 1% 0« 5% 59. 5% 100. 1%

Samplc S-114 consists of decomposcd feldspar from pcgmatitic

mrterizl located in the center of the pit and 50 fect below the surf:.: 2w

Table 12.
Size Size
Fraction guartz Mica Endellite Kaolinite .\na'grsis
2 ¢ 0.4% Re3% 1.6% 4.3%
2 75 0.2 1.6 el 4,1
b 3.0 9.3 12.3
5-6 2.2 0e? 9.5 11.9
6-7 0.8 8.4 24.6 338
7-8 Oe7 GeR 721 14.0
8"9 tre 0. 9 Ce6 1.5
9=10 0.1 24 1.6 4.1
10-11 Cel Ra7 2.0 4.8
~11 ¢ . 0.2 63 2.7 9,2

Totals Op6%  11.0%  27.1%  6le3% 100.0%
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The madian size of the keclimite in 5-114 is .025 == which is
considaradly smeller then in S-113. The median size of the halloysite
is 8 =Scrons. E&ectrcn.n&crograghs of the less than cone zmicyon fr=c " a
show agsregstes of kaclirite piztes together with hzlloysite imbes &
ricrons or i1ess in length and avemgiﬁg -2 microns in diameter.

The cuemiistive size fregquency distribution curves are shom in
Fgere 13

ha3loysite to koolinite retio is 1:2.3.

4
A

DH messuremant ras S.2EB.
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The Blue Ridge Province of Western North Carolina

Northermn Region

The Spruce Pine Pegmatite District

Gusher Knob Deposit, Avery Co., North Carolina

This weathered alaskite deposit is reached by traveling six miles -
northeast from Spruce Pine on U.S. 19E to Ingalls, tuming east on N.C.
194 fop 0.9 miles and then north on a gravel road for O.5 miles (figure
34). The open pit operation is on the southeast side of an old river
terrace sloping gently toward Threemile Creek 150 feet below. The
elevation is 3000 feet. Although designated a granite body, the
granite is cut by numerous pegmatites of varying width up to as much as
70 feete In the pegmatite are quartz cores up to § feet in Wi dth and
the granite is cut by quartz veins which follow the joint system. These
quartz stringers average about 1/4 inch in the main granite body, but
they may range up toc several inches. Microcline tends to be concentrated
2long these stringers. The feldspar is conspicuous in the ets because
of its pink color and relatively unaltered condition. Perthite is
almost completely altered to halloysite. Mica schist is the country
rock and also occurs as xenoliths and horses in the alaskite body. A
pegmatite vein commonly is present along the schist contact.

A sample grid was set up in a weathered, fairly uniform friable
granite body at the east end of the East pit to evaluate trends in the
weathering both vertically and horizontally. The feldspar is el ther
completely altered to endellite or nearly so and the mica is partially
altered to kaolinite. An electron micrograph of the ~1 micron fraction

of a sample from this grid is shown in Plate 1. Twelve samples were

e

e
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analyzed in detaile The sequence of the samples is shown in figure 1%
The mincralogical analyses follow in sets of three taken in the same
vertical profile. The top sample is designated T, the middle sample M

and the bottom sample M after the sample number.

Table 13.
S-42B, Mineralogical Analysis of Size Fractions

Size Size
Fraction Quartz Mica Feldspar Endellite Kaolinite Analysis

24 0. 8% 7.0% 0. 7% 7.0% 0.9% 16. 4%
2-3.75 5.7 4.0 11. 11.4
50 7 5"5 1-, 2 7. 5 ' 50 5 ].20 2

5-8 2.0 7«7 3.6 13.3
6-7 10 2 ! 70 5 5. 5 12. 2
7=-8 tr. 10.1 1.1 11, 4
8-9 9.8 0.5 10.3
9-10 3.8 0.2 4,0
10-11 5.2 0.1 5.3
-11 _ 36 3.6
Totals  0,8%  17.1%  0.7% - 66. 2% 15.1% 99. 9%

The median size for the kaoclinite is .03 mm. and for halloysite 8
microns.

The halloysite to kaolinite ratio is 4.4:1.

The cumulative size frequency distribution curve is shown in Figure
16.

The pH measurement was 5.07.
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Table 14.

S=-47M, Mineralogical Analysis of Size Fractions

Size Size
Fraction Quartz Mica Endellite Kaolinite Analysis
-2 7. 7% 15.2% 2.4% 0. 3% 25.6%
2—5; 75 150 4 6.9 0.8 25' 1
3+ 75=5 0.2 3.3 0.4 3e 9
56 1-0 10- 2 101 12- 5
6—-7 00 8 ’ - 2 10 2 100 2
7-8 tre 7.6 Os4 8.0
89 5.4 0.1 55
S~=10 4.3 trs 4;3
10=-11 4.7 tr. Ae7
~11 2.4 tre Red
Totals Te 7% 32.6% 55.4% 4.3% 100.0%

The median size for the kaolinite is 0.02 mm. and for the halloysite
16 microns.

The halloysite to kaolinite ratio is 12.8:1.

The cumulative size frequency distribution curve is shown in Figure
16,

The pH measurement was 5¢25e

Table 15
S~50T, Mineralogical Analysis of Size Fractions

Size : Size
Fraction Quartz Mica Endellite Kaolinite Analgsis

- 8, 5% 10.8% 10. 2% 0:9% 30<4%

2-3.75 1s7 4.9 9.2 0.8 16.6
50 75‘5 061 1-0 402 0.4 5h7

56 1.3 11. 5 C.9 13.7 \

6=7 0.2 9,3 0.6 10.1 4
7-8 tr. 7.3 0.4 7.7
8"'9 " 4p 3 Oc 1 40 4
910 4.2 4.2
10~-11 . 4.4 4.4
~11 : 2.8 2.8

Totals 10.3%  18.2% 67. 4% 4.1% 100.0%




The median size for the kaolinite is 0.02 mm. and for the
halloysite is 16 microns.
The halloysite to kzolinite ratio is 16.4:1.

The curmlative size frequency distribution curve is shown in Figure

16.
The pH measurement was 5.12.
Table 16.
S-—44B, Mineralogical analysis of Size Fractions
Size Size

Fraction Quartz Mica Feldspar Endellite Kaolinite Analysis

2 g 19.2% 17.3% 2.3% 5. 3% 1.5% 45.6%
3. 75-5 G+6 1.5 0.4 Qe 5
5-6 1.2 5.7 1.3 8.2
67 0.6 4.5 1.1 6.2
7-8 0.8 4.2 0.8 5.8
8-9 0.2 3.9 0.2 4.3
9~10 0.1 4.7 0.1 4,9
10=-11 tr. 3.9 tr. 3.9
11 tre 2«0 2.0

Totals 23 3% 24.3% 3.9% 41. 3% 7.0% 98. 8%

The median size for the kaolinite is 0.05 mm. and for the halloysite
is 16 micronse
The halloysite to kaolinite ratio is 5.9:l.

The cumilative size frequency distribution curve is shown in Figure

17.
The pH measurement was 5.10.
Table 17.
S-45M, Mineralogical Analysis of Size Fractions
Size Size
Fraction Quartz Mica. Feldspar Endellite Kaolinite Analysis
2 g 12, 5% 1.6% 0.8% 0.6% 0.2% 15:7%
R%3.75 4.0 4,1 59 22 1642
3o 75=5 0.1 10' 8 O 1 108 0.5 4,3
5-6 3.5 12.0 3.9 19+4
6-7 2.2 7+8 2:4 12.4
7-8 1.0 6.8 1.9 9.7
8-9 0.5 72 <8 8.5
9-~-10 Oel 5.4 0.2 Se 7
10-11 tre 5.4 tr 5.4
-11 2.8 tr. R+ 8

Totals  16.6%  14.8% 0. 9% 55, 7% i2.1% 100.1% .
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The median size for the kaolinite is 0.05 mm. and for the
holloysite 12 microns:
The halloysite to kaolinite ratio is 4.6:1i

The cummlative size frequency distribution curve is shown in Figufe

17.
The pH measurement was 5.05.
Table 18.
S-52T, Mineralogical finalysis of Size Fractions
Size Size
. Fraction Quarta Mica Feldspar Endellite Kaolinite Analysis
24 11.09 1.5% —_—— 1.1% 0. 4% 13.0%
2=3.175 4,6 Re3 3.5 1.2 11.3
34 755 0.2 1.0 3.7 1.3 6.2
5-6 2- 6 ’ 11- 5 5. 6 190 7
6-7 00 5 100 0 20 6 120 9
7-8 Oe? 9.5 1.2 10.9
8-9 0.2 7.8 1.0 9.0
9-'10 O. 1 5- 9 O. 8 6. 8
10-11 0.2 7.8 0.2 8s2
-11 0.0 , g 1.7 le7
15.8%  8.4% 62.5% 12. 3% 100.0%

The median size for the kaolinite is 0.02 mm. and for the
halloysite is 10 microns.
The halloysite to kaolinite ratio is S.1l:l.

The cumulaetive size frequency distribution curve is shown in Figure
17.

The pH measurement was 5.12.

Table 19.
S=54B, Mineralogical Analysis of Size Fractions

‘ Size Size
" Fraction Quartz Mica Endellite Kaolinite Analysis
24 43.8% - B8.4% 3.8% 55.0%

2~3.75 1.2 4.8 4,3 R.4 12.7

3.7 5=5 0.3 1.7 0.7 2.7

5-8 0.9 5.2 2e3 8.4

67 0.5 4.4 1.5 64

7-8 0.2 3.6 0.7 4.5

8-'9 001 501 005 5. 5

9-10 tr. 3.0 0.1 3.1

10-11 1.0 tr.

Totals  45.0%  15-2% 29,03 11.5%




The median size for the kaolinite is 0.2 mm. =znd for
halloysite 10 micronse.
The halloysite to kaolinite ratio is 2. 5:1.
The cumunlative size frequency distribution curve is shown in Figure

18.

The pH measurement was 5.13.

Table 20.
S=5¢M, Mineralogical Analysis of Size Fractions
Size Size
Fraction Quartz Mica Endellite Kaolinite Anal;rsis

2 ¢ 38:3% 8.2% 1.2% 51% 48.8%

2=3« 75 Zel 57 1.4 5.8 15.9

36 755 0.2 0. & a2 29

56 1.3 Led 5.2 B. 9

6"7 Oo 9 2‘ '7 20 9 60 5

7=8 0.1 28 1.8 4.7

8~9 tr. 3.7 1.2 4.9

9-10 Le6 0.5 %=

-11 1.3 1.3
Totals 37.5% 16.4% 21.5% 24.7% 100.1%

The median size for the kaolinite is 0.03 mm. and for the
halloysite 4 micronse.
The halloysite to kaolinite ratio is 1:1.1.

