HIGH ALUMINA METAMORPHIC ROCKS OF THE KINGS MOUNTAIN DISTRICT,

NORTH CAROLINA AND SOUTH CAROLINA

Thesis by

Donald Brandreth Potter

In Partial Fulfillment of the Requirements

for the Degree of
Doctor of Philosophy

California Institute of Technology

Pasadena, California

1954



ACKNOWLEDGMENTS

A1l of the field work and much of the petrographic study were
done while in the employment of the United States Geological Survey.
Nine complete chemical and spectrochemical analyses, one X-ray anslysis
and about 350 thin sections were made by the Survey. The privilege,
granted by the Survey, to use this study as a basis for a thesis is
gratefully acknowledged., Gilbert H., Espenshade, head of the Survey project
studying high alumina deposits, suggested the thesis and gave invaluable
aid through critical field observation and discussion, Lewis A. Brubaker
and Norman P, Cuppels, both members of the Survey, aided in making the
plane table maps of Clubb Mountain and Henry Knob., Most of the photo-
graphs in the field were kindly made by William C. Overstreet. Wallace
Re Griffitis contributed information on the Yorkville granodiorite contact
(Figure 1), Albert R. Eckel of Commercialores, Inc, has generously made
available drilling and sampling data of the Henry Knob deposit.

Ian Campbell of the Division of Geological Sciences, Caiifornia
Institute of Technology, has supervised the preparation of the thesis,
He has given many helpful suggestions on the organization and interpretation
of data, The author is indebted to the following men for critically
reading certain chapters of the thesis: R, P. Sharp, Geomorphologys;

Jo P. Buwalda, Structure; A. E., J. Engel, Metamorphism,



ABSTRACT

The Kings Mountain district is located in the center of the
Piedmont province at the North Carolina=South Carolina border. The
district consists of two areas which are underlain by high alumins
metamorphic rocks including kyanite quartzite and sillimanite quartzite.
The southern area covers about 35 square miles and lies just southeast of
the city of Kings Mountain; the northern area covers about 20 square miles
and is located 15 miles northeast of the city of Kings Mountain. The
two areas are separated by the Yorkville granodiorite., A detailed geo=
logic map was made of the séuthern area; in the northern area only the
high alumina quartzites and the contact of the Yorkville granodiorite were
mapped. The detailed mapping of the southern area serves as a basis for
most of the discussion in the dissertation.

In both areas, and especially in the southern area, kyanite
quartzite and sillimanite quartzite form prominent ridges and hills, In
the southern area the long, eraggy ridges and hills of Crowders Mountain,
The Pinnacle, Kings Mountain, and Henry Knob rise abruptly above the gently
rolling Piedmont surface; these hills accurately reflect the outerop
pattern of the kyanite quartzite that underlies them,

Kyanite quartzite occurs as well defined beds and lenses in a
thick sequemce of high alumine metavolcanic and metasedimentary schists,
manganiferous schist, and magnetiferous quartzite. The high alumina
nature of the schists is indicated by the presence of abundant white
mica and one or more of the following accessory minerals: andalusite,
chloritoid, kyanite, and stauroclite. This sequence of high alumina schists

and quartzites, manganiferous schist, and magnetiferous quartzite lies with



apparent unconformity on a thick sequence of metamorphosed volcanic,
sedimentary, and igneous rocks which include quartz-mica schist, oligo-
clase tonalite, hornblende gneiss, and biotite gneiss and schist.

The entire sequence of rocks was folded along a N4COE-trending
axis; the outcrop pattern of the high alumina quartzites and manganiferous
schist indicates the presence of a major anticline and syncline that probably
developed at this time, A later deformation accompanied the emplacement of
the Yorkville granodiorite. This large body was intruded along a north-
trending zone into the east limb of the NACE=trending anticline, In addition
to apparently warping the earlier major structures, this deformation pro-
duced numerous small steeply plunging folds, strong flow cleavage, and
lineation, These last three structural features bear no consistent relation
to the major folds.

A major metamorphism accompanied the intrusion of the Yorkville
granodiorite, producing sillimanite in the high alumina sediments near the
granodiorite and kyanite in the high alumina sediments farther away. The
rocks that occur as septa in the granodiorite, and those adjacent to the
granodiorite contact belong to the amphibolite facies. These rocks grade
westward over a distance of 2 to 3 miles into rocks of the albite-epidote
amphibolite and greenschist facies. Andalusite occurs in schist adjacent
to kyanite quartzite and sillimanite quartzite and it commonly occurs with
sillimanite in quartzite, but not commonly with kyanite in quartzite. Some
of the puzzling distributions of these polymorphs may reflect subtle com-
positional differences in the parent sediments, The three polymorphs were
seen together in a few thin sections. The ﬁaragenetic sequence, deduced
from the study of three thin sections, probably indicates polymorphic trans-

formations resulting from a single metamorphism rather than a series of

metamorphisms,



The following evidence suggests that high alumina quartzite
in this district is of metasedimentary origin: high alumina quartzite
occurs as well defined thin beds that can be traced up to three and one
half miles along strike; many outcrops of high alumina quartzite exhibit
compositional layering (i.e., kyanite quartzite is interlayered with stauro-
lite quartzite, and with non~kyanitic magnetiferous quartzite); high
alumina quartzite beds occur in a conformable sequence of high alumina
metasedimentary and metavolcanic schists., It is suggested that the high
alumina quartzite beds are metamorphosed beds of sandy or silty clay; these
beds probably represent one stage in the deposition of fine grained clayey
clastic sediments.

