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GEOLOGIC ATLAS OF THE UNITED STATES. 

UXITS OF SrnVEY AND OF rUBLICATlOX, 

The Geolop;ieal Survey is making a top0f!:l'ilphie and a geo­
logic Htlas of the United States. The topogl'uphie ntlas will 
cOllsist of lIlllPS cHlled aila!; s/u:ell1, and the geologie HtlllS will 
com~ist of called Each folio 1m·Judes topogrnphie 

llWPfl a certain four~8irled arc:], called a fjuad-

Ot' mot'e than one such Hrea, and a text describing its 
topographic awl geologic features. A quarlrungle is limited by 
ptl,l'allels and mer-idial}S, not by political boundary litW8, such 
u" those of States, counties, all.t! township.'l. Each fJuadrangle 
is named from H town or a natural feature within it, lind 1:It 
the sides and eOl'lWTS of each map are printed the llI11neS of' 
a.djacent quadrangles. 

On it map dru\vn to the seale of' 1 inch to the mile a liw:>ar 
mile on tbe ground would be represented by a linei'll' inch on 
the lllap, and eaeh square mile of the ground would be repre­
sented hy I'l square inch of the map. The scal(, may beexpJ'essed 
also by a frHction, of which the numenltor repre1:lents a unit of 
lineal' meH8urc all tbe map and the denominutor the corre­

,spolltling number of' like units on the ~routJd. Thus, as tlwre 
a.rc 63,~GO inehes in a. mile, the scale 1 inch to the mile il'l 
expressed by the fradion ii'I,1-,", or the ratio 1:G:3,3DO. 

Thc three seales most commonly uSl!d on the stamlHrd 
maps of' the (h~ologieal ~urve'y are 1: ;U,GHO, 1: G:!,500, and 
1 : 12fi,000, 1 inch 011 the mHp corre1:lponding approximately 
to one-half mile, 1 mile, and 2 miles on the ground. On the 
scale of' 1 ::n,()HO a square inch of map sud-aee reprcsents 
uiJont one-fourth of a square mile of e:ll'th sLUfuee; on thc 
scule of 1: 02,500, about 1 square mile; and on the seale of 
1: 125,000, about 4 square miles. In general a standartl Iuap 
on the seale of' 1: 120,000 represent" one-fourth of' a "stllwre 
degree"-that is, oue-fburth of an area me<H:Hll'ing 1 dt'gree of 
latitude by 1 degree of' longitude; one on the seule of 1 : U2,500 
represents onc-sixteenth of 11 "square degree"; and onc on t.he 
seule of 1::n,()80 represents one-sixt.y-fourth of' a "square 

The areas of the eorre"ponding quadrangles are 
1,000,250, and GO square miles, though tJll'Y diner with 

the latitude, a. "square degree" in the latitude of Bostoll, for 
examplc, being ouly ;1,525 square miles lind OIW in tile latitude 
of Galveston being 4,150 square miles. 

l!'EATCUE8 SHO\VX O.K THE TOI'O(3UAPIII() .l\L\PS. 

The features repre~e[]ted on tlle topographic nwps cOlllpri~e 
three gelleral classes-~l) inequalities of sur1;u:e, such liS 

plnins, plateaus, valleys, hills, and lllouutuins, whidl collec­
tively make up tbe relief of the area; (2) bodies of Winer, .':lllch 
as B!reamS, Jakes, tidul flats, and thf' ~:Wll, which 
eolloetively nwke up the (:)) suell works of man tlS 
roads, railroads, buildings, villuges, and cities, ,dlieb collee­
tively are known <IS culture. 

Rdi(f-i'I,.1l altitudes are measured fl'Otll tlJeall sea level. 
Tile hcip;llts of lllany points have het'u ac(~urately deterlliined, 
and thoeJe of some al'e given 0)1 the Illap ill ligul'es. It is 
de1:limble, however, 10 show the altitude of all parts of t.he m'en. 
mapped, the fimu of t.he surfilCe, Hnd tlle grade of all slopes. 
This is done by contour lines, printed in brown, f'Heh repl'e­
seJltinf!; a certain height above sea lt~\'el. A eontoul' on the 
ground paSRes througl~ point!; tlwt huye thl~ SllIue Hltiw(h,. 
UIl(~ who follows a contour will go neither uphill 1101' downhill 
but on it level. The manner in which contour lines express 
altitude, form, and slope is shown in figure 1. 

j,'HiURE l.-Jd!<a! view lind corresponding CI,IlTOlll' map. 

The view represents a river valley between two hills. In 
the foreground is the sea, with a bay that is partly inclosed by 
a hooked sand bal'. On each side of the valley is a terrace. 
The terrace on tile right merges into a gentle upward slope; 
that on the left m"erges into a" steep slope tha.t passes upward to 
a cliff, or scarp, which contrasts with the gradual slope back 

from its crest. In the map each of these features is indicated, 
directly beneath its positi.on in the view, by eontour lines. 
This map doel:l not include t.hc distant part of the view. 

As contours Hre continuous horizont.al lines they wind 
smoot.hlyabout smooth surfaces, ret'ede into ravines, and pro­
ject around spurs or prominences. The relations of contour 
curves and angles to the f()l'm of the land can be seen from 
the ma p :lnd sketch. The contour lincs show not only the 
shape of thc hills Hud valleys but their altitude, us well as the 
steermess or grade of all slopes. 

The ycrtical distance represented by the space bebveen two 
sllcecssi\'e eontour .lines-the contour interval-is t.he same-, 
whether the contours lie along a ciiff or on a gentle slope; but. 
to rellch a given height on Ii, gentle slope one must go fart.her 
than on a steep slope, and therefore contours are far ap11,rt. on 
gentle slopes and near together on steep slopes. 

The cont.oul' interval is generally uniform throughout a 
single map. The relief' of a fiat or gcntly undulating coullt.ry 
can be adequately represented only by the use of a Blllall con­
tour int.erval; that of a steep or mountainous countl'y ('all gf'U­
erally he adequat~dy represented on the same seale by the use 
of a larger interYal. The smallest. interntl commonly used on 
the at.las sheets of the Geological Survey is 5 fe~t, \vhieh is 
uSf'd fol' regions like t.he Mississippi Delta and the Dismal 
Hwam p. An illtel'val of' 1 foot hus been used on some lurge­
seale maps of vcry fiat areas, On mapl:l of' more rugged ('OUll­
try (~ontolll' intervals of 10,20,25,50, and 100 ff'd are u.'led, 
and on maps of great mountain massf'S like t.hose in Colorado 
the interval may be 260 feet. 

In figUJ'e 1 the eoutour interval is 20 feet, and the contO\lr 
lines therefore repreHent ('ontours at 20, 40, GO, and 80 feet, and 
so on, above lUean sea level. Alorig the contour at 200 feet lie 
all points that are 200 feet above the sea-that is, this contour 
Y\'Quld be the Bhore line if the sea were to rise 200 feet; along 
the contour at 100 feet are all pointl:! tllat are JOO feet above 
the sea; and so 011. In the spa.ce between any two contoltl's 
a.re all points whose altitudes am above the lower aTHl below 
the higbf'r contonr. Thus the contour at 40 feet fulls just 
below the edge of t.he terrace, and that. at 60 feet lies above tile 
terrace; therefore ull points on the terraee are shown to be 
more than 10 but. less thul1 60 feet above the sea. In cllis 
illu.':ltratioll all the cont.our lines are numbered, but au most. of 
the (;eological Survey's maps only certaiu ('ontour lines­
say every fifth one, ,vhich is made slightly heavier-are num­
bered, fo!' the heighti:l shown by the others may be learned 
by counting up or down from these. 1\1ore f'xact altitudes 
fot' lllillly points ure given in bulletins published by the 
<3eolof!;ical ~urvey. 

DTrl"t!l.uye.-'Vatereourses are indicated by blue lines. The 
line f01" a perenni~l stream is unbroken; that for an inter­
mittent stream is dotted; and that for a stream which sinks 
and rell ppears is broken. Lakes and other bodies of waier 
tlnd the several types of marshy areas are also shown in blue. 

Cutture.-8ymbols for the cultural features and fo1' pubEe­
land land lillf~S and other boundary lines, us ,veIl as all the 
lettering aud the map projeetioll, are printed in bluck. 

FlilATUHE8 SIlO"WS ON THE GlilOLOGIC .JrApS. 

The maps representing the geology show, by colors and 
conventional signs printed on tile topographic Illap as a base, 
the dist.ribution of roek masses on the surft.lCe of the land 
and, by meuns of struetUl'e sections, their undel"b'Touud rclu­
tions so far as known, in such detail as the scale pcrmit.s. 

KINDS OF ROCKS. 

nocks are of many kinds. On the geologie map they ore 
distinguished as igneous, sedimentary, and metamorphic. 

Igneous rocks.-Rocks that have cooled and consolidated 
from a state of fusion are known as igneous. l\101ten material 
has from time to time been forced upwa,rd in fissUl'es or chan­
nels of' various shapes and sizes through ro('ks of all tlges to 
or nearly to the surface. Rocks formed by the (,onsolidation 
of molten material, or magma, within these channels-t.hat is, 
below the surface---are called intrusive. An intrusi ve lllass 
that occupies a nearly vertical fissure which has approximRtely 
parallel walls is called a dike .. one that fills a large and irreg­
ular conduit is termed a stock. Molten material that traverses 
stratifi((d rocks may be intruded along bedding planes, forming 
masses taIled sillfJ or sheets if they are relat.ively thin and 
laccoliths 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 erystalline. Molten material that is poured out 
through channels that reaeh the surface is called lava, and 
laya lllay build IIp volcanic Ulountains. Igneous roeks that 
haye solidified at the surface are ctllled extl"ustve or effusite. 
Layas generally cool more rapidly than intrusive rocks and 
{'ontain, especiully in their outer parts, more 01' less YOlCUllic 
glass, produced by l'Hpid chilling. The outer parts of lava 
flows are also usually made porous by the expansion of the 
gases in the magma. Explosion,., due to these gases may 
accompany volcanic eruptions, causing the ejection of' Just, 

ash, lapilli, aud la.rger f'ragmenttl. These materials, ·when, con­
solidated, constitute breccias, agglomerates, and tufts. 

Sedinwnlm'Y rocks.-Rock.., composed of t.he transported 
fragments or particles of older rocks that have undergone 
disintegration, of volcanic materitll deposited in lakes and seas, 
or of material deposited in such bodies of water by chemical 
precipitation or hy organic action are termed sedinwntary. 

The chief agent in the tmnsportation of rock debris is water 
in motion, including- rain, streams, and the water of lakes und 
of the sea. The materials are in large part carried as solid 
particles, and the deposits t.hey form are called mechanical 
Such deposits are gravel, sand, and clay, "'hich are later con­
solidated into conglomerate, sandstone, and slwle. Som'e of 
the materials are carried in solution, and deposits composed of 
these materials are called organic if formed with the aid of life 
01' ehemical if formed without the aid of life. Tbe more com­
mon rocks of chemical and organic origin are limestone, chert, 
gypsum, salt, certain iron ores, peat, lignite, and coal. Any 
one of t.he kinds of deposits named may be formed separately, 
or the different materials may be intermingled in many ways, 
producing a great variety of rocks. 

Another transport.ing agent is ail' in motion, or wind, and a 
third is ice in motion, or glacieI'l:l. The most characteristic of 
the wind-borne or eolian deposits is loess, a fine-grained earth; 
the most characteristic of the glacial deposits is t£ll, it hetero­
geneous mixture of boulders and pebbles with clay or sand. 

,Most sedimellullT rocks are made np of layers or beds 
tlltlt can be easily sepamted. These layers are called stmta, 
and roeks deposited in such layers are said to be 

The surfwe of the earth is not immovahle; oYer reg-ions 
it vm·y slowly rises or sinks with reference to the.sea, and shore 
lines are thus changed. As a result of upward movement 
marine sediment.ary rocks may become part of the laud, and 
most of our land surface is in fact composed of rocks that were 
originally deposited as sediments in the sea. 

Roeks exposed at the surface of the land tlre acted on by air, 
water, ice, animals, and pla.nts, especially the low orgunisms 
known as bacteria. They gradually disintegrate, and their 
more soluble parts are leached out, tIle less soluble material 
being left as a 1'efJidual layer. ,Yater wllshes this material 
down the slopes, and it if> eventually carried by rivers to the 
oeean or other bodies of water. Usually its journey is not con­
tilluous, but it is temporarily built into river bars and flood 
plaills, where it forms alluvium. Alluvial deposits, glacial 
deposits (collectively knovm as drift), and eolian deposits 
belong to t.he surficial class, and t.he residual layer is com­
monly included with them. The upper parts of t.hese deposits, 
whit'h are oceupied by the roots of plants, constitute soils and 
subsoils, the soils being usually distinguished by a considerable 
admixture of organic matter. 

3Iefamorphic 1'ocks.-In the course of time and by various 
pl'oeesses rocks may become greatly changed in composition 
and text.ure. If the Hew 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 flew combinations and certain substances may be lost 
or new ones added. A complete gradation from the primary 
to the metamorphic form lllay exist within a single rock mass. 
Such changes transform sandstone into quartzite and limestone 
into llwl'ble and modify other rocks in various Wtlys. 

From time to time dUl"illg geologic ages rocks that have been 
deeply buried and have been subjected t.o enormous pressure, 
to slow movement., I'lnd to igneous intl1lsion haye been after­
wtlni raised and later exposed by erosion. In such rocks the 
original structural features may have been lost entirely and 
new ones su bstituted. A system of' parallel planes along which 
the rock can be split most readily may have been developed. 
This acquired qualit.y gives rise t.o cleavage, and the cleavage 
plUtH'S may cross t.he original bedding planes at any angle. 
Rocks characterized by cleavage are called slates. Crystals of 
mica or other minE'rals may have grown in a rock in parallel 
arrangement, causing laD?-ination or foliation and producing 
what is known as schistos"ily. Hocks that show schistosity 
are called schi8ls. 

As a rule, the older roeks 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. 

GEOLOGIC FOltMATIONS. 

For purposes of geologic mapping the rocks of all the kinds 
above described are 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 clwracter, as"for example, an alternation of shale and 
limestone. If the passage from on.e kind of rocks to another 
is gradual it may be necessary to separate two contiguous for­
mations by an arbitrary line, and the distinction between some 
such formations depends almost entirely on tle 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 eonsist of one kind of rock or of 
several·kinds of rock having common characteristics or origill. 

[CoIltiIlued Oil illslde back cover.] 



When it is desirable to recognize and JUap one or more 
specially developed parts of a fOrIlwtion the parts are called 
members or b,Y some other appropriate term, such as leni'ilK 

AGE OF THE FornfA'l'JONR. 

Geologic ti1ne.~Thc larp;est divisions of geologie time are 
called ems, the next smaller are called periods, ftnd the still 
smaller diyisions are ealh~tl ('jJoehR. RnbdiYi~ions of the Pleis-
tocene epoch arc called The flge of a rock is expressed 
by thc name of' the time ill 'ivhich it was formed. 

The sedimentary formatiolls dcposited during It geologic 
period are called a Till' priul'ipal divisions of a system 
are called series. aggl'ega1f' of fOl'mationc less than a 
series is ealled a group. 

As sedimenhll'Y deposits accumulate sll(Tf'ssively t.he younger 
rest on the older, and their relative ages llllly be determined hy 
observing their positions. In many regions of intem~e disturh­
anee, howevel', the beds have been OVf'rllll·Il('t\ by folding or 
their relations to adjaeellt beds ha VEl heell ehang-eel by faulting, 
so that it may be diilieult to determille tlit'ir relative Hges from 
their present poeoitions at tlw surfa('t'. 

Many stratified l'oeks eontaill thl' remains or imprints 
of' plauts and animals which, at tillle the stl'llta were depos-
ited, lived in bodies of ,vatcr or werc ,vashed into them or 
were buried in surficial deposits on the land. Sudl rocks are 
said to be fossilifl,rous. A study of these fossilR has shown 
that the forms of life at eat-It period of the earth's history ,vere 
to a great extent different frOlll the forms at other IJeriods. 
Only the simpler kinds of marine plants au (I animals lived 
whell the oldest fossiliferous rocks \\'er(' df'J)()sited. From time 
to time more complex kiuds deyeloped, and as the simpler 
oues lived on in modified forlU:'; life became more varied. But 
during each period there liyed forms t.hat did not exist in 
eHrlier timcs and have not existed since; these are c/wmcferi"h·{} 
types, and they define the age of imy bed of roek in which 
they are found. Other types pasH(~d on from pcrio(l to period 
and thus linked the systems together, forming a ehain of life 
from the time of the olrlf'st f08silifcrous rocks to tlw present. 
If two sedimentary fOl'lUatiolls are geogl'aphieally so fitr apart 
that it is impossible to determine illf'ir relative positiolJl::! the 
characteristic fossils fOllnd in thcm lIlay determine whieh was 
deposited fhst. FossilH are also of vHluc in determining the 
age of formations ill the l't'giOllS of intense di,':lturhullee men­
tioned above. The fus:::lils found in the btl'Hla of' diilPT'ellt areas,' 
provinces, and eOlltinents afford the most eff"edive llleans of 
comhining loeal histories into n. gCIH,md elilth history. 

It is in lUallY places diilieult or illlp0:,lsible to determine the 
age of un igneous fOl'lUation, hut th(~ rt'ltttive of SUdl a 
formation can in general he Hscel'taiued hy wheth('r 
an associated sedimentary forlIllltion of known agc i8 cut by LlJe 
igneous nwss or lies upon it. t'illlilariy, the time at whicb 
metamorphic rocks were formcd f]'()J)] the originH 1 IlWSSt'S wily 
be shown by their relations to adjaeent fOl'lllu1iom; of known 
age; but the uge recorded 011 the llJUP is that of the original 
masses atllluot that of thcir metamorphism. 

Symbols, colut·s, and paltm'us,-Eaeh fornmtioB is shown on 
the map by h distinctive eomhination of' ('0101' au(l pattern and 
is labeled by Ii specitliletter symbol. 

Patterns composed of parallel straight lilles are used to 
represent sedimentary formations deposited iu the ill lukes, 
or in other bodies of atamling wuter. PaU0l'llS dots and 
circles represent alluvial, glaeial, and eolian formations. Pat­
terns of triangles and rhomba are u",ed for igneous for!llutions. 
Metamorphic rocks of unknown origin lire l'epresenteu by 
short dashes irregularly pla0ed; if the rock is schist the dashes 
may be arranged in wavy linea parallel to the stl'ueture planes. 
Suitable combination patterns are llsed for llwtamorphi(' torma­
tions that are known to be of s(~dilllentar'y or of igneolla origin. 
The patterns of each class are printed in various ("olol's. The 
colors in which the pat.terns of parallel lines arc printed indi­
cate age, a particular color beiug assigned to e;wh system. 

Each symbol consists of two 01' more letters. The symbol 
for a formation whose age is known includes the system sym­
bol, which is a capital letter or monogram j thc symbols for 
other formations fire composed of small letterH. 

The names of' the geologi0 time di visiollfl, arnmged in order 
from youngest to oldest, and the color ulld sYlllbolllssigned to 
each system are given iu the i:iubjoined table. 

Geologic time di'l)isiu'll;; wwl symbo{1J anil GulorlJ rlss<lln,.d 10 (he rut'k SystellM, 

DlWELOPM..ENT AND Slln';WlCANCE 0(" hUltFACE FOIDIS. 

Hills, valleys, and all other surtiwe f(H'llls have been pro­
duced by geologic procel::!sf's. Most valleys are the result of 
erosion by the streams that flo" through them (see fig. 1), 
and the aUuyial plainl::! that border limBy streams were built 
up by the streams; waves cut !:lea diffs, and wan's and currents 
build up sand spits and bill'S. Surt~lCe forms tlms 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 beaches, alluvial plains. lava streams, drumlins (smooth 
oval hills composed of till), and moraines (ridges of drift made 
at the edges of glaciers). Other forms are produced by erosion. 
The sea cliff is an illust.ration; it may be carved from any rock. 
To this class belong abandoned river channels, glaeial fUl'rows, 
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 awa.y '(dt:graded) and valleys filled up (aggraded). 