The cumulative size freguency distribution curve is shown in Figure

The pH measurement was 5. ble

Table 21.
i S-62T, Mineralogical Analysis of Size Fractions _
Size ize ‘
Fraction Quartz Mca Endellite Xaolinite Analysis '-.‘

2 g 27.4%2 3.8% 5. 6% 2.9% 39. 7% \
2-3~75 2.7 57 3.0 1.5 12.9 -
Be75=5 0-1 0.8 3.9 2.0 6.8 o

5=6 0s3 T8 37 11.2 “\

6~7 0.2 5.6 24 8.2 *
7-8 tr. 4.8 1.8 6.6
8«2 4.2 1.3 55
9-10 3.8 0.5 4.3
10-11 3.0 0.3 3.3
“'11 10 5 D- 1 1- 6

Totals 30.2% 10.8% 42.6% 16. 5% 100.1%
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The median size for kaolinite is 0.03 mm. and for halloysite

16 micronse
The halioysite to kaolinite ratio is R2.6:1.

The cumulative size frequency distribution curve is shown in Figure

18.
The pH measurcment was 5.20.

Table 22.
S5~56B, Mineralogical Analysis of Size Fractions
Size Size
Fraction Quartz Mica Endellite -Kaolinite Analysis
-2 ¢ 2841% 6.2% 5.8% 40.1%
R=3e75 4,2 3.2 10.7 3.0 21l.1
3.75-5 0.3 1.8 0.5 2.6
56 l.8 8.3 Re 3 12.4
6-7 0.3 4.6 0.9 5.8
7-8 0.2 5.2 0.5 59
8-9 0.1 4.4 0.2 4.7
9-10 tre 2.8 tr. 2.8
10-11 2.9 2.9
=11 1.8 1.8
Totals 32+ 3% 12.1% 42. 5% 13.2% 100.1%

The median size for kaclinite is 0«3 mm. and for halloyéite
16 micronse
The halloysite to kaclinite ratio is 3.2:1.

The cumulative size frequency distribution curve is shown in Figure

19.
The pH measurement was 5.03.
Table 23
S5~-57M, Mineralogical Analysis of Size Fractions
Size Size
Fraction Quartz Mica Endellite Kaolinite Analysis
-2 g - 30.8% 6.2% 1.0% 3.1% 41.1%
2-3.75 10.2 8.0 7.1 25.3
3. 75=5 C.1 0.9 0.8 1.8
5_6 On 8 4-' 7 50 4 80 9
B=7 0.3 3.6 2.1 6.0
78 0.1 3.4 1.3 4.8
8=9 tr. 2.9 0.9 3.8
9-10 301 00 7 50 8
].O"’l]. 20 7 O- 5 50 0
-11 1.4 0.1 . 1.5

Totals 3082 17.7% 31. 7% 19.8% 100. 0%
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The median size for kaolinite is l.Omme. and for halloysite
16 micronse
The halloysite to kaolinite ratio is 1.6:1.

The cuomulative size frequency distribution curve is shown in Figure

19.
The pH measurement was 5.40.
Table 24.
S«84T, MIneralogical Analysis of Size Fractions
Size Size
Fraction Quartsz Mica Endellite Kaolinite Analysis
-2¢ 34. 5% 3.1% 8. 9% 2.9% 49, 4%
2=3.75 3.9 6.5 3«3 l.1 14.8
3« 75~5 0.1 0.6 2.9 1.0 4,6
56 tr 0.7 9.6 1.6 11.9
6~7 0.3 4.6 0.7 5.6
78 tr. 3« 5 0.4 3.9
8-9 3.4 0.2 3.6
910 Re S5 0.1 2.6
10-11 2.4 Red
"'11 - . 19\2‘ " ) . 10 2
Totals 38.5% 112% 42.3% 8.0% 100,0%
The median size for the kaolinite is O.lmm. and for halloysite
0403 nm.
The halloysite to kaolinite ratio is 5.3:1.
The cumulative size frequency distribution curve is shown in Figure
19. |

The pH measurcment was 5.03.

School Hill Deposit, Avery Co., North Carclina
This deposit is located 2 h2lf mile east of the Kamec mine on
Brushy €reek. Sample S-69 was selected for detailed analysis because
of its high content of quartz to see if the friable texture had any

effect on determining the clay mineral.
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Table 25.
S-69, Mineralogical Analysis of Size Fractions
Size Size
Fraction Quartz Mica Endellite Kaolinite Analysis

2 g 39.4% 0. 6% 2.9% 1.0% 43.9%

3075‘6 0&1 202 0-5 2'6

56 0.4 7.4 1.0 8.8

6=7 0.3 - 4.8 " 0De5 56

T-8 tre 4.3 0.5 4.8

8‘9 tro B 9 004 4e 5

9-10 3.1 0.1 3.2

10-11 A 2.5 25
Totals 58.2% 1.8% 35.2% 4.9% 100.1%

The median sizes for the clay minerals are .05 mme for kaoclinite
and «016 mme for halloysite. The halloysite ocurring in the coarser
fractions is in the form of aggregates and is the result of the gentle
disaggregation procedure. Electron micrographs of the less than one
micron fraction show stubby tubes of halloysite averaging l.5 microns
in length and 0.4 microns in diameter.

Mica is present only in traces in the less than 8 micron size
fractions indicating that alteration of the mica to kaolinite is fairly
complete.

The halloysite to kaolinite ratio is 7.2:1.

The cumulative size freguency distribution curve is shown in Figure

20.

The pH measurement was 533.

Carter Ridge Mine, Mitchell Co., North Carolina

The Carter Ridge deposit is reached by traveling le5 miles south of
Spruce Pine on NeC. 26 and tuming left on the dirt road across from the

recreation pool and following it for a mile.
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A 15 foot quartz core is exposed as well as contacts of the pegmatite
with gneiss ahd schist. The pegmatite contains numerous schist inclusions
near which the clay is badly stained yellow and red.

Sample ONR 653 was obtained 10 feet from the surface in the south-
west wall and five feet from the quartz core. It consists of thoroughly
decomposed feldspar stained yellow from schist inclusions and contains
small angular gquartz grains less than 2 mm. in size. Mineralogical
analysis by the thin section method gave the following composition:
hailoyslte 84.3%, kaolinite 12.8%, and mica 2.9% The halloysite to
kaolinite ratio is 6.6:1.

The feldspar is altered to halloysite and much disseminated mica
less than O=1 mm. in size is partially or completely altered to vermicular
kaolinites The halloysite tubes average 2 microns in length and O.1
micron in diameter.

The cummlative size frequen?:y distribution curves for ONR 653 is

shown in Figure <1l.

Sparks Mine, Mitchell Co., North Carolina

This mine is g large abandoncd open pit operation locatéd on the
east side of NeCu. 26 two miles northwest of Spruce Pine. The mine was
worked until ha¥®d rock was encountered at about 80 feet, but water now
Tills the pit to about 40 feet of the original surface. The pegmatite
vein strikes north for about 1000 feet and is approximately 100 feet
wide. FExposed at the present time is only the weathered quartz-mica-
feldspar pegmatite which reaches the surface in places but in general
is covered by six to ten feet of overburden. The deposit is on the

slope of a hill 200 feet above the Toe Rivers The clay weathered from
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large feldspar crystals up to one foot in diameter and is very white and
free from stain. While most of the clay is derived from pegmatite, there
are remnants of granlte Wand samples were also taken from these pockets
with granitic texture.

Sample ONR 560 was taken 40 feet from the surface on the west wall.
It consists of granite with partially altered feldspar. Electron
micrographs of the clay derived from this material show short and stubby
halloysite tubes averaging l.5 microns in length and 0.3 microns in
diameter.

Sample ONR 562 was taken from a pegmatite vein directly above szuple
ONR 560. It consists of microcline which is 20% altered to halloysite
along the fracturese These alteration zones along the fractures are up
to Oe3 mm, in width and contain fragments of the microcline. The
fracture system runs obliquely to the twinning planes (see Plate 1)a
Small phenocrysts of plagioclase feldspar up to 1 mm. in length are
altered almost _completely to halloysite. Angular quartz inclusions in
the phenocrysts are not affected. The mica disseminated through the
feldspar is only slightly altered on the edges. This shows that the
sequence of weathering of the minerals is plagioclase feldspar, potash
feldspar, muscovite and quartz. This is the sequence given by Goldich
(1938).

Sample ONR 564 was takep 35 feet from the surface oﬁ the west wall.
It is a _perthite crystal almost completely altered to halloysite with
the included mica partially altered to kaolinite. The mica ghows a
parting' perpendicular to the basal cleavage when it alters to kaolinite

to give vermicular kaolinite aggregates varying in width up to a maximm

of 0«04 mm« This causes the kaoclinite to concentrate in t.h_:i_s size fractions



Yellow-stained halloysite, presumably introduced from above, fills

fractures developed after the weathering of the feldspars

Fluken Ridge Mine, Mitchell Co., North Carolina

This deposit consists of granite and intruded pegmatite. It is
reached by traveling le.5 miles north from Bandana on N.C. 80. The
deposit is located on the summit of Fluken Ridge on the property of
W A. Howelle It is being mined at the present time for feldspar and
clay in an irregular open cut and in numerous drifts and shafts. Samples
were obtained here of thoroughly altered granite and pegmatite and of
transitions from weathered to fresh rocke

Sample ONR 631 was taken 25 feet from the surface on the south wall
in granite. It is a very white clay containing graphic quartz and
disseminated mica, Mineralogical analysis of the sample by the thin

sectlion method gave the budk composition shown in Table 26.

Table R26.

ONR 631 Bu}xk Mineral Composition

Halloysite esccasscecssccccvece 75.7%
Kaolinite econvevonpvencastscennne 2e¢8
Mica YPRoeTaDRPLIRIsuvaAsP oo RE PN Oe3
Quartz eessvvasenensvscensessus L2ad
Feldspar sredcosapvesssrnscceca (8

Total J00.0%
The halloysite to kaolinite ratio is 26.3:1.
The perthite is almost completely altered to halloysite. The primary
mica is in various stages of alteration to vermicular kaolinite.
Electron micrographs of this sample show halloysite tubes varying
in length from 2 to 10 microns and averaging 0.2 microns in diameter.

