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The following evidenceAzuggeats that high alumina quartzite
in this district 1a of mstagedimentary origin: high alumina quartzits
occurs as well Gefined thin beds that can be traced up to three and ons
half miles along strike; many outcrops of high alunina quartzile exhitit
compositional layering (i.e., kyanite quaertzite is interlayered with stauro=-
1lits quartzite, and with nonekyanitic usgnetiferous quartzite); high
aluninz quertzits beds occur in a conformable sequence of high slumina
metasedimentary and retavolecanic schists, It i3 supgsested that the Ligh
2lumina quartzite beds are mstarorphosed teds of samdy or 3silty clays these
~ads probably represent one stage in the derosition of fins grained clayey
clastic sediments,

‘o evidence was found to supnort the view of Smith and Hswcoalte
(1951) that the kyanité et Honry Xnob developed by hydrothermal intro-
duction of =zlumina. The present study indicates that kyanite in the

*yanite quartzite here, as throuchout the district, is of metasedimentary

arigin.
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Geperal]l Statement
This report embodies a detailed field and petrographic study

of the kyanite and sillimanite quortzits deposits and the related meta~
morphic and ignecus rocks of the Kings Mountain district of Horth Carolinma
and South Carolina, The Kings Mountain district is situated at about ths
center of the Piedmont province in south central Yorth Carolina and
northern South Carolina (Figure 1),

' This study is part of a United States Geological Survey project

aimed at naking a reccnnaissance of 2ll the kyanite deposits in tha'

southeastern states, and at studying in detail the more important deposits.

The prineip=l dcmestic sources of kyanite in the last five years
2ave been from open pit operations at Baker Mountain, Virginia, and Henry
.nob, South Carolina, While imports from Indie and Xepya supplled a very
vesirable kyanite aggregate for refractory use, the uncertainty of these
Irmports motivated a sserch by the Survey for high grode deomostic deposits.
Indfan kyanits is parficularly desireble in that the interlocking texture
and purity of the fine grained kyanite aggregates are such that the ecal-
cinod product (mllite) aonsists of lumps of bonded crystals, By contrast,
mllite formed from domestic kyanite is generally friable,

No kyanite ore resembling Indian kyanite was found in any quantity
@n the 'sout.heaétern states, The reconnaisance and detailed mappirg did,
however, zindicate' the presence of nilliﬁna of tons of kyanite quartzite
in which the lqanite content veries from about 10 to 30 per cent,
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Defirnition of ‘reas end Wature of Work
A reconnaissance of the Zings Mountain district was made by

zenbers of this Survey ;'Jroject in 1951, The detziled field work was
done by the cuthor during the period frem October, 1951 through June,
1952. A detailed petrographic stud):' was made of all the rock types
during the winter of 1953-54.

‘Two areas, separated by a lerge body of granodiorite, were
found to contain kyanite and sillimanite quurtzite in the Kings Mountain
district, These two areas are the Kings Mountaine-Herxry Knob area and
the Reese Mountain-Clubb Mountain areca, (Figure 1),

A. The Xings Mountain-Henry Knob areas This area includes a small
zart of the southwestern portion of Gaston County, Horth Carolina, and

a small part of the northern portion of adjacent York County, South
Carolina, The area lies in the northeast part of the Kings Mountain
Muadrangle and includes a vei'y small portion of the adjacent Clover and
Gastonia Quadrangles to the east and northeast respcctively., The geology
in this area was nmapped in detall on aerisl photographs at a scale of .
1:20,000, and then transferred to a planimetric base map prepared by the
Trimetragon Branch of the Topographic Division of the Survey, (Plate I).
Most geologic contacts on this map, with the exception of those involving
the resistant high alumina teds, were drawn on the tasis of outcrops in
stream beds; little mMis was put on soil types except where float
could be Mentified. (see weather:lng).

) [ The following list of the principal kyanite and sillimanitc
qﬁartzite deposits uyt.hia; groai 1ndicatcs the mapping methods and scales

" at vhich the various deposits were mapped.
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" Church. A large scale (1:11200) plane table map was made of the kyanite

-l -

‘Depoalt ard locality  Igpe Ma zethod  Scale  Zlate Yo,
Crowders Mountain-G XQ* Aerial photo 1:20,000 I

The Pinnacle=G X2 Fnlarged aerisl 132400 v

‘ photo

Shelton progerty~G 2 Tare and compass 131200 v
Will Knox property~G Q Tape and compass  1:1200 : Vil
Ryan-Purcley property=-G SQ Aerial photo 1:20,000 I
Henry-Knob=Y o ¥Q° Plane Table 1:1200 11

G = Gaston County, Horth Carolina
Y = York County, South Csrolina
X7 = Kyanite quartzite

5Q = Sillimanite quartzita.

Be egse Mounta lubb Mountain sreas This area is situated

" in the middle of the Gastonia Quadrangle about 15 miles northeast of the

Kings Mountain-fenry Knob area, It lies partly in Lincoln County

and partly in Gaston County, Horth Carolina, In this area only the

high alumina depoalts and the eastern contact of the Yorkville grano=
diorite were mapped- on aerial photograchs, The geology was transferred

to a planimetric base map at a scale of 1:20,000, .(Plata II)s The

other metamorphic and igneous rocks in this urea were not studied in eny
detail, The arca includes the kyanite quartzite deposit et Clubb Mountain
and the sillimanite qu.artzi"ta deposita at Reese Mountain and Machpelah

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

ous wvor
Records of the occurrences of most of the high alumina minerals
in the two areas, vith the exception of sillimanite, are found in the

I
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‘ early litsrature (Kerr, 1875; Centh and Xerr, 1881, Sloazn, 1308), -

Reports on the granites of South Cerolina and of the southeast_;ern
states (Yataon, 1909, 1910) include references to »lutonic rocks in the
Xings Mountain-Fenry Fnod area, Early reports on the iron ores of Horth
Carolina (llitze, 1893) record the occurrence of nagnetite and trown

. hematite in the Kinga Mountain-Henry Xnob area. A conprehensive study
of the gencral geoclogy and ore depoaits of the Kings Mountain-cafi‘ney
raadrangles was mede by Keith end Sterrett (1931).

Manganese deposits, which occur ug septa in the Yorkville
granodiorite in the Kings‘}fotmtain-fr’.anry Knod area, were invcstigatea
oy White (1944) as part of a broader study of the manganese deposita of
YJorth Carolina, |

3arite deposits which occur east and southeast of Crowders

‘ Hountain have been inveatigated in a study of barite deposits of the

Carolina Barite Belt (Van Horm, Le Grand and Mclurray, 1949).

The kyanite deposit at Henry Rnob was studied by lewcombe (1949)
and a discussion of the origin o; .this deposit 1s given by Smith and
Jewcomba (1951). Aside'frm their study and the gemeral mapping by Keith
and Sterrett (1931) no detailed work has been done dén the high alumina
déposits. The sillimanite quarisitea were unknown priocr to a recon-
naissance by Eapenéhqde in 1951. |

Ao i tt ,
= ' The Plednont province is, vith the exception of the fault-
g block basins ét_;_ﬁiasaie'aadimntary and voleanic rocks, underlain
entirely by metamorphic and ignecus rocks. The metamorphic rocks and
many of the bodies of ignecus rocks have a gemeral northeast trend which

A AR U R e

parallels that of the Appalachian Mountain system,




————'———-“_

- -
The principal metanorphic rock types in the Pledmcnt are

biotite and ruscovite schist and gneiss, hornblende gneiss and slate.

In geperal these retamorphic rocks indicate a higher degree of neta-

porphism than do the bulk of aschists and gneisses of the central and

nortaern Blue Ridge to the northuest, ‘-l'his higher degree of netanorvhism

is in large part ths result of the intimate association of vericus sized

bodiea of plutoni‘.c rocks which renge in composition from gabbro to granite.

Large bodies of rock, ranging in composition from granodiorite to granite,

ara particularly numcrous and are commonly accompanied by pegmatites,

Some of the loweat grade metamorphic rocks in the Piedmont

are found in two long belts of metavolcanic rocks that extend from . |

southern Virginia through eastern Ht;rth Carolina to the northern part
‘ of South Carolina, These rocks have been referred to as the "Volcanic-
‘alate series", or "Cafolina slates" (Pogue, 1910; Laney, 1910Q; I.éney 1317;
Stuckey, 1928; Broadhurst ard Councill, 1953). They consist in large
part of metamorphosed tuffs, volcanicﬂbrecciaa and flows,and fine grained
sedimentary rocks. Numerous pyroj:lvnite deposits occur in the volcanic-
slate serieg. The western-most belt of the volcaniceslate series lies
30 miles east of tre Xings ﬁountain—ﬁanry Knob area, The Xings Hountain-
Henry Xnob area contains metavolecanic rocks which heve saveral features
in common with the volcanic rocks of the volcanic-slate series., These
features are diécuased later under the 'heading "Age and Regional Correla-
tion®, R

_!wanito' quartzite occurs at several localities in the Piedmont -

from central Virginia‘ to Georgla, Several deposits occur within the

telts of the volcaniceslate series, The evidence sugpests that these
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deposits were formed by local replacement of the rocks in thre
volcanic-slate series, The major econanic deposits of kyarite quartz-
ite occur west of the two belts of the volcanic-slote serics. These
deposits include those at Baker Mountain and Willis Mcuntain, Virginis,
- and those in the King Mountain district, Horth Carolina and South
Carolina, The svidence suggeststhat these deposits were formed by the
netamorphism of high alumina sedimentary rocls,

Kyanite and s8illimanite are widespread in the schists and
gneisses of the Pledmont, Sillimsnite is particulerly aburndent in the
schists that form a long belt extending for 80 miles southwest from central
Yorth Carolina into South Carolina, (Hunter and White, 19463 Hash and
Ven Horn, 1951).

The geologic map of the Xings Mountazin and Gaffney “uadrangles
(Keith and Sterret, 1931) indicates that the schists, gneilsses, conglom-
erates and higﬁ alunina quartzites in the Kings Yountain<lenry ¥nob area
are part of a large, well defined northeast-trending telt of metamorrvhic
rocks. This belt is fram five to ten miles wide and at least 35 miles
long, It extends from Gaffney, South Carolina northeast through four
- quadrangles,. The Kings Mountain-Henry Knob area is situated on the east
side ot" this belt about midway between the ends of the belt,

‘ The major rock types exposed in this belt in the Xings Mountain
and Gaffney quadrangles are 1isted below in order of their occurrence
across the strike of the belt from southeast to nc'u'thwest. Tha f&matim
Bames in braq_imts are ﬁhose of Keith and Sterrett (1931;). nR=H"

; indicates tha;t the rock occurs in ﬁ:e Kings }mtain-ﬁenx'y Knob sreas
The figure following the formation name indicatos the width of the




4 . -8-

o . exposure of this unit. Isocliral folds with steep axisl planes are

characteristic of this region;so the thickness of these units may be
one-half or only a small fraction of the width of the exposure. .

K< Biotite schist and gneiss (metavolcanic ard mctasedizentary),
minor hornblende gneiss, metamorvhosed oligoclese tonelite [Pessemer
Granite] 20,000-21,000 feet.

K~H Fine grained mica Schist and phylli‘te (metavolcznic and xeta-
sedimentary), [Battleground schist] 10,000-15,000 feet.

X~H Kyanite conglomerete and kyanite quartzite [kyanite quartzite
~ember of the Kings Mountain formstion] 20-170 feot., This unit occura

at only two localitles in the belt southwest of the Xings Mountain-'enry

“nob area, It has its maximum development in the Kings Mountain~Henry
Znob area.

. ' K-H Mang%anifero{xs schist [manganiferous schist member of the Battle-
zround schist] 1C0-1,300 feet, This unit is 2discontinuocus but eropd out
in a consistent strat;lgrgphic position over a distance of 25 nilcs.

