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UNITR OF SURYEY AND OF PUBLICATION.

The Geological Survey is making a topographie and a geo-
logic atlas of the United Btates. The topographic atlas will
consist of maps called aflas sheefs, and the geologic atlas will
consist of parts ealled folivs. Each folio includes topographic
and geologic maps of a certain four-sided arvea, called a guad-
rangle, or of more than one such area, and a text describing iis
topographic and geologic features, A gquadrangle is limited by
parallels and meridians, not by political boundary lines, such
as those of States, counties, and townships. Each quadrangle
is named from a town or a natural feature within it, and at
the sides and -corners of each map are printed the names of
adjacent guadrangles.

SCALES OF THE MADPS,

On a map drawn fo the scale of 1 inch to the mile a linear
mile on the ground would be represented by a linear inch on
the map, and each square mile of” the ground would be repre-
sented by a square inch of the map. The scale may be expressed
algo by a fraction, of which the numerator represents a unit of
linear measure on the map and the denominator the corre-
sponding number of like units on the ground. Thus, as there
are 63,360 inches in a mile, the scale 1 inch to the mile is
expressed by the fraction gl or the ratio 1:G3,360.

The three scales most commonly used on the standard
maps of the Geological Survey are 1:81,680, 1:62,500, and
1:125,000, 1 inch on the map corresponding approximately
to one-half mile, 1 mile, and 2 miles on the ground. On the
seale of 1:31,680 u square inch of map surface represents
about one-fourth of a' square mile of earth surface; on the
seale of 1:62,500, about 1 square mile; and on the scale of
1:125,000, about 4 square miles. In general a standard map
on the seale of 1:125,000 represents one-fourth of a “square
degree”—that is, one-fourth of an area measuring 1 degree of
latitude by 1 degree of longitude; one on the seale of 1:62,500
represents one-gixteenth of a “square degree”; and one on the
seale of 1:31,680 represents one-sixty-fourth of a “square
degree.” The arens of the corresponding quadrangles are
about 1,000, 250, and 60 square miles, though they differ with
the latitude, & “square degree” in the latitude of Boston, for
example, being only 3,525 square miles and one in the latitude
of Galveston being 4,150 square miles. :

FEATURIS SHOWN ON THE TOPOGRAPHIC MAPS.

The features represented on the topographic maps comprise
three general classes—(1) inequalities of surface, such as
plains, plateaus, valleys, hills, and wmountaing, which ecollec-
tively make up the relief of the aren; (2) bodies of water, such
ag streams, lakes, swamps, tidal flats, and the sea, which
coliectively make up the drainage; (8) such works of man as
roads, railrogds, buildings, villages, and citics, which collec-
tively are known as enllure.

Beligf—All altitudes are measured from mean sea level,
The heights of many points have been accurately determined,
and those of some are given on the map in figures, It is
desirable, however, to show the altitude of all parts of the area
mapped, the form of the surface, and the grade of all slopes,
This is done by contour lines, printed in brown, each repre-
senting o certain height above sea level. A contour on the
ground passes through points that have the same altitude.
One who follows & contour will go neither uphill nor downhill
but on a level. The manner in which contour lines express
altitude, form, and slope is shown in figure 1.

Fraung 1.--Ideal view and corresponding eoniour map.

The view represents a river valley between two hille. 1In
the foreground is the sea, with a bay that is partly inclosed by
a hooked sand bar. On each side of the valley is a terrace.
The terrace on the right merges into a gentle npward elope;
that on the left merges into a steep slope that passes upward to
a cliff; or scarp, which contrasts with the gradusl slope back
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from its erest. In the map each of these features is indicated,
directly beneath its position in the view, by contour lines.
Fhis map doég not include the distaint part of the view.

As contours are continuous horizontal lines they wind
smoothly aliout smooth ‘surfaces, recede into ravines, ind pro-
Jeel around spurs or prominences. The relutions of contour
curves and angles to the form of the land can be seen from
the map and sketch. The contour lines show not only the
shape of the hills and valleys but their altitude, as well as the
steepness or grade of all slopes.

The vertical distance represented by the space beiween two
successive contour lines—the contour interval—is the same,
whether the contours lie along a cliff or on a gentle slope; but
to reach a given height on a gentle slope one must go farther
than on a steep slope, and therefore contours are far apart on
gentle slopes and near together on steep slopes.

The contour interval is generally -uniform threughout a
single map.. The relief of a flat or gently undulating country
can be adequately represented only by the use of a small con-
tour interval; that of a steep or mountainous country ean gen-
erally be adequaiely represented on the same scale by the use
of a larger interval. The smallest interval commonly used on
the atlas sheets of the Geological Survey is 5 feet, which is
uzed for regions like the Mississippi Delta and the Dismnal
Swamp. An interval of 1 foot has been used on some large-
scale maps of very flat areas. On maps of more rugged coun-
try contour intervals of 10, 20, 25, 50, and 100 feet are used,
and on maps of great mountain masses like those in Colorado
the interval may be 250 feet. -

In figure 1 the contour interval is 20 feet, and the contour
lines thercfore represent contours at 20, 40, 60, and 80 feet, and
s0 on, above mean sea level. Along the contour at 200 feet lie
all points that arve 200 feet above the sea—that is, this contour
would be the shore line if the sea were to rise 200 feet; along
the contour at 100 feet are all points that are 100 feet above
the sea; and‘so on. In the space between any two contours
are all points whose altitudes are above the lower and helow
the higher contour. Thus the contour at 40 feet falls just
below the edge of the terrace, and that at 60 feet lies above the
terrace; therefore all points on the-terrace are shown -to be
more than 40 but less than 60 feet above the sea. In this
illustration all the contour lines are numbered, but on most of
the Geological Survey's maps only certain contour lines—
say every fifth one, which is made slightly heavier—are num-
bered, for the heights shown by the others may be learned
by counting up or down from these. More exact -altitudes
for wany points are given in bulletins published by the
Gieological Survey.

Drainage.~—Watercourses are indicated by blue lines. The
ling for a perennial stream is unbroken; that for an inter-
mittent stream is dotted; god that for a stream which sinks
and reappears is broken. Lakes and other bodies of water”
and the several types of marshy areas are also shown in blue.

Culture~Symbols for the eultural features and for public-
land land lines and other boundary lines, as well as all the
lettering and the map projection, are printed in black.

FEATURIS SHOWN ON THE GEOLOGIC MAPS.

The maps representing the geology show, by colors and
conventional signs printed on the topographic map as a base,
the distribution of rock masses on the surfice of the land
and, by means of structure sections, their underground rela-
tions so far as known, in such detail as the scale permits.

KINDSE OF ROCKS,

Rocks are of many kinds. On the geologic map they are
disiinguished as igneous, sedimentary, and metamorphiec.

Iyneous rocks—Rocks that have cooled and consolidated
from a state of fusion are known, as igneous. Molten material
has from time to time heen forced mpward in fissures or chan-
nels of various shapgs dnd sizes through rocks of all ages to
or nearly to the surface, Rocks foimed by the consolidation
of molien material, or magme, within these channels—that is,
below the surface—are called .infrusive. An intrusive mass
that occupies a nearly vertical fissure which has approximately
parallel walls is called a dike; one that fills a large and irreg-
ular conduit is termed a sfock. Molten material that traverses
stratified rocks may be intruded along bedding planes, forming
masses called sills or sheets if they are relatively thin and
laceoliths if they are large lenticular bodies. Molten material
that is inclosed by rock cools slowly, and its component
minerals crystallize when they solidify, so that intrusive rocks
are generally crystalline. Molten material that is poured out
through channels that reach the surface is called lava, and
laya may build up voleanic mountains. Igneous rocks that
have solidified at the surface are called extrusive or effusite.
Lavas generally cool more rapidly than intrusive rocks and
contain, especially in their outer parts, more or less voleanic
glass, produced by rapid chilling, The outer parts of lava
Hows are also usually made porous by the expansion of the
gises in (he magma. KExplosions due to these gases may
accompany voleanic eruptions, causing the ejection of dust,
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ash, lapilli, and larger fragments. These materials, when con-

solidated, constitute breccias, agglomerates, and tuffs,

Sedimentary rocks.—Rocks composed of the transported
fragments or particles of older rocks that have undergone
disintegration, of voleanic material deposited in lnkes and seas,
or of material deposited in such bodies of water by chemical
precipitation or by organie action are termed sedimentary.

The chief agent in the transportation of rock débris is water
in motion, including rain, streams, and the waier of lakes and
of the sen. The materiale are in large part carried ss solid
particles, and the deposits they form are called mechanical.
Buch deposits are gravel, sand, and. clay, which are later con-
solidated into conglomerate, sandstone, and ghale. Some of
the materials are carried in solution, and deposits composed of
these materials are called organic if formed with the aid of life
or chemical if formed without the aid of life. The more com-
men rocks of chemical and-organic origim-are limestone, chert,
gypsum, salt, certain iron ores, peat, lignite, and coal. Any

‘one of the kinds of deposifg named may be formed separately,

or the different materials may be intermingled in many ways,
producing a great variety of rocks,

Another transporting agent is air in motion, or wind, and a
third is ice in motion, or glaciers. The most chameteristic of
the wind-borne or eolian deposits is loess, o fine-grained earth;
the most characteristic of the glacial deposits is tifl, a hetero-
geneous mixture of boulders and pebbles with elay or sand.

Most sedimentary rocks are made up of layers or beds
that can be easily separated. These layers are called atrala,
and rocks deposited in sach layers are said to be stratified.

The surfuce of the earth is not immovable; over wide regions
it very slowly rises or sinks with reference to the sea, and shore
lines are thus changed. As a result of upward movement

_marine sedimentary rocks may become part of the land, and

most of our land surfuce is in fact composed of rocks that were
originally deposited as sediments in the sea,

Rocks exposed ot the surface of the land are acted on by air,
water, ice, animals, and plants, especially the low organisms
known as bacteria. They gradually disintegrate, and their
more .goluble parts.are leached out, the less soluble’ material
being left as a“residdal layer. Water® washes this material
down the slopes, and it is eventually carried by rivers to the
ocean or other bodies of water. Usually its journey is not con-
tinuous, but it is temporarily built into river burs and flood
plaing, where it forms alluvium. Allavial deposits, glacial
deposits (collectively known as drift), and eolian deposils
belong to the surficiil class, and the residual layer is com-
monly included with them. The upper paris of these deposits,
which are occupied by the roots of plants, constitute soils and
subsoils, the soils being usually distinguished by a considerable
admixture of organic matter,

Metamorphic rocks.—In the course of time and by various
processes rocks may become greatly changed in composition
and texture. II the new characteristics are more pronounced
than the old the rocks are called metamorphic. In the process
of metamorphism the chemical constituents of a rock may
enter into new combinations and certain substances may be lost
or new ones added. A complete gradation from the primary
to the metamorphic form may exist within a single rock mass.
Such changes transform sgndstone into quartzite and limestone
into marble and modify other rocks in various Wi ys.

From time to time during geologic ages rocks that have been
deeply buried and have been subjected to enormous pressure,
to slow movement, and to igneous intrusion have been after-
ward raised and later exposed by erogion. In such rocks the
original structural features may have been lost entirely and
new ones substituted. A system of parallel planes along which
the rock ean be split most readily may have been developed,
This acquired quality gives rise to eleavage, and the cleavage
planes may cross the original bedding planes at any angle.
Rocks characterized by cleavage arve called slafes. Crystals of
wica or other minerals may have grown in a rock in parallel
arrangement, causing lamination or foliation and producing
what is known as schisfosily. Rocks that show schistogity
are called schisis.

As a rule, the older rocks are most altered and the younger
are least altered, but to this rule there are many exceptions,
especially in regions of igneous activity and complex structure.

GEQLOGIC FORMATIONS,

For purposes of geologic mapping the rocks of all the kinds
above described ave divided into formations. A sedimentary
formation contains between its upper and lower limits either
rocks of uniform character or rocks more or less uniformly
varied in character, as, for example, an alternation of shale and
limestone, If the passage from one kind of rocks to another
is gradual it may be necessary to sepurate two contiguous for-
mations by an arbitrary line, and the distinclion between some
such formations depends almosi entirely on the fossils they
contain. An igneous formation contains one or more bodies
of one kind of rock of similar occurrence or of like origin. A
metamorphic formation may consist of one kind of rock or of

several kinds of rock having common characteristics or origin.
[Continued on inside back cover,]



DESCRIPTION OF THE GAFFNEY AND KINGS
MOUNTAIN QUADRANGLES

GEOGRAFPHIC AND GEOLOGIC RELATIONS
LOCATION

About two-thirds of the area included in the Gaffney and
Kings Mountain quadrangles lies in South Carolina and one-
third in North Carolina. This area, which is called in this
folio the Gaffney-Kings Mountain district, is bounded by
parallels 35° and 35°15" and meridians 81°15" and 81° 45"
Each quadrangle covers an area of about 244 square miles.
The Gaffney quadrangle includes parts of Cherokee County,
8. C.,, and Cleveland and Rutherford Counties, N. C. The
Kings Mountain quadrangle lies east of the Gaffney quadrangle
and includes parts of York and Cherokee Counties, S. C., and
Gaston and Cleveland Counties, N. C. The principal towns
are Gaffney, 8. C., and Kings Mountain, N. C., from which
the quadrangles are named, and Blacksburg, 8. C.  (See fig. 1.)

j’i..n.'r.m'i.l
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Fravre 1.—Index map of the vicinity of the Gaffney and Kings Mountain
quadrangles

The lecation of the Gaffney-Kings Mountain area {(Folic 222) i shown by the darker ruling, Pub-
lishad folion describing other quadrangies, indicated by lighter ruling, are the followlng :
Nos, 4, Kingston ; 16, Knoxville ; 20, Cleveland ; 25, Loudon ; 27, Morristown ; 3%, Briceville ;
40, Wartburg; 75, Maynardville; 00, Cranberry; 118, Ashevillo; 118, Greemeville; 134,
Mount Mitchell ; 143, Nantahala ; 147, Plsgah ; 151, Roan Mountain ; 187, Ellijay.

In geographic and geologic relations these quadrangles form
part of the Piedmont province, the eastern division of the

Appalachian Highlands.
APPALACHIAN HIGHLANDS

SUBDIVISIONS

The Appalachian Highlands are composed of several distinet
physiographic divisions. Among these divisions are the Pied-
mont province, the Blue Ridge provinee, the Valley and Ridge
province, and the Appalachian Plateaus. The Appalachian
Plateaus include the Cumberland Platean, the Allegheny
Plateau, and the lower plateaus and plains of Tennessee, Ken-
tucky, and Ohio extending westward toward Mississippi River.
They range from nearly flat country that has an altitude of
abount 500 feet above sea level at the west to table-lands, dis-
sected plateauns, hilly country, and mountains that range from
2,000 to 4,500 feet in altitude at the east.

The Valley and Ridge provinee extends from Alabama
. northward into New York It includes several large valleys
and numerons small ones. Awmong the large ones are Coosa
Valley of Georgia and Alabama, the Great Valley of eastern
Tennessee and Virginia, the Shenandoah Valiey of Virginia,
and the Cumberland Valley of Maryland and Pennsylvania.

At the south, in Alabama, the Valley and Ridge province
has an altitude of about 500 feet above sea level, but to the
northeast the altitude increases to more than 2,500 feet in
Virginia and West Virginia and decreases to about 500 feet
near the Potomac River and even less still farther to the
northeast.

The drainage of the Valley and Ridge province depends
largely on the geologic structure. In general the courses of
the streams are determined by the hardness of the rocks and
by the structure, making subordinate valleys in and parallel to
the Great Valley. These longitudinal streams empty into
larger transverse rivers that cut across the walls of the
valley. The larger transverse rivers are the Tennessee, New
or Kanawha, Roanoke, James, Potomac, Susquehanna, Schuyl-
kill, Delaware, and Hudson.

By Arthur Keith and D. B, Sterrett

The Blue Ridge provinee is an extended system of many
mountain ranges with different local names. The ranges
extend from northwestern Georgia into southern Pennsylvania
and correspond to the Highlands of New Jersey and New
York and the mountains of western New England. Prom-
inent among these ranges are the Cohutta Mountains of
Georgia, the Great Smoky and Unaka Mountains of Tennessee
and North Carolina, the Blue Ridge and Catoctin Mountains
of Virginia and Maryland, and South Mountain of Pennsyl-
vania. The Piedmont province differs little geologically from
the Blue Ridge province but is topographically so different
that it has been given a separate name.

The Blue Ridge province rises gradually from an altitude of
less than 1,000 feet above sea level in Georgia to more than
6,700 feet in western North Carolina. From this region the
altitude decreases to less than 3,000 feet in southern Virginia,
rises to 4,000 feet in central Virginia, and descends to less than
2,000 feet at the Maryland-Pennsylvania line.

The drainage of the mountains is carried in both longitudinal
and transverse streams, according to the geologic structure in
the different regions. In the areas of ancient rocks fan-shaped
drainage basins have been developed by numerous crosscutting
streams. Longitudinal valleys occur in sedimentary rocks that
have been considerably folded and crop out in long bands.

As the Gaffney-Kings Mountain district lies wholly within
the Piedmont province and as its geology and physiography
depend mainly on this division of the Appalachians, this
provinee only will be deseribed here in detail.

FIEDMOXT PROVINCE

LOCATION

The Piedmont province is a broad eastward-sloping platean
which extends from the eastern Guif States northeastward to
New England and which lies between the Coastal Plain on the
south and east and the Blue Ridge and Valley and Ridge
provinces on the north and west. The Piedmont province has
an average width of about 60 miles, but in the southern and
central parts it is more than 100 miles wide. In general the
borders are irregular and are not sharply marked, but in some
places the passage from plateau to mountain or platean to
coastal plain is almost abrupt.

TOPWERAFHY

The Piedmont province is a gently sloping platean dissected
by the rivers and streams that flow over its surface. The slope
is gradual eastward and southeastward from the mountains
toward the coast at an average rate of about 10 feet to the mile.
In the southern part of the province the slope of the plateau
is in general steeper near the mountains than it is in the east-
ern part. The altitude of the platean ranges from a few
hundred feet above sea level along the western border in the
northern part and 1,500 feet in the southern part to 300 feet
in places on the eastern border. Variations in relief have been
produced by stream erosion of the original plateau surface.
They are dve in part to distance from the streams and in part
to difference in hardness and structure of the rocks. These
factors have resulted in several lesser plateaus in the general
platean region which are distinet from one another in altitude
and extent.

On the western border of the provinee there are deep V-shaped
valleys in a region of steep hills, which passes into the broken
mountainous country that forms the eastern slope of the Blue
Ridge. At a distance from the rivers there are considerable
areas of plateau that have suffered but little from erosion.
Further out on the platean rolling hill country lies at a dis-
tance from the rivers and either broad or narrow valleys stretch
along the larger watercourses. These features extend as far as
the eastern and southern border of the Piedmont provinee,
where the distinctive features of the platean are covered by the
formations of the Coastal Plain, which lap over on the platean
with a very irregular boundary, giving a gradual transition
from dissected upland country to rather flat plain. Near the
eastern border of the province the valleys are in many places
narrow and gorgelike, but the plateau features remain in the
interstream areas.

In scattered areas, hills or small mountains stand 100 feet or
more above the general level of the platean. These points are
especially prominent, as they can be seen for miles from all the
higher parts of the plateau. Some of them are rather sharp

peaks or ridges (see pls. 1-3), and others are broad and
rounded ; they occur in isolated masses and also in belts or
ranges corresponding with the trend of certain rock forma-
tions or structure. The term “monadnock™ has been applied
to residual hills that stand above the general platean surface,
from Mount Monadnock, in southern New Hampshire, a typ-
ical example. In the Gaffney-Kings Mountain distriet Kings
Mountain and Crowders Mountain are monadnocks.

The presence of a platean is readily recognized by am
observer who looks across the country from one of the higher
ridges or from the side of the mountains along the northwest
border. The effect is that of a nearly level country whose
even sky line is broken by a few hills or peaks that stand
above the general level. These features are common to the
whole Piedmont province, even in areas dissected by deep
valleys, for the presence of such valleys is not realized by an
observer on the plateau surface until he comes to their borders,
perhaps less than a quarter of a mile from the streams. (See
pls. 4-6.)

DRAINAGE

The streams of the Piedmont provinee flow principally to
the southeast, but there are many variations, as some flow
nearly esst in southern Virginia and others flow south in
Georgin and Alabama. South of Roeanoke River practically
all the streams of the Piedmont provinee rise on the plateau or
on the southeast slope of the Blue Ridge. North of Roanoke
River the larger rivers, such as the James, the Potomae, and
the Susquehanna, rise far to the west of the Piedmont province,
and only the minor rivers rise in the Piedmont. The drainage
hasins of the rivers that are confined chiefly to the Piedmont
have the chamcteristic treelike patterns.

Through most of the Piedmont province the courses of
the larger streams bear little relation to the structure of the
underlying rocks, but in some regions many of the smaller
streams have adjusted their courses to the structure. Some of
the larger streams in Georgia and Alabama are exceptions and
follow the rock formations for long distances.

The passage from plateau to plain is accompanied by
changes in the streams, which lose velocity by reason of dimin-
ished grade in passing from beds of hard rock to the softer
formations of the Coastal Plain. Above the boundary of the
Coastal Plain the streams are characterized by strong currents,
rapids, and falls, and below by more sluggish waters most of
which are navigable. This difference is g0 pronounced along
much of the boundary of the Piedmont province and Coastal
Plain as to give rise to the name “fall line.”

GROLOGY

The rocks of the Piedmont province are of both igneous and
sedimentary origin. Both types of rock have been metamor-
phosed in many places. In some areas the metamorphic
igneous and sedimentary rocks are not sharply distinet, for
metamorphism has been so0 extreme that nearly all traces of
their original nature have been obliterated. In many places
also the metamorphic igneous rocks are not sharply separated
from the ordinary igneous rocks, for a single intrusion may
become metamorphosed in some parts, especially around its
borders, during mountain building and show little if any evi-
dence of change in other parts, particularly in its interior.

The metamorphic rocks of sedimentary origin in the Pied-
mont province consist of gneisses and schists, the principal
types of which are those containing muscovite or biotite miea,
garnet, kyanite, staurolite, chlorite, sericite, ottrelite, and in
some places quartz and ealecite. These rocks have resulted
from the metamorphism of different kinds of rocks that made
up the ancient sedimentary series, such as conglomerate, sand-
stone, shale, and limestone, together with numerous inter-
mediate types. By metamorphism sandstone became quartzite,
impure or shaly sandstone became graywacke and gneiss, shale
became schist, and limestone became marble. Variations in
the composition of the original sediments are represented by
variations in the metamorphic rocks. Some of the sediments
were in part of volcanic origin, such as wash deposits of vol-
canic ash or tuff, which contained varying amounts of ordi-
nary land waste. The metamorphism of these rocks has pro-
duced transitional phases of erystalline rocks between those of
sedimentary and igneous origin.



The metamorphic igneous rocks include schistose and gneiss-
oid rocks of granitie, dioritie, voleanic, and other kinds whose
minerals have been more or less changed. Some of these rocks
have been so extremely metamorphosed that they have passed
into mica and garnet gneisses or schists which can not be dis-
tinguished from those of sedimentary origin. Diorite and
many basic igneous rocks have become schistose diorite, horn-
blende gneiss, hornblende schist, chlorite schist, serpentine,
soapstone, and other varieties of metamorphic rocks.

The igneous rocks of the Piedmont province include a wide
range of such rocks as granite, diorite, gabbro, pyroxenite,
peridotite, porphyries, and diabase and intermediate types.
These rocks have been intruded as batholiths, laccoliths, sills,
dikes, and stocks or poured out as surface flows during differ-
ent epochs. The older intrusive rocks have been more or less
metamorphosed and are not everywhere sharply distinet from
the metamorphic rocks.

The unmetamorphosed sediments of the Piedmont province
include conglomerate, sandstone, shale, and intermediate types
of sedimentary rock. These rocks are chiefly of Triassic age

and occur in several basins in North Carolina, Virginia, Mary-

land, Pennsylvania, and New Jersey. In a few places similar
kinds of rocks of Cretaceous age overlap the eastern border of
the Piedmont province.

The strike of the formations of the Piedmont provinee is
generally northeastward, or approximately parallel with the
trend of the platean and the Appalachian Mountains that
border it, but in some places the beds trend nearly at right
angles to the prevailing strike. The dips of the rocks are high
but variable, and southeast dips prevail.

GEOLOGIC HISTORY

The geologie record of the Appalachian Mountains along the
northwestern border of the Piedmont begins with Archean
rocks that are among the oldest known in the world. They
congizt of metamorphosed igneous and sedimentary rocks, the
origin of which is lost in obscurity. Others are extensively
metamorphosed but still exhibit features characteristic of their
origin. The unmetamorphosed sediments of the Piedmont
provinece were laid down chiefly in Mesozoic or later time, but in
the Appalachian region as a whole most of the Paleozoic rocks
have heen little metamorphosed. The igneous rocks have a
wide range in age, intrusions having oceurred from Archean to
Triassic time. Almost inconceivable distortion has been pro-
duced in the Archean rocks of the Piedmont provinee by the
mashing, folding, and faulting that accompanied the processes of
mountain building to which this region has been subjected. The
rocks have undergone these deformations two or more times, and
the earliest deformation occurred during the Archean period.

After the deformation of the Archéan rocks there was a long
period of erosion, in the course of which the surface of the
earth was gradually lowered, and the igneous masses and
crystalline rocks that had formed deep below the surface were
exposed over great areas. This period was the longest of its
kind of which there is knowledge.

The Archean erosion was interrupted by voleanie activity,
during which great sheets of lava were poured forth and large
areas were depressed to such an extent that much fragmental
material, such as tuff’ and mud, the product of the voleanie
outbursts, was deposited in large bodies of water, These
deposits, known as Algonkian, in turn were uplifted, exposed
to erosion, and completely worn away over very large areas.
This period of erosion was, however, far shorter than that
which preceded the voleanism.

The depression of the Appalachian Valley and Piedmont
provinees beneath the sea caused the deposition of sediments
worn from the pre-Cambrian land, thus beginning the Paleo-
zoic era. The early deposits, mainly sand and gravel, followed
by mud, sand, and limestone, were laid down unconformably
on the worn and upturned edges of the Archean gneiss, schist,
and igneous rocks over parts of what is now the Piedmont
province. The rocks of the southern Piedmont show no
further record of the events of Paleozoic time, except that of
deformation and igneous intrusion.

