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AESTRACT

The Shelby district is divided into & northwesterm and a south-
esstern province. The rocks in the southeastern proviance include
various units in the Battlezround schist formzation and the Yorkville
grenodiorite. Those in the northwestern provioce include the Carclinc
gneiss, with its Shelby gneiss member, and the Toluca quartz roczonite.
The Cherryville quortc meonzonite forms a batholith that is just west
of the boundary between the two provinces. Pegnatites related to both
the Toluca and the Cherryville quartz monzonites lie in the Carolina
Zneiss snd many dikes o2 pegmetite thet are related to the Cherryville
quartz monzonite are in the tin-spodumens belt that lies alornyg the
boundary between provinces. The rocks of the southeastern province
have been tent into steep isoclinal folds; those of the northwestern
province were bent into open £olds and gently-dipping isoclinal folds.
The rocks to the southeast have been metanorphosed in the epidote-
arphibolite facies whereas the rocks to the northwest represent the
arhibolite or gronulite facies.

The pegmatites related to the Toluca quartz monzonite form sills,
di%es, and concordant lenses in the Carolina gneilss, as well as dikss
iz the Toluca quartz monzonite. The todies are unzoned and consist
m2inly of gaeissic microcline-plagioclase-quartz pegmatite. The pegma-
tites related to the Cherryville qusrtz mouzonite form dikes and
disconformeble lenses in the Carolina gneiss and the Toluca quartz
Monzonite. These pegratites range widely in composition and many are
Zoted. The dikes west of the Cherryville batholith are rich ia musco-

vite and plagioclase and may contain no microcline or only a moderote



amount of microcline. Quartz cores and microcline-rich intermediate
zones are commoa. Similer pegmatite forms dikes alcong the west edze
cf the tin-spodurene belt. The tin-spodumenc telt contains albite-
microcline-spodumene-quartz pegnatite. These dikes of slbitic pegia-
tite are largest and most nearly parallel to one another south of Kiagss
Mountain. Farther north they lie in frzactures of several sets.

The main factors that affected the dsvelcpment of zones in the
pegmatite dikes are composition of mazma, termperatures of magma ard
wall rock, and deformation during crystallization. For best develop-
ment of zonas and the zrowth of the largest rmscovite books the rute of
cooling a2nd the rate of crystzl srowth must te rather fast. Complete
cocasolidation protedbly was reached in most dikes within e few years

after the start of crystellization.



PEGMATITE GEOLOGY OF TEE SHELBY DISTRICT

NORTH AND SOUTH CAROLINA

INTRODUCTION

Location and physical features

The Shelby pesmatite district is in the Piedmont Platesu. Its
eastern edge is marked ty the concentration of pegmatite dikes in the
tin-spodumene belt, for east of “hat belt there zre few pegmatite dikes.
The southern, westerin, znd northern limits are less defiaite, a3 the
abundance of pegmatite decrezses more gradually in those directions.

The town of Kings Mountain lies near the middle of the tia-spcdiumenc
telt and is about 4C miles west of Chariotte. North Carslina. The
positions of the pegmatite areas and the major towas in and zear the
Skelby district are shown ia figure 1.

The old Piedmont uplaad surface rises, in crossing tae Shelby dis-
trict, from an altitude of about 800 feet in the southeastern part of
the Kings Mountain quzdranzle to zbout 1,050 feet at the base of the
South Mountains in the northwestern part of the Shelby quadrangle. The
Pinnacle, altitude 1,705, Crowders Mountain, altitude 1 62L feet,
Carpenter Knob, altitude 1,619, and Henry Kaob, altitude 1,200 feet. are
the most conspicuous hills that rise above the upland surface. The (AR
lend surface has been incised %o & depth of 250 feet by the largest

Streams--the Broad River and the South Fork River.
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Field work and acknowled ments

The first effective seologic work in the district was the brief visit
of Titus Ulke in 1892 (Ulke, 1894). L. C. Graton, in 1904, spent a longer
time in a more deted led reconnaissance of the tin deposits (Graton, 1906).
D. B. Sterrett completed a reconnasissance of the tin deposits for the
North Carolina Geological Survey (Pratt and Sferrett, 1904) then, in 1307,
started to map geologically the Gaffney, Kings Mouantain, and Lincolnton
guadrangles .(Keith and Sterrett, 1917, 1931). In 1939 and 1940 a party
under the direction of T. L. Kesler mapped several parts of the tin-
spodumene belt and examined deposits in other areas (Kesler, 1942), and in
1943 J. C. Olsoz examined nearly 100 mica mines in various parts of the
Lincolnton, Shelby. and Kinzss Mountain quadrangles. Olson returned to
the district, accompanied by me, in July 1944 and we continued to meke
mine examinations there until October 1945 (Griffitts and Olson, 1$53).

In 1948 a party led by R. G. Yates bezan mapping the Shelby qued-
rangle. I began sampling the spodumene-bezring pegmatites near Kings
Mountain in January 1949. The following summer I continued the sampling
and joined the party that was mapping the Shelby quadrangle. We pre-
pared some of the results of this work for publication (Griffitts end
Overstreet, 1952, and Griffitts, 195%). I continued field work in the
tin-spodumene belt until the spring of 1952. Durinz this time D. B.
Potter studied the geology of the kyanitic quartzites and associated
rocks. In preparing this report I have drawn upon the information ob-
tained by all the parties that were active in the area between 1907 and
1953. The fleld notes of D. B. Sterrett, the maps of Kesler, the maps

and notes of Olson, #and the data of Yates' party have all been of i recat
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value. These sources provided the material shown on the geologle map
(fig. 2). A manuscript map by D. B. Potter was used in revising the
outcrop areas of sillimanitic and kyanitic quertzite in the Kings
Mountain quadrangle. I remapred the pegmatite belt, which passes
through the Kings Mountain and Lincolnton quadrangles and into the
Gaffney quadrangle as well as parts of the Gastonia and Hickory gquad-
rangles, and checked the rest of the map in the field. The map of the
Shelby quadrangle by Yates, Overstreet, and Griffitts was reduced and
the geologic units revised to conform with those of the other quad-
rangles.

Inasmuch as this report is largely restricted to a discussion of
the nature and origin of peématites related to the Toluca and Cherry-
ville quartz monzonites, many details of structure, metamorphism, and
surficial geolozy are omitted.

This report is based on work which is part of a program that the
U. S. Geological Survey is conducting on behalf of the Division of Raw

Materials of the U. S. Atomic Energy Commission.

(3



GEOLOGY

Metamorphic rocks

Carolina gneiss

General features.--The Carolina gneiss, which includes most of the

metamorphic rocks that are northwest of the tin-spodumene belt, under-
lies most of the Shelby quadrangle, much of the northwestern two-thirds
‘of the Lincolnton quadrangle, and most of the northwestern two-thirds
of the Gaffney quadrangle (fig. 2). One distinctive unit, a biotite
gneiss member, was recognized in the Carolina gneiss during mapping of
the Shelby quadrangle and was found to extend into the Gaffney quad-

rangle and through the Lincolnton gquadrangle.

Lithology.--The Carolina gneiss is mainly a series of complexly
interlayered biotite and biotite-sillimanite schists and gneisses, with
small amounts of other rocks. The most common variety is a medium- to
fine-grained rock that consists of biotite in flakes that rarely exceed
1/20 inch in diameter, and quartz and oligoclase or andesirce in grains
about the same size as and smaller than the biotite flakes. The biotite
content probably ranges from 15 to 50 percent. In some layers the
biotite flakes are larger and the biotite content of the rock is higher.
Garnet may form spherules up to 1/10 inch in diameter in this rock. It
also forms neerly massive layers up to an inch in thickness that lie in
qnartz:biotite schist.rich in quartz. These garnet layers generally
were rﬁﬁher strongly folded-and in some places they have been sheared
(£1g. 3A). Tourmaline forms thin black selvages separating some of

these layers from the neighboring layers.
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Contorted garnet layer in Caiolina gneiss.

& thin black coating on the sides of the garnmet layer.

obtained about 6 miles northwest of Shelby,

Specimens

Tourmaline forms
North Carolina.

Figure 3A.

Ca

Grooves on surface of a lens of fine-grained

B a Y (HARES w

e s G e A e

Figure 3B.

Obtained

lime-silicate rock from the Carolina gneiss.

about 4 miles northwest of Shelby, North Carolina.
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Some of the sillimenitic rocks are very similar to the common
blotitic rocks; others are much richer in quartz or garnet. The common
type of schist that contains 10 to 30 percent sillimenite contains a
few quartzose lenses of rock that are very rich in sillimanite. Where
the sillimanite content of the rock is rather low the mineral forms
needles dissenminated through'the rock, somewhat more sbundantly in some
layers than in others. In the central part of the Shelby quedrangle
the schists contain layers of biotite and sillimanite that wrap around
eyes of garnet or of feldspar. In that aree such eyes are much less
commnon in the biotite schist and gneiss, though eyes of feldspar are
moderately common in sucih rocks elsewhere. The sillimenifte-rich schist
appears to have deformed plastically near these eyes, a behavior that
may also account for a cresscutting dike-like body of siilimanitic
schist in the north-central part of the Shelby quadrangle. In one place
the schist apparently contained layers of greater and lesser plasticity.
as blocky fragments 2 inches across or less and without uniform orienta-
tion lie in a sillimenitic matrix. The more brittle layers presumsably
broke while the surrounding more plastic layers flowed. Similar struc-
tures were observed on & much smaller scale in thin sections. The small
8cale of the geologic map of the district does not permit the silli-
menitic and non-sillimanitic rocks to be shown separately.

Rocks that consist predominantly of diopside a.nd andesine are
moderately widespread in the Caroline gneiss though they constitute a
Ssmall fraction of 1 percent of the formation. In most places they form
lenses a few inches thick and a foot to 3 feet long. These lie
Farallel to the cleavage and compositionzl leyering of the gneiss and

commonly have strongly stricted contzcts (£ig. 3B). The rock in the
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lenses is generally fine-grained, dense, and black. It is resistant
to weathering but may have & yellow-brown friable rind. About 6 miles
northwest of Shelby a series of lenses of a coarse-greined diopside-
andesine-calcite rock meoy be traced for several hundred yards parallel
to the planar structures in the enclosing rock. The meximum thickness
of these lenses 1is sbout 2 feet and the meximum length is about 100
feet. Gernet forms reddish spheres about 1/2 inck across, graphite
forms flakes about half that size, and calcite forms masses that may
reach an inch in width. The dlopside and andesine are finer-grained
than these other minerals. It is inferred that the series of leases
represents a thin bed of dolomite or a series of lenses or concretions
of dolomite in the original shales.

The parallelisn of the lenses of diopside-andesine rock, the other
compositional layers of the Carolina gnéiss, and the cleavage, suggests
that the compositional layers mey, in other places, be parallel to
original bedding. The layering is parallel to the cleavage in most
plaéea; the outstanding excepticn is the dike-like body of sillimanite
schist that has already been mentioned. In some other places a coutact
between sillimanitic ard non-sillimanitic schist, as mapped from float,
Seemed not to be exactly parallel to the cleavage as measured on out-
Crops. This mey result ?rom the mappinz procedures more than from

%

actual discordance ia structures.

Biotite zneiss member.--The biotite gneiss is a well foliated rock

that consists largely of biotite, quartz, and andesine. Microcline,
garnet, and hornblende locally are prominent constituents; monazite,

titenite, sillimanite, rutile, and ilmenite are conmoil acecessOory min-

erals. Tourmeline, staurnlite, epidote, and chloritz ire present
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sporadically as accessory minerals. Tke proportions of the minerals
and the texture of the rock vary greatly from ploce to place. The most
distinctive variety is a dark gray, biotite-rich rock that coatains
discontinuous layers and lenses of lisht miner=ls surrounded by darker
material. With iacreasing biotite content and increasing size of
biotite flakes the rock tecomes more schistose. A feldspar-rich variety
that contaias biotite, microcline, oligoclase, or zndesine, aad quartz
in proportions similar to those of the Toluca guartz monzonite is rather
common in the Shelby and Gaffney quadrangles. The dark-colored varieties
of the gneiss weatker to a dark brown saprolite and soil that resemble
the weathering products of the darker varieties of biotite schist and
some varieties of hornblende schist or zneiss. The lighter, feldsyathie
varieties of the gneiss weather to light-colored saprolite and soil
virmdlar to those of the Toluca quartz monzonite.

The bictite zaeiss member was first recoznized by W. C, Overstreet
during the mepping of the Shelby quadrangle in the late 1940's. The
feldspathic varieties in the northwestern pért of the Lincolnton qued-
raagle and in the Gaffrey quadrangle hed earlier been mapped by Keith
end Sterrett (1931 and unpublished) as "Whiteside grenite" and the
darker{varieties in the north-central part of the Lincolanton quadran:le
hzd been mapped by them as "Roan gneiss", their term for hornblende
8chist and gneiss. Hornbiende is, of course, found in the gneiss in
this area and according to Overstreet (oral communication, 1955), it is
Prominent in the gneiss as exposed west of the Shelby quedrangle.

The destruction during metamorphism of most of the originsl struc-
tures in the rceks has made it difficult to determine their orizin. At

Gt :
blace, atout 5 milas southeast of Cherryville, a2 rock was found thit
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appears to be an amygdaloidal basalt. In most of the float blocks the
white amygdeloids have been stretched but in some the deformation was
slight (fig. 4). This rock now consists largely of green hornblende
and andesine feldspar and the amyzdules are largely andesine. The
matrix is homogeneous and shows no sign of altered olivine or pyroxene.
If these minerals were originally present they must have been fine-
grained and well distributed through the rock, as they might well be in
the vesicular upper parts of basalt flows. The wide variation in lith-
ology of the biotite greiss as well as the northeastward thickening of
the formation, colncident with an increase in the interlayering of
different rock types, suggest that volecanic and clayey sedimentary
mzterials may have been intermiagled and also deposited in sepcarzate
Teyers. Neither material contained many structures that were large
anough to persist through the metamorphism. The rest of the Carolina
geeiss formation might 3similarly contain both volcanic and sedimentary
ra2terial, The lenses of lime-silicate rock in the Carolina gneiss
were originally carbonate-rich sediments, as shown by the content of
calcite as well as by the calcium- and magnesium-rich silicate minerals
they contain.

The original sediments that were metamorphosed to form the
Carolina gneiss were rich in silicate minerals but contained very
little clear quartz sand. The predominance of biotite and quartz in
203t of the schists suggests that silt and illitic end montmorillonitic

OT chloritic clays predominated, containing silica, potash, and

T3 resia,
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Figure 4. Metabasalt with relict amygdaloidel structure from
the biotite gneiss member of the Carolina gneiss.
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Battleground schist

General festures.--The Battleground schist formation was described

originally by Arthur Keith and D. B. Sterrett (1931, p. 4-5). wko con-
sidered it to be of late Precambrian age. As parts of the formation,
they included a sericite-quartz schist that grades locally into quartz-
ite, conglomerate, metamorphosed tuff, and a manganiferous schist
member. They believed that the Draytonville conglomerate, the Gaffney
marble, and the kyanitic quartzites unconformably overlie the Battle-
ground sericite schists. Hence, they included those rocks in tke
Cambrian Kings Mountain quartzite formation. Abundant good exposures
in road cuts now show quite clearly that the conglomerate and the
quartzite beds are essentially conformable with the Battlegrouné schist.
In this report, therefore, the kyanitic quartzite, Gaffney marble, and
Draytonville congloﬁerate are treated as parts of the Battleground

schist formation, and the formal names for the marble and conglomerate

are not used.

Lithology.--Sericite-quartz schists constitute much of the Battle-
ground schist formation. The color of the rock ranges from white to
bluish-black, although medium gray to white or pale cream colors are
Predominant. The color depends largely upon the contents of graphite
and iron oxides. Quartz and sericite are by far the most abundant
minerals in this rock, amounting to 95 percent or more in most places.
The quartz content in a few places may drop to a few percent; in others
it may rise above 95 percent. The quartz-rich rock are fine-grained
Quartzites that contain small amounts of sericite. In the area between

the north end of Crowders Mountain and the State line the Battleground
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schists commonly coatain a small fraction of 1 percent of magnetite in
well-formed octzahedra & millimeter or less across.

Much of the schist contains stauroclite, indicatinz that it wes
metamorphosed within the conditions of the lower amphibolite facies.

The deformation that was assoclated with metamorphism of the rocks
has not obscured the beddirng, which remains evident in the schist in an
elternation of quartz-rich and quartz-poor layers 0.1 inch or less ia
thickness. The bedding naturally is not distinct in the schists with
very low quartz content. The distinction between bedding and cleavage
; can be made in the Bettleground schist as the primary and secondary
’ planar structures are not everywhere parallel, although they are
parzllel in most places. The sericite flzskes are oriented parallel to
. the schistosity and the quartz grains are nearly equidimensional or are
slightly flattened parallel to the schistosity. Ottrelite, staurolite,
end apdalusite grains are not consistently parallel to the bedding or
cleavege. Tiny wrinkles, chevron folds an inch or so across, and
fractures in the Battleground schists are discussed uander structure.

Bedding in the martle is shown by thin layers or seams of viotite,
by Jointing parallel to the seams, and by interlayering of beds with
differeat colors (fig. 5). -

Chlorite schists are not conspicuous in the Bettleground schist.
They are similar to the darker varietieé of sericitic schists but con-
tain very small flakes of chlorite 2s well as sericite. A few chloritic
schists may contain less quartz than the aversge sericitic schist.

Graton (1906, p. 16) and Keith and Sterrett (1931, p. 4) inferred
from the presences in sore beds of broken fragments of rocks and minerals

“hat the Bauttle.rowid schist is tuffaceous, thouzh nothing as conclusive
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as shard structure or scoriaceous material was found. It is impossible
to deten;xine how much of the sedimentary material from which the schist
was derived was of volca;:ic origin. The Battleground schist may be rert
of the series of slates 'fcb.e.t crop out in the "Slate belt" east of
Charlotte and contains a“' large proportion of volcanic materizl.

The sedimentary rocl;s that were metamorphosed to form the Battle-
ground schist, like the protoliths of the Carolina gneiss, included
volcanic materials and shales. In addition, they included sandstones,
conglomerates (with petbles either of quartz or of basalt or rhyclit

—

porphyry), menganiferous 2nd iron-rich shales, and limestone.
Hornblende schist and gneiss

General features.--The rocks indicated on the mep as hornblende

schist and gneiss include the gabbrecs and the "Roan gneiss" that were
mapped by Keith and Sterrett {(1931) as well as smsll btodies of more
basic rocks composed meinly of pyroxene, serpentinite, znd talc. Ttere
&re three general types of rock in the mapped unit: gabbroic rocks that

ire more or less zneissic, horntlende schist, and pyrcxenite.

Gabbroic rocks.--The gabbroic rocks form round or oval masses 2 few

hundred yerds ecross. Tke marginal parts of some of these bodies are
Scnevhat gneissic, and some bodies are gneissic throughout. In the
Veitern part of the district Keith and Sterrett classed the folizted
Tc:ks as "Roan gneiss" and the unfoliated rocks as "gabbro", e distinc-
_u°n th&t no longer seems appropriate. In mineral composition, the

POCks here called gabbro renge from dioritic to gabbroic, as the feld-

SPAr may be either znd=sine or labradorite.
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In the southern and northeastern parts of tkbe Shelby quadrangzle
the gabbroic rocks are enclosed in biotite schists and gneisses of the
Carolina gneiss. They form ellipticsal bodies that are oriented with
their long axes a2bout psrallel to the folisation of the gneiss. In the
rest of the district the gabbros are in or near Battleground schist,
Cherryville quartz monzorite, and Ycrkville granite. They are the wall
rocks of spodumene-besring pesmatite in the Indian Creek and Beaverdam
Creek areas.

The biotite greiss menmter of the Carolina gneiss, as mapped in the
Lincolnton quadrangle, includes meny masses of horableandlc rocks. Sonme
of these appear to be gebbros end quite likely ere intrusive; others
appear to be metomorphesed sedimentary or volconic rocks.

The gabbros are dark gray and ars composed mainly of kornblende
and feldspar which. because of their strong color contrast, give the
rock a spotted aprearance. The zrain size ranges from 0.02 inch to
0.5 inch but it is =bout 0.1 inch in most pleces. Microscopically the
rock is seen to contain hornblende, andesine or labradorite, with
2nor amounts of hypersthene, biotite, olivine. and magnetite or il-
Renite. The hornblende is ygreen irn most places, brown in a few. There
is a suggestion that olivine tends to be associated with brown horm-
blende more than with green hornblende. The hypersthene is generally
rearly colorless in thin section. It is disseminated througzh the rock
ad at one placé fcrms pyroxeaite veins or dikes in gabbro. At the
- 014 Plentation émera}i rmine both hypersthene and hormblende were
formed by the aiteration of olivine as well as by primary erystalliza-
tion. Evidence;for a secondary origin of hornblende and hypersthene

is lacking @lsevhere. Sterrett reports Iin his unpublished notes that
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olivine geboro, that crops out 2-1/2 miles N. 70° E. of Lincolaton,
contains violet augite, olivine, calcic labradorite; bioctite, black
iron ores, pleonaste, axd pyrrhotite. Serpentine formed radiating

reacizion rims around other minerals.

Hornblende schists.--Eornblende schists are very rare in the

Shelby quadrangle but are found in zbundance in and near the tin-
spodumene belt. They form the country rocis of many pegmatite dikes
south of Kings Mountain and neér Lincolnton. The schist forms more cr
less tabtulor layers thot are elongated parallel to the regional end
local trend of the fcliatioa. Interlayered with it are various rocks
of the Carolina gneiss and Battleground schist.

In many of the schists hornblende is by far the domirant mineral.
It is pale green to black in hand specimens and colorless to green in
thii-sections. The hdrnblende-rich rocks very commonly are strongly
lineated, with nearly all the hornblende needles parallel with one
another. Thin pencils of light-colored minerals in these lineated
rocks are also parallel to the hormblende crystals. Plagioclzase
feldspar is a rather common accesscry minerul and in generally olizo-
tlase or andesine. Sphene is abundant in some rocks, including some
that also contain sbundant light brown biotite. Glaucophane con-
Stitutes most of several thin layers, not more than 1/8 inch thick, ia
berablende schists in the Kings Mountain area aend 1is a major con-

Stituent of uncommon quartz-glaucophane schist layers several inches

thick in the same area.

Pyroxenite and associated rocks.--Small bodies of medium-graiasd

wf€en rock, composed lar_ely of ferro-mo_nesian minerals, are moderital;
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comwn in hornblende uneiss near Lincolton end near Gaffney, cs well
as in a smell ares a few miles south of Shelby. These rocks were
mapped as peridotite by Keith and Sterrett (1531). Some of the bodies
are nearly tabular, as the lensth is several times the width; the out-
croﬁ areas most carefully examined, however, are ellipses.

South of Shelby smell oval bodies of pyroxenite are in bilotite
schist but are nezr bodies of gabbro and hornbleade gneiss of similer
size and shape. Elsewhere the pyroxenite most commonly is enclosed by
the horanblende schist and gneiss.