K-H doarse non-lqranitig conglomerate, .chlori.tic quartzite, chlcri-
toid-mica schist [Draytonville conglomerate, Xings Yountain quartzite],
The width of cbnglmera:t.e exposures ranges {roa 20 to 300 feét; quartzite
exposures range from about 100 to 1,000 feet in width, The quartzite
. is discontinuous snd not generslly a good marker; the conglomerate is
also diécontinuma but is an excellent marker unit for more than 25 ziles,

Deposits of magnetite -and brown hematite cccur sparsdieally along the

entire belt of metamorphic rocks. Many of these deposits in the Gaffney

. am Xings Vountain Qﬁadranglea occur at sbout this intefval in the sequence

of rocks,

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

Folded beds of quartzite, biotite schist and gneiss, fine gralned
mica sculst, phyllite and marble [Xings Mountain quertzite, Carolina
gneiss, Blacksburg schist, Gaffney marble] 2,000~5,000.

The outcrop pattern of these warious units, and especially
the conglomerate, quartzite, marble and manganiferous schist, indicateas
the presence of several long narrow folds in this belt,
The Kings !fountain-Henry ¥nob area 1s bordered on the east by
a large body of granodiorite [Yorkville grenite of Reith and Sterrett,
1931]. The contact of this body in this area trends north, and there
i3 consideratle evidence to indicate that the énpla.cement of the grano-
diorite was accompanied by folding amd shearing of the metamorphic rocks
‘ eiong plunes parallel to this contact. Thus, the Kings MountaineHenry
Knob area is situsted in a zone between two converging major structures:
the northeast-trending belt of metamorphic rocks, and the northetrending
contact of the Yorkville granodiorite, . ‘
The high alumina rocks and assoclated schists in the Reese

Mountain=Clubb Mountain area lie on the east side of the large granodiorite

body, 15 miles northeast of the Kings Hmmtain;ﬁem'y' Knod area., It is

probable that the mstamorphic rocks in the Reese Mountain-Clubb Mountain

PG Al 4 it ey e

area are a contj.xmation of the well defined northeast-trending belt of
. metamorphic rocks in the Kings Mountain-Henry RKnob area.
The regional distribution of pegmatites is interesting in that
pegnatite bodles are absent or occur only rarely throughout much of the

area where kyanite quartzite i1s abundant in the Kings Mountain-Henry Knob
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area, The principal occurrences of pegmatites in this area ares

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

west of The Pinnacls, Pegmatite dikes 2nd =1lls 2re abundant throughout

a large aree west of the tinespodumene pegmatite zone,




CENIRAL TESCRIPTION

The general accordance of the surmits of the gently rolling
interstream areas of the Piedmont province suggeststhat these argas are
partly dissected remmants of a broad surface of low rslief., In general,
the relief on this surface is about 50 feet or less over a distance of
a fow miles, In the Kings lMountain district the elevation of this sur-
face is differont in one broad area compared to another depending on
the underlying bedrock, Thus, the broad areas undérlain by the Yorkville
granodiorite have elevations ranging from 750 to 850 feet compéred to
areas underlain by quartzose schist and gneiss and quartzite with ele=
vations ranging from 850 to 950 feet, The latter areas are usually
narrow and elongated pax;allel to the Agnnera.l grain of the metamorphic
rocks,

In the northwestern part of the Kings Mountain-Henry Knob
area many loné hills and ridges rise abruptly 100 to 800 feet above the
surface of low reliel, The principal hills mclﬁde Crowders Mountain,
The Pinnacle, and the north end of the Kings Mmmtaﬁ range, Henry Xnob
is an isolated hill in the southeastern part of the area, Most of the
prominent hills in the area are underlain by kyanite quartaite, fine
grained quartzose schists, or sillimanite quartazite. The trend and
extent of the kyanite quartzite beds are accurately indicated by the size
and shape of the hills, The crests of hills underlain by Iqanito quartz-
1ta are uaually craggy, and precipitana cliffa are common. The slopes of
these hills are heavily mantled with !vanita-quartzita talua.

Hills underlain by aillimanite quartzitu rise only 50 to 120

feet above the surface of low relief and are not conspicuoualy elongated,
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The fact that both sillimanite and Xyanite quartzite beds form most of

the prominent hills is a great aid in reconnaissance mapping,

Weathering

Intense chemical weathering of the rocks at or near the sur-

face is characteristic of the Pledmont province. In the Kings lMountain
. district, weathering extends to depths of 25 to 50 fect and, locally, to
200 feet, In g-neral, exposures of fresh rock are found only in the
mmerous small atreams and along the crests of prominent hills, Weather-
mg has eltered felds»ar to clay amd produced a partial chemiczal break-—
down of most minerals with the exception of* quartsz, mica: the high alumina
=  ailicste mineralsg,and zircon, These unaltered ninerals can be recovered
by panning the weathered rock, and this provides = valuzable aid in
. 1apping. Although highly weathered, the structure and texture of rany
achists and gneisses are commonly preserved,
The development of hills in the northwestern pz:rt of the
area is apparently r‘elt;tad_to two principal factors: the oresence of
‘resista.nt n;inerals,arxi the texture of the underlying rock., Kyanite quartze
ite owes its resistance to two chemically resistant minerals, quartz and
kyanite, but especially kyanite, Differentisl resistance to weathering *
. - of quarts and kyanite (ar sillimanite) is evident from nearly every out~ ]

crop where the minerals are exposed together. Kyanite and sillinanite
- project above the weathered surfice of the qusrtzite proundmass and give
n the rock & rongh pitted surface. The resistance of kyanite quartzi‘te to
A' weathering is also increased In some cases by the presenée at the suéface

. “of a resistant limonitic weathering crust that has been produced by the

‘hydration of pyrite in the rock.

% All white mica, unless inferred from chemical analysis and optical
data to be miscovite, i3 referred to as .mica?, See discussion under
Chloritoid Schist,
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‘ The coubination of chanically resistant mica and quartz and
the fine grain size of some quartzose schists in the nerthwestern part
of the area makes them pronirent ridge-formers.

The color and texture of many soils produced by iqtensa
. chemical weatherinz are diagnostic of the parent rock type. Thus, a
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_ dark brown or black soil is formed from manganiferous schist, a dark red

or red:ish-brown soil 1s characteristic of hornblende gneiss, and 1izht-
brown sandy Soil is characteristic of granite rocks. In addition, the
presence of resistant minerals and float fragzents of relétivaly
unweathered rock identify the parent rock type of many soils. Rock
fragments are common. in soils derived from hornblende gneiss, quartze
aica sciaist, quartazite, and diabase. The areal distribution of float
13 in many cases the only iadicatlon of the extent of the ocutcrop
from which the float vas dorived, Contacts drawn on the basis of
30il and float are generalized and indicate little of the true nature
or exact extent of the contact. liany geologic contacts in interstream
‘areas north of Henry Knob are of this nature,
General Geolocy
Unless otherwise statéd, descriptions of t;he metamorphic rocks

refer to the Kings Mountain-Henry Knob area (Plate I) where the detalled
mapping was done. Table I is a s\mary of the geologic history in this
lroa. Pigure 2 18 a simplified sketoh of t.hc major structure of the area.

‘ .~ . The large area north of Henry xnob As underlain by biotite
achiat and gnei.sa, hornblende genisa and netmorphoaod oligoclase tonalite,
Overlying these apperently older rocks, and defining a large north-plung— l
ing antlcline (I, Figure 2), 1s a sequence of fine m;i.ned schistose
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TABLE I

Suzmmary of the geologic history of the Kings Mountain-Henry Knob area. The
oldest event is at the bottom of the column. The names in parsntheses indicate
the metamorphic rock derived from the original rock.

7. Intrusion of diabaase dikes,

6. Emplacement of the Yorkville granodiorite: dintense deformation, major
metamorphism,
{early 67)

5. Deformation: development of major folds.

4c. Eruption and deposition of pyroclustic material (schistose pyrociasiic
rocks) and basic volcanic rocks (hormblends gneiss); deposition of fine
croined clastic sediments (fins grained mics schists); deposition of
manganiferous sediments (manguniferous schist).

4b. Depoaition of ferruginous sandstone or ferruzinous chert (macretiferous
quartzite and hematite schist; derposition of clayerich sandstone and
conglomerate {kyarite quartzita, kyanita corglomerate, sillizanite
quartzite, kyanite-staurolite-chloritoid cuartzite); deposition of fine
grained -clayey sandstone and tuffacoous material (chloritoid schist,
quartz-mica schist,chlorite-mica schist, fine crained quarizits).

4a. Deposition of clay-rich sandstone (kyanitz cuartzite and sillimanits
quartzite). Eruption and deposition of pyroclastic material (schisose
pyroclastic rocks); eruption of volcanic rocks of intercediate to riyolitic
composition (albite-chlorite gneisa, tiotite gneiss); devosition of fins
grained ferruginous sandstones, tuffacecus material and other fine grained
clastic sediments (fire grained quartzite, mica schist).

3. Yeathering and erosion; development of unconformity.

2. Llocal intrusion of quartz gebbro near Henry Knob (hornblende gneiss).

la. Intrusion of oligoclase tonalite (metax_norphcsed oligoclase tonalite and
‘biotite gneisa); local albitization of oligoclase tonalite and rocka
that are now biotite gneiss and hornblende gneiss.

. ‘1. Eruption of volcanic rocks: soda rhyolites (biotite schist and gneiss),
. - andesite and basalt (hornblende iss); deposition of conglomerate and

_ other clastic sedimentary rocks (conglomeratic biotite schist) which
are interluyered with the volcanic rocks, : '
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. pyroclastiec rock, chloritoid schist, magmetifercus quartzite, gyanite
(and =211limanite) quartzite and manganiferous schist,

Xyanite quartzite and sillimanite quartzite occur as relatively
thin beds in a thick sequence of high alumina schists., Kyanite quertzite
beds range from about 10 to 170 feet in thickmess., Sillimanita quartzite

- beds range from sbout 5 to 40 feet in thickness and are generally more

lenticular than the kyanite quartazite f)eds. In both the Xings Mountain=
Henry Knob and Rees Mountain-Clubb Mountain areas sillimanite quartzite
occurs within about 3000 feet of the Yorkville granodlorite.contact,
Kyanite quartzite occurs as fer as four niles from the contact, Some of |
the kyanite quartzite and kyanite canglomerate beds can te traced along
strike for distances up to three and one-half miles, Chloritoid and
staurolite are locally abundant in same kyanite quartzite beds, and in

‘ several cases staurolite quartzite, magnetiferous quartzite and kyanite
quartzite occur as highiy folded intcrlayers,

‘ The Yorkville grancdiorite is an ummetanorphosed coarse

grained porphyritic ~r.‘::n‘.'k that crops out slong the eastern and south-

eastern part of the arca, These exposures mark the western margin of

4 a large body or series of bodies thatirend north-northeast for a distance
of more than 55 miles.

é The presence of mumerous long septa of manganiferous schist,
;: _8illimanite schist, hormblende gneiss, etc, in the Yorkville granodiorite

' {suggests that the granoilorite was intruded into the east limb of the

L n:m- anticline (I, Plgure 2). In the morthwestern part of the area,
"~ on the west flank of the enticline, a lerge syncline (11, Pigure 2) s
" defined by the outcrop pattern of the kyanite quartzite and kyanite |
conglomerate beds. This fold hes a sinuocus trend and can be traced for




_ ‘ about four milrs, ' ‘H

éeverd. structural and gnineralogical features indicate that
the rocks in this area have undergone at leasttwo major deformations,
The development of large folds (Figure 2) preceded the emplacenment of

the Yorkville granodiorite which was accompanied by a major deformation
and metamorphism, Some of the products of this last deformation include

'the profuse smell folds especially well developed in kyanite quartzite,

and the strong lincar structures and flow cleavage prominent throughout s
the area, This flow cleavage, striking north-northeast, transects both "
iinbs of the northeast-trending syncline (II).