Near the end of Paleozoic time movements of the earth’s
crust and intrusions of igneous rocks subjected these sediments
to intense folding, fanlting, and metamorphism. The under-
lying Archean rocks received their final folding and metamor-
phism at this time. The immense forces exerted during these
‘periods of crustal movement and mountain building folded the
rocks into great arches and basing made up of many com-
pressed and overturned folds. IExcessive rock movement in
some of the folds resulted in thrust faults, thus adding to the
complexity of the structure of the rocks.

After a very long period of erosion portions of the Piedmont
area were submerged in early Mesozoic time, and deposits of
sediments were Inid down unconformably on the older meta-
morphic rocks in shallow estuaries and basins. These sedi-
ments, chiefly red sand and mud with some coal, were con-
solidated without metamorphism and later cut by intrusions
of diabase, uplifted, and faulted.
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The last sediments deposited in this general region were those
of the Coastal Plain, which now borders the Piedmont provinee
on the east. These sediments range in age from Lower Cre-
taceous to Recent. Some of the beds have been consolidated
into hard rocks, but many of the later beds, especially those of
gravel and sand, still consist of loose or feebly compacted
materials,

The development of the plain which by later uplift became
the platean of the Piedmont province was due to the processes
of destruction. There is a total unconformity between the struc-
ture of the rock formations and the surface of the plateau, and
the beds are sharply beveled across by the surface. The strue-
ture of the rocks is complex, and bedding that approximates
the horizontal is rare. The Piedmont province was a vast
uplifted plain on which the features of an ideal peneplain were
highly developed before the uplift, during the time when the
plain stood only a little above sea level.

With the exception of the monadnocks that rise above the
platean surface, most of the relief of the Piedmont is due to
erosion subsequent to the uplift. The relief between valleys
and hills or ridges ranges from a few feet to more than 400
feet. Changes of grade may be abrupt or gradual and in a
measure depend on the nature of the rock formations and on
the nearness of large streams.

The rocks have been extensively and deeply decomposed
over the Piedmont provinee, and the mantle of residual soil is
accordingly thick. Some rocks have yielded to the agencies of
decomposition more readily than others, and the mantle of soil
therefore differs in thickness in different places. Where
decomposition has been thorough and deep, broad valleys with
gently sloping walls have been formed along the rivers and
creeks. Unaltered rocks whose structure is favorable were
carved into steeper-walled valleys. A large part of the decom-
position of the rocks of the Piedmont province took place dur-
ing the development of the peneplain in the long period of
erosion when the surface was nearly at sea level. Under such
conditions erosion is extremely slow, and decomposition may
proceed more rapidly than denudation.

After the uplift of the plateau the thick mantle of decom-
posed rock or soil offered little resistance to the natural drain-
age down the slope of the plain. The larger streams thus
became established in their courses to the southeast, which they
were able to maintain even after they had eut down to fresh
rock. The courses of the larger rivers are nearly those which
would result from the natural flow of streams over a tilted
plain, and only slight adjustment to the structure of the rocks
has taken place. Many of the smaller tributary streams, how-
ever, have adjusted their conrses to the character and structure
of the underlying rocks.

In the Gaffney-Kings Mountain district Broad River is a
consequent stream—that is, it flows in a nearly normal course
down the slope of the plateau with but few adjustments to the
local rock structure. Some of the smaller streams are also
chiefly consequent streams, such as Thicketty, Cherokee,
Sarratt, and Crowders Creeks and Clark Fork. Most of the
smaller creeks and branches are chiefly subsequent streams—
that is, they have adjusted their courses to the underlying
rocks and structure, following lines of least resistance to
erogsion. Many of the streams possess features of both conse-
quent and subsequent development along different parts of
their channels. The most perfect adjustment of valleys to
rock structure is found in the longitudinal valleys that follow
limestone outerops, such as Dixon Branch and other head-
waters of Kings Creek south of the town of Kings Mountain.

TOPOGRAPHY OF THE GAFFNEY-KINGS MOUNTAIN
DISTRICT

SENERAT FEATURES

The Gaffney-Kings Mountain district is in the central part
of the Piedmont province, and its surface features may be
congidered as typical of the province. Broad flat or gently
rolling ridges grade into more broken country near the larger
streams, where deep valleys have been cut. Residual prom-
inences have been left, both as isolated peaks and as elongated
ridges, standing above the general level of the surrounding
remnants of the plateau. (See pls. 1-3.) The sky line as
viewed from the higher ridges is that of a nearly level country
but may be broken by a monadnock or a residual peak or by
the distant mountains to the northwest. The relief where the
rivers and larger streams are cutting through hard rocks is
considerable, and steep rocky hillsides have been formed.

A typical example of the rolling upland country may be
seen between Grover and the town of Kings Mountain and
from York northwestward to the foot of Kings Mountain, in
the Kings Mountain quadrangle. In the Gaffney quadrangle
the regions around Gaffney and to the northwest as far as the
border of the quadrangle and also between Earl and Patterson
Springs furnish good examples. The relief throughout con-
giderable areas around these places is small, and the valleys are
shallow. The cultivated land shows smooth fields covered
with deep residual soil and only scattered outerops of rock.

Many of the monadnocks are bordered by steep slopes or
cliffs. The contrast is striking between these rugged summits
and the smooth rolling upland, like that between The Pin-
nacle and the country around the town of Kings Mountain.
(See pl. 2.)  The smooth, broad interstream areas pass grad-
ually into steeper slopes toward the stream valleys. Some of
the valleys are V-shaped and have very steep walls and narrow
bottoms.

RELIEF

The lowest altitude in the district is about 430 feet above
sea level, at the point where Broad River leaves the Kings
Mountain quadrangle, and the highest is 1,705 feet, at The
Pinnacle, in the same quadrangle. With the exception of
Crowders Mountain, which reaches 1,624 feet, several hills
south of The Pinnacle, and Henry Knob, a monadnock near
the east side of the Kings Mountain quadrangle, all the surface
of the district stands less than 1,200 feet above sea level. The
highest point in the Gaffney quadrangle is Whitaker Moun-
tain, on the east border, about 1,140 feet ahove sea level. All
the high points in the district are residual prominences that
stand above the remnants of the platean.

The remnants of the plateau range in altitude from 700 to
1,000 feet. One of the highest of these remnants is the ridge
on which the town of Kings Mountain is situated, which
extends southwestward toward Grover. This ridge slopes from
about 1,000 feet above sea level at Kings Mountain to less
than 900 feet at Grover, and all the hilltops except Whiiaker
Mountain are progressively lower in this direction as far as
Broad River. Along Broad River many of the ridges are
lower than the remnants of the plateau a few miles back from
the river and have approximately equal altitudes, which give
them an aspect of belonging to a second lower plain. Tt is not
certain whether or not these ridges represent a former peneplain
developed along the river at some period of rest during the
uplift of the Piedmont.

Considerable differences in altitude occur in some places
within distances so short that the surface is very rogged.
Thus, The Pinnacle and Crowders Mountain rise 800 feet
above the valleys at their bases within half a mile. (See
pls. 2-3.)  Of this rise 600 feet occurs within a quarter of a
mile, and on both mountains there are sheer cliffs from 50
to 200 feet high. Henry Knob, an isolated monadnock, is
300 feet above the surrounding remnants of the plateau. The
relief along Broad River and some of its tributaries, which are
carved below the platean surface, is also large in places. Thus,
there are differences in altitude along the river of 200 to 300
feet within a quarter of a mile at several places, as at McGowan
Mountain and Abes Mountain.

DRAINAGE

Most of the district is drained by Broad River and its tribu-
taries, but an area in the northeastern and eastern parts of
the Kings Mountain quadrangle is drained by tributaries of
Catawba River. Broad River is called successively the Con-
garee below Columbia, 8, C,, and the Santee below the junection
with Wateree River. Catawba River is called the Waterce
below Great Falls, S, C., and forms Santee River by junction
with Congaree River. The course of Broad River is in general
southeastward with minor variations. Tt enters the Gaffney
quadrangle near the northwest eorner, leaves that quadrangle
near the southeast corner, and cuts across the southwest corner
of the Kings Mountain quadrangle. The larger tributaries of
Broad River in the Gaffney quadrangle are First Broad River,
Buffalo Creek, and Cherokee Creek. Thicketty Creek drains
the southwestern part of the quadrangle but does not enter
Broad River within the quadrangle. Kings Creek is the
largest tributary of Broad River in the Kings Mountain quad-
rangle. The southern and central parts of this quadrangle are
drained by Bullocks Creek and its tributaries, and the north-
eastern and eastern parts chiefly by Crowders Creek and Alli-
son Creek and their tributaries, which empty into Catawba
River 10 or 12 miles to the east.

Broad River enters the Gaffney quadrangle at an altitude of
about 660 feet above sea level and leaves the Kings Mountain
quadrangle at an altitude of about 430 feet, a descent of about
230 feet in a distance of 26 miles. About 80 feet of this
descent occurs within 4 miles below Cherokee Falls, but the
rest is more evenly distributed with the exeeption of about 20
feet in 1 mile at Gaston Shoals.

GENERAL GEOLOGY
THE ROCK FORMATIONS
GENERATL FEATURES

The Gaffney-Kings Mountain district contains both meta-
morphic and igneous rocks, ranging in age from Archean to
Triassic. The metamorphic rocks include some of sedimentary
and igneous origin. The Archean rocks occupy the north-
western and southeastern parts of both quadrangles, separated
by a belt of Algonkian and Cambrian rocks. The Archean



rocks have been cut by masses of later igneous rocks, some of
them large. In the Gaffney quadrangle the Archean rocks
and later intrusive rocks occupy about two-thirds of the north-
western part and scattered areas in the southeastern part. In
the Kings Mountain quadrangle Archean rocks with predom-
inant later intrusive rocks occupy about one-fifth of the north-
western part and nearly one-third of the southern part. The
Triassic rocks are rather generally distributed in narrow dikes
throughout the Kings Mountain quadrangle and in the eastern
part of the Gaffney quadrangle.
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quadrangle and about one-eighth of the Kings Mountain quad-
rangle. It occurs chiefly in the northwestern part of each
quadrangle and is cut by masses of later igneous rocks of
different sizes.

Character—The Carolina gneiss consists of an immense
series of interbedded gneisses and schists, prominent among
which are mica gneiss and schist, garnet gneiss and schist,
kyanite gneiss and schist, and combinations of these different
types, together with granitoid layers. Less abundant facies of
the Carolina gneiss are graphite and staurolite gneiss and

Character of rocks
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Fraung 2.—Generalized columnar section of sedimentary rocks in the Gaffney and Kings Mountain quadrangles
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rocks in the Gaffney and Kings Mountain quadrangles

The relations of the rock formations and their thickness and
composition are shown in the columnar sections (figs. 2 and 3).
Their order and method of production are shown in the
accompanying table.

Order of geolagie formations and events in the Gaffney-Kings Mountain
district
Archean:
Carolina gneiss. Mainly sedimentary sands and elays, many thoonsand
feet thick and now metamorphosed.
Roan guneiss. Igneous masses and dikes intraded into Caroling gneiss
and now much metamorphosed.
Hoapstone, pyroxenite, gabbro, and similar basie igneous rocks, Ocenr
chiefly in or associated with Roan gneiss.
Bessemer granite. Introded into Roan gneiss and pyroxenite and
much metamorphosed.
Pegmatite. Injected into Carclina and Roan gneisses in dikes and
lenses.
Great deformation and erosion.
Algonkian:
Formation of voleanie roecks and deposition of some sediments began
after erosion.
Battleground schist, 1,000 feet thick. Mainly sedimentary elays, now
metamorphosed.
Grreat deformation followed by erosion.
Cambrian:
Deposition of sedimentary rocks began after erosion.
Kings Mountain quartzite, 5-500 feet thick. Mainly sedimentary sands,
now metamorphosed.
Draytonville conglomerate member at base,
White quartzite phase, chloritic and sericitic quartzite phase, and
kyunitic guartzite phase.
Blacksburg schist, 800-1,000 feet thick. Sedimentary clay and sandy
elay now metamorphosed.
Gaflnoy marble, 30-500 feet thick. Sedimentary limestone now meta-
morphosed.
Late Carboniferous (¥):
Appalachian revolution began.
Whiteside granite. Introded into Carolina and Roan gneisses.
Pegmatite. Injeeted into Carolina and Roan gneisses,
Yorkville granite. Intruded into Roan gneiss.
Triassic:
Great erosion interval, after end of Appalachian revolution.
Diabaze dikes. Intruded into all formations.

ARCHEAN SYSTEM

CAROLINA GNEISS
Distribution.—The Carolina gneiss is the oldest formation of
the region and was named because of its extensive development
in the Carolinas. It occupies nearly one-half of the Gaffney

GaMney-Kings Moonialn

schist. Practically all the gneisses and schists contain either
muscovite or biotite mica and quartz, but where other minerals,
such as garnet or kyanite, are present they give the rock type
its name. Thus garnet gneiss or schist may contain in addi-
tion to garnet either muscovite or biotite mica or both, quartz,
feldspar, and accessory minerals.

The mica gneisses and schists exhibit great diversity in
texture and composition. The schists mnge from coarsely
crystallized to fine-grained rocks and in many places exhibit
variations in both texture and composition within a thickness
of a few inches. Most of the mica schists are composed of
quartz and biotite or muscovite, with or without feldspar,
magnetite, and other minerals. In some of the schists the
mica scales are fine to medium in size, but in others they are
as much as half an inch in diameter. The coarsely erystallized
varieties are commonly associated with later igneous rocks, such
as granite or pegmatite. The quartz and other minerals of the
schists occur in aggregates of fine or coarse grains, the varia-
tions corresponding with those of the scales of mica.

In some of the schists fissility in more than one direction has
been developed by compression of the rocks in more than one
period and in different directions. In such rocks the later
parting, or “slip cleavage,” as it is called, is commonly due not
to an arrangement of the mineral grains in parallel position
but to a parting or faulting developed along a series of small
close folds. In some places scales of mica have developed
along and parallel with this slip cleavage, so that the cleavage
closely resembles the original schistosity. Another variation
in the mica schists is caused by the development of seattered
coarse crystals of miea with the cleavage turned about at =
right angle to the schistosity. These crystals of mica are
secondary and were developed at a later stage than the meta-
morphism which produced the schistosity.

The mica gneiss of the Carolina gneiss is also variable in
texture and composition. A portion of the Carolina gneiss is
composed of banded granular layers of feldspar, quartz, and
either muscovite or biotite or both, with accessory minerals.
The texture is commonly much coarser and the foliation less
pronounced than those of the mica schists. Some of this
goeiss has developed from homogeneous rocks and therefore
hag a rather uniform texture and banding. Other parts of it
have been derived from rocks of variable composition that
produce a strong banding with variations in texture.

The mica gneisses and schists grade into other types by the
addition of such minerals as garnet, kyanite, and graphite.
Where garnet and kyanite are abundant and in large crystals
the texture of the schist differs substantially from that of
ordinary mica schist. These minerals tend to crystallize with "
little adaptation to the parallel arrangement of the other
minerals of the schist and accordingly produce a porphyritic
texture. Graphite where present oceurs in plates or scales
developed in parallel position with the mica and does not
change the texture of the schist. J

Marble of different kinds occurs with the Carolina gneiss at
several places. In the Kings Mountain gold mine the shafis
cut a considerable mass of medium to fine grained white to
gray banded marble. A ledge of white medium-grained mar-
ble, about 20 feet thick, belonging to the Carolina gneiss,
shows on the west side of Kings Creek nearly 3 miles sonth-
east of Grover. A bed of very coarse grained marble about 3
feet thick is exposed in a stream bed a few hundred yards
south of Thicketty station. About 1 foot of this rock is
fairly pure, and the rest carries coarsely crystallized biotite,
quartz, and feldspar. Al these beds grade into the mica schist
of the Carolina gneiss and are parallel with it wherever the
contacts are exposed.

Origin.—The gneisses and schists of the Carolina gneiss are
derived from ancient sedimentary, igneous, and probably vol-
canic rocks. The sediments and voleanic rocks were aceumu-

lated to unknown thickness and cut by great and small masses
of igneous rocks. The igneous rocks have been separately
mapped in as much detail as can be shown on maps of this
scale. The small igneous bodies alternate with the sedimen-
tary material in great number, so that in the mapping they
must be included in the general mass of Carolina gneiss,
although they do not belong in that formation. These rocks
were metamorphosed during one or more periods of deforma-
tion and mountain building before the end of Archean time
and were subjected to further metamorphism in late Carbon-
iferous time.

The minerals of the gneisses and schists are those developed
during metamorphism either as entirely new minerals or
original minerals reerystallized or increased in size by the
addition of secondary material.

Thickness.—The thickness of the Carolina gneiss is many
thousands of feet, but owing to metamorphism and deforma-
tion it can not be measured with any approach to accuracy.

Weathering.—By weathering the Carolina gneiss has pro-
duced a variety of soils, in which some of the variations are
due to the degree of weathering and others to variations in the
composition of the gneiss. Biotite and feldspar were among
the first minerals to decompose, and their alteration has
allowed the rock to disintegrate and break down into soil.
The thoroughly weathered or decomposed forms of the Caro-
lina gneiss make sandy clay soils more or less reddened by
iron oxides. Rocks in which quartz and muscovite were pre-
dominant have disintegrated but have not thoroughly decom-
posed, so that the resulting soils are sandy and rather light
colored and contain abundant small scales of mica. The
kyanite and garnet gneisses and schists have in general yielded
dark-red clay soils through which ferruginous kyanite and
garnet pebbles are scattered. The color of these soils results
from the alteration of the iron-bearing minerals so commonly
present—that is, garnet, biotite, pyrite, and magnetite,

ROAN GNEI=S

Distribution.—The Roan gneiss received its name from
Roan Mountain, on the North Carolina-Tennessee border,
where this formation is extensively developed. It occurs in
large masses and in belts or dikelike bodies that eut the
Carolina gneiss. Tt is most abundant in the southern part of
the Kings Mountain quadrangle and the southeastern part
of the Gaffney quadrangle.

Character—The Roan gneiss consists chiefly of dark horn-
blende schist, hornblende gneiss, schistose diorite, and diorite.
In places there are intercalated layers of mica schist and gneiss
and garnet schist and gneiss not essentially different from
similar rocks of the Carolina gneiss. These layers are prob-
ably original parts of the Carolina gneiss that have been
ineluded in the intrusions of Roan gneiss or interfolded with it.
The very schistose forms of the Roan gneiss appear on casual
inspection to be composed almost wholly of hornblende, but
they contain also small amounts of quartz and feldspar, They
are in most places merely very schistose phases of the original
diorite. In places the hornblende schist contains interbedded
layers of quartz or feldspar and forms hornblende gneiss. The
hornblendie rocks range from fine-textured schist and fine-
grained diorites to granular rocks whose erystal grains
measure half an inch across. These coarse rocks contain
hornblende, plagioclase feldspar, and quartz together with
subordinate garnet, biotite, chlorite, magnetite, and epidote.
These minerals are practically all secondary, having been
recrystallized from similar original minerals during metamor-
phism. Pegmatite occurs through much of the Roan gneiss
and has the same origin and characteristics as that in the
Carolina gneiss.

Origin—The origin of some of the hornblendie rocks of
the Roan gneiss is not certain. Some of them are evidently
derived from igneous intrusions, probably diorite and gabbro,
and others, such as those in the belt just south and southwest
of Blacksburg, may have been derived from voleanic rocks of
similar composition. The extent of alteration produced in the
Roan gneiss by metamorphism is undetermined, because the
original nature of much of the rock is not known. Those
rocks that were originally diorite or closely allied types appear
to have reerystallized into nearly the same minerals but to have
undergone changes in texture, The minerals in their new
growths extended themselves in the directions of least pressure,
so that a strong parallel arrangement of flattened and elongated
mineral grains was developed. A prominent microscopic
feature of the rocks that have a dioritic composition is the
obliteration of polysynthetic twinning in the plagioclase feld-
spars during metamorphism.

Weathering.—In the hornblendic rocks of the Roan gneiss
the decomposition of the feldspar and hornblende marks the
beginning of weathering. The other constituents are less solu-
ble and, where abundant, remain as unaltered masses in the
resulting soils. The thoroughly decomposed rock is repre-
sented by a characteristic dark reddish-brown clay soil, gener-
ally of deeper color than that which results from the biotite



eneiss of the Carolina gneiss. A less altered form of the horn-
blende rock is a rotted rock or saprolite that has a character-
istic peculiar yellowish-brown color. This saprolite preserves
the structure and texture of the original rock in many places
and commonly shows stains or seams of black manganese
oxide. A still less altered form of the hornblende rocks, in
which the minerals have only in part disintegrated, produces
greenish to yellowish-green and olive-green sandy clay soils.
The color is due to the broken down or pulverulent condition
of the hornblende, the powder of which is green. Where a
quantity of organic matter has accumulated in such earth, as in
wet tracts, a sticky dark-green clay soil results. With the
exception of these gumbo-like greenish soils, the soils formed
by the Roan gneiss are of good quality and fertile.

PYROXENITE, AMPHIBOLITE, SOAPSTONE, AND GABBRO

Distribution.—A number of areas of pyroxenite, amphibolite,
and similar rocks together with soapstone derived from them
are seattered through the Gaffney quadrangle, and three areas
have been observed in the Kings Mountain quadrangle. These
rocks oceur chiefly in or near masses of Roan gneiss, but some
isolated bodies appear in the Carolina gneiss and Bessemer
granite. These rocks are most extensively developed 3 to 4
miles southwest of Gaffney, where the largest mass is 2 miles
long. These rocks are intrusive, and possibly they are mag-
matic differentiates from the same magma as that of the Roan
gneiss and are of similar age.

Character.—Among the rocks of this group that occur in the
Gaffney-Kings Mountain distriet are hornblende hypersthenite
or pyroxenite, hornblende-hypersthene peridotite, and olivine
gabbro grading into peridotite, picrite, and amphibolite. In
many places these rocks have in part or almost wholly gone
over into soapstone, which is composed of tale, chlorite, and
impurities, such as magnetite, unaltered hornblende, and pyrox-
ene. The different rocks bf this group have a similar mode of
ocenrrence—that is, they are developed in lenticular or oval
masses, ranging from a few feet thick and several yards long to
a quarter of a mile thick and 2 miles long. In testure they
range from medium-grained rocks to coarse varieties in which
the mineral grains are as much as half an inch across. Most
of these rocks have not yielded much to compression, though
in some places near contacts a schistose structure has been
developed. Soapstone is a hydration product of these rocks.
The rocks richest in olivine have yielded the purer grades of
taleose soapstone, and those in which hornblende and pyroxene
were abundant have yielded chloritic soapstone. Most of the
deposits of soapstone in this district ave very impure and con-
tain unaltered hornblende, pyroxene, and other minerals in
shreddy masses.

Weathering.—The alteration of pyroxenite and allied rocks
to soapstone is in part a process of weathering, but in some
places the alteration may have been deeper seated and possibly
accompanied by hydrothermal action. Chlorite at least devel-
ops plentifully in the surface weathering of the amphibolites
and hornblende pyroxenites. The weathering of the soapstone
is slow, and in most places the resulting layer of soil is thin,
20 that ledges or scattered boulders of unaltered rock project
through it. In the weathering of pyroxenite spheroidal boul-
ders of unaltered rock are generally left scattered through the
surface soils. Complete weathering of the soapstone and
pyroxenites generally yields yellowish-brown to reddish-hrown
clay soils,

BESSEMER GRANITE

Distribution.—The Bessemer granite, named from Bessemer
City, in the Lincolnton quadrangle, north of the Kings Moun-
tain quadrangle, is a highly schistose granite that occurs both
in large masses and in small dikes cutting other rocks, espe-
cially the Roan gneiss. The largest belt is 4 miles wide and
extends over 15 miles diagonally across the Kings Mountain
quadrangle.

Character.—The Bessemer granite is a medium to fine
grained muscovite-biotite granite that borders on quartz mon-
zonite, in which a porphyritic texture is locally developed.
In all outerops it has a strong schistose structure, and in many
places it has been metamorphosed into white and gray quartz-
sericite schist that bears little or no resemblance to the original
granite. Only in favorable outerops can the gradation from
the schistose granite to sericite schist be seen. The porphy-
ritic phases of the granite have in some places been metamor-
phosed into sericite schist with quartz augen, or “ bird’s-eye™
schist.

In the less altered portions of the granite the constituent
minerals are quartz, orthoclase, oligoclase, muscovite, biotite,
and a little magnetite and zircon, together with secondary
elinozoisite and chlorite. In the metamorphism of the DBes-
semer granite to quartz-sericite schist the muscovite has been
largely recrystallized into finer scales, and the potash feldspar
has passed into fine scaly sericite. The quartz has in part
recrystallized, but the larger grains or phenoerysts retain more
nearly their original size and position in the rock, yielding the
angen structure.
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Weathering.—In the first stages of alteration secondary
kaolin, clinozoisite, and chlorite form rather plentifully from
the Bessemer granite. The final product of weathering is a
light sandy soil. The sericite schist derived from the Bessemer
granite weathers into light, very fine sandy soil through which
are seattered blocks and fragments of vein quartz. Both types
of soil are underlain by reddish clay subsoil.

Age.—The extreme metamorphism of this granite and the
fact that it does not appear to cut younger rocks than the Roan
gneiss and the soapstone indicate that it is of Archean age and
younger than the Roan gneiss.

PREGMATITE

Giranitic pegmatite is abundant in the areas of Archean
rocks, and some was observed in other formations. The
pegmatite is variable in composition, but in its normal aspect it
is composed of feldspar and quartz, with or without mica and
other minerals. There are some varieties, however, in which
feldspar is practically absent, and the rock is composed chiefly
of quartz and mica. The texture varies from that of coarse
granite to that in which the individual crystals measure more
than a foot across.