The pyroxenitge is _reen, the shade varyiﬁg with the content of
minerals other than hypersthene. Incre2sing content of chlorite, zen-
erally in flakes 1/50 inch or more =cross, hos little effect on the
color; increusinz tale content naturally lightens the rock. Th2 rocks
richa23t in talec are greenish gray. Increasin: hormblende ccatent
darkens the rock. Thé hornblends content may very directly with the
feldspar content. -

The horntlende of the pyroxenites is 5ré§n, in some pleces with a
bluish cest, in other pleces yrayish or brown;sh. Brown hornblende is
apparently rare. The pyroxenes include hyrersthene, which is domineant,

and diopside, which is uncommon.
Schist znd granite complex

About 100 rears ago Oscar Lieter, the State Geologist of South
Carolina, mede a ygeologic reconnaissance of an area thet includes the
kings Mountain quadranzle. He found a broad arez in which the rocks
Upon weathering, yielded a very light-colored soil, similar in color

to that which forms from graaite in mzny places in the Pledmoat
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{Liever, 18¢0). EFe concluded thnt the erea was uudarlzin by sroaitic
socks. In this view he was follcwed by Keith end Sterrett (1931) who
Jound coafirmin; evideace in outcrops of granitie rocks in the southern
zart of the Kings Mountain quedrangle, and named the unit "Bessemer
grapita". This unit coatains not only grenitic rocks of quartz mon-
zonitic or quartz dioritic composition, but also, and probably in
larger a2mouats, sericite schists that are in part matamcrphosed
clastic voleanic rocks.

Keith and Sterrett used the presence of conspicuous pyroclastic
material as their mein criterion for distinguishing Battleground
schist from "Bessemer granite." 3ericite schists in the Kings Mountain
guadrangle contaoining volcznic zmzterizl wers iacluded in the Battle-
sround schist. Most of tke other schists to the east and south were
ircluded in the "Besseper granite”. This distinction was not coa-
sistently made in the Gaffney aad Lincolnton quadrangles. I separated
several areas of schist from the "Bessenmer sranite" uait of Kbitﬁ
and Sterrett but was left with an unstudied residue that may te under-
12in largely by igneous rock. Mo more was done because further study

of this meterizl would contribute little to the sutject of this report.

Izneous rocks

Toluca quartz monzonite

General features.--Toluca quartz monzonite occurs in a

Sortheasterly-trending belt that is asbout 35 or 4O miles wide at the
Shelby district. It is found throughout the Shelty quadranszle but is

Feitricted to the western quarter of the Lincolnton quidranzle and the
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aorthwestern third of the Gaffney quadranzle. It may be present ot the
northvestern corner of the Kings Mountain quadrarngle though this has
nat teen demonstrated.

Host of the bodies of Toluca quartz monzonite are sills that are
pﬁi—:llel to the foliation of the Carolinz gneiss although the contaets
c? tze sills locally cross the foliation of the wall rocks. A few

-

bcdies of quartz monzoanite in the northwestern vart of the Shelby quad-

]

rzezle are dikes that cut the Carolina gneiss. The largest outcrop is
12 the northeastern corner of the Shelby quodrangle and parts of the
adjoining quadrangles. It is about 7 miles long. Helf of tke total
azter of bodies of Toluca quartz monzouite mapped in the Shelby quad-
rangle are 2,600 feet or more in length.

¥ost of the bodies are tabular, witk some pinching and swelling,
t2t cthers are irrezular. The irregularities in the outerop area in
tZe central and south-central parts of the Shelby quadran;le represent
irregularities in the shapes of the bodies of quartz monzonite whereas
those in the very large outecrop in the northeastern corner of the
Taadrongle are in part results of the erosioa of a gently folded and

n2arly horizontal sill.

Lithology.--The Toluce quartz monzonite is a gray, medium-grained,
medarately to st‘mngly gneissic gray rock (fiz. GA). The gneissic
3tretire is shown by layers that are rick in either quartz or biotite.
dere the segrecation of minerals is less prooounced the foliation is
3bovn parallelism of biotite flakes and of leaves of quartz. Linear
8irctures in the quartz monzonite include elongate flat leaves of

14372z, and elongute clusters of biotite flakes. The quertz leaves
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Figure 6A. Toluca quartz monzonite with strongly developed planar

and linear structure. Scale is 6 inches long. Near U. S. High-
way Th, five miles west of Shelby.
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Figure 6B. Lineation, parallel to 6-inch scale, in Toluca quartz
monzonite. Same locality as figure €A.



generally are less than an iach long, thoush a few are several inches
long (£ig. 6B). The width is about one-fifth of the lensth and the
thickness 13 a smell fraction of the width. In places thes foliztion
is folded and cut by faults elong which there wes only small displace-
zert. The fractures seem to have little directlonzl relation to tke
foliation and lineation of the quartz monzonite, though they formed
rather soon-after the consolidation of the quartz monzonite, because
recmatite related to the gquartz moazonite was intruded into them.

The major mizerals of the Toluca guarwz monzonite are olijocl=zse,
zicrocline, quartz, ~nd biotite. Muscovite is 2 minor constitueat that
is intergrown with feldspar snd gquartz. As an zccessory mineral garnet
forms spherules about 1/4C inch across erbedded in the light-colored
cgrezates of quartz and feldspar. The Zeldspar grains are 1/20 to
/% inch across. Apatite, zircon. monazite, and ilmenite are wide-
spread accessory minerals. Rutile, sillimenite, blue spinel, and
Xerotime are less widespread. The proportions of the major minerals
in 8ix specimens are shown in tadble 1.

The order of crystallization of the minerzls has not been worked
out in detail. The viotite, the feldspars, and part of the quartz
apparently crystallized early, followed by the quartz that formed the
ieaves, then by zarnet, which formed after cessation of the movement
that oriented the quartz leaves. The plegioclaée, like the quartz,
My have crystallized over a long interval because sodic plagioclase

Seeme to have formed after mcsh of the more calcic”plagioclase.
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Table l--Minerzl composition of Toluca quartz monzonite

1 2 3 h 5 6 Average
Plozioclase 35 40 31 L1 35 25 32.8
Microeline 23 28 34 16 20 38 28.3
Quartz 26 31 23 26 38 31 29.1
Biotite 8 1 I 13 5 2 5.5
Muscovite 8 - - L -- 2.0
Garnet -- - 8 - 2 L 2.3

Columns one through six give compositions of six specimens

obtained 4 to 6 miles northwest of Shelby, Nortk Carolina.

Modal analyses made on their sections by point-counter methed.

Values given to nearest perceat, except in sverages.
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Yorkvilla granite

Generzl features.--The Yorkville gr=nite forms an elons=te batho-

lith that hes teen traced for more than 50 miles from the town of York
{formerly; Yorikville), Soutk Carolina, northward to Catawba County,
Jorth Carolina. The Yorkville granite is widely exposed south of the
Zaffney end Kings Mountain quedrangles and between Gafiney end an araa
3 Jew miles southeast of Whitestone, Soutkh Carolina. In most places
it is in cont2act with Battleground schist, though it might cross the
strike of the rocks far enough southwest of Gaffney to reach the
Carolina gneiss.

The Yorkville graﬁite nas not yet been found in contact with the
Caerryville guartz monzonite or with any pegmatites related to the
Cherryville guartz monzonite. It dces not appear to be involved in
@y way in tke origin either of the pegmatites or of the metamorphic
Tocks that enclose the pegmatites, so it will not be discussed in

datadl.

The western marszin of the main batholith of Yorkville grznite is

{3

eorly parallel to the rezionsl trend of the metamorphic rocks. The
2catact 1s somewhat trenszressive, however, as is indicated by septa
¢ metamorpnic rocks in the batholith. South of the Gaffney and Kings
‘ountain quadrangles the rock msss is meriedly discordant.

The metcmorphic rocks have been affected by the Yorkville gronite;
e i&tensity of metamorphism increzses near the contact to produce
~=ziibolite facies, whereas the rocks farther west are of the green-
3chlst or albite-epidote-amphibolite foeies (Potter, report in prep-

a2 . .
*filon  1G655). This increcse in intensity of metamorphism is showm
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most conspicuously by the sbundance of sillimanite in the xjanitic
quartzites or by the presence of sillimanite without kyenite withia 2

mile of the Yorkville _-ranite.

Lithology.--The most cormon veriety of Yorkville granite is a
coarse- to mediun-grained porphyritic rock. The groundmass is 2
medium-grained agsregate of quartz, biotite, oligoclase, and potash
feldspar. The phenoerysts, of microcline, reach lengths of 2 iaches.
In most places they are not coansplcuously aligngd. Magnetite and
zircon are widaspre2d accessory minerzls. The ﬁlagioclase is strengly
zoned. This is especially pronounced in some gfains that are adjacent
to microcline phenocrysts.

The composition of the Yorkville granite is near the dividing
liae Yetween quartz monzonite and grancdiorite: +that is, Just about
one-third of the feldspar is potash feldspar =nd cbout <wo-thiris is
plegioclase. The chemical analyses in table 2 reflect the nature of
the rock.

Only a few dikes of aplite and of regmatite have been found in
the Yorkville granite. They ars composed of rlagioclase and micro-
cline feldspar, quartz, and micas. The dikes are generally only 2

few inches thick.

Cherryville quartz monzonite

<

Ceneral features.--The Cherryville quartz mon%pnite forms a large,
elongate batholith thet extends from a point near Blacksburg, South
'Cardlina, northezstward at lenst as far as Maiden, North Carolina. In
addition, it forms a series of stocks in 2 line that passes through the

town. cf Kiigsbhuntain znd on to the northeast (fig. 2), about 2~l/2



Table 2.--Chemical composition of the Yorkville pranite

1 2 3
510, 63.90 70.77 T1.55
Al03 15.75 14.89 k.47
Fey03 | 1.1€ .75 R
FeO 2.49 1.2h 1.51
MgO Th 43 7
C20 2.€6 2.08 2.00
Nas0 4.76 L.47 3.72
K50 3.49 L.70 .16
Isn. loss .18 .19 .34
T10, .36 .36 ko
M0 tr tr .05
F205 tr tr .13
S04 tr tr --

Earle Sloan, ana2lyst. From Jackson quarry, 0.5 mile north of
Clover, York County, South Carolina. From U.S.G.S. Bull. 426,
P. 17h.

Esrle Sloan, analyst. Muscovite-bezring Yorkville granodiorite,
Whiteside quarry, 2 miles west of Filbert, York County, South
Carolina. From U.S.G.S. Bull. 426, p. 17h.

L. N. Tarraat, analyst. From small quarry 0.9 mile southwest of

Machpelah Church, Lincoln County, North Carolina. Collected by
D. B. Potter, report in preparation.
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. to S miles east of the batholith. Abocut 7 miles southeast of Kings

‘Mountain this eastern belt of stocks coalesces with the main batholith.
The mzin batholith is made up of taree segments. The northern

segzment, which is at least 25 miles long, trends N. 25° E. parallel to
the belt of stocks. The width of this secment ranges from 1/2 to 2-1/2
miles. The thinner parts are relatively clezin quartz monzonite, whereas
tte thicker parts contaizn inclusions or scptz of metamorphic rocks.
The southern segment of thie batholith is a wedge-shaped mass abcut 15
milss long that tapers from ¢ width of 2bout 4 miles west of Kiangs
Mountain to its pointed end zbciut 5 niles west of Blacksburg. This
wed e-shaped mass contuains swony lzare inelusious of biotitic schists
and gneisses as well as large septa or pendants that are attached to
the wall of the batholith. These ars somewhat more abundant alony; the

. wastern wall thon clongs the exstera wall., Counecting the northern and

! ~ —~ ) M DI S UL SR . P Sl
Scutiierz segueats of L TL-llwllith is the nmdddle sezment, o swarm of
3 e WL - s e e o M m.3 ~ -~ - T -~
2kesd, sills, ~nd irvesdor sncll stocis. This swaim, vhich 4s xbour

" miles wide, ocxteads Zue south from Cherryville tc the latitude of
Kings Mountein, where it joins the troad base of the wedje-shapad
sdutkera segnent.

The stocks in the eastern belt of Cherryville quartz monzonite
Taage in width from sbout 1,5 mile to 1-1/2 miles end in length from
3tout 2-1/2 to 4 miles. They are separated by 4 to 7 miles of meta-
rorphic rocks. The long mass of quartz-menzonite between Blacksburg
Aod Gaffney might be considered a part of the easte;;'n belt.

It i8 uncertain how far the Cherryville quazitz1 monzonite extends
“°1'th of Maiden. None of the rock was found while walking over roads

* few miles north of that town, tut the possibility remnins that a

Oy
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. narrow belt of quartz monzonite mizht have been concezled where crossed

by the roads or that the quartz monzonite belts might be interrupted,
only to recur still fartber to the northeast. Near Pacolet, southwest
of Gaffney, which is near the apparent southwestward end of the Cherry-
ville quartz monzonite crea, a rock is gquarried that strongly resembles
the Cherryville quarts monzonite. Detailed studies of the rock at
Pecolet and of the geologmy of the a2rea between Pacolet and Gaffney are
needed before a correlation can be established. A lenticular tedy of
groanitic rock southeast of Gaffaey might alsc be a body of Cherryville

quartz monzonite. It has not been studied.

Relations to enclosing rocks.--Both the northern and the southern

segrents of the mein batholith of Cherryrille quartz monzoanite are
essentiually parallel to the regional trend of the metomorphic rocks.
The middle segment, with the intimote intermingling of igneous end
metamorphic rocks, is discordant. The eastern belt of Cherryville
qQuartz monzonite stocks also trends parallel to the regional structures
and the individual stccks are elongzated parallel to that trend. The
discordant middle segment of the batholith, interestingly, is nearly
coincident with and parallel to the axis of the Muddy Fork anticline
(fig. 11). The metamorphic rocks therefore ere very strongly deformed,
having undergone the earlier folding as well as the later fracturing

2ad displacement that accompanied the intrusion of the quartz mon-

Zonite ragma. The complex structure in the metamorphic rocks and the

1ntemingling of igneous and metamorphic rocks made it impossible in

the time avajlable to determine the direction of dip or of plunge in
the bathoyien.



. South of the mein batholith and along-strike from its end tuhe
metamorphic rocks are cut by many closely spaced fractures. The
fractures bound blocks of schist that are a few feet to several tens
of feet across. Many of the blocks have been rotated. The meta-
morphic rocks in the eastern belt of quartz monzonite are also somewhat
fractured, though less intensely than those along-strike from the main
batholith and in the tin-spodumene pegmatite belt.

The association of bodies of quartz monzonite with fractured
country rocks and the concentration of the quartz monzonite into two
belts in the northern part of the area of figure 2 suggested that
shattering alonz two belts, perhaps resulting from region shearing
movements, preceded the intrusion. The northwestern fracture zone was
disrupted where it intersected the Muddy Fork anticline (fig. 11) and
gavg way to a transverse breccia zone that connected it with the
southern fracture zone. The especially larze emount of quartz monzonite
that is in and near the transverse brecciz zone might be attributed to
a southwestward movement of the northwestern side of the northwestern
frocture zone. If the movement continued during the rise of the magma
a4 space of relatively low pressure should have developed there.
Haturally, if the batholith does not plunge vertically the direction
Of movement of the fracture walls that would be most favorable for
lntrusion would not be horizontal; it would deviate from the horizontal
by the 3ame amount the plunge deviated from the vertical.

Keith and Sterrett (1917, p. 130-132) point out that micaceous
Schists yere partly absorbed by the magma to yleld igneous rocks with
' 8 abnormally high mica content and that hornblendic rocks broke up

1??0 more block-like masses which, where assimilated gave rise to
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. more basic granitic rocks. The recent work verified the blbcky nature
" of inclusions. both micaceous and hornblendic , but the smount of
assimilation and its effect on the composition of the intrusive rock
does not seem to be particularly striking.

In the Muddy Creek exposure the quartz monzonite shows very sharp
contacts against the sillimanitic zneiss (fig. TA). The crumples or
shear folds in the gneiss plunge S. 10° W. at an angle of about 65
degrees. -The quartz monzonite contains meny inclusions. Some of these
are of gneiss, in which the foliation is not parallel to that in the
country rock (fig. 7B) and some are of somewhat gneissic granitic rock
(fig. 10B) and may be cognate inclusions. Still later the normal
quartz monzonite was fractured and cemented with lighter colored mus-
covitic quartz monzonite (fig. 8). In this exposure the quartz
monzonite varies in composition but the variation could not be corre-
lated with variations in country rock or with evidence of assimilation.

In most places there was little reaction between the Cherryville
quartz monzonite magma and the intruded rocks. At Muddy Creek, Cleave-
land County, North Carolina, the schist contains uausually large amounts
of muscovite and unusually coarse-grained micas and sillimanite has
apparently replaced some of the micas. The muscovite appears to be a
young minera.}. because it is concezitrated along axes of shear folds
that break the biotite flakes, and it forms metacrysts that lie along
axialplipe fraoctures in the folds and the sillimanite that replaces
the muscovite must be still younger. Farther east, near the eastera
®dse of the batholith, the schists in many exposures contain much more
®iscovite than the Carolina gneiss in the Shelby quudrangle. Inasmuch

23 the boundary between the muscovite-rich Battleground schist and the
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Figure TA. Discordant contact of Cherryville quartz monzonite
(upper left) with mica schist (lower right). Scale is 6
inches long. Muddy Creek, Lincolnton quadrangle.

Figure 7B. Follation in schist truncated by Cherryville quartz
monzonite and small inclusions, rotated, in quartz monzonite
(to right of scale). Muddy Creek, Lincolnton quadrangle.



Figure 8. Biotitic Cherryville quartz monzonite
broken and cemented by later, muscovitic
quartz monzonite. Scale is 6 inches long.
Muddy Creek, Lincolnton quadrangle.



biotite-rich Carolina gneiss hes not been mapped accurately the amount

of folding or faulting of cne rock into the other is unknown.

Lithology.--Three verieties of Cherryville quartz monzonite have
been recognized in the field. The most ccmmon variety, which forms 70
to 80 percent of the batholith, is a biotite-rmuscovite quartz monzonite
that contains feldspar groins about 1/8 inch across, with smell mica
flakes and interstitial quartz. About 2 miles south of Lincolnton and
in o small ared north of Vontine the rock is slizghtly porphyritic, with
pheznocrysts of microcline that esre slizhtly l=arger thon most of the
feldsper groins of the rock tut the contrast in grain size is not great.
The second variety of rock is found in the southern part of the batho-
}ith, and in scattered are2s near its western margin this varis=ty is
rmoderztely to strongly lineated (fiz. 9). The irregular body of
Cherryville guartz monzont te that extends from Blacksbur: to Gaffney is
the lineated variety. The assignment of this bedy to the Cherryville
Guartz monzonite is uncertain zs similar rocks have been ncted near the
torders of the mcin batholith of Yorkville jsranite. The third variety
of Cherryville quartz monzonite contains muscovite but little or no
blotite. It is found in small areas scattered throuzh the batholith
and appears to be most cormon near its eastera margin.

The main constituents of the Cherryville quartz monzonite, other
than the micas, are microcline, oligoclase, and quartz. The relative
Proportions of the minerals are shown in teble 3.

) In the common biotiﬁe-muscévite quartz monzonite the microcline
3lmost invarizbly shows aridirou twinning. It generally contzins only

2 few thin spindles of albite and it only rorely contains irresular
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Mgure 9. Lineated variety of Cherryville quartz monzonite
from Blacksburg, South Carolina. Major scale divisions
are 1 inch.



Table 3.--Mlnerzl conrositisn cf Cherziville quarsz monzoai=e in
rerceat by volume

1 2 3 4 5 6 7 8 9 10 11 12 13 1k
Plagioclase 24 33 30 32 31 24 26 45 26 33 3¢ 32 3.6 32.9
Microeline 1 15 25 18 16 31 38 14 28 33 26 23 23.3 2¢.8
Quartz 45 32 28 35 42 30 28 26 2 31 30 31 30.6 31.7
Eiotite -- 1 6 6 4 4% -~ € 3 1 7 L4 3.8 &u.3
Muscovite 29 19 11 T 7 11 7 9 19 2 1 10 9.4 8.6
Garnet -, mm mm ee me = l] cm e am em e -- -
Tourmaline -- (&) ~= - o o 0 o o - - oo - --
Epidote s~ T . - -

Modal a2nalyses made oa thin ssctions by poiat-counter method.
Values given to nearest percent except for towrmzline and in avercges.

1. Sample taken 2t coutuact with mica schist. uddy Creek, Lincolaton
Quad.

2. Oze and one-fourth mi-les‘north of Bethel Churchk, Lincolnton Quad.
3. dne and one-fourth miles anorth o2 Vaztine, Lincolaton Quad.

L. Two and one-balf miles north of Vantine, Lincolatcn Quad.

5. One mile south of Weuco, Lincelnton Quad.

O. Common variety of quartz monzoaite, Muddy Creck, Lincolnton Quad.

7. One mile west of Laboratory, Lincolnton Quad. Crushed rock from
shesr zone.

8. One mile west of Laboratory, Lincolaton Quad.

9. Lineated quortz monzonite, Blacksburg, Scuth Carolins. Weathered.
10. Tvo and one-half miles north of Oak Grove , North Carclina.

11. One and one-half miles south of Weco, North Carolina.

12. One and one-hz1f miles south of Waco, North Czrolina.

i3. Average of 2 through 12.

“ .
4, Average of hiotite-muscovite quartz moazoalte, all samples
hi -

=, i, ond 9.
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patches of plagioclase in "patch perthite”. The larger microcliae
Srains ccntain round or oval blebs of plagioclase, some of whica may
have been incorporated ia tke growing microcline crystal tut others
have replaced the microcline. A few grains of microcline were larzely
repleced by plagioclase, leaving only irrejsular remmants of the rim of
the original erystal. The plagioclase occurs in two menners: es
Llocky grains of olijoclase (ab 70-80) that comrmonly are twinred and
somewhat turbid, and as rouand grains that generally sre less tuwimmed
than the tlocky graias and sre much less turbid. The lat<er plagio-
clase contains about 4 to & perceat more albite than the tlceky
feldspar. The difference ia composition cun be determined readily
where the clearer plazioclase forms an overirowth on the bleeiy turbid
clazioclase. Both vorieties of plazioclase weather readily; heace,

in thin section they contain thia layers of colorless or browa second-
2ry material. The plagioclose is only slightly zored where the blocky
grains have not been overgrown by the later plagioclase. Oscillatory
zoning was nct seen. The rock is free from fractured zz2ias or other
cataclastic effects, thougk in some semples it contains eracks tkat
cut both microcline and plagioclase feldspar. In one plzce such
cracks are partly occupied by thin veins of quartz. Ia other places
the plagj.oclasc is clear alongside the c%acks, thoush elsevhere it

¢ontains many dust-like particles of = brown material. Tke clear

S

Plagicelase apparently has the same albite content as the turbid. The
fractures that pass into microcline grains are there f£illed with tiny
Forticles of brown material resembling the material whiek wos removed

fxenm the plagzloclase.
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Biotite in the quartz monzonite contains blaeck halos about tiny
inclusions and is commonly altered to chlorite. A little sphene formed
as a by-product of this reaction, but no potash feldspar could be attri-
buted to it. Perhaps the potassium released during the chloritization
entered sericite, which accompanies the chloritized bictite in many
places. Quartz forms round or irregular grains interstitial to those
of feldspar and mica.