All parts of the land surface fire 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 1l0t be 
carried helO\" sea level, which is therefore called the base-let'el 
of erosion. Lakes or large rivers may determine base-levels 
for certain region:;:. A large tract that is long undisturbed by 
uplift 01' subRidelice is worn down nearly to base-level, and the 
fairly even f'.uriitce thus produced is called a peneplain. If t.he 
tract iR afterward uplifted it becomes 'a' record of its former 
close relation to base-level. 

'l'HB GlinLOGIC }IAPS AND SHE~TI'S 11\ THE FOLIO. 

rnap. ~ The map showing the surface areas 
sevt~rHI formations is called an areal-geology 

rnap. margin is an explanation, which is the key to 
the map. To aSl'ertain the meaning of any color 01' pattern 
and its letter symbol the reader should look for that color, 
pllt.tern, alld symbol in the explanation, where he will find 
tlll) name and description of' the formation. If he desires to 
find any partieular formation he should examine the explana­
tion and find its name, eolor, and pattern find then trace out 
the areaH on the map corrcsponding in color and pattern. 
The explanation shows also parts of the geologie history. The 
nallles of forlllations are Hrranged in columnar form, grouped 
primarily aC'conling to origin-sedimentflry, igneolls, and meta-
1D0rphi(' roc·ks of unknown origin~and those within earh 
group are placed in the order of age, the youngest at the top. 

EcoNomic-geuloyy '/(utp.~The BlUP represelJting the distribu­
tion of usf'i·ul lllint'nds and ro('ks and sbO\ving their relations 
to the topogrnphie features }lnd to the f!;eolof!;ic formations is 
termed t}l(~ (,(:oIlOtnic-geo!o,qy '/1U(p. Most of the formations 
indicated OIl the areal-geology map are shown on the economie­
geology 1WI)) by patterns in f~lillter e010rs, hut the areas of 
productive t()rmatiollH are emphasized by strOJlg COlO1'S. A 
mine symhol shows th(' loeation of cach mine or (luarry and 
is accompanied by the Ilame of the principal mineral product 
mined or quarried. If there Ilre important mining industries 
or artesiall basins in the area the folio includes speeial maps 
showing these additional e('onomie feHtures. 

SlruclU'J'p-.w .. 'clion ~lieet.~The relations of different beds to 
one another nIRy bp 8(wn in ('liffs, canyons, shafts, and other 
lUltural aJHi artilicial enttiugs. ...\ll)' eutting that exhibit;,:; these 
rdations is ('nlled n "eclion, an (I the snlllc terlll is applied to a 
diagrflm reprebellting the relations. The arrangement of t.he 
beds or lIlnSSCB of rock in the earth is eallerl siructu1'e, and a 
section ~howillg this urrangement is called a structure section. 

FIGURE 2.-Sketch I!liowing' a vertkal section below t,be Burface at the (ront 
and a view beyond, 

The geologi1lt is not limited, however, to natural and arti­
fieial C'uttings for his information ('oncerninf!; the earth's struc­
ture. Knowing the IIllHlner of formation of roeks, after tracing 
out the rt"lation8 of the beds 011 the surface he can infer their 
relative positions beneath the surface and ean draw sect.iolls 
representing the probable structUl'e to a considerable depth. 
Such a section is illustrated in figme 2. 

Shalys .. ndatone 
glomerate, 

Mas~l"eli.nd bBdded 19neoua rock. 

FIGURE 3.-Symuols used in ~f'fltion~ to represent different kinds of rock. 

The figme represents a landscape that is cut off sharply in 
the foregl'ound on a vertical plane so as to show the under­
ground relations of the rocks. The kinds of rock are indicated 
by appropriate pattet'lls of lines, dots, and dashes. These 

patterns admit of much Yariation, but those shown in figure 3 
are nsed to repr€l'lent the commoner kinds of rock. 

The plateau shown at the left of figurc 2 presents toward 
the lower land an esearpment, or front, mude up of sandstone, 
which forms the diffg, and shale, whiclJ forms the slopes, The 
broad belt of lower laud is tra versed by several ridges, which, 
as shown in the sedion, correspond to the outcrops of a folded 
bed of' sandstone that ris~s 10 the surf~lCe. The upt.urned 
edges of thi., bed form the ridges, and tlw intermediate valleys 
follow the of limestone and calellreolls shale, 

'Vhere the of the bed.:; appear at the surface their 
thickness can be measured and the angles at which they dip 
below the surfiLCe can be observed, and by llleaDS of these 
ohservations their positions underground are inferred. The 
direction of thc intersection of the surface of a. dipping bed 
with a horizontal plane is called its strike. The inclination of 
the bed to the horizontal plane, llleasured at right angles to 
the strike, is called its 

In many regions the arc bent into troughs and arches, 
such as are seen in Hgure 2. The arehes are called ant£clines 
and the troughs 8!1ncfilles. As the materials that. formed the 
sandstone, shale, and liUlestone were deposited heneath the sea 
in nearly fiat layers the fa.et that the beds are now bent and 
folded shows thttt forces have from tillle to time caused the 
earth's cru~t to wrinkle along certain zones. In places the 
beds are broken across and the parts IHlYe slipped past each 
other. Sueh breaks are termed fnults. Two kintls of faults 
are shown in figure 4. 

• FIGURE 4,-lLleaJ s«(ltiolls of broken and hent stratu, ~howillg (aj nurmal 
fauJtll and (b) It thru;;t or l'BOe)'lJe fault, 

At the right of figure ~ the section shows schists that are 
traversed by igneous rocks. The schists lire mudl contorted, 
and the form or arrangement of t.heir u!tlsses underground can 
not be interred. Hence that part of' the section show~ only 
what is probable, not what is known by observation. 

The section also shows three sets of formations, distinguished 
by their underground relationa. The uppermost set, seen at 
the left, is made up of beds of sandstone aull shale, \'<'hich lie 
in a horizontal position. These beds wcrc laid down under 
water but are now high above, the sea, forming' 11 plateau, and 
t.heir change of' altitude shows that this part of the earth's 
surface has been uplifted. The beds of' this set are con­
formable-that is, thcy are parallel and show no break in 
sedimentation. 

The next lower set of formations consists of beds that are 
folded into arches and troughs. The heds w(,re once contin­
UOllS, but the rrests of' thc arches have been removed by erosion. 
These beds, like those of the upper set, are conformable. 

The horizontal bcds of the plateau rest upon the upturned, 
eroded edges of the beds-of' the middle l'3et, ns shown at the left 
of' the section. The beds of the upper set are evidently 
youllgE'r thall those of the middle set, whieh must have been 
folded and eroded between the time of their deposition and 
thHt of the of the upper beds. The uppcr beds are 

to the middle beds, and the sUI'Ewe of' contaet 

set of formations consists of crystalline sehists 
and igneous rocks. At some period of their llistory the schists 
were folded or plicated by pressure and intruded by maBses of 
molt.en rock, The overlying beds of the middle set have llot 
heen tra ver:::led by these intrusive roekH nor have they been 
1Jffected by the pressure of the intrusioll. It is evident that 
l"ousiderable time elapsed between the formation of the sehists 
and the llf'ginning of' the deposition of the beds of the middle 
act, and during this time the schillts ,,,ere metamorphosed, 
disturbed by the intrusion of' igneous masses, and deeply 
eroded. The contact between the llJiddle and lowest sets is 
another unconformity j it marks a period of' el'osion between 
two periods of deposition. 

The section Hnd !andseaJie in figure 2 are ideal, but they 
illustrate actual relations. The sections on the stnwture­
section sheet are related ttl the maps in much the same way 
that the sQction in the lit;ure is related to the landscllpe. The 
profilc of the surface in eaeh structure seetion conespouds to 
the actual slopes of' the ground along the section line, and 
tile depth to any mincral-producing 01' water-bearing bed 
~hown ma,y he measurcd by using the seale given on the lUMp. 

Cultm~na1· seetion.~Many folios indude a culumnal' seetiun, 
which contains brief deseriptions of' the sedimeutary formations 
in the quadrangle. It shows the chameter of the roeks as well 
as the thickness of' the formations and the order of their accu­
mulation, the oldest at the bottom, the youngest at the top. It 
also indicates intervals of' time that correspond to e~'('Hls of' Ilphft 
and degradation and constitute interruptions of deposition. 

'rHB Tl1JXT (n~ 'l'HEJ E01~1(J. 

The text of the folio Htates briefly the relation of the area 
mappf'd to the general regioll in which it ,is situated; points 
out the salient natural featul'es of' the geography of the area 
and indicates their signifi(,ance and their his1.ory; considers 
the cities, towns, roads, raiiroa(ls, and other human teatures; 
des(,ribes the geology and the geologic history j and shows the 
character Hud the lo(·ation of the valllable mineral deposits. 

GJ<:owm Ons SMiTH, 

January, 1924. Director. 



DESCRIPTION OF THE GAFFNEY AND 
MOUNTAIN QUADRANGLES 

KINGS 

GEOGRAPHIC AND GEOLOGIC RELATIONS 

LOCATION 

About two-thirds of the Bren included in the Gaffney and 
Kings Mountain quadrangles lies in South Carolina and one­
third in North Cfll'olina. This area, which is called in this 
folio the Gaffney-Kings Mountain district, is bounded by 
parallels 35° and 35° 15' and meridians 8101.5' and 81 0 45'. 
Each quadrangle covers an area of about 244 square miles. 
The Gaffney quadrangle ineludf>s parts of Cherokee County, 
S. 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, 8. C., and 
Gaston and Cleveland Counties, N. C. The principal towns 
are Gaffney, S. C., and Kings Mountain, N. C., from which 
the quadrangles are named, and Blacksburg, S. C. (See fig. 1.) 

In geographic Hnd geologiC' relations these quadrangles form 
part of the Piedmont province, the eastern di viRion of the 
Appalachian Highlands. 

APPALACHIAN HIGHLANDS 

~UBDTVIHI0~R 

The Appalachian Highlands are composed of severo] distinct 
physiographic divisions. Among thf'se divisions are the Pied­
mont province, the Blue H.idge province, the Valley and Ridge 
province, and the Appalaehian Plateaus. The A ppaJachian 
Plateaus inclnde the Cumberland Plateau, the Alleghet1Y 
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 
about 500 feet abo\'e sea level at the west to table-lands, dis­
sected plateaus, hilly country, and mountains tlJat range from 
2,000 to 4,fiOO feet in altitude at the east. 

The Valley and Ri(lge pl'ovince extends from Alabama 
northward illto New York It includes several large valleys 
and numerous small onCEl. Among the large ones are Coosa 
Yalley of Georgia and AlabH.mfl, the Grrat Yalley of eastern 
Tlmnes.'1ee and Virginia, the Hhenandoah Y(lliey of Virginia, 
and the Cumberhllld Yalley of ThIaryland and Pennsylvania. 

At the south, in ~:\lubama, the Yll.llPy and Uidge provinee 
has an altitude of' about fiOO [pet above sea le"el, but to the 
northeast the altitndo in('reasps to more than 2,500 feet in 
Virginia and ',",pst YirginiH and decreases to about 500 feet 
near t.he Potomae River and even less still farther to the 
northeast. 

The drainage of' the Yaney n nd Ritlge provinee dependR 
largely on the geologie stnwture. In general the courses of 
the streams are determined by the hardness of the rocks and 
by the structure, making subordinllte vulleys in and parallel to 
the Great Valley. These longitudin(ll streams empty into 
larger transverse rivers tbat. cut across the walls of the 
valley. The larger transverse riYers are the Tennessee, liew 
or Kanawha, Roanoke, James, Potomac, Susquehanna, Schuyl­
kill, Delaware, and Hnuson. 

By .i\t-thllr Keith and D. B. Sterrett 

The Blue Ridge province 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 ~ew England. Prom­
inent among these rangeE are the Cohutta Mountains of 
Georgia, the Great Rmoky and Unaka Mountains of Tennessee 
and North Carolina, the Blue Ridge and Catoetin Mountains 
of' Yirginia and Maryland, and SOIlth Mountain of Pennsyl­
vania. The Piedmont province differs little geologieally from 
the Rlue 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 les~ 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 region~. In the areaR of ancient rocks fan-shaped 
draimlge basins ha\'e 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-King8 Mountain district lies wholly within 
the Piedmont province and as its geology find physiography 
depend mainly on this division of the Appalachians, this 
province only will be described here in det.ail. 

I'JEDlHOKT PHOVINCJ~ 

The Piedmont province is a broad eastward-sloping plateau 
which extends from the eastern Gulf States northcast\vard to 
New England and which lies between the CO:1stal Plain on the 
south and east and the Blue Ridge and Valley and Uidge 
provincer'l on the north and west. The Piedmont provinee 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 01' plateau to 
eoastal plain is almost abrupt. 

The Piedmont province is a gently sloping plateau dissected 
by the rivers and streams that flow over its surface. The slope 
is gradual eastward. and southeastward from the mountains 
toward the roast at an a \'era~e 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 plateau ranges from a few 
hundrcd feet IIbo\'e sea level along the ·western border in t.he 
northern pnrt and 1,fiOO feet ill the southern part to 300 feet 
in places on the eastern border. Yariations in relief have been 
pl'oduced by Rtream erosion of the original plateau snrfHce. 
They are due in part to distance from t.he streams and in part 
to difference in hardness a.nd Etructure of the rocks. These 
fBctors hHye resulted in several lesser plateaus in the general 
phteHu region which are distinct from one another in altitude 
and extent. 

On the west.ern border of the province there are deep V-shaped 
valleys in a region of' r'lteep hills, which passes into the broken 
monntainolls {'onntry that forms the eastern slope of the HIue 
Hidge. At a distance from the rivers there are considerahle 
arens of plateau that. have suffered but little from erosion. 
Farther out on the plateull rolling hill eountry lies at a dis­
t.HJl(·e from the rivers and either broad or narrow valleys stretetl 
along the larger watercourses. These features extend as far as 
the eflstem and southern border of the Piedmollt province, 
where the distinctive features of the plateau are covered by the 
formations of the Coastnl Plain, which lu.p over on the plateau 
with a very irregular boundary, giving a gradual transition 
from dissected upland country to rather flat plain. Kear the 
eastern bordcr of the pro\'inee the valleys are in many places 
narrow and gorgelike-, Lut the platen.u features remain in the 
i Iltel'stream areas. 

In scattered areas, hills or small mountains srand 100 feet or 
more above the general level of the plateau. Tllf'se points are 
eEpeeially prominent., as they ean be seen for miles from all the 
higher parts of' the plateau. Some of them are rather sharp 

peaks or ridges (see pIs. 1-3), and others are broad and 
rounded; they occur in isolated maSEes and also in belts or 
ranges corresponding with the trend of certain rock forma­
tions or structure. The term "monadnoek" has been applied 
to residual hills that stand above the general plateau surface, 
from l\Iount Monadnock, in southern New Hampshire, a typ­
ical example. In the Gaffney-Kings Mountain district Kings 
Mountain and Crowders ~fountain are monadnocks. 

The presence of a plateau is readily recognized by an 
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 
aboye the general leveL These features are common to the 
whole Piedmont provinee, even in areas dissected by deep 
valleys, for the presence of sueh 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 
pis. 4··6.) 

The streams of the Piedmont province flow principally to 
the southeast, but there are many variations, as Eome flow 
nearly east in southern Virginia and others flow Eouth in 
Georgia and Alabama. South of Roanoke River proctieally 
all the streams of the Piedmont province rise on the plateau or 
on the southeast slope of the Blue Ridge. North of Roanoke 
River the larger rivers, such as the ,Tames, the Potomac, and 
the Susquehanna, rise fur to the west of the Piedmont province, 
and only the minor rivers rise in the Piedmont. The drainage 
basins of the rivers that are confined chiefly to tile Piedmont 
have the characteristic treelike patterns. 

Through most of the Piedmont province the courses of 
the larger streamE bear little relation to the structure of the 
underlying rocks, but in some regions many of the smaller 
streams ha v-e adjusted their courses to the structure. Some of 
the lar~er streams in Georgia and Alabama are exceptionE 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 gl'llde 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 charaeterized by strong currents, 
rupids, and fa.lIe, and below by more sluggish waters most of 
",hich are navigable. This difference is so pronounced along 
mueh of the boundary of the Piedmont province and Coastal 
Plain as to give rise to the name "fall line." 

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 metamol'phic 
igneous and sedimentary rocks are not sharply distinct, for 
metamorphism has been so extreme that nearly all traces of 
their original nature have been obliterated. In many places 
also the metamorphic'igneous rocks are not sharply separated 
frolll the ordinary igneouE rocks, for a single intrusion may 
become metamorphosed in some parts, especially around its 
harders, during mountain building and show little if any evi­
deuce of change in other partR, 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 mica, 
garnet, kyanite, staurolite, ehlorite, sericite, ottrelite, and in 
some places qnartz and calcite. These roeks have resulted 
from the metamorphism of' different kinds of rocks that made 
up the aneient sedimentary series, snch as conglomerate, sand­
stone, shale, and limestone, together with numerous inter­
mediate types. 13y metamorphism sandstone became quartzite, 
impure or shaly sandstone became graywacke and gneiss, shale 
became schist, and limestone became m(lrble. Variations in 
the composition of the original sediments are represented by 
vnriations in the metamorphic rocks. Some of the sediments 
were in part of volcanic origin, such as wash deposits of vol­
ca.nic ash or tuff, whieh contained varying amounts of ordi­
nary land waste. The metamorphism of these rocks has pro­
duced transitional phases of crystalline rocks between those of 
sedimentary and igneous origin. 



The metamorphic igneous rocks include schistose and gneiss­
oid rocks of granitic, diol'itic, volcanic, and other kinds whose 
minerals have been more or less changed. Some of these rocks 
have' been so extremely metamorphosed that they han' passed 
into mica and garnet gneisses or schists which can not be dis­
tinguished from those of sedimentary origin. Diorite amI 
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 ,vide 
range of such rocks as granite, diorite, gabhro, 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 flIld are not everywhere sharply distinct Ii'om 
the metamorphic rocks. 

The unmetamorphosed sediments of the Piedmont proyince 
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 f'ew places similar 
kinds of rocks of Greta(~eous age overlap the eastern boruer of' 
the Piedmont province. 

The strike of the formations of' the Piedmont province is 
genemlly northeastward, or approximately parallel ·with the 
trend of the plateau and the Appalachian :\fountains that 
border it, but in some places the beds trend neRrly at right 
angles to the prevailing strike. The dips of the rocks are high 
but variable, and soutlH'ast dips prevuil. 

The geologie reeord of the ... \ppalnchitm Mountai.ns along the 
northwestern boreler of the Pieamont Ilf'gins with Archean 
rocks that are among the oldest knmvn in the world. They 
cOllsist of metamorphosed igneous and sedimentfuy rocks, the 
origin of \vhich is lost in obscurity. Others are extensively 
metamorphosed but still exhibit features characteristic of their 
origin. The unmetamorphoseu sediments of the Piedmont 
provinre were laid down chiefly in Mesozoic or later time, but in 
the Appalachian region as a whole n10st of the Paleozoic rorks 
have been little metamorphosed. The igneous rocks have a 
wide range in age, intrusions having occurred fl'om Archean to 
Triassic time. Almost inconcei \':1ble distortion has been pro­
duced in the Archean rocks of the Piedmont province by the 
mashing, folding, Hnd faulting that aocompanied the processes of 
mountain building to which this region has been subjected. The 
rocks have undergone these deformations two or more times, Hnd 
the earliest deformation occurred during the Archean period. 

After the deformation of the Archean 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 volcanic 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 volcanic 
outbursts, was deposited in large bodies of water. These 
deposits, known as Algonkian, in turn were uplifted, exposed 
to erosion, awl completely worn away over very large ftl'E'as. 
This period of erosion was, however, far shorter than that 
which preceded the volcanism. 

The depression of the .Appalachian Yalley and Piedmont 
provinces 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 ullconformably 
on the worn and upturned edges of the Archean gneiss, sehist, 
and igneous rocks over parts of what is now the Piedmollt 
province. The rockl:l of the southern i>iedmont show no 
fl11'thcr record of thc events of' Plllcozoie t.ime, except that of 
deformation and igneous intrusion. 