No evidence was found to support the view of Smith and Newcombe
(1951) that the kyanite at Henry Knob developed by hydrothermal intro-
duction of alumina, The present study indicates that kyanite in the
kyanite quartzite here, as throughout the district, is of metasedimentary

origin,
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INTRODUCTION
General Statement

This thesis embodies a detailed field and petrographic study
of the kyanite and sillimanite quartzite deposits and the related meta-
morphic and igneous rocks of the Kings Mountain district of North Carolina
and South Carolina. The Kings Mountain district is situated at about the
center of the Piedmont province in south central North Carolina and
northern South Carolina (Figure 1),

This study is part of a United States Geological Survey project
aimed at making a reconnaissance of all the kyanite deposits in the
southeastern states, and at studying in detail the more important deposits.

The principal domestic sources of kyanite in the last fivé years
have been from open pit operations at Baker Mountain, Virginia, and Henry
Knob, South Carolina, While imports froh India and Kenya supplied a very
desirable kyanite aggregate for refractory use, the uncertainty of these
imports motivated a search by the Survey for high grade domestic deposits.
Indian kyanite is particularly desirable in that the interlocking texture
and purity of the fine grained kyanite aggregates are such that the cal-
cined product (mullite) consists of lumps of bonded crystals. By contrast,
mullite formed from domestic kyanite-is generally friable,

No kyanite ore resembling Indian kyanite was found in any quantity
in the southeastern states. The reconnaisance and detailed mapping did,
however, indicate the presence of millions of tons of kyanite quartzite

in which the kyanite content varies from about 10 to 30 per cent,
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Definition of Areass and Nature of Work

A reconnaissance of the Kings Mountain district was made by
members of this Survey project in 1951, The detailed field work was
done by the author during the period from October, 1951 through June,
1952. A detailed petrographic study was made of all the rock types
during the winter of 1953=54.

Two areas, separated by a large body of granodiorite, were
found to contain kyanite and sillimanite quartzite in the Kings Mountain
district. These two areas are the Kings Mountain-Henry Knob area and

the Reese Mountain-Clubb Mountain area, (Figure 1),

A. The Kings Mountain-Henry Knob area: This area includes a small
part of the southwestern portion of Gaston County, North Carolina, and
a small part of the northern portion of adjacent York County, South
Carolina, The area lies in the northeast part of the Kings Mountain
Quadrangle and includes a very small portion of the adjacent Clover and
Gastonia Quadrangles to the east and northeast respectively. The geology
in this area was mapped in detail on serial photographs at a scale of
1:20,000, and then transferred to a planimetric base map prepared by the
Trimetragon Branch of the Topographic Division of the Survey, (Plate I).
Most geologic contacts on this map, with the exception of those involving
the resistant high alumina beds, were drawn on the basis of outcrops in
stream beds; little emphasis was put on soil types except where float
could be identified, (see Weathering).

The following list of the principal kyanite and sillimanite

quartzite deposits in this area indicates the mapping methods and scales

at which the various deposits were mapped.
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Deposit and locality Iype Mapping method Scale Plate No,.

Crowders Mountain=G KQ Aerial photo 1:20,000 I

The Pinnacle=G KQ Enlarged aerial 1:2400 v
photo

Shelton property=G KQ Tepe and compass 1:1200 v

Will Knox property=G s5Q Tape and compass 1:1200 Vi

Ryan=Purcley property-G  SQ Aerial photo 1:20,000 I

Henry-Knob=Y KQ Plane Table 1:1200 ITI

G = Gaston County, North Carolina
Y = York County, South Carolina
KQ = Kyanite quartzite

SQ = Sillimanite quartzite.

Be The Reege Mountain=Clubb Mountain areas This area is situated
in the middle of the Gastonia Quadrangle about 15 miles northeast of the
Kings Mountain-Henry Knob area. It lies partly in Lincoln County
and partly in Gaston County, North Carolina., In this area only the
high alumina deposits and the eastern contact of the Yorkville grano-
diorite were mapped on aerial photographs. The geology was transferred
to a planimetric base map at a scale of 1:20,000, (Plate II). The
other metamorphic and igneous rocks in this area were not studied in any
detail., The area includes the kyanite quartzite deposit et Clubb Mountain
and the sillimanite quartzite deposits at Reese Mountain énd Machpeleah
Church., A large scale (1:1200) plane table map was made of the kyanite

quartzite at the north end of Clubb Mountain, (Plate VI).