During the consolidation of the rock the microcline and blocky
plagioclase apparently formed first, probably about at the same time
as the micas; then additional plagioclase formed overgrowths on the
blocky grains, interstitiasl masses between the older grains, and re-
placement masses in the microcline. In most places the replacement
formed round blebs; in fewer places it formed patch perthite. Strong
zoning of plagioclase alongside some large microcline grains suggests
that albite might have been exsolved from the microcline.

Large crystals of perthitic microcline have been found in the
biotitic Cherryville quartz monzonite (figs. 10A and 10B). The origin
of these is not clear. They have been found mainly in outcrops in
which small pegmatite dikes are common and there may be & genetic re-
lationship between the pegmatites and the crystals, wl;.ich presumably
replaced the quartz monzonite. The microcline grains are not; accom-
panied by other coarse-grained minerals, such as the plagioclase, quartz,
and muscovite that accompany it in pegmatites, but are embedded in

Qquartz monzonite.
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Figure 10A. Perthitic microcline mass in binary Cherryville
quartz monzonite. From old U. S. Highway T4 near Buffalo
Creek.

Figure 10B. Euhedral white perthitic crystal
(below 6-inch scale) in biotitic Cherryville
quartz monzonite. Muddy Creek, Lincolnton

quadrangle.



The muscovife quartz monzonite is similer to the biotite-muscovite
‘ quartz monzonite except for the scarcity of biotite. The relations be-
tween the minerals are similer in the biotite-bearing and the biotite-
poor rocks, though no perthitic microcline was found in the biotite-poor
rocks. |

| At only one place was the lineated quartz monzonite found to be
fresh enough to permit a thin section to be prepared from it. In this
place the biotite content seemed to be abnormally low. The relative
freshness may result from a2 low content of both biotite and plagioeclase,
the two most reedily weathered minerals. The modal composition is given
in Table 3. Because of the weathering, paragenetic studies and the
identification of plagioclase and biotite were difficult. The micas

probably formed early during the consolidation of the rock.

Age and ofigin.-~Thé Cherryville quartz monzonite was emplaced in

metamorphic rocks that were brittle immediately before intrusion. This
is shown by the blocky shape and abundance of the inclusions as well as
by the fracturing in the metamorphic rocks in the zones of intrusion.
Farther west the rocks of the Carolina gneiss were brittle at the time
of intrusion of the pegmatites related to the Cherryville quartz mon-
zonite. This indicates that the Cherryville quartz monzonite was em- .
placed long enough after the last msjor period of metamorphism and
plastic deformation for the rocks to have become rigid probably because
of a reduction in temperaﬁurevand pressure. The metamorphism took piace
about 400 million years ago, or probably in Ordovician time. About 120
million years elapsed between the metamorphism and the intrusion of the

Cherryville quartz monzonite if we accept the evidence of a single age
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determination, made by the Larsen method, of monazite obtaizs Zrom the
rock at Muddy Creek. The age was 285 million years which mey corres-
pond to middle Devonian. The monazite was exceptionally rick ia uranium,
which suggests that the age should be accepted only tentatively, pending
confirmatory determinations. Additional samples have not yet teen made
because of the scarcity of zircon and monazite in the rock. Tre
Devonian (?) eruptive activity in the Piedmont should have laf: its
mark in the sedimentary rocks in eastern Tennessee. Unfortunziely,

only & small part of the Devonian period is represented in the: area.
The absence of strata may indicate uplift and crustal unrest ézring
Devonian time, which would be compatible with a Devonian age f:r the
eruption of the Cherryville quartz meonzonite.

In many places bulges in elongate bodies of Cherryville zi=rtz
monzonite and the smaller stocks have crowded aside the enclosing
gneisses. It is rot possible to prove that all the space cccizied by
the intrusives is accounted for by the warping of rocks near *ze intru-
sive bodies. BHowever, the evidence of crowding aside of walls ty the
quartz monzonite bodies and the absence of evidence for metessm=tism

indicate an intrusive origin for the Cherryville quartz monzc-ize.
Diabase

Northwesterly-trending dikes of fine-grained diabase er= cczmon in
the Gaffney, Kings Mountain, and Iincolnton quadrangles but w=-e not
found in the Shelby quadrangle. Several of the dikes appear o be 8 to
12 miles long. These quite likely are interrupted but the tzrmen parts
of the guiding frectures are relatively short. Other dikes cz= te

treced only for a few hundred feet, or even less. The thiczzszz ranges
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froo a few inches to several tens of feet. Graton (1906, p. 23) reports
a maximm thickness of 200 feet. The dikes cut nearly all the other
rocks in the area. They have not yet been found cutting the sheet-mica-
bearing pegmatites that are related to the Cherryville quartz monzonite
but they do cut the quartz monzonite and non-mica-bearing pegmatites
related to it. This apparent late emplacem.ent, together with the abun-
darce of dikes of similar rocks in the sediments of Trisssic age in the
Deep River area to the ea;st, suggests that the dikes are part of the
swvarm that was emplaced during Triassic time th.fough much of the Pled-
meat snd Blue Ridge.

The diabase is uniform in ¢composition and is composed largely of
calecic labradorite (48 percent), augite (37 percent), olivine (13
perceat) and ilmenite (2 percent). In his notes, Sterrett mentioned
that pyrite was found in the disbase at one place and chlorite in one
plzce. Graton (1906, p. 23) mentions perovskite and found some olivine
altered to micaceous-appearing iddingsite. Of these minerals only
chlorite was found during the receant study.

The diabase weathers along Jjoints, resulting in boulders of hard,
bleck diabase i;z a 'brown clay matrix. The boundary between fresh and
thorouzhly weathered rock is commonly very sharp._ The hard boulders

acczmlate at the outcrop as the clay is washed away.
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Structure and metamcrphism

General features

The Shelby district may be divided along a northeastwari-trending
line into a southeastern and a northwestern structural proviace; the
dividing line lies close to the tin-spodumene belt and is near the
bourdery between the metamorphic provinces. The southeasterz province
is more homogeneous structurally than the northwestern. Tke provinces

differ lithclogically as well as in the intensity of metamorphism.

Structure of the southeastern province

Rezional features.--The cleavage, bedding, and rock units in the

southeastern province trend northeasterly, gently bending £rcm N. 55° E.
near Gaffney to N. 25° E. near lincolnton. The discontinuously exposed
beds of quartzite and merble that are near the western edge of the
province are the only sedimentary features that can be used for refer-
ence or as index beds throuzh the entire area examined, thoush the
monganiferous schist and conglomerate beds and the eastern toundary of
the schist unit that contains sbundent volcenic materials are useful

for reference in the Kings Mountain and Gaffney quadrangles.

Folds.--Folds in the Battleground schist are obvious wkere they are
small enough for the crests or troughs to te exposed in outcrops or ex-
Qantion;. Most of the small folds in marble and meny in quartzite seem |
to be open, although most of those in the sericitic schists as well as a;
fev in the quartzites ere isoclinal. The axial planes of ties folds are
Ost comrmoaly very steep or vertical and most of the axes cf small folds

that are got in kyenitic quortzite plunge sently either to e northeast
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. or scuthwest, rarely more steeply than 30 degrees. The small folds in
the kyanitic quartzites are not as consistent in either diréction or
angle of plunge. Many plunge very steeply or are vertical. Within a
few feet distance, the angle of plunge may range through 30 degrees.
Folds are difficult to recognize in the sericite schists because there
are few key beds. For that reason, most folds in sericite schist prob-
ably have escaped notice.

Sterrett has pointed out thet the ore body at the Kings Mountain
g0ld mine formed along the flanks of folds in a domcmite marble bed that
is enclosed in sericitic schists. (Keith and Sterrett, 1931, p. 3 and
field notes). Sterrett reports that these folds plunge northeastward at

sn angle of 20 degrees.

. Faults.--Faults are exposed in many places. Some can be recognized
as cracks. The rocks on opposite sides of the faults may be different
in attitude or in lithology and they may show signs of drzg near the
faults. Most of these faults strike nearly parallel to the trend of the
enclosing rocks. As a result they do not offset beds or produce other
recognizable structures where examined on relatively flat-lying surfeces.
It is likely that the displacement 2long most of the faults hes been
small; the estimate of Keith and Sterrett (1931) that the displacements
vere a few inches to several thousand feet seems appropriate.

. Laryer faults can be detected by discordances ia trends of beds and
ebnormal thicknesses or complete absence of beds, as well as peculiar
outcrop patterns. There ere undoubtedly many more faults than are in-
dicated on the map. Only those for which there 1s good evidence and

which are needed to explein the patterns are shown.



Cleavage.--Cleavage is well developed in all the micaceous rocks
and in many of the hornblendic rocks but is not promineat in the marbtles
and quartzites that are free from micas and amphiboles. The cleavage
results from the parallel orientation of the cleevage surfaces of mica
flakes aand the near parallelism of the cleevage surfaces of amphibole
prisms. The effect is, in general, due to a combination of dimensional
and crystallographic orientztion.

Quartz grains in some quartzites tend to be elongate parallel to
the bedding and to the clezvaze. In the conglomerate of the Battle-
ground schist formation at Dixon Gap the leyeringz eand very poorly
developed cleavage in the quartz pebbles are parallel to the long
directions of the pebbles. The cleavage in the sericite schists is
rarallel to the bedding in the thick beds of schist alongside the con-
glomerata bed. The cleavaze is also parallel to bedding in the small
flakes that are embedded in tke quartzite matrix of the conglomerate.
The cleavage is not everjywhere parallel to beds, however. On Drayton-
ville Mountains the two structures intersect at a large angle, as cen
be seen in figure 12. The pevbles in 2 conglomerate bed & few yards
away were 20t elongated parsllel to the line of intersection of bedding

add cleavage.

linear structures.--Tke most common linear structures in the

Battleground schist are tiny wrinkles scarcely 1/20 inch ecross that
offset the cleavage surfaces very slightly and resemble miniature
chevron folds (fig. 15A). These result from movements along gently-

) dipping planes.
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Figure 12. Bedding and cleavage in phyllite of Battleground
schist. Bedding is parallel to the pencil and cleavage
is parallel to the scale. Draytonville Mountain, Gaffney
quadrangle, South Carolina.
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Quartzite beds are pencilled wher= they are enclosed in schist
that is wrinkled. The pencils are parallel to the wrinkles, and they
result from the intersection of joints parallel to bedding and gently-

dipping joints parallel to the planes of movement that formed the

wrinkles.
Structure of the nortawestern province

Regional features.--The over-all structural pattern in the norta-

western vrovince is one of tight isoclinal folds, as shown by the
outerop pattern of layers of sillimeznite schist, and of broad arezs in
which the dips are gentle and the attitudes are uniform. Both strike

faults and transverse faults occur there.

Folds.--A broad upfold is evident from the northwesterly trends of
rocks and foliations in the northwestarn part of the Shelby quadrongle
end southwesterly trends in the area farther south. This broad warp is
called the Mooresboro anticline (fig. 11). Though the nature of the
movements that caused the warp are uncertairn, the fold is of grea
extent. Another largze-scale fold is outlined by the biotite gneiss in
the Lincolnton, Shelby, and Gaffney quadrangles. This large fold is
complicated by smaller folds superimposed upon it. Part of the broaden-
ing of the outcrop of Shelby gneiss in the northeastera part of the
Lincolnton quadrangle mey be attributed to foldinz. The eastern fold
Outlinéd by the gneiss in the nortﬂ;gentral part of the Lincolnton
quadrangle probably is a syncline and the fold in the northwestern
Part of that quadrangle is probably an anticline. Both plunge to the

north.
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Faults.--Faults §f several types occur in the northwestern
province. Thrust faults apperently bound the elongate body of biotite
gneiss in the southern part of the Shelty quadrangle. The greiss has
overridden the sillimanite and biotite schists that dip under it from
the west. The total displacement is unknown but it is probatly smell.
The faulting wmay have resulited from shearing along the edges of the
block of relatively competent gneiss imbedded in incompetent schists
in which strong lit-par-lit slipping was taking place. The thrust
feults thus would be features of local rather than regloncl extent.

Several northeasterly-trending faults that offset a sillimanitie
layer in ﬂhe Carolina znelss as much as 3,000 feet were fouzd in the
Shelby quadrangle. The faulting took place before or during the meta-
morphism of the rocks as the fractures have hecled. The direction
and engle of dip of the faults are not known. Feults with a similar
northeasterly trend, but with slight displacement are commoz in the
central part of the Shelby quadrangle. Most of these are occupled by
dikes of pegmatite related to the Toluca quartz monzonite (fiz. 13).
They dip steeply, and along most faults the western wall was upthrown.
Movement along the faults caused drag folding of the metamorghic rocks
acd, in places, groovinz of the walls. The movement continued on
some faults while pegmetite was crystallizing along them, for quartz
and other minerals were drawn out into leaves parallel to the grooving
on the walls, giving rise to structures like those shown in figure 1h.

Tae fractures that coqtrblled the emplacement of the mice-bearing
Pégmatitéé are younger th&n.those that ére mentioned above zs being
0¢¢ﬁpied by dikes of pegmatite related to the Toluce gquartz ~onzonite.

There 18 a 1ittle drag folling of their walls, though not 2s much as
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Figure 13A. Weathered dike of pegmatite related to Toluca quartz
monzonite in fault in Carolina gneiss. Near Washburn Siding,
northwest of Shelby, North Carolina.

Figure 13B. Pair of faults in Carolina gneiss. Note drag folds
in wall rocks. Faults of this type commonly contain dikes of
pegmatite related to the Toluca quartz monzonlte. Same

locality as figure 13A,
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along the older faults. These fractures are discussed in the chepter

on pegmatites. ' ‘ -

Fbliatién.-~The compositional layeringz and thé cleavage in the
Carolina gneiss are parallel to one another and to the origin=l bedding.
The layers of lime-silicate rock and the rare quartzite beds, the best
traceable beds, are parellel to the leyers of sillimanite and biotite
schist, which are therefore thought also to represent beds. In two
places, one near the northwestern corner of the Shelby quadrangle and
one in the northwestern outskirts of Shelby, layers of sillimenite
schist are clearly discordant to the layers in the enclcsing biotite
schist and gneiss. These sillimanite schist lajyars probtably flowed
rlastically into fractures or weak zonzs in the overlyinz rccks. The
flowaze of sillimanite schist was insufficient elsewhere to disturb the
normal parallelism between compositional layers.

The cleavage or schistosity of the Caroline zneiss is parallel to
compositional layering end bedding everywhere except in the two eross-

cutting layers of sillimarite schist mentioned in the paragzraph above.

- Iinear structures.--Linear structures are common in the metamorphic

rocks as well as in the Toluca quartz monzonite and the pegmatites re-
lated to 1t (fizs. 6 and 14). In the quartz monzonite, part of the
quartz is segregated into elongated leaves that generally are shorter
than 1 inch, though they may reach lengths of several inches. The width
18 comonly sbout a £1fth of the length and the thickness is only a
8mall fraction of the wid;h. These leaves of quartz cormonly are con-
Sistent in treand, though not in angle of plunge. Inasmuch as they lie

in the foliztion planes of the quartz ronzonite, the direction and ancle
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Figure 14A. Grooving of pegmatite at contact of dike related
to the Toluca quartz monzonite. Major scale divisions 1
inch. Five miles northwest of Shelby, North Carolina.

Figure 14B. Lineation (elongated leaves of quartz) in
pegmatite, same dike as figure 1kA. Scale approximately
the saze as in figure 14A.



of plunge is determined by the local attitude of the foliation.
Cluéters of biotite flakes mey be elongated to form linear structures
that are parallel to the leaves of quartz. These are distinctly less
common then the leaves of quartz. The lineated Cherryville quartz
monzonite also contains spindles of quertz and biotite. The quartz
spindles are not as flat as those in the Toluca quartz monzonite and
many are interconnected.

The metamorphic rocks that enclose the sills of Toluca quértz
monzonite contain linear structures that ere similar in nature and
attitude to those in the quartz monzonite. Leaves of quartz are un-
common but mzy be larger then those in the quartz monzonite. One was
more than 2 feet lony and.é inches wide. Elongeted clusters of biotite
flekes are also uncommon. -

The more common types of linear structures in the metamorphic rocks
are small folds, boudinage, and grooves on the follation planes. The
small folds are generally several feet across and may be several tens
of feet across. They plunge zently to the south or southwest in the
aren south of the Lattimore warp and to the north or northwest nortia
of -the warp. The boudinage structures are elongate swellings in layers
of schist. These are rarely pinched off from the rest of the layer.

JThey seem to be p;rallel to areas of the minor folds. The grooves on
the foliation planes are conspicuous where fhe mica schist contains
bard, dense layers or lenses of lime-silicate rock (fig. 3B). They
Probckly result from slipping,bétVEeﬁ the leyers in'tﬁe s;hi;t.

" The linear structures in the Toluca qpértz monzéﬁite férmed late
1o the history of .the rock. The qpartz‘leaves lie in planes that ap-

Parently represent fractures that formed after the feldspars as well
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as part of the quartz. The last of the quartz was still mobile exoush
to move into the fractures. The leaves of quartz in the metamorphic
;:ocks also formed lete and occupied fractures parcllel to the folia-
tion. The folding of the gneiss and the sills seems to have been
followed by a gradual stiffening of the rocks, the {sti.ffening, iancreased,
the same layers became rigid and the movements gratiually became con-
centrated in the less competent layers. Ultlimately most of the slip-
pring took place in the nearly consolidated sills of Toluca quartz
monzonite. After movements parallel to the foliation had stopped the
retemorphic rocks were cut by Joints and faults that crossed the
foliation, and the pesmotites related to the Toluca quartz monzonite
waere enplaced to form dikes. Draz folds aad striations on the walls
of tke dikes resulted frcm rmovement along the faults, and elongate
masses of quartz in the pegmetite resulted from continued moversnt of
the walls during the consolidation of the pezmatite. The parallelism
tetween the lineation in the pegmetite and the striations on the walls

indicates that the movemeats that formed them were parallel.
Nzature and degree of metamorphism

The metemorphism in the Shelby district comprises both textural
end mineral changes. The most prominent textural change in the schists
is 2n increase in grain size of the rocks as the ereas of stroazer
Tetemorphism are 'approached. Cataclastic features are only locally
conspicuous. Minersl transformations are important, end can, to some
=xteat, be co;';elated with grain size. - ’

The district includes a northwestern province in which the rocks

Ch9<}°acte:'istically contain biotite, garnet, sillimanite, plagicelase
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feldspar, and quartz, and a southeastern province thst contains abun-
dant and widespread schists composed largely of sericite and quartz
with minor but widespread staurolite, and local garzet, chloritoid, and
kyanite. Biotite and hornblende schists also are in the southeastern
privince. Broadly considered, the whole region might be included in
the amphibolite facies of metemorphism, though rost of the southeastern
area would be in the lower part or staurolite-iyunite subfacies of
Turner (1948, p. 81-85) of the amphibolite range, and the northwestern
area would be in the upper part of the range or the sillimanite-

almendine subfacies of Turner (1948, p. 85-87).
Metamorphism in the southeastern srovince

Potter (report in preparation, 1955), after studying part of the
southeastern province, infers that there is an eastward incresse in
metamorphic grede from greenschist facies ne:zr tize middle of the schist
exposure through epidote—amphibo;ite facles to zmrhibolite facies as
the Yorkville granite is appmachéﬁ. It is not entirely certain that
the rocks most distant from the granodiorite telcng to the greenschist
fécies, as the relations of epidote, chlorite, caloritoid, and the very
videspread staurolite are rather uncertain. It is clear, however, that
the grade of metamorphism increases eastward icward the Yorkville
grancdiorite, as the kya.n.ite in the kyanitic gquartzites is replaced by
sillimanite near the granite.:. A similar replacecent of kyanite by
sillimanite was found near tile eastern edge of tte batholith.

.As one pecsses westward ;.n the western par® cf the Battleground
schist area, the grain size is found to increzze <var a distance of a

.mlle or more. The coarsenin; effects certziz _zvyers in the schist,

-
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Figure 15A. Tiny wrinkles in phyllite of the
Battleground schist.

Figure 15B. Pencilled quartzite in the Battleground
schist. Pencils plunge parallel to tiny wrinkles
in phyllite nearby.
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and, as metamorphism becomes stroanger, the number of cocarsened layers
increases until the rock i3 largely coarse-grained. At about this
point, sillimanite becomes an important constituent of the remaining
fine-yrained layers. Where the schist is partly recrystallized it has
a peculiar puckering, similar to a miniature dome and basin structure
(fig. 16). This structure is obscured by complete recrystallization.
The general pattern in the southeastern province is one of a relatively
low-grade central arec (epidote-amphibolite or possibly greenschist
facies) bounded on each side by rocks of the amphitolite facies. The
nature of the alteration differs on the two sides, as the most prom-
inent featurs on the west is a coarsening of srain, whereas the most
prominent feature to the east is the substitutiocn of sillimanite4for
kyanié?. The eastword inerease may result from something skin to
contzct metamorphism by the zranite, whereas the westward increase

seems to be a more normal regiocnal metamorphic crodient.
Metamorphism in the northwestern province

In the northwestern province the Carolina gneiss contains minerals
characteristic of the upper amphibolite facies of metamorphism that
have been deformed somewhat by the movements accompanying the mineral
changes. Sillimenite had formed as a relatively early minerzl but
remained stable to the end of the orogeny. A little staurolite was
found by panning the weathered rock near the center and the north-
’Veshcrn corner of the Sheify quadranle. This rdght be relict from
the early séages in the métamorphic cycle; retrogressive, late in the
cycle; or it might result from 2 secozd period of metamorphism, pos-

sibly releted to the Crerryville gizr<z monzounite.
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Near Lincolnton,

Puckered cleavage in coarsened Battleground

This feature develops as some layers in the

phyllite are recrystallized to form muscovite schist.

schist.

Pigure 16.

Largest scale divisions are 1 inch.

North Carolina.
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Iron sulfides, with a little feldspar, were segregated locally in
the Carolina gneiss late in the main period of metamorphism. In some of
these segregations sillimenite forms imperfect crystels or bundles of
parallel crystals that reach lengths of 2 inches and widths of 1/3 inch.
The amount of coarse sillimanite and sulfide varies. In some places
limonite or coarse sillimanite float is moderately heavy over areas of
an ecre. The sulfides presumably migreted in solution, and the complete
lack of deformation of the sulfide masses or of the coarse sillimanite
indicates that they solidified after the cessation of the pervasive -
movements within the rocks, and the formation of coarse sillimanite
indicates that the conditions were still those of sillimanite grade, or
amphibolite facies. of metarorphism. This is the general condition that
prevaliled late in the orogeny during end after the formation of the
Toluca quartz monzonite and pegmatites related to it.

The fine grain in the Battleground schist as compared with the
Carolina gneiss may be attributed to one or more of several factors:

1. Lower pressure end temperature during metamorphism.

2. Slowness of recrystallization and coarsening of muscovite as

compared with biotite in the same environment.

3. A great difference in age between the biotitic and sericitic
schists, permitting the biotitic schists to undergo more than
one period of metamorphism whereas the sericitic schists
underwent only one.