Sample ONR 635 was taken 25 feet from the surface on the west wall
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in pegmatite. The sample consists of a partially decomgosed microcline

crystale Alteration was effected only along the fractures where the

microcline is altered to halloysite. The primary mica is unaltered.
Sample ONR 636 was taken 30 feet from the surface on the east wall

2 feet from the contact with schist. The sample consists of massive

white clay derived from a microcline crystal. The mineralogical analysis

as obtained by thin section methods is given in Table 27

Table 27.

ONR 636 Bulk Mineral Composition
HalloySite .-...-..........-...90.8%
KaOlinite [ E N RV Y FERYE NN NEYNEEY ] 7.2
Mj.ca PO S SO APPSO PAS S sSSP * @ 1.5

Q‘lartz NOW S OCQONG OO OOCPE G O‘4:
Feldspar ® 8 SP OO0 SssPAaBEES G 0‘5

Total 100 0%

The halloysite to kaolinite ratio is 1R.6:1.

The microcline is altéered almost completely to halloysite and the
mica partially to almost completely altered to vermicular kaolinite.
The vermicular aggregates are as large as 3 mm. by 0.4 mm. with the
average width being 0:2 mm. Some large books of mica are partially
altered to kaolinite.

Sample ONR 638 is a sample of altered perthite obtained 50 feet frop
the surface on the west wall. The perthite is preferentially altered
along the plagioclase bands with the microcline only partially altered.
The mica is also only partially altered to kaoclinite.

Sample ONR 639 was obtained 50 feet from the surface on the west
wall. The microcline is only slightly dec;mposed and is altering to
halloysite along fractures and separated cleavage planes. The mica is

not alterede
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Sample S-34 is a moist sample of microcline obtained from the south
wall of the east workings 2 feet under the schist contact.
| Table 28.
S=34, Mineralogical .nalysis of Size Fractions

Sige Size
Fraction @Quartz Mica Feldspar Endellite Halloysite Kaolinite Analysis

2 ¢ 0.7% 4.7% 0-4% tr. 0.1% 5.9%
R-3.75 1.4 - -2 ' 0.1 1.3 B 7.0 -
3. 75«5 560 . 16.1 0.3 3.7 R5.1

5-6 0.6 6.2 0.1 1.7 8.6
6-7 8.4 0.2 2.2 10.8
7-8 7.7 ’ 0.2 ) 1.9 9.8
8-9 8.1 0.2 1.8 10.1
9-10 3.1 tr. 0.4 3e 5
10-11 9.8 0.2 10.0
-11 . 829 0.2 5.1
Totals 0.7% 7s0% = 4.7%  72.9% 1.5% 13.1%  99.9%

The median siges for the clay minerals are 0«03 mm. for the
kaolinite and 16 microns for the halloysite.

The halloysite to koolinite ratio is 4.49:1,:

The cumlative size frequency distribution curve is shown in Figure
Q2.

Electron micrographs of the less than one micron fraction contain
some very thin hnlloysite tubes mecsuring 5 microns in length and 0.05
microns in diometer. Most of the holloysite mecsures % microns in
length ond 0.1 micron in diameter.

The pH measurement was 5.25.

S~mple S=35 is a moist scmple of perthitic microcline obtained

from tlLe enst wall of the east woirkings 3 feet abowve unaltered feldspar.
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Table 29

S-35, Mineralogical Analysis of Size Fractions
Size Size
Fraction Quartsz Mica Feldspar Endellite Kaolinite Analysis

2 g tre 0.9% 8.2% 9.1%
2-3+75 a7 2l. 3 2.6 0.1 6.7
3. 75-5 1.5 10.2 2.1 Ol 13.¢

56 0.6 1l1.0 0.6 12.2
6~-7 04 10.1 0.5 11.0
7-8 (e 5.4 0.3 59
8=9 tre 39 6 0.1 2e 7
9-10 tr. 2.8 tr. 2.8
10-11 0.1 T 4.9 5.0
-11 tr. 9.7 9.7
Totals tr. 6.4% 39.7% R.2% 1.7% 100, 0%

The halloysite to kaolinite ratio is 30.8:1.
The median sizes for the clay minerals are 0.025 mm. for the

kaolinite and 8 microns for the halloysite.

The cumlative size freguency distribution curve is shown in Figure
22.

Electron micrographs of the less than 1 micron fraction show halloy-
site tubes varying from 1 to 2 microns in lcngth and measuring Oe2
microns in diameter.

The pH measurement was 4.82.

Sample S-36 is a moist sample of partially decomposed perthitic
microcline obtained 6 feet from the surface near the east wall of the

east wall of the east workings and about ten feet distant from S-35.

Table 30
S-36, Mineralogical Arnalysis of Size Fractions
Size Size
Fraction Quartz Mica Foldspar Endellite Kaolinite Analysis
24 4.5% 1.4% 23.7% 29.7%
2~3.75 tr. 40. 3 - 40.3
3.75~5 0.7 6-6 o 7.3
5-6 tr. -4 4.4 0.6 7«4
6-7 1.3 50 0.5 6.8
7-8 0.7 2.5 0.3 3.5
8-9 0.5 2.1 tr. - 2«6
9-10 0.1 0.5 0.6
10-11 0.8 0.8
"11 - 1. 0 10 0

Totals  4.68 2.1% 75.6%.  16-3%3  1.4% ~100.0%8
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The median sizes for the clay minerals are 0.02 mm« for the kaolinite
and 16 micrens for the halloysite.
The halloysite to kaolinite ratio is 11.6:1.

The cumulative size frequency distribution curve is shown in Figure

R2.
Flectron micrographs of the less than 1 micron fraction contain a

ferr long thin halloysite tubes 3 microns in length 2nd 0.1 micron in
diameter, but most of the halioysite is stubby and measures 1 micron in

length and 0.4 microns in diameter.

The pH measurement was 5.33.

17 Acre Prospect, Hatris Clay Company, Mitchell Co., North Carolina

This clay prospect occurs on the summit of 2 hill in an area of
high relief. It can be reached by following N.C. B0 to the spot marked
on location m=p, figu;:'e 14. The prospect can be seen clearly from th=
road. This deposit has not been extensively exploited as yet and the
exploratory tunnels. afforded opportunity to collect fresh sampless
Samples were obtained from a 50 foot drift tremnding across the N15°E
sirike.

Sample S-39 is 2 moist sample obtained from large crystals of de-
composad feldspar in the drift wall. Two mineralogical analyses were
obtained by analyzing the size fractions and one mineralogical analysis

made by the thin section point counter mcthod.
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Table 31.
S~39A, Mineralogical Analysis of Size Fractions
Size Size
Fraction Quartz Mica Endellite Kaolinite Analysis
2 g 3228 1.3% 4. 5%
2~3.75 2.3 6.3 10.9 1.5 ‘ 21,0
3.75=5 5.0 15.4 4.4 24.8
5-6 R0 15.3 Re 5 19.8
6-7 1.3 9.8 1.6 12.7
7-8 0.7 4.7 1.0 6.4
89 0 1.4 0.6 e’
9«10 — —— — ——
10-11 3.9 0.9 4.8
=11 3.1 Qa7 3.8
Totals 5¢5%2 16.8% 64. 5% 13.2% 100.0%

The median sizes for the clay mincrals are 0.03 mme for the kaolinite
and 16 microns for the halloysite.

The halloysite to kaolinite ratio is 4+9:1.

The cumulative size frequency distribution curve is shown in Figure
R3.

The pH measurcment was 5.25«

Table 32.
S-39B, Mineralogical Analysis of Size Fractions
Size Size
Fraction Quartz Mica Endellite Kaolinite Analysis
2 ¢ 6-1% 1. 5% 7. 6%
2-3.75 2.4 11.8 7.8 1.7 23.7
3 75=5 C.1 2.8 R.2 0.5 5.6
5~6 0.2 1.9 13.2 3.3 18.6
6=7 0.2 9.7 2.4 12.3
7-8 5.6 1.4 7.0
8-9 3.6 0.8 4.4
9-10 4.2 1.0 5.2
JO-11 7.0 tr. 7.0
"Q 8.5 8.5
Totals  8.8% 18.2%  61.8% 11.1% 99. 9%

The median sizes for the clay minerals are 0.025 mm. for the kaolinite

and 16 microns for the halloysite.
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The halloysite to kaolinite ratio is 5.6:1.
Electron micrographs contain stubby halloysite tubes averaging 1.5
microns in length and 0.2-0.3 microns in diameter.

The cumulative size frequency distribution curve is shown in Fienre

3.

The pH measurement was 5. 50«
The point count of the thin section of S-39 gave the mineral
composition in Table 33»
Table 33.

S5=394 Bulk Mineral Composition

Arith. Std. Dev. C/e of 95%
Mean Mean Variation Confidence
Quartz 3. 0% 0. 39% 390%
Halloysite 66.8 1.05 6 B3¢ 7=TQe O
Kaolinite 13.1 1.16 10 11.0-18. 56
Mica 17.1 0.97 15 15.1-19.1

The halloysite to kaolinite ratio is 5.1:1.
Sample ONR 698 was obtained from this deposit and sent by Mre Lee

White of IngaXls, N.C. The sample became partially dehydrated during

shipment and this shows up in the analysis as halloysite.

Table 34.
ONR 698, Mineralogical Analysis of Size Fractions
Size ' Sizg
Fraction Quartz Mica Endellite Halloysite Kaolinite Analysis
g 2.4% 1.2% 1.8% 0.4% 0.7% 6a 5%
2=3.75 1.0 2.6 50 205 2.0 1541
3» 75«5 1.5 5.9 1.0 l.8 10s2
5-6 1.5 5.9 1,1 1.9 10.4
6-7 0.6 8.3 1.5 2.6 13.0
7-8 0.5 7«2 1.3 2.2 11.2
8~9 Ce3 5.6 1.0 1.7 8.6
9-10 0.1 4. 3 0.8 5.2
10-11 tr. 9,1 1.6 1057
-11 tr. 9. 5 1.7 1le2

Totals  3.4%  8.3% 62. 6% 12. 9% 12. 9% 100. 1%




The median sizes for the clay minerals are 0.03 mm. for the kaolinite
and 4 microns for the halloysite.

The halloysite to kaolinite ratio is 5.8:1.

The cumlative size frequency distribution curve is shown in Figare
23.

The pH measurement was 5.73.

Two thin sections were made at right angles to each other of the
same subsample of ONR 698 (from this deposit) and the mineral compositiion

as determined by the point counter method follows in Table 35.

Table 35.