The pegmatite occurs in sheets, lenses, and irregular masses,
ranging from an inch or two up to several yards in thickness
and as much as several hundred yards in length. (See pl. 10.)
These masses cut the Carolina and Roan gneisses either con-
formably with their bedding or at different angles to it. Most
of the masses are too small to be shown on the geologic map,
but some of the larger ones and those that are of interest
becanse of their special minerals, such as tin oxide, have been
mapped. A few of the pegmatites have a strong schistose
structure, but most of them are only slightly if at all schistose.
Some of the pegmatites, particularly the schistose varieties, are
no doubt of Archean age, but the majority are probably later
and are connected with intrusions of late Carboniferons (?)
granite.

ALGONKIAN SYBTEM
GENERAL FEATURES

The rocks that have been assigned to the Algonkian system
lie in a belt 1 to 4 miles wide that extends from the area near
the northeast corner of the Kings Mountain quadrangle south-
westward across the central part of that quadrangle and across
the southeastern part of the Gaffney quadrangle. This belt
becomes narrower to the southwest and is only about half a
mile wide at the southern border of the Gaffney quadrangle.

These rocks rest at different places upon each of the Archean
formations, which are in part sedimentary and in part igneous,
and are thus unconformable upon them. Some of the Archean
rocks were formed at great depths, and their appearance then at
the surface was due to uplift and prolonged erosion. The rocks
deposited on such Archean rocks are thus separated from the
Archean by an enormous interval of time. The rocks here
called Algonkian are all of surface origin, whereas those of the
Archean in contact with them were all deeply buried and
deformed before reaching the surface.

The known Algonkian rocks beginning in North Carolina
50 miles north of these guadrangles and extending through
Virginia and Maryland into Pennsylvania are typically surface
voleanie flows and include much voleanic sedimentary material
of the same sort as that shown in the Gaffney-Kings Mountain
district. In the Gastonia quadrangle, just northeast of this
distriet, basic voleanie rocks of the same kind as those in the
known Algonkian areas underlie the Cambrian quartzites,
The Algonkian rocks of these quadrangles underlie the rocks
which on general grounds are assigned to the Cambrian,

BATTLEGROUND SCHIST

Ome formation of Algonkian rocks has been distinguished in
*this area, the Battleground schist, and this includes a member
known as the manganese schist. The formation is prominently
developed in the region of the Kings Mountain Battleground,
after which it has been named. The manganese schist member
occupies a broken belt, a few hundred yards to half a mile
wide, along or near the northwest side of the Battleground
schist. It has been named from the notable and constant
presence of stains and deposits of manganese oxide along its
outerop, which has led to its being called locally “the man-
canese lead.”

Character—The Battleground schist is composed chiefly of
white, gray, bluish, bluish-black, and mottled white and bluish
sericite schists. Coarse sandy or quartzitic varieties with or
without beds of conglomerate are also present in places. Near
some of the beds of conglomerate the blue and white schists are
strongly mottled. Very persistent beds of conglomerate that
contain a large proportion of interbedded blue and white mot-
tled sericite schist crop out in the southeastern part of the
Gaffney quadrangle and south of The Pinnacle in the Kings
Mountain quadrangle. These beds are distinet from the harder
and more strongly developed Draytonville conglomerate, of
Cambrian age, which is deseribed on page 5. The conglom-
erate in the Battleground schist contains many small round

pebbles of quartz and grains of sand in a matrix composed of
material like that in the adjoining schist. The principal beds
of conglomerate are shown on the geologic maps.

The schist of the Battleground formation is rather fine and
even grained and has a strong schistose structure, The prin-
cipal constituents are quartz and fine scaly sericite and in
the bluish varieties an abundanece of fine erystals of magnetite.
The mottled appearance of some of the schist is cansed by
variable quantities of these fine crystals of magnetite in differ-
ent parts of the rock. In some localities the schist contains
crystals or fragments of erystals of orthoclase, albite, or oligo-
clase only partly altered to sericite. The schist also contains
fragments of older rocks, apparently voleanic, most of them
angular, in a great variety of sizes and colors. Locally these
fragments form so much of the rock that it is recognizable as
tuff. In a few places, probably near the top of the formation
in contact with quartzite of the overlying rocks, the schist con-
tains also ottrelite and chlorite. These minerals occur in the
quartzite and associated sedimentary rocks, and the rocks con-
taining them in the Battleground schist may in reality belong
in the overlying quartzite.

Hand specimens of the fine white and gray sericite schist are
not distinguishable from schistose parts of the Bessemer granite.
The coarse sandy or quartzitic varieties of the schist are also
distingnished with difficulty from the slightly porphyritie
sericitic schist of the Bessemer granite. Some of the solid
bluish and black schist closely resembles schist of other forma-
tions, but the mottled bluish and white or gray varieties are
found only in the Battleground schist. They consist of either
an excess of blue sericite schist inclosing flattened irregular
patches of white or gray sericite schist or an excess of light-
colored schist mottled with blue.

Loeally in the Battleground schist there are compact masses
of a bluish rock which does not show marked schistosity and
in which a fairly coarse texture has been developed. This
rock contains phenocrysts or fragments of phenocrysts of only
partly altered feldspar in a dense groundmass of sericite and
biotite with or without quartz, magnetite, and other minerals.
It may consist of altered remnants of porphyritic lava beds.
Quartz veins are common through much of the Battleground
schist, and some of them carry auriferous pyrite.

Thickness.—It is difficult to estimate the thickness of the
Battleground schist, because it has been intensely folded and
fanlted. Tt is more than 1,000 feet thick, and possibly as
much as 2,500 feet. The manganese schist member has a
maximum thickness of nearly 300 feet.

Origin—The Battleground schist is probably of composite
origin and was derived from interbedded volcanie, voleanic-sedi-
mentary, and sedimentary rocks. The voleanie rocks consisted
of tuffs and probably of flows of both rhyolitic and andesitic
composition. By the intermixture of varying amounts of land
waste washed into sedimentary basing the voleanic rocks
graded into voleanic-sedimentary and sedimentary rocks, Thus
deposits of voleanic breceia and tuff, voleanic ash or mud,
gravel, sand, and silt were laid down. These deposits were
later consolidated into breccia, conglomerate, sandstone, and
shale. During the extensive metamorphism accompanying the
late Carboniferous mountain building of the southern Appa-
lachians these rocks were further metamorphosed into sericite
schist that carries a few intercalated beds of conglomerate and
quartzite.

Much of the evidence of the original nature of the schist of
the Battleground schist has been destroyed, so that it resembles
sericite schist of other origin. In many places, however, the
strong mottling of blue with white patches, which is the com-
mon appearance of a schistose tuff, suggests a voleanie origin.
This suggestion is supported by numerous deposits of tuff
whose fragments have not been destroyed during metamor-
phism. Only the sedimentary voleanic rocks have been
found in this region, but voleanic flows of Algonkian age
appear in the Gastonia quadrangle, just northeast of this dis-
triet, and in the Cranberry quadrangle, 50 miles to the north.
The schist formed from the more basic volcanic rocks is char-
acterized by the presence of an abundance of fine crystals of
magnetite, which make it darker, and in some places by rem-
nants of crystals of hornblende and varying amounts of
chlorite.

Weathering.—Most of the rocks of the Battleground schist
weather into light, fine sandy soile. Those formed from schist
in which magnetite was abundant contain much fine magnetite
sand, which is concentrated in the gutters along the roadsides.
The more chloritic varieties of the schist have weathered gen-
erally into reddish or brownish soils. These characteristics are
concealed in many places by a thin covering of light-colored
fine sandy surface soil, and the brown is observed only in the
subsoils. The quartz veins that cut the original schist are
represented by blocks and residual boulders of quartz set free
by the weathering of the inclosing rocks. These soils are for
the most part poor, and the formation underlies a hilly, thinly
settled country.

Manganese schist member.—The manganese schist member
consists mainly of fine bluish-black to black sericite schist with



which much manganese is associated. Some layers of fine
silvery-white sericite schist withont manganese oxide are not
distinguishable from other portions of the Battleground forma-
tion, and" parts are also tuffaceous, like such portions. The
manganese occurs as masses of black oxides in lenticular vein
fillings, with or without quartz, in places several feet thick.
From these larger deposits innumerable small seams and vein-
lets of manganese oxide extend through large masses of the
schist, filling eracks and joints. Thus much of the schist is
impregnated with stains of black manganese oxide through
nearly the entire mass.

The similarity between the manganese schist and the other
beds of the Battleground schist suggests that they have a
similar origin. The manganese in veins and veinlets is appar-
ently of secondary origin and entered the formation in solution
through fissures and fractures. The solutions penetrated the
smallest fractures and joints in the schist and from these spread
into the pore spaces between the mineral grains, depositing
oxides and hydroxides of manganese. The larger veins repre-
sent the trunk channels through which the manganese solutions
entered the roeks and from which all the smaller veins, seams,
and impregnation deposits were fed.

Possibly, however, the manganese may have accumulated
somewhat like bog ore in the same basin with the sediments, in
this way being first widely disseminated through the formation
and later concentrated by solutions in veins that cut the schist.

The widespread dissemination of manganese oxides through
the soils derived from this formation and through the partly
altered rock under the soil is apparently due to surficial action
and concentration, for the unaltered rocks do not eontain so
much disseminated manganese.

The weathering of the manganese schist is similar to that
of the Battleground formation, except that the resultant soils
are generally stained dark brown to black from manganese
oxide.

CAMBRIAN SYSTEM

GENERAL FEATURES

The Cambrian rocks in this region are a metamorphosed
sedimentary series, and now they consist of squeezed conglom-
erate, quartzite, eraywacke, slate, schist, and marble. No
fossils have been found in them, and the rocks are placed
in the Cambrian system on account of their extensive meta-
morphism, their similarity in detail and in general sequence
to other known Cambrian rocks in the southern Appalachian
region, their position above rocks already classed as Alzon-
kian, and their position above a major unconformity of the
magnitude that characterizes the base of the Cambrian through-
out the Appalachian Mountains. The sequence of rocks
assigned to the Algonkian and Cambrian in this districet is a
close duplicate of the known sequence of the Algonkian and
Cambrian rocks in western North Carolina and Virginia.

The Cambrian rocks oceur in long, narrow belts that extend
northeast across the middle of the Gaffney-Kings Mountain
district. Owing to thrust faulting, the rocks at many places
do not occupy their normal sequence, and their mapping is
accordingly difficult. Similarities between some of the schists
of the Cambrian rocks and those of the Algonkian on the one
hand and the Archean on the other add to this difficulty.

The earliest Cambrian rocks consist of conglomerate and
quartzite. Three types of quartzite are recognized, apparently
distinet in character in separated outcrops, but gradations
between them are evident in some areas. Similar gradations
also oceur between some of the quartzite and the conglomerate,
The beds of quartzite and associated slate and schist have been
erouped under the name Kings Mountain quartzite because of
their strong development in Kings Mountain and the neigh-
boring region. The conglomerate will be deseribed under the
name Draytonville conglomerate member, as prominent expo-
gures are found on Draytonville Mountain.

Differences exhibited by the quartzites are great, but sepa-
site names have not been applied to the different types, Xach
quartzite occurs near or in contact with the Draytonville con-
glomerate in one part or another of the region, and the con-
glomerate may be represented by a quartzite in some places.

The younger and finer-grained Cambrian rocks consist of
slate, phyllite, sericite schist, mica schist, and limestone or
marble. The schists have been grouped under the name
Blacksbure schist, because the belt of schist passes through the
town of Hia!t:kﬂb!ﬂ'g. The limestone or marble is called the
Gaffney marble because of its large development near Gafiney.

KINGS MOUNTAIN QUARTZITE

Distribution and general character—The Kings Mountain
quartzite, including the Draytonville conglomerate member at
the base, has its greatest development in Crowders Mountain,
The Pinnacle of Kings Mountain, and between those hills and
the town of Kings Mountain in the hills known as Yellow
Ridge. Outerops extend to the southwest beyond Gaffney,
but these are chiefly narrow belts. Most of the beds of quarte-
ite are hard and resistant to weathering and accordingly
form hills or ridges. Prominent examples of these hills are
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Crowders Mountain, The Pinnacle, Whitaker Mountain, and
Silver Mine Ridge, which extends northeastward from Chero-
kee Falls.

The Kings Mountain quartzite is a composite formation
made up of a conglomerate and three distinet kinds of quartz-
ite—kyanitic quartzite, white nearly pure quartzite, and chlo-
ritic and sericitic quartzite that grades into schist. These are
gradations hetween the Draytonville conglomerate and the
quartzite, or rather replacements of the conglomerate by the
quartzite,

Draytonville conglomerate member—The Draytonville con-
glomerate member occurs in a series of narrow belts and a few
broader masses, which extend from the southern part ot
the Gaffney quadrangle northeastward through Draytonville
Mountain, of which it is the principal rock, and through
Cherokee Falls to Kings Mountain ridge and beyond. It
appears again in the Lincolnton and Gastonia quadrangles,
northeast of Kings Mountain.

The Draytonville conglomerate is a hard heavy-bedded rock,
which generally crops out in cliffs or ledges. At a few places
it has broken down to gravelly soil through which fragments
of only partly altered conglomerate are scattered. Some of the
outcrops are continuous for 3 or 4 miles, but others can be
traced only a few hundred yards to abrupt terminations.

Some of the bodies of the Draytonville conglomerate,
measured across the strike of its schistosity, ave several hundred
feet wide, but probably this apparent thickness is due to dupli-
cation by folding or to approximately flat beds in which the
schistosity does not correspond with the bedding. The thick-
ness is probably nowhere greater than 50 feet and in many
places may be less than 25 feet, The Draytonville conglom-
erate iz the basal member of the Cambrian rocks and overlaps
on both Algonkian and Archean rocks.

The conglomerate is now almost a gneiss but still retains
many of the characters of a conglomerate. It is composed
largely of quartz together with some mica and other minerals.
The quartz was originally present in the form of rounded
pebbles and grains of sand with which variable quantities of
silt or mud were mixed. By metamorphism the pebbles have
been crushed and recrystallized into flattened forms that have
nearly elliptical cross sections, the sand has been recrystallized
into a quartzite filling between the pebbles, and the silty
impurities have formed mica and other metamorphic minerals.
A parallel arrangement of the flattened pebbles and mica seales
has produced a decided gneissic structure.  In some places the
original rock was composed almost entirely of quartz pebbles
and sand, which by metamorphism have yielded a rock resem-
bling sheared quartzite. In this rock the pebbles are recognized
with difficulty, on account of the obliteration of their outlines
in the ineloging sand.

Kyanitic quarlzite—The kyanitic quartzite has its greatest
development in Crowders Mountain and The Pinnacle, but
smaller masses oceur in seattered localities, as in Henry Knob,
Jefferson Mountain, and the country east of The Pinnacle and
Crowders Mountain.

Most of the kyanitic quartzite crops out in ledges or large
blocks, but in some places it has broken down to a gravelly
soil that contains cobbles and pebbles of kyanite. In Crowders
Mountain and The Pinnacle cliffs rise almost vertieally 25 to
200 feet above the steep talus slopes below. (See pl. 2.) As
these summits supposedly represent the bottoms of rather broad
synelines the greatest vertical height of the kyanitic quartzite
that is exposed forms a measure of the thickness—that is,
from 100 to 200 feet. The typical kyanitic quartzite is com-
posed chiefly of quartz and kyanite with smaller quantities of
other minerals, such as mica or sericite, magnetite, and hema-
tite. In some places quartz is the predominant mineral, but in
others kyanite is equally or even more abundant. The kyanite
ocenrs in long-bladed crystals that lie in the rock at different
angles, (See pl. 7.) In some occurrences the crystals are
developed most strongly in certain beds and show a tendency
to form with their lengths parallel with the bedding. At other
places tufts or radinted groups of erystals occur. Btains of
hematite and limonite are abundant in parts of the kyanitie
quartzite and probably result largely from pyrite that was
associated with the unaltered rock.

The quartzite ranges from medium to coarse grained, and
some of the erystals of kyanite measure nearly 3 inches long
and half an inch thick. Most of the rock is visibly schistose,
and some is strongly banded in layers of varying composition.
Some of the strongly metamorphosed beds that contain much
mica are distinguished with difficulty from the kyanite gneiss
of the Carolina gneiss,

The kyanitic quartzite resists weathering strongly, especially
those layers in which kyanite is abundant. The more granu-
lar portions of the quartzite tend to erumble away faster than
the erystals of kyanite, which accordingly stand out above the
surface of the rock, and the layers of rock that are rich in
kyanite project above those that contain less of that mineral.
This differential weathering yields outerops of rock that show
very round surfaces from which sharp splintery crystals of
kyanite projeet.

In the nearly vertical cliffs on The Pinnacle (pl. 2) and
Crowders Mountain weathering has left great slabs of rough
kyanitic quartzite standing apart from other masses or tilted
over or fallen down on the talus slopes below, and irregular
cell-like cavities as much as a foot or two across occur in the
cliffs.  Probably these cavities are due to weathering in whickh
the purer granular quartz varieties of the rock have disinte-
grated more rapidly by the action of frost than the same mate-
rial that has been cemented together by iron oxides or than
that part of the rock in which crystals of kyanite act as a
binding material. The kyanitic quartzite weathers to gravelly
reddish soils that contain numerous pebbles and cobbles of
partly altered and iron-stained kyanite.

White guartzite. — White quartzite crops out abundantly
in a belt that extends from Gafthey through Blacksburg to
Kings Mountain and on across the southeast corner of the
Lincolnton quadrangle. The hard ledges stand a few feet
above the surface or angular blocks of quartzite of different
sizes are scattered along the ground. The quartzite in some
places may be traced almost continuously for several miles in
approximately one course. In other places the ledges are
curved or bend back on themselves, and some terminate
abruptly.

The beds of gquartzite form high ground generally, and some
of the persistent ledges form the backbone of high ridges, such
as Whitaker Mountain and Silver Mine Ridge.

The white quartzite is not thick, probably nowhere more
than 50 or 60 feet. Folding has duplicated the beds in some
places, and as this structure is not invariably recognizable the
apparent thickness may not everywhere be the actual one.

The white quartzite is composed chiefly of angular inter-
locking grains of quartz with here and there a few scales of
mica or particles of other minerals. The texture is medium
grained and there is a tendency to a schistose arrangement of
the grains, especially where mica is present.

The white quartzite breaks down under the action of
weathering into fine sandy soil through which are seattered
numerous blocks and fragments of different sizes. The soil
consists of a more compact sand than that which generally
results from the weathering of granite.

Chloritic and serieitic quarizite—The most extensive belt
of quartzite containing variable quantities of chlorite and seri-
cite is in the region around Crowders Mill Pond and south-
westward beyond The Pinnacle.  Another mass lies about
4 miles south of the town of Kings Mountain. In most
places this rock occupies high ground and forms ridges that
have rather steep slopes. Estimates made from the width
of some of the outerops indicate a thickness of more than 500
feet.

The Draytonville conglomerate is associated with the chlo-
ritic and sericitic quartzite in several places and appears to be
in normal sequence with it. In the Lincolnton quadrangle
the white quartzite is also associated with the chloritic and
sericitic quartzite and represents a purer form of that rock.
Giradations oceur between the two varieties and also from white
quartzite to the ehloritic and sericitic slates and schists,. These
rocks are generally fine grained and are chiefly green, greenish
gray, and gray.

The chloritic and sericitic quartzite is variable in composi-
tion and texture. The typical rock is composed chiefly of
quartz with either chlorite or sericite or both. In many places
other minerals are more or less abundant, such as ottrelite,
magnetite, tourmaline, pyrite, and a little zircon. Only a few
of these other minerals are original constituents of the sedi-
ments, and probably all constituents but the zirecon have been
recrystallized during metamorphism. The crystals of tour-
maline were probably derived from outside sources, or at least
part of their constituents, such as boron, were thus introduced.
Pyrite may have formed either from original constituents or
have been added from other sources during metamorphism,

The proportion of the minerals of the chloritic and sericitic
quartzite differs much in the different outerops, and variations
in the amount of granular quartz yield rocks ranging from
quartzite to schist.

As the content of quartz diminishes these rocks grade into
typical chlorite-sericite schist. In places considerable second-
ary quartz has been deposited in them as lenses and broken
veing, mostly conformable with the schistosity., Some of the
outerops of such rock resemble conglomerate.

The purer quartzitic phases weather to fine sandy soils, but
where chlorite iz abundant the resultant soils are tan-colored
to brown and in some places resemble soils formed by the
weathering of hornblendie rocks.

BLACKSBURG SCHIST

Distribution.—The Blacksburg schist lies normally between
the white quartzite facies of the Kings Mountain quartzite and
the Gaffney marble. The position of the formation under the
marble and over the quartzite is best seen just south of
Gaffney. The schist is variably developed in belts that lie
parallel with these formationg in a general zone extending
from the area south of Gaffney through Blacksburg and on



through the town of Kings Mountain into the Lincolnton
quadrangle. Because it is well developed in and around
Blacksburg the formation has been named after that town. 1t
has a thickness of about 800 to 1,000 feet.

Characler.—The Blacksburg schist ranges from fine gray-
wacke to fine-grained sericite schist or phyllite. In a measure
it is a transitional formation between the older quartzite and
the younger marble. As a general rule the more granular,
coarser parts like graywacke lie near the quartzite, and the
finer schists near the marble. The coarser beds are dark to
light grayish, rather granular micaceous schists and are 200 to
300 feet thick. The finer beds consist of gray, bluish-black,
and greenish sericite and mica schists.

A lumpy texture, which is most evident in partly weathered
phases of the schist, is due to rather coarse scales or bunches
of scales of mica. The variety showing this texture is some-
times called fish-scale schist and is especially common near the
marble beds in this region. No sharp contact has been found
between the Blacksburg schist and the Gaffney marble. Near

the marble the schist is ealeareous and contains free caleite in -

scattered grains, lenses, and thin sheets, which become more
abundant toward the marble.

The Blacksburg schist weathers readily into dark-brown or
green clayey soils, ranging from a sandy to a very sticky
clay of moderate fertility. The transitional calcareous forms
hetween the Blacksburg schist and the Gaffney marble weather
to a dark reddish-brown, very fertile soil.

GAFFNEY MAREBLE

Distribution.—~The Gaffuey marble extends in broken belts
from the quarries 1 mile south of Gaffney northeastward
through Blacksburg and on beyond the town of Kings Moun-
tain. The outcrops are generally obseure, and many of them
have been prospected by pits or quarried.  Most of them oceur
in low ground along the valleys of streams. The largest expo-
sures arve in the quarries near Gafiney, and the formation has
been named from that town. To the south and east of Grover
there are two marble belts, in both of which quarries have been
opened. Toward the town of Kings Mountain only one belt
has been located.

Character.—The Gaffney marble ranges from very fine to
medium fine grained and from bluish gray to white. All
varieties are locally called limestone, but the texture is sufii-
ciently crystalline for them all to be classed as marble. Most
of the rock has a schistose or banded structure made plain by
the presence of impurities such as miea and hornblende.  Out-
crops of the Gaffney marble observed in the different deposits
range from 30 feet to about 300 feet across in the Whisnant
quarry, two-thirds of a mile southeast of Grover, where the
beds are duplicated by folding and dip 35° NW., so that the
thickness of the marble would be less than 120 feet. At least
50 feet of mixed pure and impure marble is exposed in the
large pit of the Gaffney Lime Co., but this is not the full
thickness of the formation at this place. The beds that origi-
nally formed the top of the Gaffney marble are not known,
nor are any later sedimentary rocks known here, becanse over-
Iying beds have been completely removed by erosion.

The purer grades of marble consist chiefly of granular cal-
cite, together with small quantities of quartz, biotite or phlog-
opite, and tremolite or other light-colored hornblende. In
some of the rock epidote and pyrite are present. In some
places the Gaffney marble is highly magnesian, one of the
upper beds in the Gaffney limestone quarry carrying 41.19 per
cent of magnesium carbonate. The blue marbles are the pur-
est in lime, and the white beds carry more magnesia. The less
pure marbles contain quartz, biotite, both light and dark horn-
blende, epidote, and other minerals in increasing quantities
and accordingly grade into ealeareous biotite and hornblende
gneisses and schists.

-Weathering.—In most places the Gaffney marble has weath-
ered to the depth of ground water or deeper. Thus longi-
tudinal valleys or lines of low gaps and hollows have formed
along the marble belts. By solution at the surface and along
joints and fissures irregular channels have been produced in
the marble, and in places only nodular masses of the rock have
been left scattered through residual clay. The soils over the
marble are generally dark red or brown sticky clays.

LATE CARBONIFEROUS (?) INTRUSIVE ROCKS
WHITESIDE GIRANITE

Distribution.—Granite is abundant in the northwest corner
of the Kings Mountain quadrangle and along the adjoining
border of the Gaffney quadrangle. Smaller bodies of it are
also scattered over other parts of the Gaffney quadrangle,
The name was taken from Whiteside Mountain, in the Cowee
quadrangle, which lies west of the Pisgah quadrangle (see
fig. 1), where the granite is very prominently developed and
crops out in huge cliffis. The Whiteside granite is found in
many areas in the region between the Gaffney-Kings Mountain
district and the Pisgah quadrangle, especially where geologic
mapping has been done in the Lincolnton, Morganton, and
Saluda quadrangles.

Charaeler.—The granite consists chiefly of orthoclase, micro-
cline, and oligoclase feldspars, quartz, muscovite and biotite
micas, and such accessory minerals as magnetite, apatite, and
zircon. Other minerals of secondary development are garnet,
epidote or zoisite, chlorite, and kaolinite. The feldspars are
the predominant minerals; muscovite is the most plentiful
mica, and in some places biotite is present only in small quan-
tities. (iarnet is plentiful in some parts of the granite, espe-
cially those which have yielded to metamorphic processes
and have received a schistose structure; in some of this
rock the garnets measure a tenth of an inch in diameter.
Zoisite, chlorite, and kaolinite are products of the weathering
of certain of the minerals of the granite and are common in
ouferops.

The granite is generally light gray, but those varieties in
which biotite is scarce are nearly white. Most of it has a
medium to fine grain, and in some places it has a porphyritic
texture, as in the mass that passes through Gaffney.

The Whiteside granite has yielded to metamorphism in
different degrees. Parts of it exhibit a schistose structure of
varying intensity. In many places there is a gradation from
magsive granite in the interior of a mass to strongly schistose
or gneissic granite at the border. However, the bulk of the
granite shows only moderate metamorphism, and in many
places it is difficult to detect any struetural planes.