4. Retrogressive metamorphism, with inducement of fine grain
in a formerly coarser-grained rock. «

The_third and fourth factors seem to the writer to be the least

likely to be dominant. The first two probably were both importent.



GEOLOGY OF PEGMATTITES

Pegmatites related to the Toluca quartz monzonite
Distribution and mode of occurrence

Pegmatite related to the Toluce quartz monzonite is found in nearly
all areas in the district that are underlain by Carolina gneiss. The
pegmatite is enclosed in Carolina gneiss, including the biotite gneiss
member, and in the Toluca quartz monzonite. In the Shelby quadrangle,
the sillimanite schists in the south-central part of the quadrangle
probaebly contain the largest amount of pegmatite, though much pegmatite
is also found in the biotite end sillimanite schists near the large
bodies of Toluca quartz monzonite near the center.

In quartz monzonite the pegmatite forms pods and irregular tabular
masses, generally & foot or less in thickness. In the metarorrhic rocks
pecmatite forms lenses, elongate parallel to the foliation ranging in
thickness from an inch to about a foot. It also forms more nearly
tabular layers that are parallel to the foliastiorn and are a few inches
to several tens of feet thick and also tabular or lenticular dikes,
crossing the foliation, that reach widths of 20 feet. In many places
the dikes and sills are clustered into swarms of parallel bodies.

In many places in the south-central part of the Shelby quadrangle
the regmatite dlkes are along.faults that have slightly offset the rocks
of tbe Carolina gneiss (fig. 13). Only a few of the feults offset the
rocks enough to show in the outcrop pattern. In other places, west of
Shelby, similar dikes lie along faults that conspicuously affect the

outerop patterns. The hanging wall of most fesults was downthrown and

mo3t of the faults trend northeast.
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Iithology

The pegmetites related to the Toluca quartz monzonite are composed
largely of microcline, plagioclase, and quartz. The common accessory
minerals are biotite, muscovite, and garnet. Biotite and garmet, the
most common of the accessories, rarely constitute more than 10 percent
of the rock. Muscovite forms small flakes, rarely exceeding 1 inch in
breedth, in these pegmetites. Monazite, zircon, ilmenite, rutile, and
sillimanite were each found in more than half of 329 pegmatite samples.
Magnetite, staurolite, spinel, dumortierite, and pyrite were found in
fewer samples. The only evidence of zoning in the pegmatites related to
the Toluca quartz monzonite is the formation of quartz masses surrounded
by feldspathic pegmatite. These quartz masses commonly are not elongate
parallel to the body of pegmatite but are transverse and resemble veins
that formed very late during the crystallization.

The texture of most of the pegmatites is granitoid, with microcline
megagrains ranging in length from less than an inch to a foot. These
are surrounded by plagioclase, generally in grains smaller than 1/2 inch,
and quartz, 2lso in small grains. The result, in pleaces, is a por-
phyritic texture. '

In the pegmatites related io the Toluca quartz monzonite the miqro-
cline forms megagfains as broad as 6 inches as well as tiny grains 1/20
inchvor less across. It is som;what translucent and gray. The larger
grains in many places are markeély curved, as can be seen from light
Teflected from cleavage surfaceé. The microcline in places has a
slightly opalescent luster, forming a rather low-quality moonstone. The

Opalescence seems to increase with slight weathering and softening of
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the microcline. Microcline that is identical in appearance forms meta-
crysts and eyes in the Carolina gneiss. These metacrysts range in
breadth from 1/2 inch or less to 1 foot. Some, especially the larger
ones, are accompanied by plagioclase. The plagioclase with the meta-
crysts was not found in unweathered condition so its composition is
unknown.

Plagioclase forms fine-grained, sugary-textured masses between
grains of microcline and quartz and enters quartz-plagioclase azgregates
in which the coarser microcline grains are embedded. Individu=! grains
of plagioclase in these pegmatites generally are smaller than 1/20 inch
though aggregates of the small grains may be an inch across. The
plagloclase is somewhat more calelc than that from the pegmatitss
related to the Cherryville quartz monzonite, falling in the calcic
oligoclase-andesine range. In some rocks the plagioclase, like the
microcline, has undulatory extinction, and the plagioclase thai forms
£ilms between the microcline grains may be more sodic than that which
forms larger masses. In one rock the films contained 83 perceat
* 6lbite, whereas the rest of the plagioclase contained 73 percezt. The
more godic plagioclase also forms rinds on plagioclase grains adjacent
to microcline grains. These relations suggest that the more sodic
Plagioclase may have incorporated albite that had been exsolvad from
the microcline during cooling. This is compatible with the idea of
Chayeé (1952) that stress stimilates the exsolution of albite from
micrucline containing a small amount of albite in solid solution.
Chayes wrote of the formation of perthites by'exsolution, however, and
not the complete expulsion of albite from the microcline graia, as may

haeve occurred in the pegmatites related to the Toluca quartz =onzonlite.

’

¢



. In one thin section from a dlke the nmicrocline contained tiny
needles that may be sillimarite. The quartz grains are somewhat grenu-
lated and show undulatory extinction. Garnet (probably almandite) is
a common constituent in spherules as much as 1/L4 inch in diameter. It
apparently formed late, after the crystallization and deformation of

the microcline and quartz.
Origin

The pegmatites related to the Toluca quartz monzonite were formed
at the end of an orogeric period 2s sills parallel %o the foliation of
the Carolina gneiss as well as in dikes that cross the foliation. There
is little evidence as to the manner of emplacement of the sills other

than the curving of the foliation around their flanks, which indicates
. dilation. A little more information can be obtained from the dikes.
The foliation of the Carolina gneiss is dragged in folds that extend
several feet from the faults along which the pegmatites wers emplaced.
If the masses of pegmatite formed by replacement of the gneiss along
these faults, the parts of the drag folds in the gneiss that wvas re-
placed would be destroyed, so that the width of the fold would vary
inversely es the thickness of pegmatite in the dike. No suck relation
was found. The dilation indiceted by the sills ‘and the lack of important
replacement indicated by the dikes are compatible with an intrusive
megmatic origin of the pegmatite. The genstic relationship between the
Toluca quartz monzonite and the pegmatite is indicated by tke following
facts: (1) both were formed at about the seme time during the orogeny,
(2) the pegratite is at least in part youngzer than the quartz monzonite,

" (3) they bots contain monazite =nd xenotime which are not 23 abundent
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. in the other rocks, and that (4) both contain a peculiar gray micro-

eline not found in the younger pegmatites.

Pegmatites related to the Cherryville quartz monzonite

Distribution

In 1945, when the results of the mica investigations mede during
World War II were prepared for publication, the Shelby district of tuis
report was treated as the southern division of a larger Shelby-Hickory
distriect (Griffitts and Olson, 1353, p. 209). The northern division of
the Shelby-Hickory district, which extends north from the viecinity of
Hickory, is not discussed in the present report.

The main pegmotite areas in the Shelby district ars:

1) The tin-spodumene belt; a series of regmatite dikes in a belt
that does not exceed 1-1/2 miles in width exteading north-
eastward from Gover to Lincolnton, a distance of 24 miles.
This belt forms the eastern boundary of the Shelby district
in Cleveland, Gaston, and Lincoln Ccunties, North Carolina.

2) The screp mica belt. This area was divided into the Kings
Mountain ares and the Cherryville area by Griffits and
Olson (1953, p. 209). It is the central part of a belt
of muscovite-rich pegratite that extends 50 miles north-
eastward from a point at least 7 miles scuthwest of Gaeffney,
South Carolipna, to Maiden, North Carolina. Where the tin-
spodumene belt is absent,‘thevscrap mica belt marks the
eastern edge of the district.

3) The Shelby area, like the others listed below, is separated

from tke “in-spodums-s telt and the serap mdca (Kings
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k)

5)

6)

7

Mountain-Cherryville) belt by the Cherryville quartz mon-
zonlte batholith. It is in the south-central part of the
Shelby quadrangle.

The Fallston area lies along the north-northwesterly-trending
western boundary of Lincoln County. Most of the pegmatite
dikes are in Lincoln County, but some are in Cleveland County
and a few are in Gaston County.

The Polkville aree includes eight dikes that are quite similar
to one another in a2 group that is north of the Shelby area.

The Indiantown area includes a compact group of pegmatite dikes
in northeastern Cleveland County, northwest of the Fallston
area.

The Burke Chapel area in southeastern Burke County and the ad-
Jjacent southwestern corner of Catawba County, contains at least

11 pegmatite dikes that have been explored for sheet mica.

The northern divi;ion of the Shelby-Hickory district, according to

Griffitts and Olson (1953, p. 209), contains the three main groups of

pegmatite dikes listed below:

1)

2)

3)

The Conover area in northern Cetawba County, with at least

7 dikes.

The Hiddenite area, in central Alexander County, which contains
at least 6 mica and beryl prospects in addition to the famous
mine from which hiddenite (emerald-green spodumene) and emereld
were once obtained.

The northwestern Iredell County area, with at least 6 mica

prospects.
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Pegmatite dikes in the tin-spodumene belt are largest and most
nunerous south of the town of Kings Mountain in what is referred to as
the "Kings Mountain area."” A second concentration, near the north end
of the belt is called the "Beaverdam Creek area" because it includes
parts ¢f Beaverdam and Little ?eaverdam Creeks. These differ from the
areas listed under the muscovite-bearing pegmatites in that they are
not surrounded by essentially pegmatite-free terrane, but are the two
greatest concentrations of pegmatite dikes in a continuocus belt.

The tin-spodumene belt, as can be seen in figure 2 forms a broad
"S"; its northern and southern parts trend northeasterly and the middle
part trends about north. The southern part is along the eastern side
of the Cherryville batholith where the quartz monzonite approaches most
closely to the Gaffney marble and other sedimentary rock units in the
Battleground schist. The pegmatite there lies largely in muscovitic
schist, hornblende schist and, to a very minor extent, in Cherryville
quartz monzonite. Most of the muscovitic schist that encloses the
pegmatite is moderately coarse-grained, but that found on Whittsker
Mountain, near Blacksburg, South Carolina, is a fine-grained sericite
schist. This is of some interest, inasmuch as Keith and Sterrett (1931)
considered the gneissic pegmatites in the region to be of Precambrian
age and the schist on Whittaker Mountain to be of Cambrian age, yet the
Pegmatite enclosed in the latter is somewhat gneissic.

- Northward the belt bends shafply at the town of Kings Mountain,
wheace it continues nearly due no:th for a distance of 5 miles, where
it bends eastward again and continues in a northeasterly direction--
the northern part of the broad "S". In the middle part of the "S" the

Pegmatite dikes lie lar;zely in hormblende schist and gabbro, although
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a few are in muscovite schist or dark-colored biotite gneiss. Most of
the dikes that are enclosed in Cherryville quartz monzonite are in this
area and are near long Creek Church. As the pegmatite belt bends east-
ward, it passes around the smaller body of Cherryville quartz monzonite
that is in the east-central part of the Lincolnton quadrangle. Thus,
in the middle and northern parts, the tin-spodumene belt lies between
two bodies of Cherryville quartz monzonite.

The total length of the tin-spodumene belt is about 35 miles, but if
the part that is rich in pegmatite is considered, the length is 24 miles.
The width renges from 1/2 mile to 1-1/2 miles. The narrowest part,
which 1s south of Kings Mountain, contains 100 to 650 feet total thick-
ness of pegmatite distributed across a width of i,SOO feet; farther
north the pegmatite belt as a whole is twice zs wide or more but the
total thickness of pegmatite rarely exceeds 200 feet and commonly does
not exceed 100 feet. There is no regular decrease in the amount of
pegmatite with increasing thickness of the belt, however, but rather =z
separation of the belt into two parts, a narrow pﬁrt relatively rich
in pegmatite and a wide part, relatively poor in pegmatite.

The attitude of the pegmatite dikes varies according to position
in the northeastward-trending pegmatite belts. Thus, in the tin-
spodumene belt and the scrap mica belt the dikes strike mainly north or
northeast. In the eastern parts of the Shelby and Fellston areas most
dikes strike easterly and in the western parts of those areas most
dikes strike northeast, as do those in the wvesternmost belt of mica-
bearing pegmﬁtites.‘ The dikes near Polkville in the northern part of

the Shelby area strike northwest.



The trends vary markedly along the tin-spodumene belt; south of
Kings Mountain most of the dikes are parallel to the belt, that is, they
trend northeast. North of Kings Mountain the trends are less uniform,
some are northeast, parallel to the belt, some northerly, and some in

other favored directions.
.Relation to host-rock lithology

Pegmatite has not shown any pronounced preference for particular
host rocks other than the Cherryville guartz monzonite. In the tin-
spodumene belt pegmatite is found in Cherryville quartz monzonite,
muscovite schist, hornblende schist, and gneiss. The number of dikes
in each type of rock probably is in direct proportion to the relative
‘:rop areas of the rocks in the pegmatite belt. The same is true for
the pematite dikes in the scrap-mica pegmatite belt. Mica schist is
tke host rock for the largest proportion of the scrap-mica pegmatites
and of the dikes in the tin-spodumene telt, because mica schist is the
predominant rock in the belt. The pegmatite dikes in the sheet mus-
covite pegmatite ereas west of the batholith of Cherryville quartz
moazonite are largely in bilotite and biotite-sillimanite schist. No
preference for one or the other of these rocks has been found. The
Toluca quartz monzonite seems to contain fewer dikes in proportion to
its area than the other rocks in the Shelby and Fallston areas. A
similar scarcity of pegmatite seems to characterize the biotite gneiss.
This 13 apparently a result of the differences in competency between

‘)e weak schists and the rigid quartz monzonite and gneiss.
The Cherryville quartz monzonite probably contains the largest

Qurker of peumatite bodies in proportion to its area. Inasmuch as the

\
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bodies are substantially smaller than those in the metemorphic rocks
the amount of pegmatite would not be as impressive as the number of
pegmatite bodies. These small bodies of pegmatite are most common in
the part of the batholith south of Cherryville.

The lack of a clear relationship between the Cherryville batholith
and the distribution of the different types of pezmatite in the Shelby
districet differs from the findings reported by geologists working else-
vhere or who wrote about pegmatites in general. Among them Williams
(1895, p. 683) pointed out that "Their (the pegmatite bodies) size and
abundance are directly prorortional to theilr nearness to some eruptive
granite mass. At many localities they can be seen to decrease steadily
in both number and size as they recede from such a zranite boundary."
Gevers used the position of pegmatite bodies with respect to granite
contacts as the basis for a zeologic claessificetion of pegmatites
(Gevers, 1936, p. 339-340) that has been =dopted by Jacobson and Webbt
(1946, p. 11¢& ) and Heinrich (1948, p. 434, M42-448). According
to this classification the division is intec "interior pegmatites",
which are within bodies of gresnitic rocks, "marginzl pegmatites" which
are near the margins of granitic bodies, and "exterior pegmatites”,
those that are outside of and some distance from the granitic bodies.
The relation between mineralogic features of the pegmatites and the
position of bodies of pegmatite with respect to bodies of granitic
rocks has been brought out by Sterrett (1923, p. 7, 9), Olson (194k,

p. 36),Bokgp+=23)] and Maurice (1940, p. 173-179). In the leck of
close and important relations between the position of the pegmatite
with respect to bodies of granitic rock the Shelby district resembles
8ome other districts 1a the Piedmont.
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Lithology

There are three main types of pegmatite in tke Shelby district.l
In order of decreasing age they are: muscovite-oligoclase-quartz
pegmatite, with or without perthitic microcline; albite-microcline-
quartz pegmatite; and albite-microcline-spodumene~quartz pegmatite.
Muscovite-oligoclase-quartz pegmetite is cut by weathered pegmatite
that contains pale yellow-green muscovite but does not contain pseudo-
morphs of clay after spodumene. This probably was albite-microcline-
quartz pegmatite. Several masses of albite-microcline-quartz pegmatite
are cut by dikes of spodumene-bearing pegmatite. The muscovite-rich
pegmatite is found in the sheet-mica mining areas west of the Cherry-
ville batholith and in the scrap-mica pegmatites along the west side
of the tin-spodumene belt. The pegmatite forms dikes and discordant
lenses that may be more thaan 500 feet long. They generally are well
zoned, though meny are unzoned. The unzoned masses consist of
plagioclase-quartz-miscovite pegmatite in which the plagioclase mega-
grains are 2 to 6 inches across, and the muscovite books are a fraction
cf an inch to about a foot in length. The zoned pegmatites have wall
zonés that are very similar to the pegmatite in the zoned dikes, though
the muscovite book§ are larger, a few being 2 feet or more in length.
There is more variety in the interior of the dikes, 23 some contain
cores of perthite-plagioclase-quartz pegmatite or of massive quartz
and others bhave cores of quertz with intermediste zones rich in either

perthite or plegioclase. Several common zonal assemblages are listed
below.



3.

Wall zone of plagioclase, quartz, and muscovite, with
granitic texture.

Core of maésive quartz.

Wall zone Qf plagioclase, quartz, and muscovite with
granitic téxture.

Intermediate zone of perthitic microcline, with a blocky
texture.

Core of massive quartz.

Wall zone of plagioclase, quartz, and ruscovite, with
granltic texture.
termediate zone of plagioclese, perthitic microcline,

quartz, and muscovite, with bleeky texture.

Core of mossive gquartz. This is very small in some deposits.

Well zoae of plagioclase, quartz, and muscovite, with
granitic texture.

Intermecdiate zone of plazioclase, quartz, and muscovite
with blocky texture. This commonly contalns cavitles
lined with feldspar, mice, or calcite crystals.

Core of massive quartz.

The longest dikes generally contain zones of assemblages A or B.

pegmatite along the west side of the tin-spodumene belt contains

Some

relatively little microcline and is exceptionally rich in mscovite
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but this is in books that cleave only with difficulty, differins from
that in the pegmatite west of the Cherryville batholith.

The grains in the wall zones are devoid of crystal faces, except
in one exceptional dike, at the E. R. Self mica mine, where some musco-
vite books have clear rhombic or hexagonal outlines. The blocky texture
in the intermediate zones results from a subhedral to euhedral habit of
perthitic microcline or of plagioclase. The plagioclase-bearing inter-
mediate zones also have muscovite crystals that show a few faces.
Around primery vugs in the intermediate zones the plagioclase and mus-
covite forms good faces. The quartz cores apparently filled cavities
because in some deposits they are bounded by terminated feldspar crys-
+als in an over-sll structure similar to that of geodes that are partly
filled with crystals. A microcline crystzl that projected into a2 gquartz
core, and lined quartz from the core, are shown in figure 19B.

The albite-microcline-quartz pegmatite dikes in the tin-spodumene
belt contain albite (generclly Ab95 or higher) as the dominent con-
stituent. It forms sugary aggregates with quartz that are interstitial
to the microcline megagreins and the uncommon coarse quartz masses.

The grains in this interstitial material rarely exceed 1/10 inch in
8ize., The microcline wmegagrains are a fraction of an inch to a foot or
more in length. Muscovite forms fiakes a fraction of an inch across
that amount to 1 or 2 percent of the rock. It has a light yellowish
8reen color that contrasts with the dark red-brown color of the musco-
vite from the mica-rich pegmatites. Beryl is a widespread constituent
| and probably amounts to nearly a half of one percent of the pegmatite,
but it can rarely be seen on outcrops because it i3 white and most

¢rains are smell and devoid of erystal faces.



‘nes are very poorly developed in albite-microcline-pegmatite.
»>st dikes are unzoned, others contain inner zones that are a little
Jarser than the outer parts or contain, as discontinuous cores, clots
£ gray quartz up to 3 feet long, with or without fringes of muscovite
n books as long as 5 inches. One of these quartz masses was found to
ontain a few pale green beryl c¢rystals.

The albite microcline-spodumene-quartz pegmatite differs from the
Jrite-microcline-quartz pegmatite. by its content of 10 to 20 percent
)f spodumene. The texture of the albite-quartz matrix and the contents
»f accessory minerals are essentially the same as in the spodumene-free
regmatite. The spodumene forms crystals that reech lengths of 2 feet,

rarely longer. These generally are thick in proportion to their length

in ém area south of Kings Mountain and much more slender north of

that town.
The internal structure of the spodumene-bearing pegmatite varies.

South of Kings Mountain much of the pegmatite and associated aplite is
gneissic. This is particularly evident on weathered surfaces, because
the albite wecthers away, leaving gashes, whereas the quartz and micro-
cline stand out in strong relief and the spodumene in moderate relief
but is generally rusty (fig. 17A). The pegmatite structure is not as
clear on freshly-broken rock surfaces as on polished surfaces of fresh
rock. In these, some details may be seen in the albite and spodumene
that are obscured on the weathered surfaces (fig. 17B). The matrix in
which the spodumene and microcline crystals are imbedded consists of
alternating layers of albite and quartz, with a few very thin layers,

.ely more than 1/50 inch across, of dark blue apatite.



Figure 1TA. Gneissic pegmatite. Albite layers have weathered, allow-
ing the quartz layers in the matrix and the microcline and spodumene
crystals to stand in relief. Foote Mineral Company quarry.
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Figure 17B. Polished slab of gneissic pegmatite. Layers of albite
and quartz wrap around coarse spodumene crystals. Apatite forms
thin black (dark blue) lines at bottom of specimen and near
largest spodumene grains. Foote Mineral Company quarry.



Figure 18A. Pegmatite dike cutting hornblende schist.
Foote Minersasl Company, Kings Mountain.

Fgure 18B. Curved end cracked umene crystals (inclined
from upper right to lower left) in aplitic albite-quartz
matrix. Near right (east) wall of dike shown in figure 18A.
View is about 2 feet wide.
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Many of the crystals of spodumene and of microcline in the pegme-
tites south“o? Kings Mountain have curvedhéieaiage surfaces or have
been broken. The intact crystzls as well as the broken pieces lie in
the fine-grained albite-quartz matrix. This matrix material also fills
cracks in the crystals. Some broken spodumene crystals have been
cemented together with microcline as well as with albite and quartz.
At the east wall of one dike the spodumene crystals extend into the
dike from the wall but are bent so as to curve downward to the west.
The most bent parts have cracked and matrix materiel £111s the cracks.
The rock that contains these long spodumene crystals is terminated
abruptly to the west, apperently by a shear plane. Farther west, the
dike consists of gneissic pegmatite. Most of the layers of pegmatite,
a8 well as the layering of the rock, are parallel to the length of the
dike. Several, however, cross the dike and the other layers of peg-
matite. Most of these are only = few inches thick and consist mainiy
of sugary-textured quartz and albite.

A very late ?vent in the ?ormation of the gneisaic pegmatite
south of Kings Mountain was thé destruction of spodumene, with the
formation of porous masses of ;lbite and bluish fluorapatite near
coarser crystalline masses oflﬁlue to lavender apatite in fractures
and cavities. The apatite is about the same color as fluorite in some
other districts and it has been misidentified as fluorite. Another
late event was the fracturing of the pegmati%e,cthen the deposition of
dark-brown sphalerite, pyrite, and probsbly pyrrhotite in the fractures.
The more persistent frectures contain pyrit% as the predominant sul-
fide. whereas the less persisteat ones contain sphalerite (fig. 20).

This fracturing snd the late deposition of spatite took place after

Corn
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Core 18

Quartz core, flanked by weathered plagioclase-quartz
C. C. Hlenton mica mine.

pegmatite of the wall zone.

about 5 feet thick.