.Kear the end of' Paleozoic tilDe movements of' the earth\:; 
crust and intrusions of igneous rocks foJllhjected these sediments 
to intense folding, faulting, and metalllorphism. The under­
lying Archean rocks reeei\'e(l thf'ir final folding and metamor­
phism at. this time. The immense for('('s exerted during these 
periods of crustal mo\'ement and mountain building folded the 
rocks into great !lrclws and basins made up of many com­
pressed and m,:erturned folds. Excessive rock mo\'ement in 
some of the folds resulted in thrust filUlts, thus adding to the 
complexity of' the structure of' the rock~. 

After a very long period of erosion portions of the Piedmont 
area 'vere submerp;ed in early Mesozoic time, and deposits of 
sediments were laid down unconformably on the older meta­
morphic rocks in shallow estuaries and baHinK. 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. 

2 

The last sediments deposited in this general region were those 
of the Coastal Plain, which now borders the Piedmont province 
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 
grflvel and sand, still consist of loose or feebly compacted 
materials. 

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

"\Vith the exception of the monadnocks that rise above the 
plateau surface, most of the relief of the Piedmont is (lue to 
erosion subsequent to the uplift. The relief between valleys 
and hills 01' 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 province, 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 thiekuess in different places. 'Vhere 
decomposition has been thorough and deep, broad valleys with 
gently sloping walls have been formed along the rivers and 
rreeks. Unaltered rocks whose structure is favorable were 
caned into steeper-·walled valleys. A large part of the decom­
position of t.he roeks of' the Piedmont province took place dur­
ing the development of the peneplain in the long period of' 
orosion when the s1ll'face was nearly at sea level. Undcr such 
conditions erosion is extremely slow, and decomposition may 
proceed more rapidly than denudation. 

~\.fter the uplift of the plateau the thick mantle of decoUl­
posed rock or soil offered little re:listance to the natural drain­

dmvn the slope of the plain. The larger streams thus 
established in their courses to the southeast, which they 

were able to maintain even after they had cut do·wn to fresh 
roek. The courses of the larger rivers are nearly those whi('h 
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 courses to the character and structure 
of the underlying rorks. 

In the Gaffney-Kings Mountain district Broad River is a 
cOlHlequent 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. }fost 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 
erosion. 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 ill the longitudinal valleys that follow 
limestone outcrops, snch as Dixon Brandl and other head­
waters of Kings Creek south of the town of Kings Mountain. 

TOPOGRAPHY OF THE GAFFNEY-KINGS MOUNTAIN 
DISTRICT 

GENRltAL FEA'fllHES 

The Gaffney-Kings Mountllin district is in the central part 
of' the Piedmollt province, and its surface features may be 
considered as typical of the province. Broad flat 01' gently 
rolling ridges grade into m01'e broken country near the larger 
streams, where deep valleys have been cnt. Hesidual prom­
inenees have been left, both as isolated peaks aud as elongated 
ridges, standing above the general level of the surronnding 
ri:'mnants of the plateau. (See pIs. 1-8.) The sky line as 
vie\ved from the higher ridges is that of a nearly level country 
but may be broken by a monadnock or a residual peak 01' by 
the distant mountains to the northwest. The relief where the 
ri vers and lar~er streams are cutting through hard rocks is 
considerable, and steep roeky hillsides haye been formed. 

A typical example of the rolling upland country may be 
!'ieen between (;ro\'er and the town of Kings Mountain and 
from York northwestward to the foot of Kings l\fountHin, in 
the Kings Mountain quadrangle. In the Gaft'ney quadrangle 
thc regions around Gaffney and to the northwest as far as the 
border of the quadrangle and also hetween Earl and Patterson 
Springs fUl'llish good examples. The relief throughout con­
siderable areas around these places is small, and the valleys are 
shallow. The cultivated land Rhows smooth fields covered 
with deep residual soil awl ouly scattered outcrops of rock. 

Many of the monadnocks are bordered by steep slopes or 
cliffs. The contrast is striking between tllese rugged summits 
and the smooth rolling upland, like that between The Pin­
nacle and the country around the town of Kings Mountain. 
(See pI. 2.) The smooth, broad interstream areas pass grad­
ually into steepe)' slopes toward the stream valleys. Some of 
the valleys are V-shaped and haye 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 higllest is 1,705 feet, at The 
Pinnacle, in the same quadrangle. 'Vith the exception of 
Crowders :Jfountain, which reaches 1,624 feet, several hills 
south of The Pinnacle, and Henry Knob, a mouadnock near 
the east side of the Kings Mountain qundrangle, all the surface 
of' the distriet stands less than 1,200 feet above sea leveL The 
highest point in the Gaffney quadrangle is 'Vhitaker Moun­
tain, on the east border, about 1,140 feet abo\'e seH level. All 
the high points in tlle district are residual prominences that 
stand above the remnants of the plateau. 

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 MOllntain is situated, which 
extends southwestward toward Grover. This ridge slopE'S from 
about 1,000 feet above sea level at Kings }lountain to less 
than 900 feet at Grovel', and all the hilltops except "\Vhitaker 
Mountain are progressively lower ill this direction as far as 
Broad River. Along Broad HiveI' 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 secoud lower plain. It is not 
certain whether or not these ridges represent a former peneplain 
deyeloped along the river at some period of rest during t~le 
uplift of the Piedmont. 

Considerable differences in altitude OCCIll' in some places 
within distances so short that the surface is yery rugged. 
Thus, The Pinnacle and Crowders :J-Ioul1tain rise 800 fept 
aboye the valleys at their bases within half a mile. (See 
pIs. 2-3.) Of this ril:!e 600 fcet occurs within a quarter of a 
mile, and on both mOllntains there are sheer cliffs from 50 
to 200 feet high. Henry Knob, an isolated lllonadnock, is 
300 feet above the surrounding remnants of the plateau. The 
relief along Broad River and some of its tributariE's, whieh are 
carved below the plateau Eturiace, is also hlrge in places. Thus, 
there are differences in altitude along the ri\'er of 200 to ;{OO 
feet within a qnarter of ft mile at several places, as at McGowan 
Mountain and Abes Mountain. 

DRA.[NA.GE 

Most of the district is drained by Broad Ri vel' and its tribu­
taries, but an area in the northeastern and eHstern parts of 
the Kings Mountain quadrangle is drained by tributaries of 
Catawba River. Broad HiveI' is called succcssiveiv the Con­
garee below Columbia, S. C., and the Santec below tile junction 
with'Vateree River. Catawba HiveI' is called the 'Yatcl'{'c 
below Great Falls, S. C., and forms Santee River· by junction 
with Congaree River. The course of Broad RiYer is in general 
southeastward with minor variations. It enters the Gafftley 
quadrangle near the northwest corner, leaves that quadrangle 
nea.r the southeast corner, and cuts acl'OSS the southwest corner 
of the Kings Mountain qnadrangle. The larger tributaries of 
Broad River in the Gaffney quadrangle are First Rroflll Rivel', 
Buffalo Creek, and Cherokee Creek. 'l'hicketty Creek drains 
the southwestern part of the quadrangle but does not entcr 
Broad River within the quadrangle. Kings Creek is the 
largest tributary of Broad River in the Kings }Iountain quad­
rangle. The southern and central parts of this quadrangle are 
drained by Bullocks Creek and its tributftries, and tlle north­
eastern and eastern parts chiefly by Crowdcrs Creek and Alli­
son Creek and their tributHries, which en:lpty into Catawba 
River 10 or 12 milE'S to the east. 

Broad River enters the Gaffncy quadrHllgle at nn altitude of 
about 660 feet above sea lev('l and leaves the Kings )lountuin 
qnadrangle at an altitude of about 4:W feet, a descent of about 
230 feet in a distance of 2G miles. Abont 80 feet of this 
descent occurs within 4 mil('s helow Cherokee Falls, but tht: 
rest is more evenly distl'ibuted with the exception of about 20 
feet in 1 mile at G-aston Shoals. 

GENERAL GEOLOGY 

THE ROCK FORMATIONS 

The Gaffney-Kings )fountain district contains both meta­
morphic and igneous rocks, ranging in age from Archean to 
Triassir. The metamorphic rocks inrlude some of sedimentary 
and igneous origin. The Archean rocks occupy the north­
western and southeastern parts of both Cjnadrangles, separated 
by a belt of Algonkian !lud 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 predomw 
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 Glffney quadrangle. 

3 

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. 

Cltaracter.-1.~he Carolina gneiss consists of an immense 
series of interbedded gneisses and schists, prominent among 
which are mica gneiss and schis~ garnet gneiss and schist, 
kyanite gneiss and schist, and combinatiolls of these different 
types, together with granitoid layers. Less abundant facies of 
the Carolina gneiss are graphite and staurolite gneiss and 

Oharacter o! rooks 

Fine-grained to me41~ed blui&h-gray to white marble. 

RockHrBlIgingtt-Omflne8'l'ILYwaoketoaerlcltescbiBtOl'phylltte. 

-- ... -~----
White quartzlt ... , chlorltlc 88l'le:ltle quartzite, kyanltle quarulite, and a thick_bedJed 

qU8l'ticonglomerate. 
~. .-

Ch!elly varicolcred aerieltlc sc.blat with mlUlga.nese .... h>tm.'m"~.""'''''"'l'm.~ ... 

UueiIlBBDdgra.ulte. 

FIGURE 2.-Generalized columnar section of sedimentary rooks in the Gaffney and Kings Mountain quadrangles 

Oharaoterof rooka 

Gray to dark·gray C08l'I!e­
grilJned bfotlte rr8Dlte with 
pol'phyritlafsclea. 

Light-gray muscovlte-biotite 
gr.wte, slightly metamor­
phoaed. 

Medium to Ilne grained mU8-
covlte--blot!tegranlte, much 
mortamorphOllod; porphy-
ritic te:rlure deVeloped 
locally. 

Blulcdlk8ll8llBOclateJ chlelty 
.... Ith Roan guebill. 

FIGURE S.-Gene-rttlized columna-r section of igneous and old crystalline 
rocks in the Gaaney and Kings Mountain quo.dl"angles 

The relations of the rock formations and their thickness and 
composition are shown in the columnar sections (figs. 2 and 3). 
Their order and metJwd of production are shown in the 
accompanying table. 
Order of geologia formations and e'lJents in the Gaffney-EmUS Mrmntain 

district 
Archean: 

Oarolina. gneiss. Mainly eedimentary Mnds and clays. many thousand 
feet thick and now met.amorphosed. 

[toan gneiss. Igneous waase8 and dikes intruded into Carolina gneiss 
and now much mntamorphosed. . 

Soapstone. pyroxelJite, ga.bbro, and silI)llar haRic igneous rOllks. Occur 
chiefl.y in or associated with Roan gneiss. 

Bessemer g.raIJite. Intruded Into Roan gneiss and pyroxenite and 
much metamorphosed. 

Peglnatlte. Injected Into Carolina and Roan gneiues in dikes and 
lenses. 

Great deformation and erosion. 
Algonkian: 

Formation of vo1(lanic rocks amI deposition of SODle sediments began 
after erosion. 

Battleground suhi.st, 1,000 feet tbiok. Mainly sedimentary clays, now 
llIetamorpbosed. 

Great deforwation followed by erosion. 
Cambrian: 

Deposition of !\I:ldlment.A.l'Y roeks began after erosion. 
Kings Mounta.in qult-rt.zite, II-1jOO feet thick. Mainly Medimentary sanas, 

now metamorphosed. 
DraytoIl .... ille C'onglomern.te member a.t baBe. 
White quartzite phase, chloritic and Sf1rlcitic qnartzite phnse, and 

l~yanitlo quartzite pllMa. 
Hlacksburg schist. 800-1,000 feet thick. SedimantllrY clay and sandy 

(lla.y now metamorpbOS{I(l 
Gaffney ma.rbltl, 110--800 feet t,htck. Bedilllenta-ry limestone now meta­

lllorphosed. 
I.Jate Carboniferous (1): 

Appalachian revolution began. 
Whitesido granite. I ntrnded into Carolina and Roan gneiIlH{'II. 
Pegmatite. Injeettod into Carolina. and Roan ~ejSseR. 
YorkvnIe granite. Intruded into Roan gneiss. 

Triassio: 
Great erosion inoorval, after end of AI)llttlMhln.n revolution. 
niabl~sfl dikeI'!. Int.rurled into all formations. 

AHCJI,l<"lAN SYSTEM 

Distrihution.-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 Gaffuey 

GafTney-Klng~ Mnn.ntRln 

schist. Practically all the gneisses and schists contain either 
muscovite or biotite mica and quartz, but where otller 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, qnartz, 
feldspar, and accessory minerals. 

The mica gneisses and schists exhibit great diveraity in 
texture und composition. The schists range from coarsely 
crystallized to fine-grained rocks and in many places exhibit 
variut.ions in both texture and composition within a thickne"ls 
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 ure fine to medium in size, but in others they are 
as much as half an inch in diameter. The coarsely crystallized 
varieties are commonly associated wit.h 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 schisls 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 a.n arrangement of the mineral grains in parallel position 
but to a parting or faulting developed along a ser.ies of smull 
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 scattered 
coarse crystals of mica with the cleavage turned about at a 
right angle to the schistosity. These Cl'ystals of mica nre 
secondary and were developed at a later stage tllIln 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 folia.tion. less 
pronounced than those of the mica schists. Some of this 
gneiss has developed from homogeneous rocks and therefore 
has 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 su<;h minerals as garnet, kyanite, and graphite. 
Where garnet and kyanite are abundant and in lal'ge 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 occurs in plates or scales 
developed in parallel position with the mira and does not 
change the texture of the schist. 

M!lrble of different kinds occurs with the Carolina gneiss at 
several places. In the Kings Mountain gold mine the slmfts 
cut It considerable mass of medium to fine grained white to 
gray banded marble. A ledge of white medi~m-gl'ained mar­
ble, about 20 feet thick, -belonging to the Carolina gneiss, 
shows on the west side of Kings Creek nearly 3 miles south­
east of Grover. A bed of very conrse 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 
fitirly pure, and the rest carries coarsely crystallized biotite, 
quartz, and feldspar. All these beds grade into the mica schist 
of the Carolina gneiss and flre parallel with it wherever the 
con tacts are exposed. 

Or0in.-The gneisses and schists of the Carolina gneiss are 
derived from ancient sedimentary, igneous, and probably vol­
canic rocks. The sediments and volr.anic rocks were accnmu-

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, 
althongh 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 8S entirely new minerals or 
original minerals recrystallized or increased in size by the 
addition of secondary materiaL 

Thicknes8.-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 slUall scales of mica. The 
kyanite and garnet gneiBBes 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. 

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 
lurge masses and in belts or dikelike bodies that cut the 
Carolina gneiss. It is most abundant in the southern part of 
the Kings Mountain quadrangle and the southeastern part 
of the Gaffney quadrangle. 

Oharacter.-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 Ca.rolina gneiss that have been 
included 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 sl~hist contains interbedded 
layers of quartz or-feldspar and forms hornblende gneiss. The 
hornblendic rocks range from fine-textured schist and fine­
grained diorites to granular rocks whose crystal grains 
measure half an inch across_ These coarae rocks contain 
hornblende, plagioclase feldspar, and quartz together with 
snbordinate garnet, biotite, chlorite, magnetite, and epidote. 
These minerals a.re 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 hornblendic rocks of 
the Ro~n 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 volcanic 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 H.llied types appear 
to have recrystallized into nearly the same min~rals 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 
Illineral grains was developed. A prominent microscopic 
feature of the rocks that have It dioritic composition is the 
obliteration of polysyntlletic twinning in the plagioclase feld­
spars during metamorphism. 

Weathering.-In the hornblendic rocks of the Roan gneiss 
the decomposition of the feldspar und 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 



gneiss of the Carolina ~neiss. 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 haa 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, AHPHIBOLITE, SOAPSTONE, AND GABBRO 

Distribulion.-A number of areas of pyroxenite, amphibolite, 
and similar rocks together with soapstone derived from them 
are scattered through the Gaffney quadrangle, and three areas 
have been observed in the Kings Mountain quadrangle. These 
rocks occur 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 intrut:live, 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 ocpur in the 
Gaffney-Kings Mountain district 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 talc, chlorite, and 
impurities, such as magnetite, unaltered hornblende, and pyrox­
ene. The different rocks of this group have a similar mode of 
occurrence-that is, they are developed in lenticular or oval 
masses, rangin~ from a few feet thick and several yards long to 
a quarter of a mile thick and 2 miles long. In texture they 
range from medium-grained rocks to comse 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 
de,'eloped. Soapstone is a hydration product of these rocks. 
The rocks richest in olivine have yielded the purer grades of 
talcose soapstone, and those in which hornblende and pyroxene 
were abundant have yielded chloritic soapstone. Most of tlle 
deposits of soapstone in this district are very impure and con­
tain unaltered hornblende, pyroxene, and other minerals in 
shreddy masses. 

Weathering.-The alterntion of pyroxenite and allied rocks 
to soapstone is in part a process of weathering, but in some 
places the alteration may have been deeper senb~d and possibly 
accompanied by hydrothermal action. Chlorite at least devel­
ops plentifully in the surface weathering of the amphibolites 
arid hornblende pyroxenites. The weathering of the soapstone 
is slow, and in most places the resulting layer of soil is thin, 
so 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 soaps~ne and 
pyroxenites generally yields yellowish-brown to reddish-brown 
clay soils. 

Difltribution.-The Bessemer granite, named from BE'.8Semer 
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. 

Oharaoier.-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 outcrops 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 fiworable outcrops 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'e-eye" 
schist. 

In the less altered portions of the granite the constituent 
minerals are quartz, orthoclase, oligoclase, muscovite, biotite, 
and a little magnetite fiud zircon, to~ether with secondary 
clinozoisite and chlorite. In the metamorphism of the Bes­
semer granite to quartz~sericite schist the muscovite has been 
largely recrystallized into finer scales, and the potash feldspar 
has passed jnto fine scaly sericite. The quartz has in part 
recrystallized, but the larger grains or phenocrysts retain more 
nearly their original size and position in the rock, yielding tIle 
augen structure. 

Wealhering.-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 scattered 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. 

Granitic 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 .Qnd 
other minerals. There are some varieties, however, in which 
feldspar is praetically 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 pI. 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 
becaUBe of their special minerals, such as tin oxide, have been 
mapped. A few of the pegmatitE'S 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 Carboniferous (?) 
granite. 

ALGONKIAN SYSTEM 

The rocks that have been Rssigned to the Algonkian system 
lie in a belt 1 to 4 miles wide that extends from the area netll' 
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 rocb 
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 quadrangles and extending through 
Virginia and Maryland into Pennsylvania are typically surface 
volcanic flows and include much volcanic sedimentary material 
of the same sort as that shown in the Gaft'ney~Kings Mountain 
district. In the Gastonia quadrangle. just northeast of this 
district, basic volcanic rocks of the same kind 8S those in the 
known Algonkian areas underlie the Cambrian quartzites. 
The Algonkian rocke: of these quadrangles underlie the rocks 
which on general grounds are assigned to the Cambrian. 

BA.T"TLEGROUND SCHIST 

One 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 manganE'se schist member 
occupies a broken belt, a few hundred yards to half a mile 
wide, along or near the northwest side of the Battleground 
s~hist. It has been named from the notable and constant 
presence of stains and deposits of manganese oxide along its 
outcrop, which has led to its being called locally" the man­
ganese lead." 

Cltaracier.-The Battleground swist 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 distinct from the harder 
and more strongly developed Dray tOil ville conglomerate, of 
Cambrian age, which is descr~bed 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 abundance of fine crystals of magnetite. 
The mottled appearance of some of the schist is caused 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 crystals of orthoclase, albite, or oligo­
clase only partly altered to sericite. The schist also contains 
fragments of older rocks, apparently volcanic, 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 sediment-ary 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 selicite schist are 
not distinguishable from schistose parts of the Bessemer granite. 
The coarse sandy or quartzitic varieties of the schist are also 
distinguished with difficulty from the slightly porphyritic 
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. . 

Locally 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. 