The metamorphlism that .accompax'zied the emplacement of the

Yorkville granodiorite préduced rocks of the aznphiboiite facies (Turner,
1948, pe 76) in the septa and along the margins of the granodiorite,
‘ The schists and high alumina quartzite in the vicinity of The Pinnacle

and the Kings Mountain renge belong to the greenschist and albite-epidote—
amphibolite f'aciea. The biotite schist and gneisas and hornblende gneisa
in the large =rea north of Henry Knob also- indicata an increase in
—~etanorphic rank from greenschist and albite-epldote-—amphibolite facles

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

- Intrusion of diabase dikes, probably of Triassic age,

representa the closing episode in the ignecus history of the erea. " In

genara.l the dikea vere emplaced with only minor structural disturbance.
‘l'hay have a general northvest trend, |
Deposits of gold and barite occur in the xings Mountain~Hexxy
@  Trob area. The gold deposits have proved to be of 1ittle valuo in this
\ area, but fhe barite ‘deposite have been extensively prospected,and a barite

mine east of Crowders Mountain was operated for some time, ;31
: : ' g
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- ‘ rge and geg_i_.cn-;; gmlaﬁm of Jgmoous and Matamornhic Rocks "

Yo direct evidence was obtained during the present study to
indicats either the geologic age or & regional correlation for the
metanorphic rocks in the Kinga Mountain-Herry tnob area,

There are soms gamra.l and specific 1ithologic sinilarities

. between some of the rocks of the Xings Mountain-Hensy Knob area and
those in ths belts of the volcanic-slate seriles. Ths nearest known
exposurs of the volcanic=slats series 41g about 30 miles easb of the Xings
IJZQ\mtain-H;enry fnob area, and 1t mst be stressed that the nature of
these similarities swmarized below affords cnly a "besb guazs® type

~f correlation. The followiag soatures ure charscteristic of zcza of 23

sme rocks in the Xings ‘Mountain-Henry Knob area and they are unique in
<his general pard oi ths Piadmntz@,he metasorphic rocks occur in a

‘ long, well defined belt (aee Reglonal Setting) and have been folded into

1ong tight folds;taali defined bedding is proainent through much of this -
‘mltr’t?ba petamorphic rocks of volc_niqorigin show distinct relict

phenocrysts and volcanic texturee; thase volcanié rocks indicate a low ‘. Jﬁ
~inimm degree of metamorphiaa. The combination of these features !
suggests that these rocks are of ainilar origin and, perheps, age as

the schists in the volcanice-slate series. The volcanic=slate series has

yielded no foasils (Ea.rdley, 1951, p. 114), a.nd 1 probably of late - _ i; ?
g pre-Cambrian oF Paleozoic age (Eardlsy, 1951 P. 1143 Xing, 1951, pe 136). :
The age of the Yorkville granodiarito 1s not lmown from any ;
3 gﬁﬂ.ogic ralﬁtioaa or radioactivity umemeng’. It is a large . @ r

kR Lol

mtamarphosed plntonic body mtmi.va into the. net.amrphlc rocks alcng

: ‘ the east side of tha lu.nga antain—ﬂem'y Xnob area. Umetmrphoud ;
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: ‘ batholiths are not uncommod in the Plodmont (Eardleys 1951, p. 110),and
many, if not most, of these ars probably ‘of Paleozoic age (EardleYs 1951,
o 1113 \4111s end Villis. 1941, PP. 1643-1684)e I the lack of
mmncrphim of the Yorkville granodiorite can be taken as an jndication
of its emplacement lats in .the geosynclinal development, shis plutonic

'body is probably of late paleozoic agee
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METAMORPHIC ROCXS
Biotite Schist and Cnelss

Introduction
| Fins to medium grained* tiotite schiast and gneiss are the

most abundant rock types in the Kings “ountain-Henry Knob area, Biotite
schist and gneiss form the bulk of the rock exposed in the core of the
anticline (I, Figure 2) between Fenry Xnob and Crowders Mountain, In
this area blotits schist and gneiss uare in*ruded by coarse grained
oligoclase tonalite, and intsrlayered with hornblende gnaiss and quartze
nica“ schist, Blotlta schist ard gneiss also occur in a belt just west
of the Yorkville granodiorite contact, north of MeGill Creek and south
of Crowders Creek, The rock in this belt is essociated with fine grained

—ornblende~epidote gneiss, Biotite schist and grelas are comnon as long

.na.rrw septa in the Yorkville granodiorite, 7Two narrow belts of fine

svained blotite gneiss occur in the northwestern part of the area.

Keith and Sterrett (1931) mapped necarly all ﬁhe biotite schist
ahd gneiss in the a:rea as Pesgsemer granite, and stressed the point that
mich of the coarse grained gra.ni'ta was sheared and metamorphosed to fine
grained schist and gneiss. In the present study an attempt was made to
distinguish the distinctly coarse grained granitic textured rock (oligo-
clase tonaliu) from fine grained biotite schist and gneiss.

% The following grain size scale is used in this thesiss

~ _ Diapeter of grain Clagsification
- . lmss than 0,1 mdllimeter . Very fine grained

" Oel to 1 millimeter Fine grained
_ 1 to 3 millimeters Medium grained -

More than 3 millimeters - Coarse grained

#* A1l white nica, unless inferred from chemical analysis or optical
data to be mscovite, i1a referred to as "mica®, See discussion
under Chloritoid Schist,
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In addition to biotite schist and gneiss produced by the
shearing of oligoclase tonalite, the area includes biotite schists and
gneisses derived fron voleanic rocks and conglomeratic sedinmentary rocka.
Ceneral Features
. In general, tha blotite schists and gnsissés are fins to
medium grained, mediur grey to 1light srey rocks, [Folizatica is well
developed, 3Bilotits occuars svenly disseminated er as clustsrs or anears
along‘the foliation plz2nea which are spzesd 1 to 3 millimeters apart, The
principal constituants ere quartz, plagioclase (21bite to calcic oligzo-
clasa and, in one case, bytownite), blotite (locally altered to cﬁlorita),
mscovita and, occasicnally, microcline or orthoclase, Sillimenite, garnet,
and staurolite occur in schist in the central and eastern part of ths
arsa, Comicn accesgory minsrals ars cridote, magnetits, pyrits end
apatite, .
The det&ilcd‘discussion that follows is diviisd into itwo parts:
Ae Descriptior of lower grade schist and gneiss accordirg to parsnt
rock type, . These Tocks have relict sodizentary and ignecus textures end

.ars largely, though not entirsly, restricted to fhs western and weste

central part of the area where the grade of zetamorphisu was equivalent

%o the gzbite-epm&co mphibonte facies (Turner, 1948, p. 90).

Be 7Description of higher grade biotite schist and gneiss that occur as

septa in the Yorkville granodiorite, and in the central part of the area

as far as one ard one half miles west of the granodiorite contact, In

genoral these rocks are the higher grade (amphibolite facies) equivalsnts
of those discussed under the first heading,
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. Dascription of Lower Grade Schist and Gneiss According to Parcnt Rock ~ "

eis his | _

Threo types are distinguished: (1) metamarphosed porphyritic f:;

' voleandd rock, (2) metamorphosed fins grained leuco-tonalite, and
(3) metamorphosed coarse grained oligoclase tonalite.

l’Biotite schist and gneiss, showing relict porphyritic

i:exture (Figure 3), crops out at many scattered localities in the lerge
aree north and northwest of Henry Xnob, It is apparently interlayered
with biotite schist and gneiss derived from conglomeratic sedimentary

-
e b an ¢ e

rocks, and hornblende gneiss derived from intermediate to tasic volcanic
flows. The two lomg thin bodies of biotite gneiss, in the northwest . g
part of the area, are interlayered with fine grained chloritoid schist :
ind quartz-mica schist, These two biotite schist bodles may represent
‘ - one volcanic flow which has been metamorphosed and folded into a syncline
{11, Pigure 2) along with kyanite quartzite and conglamerate.
tuch of thias type of ‘biotit.e schist is characterized in thin
section by the presence of medium grained (up to 2 millimeters) plegioclase '
{21bite to sodic oligoclase) crystals set at randca in a matrix of very ‘
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fine grained (0,01-0.09 millimetera) quartz and plagioclase and, locally,
mlerocline. The coarser grained random relict phenocrysts (Figure 3) e :
gencrally contain fine gru.;lned inclusions of white mica, epidote and 7] '
quartz. They invariably have irregular, ragged edges and occasionally - i;

i

have embayments of fine grained quartz end plagioclase., Polysynthetie

twinning 1s generally absent or very fuszy and irregular. Biotite is
usually brown or reddish brown, aﬁd, m. olive éreen. There ' seens

to be no consistant color variation with respect to degree of meta-
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nmorphism, Blotite is disseminated through the rock or restricted to
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Figure 3,

Ficure 4.
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Phcﬁgmic:ograph of metavoléanic- piotito gneiss, Sample from )
creei: bed 1,000 feet goutheast of‘ Beatheny Church, Foliation
produced by fine grained biotite and micaj phenocrysts are
sodic oligoclase; groundmass is guartz, oligoclase and some

potash feldspar, Crossed nicols, X 25.

Photomicrograph of metavolcanie hornblende gneiss, Sample

- from creek bed sbout one mile south-southwest of Crowders

Mountain Villege, Most of the dark minerals are hornblends;
vhenoerysts and feldspar laths in eroundr-ss are albite $ verr
fine grained.light colored minerals are quartz., Croased nicols,
X 25.

el







(R L o L id

-25-

' . uvell defined foliation planes, Huscoviite occurs as small flakes intere
grown with bibtito or, in the more aighly mstamorphosed rocks, as coarse
random, sometines ragged flakes, Spidote is a common accessory. It
sonetimes constitutes up to 1 to 2 per cent of the rocke It oscurs as
small scatiered suhedra or as coarse aggregates of anhedra replacing
plagloslases Other accsssory minerals include magnetite, zircon, tour=
naline, apatite, sphone, pyrite, '

Albitizgtica,
A chemical analysis of fins grained gneiss, from the vicinity
of Trinity Church, is givan in Table II, !lo atteapt was nads to maks
an ascurate nodal analysis of thin sections of the rock from which this
chemical analy=is waé mads bscause of the very fine ;ralned nature of
tha quartzealbite (Ab 95-98)zrouncdaass. Ib was estinated from tiwee
. thin sestions that very fine grained quarts and albits constituba fren
vout 80 to 39 per éent, and coarser relic*;'. plagioclase (now altita)
phencarysta (up to 1.6 nillinastar long) less than 1 per cent, of the rock,
The very fine grained al bite—quarts aggregate occurs as troad streams

- and finzers orientsed parallsl to the foliation., Blotite and chlorits
maks wp 5 to 10 per cent of the rock, Sone of the chlorite appears to
have replaced b;otite but most of 1% occurs as dlscrete flakes or sharp .
intergrowths with blotite. Accessary minerals include mcov.ita, pyrita,

‘magnetits, epidote, apatite, and tourmaline. Blotite and moderately

Qea.rso grained citﬁrts are concentrated along well developed foliation

Ce . The cao content {229 per cent) of this albite=biotite gnei.ss

cannot be accounted for by the albite, epidote and apatite seen in thin

" section. A calculation, based on ths najor oxides of the clidn_ical




S

® TAELE 11 '
Chemical analysis of biotite gnelss from an outcrop 2200 fest R7OW of
Trinity Church, Gaston County, North Carolina, Sample composed of six

specimens taken across strike over a distance of 100 feet. Analyst:
Lug:ino K. Tarrant, U.S. Geological Survery.

310, 70.52
MO, - 14.67
Pe,0, .68
FeO 2,71

g0 1.60 .

20 2.29 ¥

b

Ra 0 4.64 il

£0 1.34 .
B 0- .03
B0+ .59
. i MO, | 42
P,0 .08

3 38 -

¥nO .05 m
. ' 100.08

Less O for S -10 ;
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analysis (Tsble II), indicates that the apecimens from which the chemi-
cal analysis was made probebly contained about 3 per cent epidote—or
2,5 per cent more ap.idoﬁ than was gseen in thin section., Such local
variation in epidote content is characteristic of the hornblende gneisa
in this vieinity, Thin secticn study indicates that most, if not all,
of the 1!&20 is in the form of albite,

The high ¥a,0:K,0 ratio (3.5:1) of this gne'i.f:s is also a
characteristic of the metavolcanic biotite gneiss as a whole, oligoe
clase tonalite (5.3:1), and leuco tonalite (see beyond),

In the case of the blotite gnelss under consideration, the
Jollowing features suggest elbitization of the rock:

{2) The rock crops. out within 2000 fect of albitized basic volcanic
rocks (see Hornhlerde Gneiss).