Previous work
Records of the occurrences of most of the high alumina minerals

in the two areas, with the exception of sillimanite, are found in the
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early literature (Kerr, 1875; Genth and Kerr, 188l; Sloan, 1908),

Reports on the granites of South Carolina and of the southeastern

states (Watson, 1909, 1910) include references to plutonic rocks in the
Kings Mountain-Henry Knob area. Farly reports on the iron ores of North
Carolina (Nitze, 1893) record the occurrence of magnetite and brown
hematite in the Kings Mountain-Henry Knob area, A comprehensive study
of the general geology and ore deposits of the Kings Mountain=Gaffney
Quadrangles was made by Keith and Sterrett (1931).

Manganese deposits, which occur as septa in the Yorkville
granodiorite in the Kings Mountain-Henry Knob area, were investigated
by White (1944) as part of a broader study of the manganese deposits of
North Carolina,

Barite deposits which occur east and southeast of Crowders
Mountain have been investigated in a study of barite deposits of the
Carolina Barite Belt (Van Horn, Le Grand and MeMurray, 1949).

The kyanite deposit at Henry Knob was studied by Newcombe (1949)
and a discussion of the origin of this deposit is given by Smith and
Newcombe (1951), Aside from their study and the general mapping by Keith
and Sterrett (1931) no detailed work has been done on the high alumina
deposits. The sillimanite quartzites were unknown prior to a recon-

naissance by Espenshade in 1951,

Regional Geologic Setting
The Piedmont province is, with the exception of the fault-

block basins of Triassic sedimentary and volcanic rocks, underlain
entirely by metamorphic and igneous rocks. The metamorphic rocks and
many of the bodies of igneous rocks have a general northeast trend which

parallels that of the Appalachian Mountain system,
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The principal metamorphic rock types in the Piedmont are
biotite and muscovite schist and gneiss, hornblende gneiss and slate.
In general these metamorphic rocks indicate a higher degree of meta-
morphism than do the bulk of schists and gneisses of the central and
northern Blue Ridge to the northwest., This higher degree of metamorphism
is in large part the result of the intimate association of various sized
bodies of plutonic rocks which range in composition from gabtbro to granite,
Large bodlies of rock, ranging in composition from granodiorite to granite,
are particularly numerous and are commonly accompanied by pegmatites.

Some of the lowest grade metamorphic rocks in the Piedmont
are found in two long belts of metavolcanic rocks that extend from
southern Virginia through eastern North Carolina to the northern part
of South Carolina., These rocks have been referred to as the "Volcanic-
slate series", or "Carolina slates" (Pogue, 1910; Laney, 1910; Laney 1917;
Stuckey, 1928; Broadhurst and Councill, 1953). They consist in large
part of metamorphosed tuffs, volcanic breccias and flows,and fine grained
sedimentary rocks. Numerous pyrophyllite deposits occur in the volcanic-
slate series. The western-most belt of the volcanic-slate series lies
30 miles east of the Kings Mountain~Henry Knob area, The Kings Mountain-
Henry Knob area contains metavolcanic rocks which have several features
in common with the volecanic rocks of the volcaniceslate series. These
features are discussed later under the heading "Age and Regional Correla-
tion",

Kyanite quartzite occurs at several localities in the Piedmont
from central Virginia to Georgia. Several deposits occur within the

belts of the volcanic-slate series. The evidence suggests that these
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deposits were formed by local replacement of the rocks in the
volcanic-glate series. The major economic deposits of kyanite quartz-
ite occur west of the two belts of the volcanic-slate series. These
deposits include those at Baker Mountain and Willis Mountain, Virginia,
and those in the King Mountain district, North Cgrolina and South
Carolina., The evidence suggeststhat these deposits were formed by the
metamorphism of high alumina sedimentary rocks.

Kyanite and sillimanite are widespread in the schists and
gneisses of the Piedmont., Sillimanite is particularly asbundant in the
schists that form a long belt extending for 80 miles southwest from central
North Carolina into South Carolina, (Hunter and White, 19463 Hash and
Van Horn, 1951).

The geologic map of the Kings Mountain and Gaffney Quadrangles
(Keith and Sterret, 1931) indicates that the schists, gneisses, conglom-
erates and high alumina quartzites in the Kings Mountain-Henry Knob area
are part of a large, well defined northeast-trending belt of metamorphic
rocks. This belt is from five to ten miles wide and at least 35 miles
long, It extends from Gaffney, South Carolina northeast through four
quedrangles, The Kings Mountain-Henry Knob area is situated on the east
side of this belt about midway between the ends of the belt.

The major rock types exposed in this belt in the Kings Mountain
and Gaffney Quadrangles are listed below in order of their occurrence
across the strike of the belt from southeast to northwest. The formation
names in brackets are those of Keith and Sterrett (1931), “K=H"
indicates that the rock occurs in the Kings Mountain<Henry Knob area.

The figure following the formation name indicates the width of the
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exposure of this unit. Isoclinal folds with steep axial planes are
characteristic of this region; so the thickness of these units may be
one-half or only a small fraction of the width of the exposure.