Thickne88.-It is difficult to estimate the thickness of the 
Battleground schist, because it has been intensely folded and 
fauIted. It 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 volcanic, volcanic-sedi­
mentary, and sedimentary rocks. The volcanic 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 basins the volcanic rocks 
graded into volcanic-sedimentary and sedimentary rocks. Thus 
deposits of volcanic breccia and tuff, volcanic 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 mottlin~ of blue with white patches, which is the com~ 
mon appearance of a schistose tuff, suggests a volcanic origin. 
This suggestion is supported by numerous deposits of tuff 
whose fragments have not been destroyed during metamor­
phism. Only the sedimentary volcanic rocks have been 
found in this region, but volcanic flows of Algonkian age 
appear in the Gastonia quadrangle, just northeast of this dis­
trict, and in the Cranberry quadrangle, 60 miles to the north. 

,The schist formed from the more basic volcanic rocks is char­
acterized by the presence of an abunda.nce 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 soils. 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~ 
emIly into reddish or browniElh 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 uuderlies 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-,vhlte sericite s('hist without manganese oxide are not 
distinguishable from other portions of the Battleground forma­
tion, and parts nre o,lso tuffaceous, like such portions. The 
manganese oceurs as masses of black oxides in lentieular vein 
fillings, with or without quartz, in places several f('et thick. 
From these larger deposits innumerable small seams and vein­
lets of manganese oxide extend through large masses of' the 
schist, tilling cracks 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 hay€' a 
similar origin. The manganese in veins and veinlets is appil1'­
entIy of secondary origin and entered the formation in solution 
through fissures and fractures. rrhe solutions penetrated the 
smallest fractures and joints in the schist and from these spread 
into the pore spaees between the mineral grains, depositing 
oxides and hydroxides of manganf'se. The larger veins repre­
sent the trunk channels through 'which the manganese solutions 
entered the Tocks and from which all the smaller veins, seams, 
and impregnation deposits were fed. 

Possibly, however, the manganese may haye accumulated 
some,vhat like bog ore in the same basin with the sediments, in 
this 'my heillg first widely disseminated through the formation 
and later concentrated by solut.ions 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 surfirial artion 
and conccntration, for the unaltered rorks do not contain so 
much disseminated manganese. 

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

CAMBRIAN SYST"EItf 

The Cambrian rocks in this region are a metamorphosed 
sedimentary series, and now they consist of squeezed conglom­
erate, quartzite, graywacke, slate, schist, and marble. K 0 

fossils have been found in them, and the rocks are phl,ced 
in the Cambrian system on account of'their extensive metB­
morphism, their similarity in detail and in general sequenee 
to oUler known Cambrian rocks in the southern Appalaehian 
region, their position abo\"e rocks already classed flB AI1-!;oll­
kian, and their position above a major unconformity of the 
magnitude that cllHrf'leterizes the base of the Cambrian through­
out the Appalachian Mountains. The sequence of rochl 
assigned to the Algonkian and Cflmbrian in this distriet is H 

close duplieate of the known sequence of the Algonkian lllld 
Cambrian rocks in western ~orth Carolina and Virginiu. 

The Clunbrifln rocks occur in long, narrow belts that extend 
northenst arross the middle of thE' (~affney-Kings 1\1ounhlin 
cliRtriet. Owi.ng; to thrust faulting, the rorks at many pla('e~ 
do not oectlpy their normal sequence, and their mapping iR 
aecordingly diffieult. Similarities between some of the Flchists 
of the Camhrian rocks and those of' the Algonkian on thf' one 
hand and the Ardlean on the other add to this diffieulty. 

The earliest Camhrian rocks consist of ('onglomerate aIHI 
quartzite. Three types of quartzite are recognized, apparf'ntly 
distinct in charader in separated outcrops, but gradations 
between them are evident in some areas. Similar grudfltions 
also oecur bct.ween some of the quartzite and the eonglolllerate. 
The beds of quartzite and assodated slatE' and schist klve heell 
grouped uncleI' the name Kings ~Iountain quartzite becausp of 
their strong development in Kings Mountain and the neigh­
boring rcgioll. The conglomerHte will be described uncie]' the 
name Dray ton ville conglomerate member, as prominent expo,­
sures are found on Drayton ville :\Iountain. 

Difi'er€'nces cxhibited by the quartzites are great, but sepa­
rate names have not been applied to the different types. Each 
quartzite oC'eUl'S neB!' or in contact with the Draytouville con­
glomerate in one pint or anothcr of the region, and the con­
glomerate may he represented by a quartzite in some places. 

The younger and fjner-~rained Cambrian rocks consist of 
slate, phylliie, serieite schist, mica schist, and limestone or 
lIUlrble. The I:!chists have been grouped under the namc 
Blacksburg schist, because the belt of schist passes through the 
town of Bbcksburg. The limestone or marble is cull€'d the 
Ciaffney marble hecaURe of its large development neal' Gaffney. 

KINGS )lOUN'j'AI:.\" QUARTZI'I'E 

Distrihnt10n and charl1cter.-The Kings Mountain 
quartzite, includilli!,' Drayton ville con~lomerate member at 
thc hlll'le, has its greatest devclopment in Crowders Mountain, 
The Pinnacle of' Kings Mountain, and between those hills Hnd 
the town of Kings 1Iountain in the hills known as Yellow 
Ridge. Outcrop,'! extend to the southwest beyond Gaffney, 
but these tHe chiefly narrow belts, 1\1ost of the beus of quartz­
ite are hard and resistant to ,veathering and aeeordillgly 
form hills or ridges. Prominent examples of these hills are 
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Crowders 1fonntain, The Pinnacle, "Thitaker Mountain, and 
Silver :\Iine Ridge, which extends northeastward from Chero­
kee Fall:,. 

The Kings .Mountain quartzite is a eompoRite' formation 
made up of a conglomerate and three distinct kinds of quartz­
ite-kyanitic qnartzite, white nearly pure quartzite, and chlo­
ritic and sel'ieitic quartzite that grades into schist. These are 
gradations between the Thaytoll\"ille C'onglom€'rate and the 
quartzite, or rather replacements of the conglomerate by the 
quartzite. 

D'I'(fyto'I1V1:tlr' conf}/omer({te meillber.-The Draytoll\·ille con­
glomel'nte member oeeul'S in a serieR of nanow belts and a few 
broader masses, wbieh extend from the southern part ot 
the Gaffney quadl'angle northeastward through Dray ton ville 
Mountain, of which it is the principal rock, and through 
Cherokee Falls to Kings Mountain ridge and beyond. It 
flppears again in the Lincolnton and Gastonia quadrangles, 
northeast of Kings :3fountain. 

The Dl'aytom"ille conglomerate is a hard heavy-bedded rock, 
\vhieh generally crops out in cliffs 01' 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 eontinuous for 3 or 4 miles, but others can be 
traced only a few hundred yards to abrupt terminations. 

Some of the bodies of the Drnytonvme conglomerate, 
me!lsured across the strike of its schistosity, are several hundred 
feet wide, but probably this ft,pparent thickness is due to dupli­
eation by folding or to approximately fiat beds in which the 
schistosity does not correspond with the bedding. The tllick­
ness is probably nowhere greater than 50 feet and in many 
plaC'f!s may be less than 25 teet. The Dray ton ville conglom­
erate if'! the basal nwmber of the Cambl'ian rocks and oyerlaps 
on hoth Algonkian and Archean rocks. 

The eonglomerate is no\v almost a gneiss but still retains 
many of the eharactf'l's 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 fland \vith which variable quantities of 
r:ilt. or mud were mixed. By metamorphism the pebbles have 
been crushed an(t recrystallized into flattened forms that have 
nearly elliptical cross sections, the sand has been recrystallized 
into a qUHrtzite filling between the pebbles, and the silty 
impurities have formed mica and other metamorphic minerals. 
.\ p:Jndlf'1 arrangement of the flattened pebbles and mica sell,les 
has produeed H df'eidl'd gneissil' structure. In some places the 
ot'iginairock was eomposed l1lmost entirely of quartz pebbles 
and sand, whieh metamorphism have yielded a roek resem-
bling sh~a]'ed In t1is rock the pebbles are recognized 
with difficulty, on account of the obliteration of their ontlinps 
in the inclosing sand. 

Kyrwitic qnal'lz'ile.-The kyanitic gual'tzite has its greatest 
developmcnt in Cl'owtlel'l'; Mountain tlnd The Pinnacle, but 
smallf'r masses oeeUl' in Rcattel'ed localities, as in Henry Knob, 
,Jefferson Mountain, Hnd tlw country east of The Pil1llncle and 
Crowdel'R Mountain. 

Most of the kyanitic quartzite crops out in ledges or large 
hlockR, but in some places it has broken down to a grawlly 
soil that contnins ('obblE's and pebbles of kyanite. In Crowders 
l\Iollntnin Hnd The Pimiaele cliffs rise almost vertically 2,5 to 
200 feet above the steep talus slopes below. (See pI. 2.) As 
these 1'l1l1lll1lits supposedly represent the bottoms of rather broad 

the vertical height of the kyanitic quartzite 
forms H mensure of the thickness~that is, 

from 100 to 200 feet. The typieal kyanitic quartzite is com­
po"pd chiefly of quartz and kYll11ite \vith smaller quantities of 
otht'l' minerals, such aR mica or sericite, magnetite, and hema­
tite. Tn some places quartz is the predominant mineral, but. in 
ot.hers kyanite is equally or even more abundant. The kyanite 
OC('l!l'S in long-bladed crystals that lie in the rock at different 
angles. (Ree pI. 7.) In some occurrences the crystals are 
developed most. strongly in ecrtain beds and show a tendency 
to form with their lengths parallel ,,6th the bedding. At ot.her 
plflecs tnfts or radiated groups of crysta.ls oecur. Stains of 
hematite and limonite are abundant in parts of the kyanitie 
quartzite and proba.bly result largely from pyrite that was 
tlsi'iociated with tIle unaltered rock. 

The qnartzite ranges from medium to coarse grained, and 
sOllie of' the erystah;; of kyanite measure nearly 3 inches long 
and half an inch thick. Most of the rock is visihly schistos€', 
nnd Bome is strongly handed in layers of varying composition. 
BOllle of' the strongly metamorphosed beds that contain much 
mica are distin~l1ished with difficulty from the kyanite gneiss 
of the Curolina gneiss. 

The kyunitie quartzite resists weathering strongly, especially 
those layers in which kyanite is abundant. The more granu­
lal' portions of the quart.zite teud to crumble away faster than 
the crystnls of kytmite, whi('1I aeeol'dingly stand out above the 
Hl11'faee of the rock, lind the layers of rock that are rieh in 
kyanite pl'~ject abo\'e those that eontain less of thai mineral. 
Thif'! differeutial weathering yields outcrops of rock that show 
very round fl1ll'filces from which sharp splintery er'ystals of 
kyanite project. 

In the nearly vertical cliffs on The Pinnacle (pI. 2) and 
Crowders Mountain weathering has left. great sbbs of rough 
kyanitic quartzite standing apart from other masses 01' tilted 
over or fallen down on the talus slopes below, and irregular 
cell-like eavities as much as a foot 01' two ucross occur in the 
cliffs. Probably these cavities are due to weathering in whic~ 
the purer granuInr 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 01' Ulan 
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 quartzite. -- White quartzite crops out abundantly 
in a belt that extends from Gaffney through Blacksburg to 
Kings Mountain and on across the southeast cornel' of the 
Lincolnton quadrangle. The hard ledg'es stand a few feet 
above the surface or angular blocks of quartzite of different 
sizes are seattered 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 quartzite 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 scattered 
nnmerous blocks and fragments of different sizes. The soil 
consists of a more compact sand than that which generally 
results from the weathering of granite. 

Chl()ritic and serie/He quartzite.~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 
plBces tbis rock oceupies high ground and forms ridges that 
have rather steep slopes. Estimates made from the width 
of some of the outcrops indicate a thickness of more than 500 
feet. 

The Dray ton ville conglomerate is associated with the chlo­
ritic and sericitie quartzite iu several places and appears to be 
in normal sequence with it. In the Lincolnton quadrangle 
the white quartzite is also associated with the chloritie and 
serieitic qnartzite and represents a purer form of that rock. 
Gradations OCellI' between the two varieties and also from white 
quartzite to the chloritic and serieitic slates and schists. These 
roekR are generally fine grained and are chiefly green, greenish 
gray, and gray. 

The chloritic and sericitic quartzite is variable in composi­
tion and t€'xture. 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 zircon have been 
recrystallir.ed 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 
ha YC 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 roeks grade into 
typical chlorite.sE'r~cite schist. In plaees considerable second­
ary qnartz has been deposited in them as lenses and broken 
veins, mostly conformable with the schistosity. Some of the 
outcrops of such rock resemble conglomerate. 

The purer quartzitic plHl.ses weather to fine sandy soils, but 
where chlorite is abundant the resultant soils are tan-colored 
to brown and in some places resemble soils formed 9Y the 
weathering of' hornblendic rocks. 

Disil"ioution.-The Blacksburg schist lies normally between 
the white quarizite 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 
par!lllcl with these forlllations in a general zone extending 
from the areD 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 
Blacksllllrg;the formation has been Bamed after that town. It 
has a thickness of about 800 to I,OnO feet. 

Charactel'.--The Blaeksburg~,s{'hist rflnp.;es from tine gray­
'wacke to fine-grained seririte schist or phyllite. In a measure 
it is a tTflnsitional formation 'between tlle 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 
aoo feet thick. The finer beds consist of gray, bluish-black, 
and greenish sericite and mica schists. 

A lumpy texture, 'which is most eyident in partly weathered 
phases of the schist, is due to rather coarse scales or bunches 
of scales of mica. The yariety showing this texture is some­
times called fish-scale schist and is especially common near the 
marble beds in this region. Ko sharp contact has been found 
between the Blacksburg schist and the Gaffney marble. Near 
the marble the schist is calcareous and contains free caleite in 
scattered grains, lenses, and thin sheets, which become more 
abundant toward the marble. 

The Bla('ksburg schist weathers readily into dark-brown 01' 

green clayey soils, ra:nging from a sandy to a very sticky 
clay of moderate fertility. The transitional ca.Icareous forms 
bet\veen the Blacksburg sehist and the Gaffney marble weather 
to a dal'k reddish-brown, very fertile soil. 

lJiEiribulion.-The Gaffney 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 ure generally obseure, and many of them 
have been prospected by pits or quarried. Most of them occur 
in low ground along the valleys of st.rCHms. The largest expo­
sures are in the quarries neal' Gafl'uey, and the fOl'mation has 
heen JlHJ1led feom that tOWIl. To the south and east of Grovel' 
there are 1.',"0 marble belts, ill both of which quurries have oren 
opened. Toward the tmvn of Kings Mountain only one belt 
has been loeated. 

Clwmcter.-The Uafl'ney marble range!'! from very finC' to 
medium fine grained and from bluish gray to wLite, All 
varieties are 10C~lIly ealled limestone, but the texture is sutfi­
eiently crystalline for them all to be dassed as marble. ~Iost 

of the rock has a schistose 01' banded structure made plain hy 
the presence of impurities such as mica and hornblende. Out­
crops of t.he Gaffney marhle obseryed in the different deposits 
range from 30 feet to about :300 feet across in the ·Whisnant. 
ljUany, t.wo-thirds of 11. mile southeast of Grovel', "'where the 
beds are duplicated by folding and dip 35° lQV., so that. the 
thickness of the marble would he l(-'ss than 1~0 feet. At least. 
50 feet of mixed pure ~md impure marble is exposed in the 
large pit of the Gaffney Lime Co., but this is 110t the full 
thickness of the formation at this place. The beds that origi­
nally formed the top of the Gaffney marble are not known, 
110r ure any later sedimentary roeks known here, berause over­
lying beds have been completely removed by erosion. 

The pmer grades of marble consist chiefly of granular cal­
cite, together with small quantities of quartz, biotite or ph log­
opite, and tl'emolitc or otllPr light-colored hornblende. In 
some of the roek epidote and pyrite are present. In some 
plaers the Gaffney marble is highly magnesian, one of the 
upper beds in the Gaff'lley limestone quarry carrying 41,U.l per 
cent of mngnesiulIl carbonute, The blue marbles are the pm­
est in lime, and the white beds curry more magnesia. The lC8S 
pme marbles contain quartz, biotite, both light and durk horn­
blende, epidote, and oiher minemls ill inm'easing quantitif's 
and accordingly grade into calcareous biotite and hornblende 
gncisses and schists. 

WeathcT1:ng.-Tn most places the Gaffney marble hml weath­
ered to the depth of ground wnt'"l' or deeper. Thus longi­
tudinal valleys 01' lines of low gaps null hollows have formed 
along the marble belts. Hy solution at the surfhee :Hlcl along 
joints and fissures irregular ehallllels ha\'e been produced in 
the marble, find in plares only nodular IlHl8St's of the rock hnve 
been left scattered throngh resillual elay. The soils over th(1 
marble are generally dark rf'(l or brown ~tieky clays. 

L"\TF. ('ARllONlFJ:ltOUK (?) IN'l'RUS1VE ROCKS 

lJil1tn'bu"ion.-Gl'Hnite is nhllndnnt in the north'west corner 
of the Kings Mountain qUt1<lrangle an(l along the adjoining 
horder of the Gaffney qundnlllgle, Smaller hodies of it are 
also scattered oYer other parts of the Gaffney quadrangle. 
TIle ntlme WHS taken from 'Vhitcside }IoulltHin, in the Co wee 
qmHlrangle, which lies west of the Pisgah quadrangle (see 
fig. 1), ""here the granitc' is Y(,1'y prominently de\'elol'lecl and 
crops out in huge {·liff.... The 'Whiteside granite is found in 
Humy areas ill the region hehveeTI the Gaffney-Kings l\1ount:'lin 
district and the Pisgah q1ladrangle, especially where geologic 
mapping hns hecn 1101le in the Lincolnton, Morganton, and 
Saluda quadrangles. 

Characle1'.-The granite consists chiefly of orthoclase, micro­
cline, and oligoclase feldspars, quartz, muscovite and biotite 
mieas, and such accessory minerals 8S 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 emaIl quan­
tities. Garnet is plentiful in some parts of the granite, espe­
cially those which haye yielded to metamorphic processes 
and have recei ved a schistose structure j 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 
outcrops. 

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 'Vhiteside 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 
massive granite in the interior of It 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 structural planes. 

In places the 'Vhiteside granite exhibits flow banding in 
roughly parallel layers of minel'lll. 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 a bsorbed masses of other rocks. The 
fioY" structure may be present in one part of a granite mass 
and absent in another a few feet distant but is more common 
neal' the contacts \vith other rocks. 

Relalions.-The Whiteside granite is intrusive into the 
Carolina and Roan gneisses, and it is cut by the diabm'18 
described belo\y. The intrusive relatiolls of the granite are 
shown by the domed structure of masses from the borders of 
v,,'hich the strata of the gneiss dip away at different angles, by 
the indusion of masses of the various gneisses with 'which it 
is in contact, by the occurrence of dikel'l both cOllformuLle 
with and cutting across the bedding of the inclosing- gneisses, 
and by the rela.tions to pegmatite tLat cuts other rocks. 

.Around Cherryville, in the Lincolnton quadrangle, north of' 
the Kings Mountain quadrangle, a large mass of the 'Vhitesidc 
granite has formed many sills in the gneiss, especinJly to the 
south"vest 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 grHnite Oecur 
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 granite are abundant in the gnei~ses, 

especially near the larger masses, and in some places thcse 
dikes branch out or cut across the schistose planes from one 
bed to another. 

Irregular bodies of pegmatite occur in the granite and 
extend from it into the surrounding rocks. These pegmatites 
range from extremely coarse grained' rocks to those that have 
the texture of coarse granite, and in places they appeal' to 
grade into the granite. The constant association of the peg­
matite with the gnluite and the gradation of the one into the 
other show a genetic relation between them. In places the 
gneisses and schists ha \'e been so intruded hy gl'auite pegmatite 
that only the rock that predominates in a given area is repre­
sented on the map. 