(v} The interfingering 'baxture of the very Sine grained quortzealbite
apgregate suggests introduction of material rather than recrystallizestion
of a fine grained groundmass,

Ias this albitization a feature that e.céo;:\pe.nicd me tanorphism,
or the intrusion of d.‘f.abase dikes, or 1s it rclated to ne pre-meta-
morphic event? Pervasive soda metasomatism quite certainly did pot occur
during ﬁhe major metamorphism that attended the emplacement of the -
Yorkville granodiorite for such highly susceptible rocks as the high
alumina quartzites and quartsz gabbro show no sign of albitization

) (s« Mctamarphim). Although albitization is best shown in the immediate
. vicinity of a disbase dike south of Trinity Church, thers are instances
\ 'of albitization as far as xm feet n'on diabase dikes, and in general
‘ there seems to be no apa.ce rela.tion batveen the two, A diabase dilm
cuts kyanite quartzite af; Henry Xnob yet no albitization or other alteration
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of the lyanilte was seen, Albitization may have occurred during a
metamorphism prior to the deposition of the high slumina quartzites
but thie is thought to be less 1likely than the theory advanced below.

The sodic character of the schists and local albitization
mey be releted to the initial igneous episode which included the
eruption of volennic rocks.and emplacement of the a.aaociat;ed oligo=
clase tonslite, Inferring from the mctarorphic rocks, the following
rock typcs were present in the igmeocus complex': soda rhyolltes (bulk
of metavolcanie biotita schist), basalt and andesite (bulk of hormblende
gneiss), and soda-rich intrusive rock (oligoclase tonalite). Local
albitization of biotite gneias.hornbiende gneiés,and oligoclaso tonalite
was nrobably produced by hydrothermal emanations from the magma of the
coda-rich oligoclase tonalits, (see Oligoclase Tonelits)

{(2) Pine grained blotite rneiss, apparently developed from leuco-
sanelite, cropa out in crowiers Creek about three—quarters of a mile west
of Crowders Hountain Village, and in a small stream bed three—quarters
of a mile southwest of Unity Chu:;ch. The field relations of this rock °
are not lmown, but in each case it occurs in a large belt of metavoleanic
blotite gneiss.

Prom 75 to 80 per cent of this rock consists of fine grained
random albite erystals. The albite twinning in these crystals is very
ragged end fuzzy. ' Fine grained interstitisl quartz constitutes about
20>per cent of the i'ock. &Acéessory minerals include Biotita, chlarite,

" epidote, magnetite, miscovite and apatite.

The random orientation of the fine grained albite crystals
anﬁ the interstitial position of the quartz suggeat an igneous texture.
The lack of much associsted epldote suggests that the ordginal plagio- -
class vas soda~rich. It 1s probable that this rock is the fine grained
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equivalent of the oligoclass tonclita.

(Bj North of Henry Xnob, near Fairview School, some of the
biotite schist has developed by motamorphism of coarse grained oligo-
clase tonalite. The distinction between oligoclase tomalite and
bilotite schist was made in the field on the basis of grain size and
texture, The oligoclase ionalite 1s a coarse grained non=foliated
light gray rock with biotite concentrated in patches.

" In the development of biotite schist fram this rock, the
biotite has been more evenly distributed ulong closely spaced foliation
planes, the coarse oligoglase crystals huve been recz-yst.a.llized to

- amaller (0.2 to 0.3 millincters) clear anhedra with well developed

twimning; the quartz phenocrysta, so characteristic of the oligoclﬁsa
tonalite, have been recrystaliized to irregular aggregates of fine grained
anhedra, Another characteris::“.c of this type of schist is the presence
of thin "sidna” of: mic.a along incipisnt foliatlon planes,
The area.l extent of biotite schist derived i{rom coasrse grained
oligoclase tonalite is nc’at known but it may be large.
Paragneisg end Schist. The principal metasedimentary type (1) is
metaconglomerate, Ansther type (2), containing btytounite, is believed
to be a metasediment. It was found at cnly one locality.
(1) At five widely scattered locslities in the large area north

of Henry Knob the biotite schist is distinctly conglomeratic. The
_ pebhles vary from a fraction of one inch to 10 inches in length, They
~ are flattened in the plane of foliation and comsist, for the most part,

of fipé grained biotite schist, biotitic quartzite and hormblende gneiss,

.
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‘ ' In thin section, the fine grained groundmass of this schist
resembles the groundmass of the orthogneiss., Two thin sections have
the following estimated modal range:

quarts ‘ 50 to 70 per cent

microcline and 10 to 35 per cent
orthoclase

biotite 5 to 15 per cent
mscoviée_ ' 1 to 5 per cent
accessary magnetite, epidote, garnet and pyrite

(2) Bytounite-beixring blotite schist crops ocut at one point oa

the South Fork of Crowders Cresk, 2,8 miles northeast of Henry Knob.
The outcrop is 100 feet wst of the Yorkville granodiorito cantact and

100 feet east of a d1abase dike, In thin section bytownite, An 75-80,
13 seen to occur as fine grained evenly distributed anhedra., Quarts
. is generally fine grained, tut a;.so occurs as coarse angular grains up
10 6 millimeters in diameter, Two thin secticns have the following
estimated modes:

quarts . : » 30 to 50 per cent .
bytownite - - 30 per cent
biotite : - 5 to 20 per cent
sillimanite o 5 per cent
mscovite . .1 to 3 per cent

accessory garnet and pyrite '
This mtereatﬁg nineral assemblaga probably reflects the composition

of a lim-rich parm sediment, The absence of epidote 1a curicus and

may mucam s low u.t,ar content dwring metamorphism, The possibility

( tbat the tvtovnite u a netasomatic prodnct cannot be donied. but atudy
of the eutixja area indicates that neither diabase nor the Yorkville

‘ granodiorite effected 1lime metasomatim, Purthermore, epidote might be

the more logical product of lime metasomatiam than anhydrous bytownite.
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4cher Gro otite Schist a:

The textural and mineralogical characteristics of the schists
and gneisses that occur as septa in the Yorkvills granodiorite, and in
the central part of the area as far as one and a half miles west of the
granodiorite contact, indicate a higher grade of metamorphism than
recorded by the same schists and gnelsses in the western part of the
area. Somo gra;ational rocks are found in the centréi part of the area,

The more thorough recrystallization of these higher grade
schists 1s Zndicated by the absence of petbles, the lack of blastos
porphyritic texture, a slight but general coarsening and equalization
of grain size, and the preag:ice of s;xch varietal minerals as stauralite,
garnet and sillimsnite. '

With the exception of the gepta. vhich are considered later,
these higher grade biotite gneisses contain about equal amounts of quartsz
and sodic to calcic oligoclase which together generally make up 80 to
90 per cent of the rock, Foliation is comnanly promounced. Microcline
la generally abmt btut locally mlaes up 5 per cent of the ‘rook. The
color of the biotite is generally brown and rarely olive green. Biotite
content ra.ngu fram about 2 to 10 per cent. Chlorite occurs in minor
anounts as discrete ﬂahs, intergrowa with biotits, and as an alteration
of biotite, Muscovite content varies from traces to 25 per cent. In
several cases it has graun athvart the foliation planes and appears

"varyragged

Aceossory nincrals 1nc1ude mgneti.te. epidote, apatite, pyrite,
:ircon, .phano and rutile. : . ‘
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‘ ' When present.garnet occurs as fine grained anhedra to eutedra
and is sometimes conspicuously concentrated in the biotite folia.
Staurolite was seen in cme thin section as fine grained ragged poecilo-
blastic anhedra intimately intergrown with biotite, Eunedral garnet
occurs in the same rock but the relation tetween garnet and staurolite
is not clear.  Sillimanite occurs as very fine grained p:;isms uh;.::!;
comronly form tufted aggregates. In the Incipient stages of development,
sillimanite aggregates occur along quertz and oligoclase grain boundaries
and s8 inclusions in rmscovite, As the sillimanite content increases
these -aggregates form more or less cénﬁinucus catts that lie in the plane
of foliation, | | _

The distribution of garmet is not well known. It was not
found farther than 2 miles west of the granodiorite contact. Silliranite,
with one exception, occurs gnly within about 3,000 feet of the granodiorite

contact, The mode of development of sillimanite 1s discussed under
Metamorphisn,

3 ' ‘. ' potash Metagomatism.
The nineralogy of the biotite acbiata in the vicinity of the
- ' ' I.awbon and Chixmey '°1ace be.rite depoaits indicates that barite minerali=-

" zation was probably accompanied by potash metascmatism. (See also

SR ERTEE My

Metamorphism,) The unaltered schist teken from a large dump at the
Lawton Barita nine, aouthwott of Cassett Lake, consists of andesine.

Bl B & e

quartz.and biotite wif.h accoaaory quantitiea ot garnat, fine grained m:lca,

utam'o].i.te, zoiaito, piedmantit. (ninor) and apatita. macovite and
'opidotc are Iocally very abundant in the schist. In some thin sections,
untwinned potash feldspar conatitntes about 75 per cent of the rock.

AR i AP L il e o
‘ .

Thin veins consisting of ‘adularia, calcite and highly pleochroic epidote,
cut this high potash rock, .
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In a biotite schist from the vicinity of the Chinney Place

sroperty (1.8 miles south of the Lawton mine) microcline is locally
abundant., It is abundant in the fine grained groundmass with quartz,
Microcline also forms veins in relict plagioclase phenocrysts and
partially replaces the phenocrysts pseudomorphically.

3 the or (<) orits.

Long narrow steeply dipping bodies of quartz-blotite schist,
sillinenite=biotits gneiss and sillimsnite-~biotite-garnet schist ars
abundant within the Yorkvills granodiorite (see also general discussion
> sopta under Yorkville Granodiorita).

Some of the quartz=biotite schist septa have sharp contacts
<ith the cosrss vornnyritie granodiorits but in several instances the
contact is mnde complex by the pressnce of numerous peg:natitev and
2plite dikes and quartaz-muscovite veins. \

Sillmanite-biotite gneiss in septa differs from similar
Zneiss west of f,he granodiorite contact in that the former contains
more sillimanite, and is coarser grained, Four thin sections have the
following estinated modal rangs: ‘ |

quarts 35 to 40 per cent
81llimanite : 15 to 30 per cent

chovita 5 to 30 per cent

biotite ' . 5 to 10 per cent

microcline and - 0 to 40 per cent
orthoclase :

,oligoclase and 0 to Bpercent .
oyrmekits

acceasory amounts of mgnetita, zircon, apetite, tourmaline -
and a phoaphate (?) mineral,

The gneiss ia generally medium to dark gray, vell foliated and udiun

4
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grained, Sillimanite occurs as small fiters in thin matts within ths
plane of foliation or as coarse (1 x 10 millimeters) light gray prisms,

Some of the gneiss that crops out just south of Crowders
Creek is folded into a series of very tight sm=11 (1 to 2 inch amplitude)
folds, The folded layering in this gneiss consists of altemaf.o thin
bands of varying composition: pume quartsz, quartz=biotite-faldspar,
quartz-feldspar. Such intimate interlayering. suggests that the parent
rock was a thinly laminated silt or mmd stone. The quarts and feldspar
grains in these bands are fine grained (0,18 to 0.3 millimeters); the
quarts shovs only slight or moderate undulatory extinctions Host of the
coarse grained (1 éentimeter) sillimanite prisms lie within the plane
of the layering and gome are oriented parallel to the axﬁs' of the sxmall
Solds. Some, however, transect the layering and show no preferred
orientation with respect to the fold axss indic;ting that they probably
developed after the folding, |

‘iatasa:atm in these gneisse.s is suggested by suall
quantities of interstitial myrmekite and sodic oligoclase (aee Yorkville
Granodiorite)., Furthermore, a few thin sections indicate that biotite,
muscovite, and microcline havo been partially replaced by quartz,

Sapta of garnet—cininanite-biotite achist occur at a few
places in the Kings Mountain-Henry Ruob area, The estimated mode of
cne of these écémahce‘s- is;

quﬁ.a .. 50 per cent

blotite ‘ " 20 per cent f Lo
© sfllfmanite 15 = 20 per cent
‘garnet ' 5 = 10 per cent

| accessory: muscovits, magnetite, apatite and aircom.
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‘ Garnet occurs as coarse subhedral poeciloblasiic crystals grrerally |
up to 3 millimeters, end locally as much as 3.2 centimcters in diamster, s

| The texture 02 the schist 1s generally porthyroblastic with \

biotite and fine grained natts of sillimenite defining a strong foliztion

that wraps around the coarser grained garnects.