K=H Biotite schist and gneiss (metavolcanic and metasedimentary),
minor hornblende gneiss, metamorphosed oligoclase tonalite [Bessemer
Granite] 20,000~21,000 feet,

K=H Fine grained mica*schist and phyllite (metavolcanic and meta=-
sedimentary), [Battleground schist] 10,000-15,000 feet.

K-H Kyanite conglomerate and kyanite quartzite [kyanite quartzite
member of the Kings Mountain formation] 20-170 feet. This unit occurs
at only two localities in the belt southwest of the Kings Mountain-Henry
Knob area. It has its maximum development in the Kings Mountain-Henry
.Khob area,

K-H Manganiferous schist [manganiferous schist member of the Battle-
ground schist] 100-1,000 feet, This unit is discontinuous but crops out
in a consistent stratigraphic position over a distance of 25 miles,

K=H Coarse non-kyanitic conglomerate, chloritic quartzite, chlori-
toid-mica schist [Draytonville conglomerate, Kings Mountain quartzite],
The width of conglomerate exposures ranges from 20 to 300 feet; quartzite
exposures range from about 100 to 1,000 feet in width. The quartzite
is discontinuous and not generally a good marker; the conglomerate is
also discontinuous but is an excellent marker unit for more than 25 miles,
Deposits of magnetite and brown hematite occur sparadically along the
entire belt of metamorphic rocks, Many of these deposits in the Gaffney
and Kings Mountain Quadrangles occur at about this interval in the sequence

of rocks,.

* All white mica, unless inferred from chemical analysis or optical
properties to be muscovite, is referred to as "mica", See discussion
under Chloritoid Schist,
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Hornblende gneiss [Roan gneiss] 200-8500 feet.

Folded beds of quartzite, biotite schist and gneiss, fine grained
mica schist, phyllite and marble [Kings Mountain quartzite, Carolina
gneiss, Blacksburg schist, Gaffney marble] 2,000-5,000.

The outcrop pattern of these various units, and especially
the conglomerate, quartzite, marble and manganiferous schist, indicates
the presence of several long narrow folds in this belt.

The Kings Mountain-~Henry Knob area is bordered on the east by
a large body of granodiorite [Yorkville granite of Keith and Sterrett,
| 1931]. The contact of this body in this area trends north, and th;re
is considerable evidence to indicate that the emplacement of the grano-
diorite was accompanied by folding and shearing of the metamorphic rocks
along planes parallel to this contact. Thus, the Kings Mountain=Henry
Knob area is situated in a zone between two converging major structures:
the northeast=trending belt of metamorphic rocks, and the north=trending
contact of the Yorkville granodiorite,

The high alumina rocks and associated schists in the Reese
Mountain=Clubb Mountain area lie on the east side of the large granodiorite
body, 15 miles northeast of the Kings Mountain-Henry Knob area. It is
probable that the metamorphic rocks in the Reese Mountain-~Clubb Mountain
area are a continuation of the well defined northeast-trending belt of
metamorphic rocks in the Kings Mountain=Henry Knob area.

The regional distribution of pegmatites is interesting in that
pegmatite bodies are absent or occur only rarely throughout much of the

area where kyanite quartzite is abundant in the Kings Mountain-Henry Knob
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area., The principal occurrences of pegmatites in this area are:

(1) Small dikes and sills in the metamorphic rocks within about 2,000
feet of the Yorkville granodiorite contact, and (2) A well defined
narrow zone of tin-spodumene pegmatites that lies immediately west of
the major northeast-trending belt of metemorphic rocks (Griffitts and
Olsen, 1953, p. 211). This zone of pegmatites is about three miles

west of The Pinnacle., Pegmatite dikes and sills are abundant throughout

a large area west of the tin-spodumene pegmatite zone,
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GENFRAL DRSCRIPTION
Topography

The general accordance of the summits of the gently rolling
interstream areas of the Piedmont province suggeststhat these areas are
partly dissected remnants of a broad surface of low relief. 1In general,
the relief on this surface is about 50 feet or less over a distance of
a few miles, In the Kings Mountain district the elevation of this sur-
face is different in one broad area compared to another depending on
the underlying bedrock, Thus, the broad areas underlain by the Yorkville
granodiorite have elevations ranging from 750 to 850 feet compared to
areas underlain by quartzose schist and gneiss and quartzite with ele-
vations ranging from 850 to 950 feet, The latter areas are usually
narrow and elongated parallel to the general grain of the metamorphic
rocks,

In the northwestern part of the Kings Mountain-Henry Knob
area many long hills and ridges rise abruptly 100 to 800 feet above the
surface of low relief, The principal hills include Crowders Mountain,
The Pinnacle, and the north end of the Kings Mountain range. Henry Knob
is an isolated hill in the southeasterﬁ part of the area., Most of the
prominent hills in the area are underlain by kyanite quartzite, fine
grained quartzose schists, or sillimanite quartzite. The trend and
extent of the kyanite quartzite beds are accurately indicated by the size
and shape of the hills, The crests of hills underlain by kyanite quartz-
ite are usually craggy,and precipitous eliffs are common, The slopes of
these hills are heavily mantled with kyanite=quartzite talus,