Figure 19A.

A. P. Hoyle

Seale divisions are 0.1 inch.

Healed fractures in core queartz and euhedral perthitic
microcline crystels from margin of quartz mass.

mica mine.

Figure 19B.

o



=arsistent
rom Cwer right
Lar=st scale

quar? .

Foote Mineral Company

less persistent fractures trending £

Sulfide-filled fractures in pegmatite.
fractures trending from lower left to upper right ontain
to upper left contain dark brown sphalerite.

divisions are 1 inch.

pyrite.

s

Figure 20.



the pegmatite had completely solidified to form a rigid mass, but
thelr relative ages are not known. The recovery of spﬁalerite and
pyrrhotite in the mill of the Foote Mineral Co. suggests that the
Aminerals are rather widespread but are present in only very smell
percentages, probably not exceeding 0.01 percent by weight.

The pegratite in the tin-spodumens belt north of Kings Mountai:z
contains the same minerals as those south of the town but the greissic
structure is rare. Zones arc present in some dikes but they are acs
particularly obvious. The most common zoral feature is a change ia
orientatica of the spcdumene crystals from z2pproximately normal tc the
walls of the dike in the border =nd wall zones to esseatially rendca in
the cores. There is alsc a rather sm2ll increase in microcline cczient
inwerd, with concurrent decrease in contents of elbite and spodume:r=.
The crystals of nicrocline and spodumsne are severzl inches long 2:z1
are embedded in a matrix of albite and quartz. Muscovite forms a Zew
small flakes in the matrix. 3Brokea crystals of microcline are not
nearly as ccrmon as in the area south of Kings Mountain, where intzct
¢erystals are exceptional.

A rough estimate was made of the proportions of Cherryville g:artz
monzonite and the various lithologic types of pegmatite in the Shelby
district related to it. The results, expressed as square feet of

outerop area, are:
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Cherryville quartz monzonite 6,000 x 10°

Sheet-mica-bearing pegmatite b x 105
Scrap-mica-beering pegmatite near the
tin-spodumene belt 8 x 10°
Albite-microeline-quartz pegmetite in
the tin-spodumene beld 13 = 105
Spodumene-bearing pegmatite 32 x lO5
Total pegmatite 53 x lO5

It is striking that the amount of pegmatite increases regularly with
decreasing age. BEven though the errors in the estimates are un-
doubtedly lerge, the increase in smount is too large to be accounted
for by errcrs. The total amount of pegratite, lneluding all types, is

ebout one percent of the amount of quartz monzonite.
' Wall rock slteration

On the whole, wall rock alterstion near the regmatite bodies of
the Shelby district has been slight. Of course, = pegmatite magna
that 1s crystallizing to an aggregate of muscovite, bilotite, quartz,
plagloclase, and potash feldspar would be ia equilibrium with them and
should effect little alteration in country rocks composed m=inly of
the same minerals. Thin layers of schist at the Mill Race and Martin
mines are rich in muscovite which apparently was formed largely at the
éxpense of the feldspers; the blotite flakes in the schist were greatly
coarsened.‘ The largest muscovite crystals found in the wall rock of
any regmatite body were iz a large block on>£he dump of the Mill Race
mine. They are sievelike flekes as long as 4 Inches and as wide as

1-1/2 inches that euclose smoll greins of biotite and quertz.
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Sillimanite in sckhist near the pegmatite et the Cettys mine wes
altered largely to fine-grained sericite in very soft masses that pre-
serve the original form of the sillimanite needles.

No alteration of the Toluca quartz monzonite by mica~bearing
pegmatite has been noted although the Cherryville quartz monzonite at
the E. R. Self mica mine hes been axtensively altered near such peg-
matite. The pegmatite contact at that mine is very irregular, and in
some places euhedral feldspar crystals 1 to 4 feet square reploce the
quertz menzonite as much as 5 feet from the nearest pegmatite. The
nature of the feldspar could not ve determined exactly. Inasmuch as
the perthite in the pe;matite, though badly weathered, still contained
gritty particles of microclinae, the thoroush weathering of the lerge
crystals in the quartz monzonite suggests that they were plagioclase
rather then potash feldspar.

The alteration of hormblende schist near its contact with
spodunene-bearing pegmetite has been described by F. L. Hess and
R. E. Stevens (1937). They found that biotite formed by the elterztion
of hornblende occurring within 1-1,/2 feat of the pesmetite contained a
relatively large amount ¢f czesium and rubidium, which presumably were
introduced from the pegmatite. The alteration of hornblende to mica
in the walls of pezmatites is characteristic in the Spruce Pine dis-
trict and elsewherc, but it is not a universal type of alteration in
fhe‘Shelby district. It is unfortunate that no mica-bearing regratite
has yet been found in unweathered hormblendic country rock in the
Shelby district. The alteraﬁion of hornblendic rocks by spodumene-
bearia; or mdcrocline-albite-quartz pegmatite has generally been

slight. On the Foote Mineral Co. property south of Kin:-s Mountain
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hornblende seems to have remained unaltered or little al:aréd at the
contact with pegmatite; zlaucophane crystals in the schist actually are
unaltered althouzh occurring in tiny wisps of schist that were included
ip the pegmatite meuma. An 2nelysis of slaucophane obtaived at a
contact with pegmatite shpwéd essentially the same contern: of lithium
(ebout 3-1/2 percent Lis0) as in a sample obtained st a creater dis-
tance, so there is little evidence that the minerzl forme: by alteration
of the schist by the pesmatite.

Of the various wall-rcoeXk alteraticns that have bteen zoted, only
the complete alteratioa to muscovite has required much ckmnge in
cherical composition. The formation of feldspar metacrys:is, coarsening
of biotite, and even the replacement of hornblende by blozite may not
have required much addition of material, and in places the alteration
Tobenly consisted largely of the reconstitution of the o-iginal com-
ponents of the rock. An introduction of alkalies seems ts te the most
common chemicel change. The formation of large amounts ¢ muscovite
requires not only tﬁe introductioa of zlkolies and water, but the
removai of moderately lzrie awounts of iron and magnesium.

A little beryllium may have been introduced into the walls of one
dike on the Foote lineral Co. property. Two samples of schist at the
contact contuined 0.006 and 0.001 percent Be, vhereas five samples of
schist takea farther from the contact coatailned 0.0001 percent or less.
A sample taken ~djacent to a chloritic vein in the schist contained
0.00X percent Be and one taken an inch farther awny contained only
0.000X percent., The vein £illing contained only 0.000X percent. These
results are similar to those of Thurston (Thurston, 1955, p. 55) who

bresented evidenee for caly slipght enrichrment of berylliuz in zranite
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n. teryl-bearing pesmatites in the Crystal Mountzin district in
Colorado, but differ from those of Stoll (1945), who inferred tkhat
berylliun was introduced into the walls of pegratite bodles in New
Englond.

Tourmalinized schist and quartz-tourmalipe veins sre cormon in 2
belt just east of the tin-srzodunmene belt zad ot scattered places in
tie rest of the district. There is no stroazly tourmolinized rock
near pearatite hodies wund no evidence of o direet or close relationship

betweea pegmetite formaticn and tourmalinizcotion.
Origzin of pegmatite

Inesmuch 3 fow detoiled studies were mode of individuzl bodies of
migo-bearing pesmatites duriag tho irecent ilavestization, little con be
edg-i to the discussion of puraceaesis thot was prepared in 1945
(Griffitts and Olson, 1953). Therc is a generzl similarity in the

ternal festures of the mica deposits throush the district, which
sugzests that 211 resulted from the same jenerzl geologie processes.
With this in mind it was possible to work out =n over-all parazenetic
sequence and infer something about the origins of the mice deposits.

The menner of occurrence of the pegmatite dikes and the poor

. exposures of their woll rocks has made it impossible to demonstrate
;Hhether or not the walls were displaced by pegmatite. Many feet of
?ectual contact between the pegmatite and wall rock were examined and,
éexcept at the E. R. Self mine, there was no evidence of replacement of
;wnll rock by pegmatite and little evidence of reaction. The similarity
.Jcen the mica-beoring pegmatites in the Shelby district and those

iz the Spruce Pinc und other districts, in which there iz clear
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evidence that the walls were displaced by the pegmatites suggests that
an intrusive mode of emplacement for the dikes in the Shelby district
is at least plausible. |

Two dikes have offshoots from quartz cores that eclearly cut the
feldspathic pegmatite in the outer zones and one offshoot enters the
wall rock, clearly indicsting that the cores formed later than the
cuter zones. Additional evidence that the cores are younger than the
feldspathic pegmatite is sugpested by the comb structure formed by
feldspar crystals fecing quartz core se;ments. On the other hand, no
evidence was found in any mica deposit that the meteriel in the outer
zones was younger thon the cores. The prepondercnce of evidence thus
indicotes that the pegmotite dikes crystellized from *the wells iawerd.

Tre only conelusive evidence for replocement of older minerals by
vounger minerals ia the mica-bearing pegmutite was found in plagleoclase
srains in a few intermedizte zones that were cut by veirlets of sericite
or celcite or were replaced along crystallographic directions by seri-
cite, and in masses of pyrrhotite that replaced feldspar in a few
intermediate zones.

The general rature of the mazma or solution from which pegmetites
form and the prcezsses by which the rock crystaliizes have been specu-
lated upon for many years. The interpretations cited helow are those
that seem to have greotest usefulness in studyin:; the origzin of the
pegmatites in fhe Shelby district.

Pegmatite magmas have been considered to be similar to granitic
magmas except that they contain more water and other mineralizars. A
hydrous soluticn h2s rcacted with the pegmatite in soms places, to form

replacement depcsits. Few cuthors heave indicated where the solutions
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came from, but Landes hes inferred that they probebly formed from the
pegmetite magme and were not introduced from outside (1933, 1937). He
elso thought that the coarseness of crystallization of pegmetites was a
result of the rather hizh water coatent of the original pegmatite magma.
.Zavaritski’modified this interpretation somewhat, as he attributed the
coarseness of pegmatites to the separation of a vapor phase that was in
equilibrium with the coexisting megma eand with the minerals that had
already formed, and thousht that the orizinal magma was not notably
different from thosec that formed granitic rocks. Zavaritski attributed
the coarseness of the peznatite minerals to recrystallizzstion induced
by the vapors duriny a metamorphic period during pegmatite formation.
The first mejor clteration was the albitization of microcline; later
the rarer minerals formed. (Cited by Saukov, 1953, p. 230-231.)

The interpretation favored by the gziper for the origin of the
pezncoites in the Shelby district has several rpoints in common with
those of Landes and Zavaritski. Like Landes, the writer believes that
the common minerals, that is, the feldspars, quartz, mscovite, and
beryl, formed large crystals by crystalliz%tion from a2 magma, and that
in some places an aqueous solution exsolveé from the pegmatite megma.
Like Zavaritski, §9 believes that the aqueous solution and the magma
coexisted for an appreciable interval during the consolidation of some
dikes. In the Shelby district the solutioas evidently were in equi-
librium with the solids because there was no reaction between them.

In general, the common major feature that might be attributable to the
apﬁéarance of two fluld phases is the change from graﬁitic-textured

early pegmatite in the woll zZones to blocky-textured later pegmatite

in the intermediate zones.



The contrasting grain size of different minerals indicates either
different processes of formation or different rates of seed formation
and of crystal growth under the same conditions. There is no field
~evidence that the modes of origia of plagioclase and microcline are
different. In the Kings Mountain areé the spodumene crystals that have
beer bent, broken, and healed or cemented together must have been sup-
ported by some non-rigid moterial like a crystal rmish. The matrix that
encloses the coarse crystals is a fine-groined aggregete of albite and
quartz, similar to some of the aplites in the area. At the time of
deformation, prior to the complete solidification of the pegmatite,
microcline, spodumene, and albite must therefore have all been present.
It seems unlikely thot they could hove formed under markedly different
conditions.

Tarmann (1925) found, in coolinz melts, that the rate of crystal
nucleus formation reaches a meximum with undercooling =nd that the
nurber of grains formed was affected greatly by the preSence of sus-
pended solid particles. Some foreign meterials speeded and some slowed
the rate of nucleus formation. He also %ound, thoush, that linear
velocity of crystal growth passed through a maximum as the melts were
undercooled. The temperature of this maximum is somewhet lower then
the temperuture at which the rate of nucleation is at a maximum. These
effects might explain the development of small zreins of albite and
qQuartz during the growth of large grains of micfocline and spodumene;
at a certaiﬁ temperature the rate of nucleus formation of albite and
Quartz might greatly exceed that of microcline and spodumene. The

Smller number of grains of the latter minerals would zrow to a larger
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and quartz greetly predominsted in amount. The pegmatite magma un-
doubtedly picked up particles of the wall rocks through which it moved,
which presumably would promote the crystallization of~quartz, feldspar,
and mica.

W2ll and intermediate zones in some mica-rich dikes composed of
the same minerals cose aa interssting problem. The peymatite in tke
outer or wzall zone has the Jronitic texture found in most wall zones in
the district whercas the pegmatite in the intermediate zone has a
blocky texture resulting from the development of crystal faces on many
grains of feldspar and rmscovite. The vugs found in some of the inter-
mediate zones are interstitial to feldspar grains that are not corroded.
The cavities must have been filled with some fluid when the faces on
the surrounding crystals grew to their finsl form and when calcite,
sericite, tourmaline, and rmscovite were deposited in some cavities.
The fluid has since escoped from the cavity, but a silica-rieh fluid
did not escape from the pegmatite mass, but accumulated to form the
quartz core. This suggests that the cavities were filled with water,
carbon dioxide, and possibly other materials that are liquid or gaseous
at low temrerature and pressure. The presence‘of the cavities in
pegnatite dikes that also contain quartz cores indicates that a silica-
rich fluid was followinz the usual course of crystallization even
thouth the water-rich fluid had separated; hence there must have been
two fluid phases in equilibrium with the feldspar, quertz, end musco-
vite, and presumcbly with one another.

’ The marked similarity between some blocéy intermediate zones
withﬁﬁt cevities and those with cavities suggests that the change in

texture between wall and intermedizte zones may be attributable to the
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development of a system;with two fluid phases but that the water-rich
fluld was able to escape from the exposed pegmatite, leaving no direct
evidence that it was ever there.

Several ideas on the origin of the tin deposits in the tin- and
spodumene-bearing pegmatites were proposed before 1893, but, as they
were largely based upon grossly erronmeous data, they need not be
seriously considered. Titus Ulke (1894) first determined that the tin-
bearing rock was pegmatite and first identified beryl and spodumene in
it. Graton (1906) concurred with Ulke and discussed the deposits in
more detail, considering them to be of strictly magmatic origin.

terrett (1923) discussed the pegmatites of the area and considered
them to be a result of aqueo-igneous intrusion, although he z2lso be-
lieved that pegmatites could form throush recrystallization of older
rocks, or, once formed, could be modified by solutions from the same
source as the original pezmatite magma. F. L. Hess (1936, 1940)
developed in great detail his theory that the spodumene-bearing peg-
matites were formed in large part by the replacement of older material,
larzgely older pegmatite. Kesler (1942), like Hess, believed that there
was a continued flow of solutions through the deposits, with a succes-
sion of materials deposited by replacement of country rock or pegmatite.

Hess believed that the pegmatites df the tin-spodumene belt
&éveloped through 2 long sequence of fracturing and replacement. The
_histery of the deposits in schist was sumarized as follows (1940,

p. 951-952):
1. Formation of pegmatite in cracks and alonz foliation planes

from solutions expelled from the Cherryville quartz monzonite.



Movement along the original cracks produced ailayered
structure in the pegmatite. .
Replacement of early pegmatite by microcline.

Movement along the cracks crushed and broke the microcline.
Albite aplite formed by replacement and filling of fractures
with the deposition of albite, quartz, spodumene, and
muscovite. Microcline was partly replaced by spodumene,

as was early pegmatite.

Formation of greisen end introduction of cassiterite.

A third interval of fracturing.

Introduction of large amounts of quartz, which replaced some
spodumene and which may have been followed by amblygonite.
A fourth period of fracturing and vein f£illing by quartz and

sphalerite.

Hess thought the history of the pegmatites in granite to be simpler

than that of pegmatites in schist. He summarized it as follows:

“lc

"2.

|l3'

Cracks were formed in the granite, probebly while the movement
that made it gneissic was taking place, and

The cracks were filled with white microcline (stage 3, of
origin), evidentelly from solution, because the granite wes
replaced at the same time, as shown by the sudden irregular-

ities in the pegmatite end the rough frozen sides. These,

‘appereatly, are pegmatite bodies to which the term 'veins'

can be properly spplied.
Another movement, in which the sides moved unevenly as the
granite was given further gneissic structure, cracked the

microcline diagonally and was accompanied by solutions that
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replaced the feldspar by spodumene, quartz, == s little nus-
covite, with less amblygonite and stil:l less Teen apatite.

"li, Later cracks more nearly normal to the sides lowed quartz

to replace microeline, spodumene, and mice azl some of the
epatite was carried into the granite 2 inches or more from
the pegmatite.”

The writer believes that Hess's primary interprezciioan of the
mineral relations is questionsble and that there is 1li-:l2 evidence fcr
a long-continued flow of solutions or a long series of ~iaeral replace-
meats. In nddition the a;e sequence of the minercls s:2zs to the
present writer to te different from that inferreé by Zzss. There is
rothing to indicate the neture of the originel pesmatizz postulated by
Hess, uniess it is either the albite aplite or the spciwcenc-free,
nica-;oor pegmatite of the present report. The rzlaticzzs tetween these
r-¢xs 2nd the spcdumene-tearing rocks are not well espi-ined bty replace-
rent. There is little evidence that they were mersly Irzctured and
that microcline and spodumene were introduced. There is little in-
dication that the microcline is zenerully older than szciumene, that
either mineral hes been deposited largely by replacere=s, or that
either has been extensively replaced by other ainerals. It is not
c¢lear why the irrejulerities in the pegmatite and rouia frozen contacts
can be taken to indicate that the pegmetite was deposited from solution
cr wh; one can infer extensive replacement of the “srzzite". The
gneisaic, structure in the Cherryville quartz monzonite, which Hess
thought was formed by renewed movement along the fraciuzes seems better
to be explained as drasg associated with the formcticz 22 the original
frogture, ifncsmuch £5 the pegutite shows 1litkle sim =2 deformation.
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If this is the case, the amount of replacement of the country rock
must be thinner than the gneissic layers alongside the fractures,
which genera}ly are only 2 few inches thick.

Kesler (1942, p. 257) sumarized his idees on the origin cf the
tin-spodumen; pegmatites very clearly. He thought that the order of
deposition of minerals in the pegmatites was the same throughout the
pegmatite belt, and listed the stages as follows:

Stage 1. Tourmaline, beryl, and apatite.

Stage 2. Cassiterite and columbite-tantalite.

Stage 3. Quartz (most of the greisen formed).

Stage 4. Spodumene.

Stage 5. Microcline.

Stage 6. Medium-grained albite (minor alteraticn of spodumene
ard microcline to muscovite).

Stage 7. Fine-grained albite and quartz (minor quantities cf
sulfides and apatite).

"The minerals of stazes 1 and 2 developed ia =2nd adjacent
to prominent joints and fissures forminz deposits of three
types: (a) Veins znd lenticular masses of compect crystalline
tourmaline in eisses end schists; () lodes of disseminated
tourmaline crystcols in muscovite schists; (c¢) veins and lodes
or disseminztions of cassiterite, columbite-tantalite, and
probably ilmenite in muscovite schist, between layers of
mn;;qyite schist and hormblende gneiss, and in joints that
cut obliquely aéross hornblende-biotite gneisses."”

These materials were fractured and quartz entered, vein;; em-

slaced in part by replacemeat of mica schist, the micn of which was
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sewy

recrystellized to form the mica of yreisen. Luter mzterials were
deposited largely through replacement of schist snd filliag of joints.
The solutions from which the minerals were deposited changed in com-
position between stages but the composition was thought to be simple
at all times.

The writer does not believe that a consistent age relation can te
established between 211 the minerals, as wos attempted ty Kesler, as
the early minerals continued to crystallize throush much of the time of
ccansolidation. Tourmaline seems to be & very persistent mineral and mey
have been the earliest mineral. It also seems to be a late mineral,
contemporanecus with spodumene and microecline. In general, the early
minerals iz the spodumene-bearin; pegmntites contiaved to erystallize
until the end of peszmtite consolidation. For exocamle, near Long Creek
Church and Indian Creek, albite, spodunene, quartz, aad muscovite srere
the esrly minerals, then rderocline a2lso Dejen to solidify. The ratlics
chanzed somewhat, with a decrense in the albite content with time.
Beryl seems to heve formed in ebout the same amount throughout the
period of pesmatite consolidation.

Only slisht modification of Kesler's sequence of minerals is needed
to make it conform to the writer's data. If the various stages are not
considered to be distinct episcdes, shnrply sepcrated from the others,
and if albite and quartz are considered to crystsllize throuzh the
entire interval of pegmatite formation, Kesler's stzges indicate the
order in which erystallization of additional minerals tegan.

. The history of the pegmatites in the tin-spodumene belt is more
complex than tha£ of the mica-rich pegmatites. The pesmatites north

of Kia_s Mountain were iatruded into frectures in quortz monzoaite or
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métamogphic rock and were relétively undisturbed during comsolidation.
Zones therefore formed 2s a result of orderly crystallization. South
of Kings Mountain the pegmatites entered fractures along which move-
ments took place as the pegmatite erystallized. In a2 few places

(fig. 18B, for example) zones started to develop, only to te disrupted
by shearinz of the partly consolidated pesmatite. The spodumene and
microcline erystzls rust hzve heen surrounded ty some meterial with
erough strensth to transmit stresses, otherwise thiey would znot have
been broken and the pieces of broken crystals would not ha&e bhean sus-
veonded in their rresent positions. The surrounding moterial could w0t

have h:en comrletely ri_id, howaver, as it £illed the cracks in the

-
large grains. These conditions seem Ttest satisfied in 3 crystal mush.

As the amouat of fluid decrezsed Auring crystallizotion the mush bacame
more ri.;id, and movenent was concentrated in the wernkest materizl. The

lest sheerin;: wes along surfaces that cross the other lzyers in the

dikes and presurably took place after the mass was solid.
Leagth of time of crystallization

It moy be possible to estimete the approxdmote length of time
necded for ths complete crystallization of = pe matite dike. The
optimum rate of growth of synthetic phlogopite from a melt was said
by Nodz to be 0.1 to 1 mm per minute (Noda, 1955) and by Buckley %o be
about 2 mm per minute (31951, p. 91-92). A rete of sbout 1 mm per
minute éhus is rgésondble. If we assume that muscovite growth rates
are comparsble, the mineral would grow at o rate of about 5 feet per
day if dilution d4id 2ot affect the rate. Von Pickardt found that the

vzlocity of crystrl srewth of 3 subshance erystallizins from a melt is
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loweréé in'proportion to the square root of thé concentration of the
-. ailuxing ;aéerial and that equcl molecular amounts of different
dilutents have similar effects (cited by Partington, 1952, p. 520).