——
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Distribation and Tymes

Hornblende gneiss 1s a cocmon metamorrhic rock type in this
part of the Pledmomt. It occurs in various places in the Xings Hountaine
Eerry Knob :;rea. Same of the horntlends gralss in the area represents
notarorphosed extrusive rocks of intermedizte to dasic coaposition and
one largs bocw 1s metanorphosed quartz gabbro. The parent rocks of
the hornblends gnelss are of various zges: mnetavoleanic horzblende
gneisa "13‘. Intarlayscred with the oldezt btiotita gneiss as well as tha
younges? schistoss pyroclastic roeck, The qgartz gabbro intrudses the
ollgoclase tomalite tut is prob;my older then the period of deposition
of the hizsh alunines rocks, Metamorphism of these parent rocks to horne

bleande gneiss occurred during the ermplzcemsnt of the forhille grancdiorite,

Sore of the gneiss indi ce.tes a degrce of metamorphism equivelert to the
albite-epidote amphibolite facies (Turner, 1948) but most belonssto

the amphibolite facies.

" The principal occurrences of Lornblende émiss are; (i) South-

eest of Henry ¥nob uhers hornblende gnelss undsrlies an area of about

tvo square niles, This hornblende gneiss 1s protably contirmuous with

the smaller body 1msdia§aly north of Hemry Xnob and the long thin layer
in biotite schist northeast of Heary Xnob, The parent rock in all three
‘cases was a coarse grained quarta gabbro that locally intrudes the biotite
, poiu and oligoolase tonalite. (11) An area of one half of a square
mile imodiataly south of Trinity Church. The hornblends getan here

is probably a mtavolca.nin of intermedicte caapoaition. A portion of

this metavolcanic rock has been albitized, probably vrior to thas latest
matamurphim, vith the result that thé rregent minersl assecblape 1s
quartzealbita=tremolita (and hornblende),

»
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Shaller bodies of hornhlende gneiss, also derived from
intermedinte or basic volcanic rocks, faclude a lonz thin layer in
bilotite schist northwesat of Unity Church, a body of unknown siza in
3chistose pyroclaétic rock ﬁorth of The Pinnacle, mmerous very small

bodies in the main erea of biotite gneiss north of Henry Knob, and a.

few long narrow septa in the Yorkville granodiorite,

2 ho Cab ,
i
The least metamorphosed quarts gabbro occurs about one and i
ane half miles southeast of Henry Fnob. This rock has the following i*: :
' e

estimated modes: ‘ ;@
hornblends 30 per cent i

latradorite, an 50+ 55 per cent C g

quartz 15 por cent )

accessory blotite, epidote and magnetite. ‘ B i
Sosrse grained hormblende (up to 4 millimsters) and labradorite occur i
as rondom interlocking crystals, uith quartz in interstitial position. R
Hornblende 1s pleochroie from pale brownish green to bluish green. The : i
labradorite crystals are distinctly soned and albite twinning lanellae o
are sharp and straight, Hornblende and biotite shovw minor alteration
to chiorite. B

Metanorphimm of quarts gabbro has resulted in the develop-
ment of & moderate to strong follation and a decrease in grain” size so
that the rock 1s typically medium to coarse grained, ~Thin sections of
thia mtanorphoaed rock indicate rocrystallization of labradorite crystals
for the crystals eontain numerous ﬁ.ne grained quarts inclusions, and
albite twinning is invariably irregular and fuzzy., The anorthite content
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. of the labtradorite varies from about An 50 to Ain 6579, The randem
orientation of the coarse grained labradorite crystals, and nlerstitial

position of quartz are characteristic of cven the moderately foliated

e el an s BB 2 4 o Bmne
R «

gneisa but in the lighly follated gneiss quartz 1s nore evenly distrie
buted and has a t’ypical granoblasztlc hebit,

g e —

Mine thin sections of this hornblende gneiss have the
following estim-ted modsal ranges |

;i

i

labradorite 4Q to 50 per cent !
. i,
hornblende 15 to 45 per cent .
quartz 15 to 35 per cent i

accessory epldote, magnetite, apatite and biotita,

Thin dikes of quartz gabbro cut the blotite gneiss and oligo-

.- -
e .
e ar sowm e b it b

clase tonalite eaét and northeast of Henry ¥nob, These dikes are

!

‘ generally 1 to 6 inches wide and have been metarorphosed so that they : 1

now consist of dark gray fine grained amphibolite. The principsl con- !

stituents are labradorite or andesine, An 45, quartsz,and hornhlends. '

Same of the hornblends has recrystallized to mediunm grained porphyro-
blasts, ' ‘

The laong thin body of hornblende gneiss that occurs inter-

layered with biotite gnelss mortheast of flenry Rncb is seen in thin v

uetions to have the relict texture and mineralogy of the quarts gabhro. '

“ ‘ ‘mis longthinbodymbeaaﬂlordiks in biotite gneiss,

AU S i s AT

About one and one half milessouth of Henry Knob the hornblende
: ’gneiu occurs as a bel‘b, 600 to 1,000 feet wide, between quartmica

g DL
s i e € R Y

. Jachist and Yorkville granodiorito. The gneiss here is highly biotitic;

it 'is Iocany mjected vith pegmatites dikes, premmably related to ths
4




e ———

-3

[IPENLY. o

-

granodiorite. A characteristic foature of this belt 1s the presencs
of occasional veins (and pleces of float ) of very hard, tough fine
grained epidosi:te. This rock consists of about 50 to 60 per cent . é
anhedral epidote, 40 to 50 per cent quartz, and small amounts of
andesine, hornblende and nmagnetite, The andesine occurs as small | 1
, highly irregular grains clustered near the epidote which commonly occurs

‘n massive aggregates, It appears that epidote has almost complctely

replaced andesine., This rock is probably the hydrothermel alteration

product of the metamorphosed quarta gabbro.

“atavo ic Hornblende i

u e

The cambinaticn of relict porphyritic texture (Figure 4) and
aineral composition suggest that the btulk of hormblende gneiss in tha
lurge area near Trinity Church, and in various smaller bodies throughout
*he srea, has been derived »frm volcanic rocks of basic and intermedlate
somposgition.

Hornblende gneiss of this typa is intex;lawered with mctae
volcanic biotite gnelss and, In cne caseisgradational with ;:intite gneiss
over a distance of fifty feet., At one locality hormblende gnelss occurs
as an apparently confqrm‘ble layer with conglomeratic biotite schist,.

In general, hornblende gneiss of this type displays a well R
developed foliation,and tho fine to medium grained black hornblende |
prisns comionly define a lineation in the rock, The texture is @nﬁrdly
oqnigra.mlar or blaato-porphyritic (coaraer feldspar) but the horntlende
cneiqa 1n the uptl. camonly has coarqe. grained hornblende porphyroblasts.
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. The estimated modal range of the metavaolcunlc goeiss as
indicated by six thin sections is:

plagioclase 40 to 60 per cent

horntlende 5 to €0 ner cent
quarta 0 to 15 per cent
blaotite 0 to 20 per cont (generally leaa than 5 per cent)

accessory epidoté, pagnetite, sphene, apatite, zircon and garnet.

In thin sections the hornblende is seen as brownish green and
green subhedra and euhedra, !edium to coarse grained (up to 3 millimeters)
relict plagloclase phonocrysts with random orientation (Figure 4) cone
stitute a few per ceat of the rock in most thin sections. These relict
vhenocrysts have irreguler shapes and invariably exhibit irregular
fuzzy twinning, They cormonly are ‘embayed by, or hold inclusions of ,
quarta, epidote,and foldapzr, The groundmass counsists of very fine to
fine grailned quarta, fsldsper and epidote, The con;:ositioi of p.'@.agip_-
clase in the groundness and phez}ocrysts is the same in any ome thin
section and generally ranges from median oligoclsse to mediun andesine
in rocks from the central part of the area. The plagioclsse is albite
in horntlende gnelss interlayered with schistose pyroclastic rocks
north of TheA Pinnacle, and in albitized rock near Trinity Church. In
hornblende gnelss sépta the plagioclase is median to éalcic andesine,

In the case of the hornblende gneiss interlayered with schistose
wmlaatin rocks, the al'bite seens to be part of the mineral assemblage,

qumz-muu-mmuende-epmm indicating a degree of metamorphiza

equivnlent to the alb:lte-epidoto amphibolite facles, With the excepticn
of tho albitized rock, the remainder of the hm'nblonda gneisa in the
area indicates a degree of metamorphism equivalent to the amphibolite

faciea.




o Albitization
A distinctive white to light greenish gray rock crops out
over a distance of 1.3 miles in the aroa immediately south of Trinity

Cturch. The rock is fine to medium graincd and nonefollated. It
ccnsiasts principally ot' albite and quartsz with small acounts of fine
srained treolite and horntlends scattered throughout the rock,
“remolite 1s also concentrated on alickensided surfaces. Epidots veins
ere comnon in the unalbitized hcrnblende-e.ndesino-fgneias that occurs
nearby, The veins have been folded axxi also show minor cffset along
mall faults,. "rhsse veins may have developed as Ca0 and 31203 vere
~sleased from the albitized rock. The contact tetween albitized rock
nd normal hornblende gneiés was not seen.

n thin sections the albitized rock is seen to consist of

@ =tout 60 per cent albite, Ab 92, and 30 per cent quertz, Both of

shese ninerals are very fine grained (0.03 to 0.07 millimeters) and
comprise en aggregate that appears to have permeated the rock, This
aggregate forms anastomosing stx"eama about randomly criented medium
zrained relict pgenocqsts {now albite),#s ;wll as about islanda composed
of plagloclase phenocrysts and pigeonite, The relict phenocrysts

have irregular iﬁzv albite twin lamellae, and are embayed at their

3argins by quartz and albite‘.; Some of the phenocrysts are bent, Pig-

eonite (=2V small, cAz ™ u.°) occurs as irregular ragged grains with
a thin margin of chlorite., Small, euhedral pale green hornblende makes

up sbout 5 per cemt of the rock in ome thin seetion, Tremolite (5 per cent)
" ocourd in .a.nother thin section and seems to have r@placed pigeonite,
“ Accessory minerals include epidote, microcline, pyrite, sphene, apatite

and garnet,
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The mineralogy indicates that the albitized rock caontains
7213 per cent 510,, 6 por cent a0 and only a trace of X,0.
This compositicn coapares quite well with that of same gquarta
keratophyres (Cilluly, 1935, Pe 2353 Turner and Verhoogen, 1951, p. 204).