Inciusions.-Masses of the in vaded rorks are inciuded within 
the "\Vhiteside granite, particularly where the hornblendir 
rocks of t.he Roan gneiss are cut by the granite. The relations 
arc most clearly shown in a large area 3 to 5 miles south of 
Chen'yyille, 1n tLe Lincolnton quadrangle. In many places 
tLe inclusions have been more or lrss absorbed by the granite 
magma, on which they Lave left tlleir trace in the changed 
composition. Thc absorption of the schists of the Carolina 
gneiss has yielded streaks of highly micaeeous granite that. 
grade into highly micaceous schist. The hornblendic rocks 
when intruded were broken up into more bloeklike bodies that 
pni:!sed out into the granite magma. Such inclusions were 
more or less dissolved the inclosing magma, so that the 
magma became more near them. Thus the composition 
of the granite was changed t.hrough considerable masses, Hnd 
there are gradations seemingly from inclusions of diorite to 
quartz diorite, to hornblende-hiotite b'Tflnite, to granite rich in 
biotite, and to the normal 'Whiteside granite. 

-Weathering. -The 'Whiteside granite weathers first to a 
friable sandy gray mas!'! that closely resembles the original 
granite. The feldspars and biotite mica in this material 
are only partly decomposed. Further ,veathering results in a 
thorough decompOf'lition or kaolinization of the feldspars and 
the romplete breaking down of the biotite, , .... j:lich yields a 
red clayey soil that eontains scattered quartz s~md 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 products and the concen­
tration of the quartz grains in this layer. 

Age.-Because of the relations of the Whiteside granite to 
the rocks associated with it that are described below, and 
because of its little-metamorphosed character, the granite is 
considered to be younger than Cambrian, with a probability 
that it was intruded dudng the mountain-building activity at 
the end of the Carb.oniferous period. 

YORKVILLE 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 crops out abundantly in the southeastern part of the 
Kings Mountain quadrangle and in a small part of the north­
east comer. Other extensive deposits occur to the south, in 
the Sharon quadrangle. 

Chamcier.-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 phenocrysts. l\licroscopic 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 occurs in lustrous black scales. Quartz is 
variable in quantity and size of grain. The accessory minerals 
are also variable in quantity. 

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 ill composition occur from the typical granite into 
diorite, 11 result of the absorption of diorite blocks by the gran­
ite. 'l'hese blocks were floated out into the granite magma 
during the mechanical stoping by the invading granite and 
more or less dissolved 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 ('on tact zones of the Yorkville granite and occurs in the 
hornblendic portion of the rock as scattered grains, aggrega­
tions of grains, and yeinlets. 

Agc.-The Yorkville granite, like dle 'Whiteside granite, 
cuts the Roan gneiss, and is therefore younger than the gneiss. 
It is cut by the diabase and is therefore older than the Triassic 
period. Owing to the lack of evidence of as strong dynamic 
metamorphism as that which occurs locally in the vVhiteside 
granite, the Yorkville granite is thought to be younger than 
the "\Vhiteside and was probably intruded during the mountain 
building at the end of the Carboniferous period. 

Weathel"'ing.-The Y orkyille granite weathers to many strik­
inp.; forms, such us large rounded masses or bosses on the 
hillsides, fioors 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 pIs. 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 8ubsoils, and the washing out of clay 
and lighter products of decomposition produces a light sandy 
soil at the surface. In the hornblendic varieties of the granite 
neal' 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 
epidot.ized fine-grained granite. 

TItIASSIC SYST.E1tl 

Dish·ibution.-Diabase occurs 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 I'-"ilbert to a place about 3 miles south west 
of the town of Kings Mountain, and another through the 
northeast cornel' of the Kings l\lountain quadrangle. Very 
few dikes were observed in the western part of the Gaffney 
quadrangle, and only two southwest of Broad HiveI'. Some 
of the dikes Mn be traced 6 to 9 miles and cut across the 
bedding of all the otller formations of the region j others 
extend only a fey,. 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. 



Oharaoter.-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 
calcic labradorite, augite, olivine, and magnetite, together with 
pyrite in one specimen and secondary cldorite 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. SOllle that are less than 25 feet thick crop out for 
se\Teral 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 fluid magma. 

lVeathe1'ing.-I~esidual boulders of diabase are abundant 
along the ontcrops, persisting for long periods and becoming 
widely scattered over the surface, especially on hill slopes. 
Prolonged weathering along the cracks in the dikes under the 
surface pl'oduces a highly rust-stained sandy earth, especially 
rich in iron hydroxides, somc of which has the properties of 
ocher. 

1fost of the outcrops now consist of numerous rounded. 
boulders or "niggerheads," a few inches to 2 feet tllick, scat­
tered over the surface. In road cuts where the dikes are 
exposed the boulders are in process of' formation. 'Veathel'ing 
proceeds along joint pIanos, which cut the dikes into blorks. 
Corners are reduced faster than the plane surfaces of the 
joints, and rounded forms result. 

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

STRUCTURE 

O:ECi!EHAJ, FEATUHF.'l OF 'l'HJ: "\PPAL\CIIJAN RECHON 

Types of struciure.-Tllree types of' rock structure prevail 
in the Appalachian region, eueh in general charaeteristic of 
the geographic division or divisions in which it OCCurR. 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 be€'n variously folded and 
faulted, wilh the result that the beds have slight to yery steep 
dips and show in part a slaty cleavage. In the mountain dis­
tricts and the Piedmont, OJ1 the east, the rocks have been 
extensively folded, faulted, and mashed, so that strong eleava~e 
and extensive metamorphism have resulted. Thus the folding, 
fiwlting, and metamorphism to which the rocks have been sub­
jected in the Appalachian region are progressively more intellSe 
from northwest to southeast-thHt is, from the Appalachian 
Plateaus to the A ppalachian mountains and the Piedmont. 

Fold'ing and faulting.-All stages of folding occur from 
those in which the strata dip slightly to those in which they 
are steeply inclined or e\Ten overturned. In the southeastern 
parts of' the Appalachian region-that is, in the Appalachian 
mountains 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 
iJlregnlarities in ouic'rop than the younger rocks and as a rule 
are tra('ed across conntry with greater difficulty. Most of the 
yOLln~er rocks, whieh have been subjected to notable compres­
sion during only oue period and that a compression ·which 
acte(l principally in one direction, have been folded into very 
long antielines and synclines. The outcrops of the different 
formations made by such folds consist chiefly of long stl'aigllt 
belts, which a.re duplicated in reverse order on the opposite 
side of the axes of' the folds. 

Coincident with the periods of great folding there was much 
overthrust faulting that resulted from the breaking of the 
Rtrata along the 10\\'81' sid('s of overtul'lled anticlines under 
contintlPd prf'S~Hlre. Some of' the faults are Inrge and are 
measmed by miles of' overthrust. Otllers may have throws of' 
only a. few feet. 

These features are abundant in the Appalachian valleYR and 
mounhtins an!l in the Piedmont. They trend northeastward, 
conforming approximately 'sith the shore line of the ancient 
continent. Local variations oceur where secondary forces haye 
acted from other directions than the southeast. The structure 
of' the older rocks, especially the Archean of the mountain and 
Pie(}mont regions, is more complex as a result of the action of 
forces that caused deformation at more than one prriod and 
in different. (lirections. These various compressions have left 
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their traces on the rocks in both large and small structures. 
ThuR 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 aeted 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 l('ft a strong impress on the rocks of all periods. Thus the 
main structural features of many of' the Archean and Algon­
kian rocks, fl,S well as those of the Cambrian rocks, follow the 
,e:enerHI 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 
is a broad difference in the direction of the schistose planes, 
the strudural axes, and the belts of outcrop of the two sets of 
formations; the Cambrian and Algonkian features trend in 
comparHth'ely straight lines about ~. 30°_60° E., whereas the 
Archcan features may trend in any direction but generally 
trend more nearly north than east. This relation is particu­
larlyobvious in the vidnity of the great batholiths of granite, 
·which have thl'ust anci. forced up the surrounding rocks in 
great domes. The upward pressure exerted by these batho­
liths was very unlike the horizontal pressure by \yhich most of 
the folds of the region were formed. 

l1Ietallwrphi-sm.-A prominent result of the different stresses 
to which the rocks haye been subjected during folding and 

is metamorphism, which includes the development of 
in one or more directions, slip eleavage, slaty deay~ 

l1,ge, nl'w minerals, and general recrystallization of tbe rocks. 
A14 wonld be expected, the oldest rocks show the greatest 
metamorphism. 

The prevailin,g Rchistose planes of the meta.morphic rockl:l 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 
north west, but in most places they range from 50° to 80° BE. 

In many places where metamorphism was extreme the 
original texture and lllineral eomposition of' the rocks have 
undergone so great It change that it if, not possible to distin­
gniRh hetween sedimentary and igneous rocks. Thus, mica 
schists and miea ,gneisses of "ery similar appearanee have 
developed from rocks of both kinds. Bueh changes and trans­
formations are described more in detail in the section on the 
intIi vidual formations on pages :~--(). 

LOCAl. S'I1tuC'.rUR}~ 

featu1'es.-Extremely complex rock structure has 
from the deformation of the l-Iedimentary and igneom! 

rocks in the Gaffney-Kings Mountain distrid. The sedimen­
tary rockR must haye originally been depositetl in nearly hori­
zonhd layers. The igneous roeks "V ere intruded in the uSlIHI 
fOl'm8 as bHtholitlls, sills, fllld dikes in a. great vat'iety of 
attitudes. The sedimentary rocks have all been metamor­
phosed, the older rocks more than the younger. The igneous 
rork'! range from tho"e which have been so intensely metalllOl'­
pho::::ed as to have lost their identity to those which do not 
exhibit any trtleE' of metamorphism. The older and more 
metamorphosed igneous rocks, such as the Hoan gneiss, arE' 
cOillprt'sse(l into folds approximately parallel ,,'lith those of the 
ineloslnp; rocks. Later il1trl1sives, such as the Yorkyille gran­
ite and the diHbasl', are onl'y in part affected in this way or are 
fret' from metamorphic action. 

The broader strnctural features of the Gaffney-Kings Moun­
tain district comprise straight, corrugated synclinal troughs 
of Algonkian and Cambrian rocks that extend northeastward 
aerOSR thE' middle of the area, great arches of older rocks OIl 

hoth sides that are composed of many lesser anticlines, and 
domelike intrusions of' later gmnite. The synclinal troughs of' 
younger rocks have hrell preserved because these rocks were 
deepl'y infolded and illfanlted in the older rocks and still 
extend to eon~iclernble depths below the present surface, which 
hiLS been developed by erosion. The two antidinal areas have 
been uplifted by folding and faulting above the synclinal 
tr()ugh~ alld to some extent have been thrust to\vard ('ach 
oilw]', H" is shown in some localities by the thrust faults that 
dip northweRt and sonthE'ast on opposite sides of the syndinal 
trough. 

}/olding.-Only bare approximations of the larger folds of 
the .\rehean rocks can Le arrived at in this district. Some 
of' the details of the smaller folds and tllOse laf'.t superimposed 
on the rorks can be worked out, especially where rocks of 
widely diffrrent natllre are in contHCt. Especial difficulty is 
f'ncotmtered in working out the structure of those parts of the 
Carolina gneiss which show few variations in composition and 
which do not inelose other rocks, such as hornblende gneiss or 
granite. 

Large areas of Carolina gneiss in whieh only a few other 
rocks are inc·losed ocenr in the western part of the Gaffney 
quadrangle. The outcrops of this ,gneiss strike prevailingly 
north and east of north and hnve varitlble dips. 'Vide local 

Yariation8 in strike occur; thus, near Broad River in the 
neigh borhood of Abes and Jolly )Iountains the strikes fall in 
all quadrants of the compass. l\lost of the dips of this gneiss 
over wide areas are low, ranging from 10C to 30°, but abrupt 
changes to high or yertica,l dips are common. In many small 
seetions observed in road cuts and similar exposureR 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 crop 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 eonsiderable areas have been mapped 
in detail. The horn hlendic beds of the Roan gneiss inclosed 
in Carolina gneiss can be recognized in most outcrops, and 
their occurrence in long, narrow helts with branching outcrops 
or in larger areas with zigzag contacts shows folded structure 
of more or less eomplexity. Nearly parallel beds which joiq. 
and dip in the same direction but at different angles are prob­
ably parts of overturned folds. These folds occur east of Earl, 
in the Gaffney quadrangle, and neal' the town of Kings 
Mountain, in the Kings Mountain quadrangle. 

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
('rops occur. The long belts represent the outcrops of eroded 
edges of simple folded or fimlted strata, and the more irregular 
outcrops show the more complex structure, where crumpling 
and faulting have been extreme or where anticlinoria or syn­
clinoria pitch up or down from the surface. Thus, where the 
anticlinoria of Hoan 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 
outcrops in the Kings Mountain quartzite and associated rocks. 
Similar complexitieR doubtless Occur in many other places 
where ant.iclinoria of' older rocks pitch under later rocks, such 
as the ROHJl gneisg and Bessemer granite under tlle Rattle­
ground schist, but the absence of a reeognizable sequence of' 
beds in the Battleground schist makes it impossible to work 
out the details of thiR structure. Thc folds in the Cambrian 
roeks are overturned to\,·mrd the sontheast in the Kings Moun­
tain qua.drangle and toward the northwest in the Gaffney 
quadranglE', as shown in the structnl'e-Reetion sheets. 

Around some of' the large intl'1l13ions of 'Yhiteside and 
Yorkville gmnites the strata have been uplifted or domed. 
Tlw best example of this feature occurs around Cherryville, in 
the Lin(:olnton qUHdntngle, north of the Kings Mountain 
quadrflngle. Then' the Carolina gneiss has been domed up by 
a batholith of 'Yhitf'siae and the snrroundinp; strattl 
have becn intruded hy of the same rock. The outcrops of 
these sills ana the inclosed glleiss curve around the main mass 
of gnlllite Hnd dip away from it. The bat.holiths of 'Vhiteside 
granite that occur in the northwestern purt of the Kings 
Mountain quadrangle :md adjoining parts of the Gaffney 
quadrangle must have produeed considerable doming of the 
formations, but the present el'Osion surface cuts them below 
the depth at which these relations would be prominently 
exhibited. Very much the same may be said of the large 
batbolith of Yorkville granite in the southeastern part of tlle 
Kings Mountnin qllad~'!lllgle. 

Jr'au16ng.-Thrust faulting rws prodlleed a laek of symmetry 
in the seqnence of strata of nearly pill'allel similar groups, as 
in muny plaecs alollg the belts of the Kings l\lountain quartz­
ite, }{lacksburg sehist, and Gaffney marble. .Many of the 
interruptions in the outerops of the Dray ton ville conglomerate 
member nre also probably due to thrust faults. Some of these 
fanlts are shown on the areal-geology maps and in the struc­
ture-section sheets, \mt undoubtedly there are many others 
which haye not been detected because they OCCIll' in large for­
mntions that laek ensily distinguished heds by which fault 
offsets can be determined. 

The fault planes 1u1\'e yariable dips, Bome of them ycry steep 
ana others as low as 300, with inelinations to the north'west or 
to the southeast in different parts of the region, as shown in 
the stnwture-seetion sheets. 1\101;t of the f~lUlts along the belt 
of Cambrian roeks dip to the northwest in the Kings .Moun­
tain quadrangle antI to the sontheflst in the (laffney quad­
rangle. The fimlts are associated with folds that are greatly 
compressed and overturned, and they dip in the sallle direction 
as t.he overturned axial planes of the folds. 

No direct measurement of the amount of throw of any of the 
large faults has been po.~Rible, but the :ftult which Duust the 
Archean ro('ks upon the GHffney marblc at the quarries near 
Oaffney mnst neeessarily have had a throw of' several times the 
thickness of the underlying Blllckshurg schist and Kings 
.Jloullitl.in quartzite, which is prob,tbly more tlWIl 1,000 feet. 
From this size the faults deerease to thoRe wllOse throws are 
meHsured in illches. 



The folds and fillllts aTe of yery different lengths, some of 
them only a few yards IOllg and others more than 10 miles. 
Those which cnn be traced the farthest are in the Cambrian 
beds that extend from the area near Gaffney northeastward 
through Blackshurg 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 im(l the Ciaffney marble have 
proved the most suitable beds for t.racing, and accordingly it 
has been possible to determine their structure in the most 
detail. 

Fis8ur£ng.-Another and much bter form of structure occurs 
in connection with the diabase dikes of Triassic age. "fhe 
molten rock that now forms the diabase was forced into open 
fissures, most of them less than ;)0 feet across but miles in 
length. These dikes and fissures have nearly pamllel trends 
of N. 20°-500 W. and cut directly across all other structural 
features and rocks. As no offsetting; of the forma.tions is 
visible where the fissures have cut them, there was evidently 
little or no motion in the rocks. The dikes and fissures ~re 

approximately vertica.l and undoubtedly descended t.o gl at 
depth, so that they reached the deeper parts of the earth's cr st­
and reservoirs of molten rock. The fact that t.he fiss res 
remained open enough to receive the diabase shows that he 
rocks were in a state of tension that was the direct opposit of 
t.he strong compression which they suffered during the fori la­
tion of the older structural features. Such tension mi ht 
have resulted from a doming of the earth's' crust so that its 
upper parts were relatively longer. The diabase dikes' nd 
fissures are found here and there over a large area in the Pi~d­
mont of Georgia, North Carolina, and Hout.h Carolina ~nd 
closely resemble similar rocks and fissures of knovv'n Tria~sic 
age in other parts of t.he Piedmont. I 

ECONOMIC GEOLOGY 

1I'fINEHAL RESOURCES 

The Gaffney-Kings Mountain district has been the scenlOf 
eonsiderable prospecting and mining at different times in he 
past. Amollg the minerals that have been mined are g ld, 
iron ore, barite, limestone, monazite, kaolin and clay, rock for 
furnaces and for building, tin, and emerald. Other mine als 
that have been prospected are lead, mallganese, pyrite, 11l ca, 
graphite, garnet, and corundum. 

Among the minerals mentioned as having been mined v ry 
few have provcd profitahle ,,,hen all thc expenses of opera ion 
are taken into consideration. Among those which may h~ve 
paid all costs are limestollt), mona.zite, kaolin and clay, ba~jte, 
lind iron ore. Some of these deposits, such as the iron dres 
and mona.zite, would reqllire very careful operation to pa.y 
under present conditions but were profitflble under the eOl).di­
tions that prevailed at the time of opm'ation. Individiual 
mines of the other minerals have been worked sl1ccessflllly~ at 

~:~;l:l'~;:l'ing part of the time, :::l'e[l8 other milles have Projred 

General jeatwrc.'!.-J)eposits that. (,Hrry gold in veins nd 
placerR have been found over a considerable area in the so th­
east half of the Kings Mountain quadrHngle and the SOl.lth ast 
corner of the Gaffney quadrangle. More than twenty of t ese 
deposits haye had a good deal of prospecting. He\'eral have 
proved to be promising, and one vein with its accompa y­
ing placers-that of the Kings "Mountain mine-has yiellea 
gold whose total value has been estimated at $7':;0,000 to 
$1,000,1100. 

The belt of gold deposits extends northeastward across :the 
middle of the Kings ~Jount.ain qundrangle from the southwest 
cornel' nearly to thc northeast cornpr. Most of these deposits 
are quartz fissure WillS in sericite or hornblende sehist derh'ed 
from the Bessemer granite or Roan gneis8 rf'spectively. A few 
similar deposits occur in the Battleground schist near outcltJps 
of Bessemer g;mnite. The depo,9it at. the Kings :Monn ,[lin 
mine is somewhat different. HeTe the ore body has repl' ced 
beds of limestone or marble. A number of typical deposits are 
described below. 

Kings J.1fmmtain or Catawba mine. - The deposit at the 
Kings ]\Iollntain mine was dis('overed in 1834 and was "war ed 
intermittently until about 1895. Operations then ceased, mt 
fl.'om 1910 to 1918 prospeetinp; was carried on around the old 
workings and preparat.ions were made to reopen t.he m ne. 
The condition of the mine at present is such that nothing an 
be seen of the underground workings, and the accompanying 
description has been prepared from the literature and fro,n a 
study of surface conditions and the dumps. 

The mine is about 2 miles south of the town of Kiings 
Mountain, at the border of Gaston County. Placers haye been 
worked over an area. of a feY",' acres along the branch below the 
mine. 

Twelve or more shafts have been sunk, some of' which oon­
nect with drifts, crosscuts, Hnd stopes. Some open-cut work 
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and sluieing was also done. Two of the shafts are more than 
;~oo 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 t.hat furnished by people now best 
acquainte(l 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 t.hese veins have been stoped 
out fi'om t.he upper levels. 