In places the Whiteside granite exhibits flow banding in
roughly parallel layers of mineral. The structure may have
developed in two ways—either during the intrusion of the
granite magma after a partial segregation of the minerals had
taken place, or by the mashing and flowing of granite which
had included and partly absorbed masses of other rocks. The
flow structure may be present in one part of a granite mass
and absent in another a few feet distant but is more common
near the contacts with other rocks.

Relations.—The Whiteside granite is intrusive into the
Carolina and Roan gneisses, and it is cut by the diabase
described below. The intrusive relations of the granite are
shown by the domed structure of masses from the borders of
which the strata of the gneiss dip away at different angles, by
the inclusion of masses of the various gneisses with which it
is in contact, by the occurrence of dikes both conformable
with and cuntting across the bedding of the inclosing gneisses,
and by the relations to pegmatite that cuts other rocks.

Around Cherryville, in the Lincolnton guadrangle, north of
the Kings Mountain quadrangle, a large mass of the Whiteside
granite has formed many sills in the gneiss, especially to the
southwest of the main mass. Apparently there is a large
batholith beneath this region. The interbedded masses of
gneiss and granite dip to the south and southwest, away from
the main mass of granite. Larger masses of the granite oceur
in the northeastern part of the Kings Mountain quadrangle,
but their relations to the inclosing gneiss are not so evident.
Sill-like dikes of the gramite are abundant in the gneisses,
especially near the larger masses, and in some places these
dikes branch out or cut across the schistose planes from one
bed to another,

Irregular bodies of pegmatite oecur in the granite and
extend from it into the surrounding rocks. These pegmatites
range from extremely coarse grained rocks to these that have
the texture of coarse granite, and in places they appear to
grade into the granite. The constant association of the peg-
matite with the granite and the gradation of the one into the
other show a genetic relation between them. In places the
gneisses and schists have been so intruded by granite pegmatite
that only the rock that predominates in a given area is repre-
sented on the map.

Inelusions.—Masses of the invaded rocks are included within
the Whiteside granite, particularly where the hornblendic
rocks of the Roan gneiss ave cut by the granite. The relations
are most clearly shown in a large area 3 to 5 miles south of
Cherryville, in the Lincolnton quadrangle. In many places
the inclusions have been more or less absorbed by the granite
magma, on which they have left their trace in the changed
composition. The absorption of the schists of the Carolina
gneiss has yielded streaks of highly micaceous granite that
grade into highly micaceous schist. The hornblendic rocks
when intruded were broken up into more blocklike bodies that
passed out into the gramite magma. Such inclusions were
more or less dissolved by the inclosing magma, so that the
magma became more basic near them. Thus the composition
of the granite was changed through considerable masses, and
there are gradations seemingly from inclusions of diorite to
quartz diorite, to hornblende-biotite granite, to granite rich in
biotite, and to the normal Whiteside granite.

Weathering. — The Whiteside granite weathers first to a
friable sandy gray wmass that closely resembles the original
oranite. The feldspars and biotite mica in this material
are only partly decomposed. Further weathering results in a
thorough decomposition or kaolinization of the feldspars and
the complete breaking down of the biotite, which yields a
red elayey soil that contains seattered quartz sand and seales
of muscovite. The surface soil formed by this weathering is

generally light colored and very sandy on account of the
washing away of the lighter kaolin produets and the coneen-
tration of the quartz grains in this layer.

Age.~Berause of the relations of the Whiteside granite to
the rocks associated with it that are described below, and
becanse of its little-metamorphosed character, the granite is
considered to be younger than Cambrian, with a probability
that it was intruded during the mountain-building activity at
the end of the Carboniterous period.

TORKVILLE GRANITE

Distribution.—The occurrence of large bodies of granite in
the region around York (formerly known as Yorkville),
especially northwest of that town, in the Kings Mountain
quadrangle, led to the adoption of the name Yorkville granite.
The rock erops out abundantly in the southeastern part of the
Kings Mountain quadrangle and in a small part of the north-
east corner. Other extensive deposits oceur to the south, in
the Sharon quadrangle.

Character.—The Yorkville granite is generally a gray to
dark-gray coarse-grained rock that has a porphyritic texture.
In some places there is a roughly parallel arrangement of the
feldspar phenoerysts. Microscopic examination of two speci-
mens of the typical granite showed the presence of microcline,
orthoelase, anorthite, and oligoclase feldspars, quartz, biotite,
and hornblende, together with small quantities of iron ores,
titanite, and secondary epidote and zoisite. The feldspars
occur as large phenocrysts, in some places more than an inch
across. The biotite oceurs in lustrous black scales. Quartz is
variable in quantity and size of grain. The accessory minerals
are also variable in guantity.

The granite invades the Roan gneiss as large batholiths and
in smaller masses and dikes. Many of the contacts are ill
defined, especially between the granite and the diorite.
Gradations in composition oceur from the typical granite into
diorite, a result of the absorption of diorite blocks by the gran-
ite. These blocks were floated out into the granite magma
during the mechanical stoping by the invading granite and
more or less dizsolved by it, yielding successively more basic
rock toward the diorite inclusion or contact. Thus were
formed biotite granite, hornblende-biotite granite, quartz dio-
rite, and diorite. Epidote is an abundant secondary mineral in
the contact zones of the Yorkville granite and occurs in the
hornblendic portion of the rock as scattered grains, aggrega-
tions of grains, and veinlets.

Age.—The Yorkville granite, like the Whiteside granite,
cuts the Roan gneiss, and is therefore younger than the gneiss.
It is eut by the diabase and is therefore older than the Triassie
period. Owing to the lack of evidence of as strong dynamic
metamorphism as that which oceurs locally in the Whiteside
granite, the Yorkville granite is thought to be younger than
the Whiteside and was probably intruded during the mountain
building at the end of the Carboniferous period.

Weathering.—The Yorkville granite weathers to many strik-
ing forms, such as large rounded masses or bosses on the
hillsides, floors of bare granite that cover many square yards,
and large residual boulders that range from a few feet to 25
feet or more in thickness. The most striking features are the
odd-shaped boulders that have the appearance of great mush-
rooms, with spreading tops and stemlike bases attached to the
underlying granite. (See pls. 8, 9.) Other boulders have
little caves and pocket-like cavities and peculiar markings due
to unequal weathering, and these forms appear to be confined
to the purer coarse porphyritic granite and are due chiefly to
disintegration by frost.

The partial disintegration of the Yorkville granite leaves a
coarse sandy to gravelly soil. More complete decomposition
yields sandy reddish clay subsoils, and the washing out of clay
and lighter produets of decomposition produces a light sandy
soil at the surface. In the hornblendic varieties of the granite
near the bodies of diorite the soils are progressively darker red
to brownish and contain less quartz or other light-colored sand.
These hornblendic rocks generally leave numerous blocks of
epidote in the soils, set free by decomposition from sheets of
epidotized fine-grained granite.

TRIASSIC SYSTEM
DIABASE

Distribution.—Diabage oceurs in numerous long, thin dikes
in different parts of the Gaffney-Kings Mountain district but
is most abundant in several belts 2 to 5 miles wide that strike
northwest. One belt extends through the Smyrna-Blacksburg
region, another from Filbert to a place about 3 miles southwest
of the town of Kings Mountain, and another through the
northeast corner of the Kings Mountain quadrangle. Very
few dikes were observed in the western part of the Gaffney
quadrangle, and only two southwest of Broad River. Some
of the dikes can be traced 6 to 9 miles and cut across the
bedding of all the other formations of the region; others
extend only a few hundred yards. Most of the dikes strike
northwest and have a nearly vertical dip, in strong contrast
with the older formations, which strike chiefly northeast.



Character.—The diabase is a hard dark-gray to greenish-
black fine to medium grained rock that has a dense or close
texture. The weathered surface is yellowish brown to reddish
brown or rust-colored. The diabase from three widely sepa-
rated localities is closely similar in composition as determined
from microscopic examination, for each specimen contains
caleic labradorite, augite, olivine, and magnetite, together with
pyrite in one specimen and secondary chlorite in another. In
all the specimens the ophitic or diabasic texture is strongly
developed, and the rock may be classed as typical olivine dia-
base, As a general rule the interior of the boulders produced
by the weathering of the diabase shows very little alteration
and is hard and fresh.

The diabase dikes range from a few inches to a few yards in
thickness. Some that are less than 25 feet thick crop out for
several miles, and others that are less than 6 feet thick crop
out for more than a mile. It is thus evident that the diabase
was intruded as a highly floid magma.

Weathering.—Residual boulders of diabase are abundant
along the outcrops, persisting for long periods and becoming
widely scattered over the surface, especially on hill slopes.
Prolonged weathering along the eracks in the dikes under the
surfaice produces a highly rust-stained sandy earth, especially
rich in iron hydroxides, some of which has the properties of
ocher.

Most of the outerops now consist of numerous rounded
boulders or “ niggerheads,” a few inches to 2 feet thick, scat-
tered over the surface. In road cuts where the dikes are
exposed the boulders are in process of formation. Weathering
proceeds along joint planes, which cut the dikes into blocks.
Corners are reduced faster than the plane surfaces of the
joints, and rounded forms result.

Age.~The diabase of this district ie similar in composition,
mode of occurrence, and structure to the diabases characteristic
of other parts of the Piedmont province. The latter are of
Triassic age wherever their age has been determined. The
diabase of this district is therefore believed to be Triassic.

STRUCTURE

GENERAL FEATURES OF THE APPALACHIAN REGIOK

Types of structure—Three types of rock structure prevail
in the Appalachian region, each in general characteristic of
the geographic division or divisions in which it occurs.  In the
Appalachian Plateaus, at the west, the rocks are essentially
flat and except for consolidation have undergone but little
change from their original composition. In the Valley and
Ridge province the formations have been variously folded and
faulted, with the result that the beds have slight to very steep
dips and show in part a slaty cleavage. In the mountain dis-
tricts and the Piedmont, on the east, the rocks have been
extensively folded, faulted, and mashed, so that strong cleavage
and extensive metamorphism have resulted. Thus the folding,
faulting, and metamorphism to which the rocks have been sub-
Jjected in the Appalachian region are progressively more intense
from northwest to southeast—that is, from the Appalachian
Plateaus to the Appalachian mountains and the Piedmont.

Folding and faulting.—All stages of folding occur from
those in which the strata dip slightly to those in which they
are steeply inclined or even overturned. In the southeastern
parts of the Appalachian region—that is, in the Appalachian
mountaing and the Piedmont—steep dips are the rule and
overturned strata are common. Owing to the extensive fold-
ing and the corresponding prevalence of steep dips, only the
eroded edges of most of the rocks are exposed.

The structure in these regions is extremely complex, for
many of the rocks have been subjected to more than one
period of deformation. Thus the older rocks present more
irregularities in outerop than the younger rocks and as a rule
are traced across country with greater difficulty. Most of the
younger rocks, which have been subjected to notable compres-
sion during only one period and that a compression which
acted principally in one direction, have been folded into very
long anticlines and synclines. The outerops of the different
formations made by such folds consist chiefly of long straight
belts, which are duplicated in reverse order on the opposite
side of the axes of the folds.

Coincident with the periods of great folding there was mueh
overthrust faunlting that resulted from the breaking of the
strata along the lower sides of overturned anticlines under
continued pressure. Some of the faults are large and are
measured by miles of overthrust. Others may have throws of
only a few feet.

These features are abundant in the Appalachian valleys and
mountains and in the Piedmont. They trend northeastward,
conforming approximately with the shore line of the ancient
continent. Local variations occur where secondary forces have
acted from other directions than the southeast. The structure
of the older rocks, especially the Archean of the mountain and
Piedmont regions, is more complex as a result of the action of
forces that caused deformation at more than one period and
in different directions. These varions compressions have left
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their traces on the rocks in both large and small structures.
Thus some of the Archean rock structure is so complex that it
does not give even an approximate idea of the different stresses
to which the rocks have been subjected. Some of the great
compressions of different periods have acted in similar diree-
tions and produced roughly parallel folds.

The latest compression that led to extensive mountain build-
ing, which took place at the end of the Carboniferous period,
has left a strong impress on the rocks of all periods. Thus the
main structural features of many of the Archean and Algon-
kian rocks, as well as those of the Cambrian rocks, follow the
general trend of the Appalachians through long distances. As
a rule, however, the large structural features of the Archean
rocks in the Piedmont differ materially from those of the
Algonkian and Cambrian rocks in their irregularity. There
iz a broad difference in the direction of the schistose planes,
the structural axes, and the belts of outerop of the two sets of
formations; the Cambrian and Algonkian features trend in
comparatively straight lines about N. 30°-60° E., whereas the
Archean features may trend in any direction but generally
trend more nearly north than east. This relation is particu-
larly obvious in the vicinity of the great batholiths of granite,
which have thrust and forced up the surrounding rocks in
great domes. The upward pressure exerted by these batho-
liths was very unlike the horizontal pressure by which most of
the folds of the region were formed.

Metamorphism.—A prominent result of the different stresses
to which the rocks have been subjected during folding and

faulting is metamorphism, which ineludes the development of

schistogzity in one or more directions, glip cleavage, slaty cleav-
age, new minerals, and general recrystallization of the rocks.
As would be expected, the oldest rocks show the greatest
metamorphism.

The prevailing schistose planes of the metamorphic rocks of
the Appalachians strike northeast and dip southeast, generally
at high angles. In some places the dips are low, and in others
the beds are vertical. In a few places the dips are to the
northwest, but in most places they range from 50° to 80° SE.

In many places where metamorphism was extreme the
original texture and mineral composition of the rocks have
undergone so great a change that it is not possible to distin-
guish between sedimentary and igneous rocks. Thus, miea
schists and mica gneisses of very similar appearance have
developed from rocks of both kinds. Such changes and trans-
formations are described more in detail in the section on the
individoal formations on pages 5-6.

LOCAL STRUCTURE

Larger features—FExtremely complex rock structure has
resulted from the deformation of the sedimentary and igneous
rocks in the Gaffney-Kings Mountain distriet. The sedimen-
tary rocks must have originally been deposited in nearly hori-
zontal layers. The igneous rocks were intruded in the usual
forms as batholiths, sills, and dikes in a great variety of
attitudes. The sedimentary rocks have all been metamor-
phosed, the older rocks more than the younger. The igneons
rocks range from those which have been so intensely metamor-
phosed as to have lost their identity to those which do not
exhibit any trace of metamorphism. The older and more
metamorphosed igneous rocks, such as the.Roan gneiss, are
compressed into folds approximately parallel with those of the
inclosing rocks. Later intrusives, such ag the Yorkville gran-
ite and the diabase, are only in part affected in this way or are
free from metamorphic action.

The broader structural features of the Gaffney-Kings Moun-
tain district comprise straight, corrngated synelinal troughs
of Algonkian and Cambrian rocks that extend northeastward
across the middle of the area, great arches of older rocks on
both sides that are composed of many lesser anticlines, and
domelike intrusions of later granite. The synclinal troughs of
younger rocks have been preserved because these rocks were
deeply infolded and infaulted in the older rocks and still
extend to considerable depths below the present surface, which
has been developed by erosion. The two anticlinal areas have
been uplifted by folding and faulting above the syneclinal
tronghs and to some extent have been thrust toward each
other, as is shown in some localities by the thrust faults that
dip northwest and southeast on opposite sides of the synelinal
trough.

Folding.—Only bare approximations of the larger folds of
the Archean rocks ean be arrived at in this district. Some
of the details of the smaller folds and those last superimposed
on the rocks can be worked out, especially where rocks of
widely different nature are in contact. Especial difficulty is
encountered in working out the structure of those parts of the
Carolina gneiss which show few variations in composition and
which do not inclose other rocks, such as hornblende gneiss or
granite.

Large areas of Carolina gneiss in which only a few other
rocks are inclosed oceur in the western part of the Gaffney
quadrangle. The outerops of this gneiss strike prevailingly
north and east of north and have variable dips. Wide local

variations in strike oceur; thus, near Broad River in the
neighborhood of Abes and Jolly Mountains the strikes fall in
all quadrants of the compass. Most of the dips of this gneiss
over wide areas are low, rasging from 10° to 30°, but abrupt
changes to high or vertical dips are common. In many small
sections observed in road cuts and similar exposures in this
region the strata of the Carolina gneiss show a series of small
folds. These folds range from a few feet to a number of yards
across, and their flanks do not generally have dips greater than
25°  This structure causes approximately horizontal beds of
the same formations to erop out over considerable areas,

The presence of large folds in the Carolina gneiss is in
general realized only where other rocks of a different character
are inclosed, and even there the complexity of the folds can
be appreciated only after considerable areas have been mapped
in detail. The hornblendic beds of the Roan gneiss inclosed
in Carolina gneiss can be recognized in most outerops, and

- their occurrence in long, narrow belts with branching outcrops

or in larger areas with zigzag contacts shows folded structure
of more or less complexity. Nearly parallel beds which join
and dip in the same direction but at different angles are prob-
ably parts of overturned folds. These folds oceur east of Earl,
in the Gaffney quadrangle, and near the town of Kings
Mountain, in the Kings Mountain guadrangle.

The structure of the younger rocks of this district—that is,
the Algonkian and Cambrian—is less complex than that of the
Archean rocks, but nevertheless it is far from simple. Elon-
gated belts of these rocks (such as the conglomerate, quartzite,
or marble) predominate, but locally irregular and broken out-
crops oceur.  The long belts represent the outerops of eroded
edges of simple folded or faulted strata, and the more irregular
outcrops show the more complex structure, where crumpling
and faulting have been extreme or where anticlinoria or syn-
clinoria piteh up or down from the surface. Thus, where the
anticlinoria of Roan gneiss and Bessemer granite that extend
southwestward toward Gaffney pitch under the surface along
Peoples Creek they give rise to an extremely complex series of
outerops in the Kings Mountain quartzite and associated rocks.
Similar eomplexities doubtless occur in many other places
where anticlinoria of older rocks pitch under later rocks, such
as the Roan gneiss and Bessemer granite under the Battle-
ground schist, but the absence of a recognizable sequence of
beds in the Battleground schist makes it impossible to work
out the details of this structure. The folds in the Cambrian
rocks are overturned toward the southeast in the Kings Moun-
tain quadrangle and toward the northwest in the Gaffney
quadrangle, as shown in the structure-section sheets.

Around some of the large intrusions of Whiteside and
Yorkville granites the strata have been uplifted or domed.
The best example of this feature occurs around Cherryville, in
the Lincolnton quadrangle, north of the Kings Mountain
quadrangle. There the Carolina gneiss has been domed up by
a batholith of Whiteside granite, and the surrounding strata
have been intruded by sills of the same rock. The outerops of
these sills and the inclosed gneiss curve around the main mass
of granite and dip away from it. The batholiths of Whiteside
granite that oceur in the northwestern part of the Kings
Mountain quadrangle and adjoining parts of the Gaffney
quadrangle must have produced considerable doming of the
formations, but the present erosion surfice cuts them below
the depth at which these relations would be prominently
exhibited. Very much the same may be said of the large
batholith of Yorkville granite in the southeastern part of the
Kings Mountain quadrangle.

Faulting—Thrust faulting has produced a lack of symmetry
in the sequence of strata of nearly parallel similar groups, as
in many places along the belts of the Kings Mountain quartz-
ite, Blacksburg schist, and Gaffney marble. Many of the
interruptions in the outerops of the Draytonville conglomerate
member are also probably due to thrust faults. Some of these
faults are shown on the areal-geology maps and in the struc-
ture-section sheets, but undoubtedly there are many others
which have not been detected becanse they oceur in large for-
mations that lack easily distinguished beds by which fault
offsets can be determined. ?

The fault planes have variable dips, some of them very steep
and others as low as 30°, with ineclinations to the northwest or
to the southeast in different parts of the region, as shown in
the structure-section sheets. Most of the faults along the belt
of Cambrian rocks dip to the northwest in the Kings Moun-
tain quadrangle and to the southeast in the Gaffney quad-
rangle. The faults are associated with folds that are greatly
compressed and overturned, and they dip in the same direction
as the overturned axial planes of the folds,

No direct measurement of the amount of throw of any of the
large faults has been possible, but the fault which thrust the
Archean rocks upon the Gaffney marble at the quarries near
Gaffney must necessarily have had a throw of several times the
thickness of the underlying Blacksburg schist and Kings
Mountain quartzite, which is probably more than 1,000 feet.
From this size the faults decresse to those whose throws are
measured in inches,



The folds and faults are of very different lengths, some of
them only a few yards long and others more than 10 miles.
Those which can be traced the farthest are in the Cambrian
beds that extend from the area near Gaffnev northeastward
through Blacksburg nearly to the town of Kings Mountain.
In many places it is impossible to tell whether the outcrops
owe their position to folding or faulting because of the grada-
tion between the two features and the lack of good exposures.
The Kings Mountain quartzite and the Gaffney marble have
proved the most suitable beds for tracing, and accordingly it
has been possible to determine their structure in the most
detail.

Figsuring.—Another and much later form of structure ocenrs
in connection with the diabase dikes of Triassic age. The
molten rock that now forms the diabase was forced into open
fissures, most of them less than 50 feet across but miles in
length. These dikes and fissures have nearly parallel trends
of N. 20°-50° W. and- cut directly across all other structural
features and rocks. As no offsetting of the formations is
visible where the fissures have cut them, there was evidently
little or no motion in the rocks. The dikes and fissures are
approximately vertical and undoubtedly descended to great
depth, so that they reached the deeper parts of the earth’s crust
and reservoirs of molten rock. The fact that the fissures
remained open enough to receive the diabase shows that the
rocks were in a state of tension that was the direct opposite of
the strong compression which they suffered during the forma-
tion of the older structural features. Such tension might
have resulted from a doming of the earth’s crust so that its
upper parts were relatively longer. The diabase dikes and
fissures are found here and there over u large area in the Pied-
mont of Georgia, North Carolina, and South Carolina and
closely resemble similar rocks and fissures of known Triassic
age in other parts of the Piedmont.

ECONOMIC GEOLOGY
MINERAL RESOURCES

DEPOSITE WORKED

The Gaffney-Kings Mountain district has been the scene of
considerable prospecting and mining at different times in the
past. Among the minerals that have been mined are gold,
iron ore, barite, limestone, monazite, kaolin and clay, rock for
furnaces and for building, tin, and emerald. Other minerals
that have been prospected are lead, manganese, pyrite, mica,
graphite, garnet, and corundum. .

Among the minerals mentioned as having been mined very
few have proved profitable when all the expenses of operation
are taken into consideration. Among those which may have
paid all costs are limestone, monazite, kaolin and clay, barite,
and iron ore. Some of these deposits, such as the iron ores
and monazite, would’ require very careful operation to pay
under present conditions but were profitable under the condi-
tions that prevailed at the time of operation. Individual
mines of the other minerals have been worked successfully, at
least during part of the time, whereas other mines have proved
failures.

GOLD

General features—Deposits that carry gold in veins and
placers have been found over a considerable area in the south-
east half of the Kings Mountain quadrangle and the southeast
corner of the Gaffney quadrangle. More than twenty of these
deposits have had a good deal of prospecting. Several have
proved to be promising, and one vein with its accompany-
ing placers—that of the Kings Mountain mine—has yielded
gold whose total value has been estimated at £750,000 to
$1,000,000.

The belt of gold deposits extends northeastward across the
middle of the Kings Mountain quadrangle from the southwest
corner nearly to the northeast corner. Most of these deposits
are quartz fissure veins in sericite or hornblende schist derived
from the Bessemer granite or Roan gneiss respectively. A few
similar deposits occur in the Battleground schist near outcrops
of Bessemer granite. The deposit at the Kings Mountain
mine is somewhat different. Here the ore body has replaced
beds of limestone or marble. A number of typical deposits are
described below. y

Kings Mountain or Catawba mine.— The deposit at the
Kings Mountain mine was discovered in 1834 and was worked
intermittently until about 1895, Operations then ceased, but
from 1910 to 1913 prospecting was carried on around the old
workings and preparations were made to reopen the mine.
The condition of the mine at present is such that nothing can
be seen of the underground workings, and the accompanying
description has been prepared from the literature and from a
study of surface conditions and the dumps.

The mine is about 2 miles south of the town of Kings
Mountain, at the border of Gaston County. Placers have been
worked over an area of a few acres along the branch below the
mine,

Twelve or more shafts have been sunk, some of which con-
nect with drifts, crosscuts, and stopes. Some open-cut work
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and sluicing was also done. Two of the shafis are more than
300 feet deep, both being reported to be 330 feet deep, and
others are reported to range from 50 feet to more than 200
feet. The position of the surface workings is shown on the
sketch map (fig. 4).

It is difficult to piece together the published information
concerning this mine with that furnished by people now best
acquainted with it and with that obtainable from the workings
in their present condition. There appear, however, to be
three veins—the Front vein on the southwest, the Beckwith
vein, and the East vein on the northeast. A number of ore
shoots found in different parts of these veins have been stoped
out from the upper levels.

Some of the decomposed rock or saprolite associated with the
vein carried considerable gold that could not be easily saved.
A method of sluicing and washing, however, was devised by
which the gold could be caught on amalgamated copper plates,
and a large body of the saprolite was washed at the locality
numbered 5 on Figure 4.