It 18 concluded. that the ariginal rock was a pigeonite- '
beuring effusive, probably of intermediate to basic compoaition,
Albitization and silicification were probabiy produced by hydrothernal
solutions from the magma of the soda=rich oligoclase tonalite., The
folded znd faulted epidote veins in nearby gneiss suggest that albiti-
sation occurred prior to the last major deformation and metamorphisa in
ths area, The Tinc grained euhedrel harmblonde end tremolite probably
Jeveloped in the albitized rock during the major metamorphism and perhaps
“he anorthite content of the albite was not increased much et this tine

tecause of the seperation of the CaO (epldote veinsz) from albite,

Zapt. or anodiorits

Septa of hornblende gneiss occur mainly in the. vicinity west
of Pisgah cimrch. .‘rhey have sharp contacts with the surrounding coarse
grained granodiorits, »

In general, tﬁe texture of this gneiss is porphyroblastic
with quarts and andesine (An42to An/f) forming a very fine to fins
grained granoblastic groundmass and hornblende, pleochroic from pale
btrown to greenish’ hrcmn. occurring as coerser grained (np to 3 millie
peters) porphyroblasta. X

m bulk chenical canposition. as indicated ‘uy the miner&loa
of these gneisses, (andesine~hornblende and andesine-hornblende—quarts)

sugzgests that the parent rock was a basalt,
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roduct
Coarse grained oligoclase tonalite crops ocut in two northe
cast-trending elongete bodics on ecither side, and to the north cf Fenry
th;ob. Metamorphism of oligoclase tonalite tc biotite gnelss, and the
intense weathcring of all the rocks in this area nake ths areal extont
and general nsture of the oligoclase tcnalite contacts uncertzin,

Oliszoclase tonalite, less metamorphosed than the rock npear

FHenry Knob,' occurs immediately north. 6f the north end of Clubb Mountain,

LincalnCounty, Horth Carolina, The extent of this rock is not knoum
for no general rappine was done in thias area,
The two elongate bodles in the vicinity of Henry Knob occur

«7ithin a large northeast-trending belt mapped as "Bessemer Granite® by

_Xeith and Sterrett (1931)., Oligoclase tonalite is the only granitie

textured rock within the tract mapped es "Bessemer Grenite® in the
Xings Mountain-fenry Knob area, Othor rocks in thc "Bessemcr Granita
area® include fine grained biotite schist and @e;iss. hornblende gneiss,
and quartz;uica schist, Thin dikes of retamorphosed quartz gebbtro cut

- the oligoc']’.ase tonalite northeast of Henry Inob,

‘Northwest of Henry Xnod the oligociasa tonalite is character-
1zed in many places by the presence of small and large angulsar inclusions

‘of Siotite‘achist (Figure 5). Locally, the oligocluse tanulite has been
‘injected into a btrecciated sone of biotite schist. These features, in

addition to the phenocrystic nature of both quarts and feldsper, offer
the most reliable clues to a magmatic origin of the tomalite,

# The rock is a tonalite (228) according to Johannsen (1932, p. 387).
The modifier indicates the high content of sodic oligoclasse,
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Pigure 5, Angular inclusions of blotite echist'in typical coarse grained

Figure G

oligoclase tonalite. Outcrop in strean bed 1,5 miles 70U
of Henry Knob, Ccale 18 cne foot long end is graduated in

inches and tenths of inches, Photograph by U.C. Overstreoect.

Photonicrograrh of oligoclase tonalite showing particlly
rocrystallized quartz phenocryst (J). iiote small embayment
of sodic oligoclase into quartz ﬁhcnocryst. Other con=
stituents are: coarse grained partially recrystalliszed
olizoalase (0), finc &ruined groundmass of quarfgand 2odlc
olizoclase, biotite (B). Crossed nicols, X 25,

|
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Description ‘
The coarse grained oligoclase tonalite is typically a light
gray rock consisting princirally of plzgioclase, ib 80 to Ab 95,
quartz and biotite. Biot;ita occurs as discrete clusters, up to 1

centimeter across, spotted through the light gray quartz and oligoclase,

At most qutcrops the rock has a massive structure but occasionally a
noderate to strong lineation or follation is defined by smeered-out
biotite clusters and elongate qnartz grains, Quufz occurs typically
us phenocrysts varying from 1 or 2 to 8 nillimeters in length; and as
inequigranuler grains in a groundmass interstitisl to the oligoclase,
The quartz phenocrysts are generally somewhat rounded and have the

appearance of elliptical pebbles, Plagloclase appears as rardon light

- 7ray to creamy crystals up to 2 to 3 nmillimeters acrosas,

A1l plagloclase in a given thin section has the sare come

rosition which is generally Ab 80 to Ab 90, The phenocrysts appear

‘as random, more or less anhedrel, crystals commonly corroded at ths’

margins and embayed by very fine grained (0,05 to 0,07 millimeters)
plegloclase end quertz, Albite twiming is commonly vague or patchy.
Overgrowths. enbaymnta and veins of albite, showing very fine shredded
twinning 1amnse. .a\re conmon in sonme th:!n sections and in these the
phenocrysts are also albite. |

Mcrocline occurs in about hnlr of the sections atudied. It

'occnrs mt ahmdantl; in the least nmetanorphosed tcnalite tut even here
: constitutea only 4 per cent of the thin aection. In thia thin ezction

it occurs as rat.her coarsge nieroporthitic anhﬂdra irregulorily embayed
and veined by sodic oligoclase, In other thin sections microcline 1s
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~ almost comnletely u.ltéred to plagioclase and quarts with the result
t.hﬁt only a few small irresgularly: sheped grains remain, Judging
froa the size, shape and space relations of the quartz and oligoclase
in thin section it is probsble that microcline did not constitute more
than 10 per cent of the .originalv rock which may have had the composition .
of a éoda-rich granodio.rite.'
artz occurs as large phenocrystst (Figure 6) and as distinct
aggregates of graing, The zonal growth of some coarse grainad phenoe
crysts is indleated by the presence within the phenocryst of a acries
nf thin curved luyers of altite that aro parallel to the marging of the
“henoeryst, Aldite hes apparen:blf becn introduced into fractures along
Tuccessive growth zones, Most quartz phenocrysts show erying dégrees
-~ recrystallizztion, Some are entirely rimmed by an aggregate of fins
anhedral quartz, '11:13 fine énheﬁmlqua.rtz is conmon throughout most of the
thin sections. |
Biotite, pleochroic from pale brown to moderste dark btrown,
occurs as small flukes in distinct clusters, Some of the biotite has
been altered to-chlogite., The euhedral outline of a chlorite aggregate
in cne thin section suzgeststhat chlarite has replaced amphibole’
pseudomorphically. ' 4. | ‘
Muscovite occurs as =mall distinet flakes intergrown with
. biotite in many thin sections, It also occurs as fine gréinéd flakes
hmoftheﬁmgr&.nedquartzawegates. | -
' ' Acceasory n:!nerals include epidote. magmtite, apat.ito. mite,

srthene, rutile, zircom, ga.rnet, staurnnta, and kyanite, ..
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The average of eight modal analyses of typicsl coarse
grained light gray oligoclese tonalits is given in Column 4 of Table III.
The mode and chemical composition (Colizm 1, Table III) egree closelyt
with the quartz-oligoclace tenalite (irondhjemite), 228P, and soda-
clase tona.li;.e, 218P , of Jobannaen (2939, p. 387, 383). The bulk
chemistry and mineralocy of the oligoclase tonalite also resembles
trogijenitc froa the Sierra Nevada, California (Heitanen, 1951, p. 584)
‘which hes intruded a metamorphosed igneous complex cons‘ist.fng of basaltic

2nd soda-rich volcanic rocks,

aw of the alterations seen in thin section may be definitely

astributed to deuteric alteration, same are distinctly metamorphic and
others may be either of matamorphic or late magratie origin,
The oligoclase phenocrysts are generally crowﬁod with randomly
-aricnted fine grained mica, This mica is commonly more ebundant in the
cores than in the margins of the grains and 1s completely lacking from
the overgrouths amd fine grained embayments. This mica is-believed t0
be of deuteric origin, % |
Thin section study reveals that there has been an introduction
of albite and quartz into tre rock, Whzt 1s the extent of this alteration
end when did it W? An approximate measure of the extent 1s sug-
E gésted by a comparison df the mode and chemical analysis of the oligo=
. ‘clagse tonalite vith five emples of trondhjen:lte citad Ey Johannsun
- (1932, pe 387)s The oligoclase tonalita contains as meh as 10 per cent
more quartz, and hus a higher Na,,0:K,0 ratio than most trondhjenites.
_These conps;'isona' suggest a slizht to noderate azocunt of silicification
and albitizetion of the olirocliuze tonulito and this agrecs vwith thin

section evidonce,
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The overgrowths, and veins and embayments of plagioclase
and quarts into phenocrysts suggests b:drothemal or late magmatic
alteration rather than an alteration produced by dynamothermal metamore
_phism, It is concluded, therefore, that albitization and silicification
occurred shortly after the oligoclase tonalite crystallized, perhaps as
part of the same igneous episods. The albitization seen in biotite
gneias end in hornblende gneiss slse probably 'occurred at this tine,

Yfetamorphism, subsequent to albitization and silicification
df oligoclase tonalite, brought about the equalization of plaglioclase
grain siie and equalization of plagiclase composition in the rock,
fuartz pheﬁocrysts axhibit very nicely the first stages of recrystale
iizationt a singls euhcdral phenocryst breaks down to a mosaic of small

strained grains but the aggregate yctains the euhedral outline of the

chenoeryst, (Figure 6)., {ore advanced stages of recrystallization show

the distortion of the ruhedral outline and the enlargement of sams of
the small grains in the mosaic., Some §hor1; stringers and lenses of
. slightly strained quarts grains may represent highly recrystallized
phenocrysts. | '

The final product of recrystallization is a strongly foliated
biotite gneiss (see Biotite Schist and Cneiss).

Another common alteration produei of aligoclase tonalite 1ias
" thinly foliated pyritic quartz-mica schist (see separate discussiom),
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Quartz=Mica Zchigsh
Highly foliated very fine grained to medium grained quartze

mica schist 1s the rock type next most abundant to biotite schist and
gneiss in the ;.rea. . Because quartzemica schist has various origins the
areas mapped (Flate I) do not, in general, it into any broad or local
structural pattari\. Thus, in some places, as in t;ha long narrow belts
in the vicinity of Sparrow Springs Lake and south of Henry Knob,quartz-
mica schist is probebly a ﬁetasedjmntary or metavolcanic unit, whereas

_in the area narth of Henry Knob the schist has been produced by intense

local shearing and alteration of biotite schists, gneisses and coarse
crained oligoclase tonalite,
s@: of the least metmorchosed netaa-adimutai-y achist occurs
in the narrow belt extending northeast tbrough Sparrow Springs Lalm,
The schist here is very fine grained and the strongly developed eleavage
is commonly crinkled, Fine grained needles of tourmaline occur on ths
“oliatian planea. This schist varies from white and gray to bluish gray
in color, It 1s inurlmred with bluiah gray phyllitic schists in this
bait, Although no thin sections of this rock were studied, the principal
constituents were seen in the field Yo be fine grained mica and quarts
uiih.acc‘nsaory amounts of magnetite, pyrite, and taurmaline, The com= |
position of the mica is unknown tut it is probable that it contains con=
siderable anounta of !-20 as well as K,0 (see Chloritoid Schists),
_ h the vlcinity of the amimanite quartaite beds near the
!orkvﬂlo granocdiorite contact, the schist is generally woll faliated

L nnd frequently highly crenulated (Piguro 7) and folded, It consists

principally of quarts and well formed mica uith small and variable-

# All white mica, unless inferred from chemical analysis or optical
data to be mscovite, 1s referred to as "mica”, (Sce discucsiom
under Chloritoid Schistsa). :
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Figure 7. Hand specimen of crinkled quarta-nica sohist. The well
developed flow cleavage in the schist i1s parallsl to the
piano of the photograph. Specinen from gas pipe line south
of Will Enox proparty., Scale in graduated in inches,

Figure 3. Thin bodded schistose pyroslastic rock. Lookinz down on
‘ gently dlpping beds in road gutter one-half nile north of
‘Sparrow Springs Lake, . Hote fraguents in coarse grained.be”
' that are flattened and elongated in plane of steepl:-
. 1 . dipéing follation, Soale is one foodt long. Photog:sph by
©_ W.C. Overstrest. -
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amounts of sillimanite, garnet, rutile, zircon, tourmaline, and, locally,
andalusite (Will Xnox property). It is locally comglomeratice

Just north of the falded qanita and sillimanite quartzite
beds in the vicinity of Mill Creek there appear a few scattered

exposures of mottled bluish fine grained ochist that resembles the

schistose nyroclastic rockﬁ. These exposures occur in'an area of quartge
mica schist suggesting that the quartzemica schist has developed by
shearing end alteration of the schistose pyroclastic rocks, Indeed,
the bulk of the strongly foliated quartz-mica schists asasociated with
the sillimanite quartzite bedq may be the highly metarorphosed equivae
lent of the fine grained chloritold schists, quartz-mica schists and
Jenistose pyroclastic rocks associated with the lqanite. quartzite on
zhe weat limb of the major anticiine (I, Figure 2),