If we assume that the rate of growth that gives largest crystals is
similarly affected the decrease in velocity of growth might be ten-
fold as a maximum, reducing the rate of growth of muscovite books to
dbouﬁ 0.5 foot per day. Inusmuch as most mica books are irbedded in
feldspar and quartz, their minerals must have been zrowing so as to
support the mic=., If they srew at abtout the same rat=, that is, ne=sr
1/2 foot per day, a dike 20 feet thick should crystallize in a few
months. The rate of cooliar and therefore of crystallization probably
decreases during the consolidatlon, but the extension ia the time from
this cause protzely would nct be jreat. Vogt pointed out long ago
(1923) that crystals of ninerals may grow in the laboratory at rates of
gbout 1 mm per minute or 1.% M per Jday and that coarse-sgrained pegma-
tites mizht therefore crystallize in a short time. It now seems that
a moderately rapid rate of growth mey be necessary and not merely
possible if large, unflawed crystals of mica are to form.

If values are assumed for the thermal conductivity and diffusivity
of the wall rock, the pegmatite, and the pegmatite mama, and for the
difference in temperature between the walls and the mayma es well as
for the temperatures at which crystzllization tegoan and was completed,
we cra calculate the time needed to reach the temperature at which
- crystallization 1§ completed. Some of the assumed features are not
critical such as thé properties of the wall rock, but others are, so 2
rigorous mathematical treatment seems unjustified. A graphic solution

is possible with the use of Loveriag's chsrts {1935, 1935). These
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sugzest that a few years would suffice for the crystallization of a
dike 20 feet thick and that the time is about of the same order of mag-
nitude with a wide ranze in the initial assumptions. The times obtained
by the use of Lovering's charts do not include the time needed to dis-
sipate the heat of crystallization. Even if this heat is half of the
total heat in the originzl magme, doubling the time needed for complete
consolidation, the estimcte of "a few years" moy still be reasonable.
The significance of the estimotes of time needed for complete crystal-
lization lies in their refutation of the assumption that formation of
& coarse-srained pecmotite requires extremely slow crystallization over
cn intervel of hundreds or thousands of years. The "governor” that
determines the codoling rnte may be the maximmm rate ot which the hest

of crystallization can be removed from the jrowing crystals.
o v

Structursl control of pegmatite

General

The pegmatite tcdies in the Shelby district sre parts of large
regional belts. The interpretation of the mode of erplacemeat of the
nasses of pegmatite must accordingly take into account the regional
setting of the districts. The three main types of pegmatite, those of
the tin-spodumene btelt, tioose of the sheat-mica arcas, and those
related to the Toluca quartz monzonite, were emplaced under somewhzat
different conditions end different controls. These will be discussed
in the ovrder of oge of the pegmatites; thst is, first, the controls
effecting pegmatites related to the Toluca quartz monzonite, second,

those of the permntites rzlzated to the Cherryville quartz monzonite.
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Pegmatites related to the Tolucz quartz monzonite

The bodles of pegmatite related to the Tblucaiquartz monzonite
that are enclosed in the quartz monzonite are in part irregular layers
that seem not to be controlled by any strong structure and in part
clearly defined dikes that are controlled by jointsAand faults. The
nearly vertical irrecgular bodies in some gently~dip§ing sills of quartz
monzonite may have accurmilated in teasionel zones ia the nearly crystal-
lized quartz monzonite. The dikes in fractures in the quartz monzonite
probebly are not tosically different from dikes that are in the Coroline
gneiss. They must have teen emplaced efter the quartz monzonite had
solidified and after cessaticn of a2ll sliprinz alorz the leaves of
quartz in the quortz monzonite.

The pegmatites relzted to the Toluca quartz monzonite form lenses
cnd sills that are parallel to the folizstion of the Caroline gneiss,
and also clearly defined dikes that cut the foliotion. The pegmatite
along the foliation planes probably formed while the deformation that
accompahied the zetamorphism was active; it entered the less competent
schists preferentially. Sore of the pegmetite 1s more conspicuously
deformed than the quartz monzonite of nearby sills. This might in-
dicate that the pegmatite is somewhat older than the gquartz monzonite
and therefore was subjected to shearing during a2 loager time, or perhaps
the effects of deformation zre merely more noticezble in coarser-
grained rocks.

Dikes of rezmatite were emplaced along fractures in the Carolina
gneiss that generally have e northerly or northeasterly trend. The

fractures were formed cfier thke gneiss was injected by the concordant



lenses end sills of pegmatite. Dreg folds in the gneiss wells of many
fractures indicate that they are normal faults. Only a few of these
faults had large enough displacement to affect the patterns of outcrops
on the geologic map. In about three-fourths of the faults examined in
the central part of the Shelby quadrangle the western wall of most
faults was upthrown. None of the pegmatite dikes was found to be in a
thrust fault, even thou:-h some are very close to the inferred position
of the fault. The thrust faults probably are older than the pegmatite
but were too ti:ht to be intruded by the magma.

In sumary, pegmatite related to the Toluca quartz monzonite was
emplaced along foliation plenes of the biotite and sillimanite schists
while important interlayer slipping and thrust faulting was taking
place. The pegmatite was introduced in largest amounts in the least
corpetent rocks, in which the slipping =nd plastic deformation were
strongest. Ilater, after the iaterlayer slipping, there was a period
of relasxation, with the férmation of fractures and small normal faults,
into which zdditional pegmatife megma was intruded. The Toluca quartz
monzonite wos emplaced tefore or after the conformable bodies of
pegnatite. The shape, size, and attitude of the bodies and the texture
of the pegmatite are thus related to the stage of the orogeny at which

intrusion took place.

Pegmatites related to the Cherryville guartz monzonite

>

The tegmatites related to the Cherryville quartz monzonite were
erplaced in aburndance in three general places: within the batholith of
quartz monzonite, in a troad belt of sheet-mica-bearing pegmatites § to

10 miles west of the botholith, and in and olon:side the tin-spodumene
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belt eest of the batholith. The tin-spodumene belt and scrap-mica
pegmatites just west of it are near the margins of the batholith and
might, therefore, te classed as "mergins1l" pegmatites, following the
classification of Gevers (1936). The bodies within the batholith would
then te considered to te internal pegmatites ond the mica-bearing peg-
matites west of the batholith would be exterior pegmctites. It is not
at all certein that this classificetion reflects the orizin of the
pe.metites. The tin-spodumene zore as a whole is not actually mar;inal
to the batholith tut forms a curved belt that is alon:;side the main
Latholith south of Kings Mountain but is between the main batholith and
o serles of stocks farther north. The belt of scrap mica pesmatites
west of it is larzely in the batholith south of Kings Mountzin ard in
the metamorphic rocks forther north. The tin-spodumene belt is a
little shorter thon the bathiolith, especiclly 1f oune disregords two
isolated cassiterite dejosits aear Gaffne); the scrop mica Lelt is nore

aeaxrly coextensive with the butholitk.: This simil:rity in extent sug-

AR

gests that the bataolith has influenced the over-21l distribution of
the pegaztites. Tho western pesgmetite ?=‘t is ~zmuallyr part of a

series of pesotite districts in = l; that con be traced freom centrzl
Georgiz to Virzinia, oad perhaps also os far aorth as Merylond. The
lcecalization of parm t s in it therefore cannot be attributed cntirely
to lnecal fuctors. The pegatites in the tin-spodurene telt and the
serzy: mica beLt provably were similarly influenced by both regional and
local features. The rnca deposits in the Shelby district are con-
ceantrated in places where the northeasterly-trending regional belt of

regmatites crosses ar=cs where the metamorphice rocks trend northwesterly.



The pegmatite magmes in the tin-spodumene belt were gulded in
their emplecement by a frocture zone that extends from the vicinity of
Gaffney, South Carolinz, to the Catawba River west of Statesville,
North Cerolinc, = totel lensth of 60 miles. It may extend 15 miles
farther south to Whitestone, South Carolina, and 55 miles farther north
to Winston-Salem, North Corolina. Whether the doubtful extensions are
included or not it is evident that the belt is important in the regional
geology znd not merely a local feature. The width of the structural
zone is rather uncertzin, thoush the.pegmatite belt in it is about 2
mile wide at Gzffney, South Carclinz, and severcl miles wide near
Statesville, North Carolina. The uncertzinty of the width of the belt
reflects, to some extent, its history. The type of pegmatite within
the tin-spodumene telt varies in an east-west direction. The older
pegmatites were emmlaced on the western side and the younger on the
erstern side which nzturelly indicetes that fracturing progresses froa
the westera side to the eastern side of the pegmatite belt.

The most common trends of pegmatite dikes in the Beaverdom Creek
area, as is showm in fijure 21, are near N. 40° E. and N. 20° W. This
pattern is that of a conjugate fracture system. Plotting the trends
of the younger spodumene-becring pegmatite dikes sepzrately from those
of the older spodumene-free dikes shows that the trends of the two
types arc about the same but that the concentrction of the older dikes
in preferred directions is not as pronounced as the concentration of
treads of the younger dikes. A third favored trend (N. to N. 10° E.)
shown by the older or spodumene-free dikes coincides in direction with

few spodumene-bzcriaz dikes.
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Upper semicircle, spodumene-bearing dikes.

Lower semicircle, spodumene-free dikes. R

Outer diagram; foliation.

Figure2!. Trendd of pegmatite dikes and of foliation of schist.
Beaverdam Creek area.

.|
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Sharply bent pegmatite dikes are thought to indicate pairs of
fractures that were open a2t the same time and might therefore be used
in deterrining the origin of the fracture pzttern. Figure 22 shows the
trends of the limbs of ten bent dikes in the Beaverdam Creek area and
the bisectrices of the obtuse angles between limbs, Diagram D on that
fisure shows the trend of the limbs of o dike that is shzrply bert in
two places cnd dissrem K is a composite that shows the trends of a1l
the obtuse btisectrices deterrined for bent dikes in the Beaverdam Creek
zrez as well cs the a&erage directicn and the trend of this peart éf the
regmatite belt. The bisectrices are concentrated largely in an east to
S. 45° E. direction, transverse to the pe;matite belt.

The emplacement of dikes most cormonly along fractures whose
trends subtend an anxle of atout €C° sugzests a conjuzate fracture
systoem &s elready mentioned. The dikes thot are not in one or the other
of the fracture sets mi-ht be ~ttributed to the effacts of mechenical
heterogeneity or aaxisotrorhism in the rocks or, at least in part, to
subsidiary froctures formed throush the ection of the scme stresses
thot formed the more impeortant froctures.

Conjugate fractures have been attributed elther to compression,
generally paraIlel to the bisector of the obtuse orgle between fractures,
or to shearing. The fracturing that precedsd and accompunied the em-
placement of the pegmztite in the tin-spodumene belt may be attributed,
acccrdingly, to either compressicn or to shear. If the fractures
formed by compression there should be moderctely open shezr fracture$
in two directions, oblique to and forming the same angles with the
direction of compression. These fractures should be rea2dily injected

by pegwtite magmas. Tensicn fractures parcllel to the direction of
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Vorth is toward the
top of the sheet for
all diagrams and

east is to the right.

/
/

A-J. Solid lines show trend of segments of
pegmatite dikes. Dashed lines show trend of
obtuse bisectrices of angle between segments.

K. Carposite diagram showing all obtuse
bisectrices.

Figure 22, Trends of bent dikes, Peaverdam Creck arsa.
it



compres%ion would protubly be more opea than, and shorter than, the
suear fractures; these should be susceptible to injection but might be
expected to euclose short, thick dikes. Thrust faults may develop
normal to the direction of compression. As the walls of these frac-
tures would bte held tigntly together they should coantain relatively
litcle injected material; such thrust faults are notoriously unfavor-
able for the entrance of miaeral-bearing solutioas.

In the Beaverdsam Creek area, the compressioa would presumably be
in a N. 80° W. - 3. 80° E. direction, parallel to tuhe obtuse bisectrix
of the two most common sets of f?actures. Accordingly, one would
expect to find steeply-dipping p;gmatite-filled tension crqcks parallel
to that direction aad also to find few if any dikes aormal to that

direction; that is, with a N. lOd E. trend. Actuslly, as can be seen
on fi.ure 21, dikes with N. 80° W. trend are very scarce, only one
haviag been found in the area. Dikes parsllel to the possible N. 10° E.
trending thrust faults ought to be very rare. Only five pegmatite dikes
have been found with trends near N. 10° E.

If the fracturing is attributed to horizontal shearing, the total
movement must have been rather small, permitting the rather weak
deformation to te dominated by local features. It would be difficult
to devise a uniform homogeneoﬁs movement throughout the belt that would
cause the opening of fractures in the narrow belt south of Kings Moun-
tain and the development of the fracture patterns farther north, openiag
the diffefent sets at slightly different times to permit intrusion of
different types of peymatite. It is possible that the fracturing that

now caa te seen is a minor feature overlying a major zone of movement

ay depnth.
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Summary

r el

The migration of pegmatite magmas in this district were determined
by two main factors: the competency of the enclosing rocks and the
movements in the rocks. These in turn were determined by the nature of
the oroseny associated with the pegmatite formation and the time during
the orogeny at which the pegmatites were emplaced. The pegmatites tkat
formed early, during the orogeny accompanied by hish-grade regional
metamorphism and intrusion entered along foliation planes in incompetent
rocks alon,; whicr slivping was takiog ploce. They thererfore wre now
recognizable as piachin, and swelling sills and couformable leuses.
Pegmatites emplzced slightly later during tais orogeny entered more
competent rocks that tore and fractured, ziving rise to dikes and large,
irregular, discordant lenses as well as small discordant lenses. The
orogeuy that accompaniedAthe emplacement of the Cherryville quartz mon-
Fonite did not have the effect on tie metamorphic rocks that the earlier
orogeay had. At no time in the later orogeny did the rocks of the
Shelby district appear to nave lost tlhieir competency. Therefore the
deformation consisted mainly of fracturiag, with only slizht drag along
the walls, and with movement of relatively larue blocks of rock in which
there wes little.internal deformation. The pegmatites related to the
Cherryville gquartz monzonite entered about at this time and found
sharply defined fractures and a few brecciz zoues. The movements along
these fractures generally had ceased before the masses of pegmatite
megns in them btegan to crystallize, so tae final product was a group
of dikes and dilscordunt lenses of non-gneissic pegmuatite, with a few

clusters of gneissic pegmatite dikes.
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Origzin of zones

General

The Shelby district contains both zoned and unzoned bodies of
plagioclase-microcline-quartz pegmatite that have teen the same zeneral
range in composition, as well as both zoned and unzoned bodies of
spodumene-bearing pegmatite with a2 distinctly different compositioa.
This indicated that the compositica of the parent magme could not have
been the dominaent factor in determining whether zones developed. -An
attempt is therefore made below to determine what environmental, as
well as compositional factors, influeanced zone formation. Naturally,
the attaching of the names "Toluca" and "Cherryville" to certain pegma-
tites has no effect on their origias, so the discussion will consider
the characteristics and environmeats of various types of pegmatite, dis-
regarding the formal names applied to them. The factors coasidered are:

1. Composition.

2. Temperature.

3. Deformation.

L, Size, shape, and attitude.

The pegmatites of the Shelby district have zones characterized by
distinctive textures and by differences in compositioan. In the mica-
bearing pegmatites there are two distinctive texturel chaages indepead-
ent of compositional changes that mark zone bouadaries. The first is
a chaange from elongote quartz and plagioclase grains and flat mica
flakes, all orieated nearly normal to the wall in the border zone, 0
more nearly equidimentioasl quartz and plagioclase and randomly-

- 2
oricnted micu booxs ia the Fmll zone. The second chunge is from comnzct
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plagioclase-quartz-uscovite pegmatite with a granitic texture to vuszy
plagioclase-quartz-uuscovite pegmatite with a blocky texture in the
intermediate zone. The dikes coataining vuzsy peygmatite in intermedicte
zones also have well developed border zones, though similar border zones
are found in dikes that do not coatain vugygy pegmetite. Both of these
textural changes are best developed ia relctively short, thick diies.

Zones defined by compositionzl changes show either (1) an iucicuse,
wenerally aebrupt, ia micorelioe content os the center of the dike is
approached, or (2) a shorply defined core of massive quartz. The core
may be acconpanisd vy 2 miccocline-teuria., ialermedizts zone. Most of
the longer dikes and wme=ny of Lhe shorter :iikss ia the district contedla
quartz cores, with or without microcline-Tearin,; intermediate zones.

Thie development of Zoaes from 2 bowy of magua mey largely te de-
termi:ed by the distrituiioa of auclei about which ciystallization ricint
start. In the poorly zoned bodies, the crystals Lepan to form at tie
same time throughout ine mass, interfering with one another so as tb
form a mass of relatively small interlocking crystals. The minerzis
that formed later were obliged to crystallize interstitially to the
early formed migerzls. In a body of magma that was completely devoid
of nuclei, an ualikely situation, the meterial thst reached szaturaticn
Tirst would ciystallize agaiast the walls of the me.me cheamber. The
texture of the rock formed by such_a process would resemble that found
near the walls of the border and wall c—ones of many mica-bearing reg-
matites in which mica flakes form & fringe normal to the walls, aand
grz2ins of quartz =2ad of plaioclnse ere oriented nonnal to the walls.
These eloagate graias tecome lorger away £rowm the walls aad become

Pewor in aumkber &3 tiue foster-growing grains ewsulf the slower srowis.;
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grains, shutting them off from the magma. Ferther awey from the wallis
the degree of orientation of the crystals becomes much less. Similar
relations may be found in some spodumene-bearing pegmatites north of
Kings Mountain. Along the walls of these the long c¢c-axes of spodumene
crystals tend to bte normal to the contact. Farther from the walls the
grains, though larger, are oriented at random. These spodumene-bearing
pegmatites differ from the mica-bearing pegmatites in that the entire
body of pezmatite gemerally cousists of the same yroup of oinerals, in
proportions that differ only moderately from place to place. In some
of the mici-bearing pegmatites, the minerals formed later m=y ve the
same as those formed against the wall; in others they may be marxedly
different as in the dikes that coatain microclize-rich intermediute

zones or quartz cores.
Relation of zoaes to compositioa of pegmatite

The early-formed material in the outer parts of mica-bearing pegms-
tite dikes is strikingly similar throughout the district. The meterial
in the ianer parts varles ygreatly. In peymstite maguas low in quartz
and microcline, the solid body may be homogeneous throughout. If the
content of quartz were abaormal an excess of that mineral remained to
form a core after cryétallization of substantial emounts of zranitic-
textured plagioclase-quartz rock. In most pegmatites, microcline, if
preseat, crystellized with the "left overs" after most of the plagio-
clase had erystallized. The transition from plagioclase and quartz
érystallizution (plagloclase-quartz stage) to microcline or quartz
crystallization (microcline, microcline-quartz, or quartz stage) gen-

erally was ebrupt, but in a few ploces the microcline crystallized
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along with plagioclase and quartz. The reason for this difference is
not known thcugh it misht be attributed to differences in vapor pres-
sure; it does not appear to lie in the relative proportions of micro-
cline and plagloclase. Thus, the development of zones in the mica-
bearing pegmatite was dependent upon the bulk composition of the megma
to the extent that zones developed most £eadily where there was an
excess of microcline or 2n excess of quartz over that in the plagicclase-
quartz pegmotite. In a2 few dikes a zoning was developed even thousgh
the nicrocline and quartz conteants were low. These dikes, of which
those at the Bowen and Nigara mines are examples, comonly contain
wall and intermediate zones composed of plegioclase, quartz, and
muscovite. A little biotite mey lie near the wall and 2 little micro-
cline may be ia the intermediate zome, witibout obvious effect on the
other feetures of the rock. The peymatite ia the wall zones of these
btodies is the common type of sranitic-textured plegioclase-quartz peigna-
tite whereas the pegmatite in the intermediate zbnes is blocky in
texture =2nd coatains wvugs, which may coastitute several percent of the
rock, and the muscovite tends to be greeaer, and in small books with
poorer cleavase tian in the wall zones. The vugs show no evidence of
an origin a3 solution cavities but are genmerally outlined by uncorroded
crystal faces on the surrounding feldspar grains and may contain
hexazonal crystals of muscovite and masses of fine-zrained sericite,

or carbonate or sulfide minerals. The gquartz content of these pegma-
tites seems not to have been particularly important as it determined
meinly the size of the quartz core that might develop in the later
stages of consolidation. The presence of vugs in the pegmatite that
formed later and the presence of minerals thut coatain "mineralizers”
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.: in the vugs suggest that water and other hyperfusible materials wmay have
formed discrete bodies in the crystallizing material and that a crystal-
line phase coexisted with two fluid phases, one a hydrous solution and
the other a siliceous solution. At least the vugs must have been filled
with some fluid that has escaped leaving no trace, and the silicate
minerals in the core must have formed from a fluid that existed at the
same time as the vugs. The boundary between the wall zone and the inter-
mediate zone might then represent the place at which the residuual fiuid
became saturated with minerclizers. If the minerzlizer was largely
water, the content at that point and the wiaount in solution therealter
probcbly dil not exceed 10 perceat (UGoranson, 1y31). Enhaznced fluidity
of the mugma after it beczie water saturated might be responsible for
the grester teandeacy for the fzldspar and muscovice to form euredral

. crystals.

Some todies of pezmatite do not contain vags bubt are otherwise
similar to those that do. If the development of the vuggy pesmatite can
be taken to show the presence of a hydrous fluid phase along with the
siliceous magne it seems likely that the bodies of compact pegmatite
with sizes, shapes, and zones similar to the vuggy ones also formed from
a two-fluid-phese system. The absence of vugs from the pagmatites would
be of little direct ew.ridence if the aqueous soluticu were not trapped as
bubbles between feldsper and mica crystals but escaped to higher levels
that hnve been eroded. The pyritic quertz-garnet-chlorite vein at the
A. F. Hoyle mine might represent the £illing of a channel by such a
solution. It might also be possible thet water vapor could escape from

. a congealing pegmotite magma, the weter bolling off as it exsolved from

the mogna.
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Relation of zones to temperature

The development of zones with different minerel composition by
fractional crystallization requires that different minerals bezin to
crystallize at differeat times and, in some types of zoning, that the
precipitation of one minersal be essentially completed while cothers are
still largely in solution. The crystallization of any mineral requires
that the sclutiocn be saturated and that there be nuclei about which
crystal growth may stzart. If nuclei are absent or are very scarce, tie
solutioa may becoﬁe supersaturated befcre crystallization starts. In a
magma, a scarcity of nuclei protably would result from superheating,
wbich mi;ht te brouzght cbout by adding heat to raise the temperature of
the magms or by edding neated wabter or other miaeralizer tc reduce the
degree of saturation or the melting temperature. A source of mineral-
izing solution would be easier to find geologically than a source of
heat.

It is inferred that crystallization of tae pegmatite megme ia the
Shelby district was brought about primarily ty a decrease in temperature,
and that zones might be developed best where the number of nuclei wes
small at the time crystallizaticn begins. This would cause the early
minerals to form again;t the walls of the dike, where the magns would
be coolest cnd where the mineral grains in the well rocxs woulid provide
nuclcl upoa which new minerals could grow. A scarcity of auclei might
lead to a certain amount of supersaturation of the later minerals, thus
delaying the stzrt of their c¢rystallization until most or all of the
earlier minersls nad formed, thereby causing the zone boundary to be
sharp. Aa sbundzace o auclei and enmough intemnd movement in the magia
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to keep a2 steep thermel grodient from developing within the megma aloﬁg
the walls would presumably result in the formztion of unzoned or poorly
zoned dikes.