Some of the decomposed rock or saprolite associated with the 
vein carried considemble gold that could not be easily saved. 
A method of sluicing and washing, however, was devised hy 
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 chloritir mica 
schist.s 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, fig. 4). The belt of chloritic 
mica schist and its inclosed marble and graphite is bordered 
on the northwest by nne black sericite schist, probably of 
Oambrian age. The relat.ions and approximate boundaries of 
the different rocks arc shown in Figure 4. 

FIGUElJi; 4.-Sketch geolo!!:ic and topographic map of the region flroulJd thn 
Killg~ Mountain gold mille, Gaston County, N. C., 1913 

The general strike of the formations is northeast, ranging 
from north to N. 70° E., and the prevailing dip is northwest, 
chiefly Ht a high angle. Great variations from this attitude 
occur locally. In a gully 50 feet south of the Rock shaft 
there is a curved outcrop of marble in graphite schist. This 
outcrop appears to represent a small fold that has a pitch of' 
about 20° ~E'J but its relat.ion to the veins or mineralized 
deposits of the marble is not definitely known. The deta.ils of 
the struct.ure of the rocks with which the gold veins occur can 
not he worked out, but evidently there has been folding, 
possibly accompanied hy thrust faulting. Prohably the mar­
ble was mineralized only along t.he flanks of the folds, and 
there has been little replacement along the axes. Possible 
positions of the out.crop 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, etc., 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 t1le surface they consist of' iron-stained eellula.r quartz in a 
decomposed earthy matrix, alRo stained with iroll. These con­
ditions prevail to the leyel 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 tha.t 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 Recker 1 ment.ions 
fluorioo, biotite, pyrite, pyrrhotite, chalcopyrite, mispickel, 
galena, zinc blende, tetrahedrite, altaite, nagyagite, bismite, and 
bismutite. The ore is reported to have been rich along the 
footwall of t.he veins. The average content of gold in different 
parts of t.he workings is variously estimated at $3 a ton and 
more. One en~ineer's estimate vms $R a ton ~uring t.he time 
of his supervision. 

The mine is equipped with powerful pumps, hoists, and ft 

30-stam p mill. 
The probable origin of the deposit can be given only in 

outline. The limestone and indosing rocks ,yere doubtless 
considerably folded before the int.rusion of the granite. The 
intrusion mashed and crushed the adjoining rocks, aiding in 
their metamorphism. From the deeper portions of the solidi­
fying gTanite probably came the solutions which replaced and 
mineralized the limestone, already pa.rtly marbleized. These 
solutions passed through fractures and deposited their mineral 
contents where conditions were fayorable,' Oalcium carbonate 
was easily replaced by the ore minerals, which accordingly 
accumulated in the marble beds wherever channels were open. 

FeTgIJ130n mine,-The Ferguson mine is 2 miles S. 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 eXHmination of' the 
workings in their present ('ondition, and reports are variable 
but agree in the statement that rich ore was found in parts of 
the mine. Some ore was hauled to Blacksburg for treatment, 
some was cOllcentrated and shipped, and SOIlle was milled at 
the mine. 

The principal country rock has been called altered yolcanic 
tuff by U"rnton,2 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 ,"vorkings. 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 bodif's of ore were developed. 

The ore deposit consists of fairly rich pyritiferolls 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. \Vith 
the gold occur quartz, ealcite (in veilllet.s), pyrite, a little mag­
netite, and illllenite. The mineralized wall rock contains 
pyrite and quartz that have replaced some of the original 
minerals. The pyrite-qual't.z ore is reported to average $10 to 
$15 a ton in gold, and the replaced wall rock about $3 a ton. 

Darwin m·i·ne.-Tbe Darwin mine is 3l 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 mile and a half to the south of it. Another 
group of deposits has been opened two-t.hirds of a" mile in a 
direction north of east of t.he 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. 'York at the Darwin and other mines has 
been intermittent, and the last work was done in 1911 and 
H)12. The Smith mine, two-thirds of a mile in a direction 
north of east of the Darwin mine, was in operation during 
1913. The ·McGiIl mine is also north of the Darwin, on 
Reech Branch. 

Openings ha ve been made at intervals on the Darwin vein 
on the Darwin ground and on t.he 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 gTanite and con­
tains inclusions of belts of hornblende schist of the Roan 

1 Becker, G. F., Gold field~ of the southern AppaJlWhiallS: U. S. Geol. 
Survey Sixteenth Ann. Rept., pt. 3, p. 301l, 1895. 

"Graton, L. C., Reco:nnaiSSl1.nC(l of some golq. and tin deposih of t.he 
southern Appalachiaus: U, S. Geol. Survey Bull. 21l3, p. 96, 1906. 



gneiss. At, the Elouth 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 schistS! strike 
,lightly e ... t of north and dip vertically or 'teeply .. ,t. At 
the south end the strike is more to the northeast. At nearly 
all the mines two or more veins 'have been found, generally 
lees than 75 feet apart. The veins strike ilTegularly 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 crosscut 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..gtained cellular 
quartz, the cavities in which are filled with limonite. The 
veins range in width from a few inches to about 6 feet, but 
the pyrite is only sparingly scattered through the whole mas!:! 
and is generally concentrated in streaks a few inches to a foot 
thick along on€' or the other wall or within the mass of the 
quart¥.. Chalcopyrite 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 mica were found in vein quartz. 

The oxidized ores are free milling, and free gold 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 
is reported to have ranged in value from $25 to $114 a ton. 

Sm1:th and other minea.-At the Smith mine quartz debris 
covers the ground over an area more than 100 yards square. 
Several prospects and two shafts have exposed at least fonr 
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, 011 deposits of the same general char~ 
acter as those described. Among these are the Terry & Horne 
mine, It miles due' south of' Kings Creek station and 2 miles 
north of west of Smyrna; the Wright mine, Ii miles S. 650 W. 
of Smyrna; the Hardin mine, 1 t miles S. 5fio W. of Smyrna 
and nearly half a mile southeast of the Wright mine j 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 Smyrna, back of Canaan Church; the 
Wallace mine, It miles due north of Smyrna and the sume 
distance east of Kings C'reek; 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 McCarter mine, 2-1- miles 
S. 55° W. of Bethany; the Patterson mine in South Carolina, 
It miles N. 30° W. of Bethany j the Patterson mine in North 
Carolina, 3 miles S. 850 E. of The Pinnacle; the Flint Hill 
miue, in dIP. extreme southeast corner of the Gaffney quad­
rangle; the Lockhart mine, a miles S. 25° E. of Gaffney j the 
Durham mine, Ii miles south of Stepps Gap; and the Cflle~ 
douia mine, 2 miles S. 60° E. of The Pinnacle. 

PZacer8.-In the country between Cherokee Falls and Gaff~ 
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 veins inclosed in th~ Carolina gneiss that mnkes 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 alrendy developed in Cambrian time. 

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 irou was done prior to and during tlle Civil Wflr, 
and most of the ore was smelted in local furnaces. Three 
principal varieties of ore were mined-magnetite, hematite, and 
limonite. HideI'ite was found in such quantity in the· Cameron 
lead mine that its nse as an ore of iron was considered. The 
ores occur in several different types of deposits assopiated with 
different rock formations. Some of the ores are mixed so that 
they can not be 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. It 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 8erpentine.-The iron~ore deposits in serpentine are 
inclosed in areas of Roan gneiss intrudl by Bessemer granite. 
Most of the deposits have been found n a mass of such rock 
that lies southeast of Blacksburg and e tends to the southwest 
across Broad River. These deposits furnished considernble ore 
to the furnaces of this region during the ICivil War. 

The Black iron mine, known as pit No.2, is 3t 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 s.chist of the Roan gneiss, cut by 
layeI'S of schistose granite. The ore is composed of' magnetite 
and serpentine and other magnesian minerals, such as talc" 
chlorite, tremolite or actinolite, and dolomite. The magnetite 
OCCllI'S in masses and grains disseminated through the serpen~ 
tine, chlorite, 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 otbers on the same 
lead southeast of Blacksburg. These deposits are apparently 
very similar 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 
River 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. 

Ore in chloritic mica 8chist.-Certain chloritic mica schists 
that contain considerable quartz, which are mapped as Archean 
and are bordered by Bessemer granite, carry considerable 
magnetite. These schists have been prospected at a number of 
places, and some of the deposits were mine~ 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 Dray ton ville Mountain. In this general region 
some of these deposits are difficult to distiIJ.guish 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 
WaB 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 8chist08e tuff.-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 
Gap and at the north end of Crowders Mountain. Good sur~ 
face speci mens were obtained from beds of coarse schistose tuff 
east of The Pinnacle. 

Ore in quartzite and ottrelite.-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 Mountain. The deposits 
were opened by numerous pits and trenches, crowded close 
together where the ore bodies were lar~e. 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 siliceous 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 is reported to have been not very high, though the 
ores were readily smelted to iron of good grade. 

Brown ore in Carolina gneiB8.-Brown iron ore, consisting 
chiefly of limonite and some intermixed hematite, has been 
mined several miles west and northwest of Gaffney. The da­
posits are scattered over an area a few miles square. The ore 
was smelted near the mines, in a furnace on Cherokee Creek. 
The deposits occur in the highly crumpled 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 othem to have been simply deposited from solutions that 
circulated through fractured rocks. Most of these deposits are 
in the form of scoriaceous rusty~looking masseS. Where the 
inclosing rocks have weathered away the ore is left in large 
and small fragments scattered through the surface soils. 

Gerwralfeature8.-Barite 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 df'posit of the Cherokee Chemical Co., rtlong 
the railroad near Kings Creek, is tlie only one in opera.tion. 
Some of the mines are over 30 years old and have not been 
recently worked. 

The deposits occur in white, bluish, or mottled quartz~ 

sericite schist. The barite occurs in veins or elongated lentic~ 
ular ma~ses inclosed in the schist, generally about 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 scattered inclusions or sheets of wall rock ranging from 
a small fraction of an inch to sevtlral inches thick. 

Quartz in grains and irregular masses is scattered through 
the barite in many of the deposits, and gulena, sphalerite, 
pyrite, and stains of iron are fonnd 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 illches across. The purest barite is snow-white, 
but some that is used commercially is light pink. 

Mine of tlw Oherokee Chem'ical 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 tlle 
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 about 
N. 25° E. and dip about 300 BE. 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 
fl'om It point nellr the level of the stream to a point 25 or 30 
feet higher. U ntiI the veins are worked down to the bottom 
of' the valley the barite can be removed by open cuts with a 
minimum stripping of overburden. 

The veins are for the most part in the Battleground schist 
near the contact with the Bessemer granite, but some are also 
found in the schistose parts of the granite. They range from 
1 to 6 feet thick and differ in quality locally. In places sheets 
of' sericite schist 01' 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 are milled for shipment. 

Law80n mine nnd Iworking8 rwar by.-The Lawson mine is 
about two~thirds of a mile east of the south end of Cl'owders 
Mountain. The deposits have been opened througb a distance 
of half a mile on the Lawson property and at other places 



within a milc in a directioIl a little west of south. Two pros­
pect~ also have been opened at the north (md of Crowders 
Mountain. The work at the Lawson mine was on a fairly 
large scule, and the old ,,,ork on the Craig place, now the south 
end of the Lawson property, ·was also extensive. The Lawson 
mine waR opened by several shaHs ao to 100 feet deep, by 
drifts, and by pits and open CIlIR. '1\vo main veins were found 
about 100 feet apart. In most of the mine they rangt'd from 
2 to ti 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 3f) feet. 
The ore bodies here are reported to lIn ve been vMry similar to 
those at the main working of the Lawson mine. 

The country rock at these mines is iine white siliceous 
sericite schist of' the Battleground formation, which strikes 
1\. 108 -20" K and dips steeply west or is vertical. Bodies of 
Bessemer granite occur near the barite deposits, and a ledge 
of hard kyallite 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 occur in streaks and patches 
in the barite, and some of' the ore neal' the surface is slightly 
pinkish. 

Othm' depos£ts.-A barite deposit in the extreme southeast 
corner of Gaston County, N. C., has been worked by a trench 
about 150 feet long and shafts. The workings are badly over­
grown and caved, but It 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. 'Vaste rock on the dumps shows that the barite in 
places incloses sericite sehist and other impurities. 

Later prospects have been opened from 1 to 2 miles north 
of Pie(lmont 8prings Hnd 1-~ miles south of' the Kings Moun­
tain Battleground. Veins l'allbring from a few inches to 2 feet 
in thickness were exposed in some of these openings. 'l'hey 
were inclosed in white sericite schist., in approximate conform­
ity wi1h its llol'theast 8trike and nearly vertieal dip. The ore 
taken out Wi-lS very similar in qmllity to thi-lt at the larger 
mines. 

]\[ost of the so-eulled limestone of this region should be 
dassed as marble. HOlllP of it is eyen coarse-grained marble, 
but most of it is rather line grained. 1lueh of it is mag­
lwsian, and SOItlC contains sufficient n1al!;nesium to be cli-lssed 
as dolomitic marble. The most productive deposits belong to 
the Gaffney marblc and are of Cambrian age. Three deposits 
associated with Areheall ro(~ks have also been found but have 
not been llsed eommereially. These are at the Kings Moun-
tain gold mille 4), on Kings Croek 4 miles north of 
Kings Creek and nenr Thieketty. The last is a small 
bed of coa1'se marble. 

The Ci-lmbrian marble has been found or quarried at 
intervals all the way from Limestone Springs, 1 mile south of 
Gaffney, nortl18ast\ovanl through Blacksburg, to the southeast 
and f~ast of (hovel', lind on to the tm\'n of Kings Mountain. 
Deposits have ahlO heen fou11d in the Lincolnton quadrangle 
and still ffll'ther northcnst. 1\1ore than 15 quarries have been 
opened at different times ill the Kings l\loulltain and Gaffney 
quadrangles t.o obtain mok for burning into lime. Most of 
these qUIll'l'ies were small, hnt one near Uaffney has been 
worked on an extensive scale. The limesto1le lms been burned 
near the quarries, and the lime generally has been used locally. 
A f€\y quarries, espeeially those near Gaffney, have supplied 
lime fot' 8hipment to eOlli-liderable distances. Most of the quar­
ries have been operated intermittently, llnd at only t,hree lli-lve 
modern continuolls-burning kilns been installed. 

.Most of the deposits are in' 1m\' ground, and the outcrops 
from which development ''lork proceeded OCCllI' chieHy in 
stream beds. This fhet and the fad that the limestone is likely 
to eontain solution channels where ~pring waters flow make 
some of the quarries wet. and rather diflicult to operate. 

Gaffney qaa'l'r'ies.-The Gaffne'y quarries are about 1 mile 
south of' t.he center of GaffIiey 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 t.he main 
quarry of the Gaffney Lime Co., the last one worked, whirh 
is about 400 feet long, 150 feet wide, and 7;j feet deep. Work 
ill this quarry was begun on the outcrop and was carried back­
ward and dowm'lard 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 c~lllsed the stoppage of the work in una. 
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 t.he quarry is bluish gray and according to Sloan 3 

contains nearly 97 per cent. of calcium carbonate. '1'his part 
was \"\Iorked for burning into lime and was 20 to 30 feet thick. 
:Some parts of the marble cont.ain inclusions of flne hornblende 
schist, biotite-hornblende schist, and other impurities, but 
t.hese can readily be sorted out. Fine crystals of pyrite occur 
in places in t.he marble but not in sufiicient quantity to injure 
the lime prepared from it. 

'rhe marble reaches its greatest development in this localit.y, 
and the area underlain by it is especially wide on account of 
t.he unusually low dips. The beds were folded rather lightly 
in the area oecupied 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 nnderlying gneiss next to the marble. 

In many of t.he other quarries along t.he limestone or marble 
belts the quality of the rock and the relations of the beds a.re 
similar to those in the Gaffney quarries. The beds of marble, 
however, are not so thick as in the Gaffney quarries, and most 
of tbem 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 sehist and in some places hornblende 
schist. Most of the deposits have southeasterly dips, which 
result from folds overturned by compressi ve forees t.hat acted 
from the southeast. 

Monazite, which is valued for its content of thorium, a sub­
stance used in the manufacture of incandescent gas mantles, 
has been mined ri-lther extemlively 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 sluice boxes fed through perforated 
iron plates or screens. (See p1. 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 lmvest 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 unles",! sufficient water can he obtained to sluice off the 
upper few feet of overburden they generally can not be profit­
abl'y mined. The monazite of the placers is derived from 
certain rocks that have heen decomposed, lelLving the resistant 
monazite ('oneentrated 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 t.he stream 
beds of smal1 valleys, along which the hills are cultivated, the 
deposits ('an be worked profitahly oyer and over again, in some 
plaees three or fOllr times ill one year, for fresh supplies of 
monazite are washed into the stream beds during heavy rllins. 

A large number of minerals are found in the first crude 
monazit.e concent.rates, including garnet, magnetite, rutile, 
ilmenite, zircon, cassiterite, kyanite, corundum, tourmaline, 
and staurolite. Tn some of the deposits in the northwestern 
part of the monazite belt in Rut.herford and Burke Counties, 
~. C., gold is sa\'ed, but in the monazite deposits of the Gaff­
ney region little gold has been found. Zircon is plentiful in 
some of the monazite eoncentrat.es and eould be extracted if 
suffieient demand should arise. The monazite-bearinf!; grayel 
has heen deri yed through the erosion of arei-lS in which granitic 
and pegmatitic rocks are abundant.. In some places, especially 
in Cleveland County, N. C., the Whiteside gmuite and the 
associated pegmatite forins the bulk of the rocks underlying 
a.nd ~mrrounding t.he monazite placers, but as a rille t.he 
country rock consists of some variety of the Carolina gneiss 
together with granitic and pegmatitic material. As a rule 
these schists and gneisses are saturat.ed with pegmatitic mate­
rial ill the areas of rich monazite deposits, and in some plaecs 
the pegmntization has been so extensive th(ot the rocks and 
t.heir resultant soils are difficult to distinguish from granitic 
roeks. 

~Ionazite in some places forms as much as 1 per cent of the 
roek. In many places the decomposed pegmatized rock or 
saprolite will yield from a fe\y grnins 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, K. C., such rocks were quarried and 
milled fot, monazite. The monazite content varied widely in 
the different beds within a t.hickness of 18 feet across the layers. 
One bed over 3 feet thick averaged about 1 per eent of mona­
zite, and ot.her beds yielded less than 0.03 per cent. 

----

• Sloan, l<~a.rle, Cata.logue of the mineral localities of South Ca.rolina: 
South Carolina Geol. Survey, 4th ser., Hull. 2, p. 23;), 190K 

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 pegmat.itic 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 aecumulates by the 
washing and I:lliding 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 residua.! and semiresidual deposits in the 
small valleys, where the ordinary products of rock decomposi­
tion have remained in place and similar materia.l 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. 

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 
schist, and the rock was used chiefly in the iron furnaces before 
and. during the Civil "Tar. The prineipal 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 8hoals and at the dam on First Broad _River some­
what. porphyritic biotite granite gneiss of the 'Vhiteside gran­
ite was quarried for block and concrete construction. 

Nolarge quarries for.building granite have been opened in 
the Gaffney-Kings :Mountain district, but small openings hnve 
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 granit.e that crop out in the region northwest. of York 
offer favorable places for opening quarries. 

Di~tT'ibu,Uon.-The presenee 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 t.o much prospectillg and many attempts at min­
ing. In at least one plaee-the Ross mine, near Gaffney­
placer mining was temporarily done at considerable profit. 
Several prospects and mines have i-llso been opened in the 
Lincolnton and Gastonia quadrangles, north and nOl'tlleast of 
the Kings ~.fountain quadrangle. Practically all the work on 
cassiterite-bearing veins has been done at a loss, but this work 
has not been sufljciently ('ouclusive to prove 01' disproye t.he 
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 pI. 10.) So far as known the Hoss 
tin mine, nea,r Gaffney, is an isolated deposit but falls in nearly 
t.he same belt of rock formations as those between Grover and 
Kings Mountain. 

Inclosing 1'ocks.-The tin deposits occur in masses of pegma­
tite that cut. Archean rocks, either the Roan gneiss 01' t.he 
Carolina gneiss along or liear its contaet. with the Roan gneiss. 
These gneisses comprise hornblende schist, hornblende gndss, 
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 t.he bedding of the inclosing 
sehists, but others cut across the bedding with various dips 
a.nd strikes. There are many bodies of pegmatite which are 
similar to those that carry cassiterite bnt in which this mineral 
has not yet been found. 