Hills underlain by sillimanite quartzité rise only 50 to 120

feet above the surface of low relief and are not conspicuously elongated.
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The fact that both sillimanite and kyanite quartzite beds form most of

the prominent hills is a great aild in reconnaissance mapping,

Weathering

Intense chemical weathering of the rocks at or near the sur-
face is characteristic of the Piedmont province., In the Kings Mountain
district, weathering extends to depths of 25 to 50 feet and, locally, to
200 feet. In general, exposures of fresh rock are found only in the
mmerous small streams and along the crests of prominent hills, Weather-
ing has altered feldspar to clay and produced a partial chemical break-
down of most minerals with the exception of quartsz, mica? the high alumina
gilicate minerals,and zircon., These unaltered minerals can be recovered
by panning the weathered rock, and this provides a valuable aid in
mapping, Although highly weathered, the structure and texture of many
schists and gneisses are commonly preserved,

The development of hills in the northwestern mrt of the
area is apparently related to two principal factors: +the presence of
resistant minerals,and the texture of the underlying rock. Kyanite quartz-
ite owes its resistance to two chemically resistant minerals, quartz and
kyanite, but especially kyanite., Differentisl resistance to weathering
of quartz end kyanite (or sillimanite) is evident from nearly every oute-
crop where the minerals are exposed together. Kyanite and sillimenite
project above the weathered surface of the quartzite groundmass and give
the rock a rough pitted surface. The resistance of kyanite quartzite to
weathering is also increased in some cases by the presence at the surface
of a resistant limonitic weathering ecrust that has been produced by the

hydration of pyrite in the rock.,

* All white mica, unless inferred from chemical analysis and optical
data to be muscovite, is referred to as "mica". See discussion under

Chloritoid Schist.
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The combination of chemically resistant mica and quartz and
the fine grain size of some quartzose schists in the northwestern part
of the area makes them prominent ridge-formers.

The color and texture of many soils produced by intense
chemical weathering are diagnostic of the parent rock type. Thus, a
dark brown or black soil is formed from mamngeniferous schist, a dark red
or reddish-brown soil is characteristic of hornblende gneiss, and light-
brown sandy soil is characteristic of granite rocks. In addition, the
presence of resistant minerals and float fragments of relatively
unweathered rock identify the parent rock type of many soils. Rock
fragments are common in soils derived from hornblende gneiss, quartze
mica schist, quartzite, and diabase, The areal distribution of float
is in many cases the only indication of the extent of the outcrop
from which the float was derived. Contacts drawn on the basis of
soil and float are generalized and indicate little of the true nature
or exact extent of the contact. Many geologic contacts in interstream

areas north of Henry Knob are of this nature,

General Geology

Unless otherwise stated, descriptions of the metamorphic rocks
refer to the Kings Mountain-Henry Knob area (Plate I) where the detailed
mapping was done. Table I is a summary of the geologic history in this
area, Figure 2 is a simplified sketch of the major structure of the area.

The large area north of Henry Knob is underlain by biotite
schist and gneiss, hornblende gneiss and metamorphosed oligoclase tonalite.
Overlying these apparently older rocks, and defining a large north-plung-

ing anticline (I, Figure 2), is a sequence of fine grained schistose
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TABLE I

Summary of the geoclogic history of the Kings Mountain-Henry Knob area. The

oldest event is at the bottom of the column. The names in parentheses indicate

the metamorphic rock derived from the original rock.

To
6.

Intrusion of diabase dikes.

Emplacement of the Yorkville granodiorite: intense deformation, major
metamorphism. ,

(early 6%)

B
4ec,

4b,

4a.

3e
20

la,

1

Deformation: development of major folds.

Eruption and deposition of pyroclastic material (schistose pyroclastic
rocks) and basic volcanic rocks (hornblende gneiss); deposition of fine
grained clastic sediments (fine grained mica schists); deposition of
manganiferous sediments (manganiferous schist).

Deposition of ferruginous sandstone or ferruginous chert (magnetiferous
quartzite and hematite schist; deposition of cley-rich sandstone and
conglomerate (kyanite quartzite, kyanite conglomerate, sillimanite
quartzite, kyanite-staurolite-chloritoid quartzite); deposition of fine
grained clayey sandstone and tuffaceous material (chloritoid schist,
quartz-mim schist, chlorite-mica schist, fine grained quartzite).

Deposition of clay-rich sandstone (kyanite quartzite and sillimanite
quartzite). Eruption and deposition of pyroclastic material (schistose
pyroclastic rocks); eruption of volcanic rocks of intermediate to rhyolitic
composition (albite-chlorite gneiss, biotite gneiss); deposition of fine
grained ferruginous sandstone, tuffaceous material and other fine grained
clastic sediments (fine grained quartzite, mica schist).

Weathering and erosion; development of unconformity.
Local intrusion of quartz gabbro near Henry Knob (hornblende gneiss).