The comb structure formed along the walls of the pegmatite dikes
cen be explained more readily than other features of zones. It has been
pointed out that the crystal axis a2loag which the heat coaductivity is
the greateét tends to be oriented parallel to the lines of heat-flow
from a cooling melt, that is, normal to the cooling surfece (Buckley,
1951, p. 273 and elsewhera). The effectiveness of this mechanism of
orientuction should te ureeter where *he thermal gradient of the system
and the tkermal anisotropism of the crystal are greatest. The tkermal
conductivity of quartz is zreatest parallel to the c-axes and the
difference in coaductivity between the c- 2nd z-zites decreases wita
increcsing temperuture (Birch, 1542, p. 24E-249)., It might therefore
be expected thet the comb structure would znot develop wnere either tk
mogma or the wall rock was exceptionzlly hot. The thermal gradient
outward from the body of megme would be greatest iimediately after in-
trusion end would gradually decrecse as the wall rocks became warmer
and the magma becanme cooler. The temperature of the wall rock at the
contact wculd increase fapidly to 2 meximun, where it would remain
until the centexr of the dike tegen to ccol; then it would decrease as
the ma;a cooled. A preferredvorientation might develop best in
crystuls that formed agiinst the wall and imnediately after the latru-
sion of the magma. If the start of crystallization were delayed, the
temperature of the rock at and aear the contact would rise. As a
result the thermal anisotropism of the crystuls would be reduced and,
at the same time, the thermil ;radient would be lowered; both 2ff:cis

g
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would reduce the degree of preferred orieatation. This may have taken
prlace in some of the dikes that have no notable orientation of the
grains in the border ond wall zones. These dikes are generally larger
than those with well developed border zones.

The raté of cooling is very important in determiaing both the
orientation znd the size of crystals. This has teen found by seversl
groups who have investigscied the growth of syathetic phlogopite crystils
ii crucibles that were cooled from the bottom or side. Noda (1955)
found that the best phlogopite crystals were obtuined whea the rote of
growthiwus about 0.1 to 1 mm per minute and tazt the probability of
nucleué tormation increased rapidly with supercooling. Noda believes
that "The rote of crystal growth depends upon the rate of remowol of
neat »f crystallizition from the houndary of the crystal-melt taroush
the crystullized rass." Buckley has summarized tle results cf palo:;o-
pite syntliesis, moialy in Burope, in 2 form thet suggests applicctious

to zeology (1551. p. 91-92). "Coclimy frum velow is kapt withia th

W

crrystallication velocity of the micz, which has been found to bhe about
2 millimeters }e% mizute. To cbtain as large crystals s possible znd
to iasure their bein; orienitzd vertically, tiae taupsrature jrodieat
should correspeoad very clossly witla the oscertained crystallicetioan
velocity. If the ccooling rate excecds this, new crystals Tor: sheazd of
the mein Lody and, if it is muech less the micc is found to separute izto
small flakes. The latter danger is grester because of the heat of
crystallization liberated." The effect of the interplay of these
factors in the formation of mica Prom a melt wos strikingly illustrated
in tkhe Electrctechnical Laboratory of the U. S. Bureau of Mines at

Horris, Tewuessec. A 3-ton batch of symthetic phnloropite wis fused,

2z



thea allowed to coci. The mica crystallized first in flakes oriented
normel to the walls of the contalner, tken, efter a "border zone" several.
inches thick h=d formed, the flakes were-orieatad at rondom, reproducing
very closely the conditions- found in the muscovite deposits ia the Shelby
district. Presumably the 3.;._"ox-rth of large muscovite books in the pey-
motites, like the srowth ot lerge phlogopite erystuls in crucibles,
required : cooliuy rate wiﬁl;in a porrow ralse wnd thet the cheage frow
oriented to disoriented cr:;é’cc.ls duriz; consolidation acs resulted from
& rate of coolinyg that wos in the bigher puart of the permissible ranse.
In this raige uica flukes bezan to fora ahead of the crystals growing
out from the walls but not in lar;e enough numbers to cause the size and
machaicel firmaess of the ¢rystals to be reduced reatly by mutual
interference durin;; growth. The small size of the mica flakes in the
Caerryville quartz monzoaite «nd in the early pe:metites formed in the
moin hatholith of quartz monzonite may be 2ttributed to a separation of
too meny crystals czused by Lo slow a cdolin.g rate. The inferred
narrowness of the rznge in cooling rate in which large mica books can
form prcbably accounts for the scarcity of sheet mica deposits and for
the cccurrence of sroups of such deposits in districts or parts of peg-
ratite belts ia wiiichl the relative tewperaturass o2 weil rock and magma
were in the favoruble range. The preservetion of the useful mica books
depended upon tectonic quiescence after the pesmatite had formed.

The temperature gradient at the contacts of the dike is determinied
by the tempesratures of the magmi and of the wall rock at the time of
intrusion. I the 'cempemtux_'e of the wzll were too low the margins of
fhe mams. body would bte cooled too rapidly and wholesale precipitation
of w1l the meserials in the megne misht be icduced. Later, after the
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. remeining magma was separated frcm the cold walls by a leyer of newly-
formed igneous rock, the sradient and the rate of crystallizaticn might
be low enough *o permit zZoned pegnutite to form in the usual mcnner.
Naturally, only o moderctely thick mass of maume would contaiz enough
heat t¢ maintaln o sufficieat temperature in its ianer part to permit
pegnatite to form afier the heat loss incident to the chilling by the
walls. To keep the rete of crystallization in th;: favorable range. not
only for tke formation ¢f lzrge muscovite books but also for the formz-
ticon of zoues, the wzll rocks must be moderatel;r warim, probably about
2t the tewperature represented by the lowver armphibolite or epidote-~
amphitolite facies of retamorphism which seews to be 2 coumoa eaviron-
ment for the Tforuction of nica-beariag pesmatites. N

The pegmatites reluated Lo the Toluca quarizs monzonite were empleced

. shortl; af'ter the mo.n period of metomorthism and vhile the rocks were
still =t or near the tenperatures tuat were responsivlie for the unete-
morphism of the rocks to an upper amphibolite or lower grenulite level.
This would tend to inhibit development of zones because the magmas
probabtly were no% much warmer than the schists. The tharmal gradient at
the contact thus would be low and the high temperzture wsuld reduce the
thermel axéxisotropism cf the erystals. The very slow rate at which the
rocks of the resgiorn cooled would be less than of the srowth rate of nieny
minerals, hence mica bLooks snd perhaps other minerzals would separate
into 'f:sml_ler crystals. In addition, the tectonic ogitation of these
pegms:;_tites‘ during consolidation would mix the £luid constituents, pre-
ven‘ciipe; the coacentration of residual fluids in the center of the dike

. end k‘;:eepimg the temperature of the whole moss relatively even so that
nucleétion rud erystallization cowld proceed throu hout the mess.

-
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. Because of the difference in host rock temperature end history of de-
formation between the pegmetites related to the Tolucz quartz monzonite
ord those relzted to the Cherryville quartz monzonite it is not surpris-
ins that the former =re unzoned and the letter are zoned, even taough
the bulk compositions ere quife similar.

The seme factors may determine whether or npot zones develop in
other pegratites in this district. The pegmatites of the tin-spodumene
belt are poorly zoned. Some dikes norti of Kings Mountain have outer
zones that contain spodumene crystels with their c-axes cbout normal to
the wells and ianer zones in whick the crystals are oriented at randon.
The thermal properties of pyroxenes and amphiboles zre not well krncwn.
HEornblende is asnisotropic (Birch, 1942, P-. 250), and Wooster has stated
that erystals with chain structures, like the pyroxezes, conduct hect
rost readily parallel to the chains (1949, p. 84). Svoduzene, as a
pyroxene, contuins choins parallel to the c-oxis, hence its thermoal con-
ductivity is ;5‘reates’c along that direction. The c-cxis should e
oriented normzl to the coollang surface or woll of a mogma chember. The
variztious ia de,rce of orientetion of spodumene crystals north o Kiogs
Mountain zre very similar to those of mica books in the mica-bearing
pegnatites. Spodumeane-beuring pegmatite, very similar in composition to
thot in the tin-spodumene belt, is normally found in intermediate zones
in corplexly zoned pezmatites in the Black Hills (Pzge and others. 1953)
where. it formed later thun the plagloeclase-quartz-muscovite pregmatite in
the wall zones. The ayes sequence is thus similar to that ir the é’uelby
district, even though the types of pegmatite are here seyregeted iato
. separate bodies. I% is reasonable to assure thet the temperature de-

clined durin,; tie consolidation of the complexly zoned Black Hills
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pegmstites and also duriny; the formation of the unzonsd pegmatites in
the Shelbly district. It mzy be that good develormeat of zones in a
pecnatite magma of spcdunmene-albite-microcline-quartz composition re-
quires a somewhat different cooling rate than the magmas that yield
plagioclase-muscovite-quurtz pematite. For the cooling rate cf thae
spodumene-~bearing pegmatites to te ths same, the temperature of tke
well rocks would have to be scmewhat cooler then clcngside the hotter
magma of the ruea-minin; Areas.

South of Kings vountain a few remncnts of undeformed pegnatite have
been found along the walls of spodurene-bearing pegmatite dikes but wmony
pecmatite mazmas in this area, like the pegmatite magpmas related to the
Toluca quartz moncoaite, were deformed during crystalliizatioan wkich
disrupted the normal formotioan of zones.

It is evident from the zbove discussicn that zones are likel; to
form where the thez;mal gradient from the gesmatites mo-ma to the well roci:
is steep, and th=t tiae actual temperature should be telow that at whica
the thermal s‘nisotropismi-of the crystals is :sreatly reduced. This sug-
Sests that well-zoned pe;;fmtites should most conmorly form outside of
arees in which extremely 5deep seated or very hish-gsrajde regional mets-
morphism was toking place. 3Such zoned pezratites have been found in mony
places in rocks that reached a lower amphitclite facies of metamorpiism
at or shértly before the time of pegmatite emplacerent, thouzh they
apparently are not particulcrly commoa in zrees of granulite facies of
metamorphism. It is not everywhere easy to determine the conditions
under wﬁich the pegymatite w:s emplaced. In the Shelby district wost
mica~-bearing pesmutites were emplaced in hictite-arnet-siliimanite
schists and aeisses. These schists hud Porrmed loas before the pe motitez
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were intz;uded, but were cot sppreciatly zltered to lower-éﬁade rocks
a2t the time of pegmatite formation except adjacent to the pegmatite
dikes. I the geolozic history were less well known the environment
of pesmatite crystallization probably would have errcneously been

assumed to be near that of the metomorphism.
Relation of zones to deformetion of pezmatite

Zones have not been developed in pegastite thot was deformed during
cousolidation. It is unlikely that this could e attributed to the de-
velopment of zones early in the period of deformatice and their destruc-
tion later by contiaued or resumed movemeat becsuse the deformation does
not seem to hove been particularly severe. IY probably would not aave
been able to disrupt the relatively massive bodies of microcline and
quartz fouad in the well zoaed masses. In ndditlon, at least some of
the pegmatites related to the Toluca querts monzoaite were emplaced
rather late fa the muin period of deformaticn or even during ths last
rather feeble movement.

The deformation probzbly prevented the formation of cores during
consolidatioa of the pegmatite. Several mechonisms cail De suggested by
which such deformation could prevent the formatioa of zones:

1. Movement would ccuse = mixing of the solid and fluid

materials ia the pegmatite, reducing the formation of
either concentration gradients or tempercture gradients
in the pegactite material near the walls.

2. Movement presumably would breclk or tear loose particles

ot mineruls in woll rocks, which could provide abuadeaut
auclel “hout which crystclilzaticn nijht teke plice. Thus
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there would ve less tendency for the early minerals to

vezin to fom alonyg the contacts where the wadisturbed

wall rock provided nuclei.

3. Any mineral groaias thet might form against the walls woulX

o5

likely he broken loose and mixed with those that formad

within the me.gna body. z
Some evidence thot the third mechanisk was active was fourd
Kings Mountain area. Spodumene crystals 2itend inte the dike frorm=
ezst wall; they curve dowmward and are scnevhot broken. The frachs
are filled with other ninerals, meinly a2lbite and quertz, with e Z=
microcline. The inner ed;e of the mass that contnined thke distors

crystals Lind been sheared off cnd the rest cf the pesmatite wes

strowly deformed cnd couteined broken crystals of sypodwiene and ==

L)

omu=d eirystals of uilerociiae. The orieuntotion of the eloagaced

Irozients of spodacens erystals Indiciutes that the ovements weraz
the same direction ws those thiat coused th2 bendiy; and fracturiox
the crystals along the walls. Th.c movermeats coantinued until tha:zm
motite wos zearly or exntirely solid as some layers of deformed pei

cross “he lzyers of the older gneissic pegmetite and seem to be &= -

zones that were open vhile there was still = little pegrmatite magx

y

eft to cater them. Thus, only locully did the zoanes form in the=

=

in spite of the shearing thaot tooir place duria; the erystellizctix
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Relation of zones o size, shape, and attitude of pemi:tite moss

The size, shope, aad attitude of the pezgmatite body were thoug
by Vlassov to be very important ia determining the Jdiffersatizationz
cotericl cad the rote of crystallizotion of +the minervls (referred=
by Saukov, 1955, p. 223). These foctors seen not to have been dorst
ia the Shelby district. Well-zouned dilies of pegrwtite related to=
Cihzrryville quarts nwoaconits ronge in thickiess from severcl ianchem
over 100 feet. Sizdilarly, poorly zeoned diles ia tlhe tin-spodumenc s
cad dikes related to the Toluce quartz :monzoaite range in thickness
from less then 3 foot to uwenrly 3C0 feet.

The shapes of the permatite dikxes in the Shelby district do =
vry greatly. Most diles cre nore or less elonzste leases. The zmg
is quite similer in short and long lenses. The moia difference is

thot ouly the sherter icuses conteia vuysy intermediate cones or izm-

=3

nediate zounes consistliing of the same minercls as the outer zones. =
shepe, like the size, moy exert o modifyingy influence but uaot ¢ dozmt
indluence on the zonins. This is in coumplete agreement with Heinr®s

"

conclusion thot "pegmuatite siazpe and degree of development of intes
structure appear to be iidependent features" (1953).

The vertical and iearly vertical bodies of pegmatite commonly=
sypmetrically zcaed; the geatly-dipping dikes cre rarely symmetvicid
This is more promiusent ian other districts in the Southeast zs very®
dikes .n the Shelby <Zistrict dip gently. In the gently-dipping pz=
of the Bess dike, tiie muscovita content wes much higher along the
konging wall than along the footwall. This is 2 common feature inge

Spruce Pine district vhere many bodies of peyratite dip gently. T



. concentration of muscovite along the crests of steeply-plunging dikes
in the Shelby district might be related to the hanging wall concentra-
tions in the Bess mine and Spruce Pine district. An upward movement of
water dissolved in the magma may account for both types of concentration

of mica in upper parts of pegmatite bodies.

Mineralogy

General

The emphssis in the discussion is on the minerals in the pegmatites
and on minerals in the enclosing rocks that may be useful in determin-
ing the environment of pegmatite formati&n. Most of the minerals that
have been found in the district are shown on table 4. Many additional

. ore minerals and many supergene minerals have been found but they have

been omitted because they have little to do with the pegmatite geology.
Quartz

Quartz is a very common and widespreed mineral district as:

l. Massive coarse-grained quartz.

2. Sugary, vitreous, gray to white or nearly transparent,

fine-grained quartz.

3. Clear to slightly smoky or color zoned crystals.

Quartz in coarse-grained aggregates is most common in the cores of
sheet-mica pegmatites west of the Cherryville batholith. The grains are
from 1/4 inch or less to 7 inches in breadth. The average is probably
. 1 inch or larger. The color ranges from transparent and colorless

through translucent white to translucent gray or very lightly smoky.
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. Rarely the quartz is almost clear and colorless. The luster is most
commonly glassy or vitreous but some is oily or greasy. The quartz from
most productive mica mines tends to be glassy rather than greasy.
Similar coarse-grained quartz forms veins in the Carolina gneiss in the
Shelby quadrangle.

The quartz in some cores of mica-bearing pegmatites has been sub-
Jected to enough strain to cause an undulose extinetion that is visible
microscopically. Moderately clear and less milky quartz is crossed by
white layers of fine-grained quartz that ere rarely as thick as 1/20
inch. Most commonly they form lines 0.01 to 0.03 inch wide on the sur-
faces of quartz fragments (fig. 19B). The smooth conchoidal fracture
of the fragments is offset or roughened by these layers, which are
apparently healed fractures. In extreme cases, white quartz that

‘ appeared in hand specimens to be coarse-grained had actually been
broken into many tiny grains, each of which had been rotated slightly.

Sugary quartz is characteristic of the pegmatites in the tin-
spodumene belt and of the quartz veins in that area apd within a mile
or two west of it. The average grain size of the quartz is near 1/20
inch, and the maxirum is little more than an inch. The uncommon coarse
megagrains are set in a matrix of the fine-grained quartz in a porphyry-
like texture. The luster varies from vitreous to greesy and dull.
Under the microscope it can be seen that quartz with a greasy luster
has been stained and broken into small particles and that the quartz
with a dull or earthy luster has been broken to form a mosaic of even
smaller particles. East of the tin-spodumene belt the quartz in veins

. is coarser and bears little resemblance to that in the pegmetites.
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In the pegmatites much of the sugary quertz is interstitial to
masses of spodumene, feldspar, and less commonly with muscovite, apatite,
or tourmaline; in the veins it may be quite free from other minerals or
it may be associated with small amounts of black tourmaline or musco-
vite. S3egregations of sugary quartz in the pegmatites are generally
either free from other minerals or are accompanied by as much as 5 per-
cent of muscovite or, rarely, by a little white or pale green beryl.

It is likely that the sugary quartz in the quertz veins is related
to the sugary quartz in the pegmatites of the tin-spodumene belt just as
the coarse-grained quartz farther west is related to the coarse-grained
quartz of the cores of the sheet-mica-bearing pegmatites of the surround-
ing area. It may be tkhat the movements that opened the fracture zones,
permitting the intrusion of the Cherryville quartz monzonite magma and
various pegmatite maymas of the tin-spodumene belt, continued after the
crystallization of the pegmatites and the veins, but were spread over a
broad belt instead of being concentrated in a nerrow zone. The late
movements may have been the same as or related to those that deformed

the pegmatites south of Kings Mountain and represent the waning phase

of an orogeny that had earlier caused extensive fracturing.

Small clear crystals of quartz and muscovite have been found in
vugs in the plagioclase-quartz muscovite wall zones of two pegmatites
that are apparently related to the Cherryville quartz monzonite. The
crystels reach lengths of a quarter inch and are intergrown with musco-
vite, which distinguishes them from the clear float crystals described
above. Mica is much more sbundant than quartz in these crystal-lined
cavities. The cavities have not yet been found in abundance in wall

zones of any pegmatite that has been profitably mined for sheet mica.
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‘ Mica-lined cavities are common in intermediate zones of at least four
productive sheet-mica mines, but these cavities are generally quartz-
free.

The quartz is clear near the tips of crystels as broad as 7 inches
in vugs in cores of some of the mica-bearing pegmatites near the mein
W. T. Foster mica mine. The mode of occurrence is not common. Crystal-
lined cavities have been found in the cores of only five mica-bearing

pegmatite dikes.
Plagioclase

Plagioclase feldspar is a major constituent of all the types of
pegratite in the distriect. Its gSrain size z2nd composition wery with
its mode of occurrence.

. The pla,ioclase in the muscovite-bearing pegu-tites that are re-
lated to the Cherryville quartz monzonite forms irregular to blocky
grains that range from a fraction of an inch to about a foot in length.
Most commonly the megagrains are 3 to 6 inches long. They are invari-
ably assoclated with quartz and generslly with muscovite. Biotite,
tourmaline, garnet, and apatite are less common associates. The
plagioclase-quartz pegmatite is found in unzoned masses of regmatite,
in wall zones of zoned masses, and also in a few intermediate zones.
In the intermediate zones the texture is coarser than that in unzoned
bodies or wall zones and it is blocky--the crystals tending to be sub-
hedral to euhedral. Some of these intermediate zones may contain
perthitic microcline or small cavities that are lined with crystal

. faces of the surrounding plagioclase. The cavities may contain

erystals of red-brown miscovite, needles of black tourmaline, calcite,
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. or massive yellow sericite. The plagioclase megagrains that bouzd
quartz cores commonly have crystal faces well developed against the
quartz but not against the feldspathic pegmatite. The plagioclase in
these muscovite-bearing regmatites is generally thoroughly weathered,
but fresh plagioclase wes found in several places: it comtained 80 to
85 percent of albite.

In the tin-spodumene belt the plagicclase forms sugary-textured
masses of grains that seldom exceed 1/10 inch in breadth. The masses
commonly are several inches across. Fine-grained plagioclase and quartz
form an aplitic matrix that enclosed coarse grains of microcline and
spodumene. In the Kings Mountain and Long Creek Church areas the
plagicclase and quartz £il1 fractures in deformed phenocrysts of micro-
cline and spodumene. Few samples examined contained less than 95

. percent of albite. There is no apparent relation tetween the composi-
tion of the albite and the nature of the associeted minerals, the .

position in the dike from which the sample was obtained, or the country

rock litﬁology. The plagioclase was most calcic (Anso) in a thin dike,
scarcely 2 inches thick, that cut gebbro near Indian Creek. The very
small volume of pegmatite and the large area of contact between the
pegmatite and the enclosing gabbro accentuated the effects of assimi-
lation of calcium from the walls. The pegmatite was composed entirely
of feldspar and quartz and there was no megascopically visible evi-
dence tnaé the gabbro had been altered or that the pegmatite had
ricked up ;ron or magnesium from the gabbro. Large pegmnatite dikes

a few yardé away’and in the same gabbro body contained highly sodic

. albite.
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Plagioclase is also found in most of the other rocks in the dis-
trict. It is a major constituent of the Toluca and Cherryville quartz
ronzonites, the Yorkville granodiorite, and the diebase. It is also

present in most varieties of the Carolina gneiss.
Mierocline

Microcline is a major constituent of the pegmatites in the tin-
spodumene belt and is very common in the muscovite-rich pegmatites.

In this report "microcline" refers to non-perthitic microcline or to
all microclines in the rocks--context will indicate which meaning is
intended--"perthite" refers to perthitic microcline. Perthitic ortho-
clase has not yet been found in th= district.

The microcline in the pegmetites in the tin-spodumene belt is
similar in eppearance to that in the pegmatites related to the foluca
quartz monzonite. It is gray, somewhat translucent, and commonly forms
bent or deformed crystels. The grains of microcline range from
particles a fraction of an inch to megagrains about 4 feet in maximum
dimension. In only a few places does this feldspar contain perthite
layers of albite, though irregular patches and more or less round
greins of elbite are moderately cormon inclusions.