The bodies of pegmatite range from less than an inch t.o as 
much as 100 feet in width, and from a few illches to probahly 
more than half a mile in length. Some are only t.wo or three 
times longer than wide; but others are a grent many t.imes 
longer. Some of the pegmatites occur in more or less pn.rallel 
position, others in a belt witb their ends overlapping or in 
line with one i-lnother, and others lie at different angles. The 



pegmatites in places branch, fork, swell and pinch out abruptly 
or h;lper 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 (lirec­
tion of strike and dip for considerable distances. 

Or'igin of pegmatite.-The pegmatites are chiefly intrusions 
in the inclosing rocks, but the relations are modified in some 
places by tile action of solutions or gases-that is, some of the 
pegmatites have been deposited f'TOIn aqueo-igneous solutions. 
To which dass many of the bodies of pegmatite belong is in 
plaees a matter of uncertainty. Both are believed to be the 
products of granitic magmas. In the crystallization of a gran­
ite magma water is exeluded and therefore may accumulate ill 
thc parts of the magma that remain unsolidified. 'rhis remain­
ing magma. aeeordingly hecomes more fluid until it is a coneen­
trated aqueous solution mther than a magma. The expulsion 
of these vcry liquid magmas and solutions into surrounding 
1'ocks results in masses of pegmatite that grade between typical 
dikes and typical veins. 

Dccll1'rmu;e of CaSh'itM'l:te.-The pegmatites of the tin belt, in­
cluding those that carry cassiterite, are diverse in compoAition. 
Home are compoAe(l of the usual minerals-feldspar, quartz, and 
miea - without. appreeiable quantities of other constituents. 
Others earry spodumene and cassiterite. Cassiterite occurs both 
in peg;nHltites which carry spodumene and in those which do not.. 
The other minerals observed in the cassiterite-bearing peg­
matites a1'e few and not ·worthy of note. Such minerals as 
wolframite and flrsenopyrite, which are associated with tin ore 
in other regions, appear to be absent here. Varifl,tions in 
eomposition consist chiefly in differenees in the proportions 
of the different minerals present. In some deposits feldspar 
predominates, in otherA quartz. In some mica is absent and in 
others it is abundant. 

Great irregularities occur in the distribution of the minf'rals. 
Quartz is segregated into large separate masses in some deposits 
and mixed through t.he rock in coarse grains in others. Cas­
sit.erite ill small deposits oecms in scattered grains through 
OIle part and is absent a few feet distant in another part of the 
same pegl1Hltite, 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 wit.h 
t.he main mass. ]n some of the pegmatites rich in cassiterite 
feldspar is only sparingly present if not absent. Deposits of 
this type, then, have the nature of greisen and have been 
obsened as lenses or streaks in larger bodies of pegmatite and 
along their contacts with other rocks. 

The eassiterite appears to have been one of the first minerals 
ill the pegmatite to crystallize. Its boundaries are sharp, 
although crystal outlines are rather rare, and there are no 
inclllsions of other minerals in it. In some places the concen­
tration of' the cl'lssiterite in g1'eisen along the pegmatite borde1' 
indieates metamorphic action, during which there were mutual 
react.ions hetwt-'en the dike and the wall roek. The reaction of 
wall rock and dike is also evident by the unusual coarseness 
of the micn schist of the wall in lUany places. 

Age of the tin depo,~its.-The roeks in the tin helt are of two 
classes-the gneisses and other rocks of Arehcan age and thc 
g1'aniteR, pegmatites, and quartz veins that eut the Archean 
roeks. The Archean rocks arf' greatly alte1'ed by deformation, 
but t.he younger rocks show little or no alteration. The 
'Vhit.el:lide grn,uite waR locally rendered sehistose but in la1'ge 
areas is massive and unaltered. It is therefore concluded that 
mOr3t of that grnnitc iR younger than the mountain-building 
movements that deformed and altered this entire rt'gioll. This 
conclwlion assigns to the \Vhiteside granite (1 late Ca1'honifer­
OUR ag/:. Similar l'em;oning assigns a probable late Carbon­
ifet'OIHl age to somc of the pegmatites and the quartz veins. 

It l'l('f'ms probablc that g-ranite, pegmatite, and quart]. veins 
form a eyc'le-that is, the granite invaded the Archean rocks 
n(~Hrly at the end of the Carboniferous period, the pe~matlte 
represents fI IHter stage of' intrusion, partly in mass and partly 
by permeating solutions, and the quartz veins a1'e the fInal 
pro(luets of the cooling magma. The general distribution of 
the ro('ks filvors this view, for the tin-bearing pegmatit.es are 
not in the granite hut are near its gencl'HI southeast margin, 
whereas t.he 1}11l1l'tz veins, ,,.,hieh are more or less mineralized, 
occupy a general belt southeast of the granite and huther fHvay 
from it. 

Local dc):{dopml'nts. - The only t.in mine in the Gaffney 
quadrangle is the Ross mine, near Gaffney. 

Twenty 01' more plaef's have heen prospected for cassiterite 
in the Kings l\:fountain quadrangle, and at a few of these 
plaees extensive work v·ms earried on. During IH07 the Blue 
Ridge Tin Corporation worked in the town of Kings Mountain 
awl at. several plRees southwest of the town along fl line of 
prospeets opened by Leaoux in 1888 and ]889. Among 
other prospeets t.hat huye heen tested a promising one 'Nas the 
Fair('s place, which was tested by Capt. S. S. Hoss and others, 
of fhffncy. ~amed in order from the 110rth bordel' of' the 
Kingfl l\Jo·untuin qua(lrangle southwestward some of the mines 
and prospects are the old mine of the JUue 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 pl'OS­
pect, eight-tenths of a mile in a direction a little west of south 
of the town; prospects tested by the Ameriean Tin Plate Co., 
which adjoin the Faires pl'ospect 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., It miles southwest of the town; the 
principal workings of the Blue Ridge Tin Corporation, 2 
to 2!i miles south west of the tmvn, consisting of t,,\'o deep 
shllfts, tunnels, and some placer work; three prospects of the 
Blue Ridge Tin Corporation that lie west of' the placer gronnd 
fl.nd \vithill half a mile to tb(' southwest; other prospects to the 
Rout h west; and one two-thirds of' a mile southeast of Croeker, 
,vhich was opened by Captain Hoss in 1903. Still other pros­
pects are reported southwest of the one last mentioned but 
\vere not examined. }~loat tin has been found at several places 
in the town of Kings Mountain and along the belt southwest 
of town. 

Ro.~s mt:ne.-The Ross tin mine is about It miles northeast 
of Gtlffney, in and along the northwest side of a small hollow 
that drains northeastwa1'd into a tributary of Providence 
Branch. The work consists of many open euts and placer 
washings and a. shaft more than 130 feet deep, within a space 
about ()OO feet long from northcast to southwest and 100 feet 
,vide. Placer mining ha.s been done on the lower part of a 
slope where water was available, and placer are from a.boye 
this area has been cal'ted down to the sluice boxes. In this 
way the greater part of the hill slope from the area neal' tbe 
shuft 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, togetlter with descriptions by Sloan 4 and Graton, r, 
ha.ve furnished matel'ial for the notes here given. A crosscut 
Vi'as dri.ven from the shaft northwestward to the vein on the 
(i3-foot level, and win].es were sunk on the vein from t.his level 
to the gO-foot level and there connected by a drift. The shaft 
cuts the vein Rt a depth of nearly 100 feet. 

The placer ground conta.ined both weatllered vein lllllterial 
nea1'ly in place and hillside d('bris from the vein. "\Vhere 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 excavated to depths of more 
than 10 feet. 

The country rock is interlayered hornblende schist Hnd tillf' 
hiotite gneiss of the Uoan gneiss. These rocks strike about 
northeast and the dips that were measmed range from 25" SE. 
in the stream to 60° BE. in the mine workingf'!. rn the stream 
the rocks were bitt little altered, but in t.he undc1'ground 
wOl'kings t.he saprolite was more than 60 feet deep and pHRSt~d 
p;radually into less altered rock. F1'om the 1000'1e1' workin~R 

hard, fresh wall rock was brought up, but the vein material 
\VflS partly altered. The waH rock on the dump consists of 
rather coarse hornbl(mde sl'iJist and ga.rnetiferous biotite gneiss. 
The pegmat.it.e in the upper workings was decomposed by 
kaolin17.1:1tion of t.he feMspars. Specimens examined fl'om the 
lower workings ,vere hard, compact, and schistose and COII­
taine{] nn abundance of compact fine se1'icite 01' pinite and 
a fib1'ons mineral like sillimanite. Under the microscopt' 
partly sericitb~pd orthoehlse, oligocJase, muscovite, sericitf', sill i­
nUHlite, cassiterite, a prismatic mineral that is probably staut()­
lit.e, and iron ore were ol>served. 

Tn tbe upper workings die strea.ks of hornblende sehist have 
wellthered to dark yellowish-brown saprolite and the mica and 
~arnet gneiss to dark-grayish saprolite. The pegmatite is 
represent.ed by masseR of white kaolin and a little intermixed 
quartz t.ogether with some mica. 

The eassiterite-bellring pegmlltite oeems as a series of irregu­
lar "heets and lenses nearly conformahle with the iue\osing 
gneiss and schists-that is, it strikes northeast and di ps 500-
600 BE. The belt of pegmatite bodies or veins ranges from 1 
font to nearly 10 feet in t.hickness, and the indiyidufll masses 
from less than an inch to 4 feet. The tin content of the peg­
matit.e varies; in some places the rock carries a large propor­
tion of cassiterite, and in others only a few scattered grains. 
(iraton 6 mentions a 100-pound sample taken aeross a pegma­
tite body 011 the 75-foot levE'l, whieh contained D pounds of 
cassiterite, Ol' about 6.5 per cent of meblllic tin. 

Most of the ore from the Hoss mine was decomposed and 
soft HlId could he readily coneentrated in sluice boxes. The 
ore from the lowest wOl'kings, however, was hard and required 
crushing before cOllcentration. The eoncentrntes obtained 
have generally averaged more than 6r; pel' cent of metallic tin. 
Sloan 1 states that the total shipments of cassitel'ite eoncentrates 

4 ~lo!m, Earle, op. <lit., p. 85. 
" GrntoTl, L. U., op. cit., pp. 49-.")0. 
'IdelTl, p. aD. 
; Sloan. Earle, op. cit., p. 92. 

from the Ross mine from its opening to 1906 amounted to 
about 1:30 tons. In 1907 the shaft was sunk to its present 
depth of more than V)Q feet. Since that time only a, little 
sUl'faee testing and some sluieing has been done, resulting 
in the pl'oduetion of several thousand pounds of concentrates. 

Kings Mountain mine.-At the Kings :Mountain mine of the 
Blue Ridge Till Corporation, three shafts were sunk from 50 
to 7tj feet deep and some drifts were run from them. A mill 
was erected neal' at hand for treat.ing the ore. The workings 
were not available for examination when visited, and little 
could be leal'lled of the result of' the operations. Uich ore was 
found in pegmatite debris on the surf·~lCe, and similar rich ore 
was reported from parts of the underground wOl'kings. 

The country roek is strongly folded coarse mica .sehist, and 
there is n. body of simila1'ly 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 vertieal, 
but 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 str~ng northerly pitch in the folds. The 
cassiterite-hearing pegmatites are ahout confol'mable with the 
sehistosity of the inclosing roeks, and the ore shoots probably 
pitch north ward in conformity with these folds. The veins of 
pegmatit.e range from less than a foot to several feet in thick­
ness as exposed near the top of the western shaft. Most of the 
pegmatite, especially thut containing much feldspar, is weath­
ered Hnd 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. 

Ca.'JsitE'Tite-bel1ring pegmat.ite crops out about 1;')0 yards 
southeast of tbis mine ill the gutter of one of the side streets of 
the town of Kings Mountain tlud is reported to have been 
found in a well about 300 yards farther south. A number of 
loose (,rystn,ls of cassiterit.e were found one-third of a mile west 
of' the railroad on both sides of the street leading toward 
Shelby. 

Falls prollpect.-The Falls prospect is on the east side of a 
hollow in the southern part of' the town of' Kings Mountain. 
It ,'ws teste(l a number of years ago by trenches along the 
hillside and by somc shaftf'. Large masses of pegmatite were 
exposed in the hillside workings, but litt.le cassiterite was found 
in them. A shoot of rich greisen WHS found in a shaft on top 
of' the hill east of' the trenches. Here the cassiterite-bearing 
greisen f01'med a pocket 01' shoot about 2 feet wide in a body 
of pegmat.it.e about 8 feet wide. The pegmatite is indosed in 
(~hlorite schist tha.t lies between hornblende schist on the north­
west and miefl. schist on the southeast. A ledge of tourmaline­
quartz rock crops out in t.he branch about 75 yards sout.heast 
of' the place whe1'e the tin lead crosses it. This ledge is com­
posed of gray to bmoky quartz penetrated by a large number 
of long, thin hlack crystals of tourmaline. In some places the 
tourmaline appears to bE' massive and to compose about half 
the vein. 

Faires p1'osJ>ect.-Development work on·the Faires 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 to-foot pit, at a pbce \vhere rich 
float ore was found, exposed H body of cassiterite-bearing peg­
matite :$ f'pet wide that Rtrikps N. 80° E. antI dips steeply to 
the northwest. The vein was ellt OIl the 40-foot level by a 
('rosscut from the shaft 011 t.he Routheast. The pegmatite is 
reported to have bren about.;-; feet. wide whet'e it was cut by 
the tUll11el and t.o have ('!tITied eassiterite. .A drift to the 
northeast showed the pegmat.ite to be wider and to enrry more 
cassiterite. Another body of pegmatite was prospected as feet 
southeast of' this yein but. showf'd no t'flssiterite. The pegma­
tite in the undel'ground workings is badly deeomposed, and 
most of the feldspar is kaolinized. The parts riehest in cassit­
erite contained less feldspar and remained harder. Some of 
thi~ ore ''1f1S VC1'Y rieh, and in one seetion exposed the roek 
was estimatcd to carry about 10 pel' cent of eassiterite. The 
country rock is hOl'llblendp schist, hadly deeomposed. A tour­
maline-qnartz vein is inclosed in the schist u. number of' yards 
southeast. of'the pegmatite. 

Other prospects \vere opened southwest of the main workings 
on other outcrops of pegmatite. Cassiterite was found in some 
of these also, and in one of' the exposmes the quantit.y appeared 
t.o be promisiui!,'. About BOO 01' 400 yards southwest of the 
main deposit It lal'ge hody of spodumene-benring pegmatite 
oyer 40 feet wide crops ont pl'onIinently in the llorth side of a. 
a Rmall valley. No cassit.el'ite ,,,ns observed in this l'O(;k. 
Similar outCl'0PS of spodumene-bearing pf'gmatite oeeur within 
half a mile to the southwest, Lut most of them lie nOl'th\vest of' 
the belt in which tin ore hITS been found. 

Plonk prosped.-Oll the IJlollk property a long trench was 
cut across the formations, exposing both spodumene-bearing 
pegmatite and cassiterite-hearing pegmatite inclosed in horn­
hlende schist. The formations strike N. 35° Eo and dip 
75°~W. 

Old Ledou;!; prospects.-Considerable prospecting was done 
along the ridge adjoining and to the sont.hwest of the Plonk 
property, nrr3t by Ledoux & Co. in 1888 HIld ]889 and later 



by the Blue Ridge Tin Corporation, At the northeaAt is an 
old crOS'lrut trpnch where little ('fin he seen at -present. ~ext 

is a tren~h about 200 feet long and 5 to 20 feet deep along the 
east contact of fl, large mass of pegmatite, .... \ t the surface the 
contact strikes N. 25° E. flml dips R(P ~W., but at a depth of 
20 feet it dips (10° NW. COHrse garnetiferons mica schist 
forms the soutltenst wall of the pegmatite. Cassitet'ite ,,,liS 
found in a greisen-like phase of tlle pegmatite idong the south­
east "mIl. The cassiterite-bearing portion was from 1 to :3 
feet ,vide and was rich in some pla('es find pOOl' in others. It 
is reported that a diamond-drill hole sunk over 100 feet west 
of the vein cut 5 feet of ore at a depth of 2'7;'') feet. The peg­
matite at this place is probably at least 2;'5 feet wide. To the 
northwest lie other large mHsses of pegmatite separated from 
one another by several feet of schist. These pegmatites do not 
crop out distinctly, but boulders have rolled between them, 
giving an appearance of one large deposit several hundred feet 
witle. Some of them carry considerahle spodnmene but appar­
ently no cassiterite. The cassiterite-bearing mass is inclospd 
in mica schist, but most of' the other Ulasses are inclosed in 
hornblende schist. 

About fiO yards southwest of the lonp; trench a shaft S;3 feet 
deep, called 1\0, 1 by the I~llle Hidge Tin Corporation, was 
snnk upar a pit where good ore had heen found. A 60-foot 
crosscut from the shaft cut three veins, one of' which carries 
cassiterite. These veins are inclosed in interlayered horn­
blende Rchist and garnetiferous mica schist. Farther so I1th­
"vest is a trench 1 00 feet long and H to 12 feet deep on a 
contact similar to that just deHcribed. This contact strikes 
about N. 25" E. and dips SO" Vi. Cassiterite was found in 
part of this trench, atld some of the ore looked promising. A 
I'Jhort distanee southwei"t two shafts had been SlInk, one on 
spoduBlf'ue-bearing regmntite. Cassiteritf' was reported in 
both of these shafts. 

Kf'ar the eud of' the ridge H trench W:lS mflde along the 
Rontll('Hst eon tad of Hnotlw]' large mass of Rpodumene-bcari~g 
pcglllatitt". This pegnwtite earried (,lIssiterite along the sonth­
pust ,vtdl, which is chloritic mica schist. 

()n H knoll about 200 YHrds west of this ridge, across fl small 
vallf'Y, anothE'1' ohl shaft 60 tf'e1 def'p iF! sunk in n lar~e mass 
of pE'gmatite carrying spodumene. A little cHssit(>rite was 
found at this place aud llhm at, another outeTop of' pegmatite 
IIh(!l1t. 2()() yards to the 8onthwf'st, whit'h is opt>lled by two pitR. 
The rock inclosing the ppgmatite at ('Hen of thesf' prospt'cts is 
hornhlendt> s(~hist. 

lJfaht 'If'o1'ks of the Hlllr Rid!JF: 'Pin Cm]loralio1J,.-At the 
northt'flRt end of the outcrops on the property of the Hlut' 
Ridge Tin Corporation 11 shaft HO fef't tleep (No.4) WHS sunk, 
Hntl a ()OMfoot drift was driven to the Ronthwest from it on the 
nO-foot level. A 20-foot prospect shaft was sunk south of thf' 
main shun. Two veins ,,,ere f'onnd-onf' in the 20-toot Ahaft. 
llnd the other lllong the northwest sitle of the drift on the 
(-iO-foot level. The lllnkrial in these Veillf! consists of s('histoHE' 
greisE'u-like pe~m11t;te :lnd is reported to have heen hadly 
crllshed in the undergrolllld workings. 

About 200 yards to the southwest shaft No.5 is sunk to a 
depth of 1;;0 feet. Underground workings cut two veins that 
carry (,Hssiteritf'. One of these veins, whieh crops out Hi feet 
southeast of the shaft~ was cut a fe,v fcet from the shaft in a 
crossellt to the southeast on the ,s5-foot level and dipped into 
the shaft near the bottom. This vein is said to contain fiue~. 

grained ore at the smface but coarser ore underground. The 
outnop of the other vein ,vas not fOllnd, hut the ore was 
reaehed in the crosscut on the H{i-foot leve1. Tt wa~ reported 
to have been coarse~grained rich ore. Another vein of cas­
siterite-bearing peglllatitf' was opened by a 2ri-foot shaft about 
60 j'llrds west of the main shaft. 

A larg-e vein of' spodumene-bearing pegmatite about 15 feet 
tbi(·k crops ont between shafts Nos. 4 alld 5. DeuriFl of cassit­
erite-bearing pegmatite 01' greiscn 'vas found near this v('in, 
llnd a little e!lf'lsilerite wus observed in the spodumene-bearing 
part. 