Intrusion of oligoclase tonalite (metamorphosed oligoclase tonalite and
biotite gneiss); local albitization of oligoclase tonalite and rocks
that are now biotite gneiss and hornblende gneisse

Eruption of volcanic rocks:s soda rhyolites (biotite schist and gneiss),
andesite and basalt (hornblende eiss); deposition of conglomerate and
other clastic sedimentary rocks %2onglomeratm biotite schist) which

are interlayered with the volcanic rocks. '
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pyroclastic rock, chloritoid schist, magnetiferous quartzite, kyanite
(and sillimanite) quartzite and manganiferous schist,

Kyanite quartzite and sillimanite quartzite occur as relatively
thin beds in a thick sequence of high alumina schists. Kyanite quartzite
beds renge from about 10 to 170 feet in thickness. Sillimanite quartzite
beds range from about 5 to 40 feet in thickness and are generally more
lenticular than the kyanite quartzite beds. In both the Kings Mountaine
Henry Knob and Reese Mountain-Clubb Mountain areas sillimanite quartzite
occurs within about 3000 feet of the Yorkville granodiorite contact.
Kyanite quartzite occurs as far as four miles from the contact, Some of
the kyanite guartzite and kyanite conglomerate beds can be traced along
strike for distences up to three and one~half miles, Chloritoid and
staurolite are locally abundant in some kyanite quartzite beds, and in
geveral cases staurolite quartzite, magnetiferous quartzite and kyanite
quartzite occur as highly folded interlayers,

The Yorkville granodiorite is an unmetemorphosed coarse
grained porphyritic rock that crops out along the eastern and south-
eastern part of the area. These exposures mark the western margin of
a large body or series of bodies that trend north-northeast for a distance
of more than 55 miles,

The presence of numerous long septa of manganiferous schist,
sillimanite schist, hornblende gneiss, etc, in the Yorkville granodiorite
suggests that the granodiorite was intruded into the east 1limb of the
mejor anticline (I, Figure 2). In the northwestern part of the area,
on the west flank of the anticline, a large syncline (II, Figure 2) is
defined by the outerop pattern of the kyanite quartzite and kyanite

conglomerate beds, This fold has a sinuous trend and can be traced for



- 17 -
about four miles.

Several structural and mineralogical features indicate that
the rocks in this area have undergone at leasttwo major deformations.

The development‘of large folds (Figure 2) preceded the emplacement of
the Yorkville granodiorite which was accompanied by a major deformation
and metamorphism, Some of the products of this last deformation include
the profuse small folds especially well developed in kyanite quartzite,
and the strong linear structures and flow cleavage prominent throughout
the area, This flow cleavage, striking northe-northeast, transects both
1limbs of the northeast=trending syncline (II).

The metamorphism that accompanied the emplacement of the
Yorkville granodiorite produced rocks of the amphibolite facies (Turner,
1948, p. 76) in the septa and along the margins of the granodiorite,

The schists and high alumina quartzite in the vicinity of The Pimnacle

and the Kings Mountain renge belong to the greenschist and albite-epidote-
amphibolite facies. The biotite schist and gneiss and hornblende gneiss
in the large area north of Henry Knob also indicate an increase in
metemorphic rank from greenschist and albite-epidote-amphibolite facies

in the west to amphibolite facies in the east, near the Yorkville gran-
odiorite contact.

Intrusion of diebase dikes, probably of Triassic age,
represents the closing episode in the igneous history of the srea, In
general the dikes were emplaced with only minor structural disturbance.
They heve a general northwest trend.

Deposits of gold and barite occur in the Kings Mountain-Henry
Knob area., The gold deposits have proved to be of little value in this
area, but the barite deposits have been extensively prospected and a berite

mine east of Crowders Mountain was operated for some time,



Age and Regional Correlation of Igneous and Metamorphic Rocks

No direct evidence was obtained during the present study to
indicate either the geologic age or a regional correlation for the
metamorphic rocks in the Kings Mountain-Henry Knob area,

There are some general and specific lithologic similarities
between some of the rocks of the Kings Mountain-Henry Knob area and
those in the belts of the volcanic-slate series, The nearest known
exposure of the volcanic-slate series is about 30 miles east of the Kings
Mountain=Henry Knob area, and it must be stressed that the nature of
these similarities summarized below affords only a %best guess" type
of correlation., The following features are characteristic of some of
the rocks in the Kings Mountain-Henry Knob area and they are unique in
this general part of the Piedmont: the mstamorphic rocks occur in a
long, well defined belt (see Regional Setting) and have been folded into
long tight folds; well defined bedding is prominent through much of this
belt; the metamarphic rocks of volcanic origin show distinet relict
phenocrysts and volcanic textures; these volcanic rocks indicate a low
minimum degree of metamorphism, The combination of these features
suggests that these rocks are of similar origin and, perhaps, age as
the schists in the volcanic-slate series. The volcanic=-slate series has
yielded no fossils (Eardley, 1951, p. 114), and is probably of late
pre=Cambrian or Paleozoic age (Eardley, 1951, p. 1143 King, 1951, p. 136).