Perthitic microcline is fouad in the muscovite-tearing pegmetites,
whether sheet-mica-bearing or scrap-mica-bearing. It may be white,
light zray, or very pale selmon in color. In some of the unzoned,
fine-ygrained scrap-mica pegmatites near Kings Mountain are perthite
grains, like the grains of other minerals, are generally smaller than
1l inch. 1In the coarser-gralned sheet-mica pegmatites, perthite is

nearly everywhere restricted to the intermediate zones, wvhere it forms
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megegrains 2 inches to a foot across. They are blocky and show crystal
faces where they are against quartz cores. In a few poorly zoned peg-
matites that have been mined for sheet muscovite, perthite forms masses
up to 8 inches across, associated with plagioclase, quartz, and musco-
vite through most of the pegmatite.

Perthitic microcline forms monogranular round or oblong masses up
to 8 inches in length in the Cherryville quartz monzonite that are not
associated with other large mineral grains.

The content of perthitic plagioclase lamellae was determined in
perthite from a mass in the Cherryville quartz monzonite and from
another in & dike of muscovite-bearing pegmatite in the Carolina gneiss.
The former contained about 12 rercent of plagioclese and the latter
about 18 percent. About 10 percent of the plagioclase in the perthite
from the dike was in stringers transverse to the (00l) cleavage in the
miérocline end about 8 percent was in stringers parallel to that

cleavage.
Muscovite

Muscovite is found in all the pegmatites of the district as well as
in the granitic rocks and some schists. It is most abundant in the
muscovite-plagioclase-perthite-quartz pegmatites that have yielded the
sheet énd scrap mica mined in the district. It forms red-brown books
several inches across. Muscovite is present in most of the pegmatite
dikes in the tin-spodumene belt as small yellow-green flekes.

In the muscovite-oligoclase-perthite-quartz pegmatites the muscovite
is found in rock that consists of plegioclase, in 3- to 6-inch mega-

grains, quartz, in 1/W- to b-inch grains and muscovite. The muscovite
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content is very low in sume masses of this rock but reaches 10 percent
or more in others. In the Cliff Blanton mine, for exemple, the recover-
able mica content of the pegmstite was 7 percent. The oligoclase-
muscovite gquartz aggregete that contains larze mica books most commonly
forms the wall zones of well 2oned pegmetite bodies and the cores of
poorly zoned bodies.

The muscovite books in the plagloclase-muscovite-quartz pegmatite
may reech lengths of 2 feet or more, though most are 6 inches long or
smaller. Most of the books are free from ruling and reeves. Some con-
tain reeved layers that cen be rifted out leaving the adjacent leyers
free froq the defect. The flatness of sheets very close to the reeved
layers is surprising. Fractures are found in most of the books, but in
meny they do not prevent the recovery of a substaatial amount of sheet
mica. |

In mecst deposits mineral stains are not common in tke micz2, though
en occasional book is found that conteins one or two opaque black spots of
magnetite(?); the lergest spot seen was nearly 1/2 inch long. A few de-
posits in the district contain more heavily spotted mica. The spots are
blzack or dark brown and commonly are concentrated into lines that may be
curvad end not perallel to aay of the major crystallographic directions.

In the eastern part of the district, in the screp-mica pegmatites
alongside the tin-spodumene belt, the muscovite is generally strongly
reeved; much of it is characterized by "A" or herringbone structure. In
some deposits the reeved books are large and contain flat sheets. The
recovery of sheet from such mica rarely is 2 percent of the mine-run
whereas the recovery of sheet from the flat bocoks obtained in the western

rart of the district cormonly is 7 percent.
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. Some of the mica in the eestern area is similar in mode of occur-
rence to that in the western part but much‘occurs in the intermediate
zones that are high in plagiocclase and low in quartz. The wall zones
associated with these intermediete zones generally are plagioclese-
quartz pegizatite that contains little mica.

Muscovite also is found in plagloclase-beering intermediate zones
in fewer than one-fourth the total number of pegmatite bodies; these
zones are assoclated with wall zones corposed of the more common
plagioclase~muscovite—qpartz regmatite. The mica in the intermediate
zones is generally inferior to that in the wzll zcnes 1n that it tends
£0 cleave poorly, whereas that in the wgll zones is free-srlitting.

suscovite 1s found in small emounts in many 6f the pegmatites in the
zin-spodumene belt. It forms yellow-green rlekes that commonly are not

‘ore than 1/10 inch across scattered through the rock. Muscovite 2lso
forrms veins or pods of quartz-muscovite rock, or greisen. Some of the
veins are in pegmatite and some are in schist. Masses of quartz and
muscovite in some of the dikes of albite-microciine-quartz pegmatite may
be core segments. The muscovite in th=se is in reeved books that may be
6 inches long, in which interlocking sheets impair the cleavage.

A1l the sheet micza produced in the Shelby district has been classed

(Jain3 end Leacastor, (950
as "ruby" in color. In Professioaal Peger 222, most of the samples from
the Shelby district were called cinnamon brown or pinkish buff. a4 few
were brown, olive, or greenish. There is no murked zoning of mica
colors in the district other than the concentration of yellow-green mica
in the tin-spodumene belt. The green mica found in the mica-minin; arezs
.:.\y be either clear or spotted. Most of the heavily spotted mir::xgs

examined were greesa, thougzh rare, isolated spots were found in the ruby
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.mica. Reeved mice jenerslly is striped, with pale stresks along the
reeves. These pale streeks are found also in flat sheets obtained fron
"flat A" mica books. In the Dycus mine the color variations are partic-
ularly striking, as the pale yellowish streaks form a regular grid
rattern in the darker red-brown mica. The marginal parts of many red-
brown books are pale. The pale color may follcw particularly strong

.fractures into the interior of the books.

The color of mica is pmch lighter and much greener when the books
are examined with light transmitted parallel to the cleavage instead of
sormal to it. Mica that is dark brown when viewed normal to the cleav-
.ze 1s pale yellowish green when viewed psrallel to the cleavage.

Tre refractive indices of 7t micas were detenuined by the use of a
cotal refractometer. o regional zoning of indices-was found, but

.ithin individual pegmatite dikes the mica from intermediate zones had
siightly nigher refractive indices than that frcm the wall zones. The
iifference was 0.003 or less in the micas examined. A large "flat A"
ook from the Dycus mine had the two lower indices 0.001 higher at the
morgin than in the interior of the sheets; the third index (the highest)

was about the same at the margin and in the ianterior.
Biotite

Biotite is very widespread. It is a major coastituent of all
varietlies of the Carolina gneiss and in all varieties of Yorkville
granite, in Toluca quartz monzonite and in most varieties of Cherryville
quartz monzonite. It also forms as much as 2 percent of some pegmatites

‘that are related to the Cherryville quartz moazoaite. This mica forms

tooks us wide us S inches {a the sheet-micu-tearin pegmatites. Inzsmuch
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‘as biotite weathers readily it is difficult to obtain fresh specimens
from the kaolinized pegmatites. The fresh material that was found is
red-brown. Most of the fine-greined biotite in the non-pegmatitic rocks
is likewise brown or red brown.

Biotite is in pegmatites related to the Cherryville quartz mon-
zonite in all parts of the district except in the tin-spodumene belt.
It characteristically occurs in the border zones and wall zones of
sheet-mica-bearing pegmatites. It probably is, on the average, more
cbundant in the outer part of the wall zone than in the inner part.
The amouat rarely reaches 5 percent. No systematic regional variation
in biotite coatent of the pegmatite or of the properties of tkhe biotite
2ud been noted. Bictite is associated with muscovite in the wall zones
and small amounts may be found intergrown with muscovite. Common

. assoclated minerals are oligoclase and quartz; leés common associates

are gornet and apatita.
Spodumene

Spodumene is entirely restricted to the albite-microcline-spodumene-
quertz pegmatites of the tin-spodumene belt. It may constitute 20
percent or more of these pegmatites. The spodumene is in very small
masses, as compared with those in the Black Hills as the longest crystal
reported is 38 inches. The width rarely exceeds & inches. Most of the
spodumene is in mezgagrains that are no longer than 6 inches, meny of
which are fragments that have been broken from larger crystals duriang
the crystallization of the pegmatite. Spodumene, like microcline, is
‘ more generally broken in the part of the tin-spodumene belt south of

Kings Mountain than ia the part farther north.
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The spodumene is generally opaque and 1s greenish white in color.
.Locally it is translucent to transparent and pale green or pale blue.

. The transparent blue spodumene almost invariably is associated with
blue epatite that f£ills seams in the spodumene as well as in the sur-
rounding pegmatite. The clearness of the spodumene results from
clteratioa that accompanied the emplacement of the apatite veins. The
opacity of most of the spodumene is due to a multitude of tiny inclu-
sions. A small proportion of these are of an unidentified black minersal,
she rest are transPareﬁt and may be fluids. The process of clarifica-
“ion involved the coclescing and expulsion of many of the inclusions.

The hypogene alteraticr of spodumene to miczceous minerals that has
—eea found in the Black Hills and elsewhere has not been effective in
tne tin-spodumene belt. One specimen was found in the Kings Mountain

.area in wiich the spodumene was altered to a white micaceous material
2nd one t.ock was found in a quarry in which the spodumene had been com-
rietely altered, leaving porous nasses of albite, lavender apatite, =ad
minor amounts of miceceous material. The only other alteration that was
noted was the reduction of turbidity that accompanied formation of blue
apatite. The spodumene was readily sltered during the weathering of the
pecmatite. It was more resistant to weathering than albite, which is
the least stable common mineral, but was less resistant than microcline,
quartz, and muscovite. The mineral became dull in luster and tended to
separate along cleavage planes during the early stages of weathering,

and finally was altered to clay minerals.
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Beryl forms small white or very pale green grains in the pegmatites
of the tin-spodumene belt and larger green crystals in the pegmatites
in the rest of the district. |

Beryl has been found in fewer than a dozen outcrops in the tin-
spodumene belt though it has been recognized by mieroscopic examination
of material from other exposures and has been inferred to be present in
all samples of pegymatite from the belt because the beryllium content of
the rocks is too high to be accounted for by any other mineral known to
occur in the district. The grains that were found in the field were
recognized by their cyrstal outlines and by shiny crystal faces. Most
2T the beryl, unfortunately, does not occur in well formed crystals, but
forms irregular grains smaliler than 1/10 inch and they are white; hence
they are not readily distinguished from the surrounding white albite and
quartz. One crystal is embedded in white, sugary-textured quartz, the
others are embedded in aggregates of albite and quartz. The beryllium
content of the pegmatites in the tin-spodumene belt does not vary with
the position in the dikes; there is no consistent change either along
the strike or across the width of the dikes. Likewise, fhe spodumene-
free peymatites are not much different in beryllium content from the
spodumene-beering pegmatites.

The beryl in the muscovite- and oligoclase-rich pegmatite is in
larger and darker colored crystals. It most commonly is in the outer
parte of magsive quartz cores and in the adjoining parts of intermediate
zones. The intermediate zones that contain beryl generally also con-

’ tain perthitic microcline, either as the only feldspar or associated
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with plagioclase. The largest beryl crystal seen in these pegmatites
..:as about a foot in diameter. It has been broken in mining so that the
fragment remaining was not over 1-1/2 feet long. The color of the beryl
is pale green, in varying intensity. In the 0ld Plantation emeraid mine
the beryl, of course,.was rather dark green. Farther north, at the
diddenite mine in Alexander County, the beryl is also darker colored
whereas at the Drum mica mine in Catawba County some beryl is yellow.
Blue beryl was not found. Clear and transparent beryl wes found in the
gem deposits at the Old Plantation and Hiddenite mines and small purts
of crystals in otlaer places are clear. The crystuzls zre generally solid,
though a large crystal at the Bess mica mine in Gaston County hed sep-
arated along a well developed prismatic parting and the crystals at the

)14 Plantation mine contained thin tubes parallel to the c-axes.
. Tourmaline

Tourmaline is present in smell wceounts in eack of the widespread
rock types in the district. It forms layers up to 1,/2 inch thick in
tourmalinized rocks, both in the Battleground schist and in the Carolina
sneiss. It was recovered in panning the Toluca quartz monzoaite and the
pegaatites related to 1t and was found in black prisms as long as 4 inches
in the mica-bearing pegmatites. It most commonly lies in the outer parts
of the pegmatite bodies, where it is associated with plagioclase, quartz,
and muscovite. In the pegmatites of the tin-spodumene belt tourmaline
grains, 1/% inch across or smaller, are embedded in albite-quartz rock.
The tourmaline in these pegmatites is dark green. Farther eest dark
blue tourmoline is in quartz veins, both in veins that contain pyrite

‘md gold and some that contain no recognizable ore mineral.

A



Garnet

ite, and the pegmatites related to the quartz monzonite. It is uncommon

Garnet is cormon in the Carolina gneiss, the Toluca quartz monzon-

in the pegmatites related to the Cherryville quartz monzonite and,
%pparently is absent from the quartz monzonite itself. It occurs
locally in the plegioclase-perthite-mmscovite-quartz pesmatites along
the eastern edge~of the district and was recovered in very srall amounts
by panning one albite-microcline-quartz pegmatite. Gernet is not
present in the heevy mineral coacentrate at the Foote Mineral Co. mill

<t Kings Mountain. The garnet is predominantly almandite.
Staurolite

3taurolite can be obtained in most places by panning weathered
.Eattleground schist and it occurs in Carolina gneiss at a few places
w2ar the center and the northeastern cormer of the Shelby quadrangle.
It forms grzins smaller than 1/20 inch in a weathered spodumene-bearing
pegmatite east of Grover. These were seen only in a panned concentrate,

50 the mode of occurrence in the pegmetite is not knowm.
Dumortierite

Kesler reported that dumortierite was very scarce in the pegmatites
of the tin-spodumene belt znd indicated that it was not well dissem-
inated through the pegmatite (Kesler, 1942, p. 255). One or a very
small nurber of grains of dumortierite were recovered from a few dikes
of pegmatite related to the Toluca quartz monzonite near the center

.of the Shelby quadresngle. The durortierite content of the pegmatite
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is exceedingly small as esch sample examined represented about 20
.ounds of rock. The bluish-gray grzins were smell, rarely reaching

1/15 inch in length.
Sillimenite

Sillimenite was not found in eny of the pegmatites related to the
Cherryville quertz monzonite, but is present in about half of the regz-
matites related to the Toluce quartz moazonite. The highest ccntent
in the 329 samples of uncoztcminated pegmatite paaned was 0.01ll+ percent.
In some pleces, where the pegmatite contains wisps of partly assimileted

schist, the sillimonite content may be higher.
Andalusite

andelusite is present in the coarse, muscovite schist variety of
the Battl:ground schist along the tia-spcdumense belt, but it is not in
the pegmetites. One quartz vein in the tin-spoduwmene velt coatains 1C
to 20 percent of fresh pink andalusite and small amounts of muscovite

and of kaolinized feldspar, probaktly plagioclase.
Zircon

Zircon is a2 minor constituent of all the rocks except the pegma-
tites related to the Cherryville quartz monzonite arnd the basie reccks.
In the C-rolina gneiss =ud Toluca quartz moazonite zircon forms small
nore or less round zgrains that ere colorless und transparent. Most of
the samples examined wider short-wave uitra violet light fluoresce with
a bronze-yellow color. Tke zircon in the Battleground schist is in

.sma.u , colorless yrcins that also fluoresce with a bronze color. The

&



surfaces of the zrains in the Battleground schist were frosted, either
.-iuring transportation before the formatica of the original sedimentary
rock or during the metamorphism.

The zircon in the pegnatites related to the Toluca quartz moazon-
ite are several times as long as those in the other rocks. They are
eubedral, with well developed prism and pyramid faces and are brown and
oreque. They do not fluoresce.

Age determinations gziwve rather coasistent results of wbout Ll»OO
nillion years on zircon samples from the Carolinz gneiss, Toluca quartz
monzonite, and pegmetites related to it. The zircon from the Batile-

sround schist gives 2 much older age, over 600 milliorn years.

i

Calecite and dolomite

Calcite was found in three micz deposits in the district that er

(]

.:'.ined below the depth of weatheriag. Iz 221 of these the caleite forns
smell crystols in vugs or veins or irregular masses in plagioclase-
perthite-quartz or plagioclase-quartz intermediate zones. In one it
also forms masses in some segrents of a discontinuocus core. At cne
mine certcin small crystals proved to be dolomite that was =zssociated

with massive calcite.
Sulfide minersls

Pyrite, pyrrhotite, and chalecopyrite are in 2 few sheet-mice
deposits, and pyrite, pyrrhotite, chalcopyrite, and sghalerite ere in
the spodumene-bearins pegmatites. The pyrrhotite in the mica-bearing
pegmatites generally forms masses up to 10 inches across that are in

‘quamz cores or in intermediate zones contalning perthite or bloclhy
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plagioclase. Mssses of pyrrhotite contain veinlets 1/10 inch thick of
pyrite and chzlcopyrite. The chalcopyrite is distigctly subordinate to
Dyrite in the veinlets. The vein minerels have replaced the pyrrhotite
along fractures aad cleavage planes. In the Martin mica mine the
pyrrhotite is crumbly because of weatherinz. The degree of weasthering
varles directly with the emount of pyrite. This suggests thet the
pyrite 1s of supergeane rather than hypogene origian. If this is true
the chalcopyrite must ulso be of supergene origian. It is, of course,
possible that the pyrrhotite was sltered to o more reudily weathered
form during a partia2l hyrogene replacement by pyrite. The secondary
origin of the pyritc is reflected in its hi;h coantent of nickel, which
aormally enters pyrrhotite. The nickel presumzbly wes inherited from
+he parent pyrrhotite.

Pyrite and dark brown.sphalerite form fairly straight veinlets in
tie spouumene-bearing pegmatites. These veinlets clearly replace quartsz,
~ibite, and microecline. They seem 21so to be younger than the veinlets
of dark blue spatite, Lut, like the cpatite veins, they have caused no
apparent alteration of the pegmatite. The thickest sulfide veinlet is
sbout 1/10 inch ecross. It coat:ins pyrite moinly, with messes of
sphalerite about 1/10 inch loag. The fractures seem locally to form an
ictersecting conjugate system. The more persistent fractures contain
pyTite ;ith smaller amounts of sphalerite and the less persisteat
fractures'contain more sphalerite thau pyrite. The sphalerite is some-
-what coarser grained in these thon in the persistent veins.

Pyrrhotite was found in larger amounts than pyrite or sphalerite
in heavy minexrzl concentrates of the spodumene-bearing regmatites but

it hos oot been found in place.
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Cassiterite

scattered through the feldspathic pegmatite of the tin-spodumene belt

Cassiterite forms grzins 1/50 to 1/10 inch across that are

2s well as in grains as large =s 1/h inch that are in quartz-muscovite
rock or greisen that forms layers & few inches thick in pegmatite and
schist. 7The mineral is dark brown to black in hand specimens. In thin
sections it is yellow-brown or reddish brown. Color zones are comron.
The cassiterite is widespread in the tin-spodumene belt, <hough it is

zbundant in only a few places.

Columbite
Columbite, like cassiterite, forms small grains scattered thrcugh

<he feldspathic pegmstites in the tin-spodumene belt. It is evean less
.::bundant shan cassiterite and may not be as widespread. It was sSeen

2aly ia h=gvy minersl concentrates durinz the recent iavestigasicos

50 its reletions witk otaer minerzls are umcaowm. . C. Hardia, of

Grover, has found columbite in grains as broad as 1/4 iach in soil that

upparently formed from hernblende schist or gneiss about‘a mile east

of Grover. This occurreace was not studied, but 1t might represent z

son-pegmatitic occurrence of the mimeral.
Magnetite and ilmenite

Black minerels con be obtained by penning most of the rocks in the
district. The Cherryville quertz monzonite and the pegmatites relzated
to it contaln very little black metericl, however. The Tolucz quertz

’ monzonite and the pegmetites related to it generslly contain ilmenite

/49



ut magnetite 1s uncommon, heving been found in only 23 of the 329
‘;egnntites pemaed and in 1% of the 96 quartz monzouites panned. The
<lmenite content reaches 0.027 perceat in the pegmatites and 0.036
- percent in the quartz monzonites. The meximum magnetite content in
sre two rocks are 0.0016 and 0.0006, rcspectively. East of the tin-
spodumene belf the Battleground schist and Yorkville granite contain
ammetite but very little ilmenite.
Some opaque bluck material that forms spots in muscovite hes been
called magnetite. One spot carefully shaved off a mica bookx from tihe

J. 3. Patterson property was atbiracted by z strong Alnico maznet.
apatite

Ia the pegmatites in the tin-spodumene velt apatite forms dark
._’:°en disseninated grains, dark blue stringers that cut the Teldspathic
-eumatite, and lavender masses thet reploce feldspathic pegmatite. The
~ark green apetite appears to have formed rather early during the con-
solidetion _of the pegmatite. It may even be older than some of the
1ibite in the aplitiec groundmass. The dark blue apatite forms stringers
*hat generally are parallel to the layers in gzneissic pegmatite. In
siaces, moreover, ib forms veinlets that are transverse to the layering.
dhere coarse grains of spcdurene are in rock that contains abundent
5lue apatite the apatite may form veinlets with random orientation in
the spodiunene. These veinlets obviously formed after the complete
consolidation of the rock in which they lie and are therefore younger
than. the somewhat deformed dark green apatite grains. The spodumene
‘ was not altered to other minersls by the solutions that deposited the

dark tlue apatitz. It must therefcre have becen in equilibrium with
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the solutién#. That was not the case later, when the levender apatite
was deposited. The spodunene nesr the largest apatite mass was com-
pletely altered.

The dark green spatite is by far the most widely distributed of
the three varieties; the dark blue is less widely distributed, but heos
zeen found in many pleces in severzl dikes in the Kings Mountain area.

The levender spetite was found only at one place in one dike.
Monazite and xenotime

Monazite was recovered from all but one of 96 samples of Toluca
juartz monzonite that were panned and from all but 18 of the 329
.cmples of pegmatite related to the Toluca quartz monzonite. It was
130 recovered from meny of the samples of biotite and blotite-

.’illliman.ite schist from the Carolins gneiss. In all these rocks the
zonazite Lorms grains that rarely exceed 1/20 irnch in diameter. Thcse
a2 pegmatite are largest and those in biotite and sillimanite schist
are smallest. The mineral is greenish yellow or greenish brown.

Xenotime was found in several places in each of these rocks. It
was recognized by the characteristic pyromidel crystals and a color
slightly different from that cf the ronazits. In several places in the
western part of the Shelby quadranjile xenotime was intergrowm with
.ircon, with the c-axes of the two mii_rals parzllel.

The distritution of monazite in the Cherryville quartz monzonite
is erratic. It was found in hard rock at one place on Muddy Creek,
Lincolnton quadranzle, and in one sample of saprolite in a road cut
abvove the hard oufcrop in the creek. Another sample from the same road

®

cut ylelded no monazite. Monazite is present in muscoritic quartz
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monzonite near Grover and spparently is more consistently present near
. Cherryville than elsevhere. The monuzite 1s similar in appearance to
chat 1n the Toluca quartz monzonite but is much richer in uranium.
Mounazite was in a heavy mineral concentrate made from spodumene-bearing
pegmatite at the mill of the Foote Mineral Company. The monazlite con-

tent of the concexntrate was not high and the minersl probably coastitutes

only a few perts per million of the pegmatite.
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