The gold deposits are associated with beds or lenses of blue
to gray banded dolomitic marble inclosed in chloritic mica
schists of Archean age. These schists also carry a belt of
graphite schist along the southeast side of the marble and ore
bodies. A mass of schistose granite, also of Archean age but
intrusive into the schists that contain the ore bodies, lies 100
feet or more southeast of the veins. A few hundred feet north-
west of the gold veins is a belt of chloritic epidote rock, in
places rich in magnetite. Prospects have been opened in this

. belt at a number of places, and a little copper and gold were

found in one of them (locality 8, fiz. 4). The belt of chloritic
mica schist and its inclosed marble and graphite is bordered
on the northwest by fine black sericite schist, probably of
Cambrian age. The relations and approximate boundaries of
the different rocks are shown in Figure 4.
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F16URE 4.—Sketeh geologic and topographic map of the region around the
Kings Mountain gold mine, Gaston County, N. C., 1913

Shafts and pits: 1, Holliday shaft, reported to be 230, feet deep and to have cut the vein at o
depth of 50 feet. 2 Pump shaft, reported to bo 20 feet deep and to have a drift to the
east that cuts the vein at & distance of 75 feol from the shaft. 2 Cow shaft, ose of the old
shafts nearly on the vein, reported (o be about 300 feet desp. 4, Rock shaft, reported to be
20 feet deap and to have a drift to the cast to the vein Graphite schist, marble, and pyrite
on dumps. 5 Large open cut 223 feet long from which ssprolitic ore was hydrulicked.
Graphite schist along southeast wall. & Open cut ; kyanite and graphite schist wail rock that

dips stightly in some places and a8 much as #° W, in others. 7. Richard shaft, reported to be
200 foct decp.  Kyanite schist wall rock and sulphides in siliceous marble in bottom. &, Shaft
reported Lo be 200 foct deep ln an area of epldote and magnetite rock  Blocks of magnetite 8
inclhes across on surface. A little gossan and oxidized copper ore found in ihe shait is
reported to contaln gold, 9, Shaft reported (o be 73 fest deep with drift 8 feet east io vein.
mluiﬂhmmmﬂupumwfﬁ-mmm
quariz. 11, Hufstettler shaft, reported to be 300 fect doep. Fine grained mics schist wall
rock containing gray siliceous marble snd cellular quarts, some of which is suriferces.
12, Shnft reported to be 250 feet deep aid to have cot an ore body.  Gray slibceous marble and
quarts fn mics schist. 13, Old shaft; little to be seen. 14, One of the later shafts, 50 fect
desp. Decomposed chloritic mion schist with collular manganessstained quarte, 15, Pros-
pect pit In deposit of magnetite vear contact with schistose pranite, 18, Ol shaft in body of
epidote and magnetite carrying some sulphide. 17, Frospect pit; little to be seen. 18, Out-
crop in rosdskde.  Graphitic mica schist containing quarts lens o= and streaks from 1 inch to 2
feet thick. Some of the quariz is cellular and sagary. 19, Shaft 40 feet deep and prospect.
pits. Outcrop of hard kyanite-graphite schist, 20, Four prospect plts; little to be seen.

The general strike of the formations is northeast, ranging
from north to N. 70° E., and the prevailing dip is northwest,
chiefly at a high angle. Great variations from this attitude
occur locally. In a gully 50 feet south of the Rock shaft
there is a curved outerop of marble in graphite schist. This
outcrop appears to represent a small fold that has a pitch of
about 20° NE., but its relation to the veins or mineralized
deposits of the marble is not definitely known. The details of
the structure of the rocks with which the gold veins oceur ean
not be worked out, but evidently there has been folding,
possibly accompanied by thrust faulting. Probably the mar-
ble was mineralized only along the flanks of the folds, and
there has been little replacement along the axes. Possible
positions of the outcrop of the marble that carries the ore
bodies are shown in Figure 4. Mineralization on the flanks
of the folds only would give three separate ore bodies—one

in the open cut shown at locality 6; another through the wash
cut, locality 5; and another through the line of workings
north of the mill shown at localities 9, 10, 11, ete., in Figure
4. As the folds pitch northeastward ore shoots along their
flanks would pitch northeastward also, as was actually found
in mining.

The veins are reported to range from 2 to 20 feet in width.
At the surface they consist of iron-stained cellular quartz in a
decomposed earthy matrix, also stained with iron. These con-
ditions prevail to the level of ground water, below which the
vein matter is hard and consists of siliceous dolomitic marble
with stringers of quartz and gangue minerals. Pyrite and
other sulphides are plentiful in this part of the veins also.
The richest ore consisted of the small veins or stringers of
quartz that carried pyrite, but portions of the marble mineral-
ized by sulphides were sufficiently rich in gold to be milled.

Among the minerals found in the ore Becker! mentions
fluorite, biotite, pyrite, pyrrhotite, chalcopyrite, mispickel,
galena, zine blende, tetrahedrite, altaite, nagyagite, bismite, and
bismutite. The ore is reported to have been rich along the
footwall of the veins. The average content of gold in different
parts of the workings is variously estimated at $3 a ton and
more. One engineer’s estimate was $8 a ton during the time
of his supervision.

The mine is equipped with powerful pumps, hoists, and a
30-stamp mill.

The probable origin of the deposit ean be given only in
outline. The limestone and inclosing rocks were doubtless
considerably folded before the intrusion of the granite. The
intrusion mashed and crushed the adjoining rocks, aiding in
their metamorphism. From the deeper portions of the solidi-
fying granite probably came the solutions which replaced and
mineralized the limestone, already partly marbleized. These
solutions passed through fractures and deposited their mineral
contents where conditions were favorable. Calcium carbonate
was easily replaced by the ore minerals, which accordingly
accumulated in the marble beds wherever channels were open.

Ferguson mine.—The Ferguson mine is 2 miles 8. 50° E. of
the Kings Mountain Battleground. It has been operated dur-
ing several different periods, but the last work was done in
1905. Little can be learned from an examination of the
workings in their present condition, and reports are variable
but agree in the statement that rich ore was found in paris of
the mine. Some ore was hauled to Blacksburg for treatment,
some was concentrated and shipped, and some was milled at
the mine.

The principal country rock has been called altered voleanic
tuff by Graton,? but the field evidence gives no reason for
separating it from the Bessemer schistose granite, which covers
large areas in this region. Belts of hornblende schist are
inclosed in the highly schistose granite of this region, and
some was cut in the workings. The main body of the horn-
blende schist lies to the southeast of the deposit. The forma-
tions strike about northeast and dip steeply southeast. The
vein is approximately conformable with the inclosing rocks
but shows variations in mineral content in different parts.
Four roughly lenticular bodies of ore were developed.

The ore deposit consists of fairly rich pyritiferons vein
quartz accompanied by some partly replaced wall rock. The
vein quartz is reported to have contained the richer ore and
the replacement material was classed as low-grade ore. With
the gold occur quartz, caleite (in veinlets), pyrite, a little mag-
netite, and ilmenite. The mineralized wall rock contains
pyrite and quartz that have replaced some of the original
minerals. The pyrite-quartz ore is reported to average $10 to
$15 a ton in gold, and the replaced wall rock about £3 a ton.

Darwin mine.—The Darwin mine is 31 miles in a direction
west of south of Kings Creek station. It is nearly in the
center of a belt of deposits opened within a mile and a half to
the north and a wile and a half to the south of it. Another
group of deposits has been opened two-thirds of a mile in a
direction north of east of the Darwin mine. The Darwin
mine is one of the older mines of the region. Lieber mentions
it as the only one in operation at the time of his visit to this
region in 1856. Work at the Darwin and other mines has
been intermittent, and the last work was done in 1911 and
1912. The Bmith mine, two-thirds of a mile in a direction
north of east of the Darwin mine, was in operation during
1913. The MecGill mine is also north of the Darwin, on
Beech Branch.

Openings have been made at intervals on the Darwin vein
on the Darwin ground and on the Ross & Carroll ground, to
the north. From the Darwin mine openings are irregularly
scattered along the vein for more than a mile to the south on
the Leach, Ramsay, Bolin, and other properties.

The country rock is principally sericitized schistose granite
or sericite schist derived from the Bessemer granite and con-
tains inclusions of belts of hornblende schist of the Roan

! Becker, G. F., Gold fields of the southern Appalachians: U. 8. Geol.
Survey Sixteenth Ann. Rept., pt. 3. p. 309, 1805,

*Graton, L. C.. Reconnaissance of some gold and tin deposits of the
southern Appalachians: U. 8. Geol. Survey Bull. 293, p. 96, 1906,



gneiss. At the south end of the workings a large mass of
Roan gneiss swings in near the deposits from the east. On
the north end of the Darwin ground a lens of talcose chloritic
schist or soapstone is inclosed in the granite and hornblende
schists. Along most of the Darwin vein the schiste strike
slightly east of north and dip vertically or steeply east. At
the south end the strike is more to the northeast. At nearly
all the mines two or more veins have been found, generally
less than 75 feet apart. The veins strike irregularly north-
east, dip in different directions, and do not show any close
relation to the major structure of the inclosing rocks. In the
Darwin mine two veins a few feet apart have been opened
in a erosseut trench. These veins have irregular dips of less
than 25° to the northwest and to the southeast, cutting across the
schistosity of the country rock.. At the Ross & Carroll mines
two or more veins that strike northeast have been opened. One
of these veins dips southeast and the other northwest.

The veins are composed chiefly of quartz and variable
quantities of pyrite. In the surface workings most of the
pyrite has been oxidized, leaving heavily iron-stained cellular
quartz, the cavities in which are filled with limonite. The
veing range in width from a few inches to aboat 6 feet, but
the pyrite is only sparingly scattered through the whole mass
and is generally concentrated in streaks a few inches to a foot
thick along one or the other wall or within the mass of the
quartz.  Chaleopyrite and other minerals occur in the ore in
places, and in the 85-foot shaft at the Darwin mine grains of
caleite and plates of muscovite miea were found in vein quartz.

The oxidized ores are free milling, and free zold can be
observed in some specimens. Where unaltered pyrite is pres-
ent the ores require cyanidation, and the recovery by simple
crushing and amalgamation is low. Some soft brown oxi-
dized ore that was shipped for treatment from different mines
ig reported to have ranged in value from 25 to $114 a ton.

Smilh and other mines.—At the SBmith mine quartz débris
covers the ground over an aren more than 100 yards square.
Several prospects and two shafts have exposed at least four
veins of rusty cellular quartz that range from 6 inches to 4 feet
in width. Unaltered pyrite and chalcopyrite were observed in
some of the quartz.

A number of other mines have been opened in the Kings
Creek-Smyrna region, on deposits of the same general char-
acter as those deseribed.  Among these are the Terry & Horne
mine, 1} miles due south of Kings Creek station and 2 miles
north of west of Smyrna; the Wright mine, 1} miles 8. 65° W.
of Smyrna; the Hardin mine, 1} miles 8. 55° W. of Smyrna
and nearly half a mile sontheast of the Wright mine; the
Wyatt mine, three-fourths of a mile N. 35° W. of Smyrna,
close to the railroad; the Allison mine, three-fourths of a
mile N. 15° W. of SBmyrna, back of Canaan Church; the
Wallace mine, 13 miles due north of Smyrna and the same
distance east of Kings Creek; and the Love mine, adjoining
the Wallace mine on the north and about half a mile south of
Piedmont Springs.  Other deposits that have been opened but
were not visited are the McCaw, about 2 miles southwest of
Smyrna, and the Love, about 1 mile southeast of Kings Creek,
on the east side of the railroad.

Farther to the northeast a number of deposits of the type
already described have been prospected or operated intermit-
tently. These deposits include those of the Logan mine, 2}
miles northwest of Bethany; the MeCarter mine, 21 miles
8. 55° W. of Bethany; the Patterson mine in South Carolina,
1% miles N. 30° W. of Bethany; the Patterson mine in North
Carolina, 3 miles 8. 85° E. of The Pinnaele; the Flint Hill
mine, in the extreme southeast corner of the Gaffney quad-
rangle; the Lockhart mine, 3 miles 3, 25° Ii. of Gaffney; the
Durham mwine, 1} miles south of Stepps Gap; and the Cale-
donia mine, 2 miles 8. 60° I, of The Pinnacle.

Placers—In the country between Cherokee FFalls and Gafi-
ney placers have been mined along several small branches.
The source of the gold in these placers has not been deter-
mined, but two possible sources are known—one the eroded
quartz veing inclosed in the Carolina gneiss that makes the
country rock which formerly lay immediately around the
deposits and the other the Cambrian quartzites and conglom-
erates in the hills above the placers. If the latter source is the
one that furnished the gold there must have been placer depos-
its already developed in Cambrian time.

IRON ORES

No iron has been mined for a number of years in this
region, but a large number of old workings give evidence of
the development of this industry in times past. The principal
mining for iron was done prior to and during the Civil War,
and most of the ore was smelted in local furnaces. Three
principal varieties of ore were mined—magnetite, hematite, and
limonite. Siderite was found in such quantity in the Cameron
lead mine that its use as an ore of iron was considered. The
ores occur in several different types of deposits associated with
different rock formations. Some of the ores are mixed so that
they can not he described separately, especially the specular
ores or hematite and magnetite.
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The five principal types of deposits that have been recog-
nized are (1) ore in serpentine in Roan gneiss and Bessemer
granite; (2) ore in chloritic mica schist near contacts with
Bessemer granite; (3), ore in schistose tuff'; (4) ore in quartz-
ite and ottrelite; (5) brown ore in Carolina gneiss.

Of these different ores probably all but those in schistose
tuff’ have been worked profitably under the conditions that
existed at the time of their operation. Tt is not likely that any
of the deposits would prove profitable under the conditions of
mining and markets that prevail now or that are likely to
prevail in the near future.

Ore in serpentine.—The iron-ore deposits in serpentine are
inclosed in areas of Roan gneiss intruded by Bessemer granite.
Most of the deposits have been found in a mass of such rock
that lies southeast of Blacksburg and extends to the southwest
across Broad River. These deposits furnished considerable ore
to the furnaces of this region during the Civil War,

The Black iron mine, known as pit No. 2, is 3% miles
S, 50 W, of Blacksburg, in a small valley that drains into
Broad River. It was worked by an open cut about 50 feet
long, 30 feet wide, and 35 feet deep at the inner end, which
was driven northeastward into the face of a steep hill. The
country rock is hornblende schist of the Roan gneiss, cut by
layers of schistose granite. The ore is composed of magnetite
and serpentine and other magnesian minerals, such as tale,
chlorite, tremolite or actinolite, and dolomite. The magnetite
occurs in masses and grains disseminated through the serpen-
tine, chlovite, and tremolite. The disseminated ore would
require concentration, but the selected ore shows a large con-
tent of metallic iron. Little could be seen of the size of the
ore bodies, but evidently the ore occurs in several shoots or
lenticular masses inclosed in the distorted body of serpentine-
like rock. The ore deposit possibly originated through the
action of mineralizing solutions or other agents given off’ by
the intrusions of Bessemer granite upon an included mass of
dolomite from the Archean sediments in Roan gneiss. The
ore deposits would therefore be of Archean age, which would
agree well with their metamorphosed and distorted condition.
A number of other iron-ore pits were opened less than 2 miles
northeast of the Black pit No. 2, and still others on the same
lead southeast of Blacksburg. These deposits are apparently
very gimilar to the deposit at pit No. 2, but in some the ser-
pentine and allied minerals seem to be less abundant. Near
the hornblende schists epidote is mixed with the magnetite.
Southwest and south of the Black pit No. 2, between Broad
tiver and Peoples Creek, a number of other pits have been
worked for ore of similar character.

These deposits also contain serpentine and similar minerals
and are inclosed in areas of hornblende schist and intruded
schistose granite. The deposits bear a similar relation to the
mass of Roan gneiss and the Bessemer granite intruded in it
in the different localities. From the Black pit No. 2 north-
eastward the deposits lie near the northwest contact of this
mass of rock. On the southwest side of Broad River the
deposits also lie near the contact of the same formations where
they pitch under other rocks.

Ovre in ehloritic miea sehist.—Certain chloritic mica schists
that contain considerable quartz, which are mapped as Archean
and are bordered by DBessemer granite, carry considerable
magnetite. These schists have been prospected at a number of
places, and some of the deposits were mined for ore. Large
pits were made in deposits of this ore along the west side of
Doolittle Creek near Cherokee Falls and between Cherokee
Falls and Draytonville Mountain. In this general region
some of these deposits are difficult to distinguish from the ores
in the quartzite, especially in their weathered condition and
proximity to each other. The ore at these places consists of
granular magnetite scattered thickly through chloritic mica
schist or gneiss and in some localities almost entirely replaces
the schist,

The deposits of magnetite southeast and east of the town
of Kings Mountain in similar rocks belong to this group also,
but some of them carry sulphide at depth. The magnetic
iron ore deposit near the Kings Mountain gold mine has
been opened by a number of prospects, but probably little ore
was shipped. The main workings were between The Pinnacle
and the town of Kings Mountain, along the west side of
Yellow Ridge, where large quantities of ore are reported to
have been mined.

The deposits of this group were probably formed by solu-
tions or other mineralizing agents given off’ by the Bessemer
granite that acted on certain adjacent beds of schist.

Ore in sehistose fuff.—The ore in the schistose tuff’ has not
been regularly mined, but prospects have been opened at a few
places, and blocks of good ore have been observed on the sur-
face at other places. These deposits consist of fine granular
magnetite and specular hematite impregnating certain layers of
the Battleground schist. A few prospects were opened along
the northwest side of the Kings Mountain range near Stepps
Giap and at the north end of Crowders Mountain. Good sur-
face specimens were obtained from beds of coarse schistose tuff
east of The Pinnacle.

Ore in quarizite and olfrelite—The ore in quartzite and
ottrelite has been mined extensively on Silver Mine Ridge,
north of Cherokee Falls, and in the region along Peoples
Creek and Furnace Creek, between Cherokee Falls and Gaff-
ney. Surface specimens of ore of the same type were observed
along the east slope of Crowders Monntain. The deposits
were opened by numerons pits and trenches, erowded eclose
together where the ore bodies were large. Little ore had been
left in place in the openings, and studies could be made only
of surface specimens.

The ores consist of magnetite and hematite disseminated
through the quartzite and siliceons schists of the Kings Moun-
tain and Battleground formations. In some places abundant
grains of ottrelite are mixed through the sandy material, which
was probably discarded as ore.  The waste left around the old
ore pits contains only lean ore that serves to show the accom-
panying minerals. Specimens examined contained quartz,
sericite, chlorite, magnetite, and hematite, with ottrelite in
some places. The content of iron in the best ores from these
deposits iz reported to have been mnot very high, though the
ores were readily smelted to iron of good grade.

Brown ore in Carolina gneiss.—Brown iron ore, consisting
chiefly of limonite and some intermixed hematite, has been
mined several miles west and northwest of Gaffney. The de-
posits are scattered over an area a few miles square. The ore
wias smelted near the mines, in a furnace on Cherokee Creek.
The deposits ocenr in the highly erampled varieties of the gar-
net and kyanite schists of the Carolina gneiss and fill fis-
sures and cracks in the gneiss. Some of the deposits appear
to have replaced or to have resulted from original sulphides
and others to have been simply deposited from solutions that
circulated through fractured rocks. Most of these deposits are
in the form of scoriaceons rusty-looking masses. Where the
inclosing rocks have weathered away the ore is left in large
and small fragments seattered through the surface soils,

BARITH

(General fealures,—DBarite has been found at a number of
places in a belt that extends from the area southwest of Kings
Creek station northeastward across the Kings Mountain quad-
rangle to the north end of Crowders Mountain. One prospect
was found in the Gaffney quadrangle about a mile east of
Lawn. Several deposits of barite have been regularly mined,
and prospecting has been carried on at some others. At the
present time the deposit of the Cherokee Chemieal Co., along
the railroad near Kings Creek, is the only one in operation.
Some of the mines are over 30 years old and have not been
recently worked.

The deposits occur in white, bluish, or mottled quarte-
sericite schist. The barite oceurs in veins or elongated lentie-
ular masses inclosed in the schist, generally abont parallel with
the planes of schistosity. The veins worked are generally 2
feet in width, but smaller veins and seams cut across the bed-
ding in many places around the larger deposits. The veins
contain scatiered inclusions or sheets of wall rock ranging from
a small fraction of an inch to several inches thick.

Quartz in grains and irregular masses is scattered through
the barite in many of the deposits, and galena, sphalerite,
pyrite, and stains of iron are found in some of them. The
barite ranges from medium to coarse grained and resembles
marble. Some of the massive barite crystals have cleavage
faces nearly 2 inches across. The purest barite is snow-white,
but some that is used commercially is light pink.

Mine of the Cherolee Chemical Co.—The deposits near the
town of Kings Creek, in the Kings Mountain quadrangle, part
of which are being worked by the Cherokee Chemical Co., are
about a quarter of a mile east, south, and southwest of the
town. The workings east of the town are old and are not
now being operated. The latest operations are south and
southwest of the town on both sides of the railroad and con-
sist chiefly of open-cut work. On the northeast side of the
railroad the schist and the inclosed beds of barite strike abont
N. 25° E. and dip about 30° SE. In the workings across the
railroad the beds are reported to dip in the opposite direction.
On the northeast side of the railroad the veins of barite lie
nearly parallel with the slope of the hill and are being worked
from a point near the level of the stream to a point 25 or 30
feet |1ig|m]‘. Until the veins are worked down to the hottom
of the valley the barite can be removed by open cuts with a
minimum stripping of overburden.

The veing are for the most part in the Battleground schist
near the contact with the DBessemer granite, but some are also
found in the schistose parts of the gramite. They range from
1 to 6 feet thick and differ in quality locally. In places sheets
of sericite schist or quartz are inclosed in the veins or the
barite may be badly stained. Much of it, however, is of very
good quality and ranges from pure marble-white to pink.
Both grades arve milled for shipment.

Lawson mine and workings near by.—The Lawson mine is
about two-thirds of a mile east of the south end of Crowders
Mountain. The deposits have been opened through a distance
of half a mile on the Lawson property and at other places



within a mile in a direction a little west of south. Two pros-
pects also have been opened at the north end of Crowders
Mountain. The work at the Lawson mine wus on a fairly
large scale, and the old work on the Craig place, now the south
end of the Lawson property, was also extensive. The Lawson
mine was opened by several shafis 30 to 100 feet deep, by
drifts, and by pits and open ents.  Two main veins were found
about 100 feet apart. In most of the mine they ranged from
2 to G feet in thickness, but in one place they were nearly 12
feet thick. On the old Craig place two similar parallel veins
were worked by open cuts and shafts to a depth of 35 feet.
The ore bodies here are reported to have been very similar to
those at the main working of the Lawson mine.

The country rock at these mines is fine white siliceons
sericite schist of the Battleground formation, which strikes
N. 10°-20" E. and dips steeply west or is vertical. Bodies of
Bessemer granite occur near the barite deposits, and a ledge
of hard kyanite quartzite crops out not far west of some of the
workings. The main deposits of barite are approximately
conformable with the inclosing schist, but smaller veins that
cut the schistosity were found in the workings. Much
of the barite occurs in massive granular pure-white form.
Locally galena and sphalerite oceur in streaks and patches
in the barite, and some of the ore near the surface is slightly
pinkish.

Other deposits.—A barite deposit in the extreme southeast
corner of Gaston County, N. C, has been worked by a trench
about 150 feet long and shafis. The workings are badly over-
grown and caved, but a quantity of good barite is reported to
have been shipped from them a number of years ago. Appar-
ently two veins were opened in siliceous white sericite schist.

An old mine 2 miles northeast of the Kings Mountain
Battleground was opened by a trench about 60 feet long and
8 feet deep. The vein of barite is reported to have been 6 feet
thick. Waste rock on the dumps shows that the barite in
places incloses sericite schist and other impurities.

Later prospects have been opened from 1 to 2 miles north
of Piedmont Springs and 1} miles south of the Kings Moun-
tain Battleground. Veins ranging from a few inches to 2 feet
in thickness were exposed in some of these openings. They
were inclosed in white sericite schist, in approximate conform-
ity with its northeast strike and nearly vertical dip. The ore
taken out was very similar in quality to that at the larger
mines,

LIMESTONEK

Most of the so-called limestone of this region should be
classed as marble. Some of it is even coarse-grained marble,
but most of it is rather fine grained. Much of it is mag-
nesian, and some contains sufficient magnesium to be classed
as dolomitic marble. The most productive deposits belong to
the Gaffney marble and are of Cambrian age. Three deposits
associated with Archean rocks have also been found but have
not been used commercially. These are at the Kings Moun-
tain gold mine (fig. 4), on Kings Creek 4 miles north of
Kings Creek station, and near Thicketty. The last is a small
bed of coarse marble.

The Cambrian marble has been found or quarried at
intervals all the way from Limestone Springs, 1 mile south of
Gaffney, northeastward through Blacksburg, to the southeast
and east of Grover, and on to the town of Kings Mountain.
Deposits have also been found in the Lincolnton quadrangle
and still farther northeast. More than 15 quarries have been
opened at different times in the Kings Mountain and Gaffney
quadrangles to obtain rock for burning into lime. Most of
these quarries were small, but one near Gaffney has been
worked on an extensive scale. The limestone has been burned
near the quarries, and the lime generally has been used locally.
A few quarries, especially those near Gaffney, have supplied
lime for shipment to considerable distances. Most of the quar-
ries have been operated intermittently, and at only three have
modern continuous-burning kilns been installed.

Most of the deposits are in low ground, and the outcrops
from which development work proceeded oceur chiefly in
stream beds. This fact and the fact that the limestone is likely
to contain solution channels where spring waters flow make
some of the quarries wet and rather difficult to operate.

Gaffney quarries—The Gaffney quarries are about 1 mile
south of the center of Gaffney and along the south line of the
town. Eight or ten pits and open cuts have been made, rang-
ing from pits 30 feet across and 10 feet deep to the main
quarry of the Gaffney Lime Co., the last one worked, which
is about 400 feet long, 150 feet wide, and 75 feet deep. Work
in this quarry was begun on the outcrop and was carried back-
ward and downward on the dip of the beds. The beds strike
about northeast and dip between 20° and 40° SE. This dip
necessitated the removal of an increasing quantity of over-
burden and finally caused the stoppage of the work in 1913.
As quarry operations proceeded, after the soil was removed the
overburden consisted of 15 to 20 feet of white dolomitic mar-
ble, and in the area last worked the dolomite was overlain by
about 10 feet of white calcareous quartzite. The lower part of
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the marble in the quarry is bluish gray and according to Sloan®
contains nearly 97 per cent of calcium carbonate. This part
was worked for burning into lime and was 20 to 30 feet thick.
Some parts of the marble contain inclusions of fine hornblende
schist, biotite-hornblende schist, and other impurities, but
these can readily be sorted out. Fine erystals of pyrite oceur
in places in the marble but not in sufficient quantity to injure
the lime prepared from it.

The marble reaches its greatest development in this locality,
and the area underlain by it is especially wide on account of
the unusually low dips. The beds were folded rather lightly
in the area occupied by Limestone College, north and west of
the quarries, but on the southern margin of the area they were
overturned from the southeast, so that older quartzite and
gneiss were brought above the marble. The overturning was
probably accompanied by thrust faulting, which in places
brought the underlying gneiss next to the marble.