The high alumira lcon‘bent of the ‘qtmrtz-mica schist aésociated
with kyanite quartzite 1a indicated by sone of the minerals. recovarsd
bty panning weathered achist in the 1mediate vicinity of the quartzitc.
Staurolits, kyanite, twrmline and_magnetit.e vere ;‘ecovered from the
sch:lét near kyanite quartaite one helf mile ‘scutheast of the south end
of Crowders Mountain, Within 200 feet of kyanite quartsite at Hemry

| EKnaob, the following minerals occur in the quéx*b:—mica schists kyanite,
staurclite, andalusite (local), tourmaline, pyrite, rutile and magnetite,
Pyrite 1is ‘gener&uy a uﬁoépread accessory mineral in the schist,

methinaectimotquartnicaachistfrmmmtcroplmm

mth of Benry Knob shovs the premco of & few highly altered feldspar

crysta.l:’ (1 to z_m.umuu) in a very fine grained groundmass of quarts,

‘mica and chlorite, Some of the coarser quartﬁ graini have the appear=-

ance of relict rhenocrysts. Pyrite constitutes 1 to 2 per cent of the

b d———— - da maen R At bee

. .
bt -

PR IR

O e T

TS A

B R o feind -
v APV -




=55 -

e IO

. " rock and occurs as cryatals elongated in the plame of foliation, It 1s
likely that this schist was derived fyrom a silicic volcanic rock,

Pyritic quartz-mica echist, developed ty shearing and hydro-
thornal alteration of pree-existing biotite schist, gneiss and oligoclase

ionalite, {3 common in the general vicinity north and southeast of Hemry

LD -

- Knodb, This schist is strongly foliated and occurs in zonesa from about

2 feet to 20 feet wide, The contact between thcse zones and oligoclase

e e - S e o e = n e it
e e

tonalite 1s usually sharp, Cently plunging slickensides on steeply

- -

dipping foliation planes in the schist, and intense local crumpling, attest

to the shearing nature of the deformation that accampanisd alteration of
tonalite to schist, Some hydrothormal action 1s suggested by small veins
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of quartz and tmn'zxaline that cut the tonalite near the schist,

At ome locality northeast of Senry Knob the schist has a R | XY

‘ distinctly pebbly chsracter produced by numeroua quartz eyes, The unaltared - (0 ;

tonalits adjacent to the schists contains ebundant rounded quartz phono-

orysts, suggesting that quartz eyea in the schist are relict phenccrysts,
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The hydrothermal alteration recorded by these schists and the

am=2l1l qﬁartzétmaline veins may have been largely a hydrolysis of the |

3 Na Al 31308 +H,0~ Na u3$130m(om2 + Na0 + 6 31°z
albite paraganite

plagioclase in the oligoclase tomalite. The general reaction, 1s assumed
to have beens - - ’ 2
- : o
inl:

Although the plagioclase in the oligoclase tonalite is not pure albite,
it 1s highly sodic and thus paragonite, and not potash mica, would
haiwo formed, There i3, however, no chemical or petrographic evidence

to indicats the composition of the mica, The release of Hazo and 8102
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by this reaction may explain same of the local albitization ani silici-
ﬁéation. Nowever, there apreara to be no éorrelatidn betueen albitized
tonalite and the proximity of this tonalite to zones of schi:-t, lior is
there an obviocua spatial correlation between the well cdefincd albitizatiem
of rocks south of Trinity Church and zones of quartzemica schist, It is
concluded . that 1little, if any, albitization resulted from the a0
releaced by this reaction,
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‘ ' Schistose Pyroglastic Rock

Introduction
Tine srained mica schiat, hevinz a distinet relict fragmenial

texture and a bluish gray and mottled bluish and white color, crops out
fn a broad belt onc mile southeast of the Kings “ountain ridge (Flate I).
Associated with the pyroclastic rocks in this belt are magnetiferous
maartzite, vory fin.c erained 1ight tan and green colored schist (probably . i
tuffaceous) ard schistose porphyritic volcanic rocks of silicic to inter- L
| nediate composition, |

Another belt of this schist occurs at the exis of the syncline .
{11, Figure 2) north of The Pimnacle, Metavolcanic hornblende gneiss ‘ :g
occcurs with the schist in this belt., Both kyanite amd andalusite occur
21ocally in this schist, _

‘ . Small outcrops of schistose pyroclastic rock occur elsevhere
in the area and are al&.'wa close to, or in céntact with, the kyanite=
bearing quartzites. Thus, a small outcrop of schistose pyroclastic rock o
occurs along the rosd just west of Sherrars Capy mich of the schist B iH
axposed along the east side of Crowders Mountain has the colcn' and textursal | g
characteristics of this rock; two amall cutcrops of this achiat occur
in HcGill Creek, just north of the kyaaita and sillizanite quartzite beds, R b

>A schist of similar appearance, but containing abundant sillimanite,crops
~out alang the west side of a small hill (man-an-cley property) 2.7 miles _‘ ?
- northeast of Fenry b, f

o | Rildirﬁculttousessthegudeofmtamhimfrmtho
mineral assemblage of the schistose pyroclastic rock because the rock
conai.atsvdmha:»ztiy of Mz and mica, sn assemblage at;ble over a vide -

range of temperatures. Rocks belonging to the greenschist facies
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(Tarner, 1948) are associated with *he schistose pyroclastic rock in

the vicinity of Ouk View Beptist Churchj north of The Pimmacle the associ-
ated rocks belong to the albite—epidote amphibolite facles and here tie
schistose pyroclastic rock carries andalu:zite 'ar.d kyenite; the slllinanitee
tearing pchistﬁse pyroclastic rock in the eastern part of the area 1is
gurrounded by rocks of the amphibolite facios.

Keith and Sterrett (1931) mapped much of this schistose pyro-
clastic rock, along with other fire pgrained quartz-mica schists coropping

.out along the Kings Mountain range, es Battleground schist. The type

locality is at the Kinga Mountain Battleground, 6 miles southwest of The
Pinracle. Keith and Sterrett concluda ‘that the Battleground schist is
of Algonkian age, but the present study indicates that these distinctive
myroclastie rocks lie stratigraphically telow and above the Kings liountain
quartzite '(kyanite quartzite and conglomerate) which they cons‘idor to be
of Cambrian age (see S;t-rncture).
Deacription

‘ _ The schistose pyroclastic rock has ‘been strongly sheared with
the result that the pyroclastic fragments are ususlly highh" flattened
tmd elongated. Bedding, houaver, is generally wall preserveé (Figure 8);
SOm beds are very fine grainad and consist predominantly of fine grained
quar’c: and mica while others are coarger grained and contain the charactere
‘istic angular fregments.

| m groundnaas in these coarser grained beds consists now of

‘ ﬁno gra:lned mica, quartz, and hematite, with occasionsl clear bluish
: qua.rtz grains (2 to 3 millimeters) having sharp outlines auggeating

phenocrysta. Imbedded in this groundmass are angular fragments (now
entirely schistose) of varying color and size, (Figure 9). Scme of these

B s L RLIRE O
- P . ik -

TETTERL L IL SIS L D
thkedha o




o A
vt m—— — o —

[

i

Figure 9.

Figure 10,
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Two hand specinens of schistose pyroclastic rock fran gas
pipe line 1,15 miles S15Z of S=rrars Gap; Specimen on right
chows angular fra;;;nenta of dark colored'porphjriuc rock
get in gramdngsa of fine grained mica and gquartz, Spociaen
on left coneists of light and dark colored fragaents thad
have been shcared and flattened; foliation plane is parallel
to plane of photograph. Scale is graduﬁt.od in 'imhés;

Outcrop of pabbls conglomerats 0.45 miles 7538 of Jak Vias
Baptist Churche Looking down on outerop which shows
flattoned and elongatod pebhles of quarts-amatite schist
in groundmass of fine grained quartz and rica. Scale is
one foot lonz, Photogcraphy by K.C. Overstreet.,
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‘ fragments are 2 inches lang, but generally they are betwsen one fourth
and ome inch long. They consist of fine grained mica and a little
- quarts, and depending on the amount and distribution of hematits, appear
vhite, gray, bluish gray or black. Finely dissaminated hematite gives
these fragnents and the matrix the distinctive gray color. A few angular
fragments have relict Wﬁo textures, These fragments resenble
closely the parphyritic volcanic rocks associated with the pyroclastic
rocks and described below, 7 |
One outcx;op of pyroclastic rock, one half mile east of Oak
View Baptist Church, consists in eddition to well defined beds containing
angular fragments, of a conglomeratic layer containing large pebbles and
cobbles (Figure 10)., These cobbles and pebbles are well rounded and are
highly flattened and elonéated in the plane of foliation. Ths ratio of
their maxirum length to width is sbout 5:1, They consist of very fine
Zrained dark gray quartze-hematite schist. A curious fesature, perhaps
. inherent in an area vhere shear folding is prevalent, is that small,
angular fragments occur in the outcrop a few feet from these strongly
deformed pebbles. The presence of these vell rounded pebbles, in addition
to the wvidespread occurrence of small quartzite pebhles in the pyroclastic
rock, suggests a composite origin for the clastic material, '
min sections of‘ the pyroclastic rock reveal little of the
original campoaiuon. The major constituents ave very fine grained
| (o.m to 0.03 millimeter) mica, quarta, and henatita. Accessory minerals
' u- tmalin.. apatite,and chloritoid. The mode, calculated from chemical

empoeitim and supported by thin section evidence, is given in Table IV.

L2

e L
i A Y

R e e

i
"
{

FA T




o BT RUSEE W ST e sy

- 62 -

Ths fragnents ars seen in thin section to be distinct areas
with angular cutlines and consisting of a very {ine grained (less than
+01 millimeter) micacecus aggregate. Several fragments contain abundant
fine grained dhu@ted hematite, In addition to very fine grained
quarts and mica, the groundmass contains rars very fine grained quartzite
pebbles and small single grains of quarts that have quite regular oute
l4nes suggesting they were phenocrysts. Scme of the fine grained masses
of mica may have been feldspar crystals.

The hematite appears as fine ;rained (up to one millimeter)
ball=like enhedra, as very fine gi‘ahmd anhedra in distinet bands and

trains, arxd as abundant fine and coarse grains dissemim;tod in some of

the fragments, The hematite is distinctly magnetic but the chemical analysis

of the pyroclastic rock (Table IV) indicates the iron to be predomin-
antly Pe,0y o |

if, in the pyroclastic rock, all the soda (2.61 per cent) is
considersd t.o be present as pa.ragonite. and all the potash (1,62 per cent)
2s muscovite, there remains an excess of i.27 per cent 203‘ and 1,26
per cent FL‘,O. The mica may well be a single species containing both
3&20 and KZO' and perhaps more water than indicated in the conventional
forrmlas. There is also a possibility that small amounts of pyrophyllite
are present, | | |

"The alumina content (19.44 per cent) is about 3 to 5 per cent

4 higher than in tuffs with comparable silica content (Washington, 1917).

Sah of the netamorphosed tm‘fa of th- volcanio-o].ato belt '(Laney, 19103

Pogue, 1910) contain up to 20 per cent A1203 tut, unlike the pyroclastic

rock in the Kings Mountain-Benry Znob area, contain less than 60 per cent
8102 and as much as 6 per cent Ca0, These comparisons suggest that
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TABLE IV

Chemical analysis and calculated minsral percentages of schiatose pyroclastic

rock from Gaaton County, North Carolina,

1.

2.

1. 2.

5102 66.14 Per cent by Volume
A].zl)3 19.44 Quarts 49
Te 03 5.88 Total Mica 47
Fed +45 Titanifercus
¥g0 22 Hematite 4
ca0 . «29 Tourmaline Trace
I‘Iazo 2.61 ' Apatite Trace
320 1.62 Chloritoid Trace
azo- . 09 ' 100
3201- 2.33
?102 64
:702‘ 01
PZOS .14

.00
7n0 01
Total

Cheaical analysis of schistose pyroclastic rock found along pipe line 1 mile
SS58E of Sterps Gap, Gaston County, Forth Carolina. Saample is a compoaite
of asix specimons taken at random from ueavatod rocks., Analyst: lucille K.
Tarrant, U.S. Geological Survey.