ONR 698, Bulk Mineral Composition

698a 698b
Halloysite 85.6% B84.9%
Kaolinite 8.8 8.8
lﬁ. ca 3.8 6.3
Quartez 1.8 ——e
00. 00.

The ha2lloysite to kaolinite ratio for 698a is 9.7:1 and for 698b
is 9.6:1. Electron micrographs from this sample show halloysite tubes
of unifrom size which measure 0.15 microns in diameter and 1 micron in
length.

The feldspar in the samples taken from this deposit is completely
decomposed to halloysite. There is much disseminated mica in 0.2 mm. books

that is partially or complectely altered to vermicular kaolinite.

Micaville Mica Mine, Micaville, Yancey Co., North Carolina
This mica mine is located south of U.S. 19E one-half mile east of
Micavillees It consists of a weathered granite body cut by numerous

pegmatite wveins.
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Sample ONR 567 was taken from the north end of the pit 50 feet from
the surface. It has a granitic texture and contains disintegrating
plagioclase and potash feldspar with mica and quartz. Electron micro-
graphs show O«5 to 5 micron tﬁbes averaging 0.2 microns in diameter and
scattered kaolinite plates.

Sample ONR 569 was taken froma grarndte pocket in a pegmstite veing
Electron micrographs taken of clay from this sample show particles similar
to those seen in micrographs of ONR 567.

Sample S-21 was obtained from the southwestern end of the pit at the
top of the hill directly under the schist and 15 feet from the surface.
The sample was taken from a perthite crystal in an altered pegmatite vein
which contained biotite books up to 6 inches in thickness. The pegmatite

contained numberous quartz stringers up to one inch in thickness.

Table 36.
S-21, Mineralogical Analysis of Size Fractions
Size Size
Fraction Quartz Mica Endellite Kaolinite Analysis
2 g 0.4% 6.4% 6.9% 0.3% 14.0%
2=3.75 Gs 5 5.1 10.8 0.5 16.9
3.75=5 1.0 1.1 9.8 O« 4 1R2.3
5-6 1.6 1.4 12.5 0.7 16.2
6=7 0.9 O« 5 9.6 C. 5 11.5
7-8 Oe? 6.8 0<2 7«2
8«9 0.1 6.5 O.1 6.7
9-10 5-? tr. Ze
10-11 5.2 5.2
—11 6- 7 6- 7
Totals 4. 4% 14. 8% 78. 0% 2. 7% 99. 9%

The median sizes for the clay minerals are 0.04 mm. for the kaolinite

and 16 microns for the halloysite.
The halloysite to kaolinite ratio is 29:1.

The cumulative size frequency distribution curve is shown in Figure

24.
The pH measurement was 4. 50.
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Mica does not appear in the size fractions below 2 microns. The
perthite is completely altered to halloysite and the mica only partially
altered to kaolinite. Electron micrographs of this sample show mostlyl
stubby halloysite tubes averaging 1 micron in length and 0«3 microns =~
diameter» A few flakes of mica are usually present in the micrographss

Sample S~-R3 was obtained of a friable clay containing much quartz

located 60 feet below and 100 feet north down the slope from S-21l.

Table 37.
S-R3, Mineralogical Analysis of Size Fractions
Size - Size
Fraction Quartz Mica Feldspar Endellite Kaolinite Analysis
_ ¢ R4.8% 6.2% 31.0%
R~3+75 R«9 23.4 O« 5 2.2 0.5 9.5
S 75=5 0.5 3.6 0.2 l.4 0.3 6.0
5-6 0.8 31 3e4 0.9 8.2
6~7 0s8 Ra2 3.8 1.7 8.5
7-8 0.1 0+ 5 4,0 0.6 52
8-9 0.3 4.0 0.5 4.8
9-10 0.2 le7 0.1 2.0
10-11 Oel 2.0 0.1 2.2
~11 tr. . 2.6 2.6
Totals 29.9% 39.7% 0.7% 25.1% 4.7% 100.0%

The median sizes for the clay minerals are 0.012 mm« for the
kaolinite and 8 microns for the halloysite.

The halloysite to kaolinite ratio is 5 3:1.

The cunmulative size frequency distribution curve is shown in Figure
4.

The pH measurement was Sa.35.

Mica is present in the less than 0.5 micron size fraction. This
indicates that alteration of the mica to kaélinite has not been extensive.
Electron micrographs of the less than one micron fraction show halloysite
tubes averaging 3 micfons in length and 0.3 microns in diameter and ill-

defined mica or kaolinite flakes.




Sample S=27 is located 85 feet from the surface and 300 feet north
of S-23 down slopes The sample was taken from an altered feldspar crystal.

The hand speciment was gritty from microcline fragments.

Table 38.
$-27, Mineralogical Analysis of Size Fractions

Size Size
Fraction Quartz Mica Feldspar Endellite Kaolinite Analysis
2¢ 0. 2% 0.4% 1.1% 1.7%

2-3.75 0+6 07 e ? 0.4 Se4

3s 75=5 3e0 1046 15.2 1.2 30.0

5~86 0.8 2+8 2.6 5.4 2.1 11:5

6-7 0:92 = 2.9 0.8 6.9 2.8 14.3

7-8 Oe? 1.1 0.2 e 3 2.0 12.8

8-9 tre 0.5 81 1.7 10. 3

10-11 0.1 2.6 R.7

~11 O« 3 T4 77
Totals 5.7¢ 19.4% 21.6% 43.1% 10. 2% 100.0%

The median sizes of the clay minerals are 0.0l mme for the kaolinite
and 4 microns for the halloysite.

The halloysite to kaolinite ratio is 4:1l.

The cumilati ve size frequency distribution curve is shown in Figure
R4,

The pH measurement was 6. 31.

Electron micrographs of the less than one micron fraction are
similar to those obtained of S-R3. Mica is present in sizable amount in
the less than one micron fractions.

S-21 was near the surface and located high up on the terrace so had
undergone weathering for the longest period of time. This is indicated
by the absence of feldspar and mica in less than 2 micron size fractions.
S-23 is farther down the terrace slope than S-21 as well as. farther from

the surface and has been exposed to conditions of weathering for a shorter

period of times This is indicated by the presence of feldspar and mica
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in the less than 0«5 micron fractions. S-27 which 1s located still
farther dowm the terrace slope and farther from the surfaee than S5-23

is the youngest sample in terms of duration of weathering. This is shown
by the high percentage of feldspar still present in the sample and the
large amount of unaltered mica present in the less than 0.5 micron
fractione The amount of unaltered primary mica present in the finest
fractions can be taken as a criterion for the duration or intensity of
weatheringe An additional criterion is the size of the finest fraction

in which the mica appearse This is indicated clearly by the mineralogical

analyses of these three samples.

Green Mountain Deposit, Yancey Co., North Carolina

This deposit is reached by traveling north 8.7 miles on Double Island
Road from its junction with U. S. 19E to the Pleasant Grove Baptist Churche
The clay pit is 500 feebt bchind the church. 'J;’he clay has weathered from
a 30 féot pegmatite dike which is bordered on the north by mica schist
and on the south by 2 weathered dunite dike.

Sample ONR 478 was taken from a three inch vertical vein of white
clay in the schiste Electron micrographs of this sample show halloysite
tubes averaging 2 microrﬁ in length and 0.2 microns in diameter, Tubes
of this shape are typical of the Spruce Pine district.

Sample ONR 480 was .obtained from tan stained, thoroughly decomposed
feldspar with clusters of green mica up to one centimeter in diameter.
This sample was taken directly at the contact of the pegmﬁte with th-
mica schiste Electron microgrephs show halloysite tubes up to § microns

in length and 0.1 to Oe? microns in diameter.




Woody Deposit, Yancey Co., North Carolina

This unworked clay pit.is reached by taking the dirt road directly
south of the Pleasant Grove Baptist Church and traveling Oe7 miles bew
fore turming left to the Woody farm on which the deposit is located.

Although the property hasn!'t been worked for some time, there are
good exposures of decomposed pegmatite and its contacts wlth mica schist
and altered dunite dikes. The weathered pegmatite extemds to the surface.
The plagioclase has altered to a clear white clay containing quartz relicts
while the tanestained potash feldspar is only partially altered and stands
out in relief in the mine faces. Clusters of biotite books up to 2 inches
in diameter occur in the weathered pegmatite and are concentrated near
the contacts mentioned above.

Samples were taken of the potash and plagioclase feldspars within the
pegmatite body and near the contacts. Electron micrographs of all the
samples show halloysite tubes very similar in size except of those samples
located directly on the contacts which show small stubby tubes of
halloysite averaging 1 micron in length and 0.3 microns in diameter.

Sample ONR 482 was taken at the contact with the altered dunite dike.
The feldspar is completely altered to halloysite and the sample contains
a large amount of primery mica which is partially altered to vermicular
kaolinites A small amount of the feéldspar is altering to kaolinite
through the intermediate stage of secondary mica.

The biotite alters to vermiculite in this deposit as elsewhere in

the districte
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The Blue Ridge Province of Westerm North Carolina

Central Region

Arrovood Deposit, Democrat, Buncombe Co., North Carclina

The clay deposit is located one mile southwest of Democrat and
immediately east of N.C. 197 (figure 25). The pegmatite is exposed for
several undred feet and averages albut 60 fecet in widthe Only the
southern end had been mined by open pit strippinge A 40 foot shaft has
been sunk 40 feet north of the cut. The pegmatite contains a quartz
core and is bounded by serpentinized dunite. Talc and vermiculite veins
undulate through the pegmatite bodys

Sample ONR 599 was obtained from the portal of the right tunnel in
the face of the cut 20 feet from the surface. It come from a hard crystal
of microcline standing out in relief in decomposed plagioclase feldspare
The microcline is only partially altered to halloysite in veins and
fractures and especially along the contacts with quartz wveins. Fragments
of feldspar remain in the matrix of halloysite. Phenocrysts of plagioclase
feldspar are half altered to halloysite. The mica is relatively unaltered
except where it occurs near fracturecs where it is partially altered to
kaolinite.

Sample ONR 600 was obtained next to ONR 599 and consists of
decomposed perthite which is considerably altered to halloysite. Many
small fragments of feldspar are left in a matrix of halloysite.  These
fragments vary in size from 0«02 mm. to 2 mm. The primary mica has
altered almost completely to kaolinite. Some very fine vermicular
kaclinite less than 0.0l mme. in size is derived from feldspar along

fractures. Electron micrographs of this sample show long halloysite tubes
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- averaging 8 microns in length and 0.1 microns in diameter. The
mineralogical analysis obtained from point count of the thin section is
shovm in Table 39.