In many of the other quarries along the limestone or marble
belts the quality of the rock and the relations of the beds are
similar to those in the Gaffney quarries. The beds of marble,
however, are not so thick as in the Gaffney quarries, and most
of them dip more steeply. The bluish-gray beds burn into the
best lime, and most of the white marble is discarded. In some
of the quarries two beds of bluish marble are worked, generally
not more than 10 to 15 feet thick and separated by a few feet
of fine calcareous biotite schist and in some places hornblende
schist. Most of the deposits have southeasterly dips, which
result from folds overturned by compressive forces that acted
from the southeast.

MONAZITE

Monazite, which is valued for its content of thorium, a sub-
stance used in the manufacture of incandescent gas mantles,
has been mined rather extensively in the western part of the
Gaffney quadrangle. The mines, which are operations on
placer deposits along the beds of small streams, are 3 to 10
miles west and northwest of Gaffney. Most of the monazite
has been caught in simple slnice boxes fed through perforated
iron plates or screens. (See pl. 8.) In some places a prelim-
inary ground-sluicing of the gravel beds precedes washing in
the boxes.

Because of its high specific gravity (about 5) the monazite is
concentrated in the lowest beds of gravel in the streams and in
the bottom lands along the streams. The gravel beds com-
monly range from less than a foot to several feet in thickness,
and unless sufficient water can be obtained to sluice off the
upper few feet of overburden they generally can not be profit-
ably mined. The monazite of the placers is derived from
certain rocks that have been decomposed, leaving the resistant
monazite concentrated in the soils. The wash from these soils
in the hills along the stream valleys has supplied the bottom
lands with the gravel beds and the monazite. In the stream
beds of small valleys, along which the hills are enltivated, the
deposits can be worked profitably over and over again, in some
places three or four times in one year, for fresh supplies of
monazite are washed into the stream beds during heavy rmins.

A large number of minerals are found in the first crude
monazite concentrates, including garnet, magnetite, rutile,
ilmenite, zircon, cassiterite, kyanite, corundum, tourmaline,
and staurolite. In some of the deposits in the northwestern
part of the monazite belt in Rutherford and Burke Counties,
N. C,, gold is saved, but in the monazite deposits of the Gaff-
ney region little gold has been found. Zircon is plentiful in
some of the monazite concentrates and could be extracted if
sufficient demand should arise. The monazite-bearing gravel
has been derived through the erosion of areas in which granitic
and pegmatitic rocks are abundant. In some places, especially
in Cleveland County, N. C., the Whiteside granite and the
associated pegmatite forms the bulk of the rocks underlying
and surrounding the monazite placers, but as a rule the
country rock consists of some variety of the Catolina gneiss
together with granitic and pegmatitic material. As a rule
these schists and gneisses are saturated with pegmatitic mate-
rial in the areas of rich monazite deposits, and in some places
the pegmatization has heen so extensive that the rocks and
their resultant soils are difficult to distinguish from granitic
rocke,

Monazite in some places forms as much as 1 per cent of the
rock. In many places the decomposed pegmatized rock or
saprolite will yield from a few grains to more than a teaspoon-
ful of monazite to a shovelful when concentrated in a pan.
Monazite has been found most plentifully in biotite schist,
generally more or less graphitic and strongly pegmatized by
the addition of feldspar, quartz, muscovite, monazite, and other
minerals.

In Cleveland County, N. C., such rocks were quarried and
milled for monazite. The monazite content varied widely in
the different beds within a thickness of 18 feet across the layers.
One bed over 3 feet thick averaged about 1 per cent of mona-
zite, and other beds yielded less than 0.03 per cent.

*Sloan, Earle, Catalogue of the mineral loealities of SBouth Carolina:
South Carolina Geol. Sarvey, 4th ser., Bull. 2, p. 235, 1908,

KAOLITN AND CLAY

Kaolin-like clay of fairly good grade has been mined in the
region around Grover. Most of it has been used for fire brick
and for special high-grade light-colored bricks. This clay is
derived from granitic and pegmatitic rocks and is partly in
place and partly only a short distance from its place of forma-
tion. It is grayish to white, contains considerable intermixed
quartz sand, and is plastic and rather sticky. It occurs near
the heads of small hollows, where it readily accumulates by the
washing and sliding down of kaolin-like residue formed by
the decomposition of the feldspathic rocks in the surround-
ing hillsides. The deposits have a maximum thickness of 10
feet or more, are easily worked, and are conveniently near
the railroad.

Common clay has been dug and burned into bricks at
several places in the Gaffney-Kings Mountain district. Some
of the bricks have proved of very good grade, but others have
worn very poorly, possibly as much through poor manufacture
as through the quality of the clay. The brick clays have
been obtained from residual and semiresidual deposits in the
small valleys, where the ordinary produets of rock decomposi-
tion have remained in place and similar material from the hill-
sides has slid or crept down and accumulated. These clays
are commonly bluish gray and contain variable amounts of
organic matter together with quartz sand and clayey material.

ROCKE FOR CONSTRUCTION

At several places in the Gaffney quadrangle quarries were
opened in the sandy or siliceous varieties of the sericite schist
that borders the conglomerate beds inclosed in the Battleground
gchist, and the rock was used chiefly in the iron furnaces before
and during the Civil War. The principal quarries for this
rock were about 5 miles south of Gaffney.

Quarries for rock for large construction work have been
opened at several places and operated as needed. Thus large
quantities were required for the power dams at Ninety-nine
Islands, Cherokee Falls, and Gaston Shoals on Broad River.
At Ninety-nine Islands and Cherokee Falls hard varieties of the
Bessemer granite and the Roan gneiss inclosed in it were used
both in the concrete work and as blocks in heavy construction.
At Gaston Shoals and at the dam on First Broad River some-
what porphyritic biotite granite gneiss of the Whiteside gran-
ite was quarried for block and conerete construction.

No large quarries for building granite have been opened in
the Gaffney-Kings Mountain district, but small openings have
been made in the Yorkville granite near Filbert for blocks for
construction and building material in York and Clover. So
far the principal supply has been obtained from large boulders
or loose slabs on the surface. Some of the bare floors or
bosses of granite that crop out in the region northwest of York
offer favorable places for opening quarries.

TIN

Distribution—The presence of cassiterite, the native oxide
of tin, in apparently rich deposits at many places in the Kings
Mountain quadrangle and at one place in the Gaffney quad-
rangle has led to much prospecting and many attempts at min-
ing. In at least one place—the Ross mine, near Gaffney—
placer mining was temporarily done at considerable profit.
Several prospects and mines have also been opened in the
Lincolnton and Gastonia quadrangles, north and northeast of
the Kings Mountain quadrangle. Practically all the work on
cassiterite-bearing veins has been done at a loss, but this work
has not been sufficiently conclusive to prove or disprove the
value of some of the deposits.

The cassiterite deposits have been found in a belt extending
from a place 2 miles northeast of Grover, nearly parallel with
the general trend of the rock formations, through the town of
Kings Mountain. (See pl. 10.) So far as known the Ross
tin mine, near Gaffney, is an isolated deposit but falls in nearly
the same belt of rock formations as those between Grover and
Kings Mountain.

Incloging rocks—The tin deposits occur in masses of pegma-
tite that ecut Archean rocks, either the Roan gneiss or the
Carolina gneiss along or near its contact with the Roan gneiss.
These gneisses comprise hornblende schist, hornblende gneiss,
diorite, mica schist, and mica gneiss with or without accessory
garnet and kyanite. The formations have steep dips along
the tin belt. The matrix of the cassiterite is invariably pegma-
tite and the accompanying greisen. Some of the masses of
pegmatite are conformable with the bedding of the inclosing
schists, but others cut across the bedding with various dips
and strikes. There are many bodies of pegmatite which are
similar to those that carry cassiterite but in which this mineral
has not yet been found.

The bodies of pegmatite range from less than an inch to as
much as 100 feet in width, and from a few inches to probably
more than half a mile in length. Some are only two or three
times longer than wide; but others are a great many times
longer. Some of the pegmatites occur in more or less parallel
position, others in a belt with their ends overlapping or in
line with one another, and others lie at different angles. The



pegmatites in places branch, fork, swell and pinch out abruptly
or taper down at the ends, or the larger bodies are connected
by dikes. These variations may occur in different planes.
Some of the pegmatites are more regular and hold one diree-
tion of strike and dip for considerable distances.

Origin of pegmalile—The pegmatites are chiefly intrusions
in the inclosing rocks, but the relations are modified in some
places by the action of solutions or gases—that is, some of the
pegmatites have been deposited from aqueo-igneous solutions.
To which class many of the bodies of pegmatite belong is in
places a matter of uncertainty. Both are believed to be the
products of granitic magmas. In the erystallization of a gran-
ite magma water is excluded and therefore may accumulate in
the parts of the magma that remain unsolidified. This remain-
ing magma accordingly becomes more fluid until it is a concen-
trated agueous solution rather than a magma.  The expulsion
of these very liguid magmas and solutions into surrounding
rocks results in masses of pegmatite that grade between typiecal
dikes and typical veins.

Oceurvence of cassiterile.—"The pegmatites of the tin belt, in-
cluding those that carry cassiterite, are diverse in composition.
Some are composed of the usual minerals—feldspar, quartz, and
mica — without appreciable quantities of other constituents.
Others carry spodumene and cassiterite.  Cassiterite occurs both
in pegmatites which carry spodumene and in those which do not.
The other minerals observed in the cassiterite-bearing peg-
matites are few and not worthy of note. Such minerals as
wolframite and arsenopyrite, which are associated with tin ore
in other regions, appear to be absent here. Variations in
composition consist chiefly in differences in the proportions
of the different minerals present. In some deposits feldspar
predominates, in others quartz. In some mica is absent and in
others it is abundant.

Gireat irregularities occur in the distribution of the minerals.
(Quartz is segregated into large separate masses in some deposits
and mixed through the rock in coarse grains in others. Cas-
siterite in small deposits occurs in scattered grains through
one part and is absent a few feet distant in another part of the
same pegmatite. In some of the large pegmatites the cassiterite
is irregularly scattered through large masses of the rock, and
in others it is more or less irregularly concentrated along one
wall of the pegmatite as a smaller vein that is connected with
the main mass. In some of the pegmatites rich in cassiterite
feldspar is only sparingly present if not absent. Deposits of
thie type, then, have the nature of greisen and have been
observed as lenses or streaks in larger bodies of pegmatite and
along their contacts with other rocks.

The cassiterite appears to have been one of the first minerals
in the pegmatite to crystallize. Its boundaries are sharp,
although erystal ountlines are rather rare, and there are no
inclusions of other minerals in it. In some places the concen-
tration of the cassiterite in greisen along the pegmatite border
indicates metamorphic action, during which there were mutual
reactions between the dike and the wall rock. The reaction of
wall rock and dike is also evident by the unusual coarseness
of the mica schist of the wall in many places.

Age of the tin deposits—The rocks in the tin belt are of two
classes—the gneisses and other rocks of Archean age and the
granites, pegmatites, and quartz veins that ent the Archean
rocks. The Archean rocks are greatly altered by deformation,
but the younger rocks show little or no alteration. The
Whiteside granite was locally rendered schistose but in large
arens is massive and unaltered. It is therefore concluded that
most of that granite is younger than the mountain-building
movements that deformed and altered this entire region. This
conclusion assigns to the Whiteside granite a late Carbonifer-
ous age. Similar reasoning assigns a probable late Carbon-
iferous age to some of the pegmatites and the quartz veins,
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It seems probable that granite, pegmatite, and quartz veins

form a cycle—that is, the granite invaded the Archean rocks
nearly at the end of the Carboniferous period, the pegmatite
represents a later stage of intrusion, partly in mass and partly
by permeating solutions, #nd the quartz veins are the final
products of the cooling magma. The general distribution of
the rocks favors this view, for the tin-bearing pegmatites are
not in the granite but are near its general southeast margin,
whereas the quartz veins, which are more or less mineralized,
oceupy a general belt sontheast of the granite and farther away
from it.

Local developments,— The only tin mine in the Gaffney
quadrangle is the Ross mine, near Gaffney.

Twenty or more places have been prospected for cassiterite
in the Kings Mountain quadrangle, and at a few of these
places extensive work was carried on. During 1907 the Blue
Ridge Tin Corporation worked in the town of Kings Mountain
and at several places southwest of the town along a line of
prospects opened by Ledoux in 1888 and 1889. Among
other prospects that have been tested a promising one was the
Faires place, which was tested by Capt. S. 8. Ross and others,
of Gaffney. Named in order from the north border of the
Kings Mountain quadrangle southwestward some of the mines
and progpects are the old mine of the Blue Ridge Tin Corpo-
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ration, on the west side of the railroad tracks in the town of
Kings Mountain; the prospect belonging to Mrs. Elizabeth
Falls, two-thirds of a mile south of the town; the Faires pros-
pect, eizht-tenths of a mile in a direction a little west of south
of the town; prospects tested by the American Tin Plate Co.,
which adjoin the FFaires prospect on the southwest; the pros-
pect belonging to Mike Plonk, 1} miles southwest of the town;
a series of openings made by Ledoux & Co. in 1907, begin-
ning 1} miles southwest of the town and extending one-
third of a mile to the southwest along a ridge; an old pros-
pect of Ledoux & Co., 1§ miles southwest of the town; the
principal workings of the Blue Ridge Tin Corporation, 2
to 2! miles southwest of the town, consisting of two deep
shafts, tunnels, and some placer work; three prospects of the
Blue Ridge Tin Corporation that lie west of the placer ground
and within half a mile to the sonthwest; other prospects to the
southwest: and one two-thirds of a mile southeast of Crocker,
which was opened by Captain Ross in 1905. Still other pros-
pects are reported southwest of the one last mentioned but
were not examined. Float tin has been found at several places
in the town of Kings Mountain and along the belt sonthwest
of town.

Ross mine.—The Ross tin mine is about 1} miles northeast
of Gaffney, in and along the northwest side of a small hollow
that drains northeastward into a tributary of Providence
Branch. The work consists of many open cuts and placer
washings and a shaft more than 130 feet deep, within a space
about 600 feet long from northeast to southwest and 100 feet
wide, Placer mining has been done on the lower part of a
slope where water was available, and placer ore from above
this area has been carted down to the sluice hoxes. In this
way the greater part of the hill slope from the area near the
shaft northeastward to the branch, a distance of about 400 feet,
has been worked over.

The shaft and underground workings were not open when
visited, but portions of the vein were exposed in shallow work-
ings, which, together with descriptions by Sloan* and Graton,?
have furnished material for the notes here given. A crosscut
was driven from the shaft northwestward to the vein on the
Gi3-foot level, and winzes were sunk on the vein from this level
to the 90-foot level and there connected by a drift. The shaft
cuts the vein at a depth of nearly 100 feet.

The placer ground contained both weathered vein material
nearly in place and hillside débris from the vein. Where the
drift material was washed the work was carried to depths of
only a foot or two, but where the weathered vein in place
formed the placer material it was exeavated to depths of more
than 10 feet.

The country rock is interlayered hornblende schist and fine
hiotite gneiss of the Roan gneiss. These rocks strike about
northeast and the dips that were measured range from 25° Sk,
in the stream to 60° SE. in the mine workings. In the stream
the rocks were but little altered, but in the underground
workings the saprolite was more than 60 feet deep and passed
gradually into less altered rock. From the lower workings
hard, fresh wall rock was brought up, but the vein material
was partly altered. The wall rock on the dump consists of
rather coarse hornblende schist and garnetiferous biotite gneiss.
The pegmatite in the upper workings was decomposed by
kaolinization of the feldspars. Specimens examined from the
lower workings were hard, compaet, and schistoge and con-
tained an abundance of compact fine sericite or pinite and
a fibrous mineral like sillimanite. Under the microscope
partly sericitized orthoclase, oligoclase, muscovite, sericite, silli-
manite, cassiterite, a prismatic mineral that is probably stauro-
lite, and iron ore were obzerved.

[n the upper workings the streaks of hornblende schist have
weathered to dark yellowish-brown saprolite and the mica and
carnet gneiss to dark-grayish saprolite.  The pegmatite iz
represented by masses of white kaolin and a little intermixed
quartz together with some mica.

The cassiterite-bearing pegmatite ocenrs as a series of irregu-
lar sheets and lenses nearly conformable with the inclosing
oneiss and schists—that is, it strikes northeast and dips 50°
G0° SIE.  The belt of pegmatite bodies or veins ranges from 1
foot to nearly 10 feet in thickness, and the individual masses
from less than an inch to 4 feet. The tin content of the peg-
matite varies; in some places the rock earries a large propor-
tion of eassiterite, and in others only a few scattered grains.
Giraton® mentions a 100-pound sample taken across a pegma-
tite body on the 75-foot level, which contained 9 pounds of
cassiterite, or about 6.5 per cent of metallic tin,

Mozt of the ore from the Ross mine was decomposed and
soft and could be readily concentrated in sluice boxes. The
ore from the lowest workings, however, was hard and required
erushing before concentration. The concentrates obtained
have generally averaged more than 65 per cent of metallic tin,
SloanT states that the total shipments of cassiterite concentrates

i8loan, Earle, op, eit., p. 85

P Graton, L. C., op. eit., pp. 48-50,
6 [dem, p. 50,

"8loan, Karle, op. cit., p. 82,

from the Ross mine from its opening to 1906 amounted to
about 130 tons. In 1907 the shaft was sunk to its present
depth of more than 130 feet. Since that time only a little
surface testing and some sluicing has been done, resulting
in the production of several thousand pounds of concentrates.

Kings Mouniain mine—At the Kings Mountain mine of the
Blue Ridge Tin Corporation, three shafts were sunk from 50
to 75 feet deep and some drifts were ran from them, A mill
was erected near at hand- for treating the ore. The workings
were not available for examination when wvisited, and little
could be learned of the result of' the operations. Rich ore was
found in pegmatite débris on the surface, and similar rich ore
was reported from parts of the underground workings.

The country rock is strongly folded coarse mica schist, and
there is a body of similarly folded hornblende schist less than
100 feet to the south. The strike of the schistosity of these
rocks is north to west of north and the dip is nearly vertical,
hut the contact of the two formations extends nearly east and
west, although jagged in detail. This relation is due to rather
close folding with a strong northerly pitch in the folds. The
cassiterite-bearing pegmatites are about conformable with the
schistosity of the inclosing rocks, and the ore shoots probably
pitch northward in conformity with these folds. The veins of
pegmatite range from less than a foot to several feet in thick-
ness a5 exposed near the top of the western shaft. Most of the
pegmatite, especially that containing much feldspar, is weath-
ered and soft in the upper part of the workings, but some of
the greisen-like ore rich in cassiterite is but little altered, even
at the surface.

Cassiterite-bearing pegmatite crops out about 150 yards
southeast of this mine in the gutter of one of the side streets of
the town of Kings Mountain and is reported to have been
found in a well about 300 yards farther south. A number of
loose crystals of cassiterite were found one-third of a mile west
of the railroad on both sides of the street leading toward
Shelby.

Fails prospect—The Falls prospect is on the east side of a
hollow in the southern part of the town of Kings Mountain.
[t was tested a number of years ago by trenches along the
hillside and by some shafts. Large masses of pegmatite were
exposed in the hillside workings, but little cassiterite was found
in them. A shoot of rich greisen was found in a shaft on top
of the hill east of the trenches, Here the cassiterite-bearing
greisen formed a pocket or shoot about 2 feet wide in a body
of pegmatite abont 8 feet wide. The pegmatite is inclosed in
chlorite schist that lies between hornblende schist on the north-
west and mica schist on the southeast. A ledge of tourmaline-
quartz rock crops out in the branch about 75 yards southeast
of the place where the tin lead erosses it. This ledge is com-
posed of gray to smoky quartz penetrated by a large number
of long, thin black erystals of tourmaline. In some places the
tourmaline appears to be massive and to compose about half
the vein.

Faires prospect.—Development work on the Fairves property,
a quarter of a mile southwest of the Falls prospect, consists of
several pits and a 40-foot shaft with about 200 feet of drifts,
now badly caved in. A 10-foot pit, at a place where rich
Hoat ore was found, exposed a body of cassiterite-bearing peg-
matite 3 feet wide that strikes N. 350° E. and dips steeply to
the northwest. The vein waz cut on the 40-foot level by :
crosscut from the shaft on the southeast. The pegmatite is
reported to have been about 3 feet wide where it was cut by
the tunnel and to have carried cassiterite. A drift to the
northeast showed the pegmatite to be wider and to carry more
cassiterite.  Another body of pegmatite was prospected 33 feet
southeast of this vein but showed no cassiterite. The pegma-
tite in the underground workings is badly decomposed, and
most of the feldspar is kaolinized. The parts richest in cassit-
erite contained less feldspar and remained harder. Some of
this ore was very rich, and in one section exposed the rock
was estimated to earry about 10 per cent of cassiterite. The
country rock is hornblende schist, badly decomposed. A tour-
maline-quartz vein is inclosed in the schist a number of yards
southeast of the pegmatite.

Other prozpects were opened sonthwest of the main workings
on other outerops of pegmatite. Cassiterite was found in some
of these also, and in one of the exposures the quantity appeared
to be promising. About 300 or 400 yards southwest of the
main deposit a large body of spodumene-bearing pegmatite
over 40 feet wide crops out prominently in the north side of a
a small valley. No cassiterite was observed in this rock.
Similar outerops of spodumene-bearing pegmatite occur within
half a mile to the southwest, but most of them lie northwest of
the belt in which tin ore has been found.

Plonk prospecl.—On the Plonk property a long trench was
cut across the formations, exposing both spodumene-bearing
pegmatite and cassiterite-bearing pegmatite inelosed in horn-
blende schist. The formations strike N. 35° K. and dip
75° NW.

Old Ledoux prospeels.—Considerable prospecting was done
along the ridge adjoining and to the southwest of the Plonk
property, first by Ledoux & Co. in 1888 and 1889 and later



by the Blue Ridge Tin Corporation. At the northeast is an
old erosscut trench where little can be seen at present. Next
iz a trench about 200 feet long and 5 to 20 feet deep along the
east contact of a large mass of pegmatite. At the surface the
contact strikes N, 25° E. and dips 80° NW., but at a depth of
20 feet it dips 60° NW. Coarse garnetiferons mica schist
forms the southeast wall of the peematite. Cassiterite was
found in a greisen-like phase of the pegmatite along the south-
east wall. The cassiterite-bearing portion was from 1 to 3
feet wide and was rich in some places and poor in others. 1t
is reported that a diamond-drill hole sunk over 100 feet west
of the vein cut 5 feet of ore at a depth of 275 feet. The peg-
matite at this place is probably at least 25 feet wide. To the
northwest lie other large masses of pegmatite separated from
one another by several feet of schist. These pegmatites do not
crop out distinetly, but boulders have rolled between them,
giving an appearance of one large deposit several hundred feet
wide. Some of them carry considerable spodumene but appar-
ently no cassiterite. The cassiterite-bearing mass is inclosed
in miea schist, but most of the other masses are inclosed in
hornblende schist. '

About 50 yards sonthwest of the long trench a shaft 85 feet
deep, called No. 1 by the Blue Ridge Tin Corporation, was
sunk near a pit where good ore had been found. A 6G0-foot
crosscut from the shaft cut three veins, one of which carries
cassiterite.  These veins are inclosed in interlayered horn-
blende schist and garnetiferous mica schist. Farther south-
west is a trench 100 feet long and 3 to 12 feet deep on a
contact similar to that just described. This contact strikes
about N. 25° E. and dips 80° W. Cassiterite was found in
part of this trench, and some of the ore looked promising. A
short distance southwest two shafts had heen sunk, one on
spodumene-bearing pegmatite.  Classiterite was reported in
hoth of these shafis.

Near the end of the ridge a trench was made along the
sontheast contact of another large mass of spodumene-bearing
pegmatite. This pegmatite earried cassiterite along the south-
east wall, which is chloritic mica schist.

On a knoll about 200 yards west of this ridge, across a small
valley, another old shaft 60 feet deep is sunk in a large mass
of pegmatite carrying spodumene. A little cassiterite was
found at this place and also at another outerop of pegmatite
about 200 yards to the southwest, which is opened by two pits.
The rock inclosing the pegmatite at each of these prospects is
hornblende sehist.

Main works of the Blue Ridge Tin Corporation.—At the
northeast end of the outerops on the property of the Blue
Ridge Tin Corporation a shaft 80 feet deep (No. 4) was sunk,
and a GO-foot drift was driven to the southwest from it on the
GO-foot level. A 20-foot prospect shaft was sunk south of the
main shaft. T'wo veins were found—one in the 20-foot shaft
and the other along the northwest side of the drift on the
GO-foot level. The material in these veins consists of schistose
greisen-like pegmatite and is reported to have been badly
crushed in the underground workings.

About 200 yards to the southwest shaft No. 5 is sunk to a
depth of 130 feet. Underground workings cut two veins that
carry cassiterite.  One of these veing, which erops out 15 feet
southeast of the shaft, was cut a few feet from the shaft in a
erosseut to the southeast on the 85-foot level and dipped into
the shaft near the bottom. This vein is said to contain fine-
grained ore at the surface but coarser ore underground. The
outerop of the other vein was not found, but the ore was
reached in the crosscut on the 85-foot level. It was reported
to have been coarse-grained rich ore. Another vein of cas-
siterite-hearing pegmatite was opened by a 25-foot shaft about
G0 yards west of the main shaft.

A large vein of spodumene-bearing pegmatite about 15 feet
thick crops out between shafis Nos. 4 and 5. Débris of eassit-
erite-bearing pegmatite or greisen was found near this vein,
and a little cassiterite was observed in the spodumene-bearing
part.

The country rock at these workings consists of interlayered
hornblende schist and bluish mica schist that strikes northeast
and dips steeply to the northwest or is nearly vertical. The
veing seem to be at least approximately conformable with the
inclosing schist.

Placer deposits have heen worked in the bottom land along
the valley sonthwest and south of the mine. The ground
favorable for this work is 50 to 100 yards wide at the
lower end and narrows northwestward to shoals where the tin
lead crosses. It has a length of over 200 yards. Water is
available, and parts of the placer ground are reported to have
been tested with favorable results. This placer ore was hauled
up an inclined irack to a concentrating mill on the hillside,
but although several thousand pounds of concentrates were
washed out, the work was not profitable with such equipment.