The sge of the Yorkville granodiorite is not known from any
geologic relations.or radioactivity measurements., It is a large
unmetamorphosed plutonic body intrusive into the metamorphic rocks along

the east side of the Kings Mountain-Henry Knob area, Unmetamorphosed
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batholiths are not uncommon in the Piedmont (Eardley, 1951, p. 110x and
many, if not most, of these are probably of Paleozoic age (Eardley, 1951,
p. 111; Willis and Willis, 1941, pp. 1643=1684). If the lack of
metamorphism of the Yorkville granodiorite can be taken as an indication
of its emplacement late in the geosynclinal development, this plutonic

body is probably of late Paleozoic age.



METAMORPHIG ROCKS

Biotite Schist and Gneiss

Introduction

Fine to medium grained* biotite schist and gneiss are the
most abundant rock types in the Kings Mountain-Henry Knob area. Biotite
schist and gneiss form the bulk of the rock exposed in the core of the
anticline (I, Figure 2) between Henry Knob and Crowders Mountain., In
this area biotite schist and gneiss are intruded by coarse'grained
oligoclase tonaliﬁe, and interlayered with hornblende gneiss and quartz-
mica** schist, Biotite schist and gneiss also occur in a belt just west
of the Yorkville granodiorite contact, north of McGill Creek and south
of Crowders Creek. The rock in this belt is associated with fine grained
hornblende-epidote gneiss. Biotite schist and gneiss are common as long
narrow septa in the Yorkville granodiorite. Two narrow belts of fine
grained biotite gneiss occur in the northwestern part of the area.

Keith and Sterrett (1931) mapped nearly all the biotite schist
and gneiss in the area as Bessemer granite, and stressed the point that
mich of the coarse grained grenite was sheared and metamorphosed to fine
grained schist and gneiss. In the present study an attempt was made to
distinguish the distinctly coarse grained granitic textured rock (oligo-

clase tonalite) from fine grained biotite schist and gneiss.

% The following grain size scale is used in this thesis:

Diameter of grain Classification
Less than 0.1 millimeter Very fine grained
0.1 to 1 millimeter Fine grained
1 to 3 millimeters Medium grained
More than 3 millimeters Coarse grained

*% A1l white mica, uniess inferred from chemical analysis or optical
data to be muscovite, is referred to as '"mica", See discussion
under Chloritoid Schist,.
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In addition to biotite schist and gneiss produced by the
shearing of oligoclase tonalite, the area includes biotite schists and
gneisses derived from volcanic rocks and conglomeratic sedimentary rocks.

gggeral Feagtures

In general, the biotite schists and gneisses are fine to
medium grained, medium gray to light gray rocks. Foliation is well
developed., Biotite occurs evenly disseminated or as clusters or smears
along the foliation planes which are spaced 1 to 3 millimeters apart. The
principal constituents are quartz, plagioclase (albite to calcic oligo-
clase and, in one case, bytownite), biotite (locally altered to chlorite),
muscovite and, occasionally, microcline or orthoclase. Sillimanite, garnet,
and staurolite occur in schist in the central and eastern part of the
area, Common accessory minerals are epidote, magnetite, pyrite and
apatite,

The detailed discussion that follows is divided into two parts:
A, Description of lower grade schist and gneiss according to parent
rock type. These rocks have relict sedimentary and igneous textures and
are largely, though not entirely, restricted to the western and west-
central part of the area where the grade of metamorphism was equivalent
to the albite-epidote amphibolite facies (Turner, 1948, p. 90).
B. Description of higher grade biotite schist and gneiss that occur as
septa in the Yorkville granodiorite, and in the central part of the area
as far as one and one half miles west of the granodiorite contact, In
general these rocks are the higher grade (amphibolite facies) equivalents

of those discussed under the first heading.



Deseription of Jower Grade Schist and Gneiss According to Parent Rock

Orthogneiss and Schist
Three types are distinguished: (1) metamorphosed porphyritic

volecanic rock, (2) metamorphosed fine grained leuco=tonalite, and
(3) metamorphosed coarse grained oligoclase tonalite.

Biotite schist and gneiss, showing relict porphyritic
texture (Figure 3), crops out at many scattered localities in the large
area north and northwest of Henry Knob., It is apparently interlayered
with biotite schist and gneiss derived from conglomeratic sedimentary
rocks, and hornblende gneiss derived from intermediate to basic volcaniec
flows. The two long thin bodies of biotite gneiss, in the northwest
part of the area, are interlayered with fine grained chloritoid schist
and quartz-mice schist. These two biotite schist bodies may represent
one volcanic flow which has been metamorphosed and folded into a syncline
(11, Figure 2) along with kyanite quartzite and conglomerate.