Table 39.

ONR 600, Bulk Mimeral Composition

Halloysite seccee. 75.1%
Kaolinite scecoas.e 10.4
Mica vevscecacecsa (o6
Feldspar escenscaa 139

Total 100- m

The halloysite to kaolinite ratio is 7.5:1.

Sample S-R0 is a moist sample obtained from a large crystal of

perthite taken from the left tunnel in the cut 25 feet from the surface.

Table 40.

S5-20, Mineralogical Analysis of Size Fractions
Size Size
Fraction Quartz Mica Feldspar Endellite Halloysite Kaolinite Analysis

2 & 0.7% 2.6% 0.4% 3. 7%
2-3.75 0.5 1.3 7.1 S.1 0.9 3.0 14.9
3. 75=5 6.9 0.9 6.1 13.9

5-6 6.1 0.9 4.6 11.6
67 5.7 1.0 2.8 9. 5
7-8 4.1 0.5 3.1 7.7
8-9 : 4.8 0.6 ' 1.6 7.0
9~10 5.5 1.4 6.9
—11 8- 2 Oo 6 8- 8
Totals 1le 2% 3e 9% T 5% 61le 3% 7« 9% 2l. 2% 100. O%

The median sizes for the clay minerals are .04 mms for the kaolinite
and 4 microns for the halloysite.

The halloysite to kaolinite ratio is 3.2:1l.

The cumulative size frequency distribution curve is shown in F‘igum

26.
Electron micrographs of the less than one micron fraction of this

sample shovw halloysite tubes 1 to 4 microns in length and avewaging O.1
micron in diameter {see Plate 1). '

The pH measurement was 5. 584



oo
:...‘)Lliv ——— l...i N

RPN A SR,

3
1

5
iy

L,

it 4+09 squooury #47Ro

t
L
B

oml

-4

‘

SR R

.‘.4_ — 3

i
1
T
.

-1 [

DU JEPUDU TN

'




- 0] -

Alexander Deposit, Alexander, Buncombe Co., North Carolina
This clay deposit is reached by traveling three miles east fyom
Alexander on U.S. 25 and 70 (figure 25). The deposit is worked by several
cuts and shaftse Relatiwvely unaltered microcline is concentrated near
the core of the pegmatite. Schist inclusions in the pegmatite are
NUMErouss
Sample ONR 580 is a decomposed perthite crystal obtained on the south
wall of the north pit 10 feet from the surface. The perthite is altered
almost completely to halloysite and most of the mica is altered to
vermicular kaolinite. When altered to kaolinite the mica books part
perpendicular to the basal cleavage to give a maximim width of 0.04 mme
for the kaolinite books. The average width of the vermicular kaolinite
is .02 mm. The mineral composition of the sample as obtained from the
thin section is given in Table 41l.
Table 4l.
ONR 580, Bulk Mineral Composition
Halloysite ev.s 87.5%
Kaolinite eeseo 10.7

w-ca L IR S 2K B BN B BN 2 1\:6
Feldspar semsvae 0.2

Total 100.0%
The halloysite to kaolinite ratio is 8.2:1.
Sample ONR 582 is a decomposed perthite crystal obtained from the
North pit in a tunnel 10 feet from the surface and 15 feet north from
ONR 580. Quartz stringers cut through the large feldspar crystal. The

mineral composition of this sample as determined by a thin sechion paint

count follows in Table 42.
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Table 42.
ONR 582, Bulk Mineral Composition
Halloysite +.-+« 86 8%
Kaolinite cas-ee 10,5

Mi-ca SO0 0boevecve 2&7
Total 00

The halloysite to kaolinite ratio is 8.3:1.

Sample ONR 583 is a hard, only partially alterced microcline crystal
taken 12t from the surface in the south pit. Only 10%Z of the microcline
had weathered to halloysite along fractures. The mica is unaltered.

Sample ONR 584 is a perthite sample taken next to ONR 583 and is
almost completely weathered in contrast to the slightly weathcred
microcline. The mica is largely altered to kaolinite. Veins of yellow-
stained halloysite apparcntly introduced from above fill fractures formed
in the halloysite developed in situ. The mineral composition as determined

by thin section analysis follows in Table 43.

Table 43.

ONR 584, Bulk Mineral Composition

Hal].oySite esee 9l. 8%
Kaoclinite weo.. 7.6
Mica escesecances 04
Feldspar sescee 0e R

Total 100.0%

The halloysite to kaolinite ratio is 12:1.
Sample S~6 is & moist, decommosed perthitec crystal taken from the

north wall of the North pit 40 feet from the surface.




Table 44.

S-6, Mineralogical Analysis of Size Fractions
Size Size
Fraction Quartz Mica Feldspar Endellite Halloysite Kaolinite Analysis

2@ 0.3% 0.5% 0.2% 1.8% 0.-1% 0.1% 3.0%
2«3.75 Oe2 4.2 0.4 12.7 1.3 2.3 21.1
59 75“'5 0' 2 1- 1 140 8 10 0 40 9 220 0

5-6 O.1 l.4 9.0 0.6 2.4 - 13.5
6-7 0.1 0.1 4.2 0.3 2.3 7.0
7-8 tr. tre 2.2 0.5 1.6 4.1
8-9 1.2 0.1 1.0 Re 3
9-10 3.2 0.2 1.5 4.9
10-11 : 8.5 0.4 8.9
=11 X 126 O« 5 13.1
Totals Oe 9% Te 5% Qe 6% 704 2% 4. 8% 16. 1% , 99. 9%

The median sizes for the clay minerals are 0.03 mme for the kaolinite
and 0.03 mm. (30 microns) for the halloysite. The larger median size for
the halloysite than usual is due to the partially dehydrated nature of

the endellite vwhich caused disaggregation to be less effective with the
technique used.
The halloysite to kaolinite ratio for S-6 is 4.7:l.

The cumulative size frequency distribution curve is shown in Figure

R7.
The pH measurement was 5.60.

Sample S~8 is a molst clay derived from perthite containing some

schist inclusionse It was obtained 5§ feet above S-G.

Table 45‘
S«8, Mineralogical Analysis of Size Fractions
Size Size
Praction Quartz Mica Endellite Kaolinite Analysis

2 g 1.0% 0. 5% 0.1% l.6%

R-3.75 3.7 10.2 446 18.5

3¢75~5 0.9 39 10«6 4.8 20.2

5-6 1.2 0a 845 2.9 12.8

6"7 O. 1 5. 5 2- 9 89 S

7-8 O.1 3.8 . 56

8-9 0.1 1.1 0.3 1.5

9«10 0.3 6.4 0?7 7.4

10=11 9.8 2.8
=11 14.1 14.1

Totals 3. 3% 8. 8% 70.0% 17.9% 100. 0%
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The mecdian sizes for the clay minerals are 0.07 mm. for the
kaolinite and 8 microns for the halloysite.

The halloysite to kaolinite ratio is 3.9:1.

The cumulative size frequency distribution curve is shown in Figure
27.

The pH measuremcnt was 5. 67.

Sample S«l1 is a moist clay derived from a one foot crystal of
perthite located direcctly below a schist inclusion 7 feet above and 6
feet east of S«8. The perthite is completely weathered to halloysite and
the mica partially altered to kaolinites Introduced stained halloysite
occurs in fracture-~filled veins,

Mineral composition of a subsample of S-6 obtained by point count

analysis of a thin scction follows in Table 46.

Table 46.
S~6, Bulk Mineral Composition

Halloys:.l.te eweoae The 3%

Kaolinite eecacrs 16.7

Mica wesssvevvacen 6.3

Quar‘bz sPoRsnonvee 0.9

Feldspar veveescss (a8
Total

The halloysite to kaolinite ratio is 4.4:l.

) Table 47-
S5-11, Mineralogical Analysis of Size Fractions
Size Size
Fraction Quartz = Mica Endellite Halloysite Kaolinite Analysis
2 g 0.1% 0.4% - tre 0 5%
2-3.75 OuR 16, 6 1.0 0¢3 0.4 18:4
3. 75-5 O¢l 1.8 13.2 2.2 3.2 20.5
5-6 Cel 1.0 72 1.2 1.8 11.3
6-7 0.1 Oe 7 Se1 0.9 1.2 8.0
7-8 tr 3.0 0.8 0.7 4.
8-9 2.1 0.8 Qe 2 3l
9-10 40 1.1 0.3
10-11 9.2 2.7
-11 12.5 3.7

Totals 0.6% 20.5% 5733 13. 7% 7.8%




- 96 -

‘The median sizes for the clay minerals are 0.07 mms for the kaolinite
and 8 microns foi' the halloysite.

The halloysite to kaolinite ratio 4is 9.1:1.

The cumilative size frequency distribution curve is shown in Figure
27.

The pH measurement was 5.6R2.

Electron micrographs of the <1 micron fraction eontain halloysite
tubes 4 microns in length and O.1 microns in diameter. Mineral composition

of S-11 obtained by point count from a thin section follows in Table 48.

Table 48.

S-~11, Bulk Mineral Composition
Halloysite sessagy 88-9%
Kaolinite escesse 56
Mic2a cavovsrcacece 4,86
Total 1060.0Z
The halloysite to kaolinite ratio of this subsample is 16:1.
Sample S-16 is 2 moist clay derived from a plagioclase crystal token
15 feet below the surface in the South pits This is about 15 feet above

S-11 and 250 foet south.

Table 49.
S5-16, Mineralogical Analysis of Size Fractions
Size Size
Fraction Mica Endellite Kaolinite Analysis
2 ¢ 5.1% 0.1% 0-1% 5. 3%
R=3.75 7.6 0.2 0.2 8.0
3e 75=5 0.7 10.2 2.6 13.5
56 8.5 59 14.4
6=7 9.0 50 14. 9
7=8 1.1 1.9 3.0
8-9 5«6 2.4 8.0
Owl0 3.8 0.9 4,7
10-11 12.4 12.4
-11 15.7 15.7

Totals 13.4% 676% 18. 9% 99, 9%




The median sizes for the clay minerals are .03 mm. for the kaolinite
and 4 microns for the halloysite.

The halloysite to kaolinite ratio is 3.6:1.

The cumulative size frequency distribution curve is shown in Figure
27.

The pH measurement was 5.25.
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The Blue Ri_dge Province of Westermn North Carolina

Southern Region

Bethel Deposit, Bethel, Haywood Co., North Carolina

This deposit is located 1.5 miles south east of Bethel on the
property of Marvin long and is reached by taking N.Ce 110 south from Canton
or UeSe 276 ecast from Waynesville (figure 28).