On the hill on the southwest side of the same valley a
25-foot shaft was sunk and a 10-foot erosecut vein. A mass of
spodumene-bearing pegmatite, 5 feet wide, inclosed in horn-
blende and chlorite schist, was penetrated in this shaft. A
little cassiterite is reported to have been taken out. In two
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prospects within half a mile to the southwest openings were
made in similar spodumene-bearing pegmatite, inclosed in
hornblende and chlorite schist. Cassiterite is reported to have
been found in both. A body of tourmaline-quartz rock occurs
about 10 feet sontheast of one of these masses of pegmatite.

Boss prospect—At the old prospect two-thirds of a mile
southeast of Crocker, which was opened by Capt. 8. 8. Ross in
1903, a pit was sunk on the southeast side of a mass of peg-
matite about 20 feet wide. This pegmatite contained consider-
able cassiterite in a streak several inches thick along the
southeast wall, but only a few scattered grains within the mass.
Bluish mica schist forms the wall rock, but 45 feet to the
southeast is a belt of hornblende schist. A vein of tourmaline
quartz is inclosed in the hornblende schist about 50 yards
southeast of the pegmatite,

BERYL AND EMERALD

Beryl occurs at several places in these quadrangles, and at
one place the variety known as emerald has been mined. The
beryl occurs in erystals of different sizes in pegmatite dikes
that eut rocks of different kinds.

Large erystals of beryl were found in an onterop of pegma-
tite in the tin belt, three-quarters of a mile southeast of Crocker,
only a few hundred yards northeast of the tin prospect opened
by Capt. 8. 8. Ross. The country rock is coarse mica schist,
and the pegmatite in which the beryl occurs is apparently
10 to 15 feet thick. Nearly a dozen erystals, the largest of
them 4 inches in diameter, were observed. Some of this
beryl is transparent and some translucent, but most of it is
opaque. None of it has a strong color, but some is pale bluish
green.

At another locality, 15 miles south of Patterson Springs, a
few crystals of beryl were found in large residual boulders of
massive quartz left by the weathering of pegmatite. This
quartz contained also hexagonal eavities left by the weathering
out of other erystals.

Old Plantation emerald mine—FEmeralds were discovered on
the W. B. Turner place, nearly 4 miles west of Patterson
Springs, in 1909,  After some prospecting the property was
purchased and worked until 1913 by the Emerald Co. of
Ameriea, under the name of the Old Plantation mine. About
3,000 carats of rough crystals of emerald, whose estimated
valne was at least $15,000, were obtained. The cut gems
have been sold for 5 to 8100 a carat wholesale,

The emeralds occur in pegmatite that cuts a mass of
hornblende hypersthenite and associated gabbro inclosed in
hornblende gneiss. The body of hornblende hypersthenite
and its associated gabbro is about 100 feet thick and probably
00 feet or more long. It is inclosed in a belt of diorite or
hornblende gneiss of the Roan gneiss, 300 or 400 feet thick.
The Whiteside granite has intruded these formations to the
south and forms a belt along the east side of them. Smaller
masses of the granite have worked into the other rocks, and
partial absorption of the ferromagnesian rocks has taken place
along the contacts. Thus there are gradations between the
diorite and granite around the inclusions of diorite in the
granite. The gabbro occurs along the south side of the hyper-
sthenite mass in contact with granite into which it grades by
absorption.

Several dikes that cut the hornblende hypersthenite closely
resembled the emerald-bearing pegmatite, but emeralds were
found in only one of them. This pegmatite dike ranged from
a thin seam to a mass 6 feet in thickness; it had a length of
about 40 feet and extended to a depth of about 20 feet. The
whole dike was removed in mining, leaving only a seam in the
hypersthenite to show where it had pinched out to the west
and in the bottom. In the east end of the ent the pegmatite
either pinched out near or joined a boss of coarse-grained
granite or fine-grained pegmatite that was exposed by the
workings. This part of the dike was removed and the boss
exposed without especial attention being paid to its velations to
the emerald vein. Other veins that extend from the boss were
prospected, but no emeralds were found.

The emerald-bearing pegmatite ranged from medium to
fairly coarse grained. It was composed of quartz and feldspar,
part of which, at least, was albite, and through it were scattered
some black tourmaline and a few erystals of emerald or green
beryl. The crystallization of the minerals of the pegmatite
was imperfect, but a few partly developed crystals were found
in small irregnlar miarolitic eavities. The erystals found in
these cavities were colorless and smoky quartz, albite feldspar,
black tourmaline, and a little beryl. The small eavities were
partly filled with reddish-brown greasy-feeling clay, and the
same material, together with limonite stains, had permented
joints and seams through the pegmatite. The feldspar of the
pegmatite had partly decomposed in places, so that the rock
broke down rather easily. Some of the erystals of emerald
were firmly attached to other minerals, and some were loose
and could be obtained by washing the semidecomposed matrix.
At first many small fragments and erystals of emerald were
found in this way, but later gem emerald was found in place
in the harder rock.

The emeralds were simple hexagonal erystals of heryl that
had the prism faces and base. Many of them were deeply
striated and etched, especially on the prism faces, which gave
them an appearance like that of tourmaline. Other erystals
had internal striations or irregularly shaped tubes extending
through their length. These tubes ranged from subeapillary
size to those that composed an appreciable part of the erystal.
Some had been filled with clay or stains of iron. The finer
tubes appeared as silky striations in the crystals. The erystals
ranged in size from that of a portion of a large needle to a
broken specimen seven-eighths of an inch thick and nearly 5
inches long. .

Some of the emeralds were of fine quality, but most of them
were of only medium grade. The best stones had the deep
grass-green or emerald-green color characteristic of that gem,
and only the average amount of flaws or defects common in good
emeralds. Other stones had a fine and deep color, but defects,
such as cracks, cloudiness, or.silky inclusions, were prominent.
Some gems of paler grass-green color but almost flawless were
found. The gems have been cut in both faceted and cabochon
forms with good effects. (iems eut cabochon which contain
many silky internal striations give a eat's-eye effect when
tipped to and fro. The quality of many of the emeralds could
not be judged from their external appearance, as the exterior
was badly siriated and the reflection of the light made the stone
appear both of lighter color and more imperfect than it proved
to be when cut.

In all the other prospecting on the Old Plantation emerald
mine property the most promising discovery was the ocenrrence
of beryl in pegmatite in a cat 90 feet from the main working
in a direction south of east. This beryl occurred in small
partly clear erystals with a pale aquamarine color. It eut into
brilliant gems. Other rough erystals of beryl, some with
patches of good aquamarine color, were found in pegmatite in
the trench 200 feet east of the main workings. These work-
ings are apparently outside the limit of the hypersthenite and
gabbro formations,

Fimerald containg a small percentage of chromium oxide.
An analysis of Colombian emerald by F. Waohler showed
0.186 per cent of chromium oxide. Analyses of the horn-
blende hypersthenite and olivine gabbro from the Old Planta-
tion emerald mine showed 0.16 per cent and 0.17 per cent
respectively.  Beryl has been found in pegmatite that cuts
gneiss and schist at other places in this region, but the only
emerald depogit found is in pegmatite that euts a chrominm-
bearing rock. This association seems to be a natural one and
suggests that there was a partial absorption of the basie rocks
by the granite magma and that some of the constituents of the
hasic rocks were taken into solution.

Pegmatite associated with hypersthenite and gabbro can not
everywhere be expected to carry emerald, for beryl has heen
found in only a very small proportion of the large number of
pegmatite masses that oceur in the region. Besides chrominm-
bearing basic rock and pegmatite, the presence of the chemieal
elements that enter into the composition of beryl in the original
pegmatite-produecing solutions or magmas would be necessary.
Outerops of basic rocks similar to those at the emerald mine
occur in a number of localities in this region, and some of
these are near granite if not associated with it. Pegmatite cuts
some of these masses of basic rock, and in some of the out-
crops crystals of black tourmaline, quartz, and quartz-inclosing
actinolite oceur as at the emerald mine. Other areas of horn-
blende hypersthenite and hornblende-hypersthene peridotite
are shown on the areal-geology map of the Gaffney quadrangle,
and several outerops occur north of that quadrangle within 2
or 3 miles of the emerald mine.

LEAD

Gialena, or sulphide of lead, oceurs in some of the barite
deposits, especially at the Lawson mine and at the Kings
Mountain gold mine, and was obtained during the Civil War
at the Cameron lead mine, 2§ miles southeast of Gaffney.
The Cameron deposit is reported.to have been worked toa
depth of about 140 feet and to have produced in all only a few
hundred tons of lead ore. It was opened first as a copper
prospect and was later worked for lead. The country rock is
hornblende schist inelosed in intrusive granite gneiss. The
formations strike about N. 35° E. and near the mine dip
40°-70° SE.  The workings show the vein to be nearly paral-
lel with the schistosity of the inclosing rock. Specimens of
the minerals of the vein that were found on the dumps
included siderite, quartz, galena, and chalcopyrite.  Other
metallic minerals, such as pyrite, pyrrhotite, and tetrahedrite,
and secondary minerals, such as pyromorphite and malachite,
were reported to have been present, especially in the upper
part of the mine.

MANGANKESR

About 15 or 20 prospects have heen opened for manganese
ore in the Gaffney-Kings Mountain district. They are all
included in the manganese schist member of the Battleground
schist and are scattered along this member from Crowders
Mill or Philipsburg southwestward across both quadrangles.



The nature of the deposits has been briefly outlined in the
description of the rock with which they are associated. The
manganese occurs as black oxides and hydroxides, both in
masses and disseminated in films and stains through a wide
belt of the schist. Where the manganese ores have accumu-
lated in masses they are generally associated with considerable
quartz and occur in irregular veins that are more or less con-
formable with the inclosing schists. The veins range from
mere seams to deposits several feet thick. In many places
streaks of the schist are included in the larger veins or lie
between parallel veins. Smaller veins branch out from the
larger ones and cut the schists at different angles. In one place
a vein may be largely filled with manganese oxides, whereas in
another place the same vein may carry more quartz than
manganese minerals. The weathering of the manganese veins
sets free large quantities of manganese oxides, which stain the
surrounding schist strongly, and leaves boulders of ore on the
surface, thus giving the appearance of larger deposits than are
really present.

Irregularities in the veins and the deceptive appearance of
indications at the weathered surface make prospecting for the
manganese ores uncertain. Long crosscut trenches have to be
made in some places to locate the richest deposits, and veins of
apparent promise at the surface pinch or become less promising
with an excess of quartz at depth. Other veins hold out fairly
well on continued prospecting but are not sufficiently large to
guarantee profitable working at depth. Several carloads of
manganese ore from such veins are reported to have been
shipped from this region. Analyses of the ores show a range
from 15 to 57 per cent of metallic manganese, according to the
care used in sorting.

Most of the prospects consist of surface pits or cuts and
ghafts only 20 or 30 feet deep, but a few shafts have been
carried down 50 feet or more. At a deposit 1 mile northwest
of the Kings Mountain Battleground a shaft was sunk about
125 feet deep, and some drifting was done from it along the
vein. Because of irregularities in the vein and the consequent
uncertainties of the quantity of ore to be expected in mining,
work wag abandoned. The manganese deposits of this region
have not proved of present value but may be of value in the
future.

PYRITE

A pyrite deposit in the Lincolnton quadrangle, north of the
Kings Mountain quadrangle, has been worked on a large scale
to supply ore for a sulphuric acid manufacturing plant at
Blacksburg, but only a few small pyrite prospects have been
tested in this region. One of these prospects is on the Ross
property, 23 miles 8. 22° W, of Kings Creek station, and
another is 3} miles nearly due north of Kings Creek station,
cloze to Kings Creek.

The Ross prospect is in a bed of quartz-sericite schist several
feet thick, inclosed in a large body of Bessemer granite. The
schist was heavily impregnated with small grains of pyrite, and
in places pyrite constitutes nearly all of the rock. An analysis
by Sloan® shows nearly 42.5 per cent of sulphur and 40 per
cent of metallic iron with the rest chiefly insoluble material.

In the other prospect the ore consisted chiefly of vein quartz
heavily impregnated with small erystals of pyrite. It occurred
in a vein about 5 feet thick in chloritic mica schist belonging
to the Carolina gneiss and near its contact with Roan gneiss
and Bessemer granite. Pyrite composed only about half the
bulk in the specimens seen.

The ore obtained at some of the gold mines contains so
much pyrite that the possibility of saving the pyrite has been
considered.

MICA .

Mica-bearing pegmatites occur in the Gaffney-Kings Moun-
tain district, but only a few small prospects have been
opened, chiefly in the Kings Mountain quadrangle. At one
of these prospects, about 3} miles southwest of the town of
Kings Mountain, plates of mica more than 3 inches across and
of good quality were found in a shaft that is now filled up.
Some of the outcrops contain erystals of mica 2 to 3 inches
across, but few of them are sufficiently promising to warrant
development. This prospect lies in the Whiteside granite close
to the Carolina gneiss. The mica deposits in the Lincolnton
quadrangle have produced a quantity of fine-grade mica. The
formations most likely to contain mica are the highly metamor-
phic varieties of the Carolina gneiss inclosing pegmatite.

GRAPHITE

Graphite has been found at a number of localities, chiefly in
areas of the Carolina gneiss, but no deposits have vet been
found that could be profitably worked. In some places the
graphite is sparingly scattered through mica, kyanite, and
garnet schists and gneisses, in pegmatized gneiss, and in the

*Bloan, Earle, op. eit., p. 116,
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marble and associated schists at the Kings Mountain gold
mine. The deposits that have appeared most promising consist
of graphitic mica schists in which the graphite forms only a
very small percentage of the mass. Such deposits have been
prospected near Blacksburg—in the gap of Whitaker Moun-
tain, at three places west of the town, and about 3 miles north
of the town.

GARNET

Garnet occurs abundantly in the form of crystals, the larg-
est of which are 4 inches or more in diameter, scattered
through the gneisses and schists, especially of the Carolina
gneiss. In some places garnet occurs in compact masses as
much as 3 feet tnick, congisting of small grains generally
mixed with quartz and stained with manganese oxides.

Most of the erystals of garnet in the schists have heen more
or less crushed and fractured, and near the surface they have
undergone various stages of alteration along the cracks. In
many places entire crystals of garnet have decomposed, leaving
only patches of iron and manganese oxides or rust behind. In
other places only portions of the erystals have decomposed,
leaving fragments of fresh garnet inclosed in the iron and
manganese oxides developed along the fractures. At a few
places near the surface and in most places below the zone of
weathering the fractured garnet remains fresh aud practically
unaltered. By the weathering of garnetiferous rocks the partly
decomposed erystals of garnet are set free and in some places
cover the surface like pebbles of rusty gravel.

In a few places clear, flawless pieces of rich red garnet are
found by breaking up the larger crystals. It is usnally neces-
sary to remove the coating of rust from weathered fragments
with acid before the quality shows itself. A few specimens
with good color and of sufficient size for cutting into gems have
been found. Garnet has been observed most plentifully in the
northeast corner of the Gaffney quadrangle. Specimens suit-
able for gems have been found in this area in the vicinity of
Earl.

The abundance of garnet in the soils and in some of the
rocks would seem to indicate that it might have a value as an
abrasive material. So far as known this value has not been
tested. In cleaning the monazite sands of this region a large
quantity of garnet in grains has been separated from the con-
centrates. An attempt was made to market this product for
use as an abrasive material, but owing to the rounded corners
and the small size of the grains, which did not permit them to
be crushed much finer, the material was rejected or brought
only small prices.

CORUXNDUM

Specimens of corundum have been found in several of the
monazite placers and in the placer gravel at the Ross mine.
Many specimens have been found in the soil about 4 miles
west-southwest of Earl, along a belt about 1} miles long that
has a northward trend and crosses from South Carolina into
North Carolina. No excavations have been made, but in one
place small erystals of corundum were observed in the matrix.

The country rock consists of muscovite-biotite schist that
incloses streaks of biotite granite and is surrounded by a large
body of Whiteside granite. All the rocks have weathered
greatly, and only some highly micaceous beds that have
resisted decay more strongly remain to show the trend of the
formations. These beds have an average strike of nearly north
and an easterly dip of 20° to 30°. In one such ledge small
erystals of gray corundum were inclosed in a schist that con-
sists almost wholly of muscovite and biotite.

Most of the corundum has heen found loose in the soil in
crystals that are as much as 2 inches thick and 6 inches long.
The greater number of the erystals are tapering and roughly
hexagonal in shape. Many of them are coated with micaceous
products of alteration. The corundum is gray to bronze-
colored, and some crystals show a strong sheen or chatoyancy.

S0ILS

The alluvial soils along the bottom lands were originally
very rich, but many of these lands have deteriorated by denu-
dation and the accumulation of sand and gravel over the sur-
face during floods. Most of the bottom lands are covered with
2 feet or less of fine loam underlain by a layer of gravelly sand
that rvests on the bedrock. Drainage is usually good, and
there are no extensive swamps.

The upland residual soils are variable, and their character
depends on the character of the rocks from which they have
formed and the extent of weathering that they have undergone.
In general, after thorough decomposition, the limestone forma-
tions have weathered to the richest residual soils. The horn-
blendic rocks, biotite granite, biotite gneiss and schist, and
mica-garnet-kyanite gneiss, form soils in a descending grade of
fertility, and the quartzite and quartz-sericite schist probably
make soils that are among the poorest. Where rock decay has

not extended deeply or has been only partial this order of
fertility of soil derived from different formations does not hold.
As a whole, the depth of rock deeay corresponds closely with

_the order of fertility as given.

In some areas of hornblendic rocks there is a dark-greenish
sticky gumbo-like soil which has a tendency to form swampy or
boggy depressions, even on the ridges. These soils are poor
and hard to cultivate. Partly disintegrated granite or sandy
soils lose their moisture too easily by drainuge and evaporation
and accordingly do not stand droughts well. The mica-garnet-
kyanite gneiss and schist leave ferruginous pebbles scattered
thickly on the surface in many places, even where well decom-
posed. The less decomposed masses form extremely gravelly
or rocky soils in which the loose fragments are covered with
thick stains of iron oxide. Most of the quartz-sericite schists
leave fine light-colored sandy soils, which are commonly not
very fertile. The quartzite soils usually contain many frag-
ments and blocks of the quartzite, and ledges are common.

WATEER RESOURCES

Sugface water.~The Gaffney-Kings Mountain distriet is
well supplied with surfice water. Practically all the surface
water, except that of Broad River, First Broad River, and
Buffalo Creek, is derived from the springs of the district. The
two rivers head in the high forested lands of the Blue Ridge.
The springs and streams are very abundant and of excellent
quality for ordinary uses. Almost all the water comes from
springs that emerge from schist, gneiss, and other rocks that
contain numerous partings (schistose planes), which are gener-
ally inclined at high angles to the surface. Through these
partings the underground water readily reaches the surface
where the topographic form is favorable, as it is throughout
practically all the district except the areas near the divides
between the drainage basins. Small aress around Kings
Mountain and Gaffoey, for example, are only gently rolling,
and the springs are fewer and streams do not gather as quickly
as in most other parts of the quadrangles. Within a mile or
two of their heads practically all the streams have sunk their
channels into sharp, narrow valleys with rather steep sides,
which afford easy access to the water table. This feature is
characteristic of the region as a whole, which is a plateau that
is now being deeply dissected.

Ground waler—The region is well supplied with ground
water suitable for drinking. This water becomes available
both as springs and by the digging or drilling of wells.
Springs are rather numerous along the sides of the valleys
and within them and yield good flows for domestic use. The
spring waters are in general cool and potable. In the uplands
water of similar guality can be reached by wells from 80 to G0
feet deep. It is rarely necessury to dig deeper than G0 feet,
and in favorable places 20 to 30 feet will procure a water
supply.

A number of mineral springs have been found in the dis-
trict, and a few of them bave been developed on moderate
scales for medicinal water and as health resorts. Among these
springs are Piedmont Springs, Patterson Springs, Lipscombe
Spring, and Allhealing Spring. The Piedmont Springs water
is a mild sulphate water. A slight odor of hydrogen sulphide
is noticeable in the water of Patterson Springs.

Water power.—The water power of the quadrangles is large,
for the rainfall is heavy and the slopes of the streams are steep.
The larger and more valuable power sites are located along
Broad River. This stream flows from northwest to southeast
across the Gaffney quadrangle and the southwest corner of the
Kings Mountain quadrangle. The fall is concentrated mai nly
at Gaston Shoals and at Cherokee Falls and within 4 miles
just below the falls, among the Ninety-nine Islands, where the
river crosses very resistant beds of rock. These places contain
by no means all the power, however, for the river falls within
the district from 650 feet above sea level at the northwest to
430 feet at the southeast. Small tributaries of the river, such
as First Broad River, Thicketty Creek, Clark Fork, Kings
Creek, and Buffalo Creek, are capable of furnishing some
power, for they drain well-watered and forested basins and
have greater amounts of fall than Broad River itself.

Developments on Broad River at present (1925) consist of a
72-foot dam of the Southern Power Co. at Ninety-nine Islands,
half a mile above the mouth of Kings Creek; a dam creating
a 43-foot head at Gaston Shoals; and a 9-foot dam, with
possibilities of increasing the height, at Cherokee Falls. The
capacity at Ninety-nine Islands is 31,200 horsepower and at
Gaston Shoals 18,000 horsepower.  The water power at Ninety-
nine Islands and Gaston Shoals is converted into electric
energy and transmitted considerable distances. At Cherokee
Falls the power is used directly in operating a cotton mill.
Another hydroelectric plant is in operation on First Broad
River about 2 miles southeast of Sharon. Smaller power
developments on the different creeks are used locally in flour
mills and cotton gins.
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PLATE 2.—~PINNACLE OF KINGS MOUNTAIN

From point 1 mile distant, looking southwest along the strike: surfa

Plateau in foreground

PLATE 3. PIEDMOMNT PLATEAU

Looking northwest from the Pinnacle. Quartzite ledges in foreground,

PLATE 1.-CHARACTERISTIC QOUTCROP OF TIN-BEARING PEGMATITE

About two-thirds of a mile south of K ngs Mountain

PLATE 5.~ CROWDERS MOUNTAIN
Looking N. 65° E. from the Pinnacle. Piedmont Plateau to the right and in the background.

PLATE 6.—PIEDMONT PLATEAU WITH KINGS MOUNTAIN RANGE IN THE DISTANCE
I mile north of Kings Mountain, N. C.

PLATE 4.—PIEDMONT PLATEAU Viewad from water tower

Yiewed from water tower 1 mile noarth of Kin s Mountain, N. C

PLaTE 7.—COARSE KYANITE QUARTZITE ON SOUTHEAST SIDE OF CROWDERS PLATE 8. WASHING GRAVEL FOR MONAZITE, 4 MILES NORTHWEST OF GAFENEY, 5. C PLATE 9.~PEDESTAL ROCK OF YORKVILLE GRANITE, DUE TO WEATHERING

MOUNTAIN )

s of a m rthwest of Filbert, 5. C. About 12 fee

e

PLATE 10.-KINGS MOUNTAIN PLaTe 11.-YORKVILLE GRANITE WEATHERING INTO MUSHROOM. SPHEROIDAL, AND CAVE FORMS

Two miles N, 20

W. of York, 5. C

From plateau 2 miles to the northwest,



When it is desirable to recognize and map one or more
specially developed paris of a formation the parts are called
members or by some other appropriate term, such as lentils.

AGE OF THE FOREMATIONE,

(feologie time—The largest divisions of geologic time are
called eras, the next smaller arve called periods, and the still
smaller divisions are called epochs. Subdivisions of the Pleis-
tocene epoch are called sfages. The age of a rock is expressed
by the name of the time division in which it was formed.

The sedimentary formations deposited during a geologic
period are called a system. The principal divisions of a system
are called series. Any aggregate of formations less than a
series i called a group. '

As sedimentary deposits accumulate successively the younger
rest on the older, and their relative ages may be determined by
observing their positions. In many regions of intense disturb-
ance, hiowever, the beds have been overturned by folding or
their relations to adjacent beds have been changed by faulting,
so that it may be difficult to determine their relative ages from
their present positions at the surface.

Many stratified rocks contain fossils, the remains or imprints
of plants and animals which, at the time the strata were depos-
ited, lived in bodies of water or were washed into them or
were buried in surficial deposits on the land. Such rocks are
gaid to be fossiliferous. A study of these fossils has shown
that the forms of life at each period of the earth’s history were
to a great extent different from the forms at other periods.
Ounly the simpler kinds of marine plants and animals lived
when the oldest fossiliferous rocks were deposited. From time
to time more complex kinds developed, and as the simpler
ones lived on in modified forms life becawe more varied. But
during each period there lived forms that did not exist in
earlier times and have not existed since; these are characteristic
types, and they define’ the uge of any bed of rock in which
they are found. Other types passed on from period to period
~and thus linked . the systems together, forming a chain of life
from the time of the oldest fossiliferous rocks to the present.
If two sedimentary formations are geographically so far apart
that*it is impossible to determine their relative positions the
characteristic fossils' found in them may determine which was
deposited first. Fossils are also of value in determining the
age of formations in the Tregions of intemse disturbance men-
tioned above. The fossils found in the strata of different dreas,
provinces, and continents afford the most effective means of
combining local histories into a general earth history.

It is in many places difficult or impossible to determine the
age of an igneous formation, but the relative age of such a
formation can in general be ascertuined by observing whether
an associated sedimentary formation of known age is cut by the
igneous mass or lies upon it. Similarly, the time at which
metamorphie rocks were formed from the original masses may
be shown by their relations fo adjacent formations of known
age; but the age recorded on the map is that of the original
masses and not thai of their metamorphism,

Symbols, eolors, and patterns—Each formation is shown on
the map by a distinctive combination of color and pattern and
is labeled by a speeial letter symbol.

Paiterns composed of parallel straight lines are uaed to
represent sedimentary formations deposited in the sea, in lakes,
or in other bodies of standing water. Patterns of dots and

circles represent alluvial, glacial, and eolian formations. Pat-

terns of triangles and rhombs are used for igneous formations.

Metamorphic rocks of unknown origin are represented by

short dashes 1u-egul.nr]t placed ; if the rock is schist the dashes
may be arranged in wavy lines parallel to the structure planes.
Suitable combination patterns are used [or metamorphic forma-
tions that are known to be of sedimentary or of igneous origin.
The patterns of exch elass are printed in various colors. The
colors in which the patterns of parallel lines are printed indi-
eate age, a particular color being assigned to each system.