Much of this type of biotite schist is characterized in thin
section by the presence of medium grained (up to 2 millimeters) plagioclase
(albite to sodiec oligoclase) crystals set at random in a matrix of very
fine grained (0.01-0.09 millimeters) quartz and plagioclase and, locally,
microcline. The cosrser grained random relict phenocrysts (Figure 3)
generally contain fine grained inclusions of white mica, epidote and
quartz. They invariably have irregular, ragged edges and occasionally
have embayments of fine grained quartz and plagioclase., Polysynthetic
twinning is generally absent or very fuzzy and irregular. Biotite is
usually brown or reddish brown, and, rarely, olive green. There seems
to be no consistent color variation with respect to degree of meta-

morphism, Biotite is disseminated through the rock or restricted to
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Figure 3., Photomicrograph of metavolcanic biotite gneiss. Sample from
creek bed 1,000 feet southeast of Bethany Church, Foliation
produced by fine grained biotite and mica; phenocrysts are
sodic oligoclase; groundmass is quartz, oligoclase and some

potash feldspar., Crossed nicols, X 25,

Figure 4. Photomicrograph of metavolcanic hornblende gneiss. Sample
from creek bed about one mile south-southwest of Crowders
Mountain Village. Most of the dark minerals are hornblendes;
phenocrysts and feldspar laths in groundmass are albite; very
fine grained,light colored minerals are quartz. Crossed nicols,

X 25,






- 25 =

well defined foliation planes., Muscovite occurs as small flagkes inter-
grown with biotite or, in the more highly metamorphosed rocks, as coarse
random, scmetimes ragged flakes, Epidote is a common accessory. It
sometimes constitutes up to 1 to 2 per cent of the rocks It occurs as
small scattered euhedra or as coarse aggregates of anhedra replacing
plagioclase, Other accessory minerals include magnetite,zircon, tour-
maline, apatite, sphene, pyrite.

Albitization,

A chemical analysis of fine grained gneiss, from the vicinity
of Trinity Church, is given in Table II, No attempt was made to make
an accurate modal analysis of thin sections of the rock from which this
chemical analysis was made because of the very fine grained nature of
the quartz-albite (Ab95-98) groundmass., It was estimated from three
thin sections that very fine grained quartz and albite constitute from
about 80 to 90 per cent, and coarser relict plagioclase (now albite)
phenocrysts (up to 1.6 millimeter long) less than 1 per cent, of the rock,
The very fine grained albite-quartz aggregate occurs as broad streams
and fingers oriented parallel to the foliation. Biotite and chlorite
make up 5 to 10 per cent of the rock, Some of the chlorite appears to
have replaced biotite but most of it occurs as discrete flakes or sharp
intergrowths with biotite. Accessory minerals include muscovite, pyrite,
magnetite, epidote, apatite, and tourmaline, Biotite and moderately
coarse grained quartz are concentrated along well developed foliation
planes.

The Ca0 content (2.29 per cent) of this albite~biotite gneiss
cannot be accounted for by the albite, epidote and apatite seen in thin

section. 4 calculation, based on the major oxides of the chemical
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TABLE II

Chemical analysis of biotite gneiss from an outcrop 2200 feet N7OW of
Trinity Church, Gaston County, North Carolina. Sample composed of six
specimens. taken across strike over a distance of 100 feet. Analyst:

Lucille N. Tarrant, U.S. Geological Survery.

SiO2 T0.52
A1203 14.67
Fe203 .68
FeO 2,77
Mg 1.60
Ca0 2,29
Na20 4.64
KQO 1.34
H2O— - 03
H20+ «59
Ti02 f42
C02 .02
PZOS 08
S +38
Mn .05
100,08

Less O for 3 -10

99.98



- 27 -

analysis (Table II), indicates that the specimens from which the chemi-
cal analysis was made probably contained about 3 per cent epidote——or
2.5 per cent more epidote than was seen in thin section. Such local
variation in epidote content is characteristic of the hornblende gneiss
in this vieinity. Thin section study indicates that most, if not all,
of the Na,O0 is in the form of albite.

2

The high Na,0:K, O ratio (3.5:1) of this gneiss is also a

27772
characteristic of the metavolcanic biotite gneiss as a whole, oligo-
clase tonalite (5.3:1), and leuco tonalite (see beyond).

In the case of the biotite gneiss under consideration, the
following features suggest albitization of the rocks

V(a) The rock crops out within 2000 feet of albitized basic volcanic
rocks (see Hornblende Gneiss).

(b) The interfingering texture of the very fine grained quartz-albite
aggregate suggests introduction of material rather than recrystallization
of a fine grained groundmass,

Is this albitization a feature that accompanied metamorphism,
or the intrusion of diabase dikes, or is it related to some pre-meta=
morphic event? Pervasive soda metasomatism quite certainly did not occur
during the major metamorphism that attended the emplacement of the
Yorkville granodiorite for such highly susceptible rocks as the high
alumina quartzites and quartz gebbro show no sign of albitization
(see Metamorphism), Although albitization is best shown in the immediate
vicinity of a diabase dike south of Trinity Church, there are instances
of albitization as far as 3000 feet from diabase dikes, and in general
there seems to be no space relation between the two., A dizbase dike

cuts kyanite quartzite at Henry Knob yet no albitization or other elteration
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of the kyanite was seen., Albitization may have occurred during a
metamorphism prior to the deposition of the high &l umina quartzites
but this is thought to be less likely than the theory advanced below,

' The sodic character of the schists and local albitization
may be related to the initial igneous episode which included the
eruption of volcanic rocks and emplacement of the associated oligo-
clase tonalite. Inferring from the metamorphic rocks, the following
rock types we