This mine was a2bandoned in 1918 and is considerably overgrown and all
shafts filled, but walls in the open cut have exposures of weathered
pegmatite. The deposit is well up the slope of a hill in an area of
moderate relief at an elevation of 3400 feet and lies 600 feet above the
East Pork Pigeon River. The cut made in the pegmatite dike is 600 feet
along the N26°E strike and several hundred feet wide. The dike dips 75°E
at its contact with gneiss. The dike is not uniformly weathered and is
thoroughly decomposed in places and only partially altered in others.

The clay is very white and contains mich fine-grained quartz. Ifica books
2" in diameter occure

Sample OMR 659 was obtained from the northwest wall 12 feet from
the surface. Most of the feldspar is altered to halloysite but a
conslderable amount is altered to vermienlar kaolinite through the
intermediate stage of secondary mica. A photomicrograph of this
vermicular kaolinite being derived from secondary mica is shown in Plate 1.
The small amount of primary mica disseminated through the halloysite is
partially altered to kaolinite.

The mineralogical analysis was obtained by thin section methods and
is as follows: halloysite 76. 5%, kaolinite 21.8%, mica l.6% The
halloysite to kaolinite ratio is 3 5:le |

Electron micrographs of the less than one micron fraction show stubby
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tubes of halloysite averaging 1 micron in length and 0.5 mi.crons in

diametere

Whitehall Deposit, Bryson City, Swain Co., North Carolina

This deposit is located 1-1/2 miles north of Bryson City (figure 28 ).
Feldspar is being mined from this large pegmatite and the cuts provide
profiles for sampling the transition from clay to fresh rock. Weathering
is pronounced along the contacts with large quartz veins and in finely
fractured quartz zones. Depth of weathering varies from several feet to
60 feet.

Sample ONR 695 was taken 25 feet from the surface directly above a
quartz ledge, It consisted of thoroughly decomposed perthite disseminated
with finewgrained muscovite and milky quartz grains less than 0«5 ome in
size.

The plagioclase feldspar is altering to halloysite and the potash
feldspar to vermicular kaolinite through an intermediate stage of
secondary micae

-~

Mineralogical analysis by thin section methods follows &n Table SOe

Table 80«
ONR 695, Bulk Mineral Composition

Halloysite sansre 71Q2%
Kaolinite asaescve 8. 4
Mica conconcesaa 0.0
Feldspar seassea  Oed

Total 100.0%

The halloysite to kaolinite and secondary mica ratio is 2.9:1.
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Hog Rock Mine, Jackson Co., North Carolina

This mine is now an abandoned deposit. It was the first clay mine
in the state and was mined by open cuts and shafts which penetrated to
a maximm depth of 125 feete The workings are now caved and overgrovie
The mine is located R miles southwest of Webster on the top of‘ a hill
300 feet above Little Savannah Creek. The only samples that were obtained
were of weathered pegmatite exposed on the surface.

Sample ONR 664 was taken from the surface 55 feet from the summite
The potash feldspar is altered to both halloysite and kaolinite. The
primary mica is partially altered to kaolinite. The kaolinite formed
from weathering of the feldspar is derived from the secondary mica formed

during the first stages of weathering of the feldspars

Chalk Hill Devosit, Totla, Macon Co., North Carolina

This depcsit is located 3 miles southwest of Iotla on the side of
a gently sloping hill 80 feet above Yotla Creeke The mine is in disuse
and the shafts are filled with water, but the open cuts and several
prospect pits provide good exposures for sampling. Samples were taken
across the strike of a three foot vertical dike.

Sample ONR 672 was obtained near the contact of the regmatite with
schiste Almost all of the feldspar is altered to secondary mica which
is being kaolinized. The primary mica has been altered almost eomplete}y
to kaolinites There is some halloysite being derived from the feldspars
Electron micrographs of the less than one micron frastion show halloysite
tubes 1 to 2 microns in length together with kaolinite plates.

Sample ONR 673 was taken near the center of the di_.ke_. The feldspar

is altering mostly to halloysite but near fractures around quartz grains
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some feldspar has altered to secondary mica which is partially altered
to vermicular kaolinmite. Electron micrographs of this sample show
uni foxm size halloysite tubes averaging 1.5 microns in length and a

few well=-defined kaolinite plates.

Cox Deposit, Hayesville, Clay Coe., North Carolina
One representative sample (S-122) was obtained from this deposit
from Mre Lee White of the Harris Clay Compamy. The deposit is located
near Hayesville several miles from the Georgia border near the southern
end of the Appalachian chain.
° In the hand specimen the sample is very friable and contains much

quartz and micae

Table 5l.
S«122, Mineralogical Analysis of Size Fractions
Size : Size
Fraction Quartz Mica Feldspar Endellite Kaolinite Analysis
2 g 17.8% 8.2% 3.2% 5.4% 34.0%
2=3."75 4.4 9.8 1.2 6.5 21.9
3,75=5 4.2 3.9 8¢l
56 5.9 6.9 12.8
6-7 2.5 7.5 10.0
7-8 1.2 0.6% 4.8 Be 6
8"9 Oo 9 . Oo 2 30-5 4' 4
9«10 0eR Oe2 GeB 1-2
10-11 tre 0.4 0.2 0.6
wll L e Oe 3 Oel 0.4
Totals R2e 2% 3R 9% 4. 8% 1. 7% 39. 4% 100. O%

The median size of the kaolinite is .02 mme and that of the hslloyw=
site 2 mlcrons,

The ratio of halloysite to kaolinite is 1:23.

The cumulative curve for this sample is shown in Figure 29.

The pH measurement was 5.90.

Halloysite isn't present in the larger than 8 micron fractions btut
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kaolinite occurs as vermicular aggregates even in the coarsest fractions
where it is interleaved with the mica. The high percentage of mica
present is due to the sericitization of the feldspar in the initial stage

of weathering which is followed by kaolinization of the secondary micr.
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The Piedmont Province of Georgia

Funkhauser Mica Mine, Hartwell, Hart Co., Georgia
The Funkhauser Mine is in operation 1-=1/2 miles south of Hartwell.
No fresh unaltered pegmatite is exposedes Moist samples were taken from
the face of the old pit as well as in the fresh cuts.
Sample S—-107 was taken 30 feet from the surface from the pegmatite

in the north end of the new pite

Table 52.
S~107, Mineralogical Analysis of Size Fractions
“Size Size
Fragtion Quartz Mica Feldspar Endellite Kaolinite Analysis

2 g 11.58 31.2% 15.0% 57.7%

R2=3.75 2.3 4.7 0. 3% 4.3 11.6

3.75-5 0.1 Oe 5 4.2 4.8

5-6 2.2 8.7 10.9

7-8 0.7 tre 2.6 3.3

8-9 0.6 0.1 2.6 3«3

10-11 1.0 0.3 1.3

"1]. Oo 5 00 3
Totals 13.9% 4l.2% O« 3% 1.6% 42.9% 99. 9%

The median sizes for the clay minerals are 0.07 mm. for the kaclinite
and one micron for the halloysite.
The halloysite toc kaolinite ratio is 1l:27.

The cumlative size frequency distribution curve is shown in Figure

The pH measurcment was 5. 30.

About half of the particles seen in the electron micrographs are
halloysite tubes up to five microns in length and vary in diameter from
0.1 to 0.4 microns while the other half are kaolinite bookss

Sample S-108 was obtained 2 feet below S-107 and was similar in

appearance except that it was more friable due to higher quartz contente 4
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Table 53«
S-108, Mineralogical Analysis of Size Fractions
Size Size
Fraction Quartz Mica Endellite Kaolinite Analysis
”d 38.2% 0.6% 0.2% 39.0%
2-3.75 1.2 0.6 1.8
26 75=5 3«5 13.9 17.4
56 4.1 16.6 20.7
6-7 1.5 59 7.4
7-8 0.7 25 3e.2
8w0 1.0 0.2% 3.8 50
S-10 tre 10 ' 1.9 2.0
10-11. | L3 0.9 2.2
=11 0+5 . 0.2 [0 %4
Totals 38.2% - 12 6% 5.0% 46. % 100. 3%

The median sizes for the clays are 025 mm. for the kaolinite and
1 micron for the halloysite.

The halloysite to kaolinite ratio is 1:15,

The cumlative size frequency distribution curve is shown in Figumwe

20. - -
The pH measurement was 5.30.

Electron micrographs look similar to those taken of S«107 and one
is shown in Figure 30.

Sample S~112 was taken from a large fcldspar crystal exposed in a
new gulley leading from the old pit to the new workings. In the hand
specimen it feels gritty as a result of the prescnee of unaltered feldspar

particles.
Table 54
S-112, lMineralogical /inalysis of Size Fractions

Size Size

Fraction Quartz Mica Feldspar Endellite Kaolinite Analys.s
2 d 0s4% 0. 8% Oe 3% 1. 5%

Ru3e 75 1.5 0-8 7-6 tr. 7«9 17.8

3. 75-5 1.7 2.3 10.6 l.® 7-5 R3.3

" 5-6 0.2 1.9 . 3.2 2.0 1.5 18+8

6--7 tre 0-8 1.1 10.6 12,5

78 T.7 G- 8 Be2

8-9 5-‘2 2.0 6‘ 2

9-~10 4.2 2.1 7.3

~11 ) 3.2 0.1 3.3

Totals 3.8% 5.0% 23.0% 17.4% 51.0% 100.2%
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The median sizes of the clay mimerals are 0.03 mms for the kaolinite
and 7 microns for the halloysite.

The halloysite to kaolinite ratio is 1:5;

The cumlative size frequency distribution curve is showm in Figure
30«

The pH measurcment was 5.80.

Electron micrographs show 50% welle-defined kaolinite pletes and the
other 30% halloysite tubes averaging 3 microns in length and 0.2 microns
in diameter.

Thin section mineralogical analysis of S=112 gave the composition
shown in Table 55.

Table 55.
S~112, Bulk Mineral Composition
Halloysite and Kaolinite ccc-ees 67.8%
Miche . eevvnecccrvsnracva-cersaee 451

Qllartz LA R N B I AN I I A N ENER L L XX K 0.5
w-cmcline....."QIOO‘.O...'."' 27'8

Total 100.0%

This analysis compares very well with the mineralogical analysis of
S-112 obtained by differential thermal, x-ray and petrographic analysis
of the size fractiaons.