Each symbol consists of two or more letters. The symbol
for a formation whose age is known inclades the s:,stem 8y n1=
bol, which is a capital letter or monogram; the symbols for
other formations are composed of small letters.

The names of the geologic time divisiohs, arranged in order
from youngest to oldest, and the color and symbol assigned to
each system are given in the subjoined table.

 Geologic time divisions and symbols and colors assigned to the rock systems.

T

Ern ; Period or system, Epoch or serles, Sli:]""‘l E‘;‘Pr f}“ﬁﬁﬁ.
Sy . 8 ;., N sl i 7 ___I 1
| URALETLAEY o rrmm e {Euﬁn&;__ @ | Browsol=h yellow,
Cenoeole m— | H‘“‘"""""—'-—:‘ | |
2 iUli:ﬂﬂen'E::__ T | Veilow ochar.
LEomne . |
! } | Elhﬂl REBATN,
o — % | Peacock bits,
Carboniferons - e i pln. {- ¢ | Blee v
m 0 |
Palsozolo . 4 l:lnu'ru_:lll.l'l___._.... Lo .._.__l 0 | Bluegray.
e = g | BiERe
(%L o e o e 1
T T € | Brick-red,
Prote ic ﬁ:&?:ﬂ--.---; Bt a4 | Drownish red.
g i Archean ... e At | Gray-hrown.

EVELOPMENT AND SIGNIFICANCE OF SURFACE FORMS,

"Hills, valleys, and all other surfice forms have been pro-

duced by geologic processes. Most valleys are the result of -

erosion by the streams that flow through them (sce fig. 1),
and the alluvial plains that border many streams were built
up by the strenns; wuves cut sea cliffs, and waves and currents
build up sand spits and bLars. Burface forms thus constitute
part of the record of the history of the earth.

Some forms are inseparably connected with deposition. The-

hooked spit shown in figure 1 is an illustration. To this class
belong heaches, alluvial plains, lava streams, drumling (smooth
oval hills composed of till), and moraines (ridges of diift made
at the edges of glaciers). Other forms are produced by erosion.
The sea eliff is an illustration; it may be earved from any rock.
To this class belong abandoned river channels, glacial furrows,
and peneplains. In the making of a stream terrace an alluvial
plain is built and afterward partly eroded away. The shaping
of a plain along a shore is usually a double process, hills being
worn away (degraded) and valleys filled up (aggraded).

All parts of the land surfuce are subject to the action of air,
water, and ice, which slowly wears them down, producing mate-
rial that is carried by streams toward the sea. As this wearing
down depends on the flow of water to the sea it can not be
carried below sea level, which is therefore called the base-level
of .erosion. Lakes or large rivers may defermine base-levels
for certain regions. A large tract that is long undisturbed by
uplift or subsidence is worn down nearly to base-level, and the
fairly even surface thus produced is ealled a peneplain. I the
tract is afterward oplifted it becomes a record of its former

- cloge relation to base-level.

THE GROLOGIC MAPS AND BHELTS IN THE FOLIO.

Avreal-geology map.—The map showing the surface areas

.occupied by the geveral formations is called an areal-geology

map. On the margin is an explanation, which is the key to
the map. To ascertain the meaning of any color or. pattern

and its letter symbol the reader should look for that color,

pattern, and symbol in the explanation, where he will find
the name snd deseription of the formation. If he desires to
find any particular formation he should examine the explana-
tion and find its name, color, and paitern and then trace out
the areas on the map corresponding in color and pattern.
The explanation shows also parts of the geologie history. The
names of formations are arranged in columnar form, grouped
primarily aecording to origin—sedimentary, igneous, and meta-
morphic- rocks of unknown origin—and those within each
group are placed in the order of age, the youngest at the top.

Eeonomic-geology mep—The map representing the distribu-

. tion of useful minerals and rocks and showing their relations

to the topographic features and to the geologic formations is
termed _the economic-geology map. Most of the formations
indicated on the areal-geology map are shown on the econoniic-
geology map by patterns in fainter colors, but the areas of
pmduutim formiations are emphasized by strong colors. A
mine symbol shows the location of each mine or guarry and

“is accompanied by the name of the prineipal wineral product

mined or quarried. If there are important mining industries
or artesian basins in the area the folio includes special maps
showing these additionsl economic features.

Structure-section sheel.—The relations of different beds to
one another may be seen in cliffs, canyons, shafls, and other
natural and artificial cuttings. Any cutting that exhibits these
relations is ealled a section, and the same terin ic applied to a
diagram representing the refations, The arrangement of the
beds or masses of rock in the earth is called sfruciure, and a
section showing tlus arrangement is called a siruefure seclion.

e S —————— ey

Figrpg 2.—Sketeh showing a vertieal geetion Lielow the surface at the front

and aview beyond.

The geologist is not limited, however, to natural and arti-
ficial cuitings for his information concerning the earth’s strue-
ture. Knowing the mannerof formation of rocks, after tracing

" out the relations of the beds on the surface he can infer their

relative positions beneath the surfice and ean draw sections
representing the probable structure to a considerable depth.
Such a section is illustrated in figure 2.

Bandatene and son-
glumorate,

Mrzsive and Tedled igneons rock. -

Freunk §—8ymbols used in sestions to represent different kinds of rock

The l'igm'n represents a landseape that is cut off sharply in
the foreground on a vertical plane so as to show the under-

ground relations of the rocke. The kinds of rock are indicated
by appropriate patterns of lines, dots, and dashes. These

-folded into arches and troughs.

patterns admit of much variation, but those shown in figure 3
are used to represent the commoner kinds of rock.

The plateau shown at the left of figure 2 presents toward
the lower land an escarpment, or front, mucle up of sandstone,-
which forms the cliffs, and .-1|1.1.nﬂ, which forms the slopes. - The
broad belt of lower land is traversed by several ridges, which,
as shown in the section, correspond to the outerops of a folded
bed of sandstone that rises (o the, surface. ‘I'he upturned
edges of this bed form the ridges, and the intermediate valleys

follow the outerops of limestone and calearcous shale.

Where the edges of the beds appear at the surface their
thickness ean be measured and the angles at which they dip
below the surfice can be observed, and by means of these
observations their positions nnderground are inferred. The
direction of the intersection of the surface of a dipping bed
with a horizontal plane is called itg sfrike. The inelination of
the bed to the horizontal plane, measured at right angles to
the strike, is called its dip.

In many rﬂgmns the beds are bent into tmuglm and urf_]ma
such as are seen in figure 2. The arches are called anticlines
and the troughs synclines. - As the materials that formed the
sundstone, shale, and limestone were deposited beneath the sea
in nearly flat layers the “fact that the beds are now bent and
folded shows that forces have from time to time caused the
earth’s crust to wrinkle along certain zones. In places the
beds are broken across and the parts have slipped past each
other. Such breaks are termed jfuulis. Two kinds of faults
are shown in figure 4.

Fravay 4 —Ideal gsctions of broken and bLent strata, showing (2} normal
fanlts and {b) & fhrust-or reverse fault,

At the right of figure 2 the gection shows schists that are
traversed by igneous rocks. The schists are much contorted,
and the form or arrangement of their masses underground can
not be inferred. Hencd that part of the section shows only
what is probable; not what is known by observation.

The section also shows three sets of formations, distinguished
by their underground relations. The uppermost set, seen at
the left, is made up of beds of sandstone and shale, which lie
in # horizontal position. These beds were laid down under
waler but are now high above the sea, forming a platesn, and
their change of altitude shows that this part of the earth’s
surfuce has been uplifted. The beds of this set are coa-
Jormable—that is, they are parallel and show 1o break in
sedimentation.

The next lower set of formations consists of beds that are
The beds were once contin-
uous, but the erests of the archies have been removed by erosion.
These beds, like those of the upper set, are conformable,

The horizontal beds of the plateaun rest upen the upturned,
eroded edges of the beds of the middle set, usshiown at the left
of the section. The beds of the upper set are evidently
younger than thoge of the middle set, which must have been
folded snd eroded between the time of their depusition and
that of the deposition of the upper beds. The upper beds are
u_u.rn-i-fu“wﬂfm to the middle m.'u-, and the surface of contact
is an wnconformily.

The logest set of formations consists of crystalline schists
and igneous rocks. At some period of their history the schists
were folded or plicated by pressure and intruded by masses of
molten rock. The overlying beds of the widdle set have not
been traversed by these intrusive rocks nor have ihiey been
affected by the pressure of the intrusion, It is evident that-
considerable time E_'].‘l::l-zytl between the formaion of ihe schistls
and the Legi':]ii'i';g of the deposition ol tlie beds of the middle
set, and during this time Lhe schists were wetamorphosed,
disturbed by the intrusion of igneons musses, and deeply
eroded. The contact between the middle and lowest sets is
another unconformity; it marks a period of erosion between
two periods of deposition. -

The section and landseape in figure 2 are ideal, but they
illustrate actual relations. ‘Lhe sections on the structure-
scction sheet are related to the wmaps in much the same way
that the seetion in the figure is related to the lundsenpe. The
profile of the surface in cuch struciure section corresponds to
the actunal slopes of the ground along the section line, and
the depth to any niineral-producing or wuter-bearing bed
shown may be wmeasured by using the scale given on the map.

Colomuner scclimt—Many folios include a columnar seclion,
witich contning brief descriptions of the sedimentary formations
in the quadrangle. It shows the churacter of the rocks as well
as the thickness of rhe formations and the order of their aceu-
mitation, the oldest at the bottom, the youngest at the top. It
alsd indicates intervals of time that correspond to events of uplift
and degradation and constitute interruptions of deposition.

THE TEXT OF THE FOLIO.

The .text of the folio states 'ial'it'l:li'-.' the relation of ilie area

* mapped to the general region in which it is situated; points

out the'salient natural features of the j.."l.‘u"l“‘leh} of the area
and indicates their significance and their history; considers
the cities, towns, roads, milroads, and olber human features;
deseribes the geology and the geologic history; and shows the
character and the location of the valuable mineral deposits.
GreorceE Oxis Smrrir,

January, 1924, Director.
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il 6| Chattanooga . . ... .... Tenmessen . . ... ... .. do. 118 Greensville . . . ....... Tennessee-North Carclina . da.
Y| PiesPaak . . ........ CSOIOPRED 0 TR e do. 119 | Fayettevilla ... ...... Arkansas-Missouri . ... . do,
8| Sewanes . .. ........ Tonnessas . . .. .. .... do. 120 | Sivertom . .« v v v v u .. e o R R e do.
9| Anthracite-Crested Butte Coloradoy )5 L on. e Sieak do. 121 | Waynesburg . . . . . .... Pennsylvania . . . ... ... do.
10| HarpersFarry . . ...... Va-Md-W.Va ....... do. 122 | Tahleguah . . . ... .... Oklahoma (Ind. T} . .... do,
R T T . B Cabfommin: i o 5 s do. 125! EldersRidge . . .. ..... Pennsylvania . . ... ... . do,
12 Estillvila . . . . oovvnn=s |" Ex-¥Var-Tepn . ... ... dao. 124 | Mount Mitahell . . . . ... . North Carolina-Tennesses . do.
153 | Fredericksburg........ Virginia-Maryland . . . . . . do. 126 | Rural Valley . . . ...... Pennsylvania. . ....... do.
14 Stauobon .. . - - co o s . Virginia-West Virginia.. . . . do. 126 | Bradshaw Mountains . . BEEODE + 5 e w s s : do.
16| LassenPeak . . ....... Califormis . .. . ... .<.. do. 127 | Sundanea. .......... Wyoming-South Dakota . . . do.
16 | Knoxville . . . . .. c.u. Tennessee-North Garclina . do. 128 | Abdditn. - ..« vn vve s Wyo.-5. Dak.-Mont . . .. . do.
17| Maryevilln . . ... ..... Calioenia. 05 0 e do. o B L T e B A SAETTOIIN o e o = e Bk do.
1B | Smartsvilla. .. ... : Calfremin- 5% % L do. 1S “Eieat i St e AT ColormdAn iy do.
19| Stevensonl . . =« 2 s 50 « Ala-Ga-Teon . . « « « « & « do. 131 | Needle Mountains . . £ T TR o e T do.
20| Claveland. . .. ....... Tonnesans & + « s « - sx s s de. 132 | Muscoges. . . .. . - Oklahoma (Ind. T} ..... do.
21 | Pikewilo . - . ........ TOOMasEsE - . - o a2 n s do. 155 | Ebensburg . . . ....... Pennsylvania. . . . . . i do.
22 | McMinnville R e Tennesses . . « « . <= - « o do. 104 Bearar = s St s - Pennsylvania . . . ...... do.
S = Womini . O e e Maryland-Virginia . . . . . . do. 158 | Neposta. . . ... ... .. P b L R da.
24 | Three Forks . ........ MonEana' . ;. oi ioew s do. 156 | -St.Marys. . « « « o v 0 o . Maryland-Virginia = do.
25 |- Ecodon . .. i s st s ams Tonnessee . . . o o oo oo do. 187" Do oo on'a s s ane s Del.-Md.-N. J e da.
26 | Pocahontas. . ........ Virginia-West Virginia... . . . do. 138 | Redding. . . . ... .- SR Calfornia . ..o v v v ucu.. do.
27 | Morristown. . .. ... ... Tannessee . . ... ..... do. 139 | Snoqualmie . . . .......| Washingteon. ......... do.
28 | Piedmont . « - « « « ¢« = s West Yirginia-Maryland. . . do. 140 | Milwaokee Special .. ... Wisoonsin. . .25, .. 5% .. do.
29 | Nevada City Special . . . . . Oahformis™ . - ca e a2 do. 141 | Bald Mountain-Dayton . . . | Wyoming P T e - da,
80 | Yellowstone National Park . | Wyoming . . . ... .. ... do. 142 | Cloud Peak-Fort McKinney. | Wyoming . . .. ... . ... do.
31 Pyramid Peak . . ... ... Calfforpla. - o 2 v oooan u do, 145 | Nantahala .. ... ..... MNorth Garolina-Tennesses . da.
B2 | Fraoldin . .......«.. West Virginia-Virginia. . . . do. FdsLe Eyaibyr ol i .| Peonsylvania. ........ do,
TE | R At WY hak T g B s do. 145 | Lancaster-Mineral Point . . | Wisconsin-lowa-Illingis . . . do.
34 | Buckhanmon . . . .+ ¢+ » - West Virginia . . . v 0 0 0o do. 146 | Rogersville . . ........ Pennsylvaniz. . . . ... .. da.
8| Gadsdsn .« ... .veu... | Blabamma . . . cw v nu e do. I\l e e e g N. Carolina-S. Carolina . da.
e B A e Colorada . . ...... ok do. 148 | Joplin District (reprint) Missouri-Kansas . . . . ... 50
57 | Downieville.......... Calfornda: . ... . ..... do, 149 | Penobscot Bay. ....... e L R S (T Out of stock.
58 | ButteSpecial . ....... MonbShE - « « « « = v s » « = do. 160 | DevilsTower. . . . - . 4« » RO - a v i e Sret s do.,
[t P 0y U e e S e S Balifernia. . © o . o e u do. 151 | Roan Mountain. ....... Tannessee-North Caroling . do.
40| Warkhirg. . « vas s o | ‘Tonneesss ... .. oo do. 162 | Patuxent . .. ........ M= A, R do.
41 T el T S AN Calfornin,. « - « » ¢ o = = = = de. i B T g e R e T R e 1 do,
A2 | Mueces . . .-+ -+ i LR R, do. TR RO -l " a e o Ark-Okla {(Ind. Ty ..... do.
4% | BidwellBar . ........ Galforola. - - « v vcan o s do. 166 | Ann Arbor (reprint) . . . . . Michigan . .. ........ 25
dd | Tagawell . . ......... Virginia-West Virginia do. 166 | ElkPoint - - = « « « 5.5 4 « = S. Dak.-Nebr-lowa . . . . . Qut of stock
- T et L Iiaho s Vo S . do. 17| Pasaxic f&= . 0. =0 00 FL New Jersey-New York . . . do.
46 | Richmond. ... ..... i IO . = e e e = do. 168 | Rogkland . . . ... ..... Maine . . p R s Ty do.
AT | vEamdod - 5 A o o o FRninclor s . . Bt e o do. 189 | Independence ........ LT T e, S R S do.
48 | Tenmile District Special. . . | Celorada . . . ........ duo. 160 | Accident-Grantsville Md.-Pa.-W. Va \ do.
£0 | Rosaburg « o o0 s'd ¢ 6w s (7 T R L. AR A do. 161 | Franklin Furmnaca . .. ... MNew Jargey .......... da.
50 | Holyoke . .......... Massachusetts-Connecticut do. 162 | Philadelphia . ........ Pa-W.J-Del, ........ do.
61| Bz Trome. . « o it = ni California .. FoL T do. 165 | SantaCruz. . ........ Calfornin. . . ... ... . do.
B2 | Absaroka. . .. . e s e . Wroming - = v« v = v s s do. 164 | Belle Fourche . ....... South Daketa . ....... do.
53 | Standingstone . . ...... Tennessee . . . . ...... do. 165 | Aberdeen-Redfield. . ... . South Daketa ........ 50
Bl | Tacomm. . ... sv s ous Washington . . . . ...... do. 166 PR el T R PERERRY R 07 6« T T Out of stock.
65| FourtBenton ... ...... MOBERTIR. " o e o e do. 1R VT o e e eI et LS New Jersey-Peannsylvania . . do.
668 | Little Belt Mountaing . ... | Montana . ... ....... do. 168 | Jamestown-Tower. . ... . North Daketa . . ...... do.
BT Telluride & .« e 8 . ois s Colorado .« .. d e e e s do. 169 | Watkins Glen-Catatonk . . . HNewrNonk & -, =~ 0o da.
BREA Blifiore: . s < B b o be T P e do. 170 | Mercersburg-Chambersburg | Pennsylvania. . . ... ... do.
B Boebal, b Lol e Virginia-Tennessee . . . . . do. 121 | Engineer Mountain. . . . . . Colorade . . . ou vl o de.
60 | La Flata A s Ealorado. et do. LEE-] Warmea 2.7 o S0 w0 o Pennsylvania-New York do,
61| Momberey . . . ........ Virginia-Waest Virginia . do. 175 | Laramie-Sherman. . .. .. Worming . - L, de.
62 | Menominee Special . .. .. Michigan . . . . . W do. 124 | Jobmstewn ..........| Peoosylvania,........ do.
63 | Mother Lode District . . California . . . ....¢:. . do, 176 | Birmingham . ... ..... Alsbams . ... ....... do.
B | SRIwaldwe. o o % s LAy TR e g 2 = = e R do. ITE | Sewicklef . ... cws2i. Pannsylvania . . . . ... .. do.
66 | Tintic Special . . ...... Uizh oo calcvus os s do. 127 | Burgettstown-Carnegie . . . | Pennsylvania....... .. do.
B | Eolfax' .-. . .. a Y s Califormia . - ......... do. Il 178 | Foxburg-Clarion . . . .. .. Pennsylvania.. . ... ., .. do.
67 | Danville ........... Minois-Indiana . + . . . . . . do. 179 | Pawpaw-Hancock . . . . .. Md-W.Va-Fa .. ..... do.
68 | Walsenburg ......... Cralormdfis: o o . n e e do. 180 | Claysville. . . ........ Pennsylvania, . .....,.. do.
69 | Huntington . . . ... + s s s | West YVirginia-Ohio . . . .. do. o181 Rismarak . - . . . .-oc. - NorthDakota ... ..... 25
70 | Washington. . ........ D.C-Va-Md ....... - do. <162, ], Choptanks. . . . v <% < o Maryland . . .. ....... 25
71 | SpanishPeaks . ....... Colorado .o .00 o0 vnn. do. 188 | Llanc-Burnet ........ Ty S A s AT Out of stock.
72 | Charleston ... ... % - | West Virginia . ....... de. BB | - EOmoma . o o5 % v w e Ky-W.Va-Ohio. . ... .. do.
T | “Chox By - i el s | Oragtr . . s e e e do. 4185 | Murphysboro-Herrin . . . .| IMinois . ........... 25
Th| Coalpats _ - ... ... Oklahoma (Ind. T.). . . . . . do. 186 | Apishapa ........... Coolopale’’ - el Out of stock.
76| Maynamdwille . . . .. ... . TOrNAsses . . . - 2 o« o« do. SERT | R s e et Ga-N.C-Teon ....... 256
) T R, T el BT o do. 4188 | Tallula-Springfield. . . . . . Tingise. 200 T A 25
77 | Raleigh . . . ......... West Virginia. . . . ... .. do. 189 | Barnesboro-Patton ... .. Pennsylvania. . . ...... 25
g sl (8007 o S T Georgia-Alabama . . .. .. do. 190 ) Miagars. . . . .. «nes o s Mow York .. ... ... + . | Out of steck
TO | Bboka. o .. uaaiees Oklahoma (Ind. T.). o« o« & do. CTOL] Rarbisi- . v o sovea s a5 MNow Jersey ......... 25
80| Morfelle™ C. 0 o LTS Virginia-North Carolina . . . do. 192 1" Eastport . ... . .. ..:.. Mipdnm -, e 25
Bl | CROmMg0. » v = o v vk Iiincis-Indiana . . . ... .. de. 193 | San Fransisea . . ...... Califdenia.’ . vfu bl et Out of stock.
82 | Masontown-Uniontown . Pennsylvania. . . . .. ... do. 1944 VanHorm . .« : 55 c 0 THEAEE s D L el .8 do.
85 | Mew York Gity. . . . .... New York-Mew Jersey . . . do. 196 | Balleville-Breese. . . . . . | Illincis AR 25
84 R e e e U i gl R s do. 196 | Phillipsburg . ...... .. Momtans . .. - .. vo0u e Out of stock
85 | Oelrichs. . . . . . ¢4 s u- South Dakota-Nebraska . . do. 41892 | Colombos, . . ........ 01T =i R AR - 28
86 | Elsnsburg . ... ...... Washingbon . . .. ... ... do. 198 | Castle Rock .. ....... ColorAds’ -+ vis 5 s oin = e 25
87 | CampGlarke. . . . .. ... Nebraska= . . fn. 0 o5 i do. 199 | SHvarCity . . ... ... .. New Mexico . . ....... Out of stock.
82 | ScotisBheff .. .. .. e ol ebeanka. . -l i 25 200 | Galena-Elizabath . .. .. .| [lllincis-lowa ......... 25
J B3 | Port Orford ......... Oregon - -« oo nsus Out of stock. 2201 | Minneapolis-St.Paul ....| Minnesota .. ..0..... 25
| 80 | Cramberry ... ....... Morth Carolina-Tennesses . do. 202 | Euraka Springs-Harrizon . . | Arkansas-Missouri . . . . . Out of stock
81| Harwilla o .- v'e » 2 20 us WHOMEDG - % o i emiin wea n do. 208 | GColorado Springs. . . . . . . Colorade . ....... P do.
KR BT PR S e Pennsylvania-New York . . do, 204 | Tolchester .......:.. Maryland .~ . + .. o0 vn 25
9% | Elkland-Tiega ... ... .. Pennsylvania . . ....... do. *008.] Dabroik . oL AT . S MEohigran .. " . o s B0
94 | Brownsville-Connellsvilla . . | Pennsylvania. . ... . e do. 206 | Leavenworth-Smithvilla . . . | Missouri-Kansas . . . . . . e5
95 | Colimbiz . . . .w oo v Tornossen . . .« -« « .. do, 20T | Deming . . « v+ v v v vews| MowMexico . .covu. v Out of stock
g8 |- 0lwek . . T e e & ST South Dakota .. ...... 25 208 | Colchestor-Macomb . . . . . 1770 S R 25
BT | Porkar e s s wosaw s South Dakota . ....... 26 P03 MHewell . ... . s s rn s South Dakota . ...... . 26
98 | Twhomingo. .. ... .... Oklahoma (Ind. T.)y. . . . . . Out of stock. 210 | Herman-Morris . ......| Minnesota .......... 28
a9 Mitchall . . . .. .... ... South Daleota . .. ... .. 25 211 Elkton-Wilmington. . . . . . Md.-Del-N. J-Pa . . . ... 28
100 | Alexandria . . . . ... vss | SonthDaketa . ....... 256 212 | Syracuse-Lakin ....... Kansas ....... e . 25
101 | Sanlais . ... .u' . Califormia. . . . o ..o o Out of stock €15 | New Athens-Okawville. . . .| Iincis . ... .00 v enen. 25
IDR.| Indiana .« oo ULt Penneylvania . . . . ..... do. 214 | Raton-Brilliant-Koehler . . .| New Mexico-Colorado ... . B0
108 | Mampa -« s 5n w5 52 a5 Idaho-Oregon . ....... do. 21| HolSprings . ..4::- «. .| Arkansas....... + » =« | Ouit of stock
104 | SHwar GiEF=: « o oo o0 on o« Ty e Sl e do. 216 | Carlyle-Centralia ... . .. .| Iliods... . « v v 2 v v o v ™ 25
105 | Pakoles . . . - .. ... ... Indizna-Illineis . . . .. ... da. e iy o et R R . P BETTEOTN, . o e ot s (bt oy 285
106 | Momnt Stuart ... ... + o | Washingbom.......... do. ] Bl I [ ST R Oregon . . . <.« : 25
107 | Mewcastle . ......... Wyoming-South Dakota. . . do. 219 | Central Black Hills . ... .. South Dakota ....... s 100
108 | Edgement .......... South Dakota-Nebraska . . da. 220 | Gillaspie-Mount Olive. . . . . Illimois . . . .. o Tt 28
109 | Cottonwood Falls . Kansas e e do. 221 | Bessemer-Vandiver .....| Alabama .......:., o 50
100 Tabrobms o e o oo et e Pennsylvania.. . ... .... da, 222 | Gaffney-Kings Mountain . .| 5. Carolina-N, Carolina , . . FF 50
TTL | ~Blobes”. Sfea®o Haarnsr, BTEEOTE o oW, N, de. 7226 | Fairfield-Gettysburg .....| Pennsylvania.......... 50
112 | Bisbee {reprint) ....... Arizong . . . . . T 25
2 Order by numbar, #These folios are also published in octavo form at 50 cents each.

Circulars showing the location of the area covered by any of the above folies, as well as information concerning tepographic maps and other publications of the Geclogical Eurvﬂr may
be had on application to the Director, United States Geelogical Survey, Washington, D. C.
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