The country roek at these workingi'! consists of interlayered 
hornblentle schist and bluish mien schist that strikes nortlH'ast 
and dips steeply 10 the northwest 01' is nearly vertieal. The 
veins seem to be Ht least approximately conformable wit}l the 
indosing schist. 

Pbwer deposits lwve beeB \yorked in the bottom land along 
the valle.y southwest and south of the mille. The ground 
fa vorabh, Jill' this work is [,0 to 100 prds wide at the 
Jo\"E'r end :llld nanowEI 110rthwf'shv(lrd to shoals where the tin 
leHll ('rosses. It has H length of o\'er 2()0 yards. ,rater is 
available, Hud parts of' the plncE'r ground fire reported to have 

, bee11 tf'Eltt,d with filVOTahlf' rl'sul1s. This phwer ore was hanled 
up an inclined traek to a eoncentrating mill on the hillside, 
hut although sewrHI thousantl pounds of' eOllecn1rates were 
wa.,hetl Ollt, the work wns not profitable with sueh equipment. 

On the hill on tllp soutll\\'est side of the same valley a 
25-foot .,haft was sunk and a 10-foot erosseut "ein, A mass of 
spOdllnH'lle-bf'tlring pe,Q:IIlatitf', ,,) feet wide, inelosed in 10rn­
blewle nne! chlorite RehiRt, WitS pf'lletl'ated in this Rhaft, A 
little C<lsSilcl'ite is l'f'ported to Illlve been taken out. In two 
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prospects within half a mile to the southweFlt openings were 
made in similar spodul1lene-bearing pegmatite, inclosed in 
hornblende and chlorite schist. Cassiterite is reported to have 
h("en found in both. A body of tourmaline-quart;;: rock occurs 
fl hout ] 0 feet southeast of one of these masses of pegmatite. 

R08S prospecl.-At the old prospect two-thirds of a mile 
sout.heast of Crocker, which was opened by Capt. S. S. Ross in 
H103, a pit was sunk on the southeast side of a mass of peg­
matite nbout 20 feet wide. This pegmatite contained consider­
able cHssiterite in a streak seveml inches thick along the 
southeast ,vall, but only a few sCHttered 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 YHrdS 
soutbeast of' the pegmatite. 

Beryl occurs at seyeral plaees in these quadrangles, and :1t 
one place the variety kno,."u as emerald has been mined. The 
beryl occurs in crysti11s of different sizes in pegmatite dikes 
that cut rocks of different kinds. 

Lftrge crystals of beryl were found in an outcrop of pegmH­
tite in the tin belt, three-quarters of' a mile southeast of Crocker, 
only a few hundred yards northeast of' the tin prospeet opened 
hy Capt. S. S. Ross. The country rock is coarse mica sehist, 
and the pegmatite in which the beryl oceuI'S is Hpparent.ly 
10 to 15 feet thick. Nearly a dozen crystals, the largest of 
them 4 inehes hl diameter, .were observed. Some of this 
beryl is transparent and some translucent, but most of it if! 
opaque. None ofit has a strong color, but some is pale bluish 
green. 

At another locality, IN miles south of Patterson Springs, a 
few (,rystals of beryl were found in large residual boulders of 
massiye quartz left hy the weathering of pegmatite. This 
quartz eontained also hexagonal cavities left by the weathering 
out of other crystals. • 

Old Plantaiion emerilid mine.-Emeralds were discovered on 
the ,"V. B. Turner place, nearly 4 Illiles west of Patterson 
Springs, in 1909. After some -prospecting the property was 
purchased and worked until 191:3 by the Emerald Co. of 
America, under the nHme of the Old Plantation mine. Aboul 
3,OOn carats of' rough crystals of emerald, whose estimated 
value was at least ci\15,OOO, were obtained. The cut gems 
have been sold for $5 to $100 a carat wholesale. 

The emeralds oceur in pegmatite that cuts a mass of 
hornhlende hypersthenite and associated gahbro inclosed in 
hornblende gneifl.s, TIle hody 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 Hoan gneiss, 300 or 400 feet thick. 
The Whiteside granite has intruded theRe forlllations to the 
south and forms a belt along the east side of them. Smaller 
mHsses of the granite ha ye 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 
fl 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, leaying only a seam in the 
hyperstJlenite to show where it had pinched out to the west 
and in the bottom, In the east end of the cut the pegmat.ite 
either pinched out near or joined a boss of ('oarse-grained 
granite 01' fine-grained pegmatite that WHS exposed by tbe 
workings. This part of the dike was removed and the boss 
exposed without especial attention being paid to its relations to 
the emerald vein. Other veins that extend from the boss wcrf' 
prospected, hut no emeralds were found. 

The emerald-bearing pegmatite ranged from medium to 
fairly ('oarse grained. It was composed of quartz and feldspar, 
part of whieh, at least, was albite, and through it were scattered 
some black tourmaline and a few crystals of emerald or gTeen 
beryl. The crystallization of the minerals of the pegmatite 
was imperfect, but a few partly developed crystals were found 
in small irregular miarolitic cavities. The crystals found in 
these cavities were colorless Hull smoky quartz, albite feldspar, 
black tourmnJine, and a. little beryL The slIlall cavities werc 
partly filled with reddish-brown greasy-feeling clay, and the 
samc material, together with limonite stains, had pel'llleatt'd 
joints and seams through the pegmatite. The feldspar of the 
pegmatite had partly decomposed in places, so that the rock 
broke down rathE'l' easily. Home of the crystals of emerald 
were firmly atta('hed to other minerals, and some were loose 
and could he obtained by washing the sE'midecomposed matrix. 
At first many small fragments and crystHls of emerald were 
found in this way, but later gem emerald was found in place 
i.n the harder rock. 

The emeralds were simple hexagonal crystals of beryl 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 crystals 
had internal striations or irregularly shaped tubes extending 
through their length. These tubes ranged from suhcapnIary 
size to those that composed an appreciable part of the crystal. 
Some had been filled with clay 01' stHins of iron. The finer 
tubes appeared as silky striations in the erystals. The crystals 
ranged in size from that of a portion of' a large needle to a 
broken speeimen seven-eighths of an inch thiek and nearly.5 
inches long. 

Home 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. 
SOllle gems of paler grass-green color but almost flawless were 
fonnd. The gems have been cut i.n both faceted and cabochon 
forms with good effects. Gems cut cabochon which contain 
many silky internal striations giye a cat's-eye effect when 
tipped to and fro. The qnality of mHny of the emeralds could 
not be judged from their external appearance, as the exterior 
was badly striated and the reflection of the light made the stone 
appeal' both of lighter color Rnd more imperfect than it proved 
to he when cut. 

In all the other prospecting on the Old Plantation emerald 
mine property the most promising discovery was the oceHrrence 
of heryl in pegmatite in a. cut no feet from the main ,vol'king 
in a direction south of east. This beryl occurred in small 
partly clear crystals with a pale aquamarine coloI'. It cut into 
brilliant gems. Other rongh crystals of beryl, some with 
patches of good aquamarine color, were found in pegmatite in 
the trE'nch 200 feet east of the main workings. These work­
ings are apparently out.'3ide the limit of the hypersthenite and 
gabbro formations. 

Emernld contains a small percentage of chromium oxide. 
An analysis of Colombian emerald by I\'. 'V0hler showed 
0.1.s6 per cent of chromium oxide. Analyses of' the horn­
blendE' hypersthenite and olivine gabbro f!'OlU the Old Planta­
tion emerald mine showed 0.16 per cent and 0.17 pe), cent 
respectively. Beryl has been found in pegmatite that ('uts 
~neiss and schist at other places in this regi0n, bnt the only 
emenil(l deposit found is in pegmatite that cuts a chromium­
hearing rock. This association seems to be a natural one and 
f'lugl<ests that t.here was a partial absorption of the b!-lsic rocks 
by the granite magma and that some of the constituents of the 
basic rocks were taken into solution. 

Pegmatite associated with hypersthenite and gahbro can not 
everywhere be expected to carry emerald, for beryl has been 
found in only a very sOlall proportion of the large nnmber of 
pegmatite masses that occur in the region. Besides chromillm­
bearing basic rock and pegmatite, the presence of the chemical 
elements that enter into the eomposition of beryl in the original 
pegmatite-producing solutiolls or magmas would be necessary. 
Outcrops of basic roeks similar to those Ht 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 
SOUle of these masses of basic rock, a,nd in some of the out­
crops crystals of black tourmaliuf', quartz, and qUflrtz-inclosing 
aetinolite occur 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 ontcrops oceur north of that quadrangle within 2 
or 3 miles of the emerald mine. 

Galena, or sulphide of lead, occurs in some of the barite 
depositH, especially at the Lawson mine and at the Kings 
Mountain gold mille, and was obtained during the Civil 'Val' 
at the Cameron lead mine, .2~ miles southeast of Gaffney. 
'1'he Cameron deposit is reported to have been worked to a 
depth of about 140 feet and to have produced in all only a fE'w 
hundred tons of lead ore. It wa~ opened first as a copper 
prospect and was later worked for lead. The country rock is 
hornblende sehist inclosed in intrusive granite gneiss. The 
formHtions strike a bout N. :.35 0 E. and nellt' the mine dip 
40°_70° SJ<~. The workings show the vein to be nearly paral­
lel with the sehistosity of the inclosing rock. Specimens of 
the minerals of the vein thHt \'t'ere found on the dumps 
included siderite, quartz, galena, and chaleopyrite. Other 
metallic minerals, sueh us pyrite, pyrrhotite, and ietrahedrite, 
and Recondary minerHls, such as pyromorphite and malachite, 
were reported to have been present, especially in the upper 
part of the mine. 

Ahout 1;'5 or 20 prospects have been opened for manganese 
ore in the Gaffney-Kings Mountain district. They [l,rc nll 
inelnded in the manganese schist member of the Battleground 
schist nnd are seatteretl along this memher from Crowdf'rs 
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 
qua.rtz and occur in irregular veins tha.t are more or less con­
formable with the inclosing schists. The veins range from 
mere seams to deposits several feet thielc In many places 
streaks of t.he schist are included in the larger veins 01' lie 
between parallel veins. Smaller vein~ branch out from the 
larger ones and cut the schists at different angles. In one plflee 
a vein may be largely filled with manganese oxides, whereas in 
another place the same veiD 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 gi ving 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 are 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 
shafts only 20 or 30 feet deep, but [t 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, Hnd some drifting was done from it along the 
vein. Because of irregularities in the yein and the consequent 
uncertainties of the quantity of ore to be expected in mining, 
work ·was abandoned. The manganese deposits of this region 
have not proved of present value but may be of value in the 
fllture. 

A pyrite deposit in the Lincolnton quadrangle, north of the 
Kings .Jiountain quadrangle, has been ·worked on a large seale 
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 the8e prospects is on the Ross 
property, 2% miles 8. 22~ W. of Kings Creek station, and 
another is 3-! miles nearly due north of Kings Creek station, 
close to Kings Creek. 

The Ross prospf!ct 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 snwll grains of pyrite, and 
in places pyrite constitutes nearly all of the rock. An analysis 
by Sloan 8 shows nearly 4~.;j per cent of sulphur and 40 pel' 
cent of metallic iron with the rest chiefi v insoluble material. 

In the other prospect the ore consiste;i chiefly of vein quartz 
heayily impregnated with small crystals of pyrite. It occurred 
in a vein about 5 feet thick in chloritic mica schist belonging 
to the Carolina gneiss and nellr 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-bearing pegmatites oceur 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 south'west 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 crystals 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 yarieties of the Carolina gneiss inclosing pegmatite. 

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

'Sloan, Earle, op. cit., 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 'Vhitaker Moun­
tain, at three places west of the town, and about 3 miles north 
of the town. 

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

Most of the crystals of grunet in the schists have been more 
or less crushed and fractured, and near the surface they have 
undergone \'arious sta?:es of alteration along the cracks. In 
many places entire crystals of garnet ha\'e decomposed, leaving 
only patches of iron and manganese oxides or rust behind. In 
other places only portions of the crystals have decomposed, 
leaving fragments of fresh gal'l1et 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 awl practieally 
unaltered. By the weathering of garnetiferous rocks the partly 
deeomposed crystals of garnet are set free and in some places 
cover the surface like pebbles of rusty gra\'el. 

In a few places clear, flawless pieces of rich red ~arnet are 
found by brea,king up the larger crystals .. It is usually neces­
sary to remove the coating of rust from weathered fragments 
with acid before the quality sho\vs itself. A few specimens 
with g00d color and of sufficient size for cutting into gems have 
been found. Garnet has been observed most plentifully in the 
northeast cornel' of the Gaffney quadran~le. 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 mif!:ht have a value as an 
ahrasive 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 r~jected or brought. 
only small prices. 

Specimens of corundum have been found in several of the 
monazite placers and in t.he placer gravel at the Ross mine. 
~Iany specimens have been found in the soil ahout 4 miles 
west-southwest of Enrl, along a belt about It miles long that 
has a northward trend and crosses from South Carolina into 
North Carolina. ~o excayations have been made, but in one 
place small crystals 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 "\Vhiteside granite. All the rocks have weathered 
greatly, and only some highly micaceous beds that have 
resisted deca.y more strongly remain to show the trend of the 
formations. These beds have an ayerHge strike of nearly north 
and an easterly dip of 20'" to 30~. In one such ledge small 
crystals of gray corundum were indosed in a schist that con­
sists almost ,,,,holly 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 (j inches long. 
The greater number of the crystals 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 crysta18 shmv a strong sheen or chatoyancy. 

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. 01' less of fine loam underlain by a layer of gravelly sand 
that rests 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 rorks 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~ 
bIen die rocks, biotite granite, biotite gneiss and schist, and 
mica-garnet-kY(Lnite gneiss, form soils in tl. descending grade of 
fertility, find the quartzite and quartz-!3ericite schist probably 
make soils that are among the poorest. 'Ybere rock decay has 

not extended deeply or has been only partial this order of 
fert.ility of soil deri yed from different formations does not hold. 
AR a ,;hole, the depth of rock decay corresponds closely with 
the order of fertility as given. 

In some areas of' hornblendic rocks tbere 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 drainage 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. .JIost of the quartz-sericite schists 
leaye 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. 

V{ ATER RESOURCES 

SurJace t!!ater.-The Gaffney-Kings }fountain district is 
well supplied with surface water. Practically all the surface 
water, except that of Broad River, First Broad River, and 
Buffalo Creek, is derived from the springs of t.he 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 t.he topographic form is favorable, as it is throughout 
practically all the district except the areas near the divides 
between the drainage basins. Small areas around Kings 
Mountain and Gaffney, 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. 'Vithin 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 t.hat 
is now being deeply dissected. 

Ground waie1'.-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 nu~erous 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 quality can be reached by wells from 30 to 60 
feet deep It is rarely necessary to dig deeper than 60 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 fe,,, of them have been developed on moderate 
scales for medicinal water and as health resorts. Among these 
springs are Piedmont Springs, Patterson Spring:s, 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. 

TVrder powa.-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 
KingR Mountain quadrangle. The fall is concentrated mainly 
at Gaston Shoals and at Cherokee Falls and within 4 miles 
just below the falls, among the Kinety-nine Islands, ,,,here the 
river crosses very resistant beds of rock. These places contain 
by no means all the po,Yer, however, for the river falls within 
the district from 650 feet aboye sea level at the northwest to 
430 feet at the southeast. Small tributaries of the ri vel', such 
as First Broad River, Thicketty Creek, Clark Fork, Kings 
Creek, and Buffalo Creek. are capable of furnishing some 
po\ver, for they drain well-watered and forested basins and 
have greater amounts of fall than Broad River itself. 

De\Telopments on Broad H.iver at present (1925) consist of a 
72-foot dam of the SQuthern Power Co. at ~inety-nine Islands, 
half a mile above the mouth of Kings Creek; a dam creating 
a 48-foot head at Gaston Shoals; and a 9-foot dam, with 
possibilities of increasing the height, at Cherokee Falls. The 
capl-lcity at ~inety-nine Islands is 31,200 horsepower and at 
Gaston Shoals 18,000 horsepower. The water power at Kinety­
Hine Islands and Gaston Shoals is conyerted 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 Broael 
River about 2 miles southeast of tlharon. Smaller powel' 
de\"elopll1ents on the different creeks are used locally in flour 
mills and cotton gins. 
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PlATE 1.- CHARACTERISTIC OUTCROP OF TIN_BEARING PEGMATITE 

About two-thirds of a mile south of Kinl!s Mountain. 

PLATE 4.- PIEDMONT PLATEAU 

Viewed from water tower 1 m ile north of Kings Mountain, N. C 

PLATE 7.-COARSe KYAN ITE QUARTZITE ON SOUTHEAST SIDE OF CROWOERS 
MOUNTAIN 

PL ... TE IO.- KINGS MOUNTAIN 

From plateau 2 miles to the northwest. 

From point 1 mile d istant, looking southwest along the strike: surface of Piedmont 
Plateau in foreground. 

PLATE 5.-CROWDERS MOUNTAIN 

Looking N. 65" E. from the Pinnacle. Piedmont Plateau to the right and in the backg round. 

PL,o,n S.- WASHING GRAVEL FOR MONAZITE, 4 MILES NORTHWEST OF GAFFNEY, S. C. 

NORTH CAROLINA-SOUTH CAROLINA 
GAFPNEY AND KINGS MOUNTAIN QUADRANGLES 

Looking northwest from the Pinnacle. Quartzite ledges in foreground . 

PLATE 6.- PIEDMONT PLATEAU WITH KINGS MOUNTAIN RANGE IN THE DISTANCE 

Viewed from water tower 1 mile north 01 Kin e-s Mountain , N. C. 

PL ... TE 9.- PEDESTAL ROCK OF YORKVILLE GRANITE, DUE TO WEATHERING 

Two·th irds 01 a mi le northwest 01 Fi lbert. S. C. About 12 feet hi e: h. 

PLATE l1.- YORKVILLE GRANITE WEATHERING INTO MUSHROOM, SPHEROIDAL, AND CAVE FORMS 

Two mi lu N. 20° W. 01 York. S. C. 
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Md.-D.C .. 
Colorado ........ 
Ark.-Okla. (Ind. T.) . 
Michigan ..... .. 
S. Dak.-Nebr.-Iowa ... , 
New Jersey-New York . 
Maine .. . 
K ..... . 
Md.-Pa.-W. Va 
New Jersey 
Pa.-N. J.-Del. 
California. 
South Dairota 
South Dakota 
TuM...... . .... 
New, Jersey-Pennsylvania .. 
North DakOta 
New York 
Pennsylvania. 
Colorado. 
Pennsylvania-New York 
WyomiDa .... 
Pennsylvania, 
Alabotma ... 
Pennsylvania .. 
Pennsylvania. 
Pennsylvania. 
Md ... W. Va.-Pa 
Pennsylvania . 
North Dakota 
Maryland. 
Texas ... 
Ky.-W. Va.-Ohio . 
Illinois 
Colorado. 
Ga.-N. C.-Tenn 
Illinois 
Pennsylvania. 
New York 
New Jeney 
Maine .. 
California. 
Texa~ .. 
Illinois 
Montana . 
Ohio .. 
Colorado 
NewMe:zioo 
Dlinois-Iowa 
Minnesota 
Arkansas-Missouri 
Colorado 
Maryland. 
MWbia'an . 
Missouri-K~s . 
New Muico 
Illinoi& •••. 
South Dakota 
Minnesota, 
Md.-Del.-N. J.-Pa . 
Kansas. 
Illinois .......... . 
New Muico-Colorado .. 
Arkansas. 
Illinois .. 
Arizona. 
Oragon . 
South Dakota .. 
Illinois ..... 
Alabama ' 
Pennsylvania. . . . 

"These folios are also published in octavo form at 50 Mnts each. 
• Oc~vo edition of this folio may be had at same,price. 
fFolios 222 to 224 are in press. 
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Circulars showilli' the location of the area ClOvered by any of the above folios, &8 well as information conoerning topographic mapa and other publioations of the Geological SUrvey. may 
be hsd on application to the Direotor, United States Geological Survey, WashinQton. D. C. 