Most of the microcline is altering to secondary mica which in tum
is being kaolinized to vermicular kaolinitee When almost completely
kaolinite, the books part perpendicular to the basal cleavage at intervals
of 0.04 mme When the kzolinite is derived from the small books of
secondary mica, there is no cxtended parxllel oriemtation 6f the ecerattular
aggregates such as that which occurs when the vermicular kaolinite is
derived from larger books of primary mica. Some of the microcline is
altered directly to halloysite.
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Electron micrographs of the less than one micron fraction show about
50% of well-defined kaolinite plates and the remainder halloysite tubes

averaging 3 microns in length and 0.2 microns in diameter.

Atwater Mica Mine, Upson Coc., Geokgia
This mine is located near Thomaston, Georgia. The sample was taken
in the north end at the bottom of the 8 foot shaft where the altered
pegmatite is stained deep red from hematite.
The feldspar in this pegmatite is altering to secondary mica which
in tum is weathering to kaolinite« . small amount of the feldspar is

altering directly to halloysite.
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SUMMARY OF ANALYTICAL DATA

The mineralogical analyses of samples from the same deposit have been
averaged and the average bulk mineral compositions are presented in Table
56. The average halloysite to kaolinite ratios (H:K) show the predominance
of kaolinite over halloysite in the Piedmont provinces of the three states
and in the southernmost deposit in the Blue Ridge province. On the basis
of the samples studied the only region where halloysite predominates over

kaolinite is in the Blue Ridge province of western North Carolina.

The Piedmont Province of Virginia

A1l the kaolin deposits studied in this region were found to be
principally kaolinite with some endellite present in minor amounts. In
each of the four deposits, the feldspar is altering to segondary mica
from which vermicular kaolinite is being derived. The weathaing sequence
was studied in thin section and by qualitative x-ray, differential
thermal and electron microscope techniques for three of the deposits and
a quantitative mineralogical analysis of the size fractions made of a
sample from the Nat Kidd Prospect in Roseland. The latter deposit lies
close to the Blue Ridge Province of Virginia and contains only a small
percentage of endellite as seen from the halloysite to kaolinite ratio
of 1:28.

The Piedmont Province of North Carolina
Five occurrences of kaolin clay from this region were studied.
Qualitative studies on four samples from gneissic rocks showed a predominanee
of kaolinite over endellite. Quantitative mineralogical analyses were

made on the size fractions from two samples of negmatitic materisl from -




Table 56.
Average Bulk Mineral Compositions and the Halloysite to Kaolinite Hatios

Deposit Tocation Samples Quartz Mica  Feldspar Halloysite Kaolinite  HeK

Vi1:gti_nia Piedmont Province
Nat Kidd Prospect Roseland R 0.14 R4.6% R 3% 45.5¢  1:19,8

North Carolina Piedmont Province X
Patterson Kings Mountain 2 Re8  R0s5 13.8 58.0 1342

North Carolina Blue Ridge Province

Gusher Knob Avery Co, 12 R4s1  16+4 0.5 46.6 12,4 2,811 B
School Hill Avery Co, 1 58,2 1:9 35.3 4,9 7.2:1 o
Fluken Ridge Mitchell Co. 5 5.6 2.4 4,2 59,5 Se2 11.4:1
17 Acre Prospect Mitchell Cos 6 5.6 10,7 74.5 10.9 6.8:1
Carter Ridge Mitchell Co. 1 2.9 84,3 12,8 6,621
Mcaville Yancey Co. 3 13.2 246 7.4 48,2 5.9 8.1l
Arrowood | Buncombe Co. R 0.6 ReR -10.7 72.2 15.8 4,6:1
filexander . Buncombe Co, 9 0.7 7.8 0.1 76.6 12.6 6:1
Whitehall Swain Co. 1 20:0 Ovd 71.2 8.4 8. 5:1
Bethel Hayvwood Co. 1 1.6 7645 R1.8 3. 5:1

Cox C].ay Co. 1 RR.2 32,9 1.7 3%.4 1:23

Geo Eﬂia Piedmont Province
Runkhauser Hartwell 3 18,6 19,6 7.8 7.3 46.8 1:6.4
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the Pratierson deposit at Kngs Hoﬁntain. These samples were also found
to dbe predominantly kaolinite zlthough thay varied considerably in tic
halloysite to kaolinite ratio, one giving 1:109 and the other 1:R: 5%
The clay sample with the least halloysite is derived from = feldspathic
portion of the psgmatite with coarse granitic texture while the other
sarple is from 2 large feldspar crystal. Althoogh climate and mineral
structore and composition are believed to be the predominant factors,
this suggests the effect that iexture of the parent rock may have in

producding ondellite instsad of kaolinite.

0 Tho Blune Ridge Province of North Carclina {(Northem Region)

Eight deposits were studied in this rcegion usually designated as
the Spruces Pine pegmatite disin‘.ct-, Of these, the CGusher Knob and
Micaville deposits are in granmitic bodies cut by pegmatitic veins, and
the octhers are in pegmatites.

Endeliite predominates over kaolinite in all of these deposits --2
the halioysite to kaolinite ratioc varies from a high of 30:1 to 2 low
of 1:1 with an average for the region of 7.5:1. The feldspars are sodic
plagioclass, microcline and perthite. These weather to endellite with
the plagicclase being the first to decompose. This can bec observed in
the hand specimen of partizlly altered perthite where the hard potash
feldspar siands out in relief. Iarge, only slightly altered microcline
crystals may be next to completely altered plagioclase. However, in
this region both of the feldspars alﬁér to endellite even though the rate
of weathering differs. In<on13' one sample, from the Woody deposit, is a
small part of the potash feldspar altered to secondary mica which in tum

is kaolinized.
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The primary mica alters to vermicular kaolinite in all samples.

In each of the two granitic bodies, which are more uniform in
composition than the pegmatites, a study was made of the alteration of
the miscovite in a vertical profile. In the Micaville deposit, the mica
content in the finer fractions decreases upward in the soil grofile as
the finest particles of muscovite alter to kaolinitee This correlates
with the disappearance of feldspar upward in the profile. The dis-
appearance of the muscovite in the finer fractions is shown in the four
vertical sections taken from the sample grid in the Gusher Knob deposite
The faur vertical profiles sach contain three samples which a re separated
by a three foot interval (sec Figure 15)« The mica content for the

finest fractions in which the muscovite occurs is listed for the four

profiles in Tables 57 and 58.

Table 57.

Mica Content In Finest Fraction
In Which Mica Occurs In Two Vertical Profiles

Sample No. Size Fraction Mica Content
50 top 6-7 ¢ 2.0%
47 middle 6-7 ¢4 7.5%
42 bottom 6-7 ¢ 10.0%
52 top 9-10 ¢ 1.4%
45 middle 9.10 ¢ 1.7%
44 bottom 9-10 ¢ 2.0%
Table 58.

. Fine'st Fraotions - ..

In Which Micé Occurs In Two Vertical Profiles

Sample No. Size Fraction Mica Content
62 top 7-8 ¢ trace
50 middle 8-9 ¢ trace
54 bottom 9-10 ¢ trace
64 top 7-8 ¢ trace
57 middle 8-9 ¢ trace
56 bottom 9~10 ¢ trace




Because of the wide variability in tétal content and size distribution
of miscovite between subsamples, comparison of total mica content with
total kaolinite content could not be used to show whether or not the
weathering of mica to kaolinite is greater in the top samples in the
profile. However, the mica in the finest fractions, which is the first to

alter, is seen to disappear upward in the profile.

The Blue Ridge Province of North Carolina (Central Region)

The two deposits‘ in Buncombe County selected for detailed study in
this region showed an average halloysite to kaolinite ratio of S.3:1 which
is somewhat lower than that for the average of the Spruce Pine district
Most of the feldspar crystals, whether plagioclase or microcline, alter
to endellite. However, some of the microcline from each deposit is
altering to secondary mica which in tum is altering to fine-—grained
vermicular éggregates of kaolinite. There is no cover of river grawvels
and vegetation is sparse so that maximum intensity of leaching presumably
was not affected in these deposits to leach all of the potash from the
microcline.

The primary mica is altering to vermicular kaolinite.

The Blue Ridge Province of North Carolina (Southern Region)

An increase in the amount of kaolinite derived from pegmatite is
noted in this region over that of the Central Region. In one sample from
the southernmost deposit studied in the Blue Ridge Province near
Hayesville the halloysite to kaolinite ratio was found to be 1:23. This
was the only sample from the North Carolina Blue Ridge province that was

found to be higher in kaolinite content than halloysite. However, only
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one sample was optained from this deposit and it may not be representative.
In all of the deposits in this region including Magon, Swain, Hayweod

and Clay Counties the feldspar in part slte®s to secondary mica which in
turn is kaolinized. ¥n a pérthité ‘crystal from the Whitehall deposit the
plagioéiase was altered to endallite and the microcline to kaolinite
through the intermediate stage of mica. However, in the samples studied
from this 'reg-ion the ‘ﬁallioys.ite to kaolinite ratio averages 3:1 showiv g

a decrease from that of the central region of the Blue Ridge province.

The primary niica in all deposits alters to vermicular kaolinite.

The Piedmont Province of Georgia

The kaolin clays derived from pegmatdtics in this region show a
predominance of kaolinite over halloysite. The ratio of halloysite to
kaolinite is as low as 1:27 in one saxﬁple and averaged 1:6.4 for the three
samples analyzedes Most of the feldspar is altering to secondary mica
which in turn is altering to vermicular kaolinite, and a small part of
the feldspar alters to endellite. The primary mica alters to wvermicular

kaolinite ag is the case in all the deposits studied.
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EXPERIMENTAL EVIDENCE OF ALTER..TION

Alteration of Feldspar to Endellito

Thin scetion -« In thin section the fcldspars (microcline, perthite
and plagioclase) are observed altering to ondellite. The latter is
cha.mctcfizcd by very low bircfringence. The 2bsence of fine-grained
kaclinite is cvidenced by the close check of the mineralogical camposition
obtaincd by 2 point count of the thin section with thce composition
obtained by thc xeray, differcntial thcmmal, and clectron microscope
analysis of size fractiona.

Difforcntial thermal anolysis == This tcchnique showed that some
weathcred feldspor crystals were 2ltered to over 90% endellite. This was
substantiated by x~ray analysiss

Mincrological analysis of size froctions —- The percentage of
cndellitc checks with that obtzined by the thin scction method indicating
that the crituriz used for identifying the minera2l in thin section zore

correct and the guantitative mineralogical analyses arc wlide

Alteration of Feldspar to Secondary Mica

Thin scction - The principal cvidence for this type of alteration
is found in thc thin scections. Crystals of fcldspar can be seen altering
to bodks of mica which in turn 2re altcering to vermicular kaolinitce
Similt-ncous wxtinction shows thot frogments of fcldép:zr in thc mica and
kaolinitc mntrix nrc rcmnonts of the same original crystals The books of
secondary mica derived from feldspar arc smeller and do not give as high
2 rctardotion 28 primary muscovitc although they rcproscnt a mineral of
the muscovite typc as shorm by x-rays. The books of sccondary mica arc

not parallcl to cach other and this rcsults in 2 random arrangemcnt of




- 116 =

vermicular kaolinite aggregates in contrast to the oricented aggregates
derived from 2 larger book of primary mascovite.

Point counts of the mica in thin sections give perecentages for this
mineral which arc in accord with results obtained by minceralogical
an~lysis of size fractions.

X~-ray oan2lysis — The x-roy tcchnique used does not diffcrentiate
betiwveen primary and secondary mica.

¥incralogiceal onalysis of size fractions = In thosc clays which
arc predominontly vermicular knolinmite and arc derived from pegmntite nnd
granitc 2s high ns 40% of mica is presente The samples tcken from 2
weathercd foldspar crystal in o pegmntitce probobly originall& contained
mich lcss thon 20% of primary mascovite. This indicates that mueh of

the mico must have formed fioa the feldspan

altcration of Primory Muscovitc to Kaolinite

Thin scction - Books of mica can be obsorved altering on the cdges
and 2long ccrtoin proefereniial plones to smoller vermicular aggregates of
kaolinitc. Then knolinized, thce books show a parting perpcndicular to tho
basal_clcavagc 2t 0.02 to 0.04 mm. intcrvals. Point counts of the
kaclinitc give pcrecentages that corrcespond with those obtained by
mineralogical anclysis of the size fmctions.

X-r~y onalysis —— Books of mica which were wnshed thoroughly and
x-roycd in ¢ moist condition, wcre found to bc muscovite mica and kaolind toe
In no samplc, cven though thc mica wos ambedded in 2 matrix of endellite,
was cndellitce found morc intimotcly ossocinted with the micae The

kaolinite is pseudomorphous after thc mica and the basal planes of the

kaolinite orient, in general, parallel to those of thc mica. Deviations
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occur as a resul’ of parting and a curving of the vermicular kaolinite
aggregates as the m.ca is inereasingly altered.

Optical studies =- Unaltered muscovite gives a clear interference-
figure with a 2V of 35° to 45°% . As the muscovite alters to kaolinite,

the optic figure becomes increasingly blurred and indistinguishable.

Alteration of Secondary Mica to Kaolinite
Evidence for this is the same as that for the primary mica altering
%0 kaolinite. Distinguishing the alteration of secondary mica from that

of primary muscovite is discussed in a previous section.
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Sparks Deposit, Mitchell Co., Bethel Deposit, Haywood Co., Nat Kidd Prospect, Nelson Co,,
N.C. Microcline weathering ~ N.C. Vermicular kaolinite Virginia. Electron Micrograph
to hailoysite. x50. aggregates. x50. of clay derived from granite.

Funkhauser Deposit, Hart Co.,, Gusher Knob Deposit, Avery Arrowood Deposit, Buncombe
Georgia. Electron micrograph  Co., N.G. Electron micrograph  Co., N.C. Electron micrograph

- of cloy derived from peg-— of clay derived from plag— of clay derived from a
matite. jioclase. perthite crystal.

PLATE 1




CONCLUSIONS

Residual kaolin clays derived from pegmatites and granites in the
Southern Appalachian region show a generel increase in halloysite come
tent to that of kaclinite southward from Virginia into North Carolina
whemarfxmdmmofhalloysite content is noted in the Spruce Pine
district, Southward from the Sprusce Pine distriet to the southern emd
~of the Appalachian chain there is a decrease in the percentage of halloye
site to kaolinite formed fxom weathering of the pegmatites and granites
until at the southermmost deposit keolimite predominates over halloysite,
Kaolin clays derived from weathering of pegmatites in the Piedmont region
of Georgia are predominantly kaolinite with minor amounts of halloysite,
In the Pledmont provinces of Virginia and Nerth Carolina kaolinite pres
doninates over halloysite in ths kaolin clays but there is an increase
in the amount of halloysite westward to the h:n.ghla.n:ls.

Halloysite was observed forming only from feldsparse Under imtense
cornditions of leaching such as are prevalent in most of the Spruce Pine
distriet, both plagioclase and potash feldspars weather to mby?ite
although the rate of weathering for the microcline is much slowers The
morphology of the resulting halloysite is very much the same fram both
types of feldspar although in general the halloysite formed from the
nicroeline tenﬂs to consist of long tubes ard that from plagioclase of
stubby tubes, .

Where leaching is less intensey all of the plagioclase and most of
the microeline alters to halloysite but some of the mcrocline alters to
kaolinite through the intermediate stage of secondary micae This is
evidenced in the central region of the Blue Ridge province of western
North Carolina and is common in the southern region although locally all
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the feldspar may aIt-er~to endsllites, A further decrease in the inmtensity
of leaching results in the alteration of plagioclase to halloysite and of
g1l the microcline to sebordary mice and then to ksolimitee

The final stage is where almost all the feldspar alters to secondary
mica and eventually to vermicular kaolinite with minor amounts of halloye
site being formed from a small part of the feldspar, This is the case
in the Piedmont provinces although loca.uu;' considerable halloysite msy
form if leaching conditions are favorablee

The vermicular kaolinite in the halloysite deposits usually is not
rresent in size fractions below 2 microns and a relatively pure halloyw
site can be obtained by fractionation,

The nature of the cla.y end products resulting from weathering of
granites and pegmatites in the -Southern Appalachian region is believed .
to be a function of three main variables = mineral composition, climate,
and topographic expression. The sequenss of weathering of the minsrals
is sketched in Figure 31, pH measuremertbs on all of the kaolin clays
studied were all in the range lig65 to Ge3 with the average pH 5=50. No
correlation could be made between pH and kaolinite versus halloysite
content.,

Formation of halloysite from the weathering of feldspar appears to
be a function of climate and topographic 'expression while the rate of
formation depends on the type of feldspar, the degree of fraeturing and
texture of the rocke A granite with high qwlaartz content is mgre suscep=
tible to disintegration and chemical attaok’ than a pegmatites The
physico=ckemical emr:l.roment favorable to the formatlon of halloysite
includes water saturation, as shown by the stability fields in Figure ].O,
and solutions charged with humic and carbonic aeclids percolating through




- 12] -

the fractured feldspare -The best expression for this enviromment is
rresent in the Spruce Pinc distriet where pegmatites and granites undere
1is river Wes covered with a eapping of river gravels and thick
vegetationg IFt. iz in this district where the highest percentage of endelw
lite is found, Whether the 3~dimensional network of feldspsxr with its
channels excercises anmy structural control.. leading to the formation of

the tubular endelllite crystals is unknown, Effective leaching from the
feldspar of all its bases probably destroys the structure completely
leaving colloidal silica and alumina, The reorganization of the gels

into the relatively random and hydrated structure of endsllite is the
logieal step under these envirommental conditionse. Where leaching of the
potassium is not effeeted, secondary mica forms as the f.’frst alteration
roduet and subsequently changes to vermicular kaolinite, Although acid
conditions may be favox'able; the degree of fracturing and drainage may
inhibit rapid removal of the potassium in certain parts of the crystal
resulting in simultancous formation of emiellite from feldspar and
kaolinite from seeondary mica, On the basis of pH me?.surements the seoon=
dary mieca appears to be forming under acid conditionse There is no evi=
dence of an alkaline enviromment, A two stage process involving first the
formation of secondary mica undeyr alkaline conditions and second the forw
mation of emiellite and kaolinite at a later time under acid cond:':.tions
does not seem to fit the experimental data gathered in this studye
Feldspars weathering to vermieular kaolinite through the intermediate
stage of secondary mica, with minor amounts of endellite forming fram the
feldspar, are in an acid enviromment, It has been proposed that the
vermicular kaolinite present in s ma?r:lx of halloysite may be formed by
the reorganiszation of the halloysitee This is refuted by the fact that
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endellite, not halloysite, is always the variety present. This indientes
thet the cnvirommental conditions are conducive to the formmation of
endellite and have not changed appreciably since Tortiary time.

No motter what the intensity of leaching, and even in thosc cascs
where all of the feldspar alters to endellitc, the primary mica is ob=
served to be always altering to vemmicular kaolinite. Thus, in 2 com=
plctely wenthcered poerthite crystal for example, patches of vermicular
kaolinitc derived from the disscminated mica books will occur in a matrix
of cndellitc deriwved from the fcldspar.- This is 2an apparcnt anomaly
which con be cxplained on the basis of chemicnl composition and structural
control cven though the environmental conditions arc favorable for the
formrtion of cndellitce.

The kaolinite books are pscudomorphous after the miea but show a
parting pcrpcndicular to the basal clecavage at intcrvals of 0.04 mm. or
lcss. This corrcsponds with the mcdian sizes of 0.02 to 0.04 mm. for
the kaolinitc in thc size analyscss Once the fcldspar is altered to
sccondary mica, cven though subscqueont conditions may be favorable for
the form~tion of cndellitc, the compositional and structurzl control im-
poscd by the mica will eausc vermicular kaolinitc to be the next wenthere
ing product. Thc dccomposition of muscovite, (OH)oKB13Siz0y4, to kao-
linite, (OH)8A14Si4010, ecan bc rcoparded as essentinlly a similtancous
lecening of the potassium ond corrcesponding addition of watcr- The 13l
aluminum to silicon rotio im mascovite is the samc as in kaolimite and a
completcly leached and hydrated muscovite has the same ratio of alumina,
silica and woter os koolinite. Although muscovitc is of thc 2:1 struce

tural typec with on octahcdral "gibbsite" layer intcrpéscd betwecen 80
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siliea tetrahedral sheets, and kaolinite is of the 1lsl structurel type
with alternating silica tetrahedral and octahedral Rgibbsite® sheets,

the fact that both are extonded Sheet strustures influences the formation
of kaclinite from micae The mechanism of the conversion from a 2:1
structure type to a l:l type involves migration of silic?n and aluminum
but how the rearrangement is accomplished is not evidents The presence
of the proper proportion of almnina; silica and water in an altered muse
covite to gi.ve kaolinite coupled with the similarity in sheet structures
is believed to explain the all.teration of mica to kaolinite even in the
stability field of endellite,




GRANITE OR PEGMA
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