Volume per centages of ninorals calculated from chemical analysis. Mineralogy
indicated by thin saeciion study.
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. the high alumina content of the schistose pyroclastic rock may have -
resulted from the admixture of scme clay vith the pyroclastic debris

during sedimentation, The fact that andalusite, kyanite,and sillimanite
occur in the schistose pyroclastic rock only in the mu vicinity
. of the high alumina quartzite can be interpreted to indicate a rat&ar
. abtrupt sedimentary gradation from clay-rich sanda. (high alumina quartz=
ites) to a clay-bearing pyroclastic sediment, High alumina quartaites
occur at both the upper and lower contactc of schistose pyroclastic
sequences. '
2 u astic Roc _ ,
This rock 1s best developed just west of the kyanite quartzite
bed in the trough of the syncline south of Crouders Momntain Village, and

just east of the kyanite quartzits beds of Crowders Moumtain. In addition

to the characteristic mottled colers and fragmental texture, the schist
has a Jumpy surface produced by the random, coerse grained (ome—quarter

to one-half inch) andalualta porphyroblasta. . -‘
In thin aect:lon the schist 1s seen to consist of about 80 to it ‘
90 per cent fi.ne grained mica, The _reminder of the rock consists of a "
quarts, megnetite (locally up to 10 per cent), anlalusite (trace to 5 )
per ?ent). tourmaline (trace to 3 per éeﬁt). . o - , ’ i
o Yolded banding is seen in many thin sections, The Vbands conaist
of para].lel layera rich in fine grained euhedral and anhedral magnetite;
others are rich in mll-forned f1akes of mica that are orionted parallel
to tbo axial planes of the folda; tom'mnne-rich 'banda are cocmon in a

fouw thin ucticns. ,
. The coarse gra:lncd pcrplvrohlasta of andalusito apparently

developed after the stage of crumpling for they occur at the noses of folds
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Figare 11, Photomicrozraph of partially replaéed' andalusité porphyro=

~ Figure 12,

blast in schist. CFample from outcrop along road O.4 nils

~ south of Crowders Mountain Village. Andalusite (well
-developed cleavaze, light gray) has been partially replaced

by mica (1ight colored fuzsy aggregate) and tournaline ,

(fine groined, dark colored in bands)s coarse grained
opague mineral is magnetite, Crossed nicols X 65,

+

Photaniarosraph ol metavelcanic albite-chlorite schict.

.Sabplo froa gas pi}:;e lino 1200 feat vest of Borth Carclinz

hightw 151, Large quarts phméa-yat in lower left corner;
other phenoarystc are alblte. Groundnass is quartz,
albite and chlarite, . Crosced nicols, X 25.
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and include crumpled bands of magnetite. Partial replacement of
andalusite by mica and tcurmaline has taken place along thsse relict
bands within the porphyroblast, This is shown by the isclated rccmanta
of andalusite that have the shape of curved bands (Figure 11). In such
ca'sas the isolated remnants have a common optic orientation showing that

they were once part of ome large crystdl,

an 'o- st oc
This rock {3 common in the viciz‘zity of the northaastern end
of Kings Mountain, Here it occurs interbedded with kyanites conglomerate,
znd 1s apparently gradational along strike with kyanite-staurolite quartz-
ite, | |
Xyanite, making up leas than 10 per cent of the schist, occurs
-3 complete radial sprays up to 5 millimeters in diameter and as
individual blades and irveguler aggregates. The schist has the character—
istie mot.tlegi colors and fragmental texture, and consiats prin'cipally

of fine grained mica, a little quartz, and accessory ammmts of chloritoid,

magnetite, tourmaline and zircon,

Asscclated Metavolcenic Rocia
’letamrphosed porplvritic volcanic rocla and extremely fins

grained tu.ffa (?) are auociated vith tha schistose pyroclastic rocks
southeast of K!.ngs Honntain
] _ me of the most distinctiw porphyritic rocks, although not
' u:ldnpmad, 1- a fine grained. medium gray moderately schistose rock with
" rendomly ordented uhite feldspar phenoerysts (1 to 2 aillimeters) and

" tluish quarts phenocrysts, Bictita or chlarites occur along the. follation

planes. In thin section (Figire 12) the plagioclase phemccrysts are
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. .

seen to consist now of albits An 5=10, and sometizes to have well

T3

preserved crystul ocutlinesj some quarta phenoorysts (uﬁ to 1,5 nil1li- : f

yFoiosy

o)
sl

meters) are undeformed; the groundmass consists of very fine grained |

P S

-

. .
[P "
T TR

uica, chlorite, quartz, epildote and m=mgnetita, Coarse mica, sozmetinza
ragged and corroded, and chlorits or biotite, occur as coalescing and

G
4

R

branching streaza that wrap arcund the phenocrysts and define a moderately
good foliation. This schist belongs to the greenschiat facles, ' &
‘It 13 interesting to note that.a porphyritic volcani¢ rock of
similar composition a.nd' texturs crops out in the center of the belt
mavped as Dessemer granite by Keith and Sterrstt (1931); the rock was

=

fourd in a quarry 2.4 miles S 32 E of the Kings Mountain Battlegroumd

= - o e e g o

onumente

e e -y - ——— - o X%

. Anothar metavolcanic type consists of atout 85 per cent medium
srained 2lbits, An 5-10, crystala with random orientation, & fow potash r i
%aldspar phenocrysts, ard a groundmass of fine grained albite laths, - i
chlerite, mica,and miror quartz. The absence of epidots sugg=cta that . gl
the parent rock consisted dominantly of sodic plagioclase, It may have B
had a composiiion closely akin to the sodaclase tonalite which 1s thought :;f.; ;
to be the pareit rock of soms biotits gneiss. ' b 1
o Very fine grained, hard, bluish-gray rock occurs af several . § '
plaéas along the pipeline scutheast of Stepps gape. A thin section of

this rock shows it to consist of extremely fine graimed (0,003 millineter)
quarts and albitic plagioclase, and coarser grained quarts and mica. The

éxtrehnly fins grained quartz-dbiﬁe aggregate occurs as streaks or bands
with thin streaks ‘of coarser (;18 millimeter) quartz, This rock may be a
‘ metamorphosed volcanic ash,

AR NRTIERRETE ARTR R e T e e
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horntlende cneiss associzted with schistose pyroclastice

oy,
&

rocks north of The Pinnacles displays relict porchyritic texture in

thin section, (ses Hornblende Gnoisa).



PR o

Adunina, crop out in two broad belts in the northwestern part of ths

~ distinctive‘:texwral fectures of the pyroclastic rocks, and the presence

st

Tatroduction
Tine grained clastic mstocedimentary rocks, high in quarts aed

....»...,., ,,. .. .
- e e, s
IOUE S SRRV g IV I St B

Tngs Mountain-Henry E’mo‘o' area (Flate I). The principal rock types in '
these two belta are chloritoid schist, quartzemica schist, fine grained

nuartzite, schistose conglomerate and chlcrita-albite schist, These

rocks lie, for the most part, stratigrachically beneath the kyanite quartz-

ite and conglomerate in the syncline (II, Figure 2); the chloritoid schists

-outheast of Xings Yountain lie stratigraphically above the schistose

NI T

7roclastic rocks. Each of ths two belts of chloritoid schist varies ]

~rom about 1,000 to 4,000 feet in width, tense small scale i1soclinal

colding is common in both belts und 1t is probable that the true thicimeas
of the rocks in either belt is one half to one fourth of the meximum
+idth of the belt. Rocks of this type are also exposed between The Pinnacle
and the southwestern nose of the syncline (I, Figure 2) and these lis
stratigraphically above the kyanite quartzite beds. | e
Zeith and Sterrett (1931) mapped these fine graincd chlaritoeld b
schists and quartzites, along with the distinctly pyroclastic rocks, s ’
Battleground schist. . In the present study an attampt.was made in the i ;
field to distinguish the schistoze moclas‘bic rocks rron these fines :

grained schists, m mny cases theyseem to be gradational but the s

of a well deﬁ.ned scbistoao conglonerate bed at ths base of the fine
grained schists along the uoat side of Lake Hontaniu and !ellov Ridge make
the contact fairly definite, The fine grailned schists and quartzites

1
;@




.. the conglcmerate, and it also indicates that the mica u not 'aericit.o'

. and potash, Chemical analysis of the fine grained schintose pyroclastic

S
vere largely water-lain fine grained clastic sedimentary rocks. FHowever, : ‘
a few volcanic types are represented in this sequence, ard, indeed, & i
narrow band of pyroclastioc rpcka occurs in the fine grained schists z %;é

east of Sherrars Gap, _ , .o
N The composition of the white mica that constitutes a large Y
-part of these fine grained schists 1s not certain. One clue as to its ' ) i
composition is given by a chemical analyses of ®Sericite schist® collected ;i . 3
by D. B. Stem\tt (Wells, 1937). The rock sample was taken fron a
noint one half mile HNACE of Stepps Gap and although no more detailed
location is given, it was probably obtained from a point Just south of
the coarse grained conglomerate ?zt the nose of the fold on the larren

oroperty.' The analysis follows:

s10, A5e47
AL,0, - 38.09
Fe,0, 2.50
Mgo .2
Cal 75
Fa,0 4.83
K0 463 .

HQ CLT9 o

| ‘ 101.27 |
: 'm- -na.lycis m.icatea the high alumina naturs of the roch mounding

or miscovite. It may ba that the schist consists of an intergrwtb of
parcgonite and mscoviu. or, that the nica may btes equally rieh in soda




< -T2 - ,
@ ook (Table IV) indicotes that 3a,0 i3 cbout ome and ons half tines
nore abundant than 320, and this rock consists principally of fine grained V¥
nica amd quartz.' Heace, all fine grained white mica in the area ia ,
reforred to us "mica", indicating that it may be either muscovite and
paragonits or a mica' containing both l!azo and xzo .

toid
The most.abundant type of schist in both belts is a porphyro=-

blastic chloritoﬁ-ghloriwca' schist, It is particularly well exposed

near the kyanite quartzite beds in the scuthern part of the syncline,

at Stepps Gap, 'and in the vicinity of Laks Montonio and along !allpv L

nidge., The schist is tan, gray or bl;.zish gray colored, It is commonly

strongly foliated and the foliation planes are generally tighf;ly crinkled, ‘

The axes of these crinkles are horizontal or plunge gently northeast or
® southwest. Intense small scale isoclinal folding of this schist is a

conspicuous at Stepps Gap and east of Sherrars Gap, A distinct layering

is produced in scme cases by thin (ome half to 10 millimeters) bamds

alternately rich in chloritoid, chlorite-quarts and mica~chlorite~quarts.

In thin section, chloritoid achiat is seen to consist ,
principally of fine grained mica (30 to 90 per cent) and quarts (5 to 70

per cent), 'm nica flakes generally dafine a strong foliation, Quarts
occurs as a msaic of.very fire (0,01 to 0.9 nillimeter) grains inter=-

sporaed with n:lca and chloritc, or as fine, randomly oriented, angulay
. mins 1n a n:lcaceona groundnau. A fovw mll trgpnenta, or pebbles,

"of quartzite vere seen 1n acm thin mtloua.
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Chlaritold comstitutes abtout 3 to 10 per cent of most of the
schists, It is more sbundant near the kyanite quartzites and hers .
canstitutes up to 30 por cent of the schist, It occurs as aingle
blades or radiating bladed aggregates. Single blades are gemerally
0.1 to 0.5 millimeter long, Redisting bladed aggregates are cosrser
(up to 2 millimetsrs) and are particularly well developed in the
vicinity of the kyanits quartzite, The color and pleochroisn of chlori-
toid aré varisble from one thin section to another. Much of the
chloritoid is colorlessy some is pleochroic from greenish-gray to green,
In two sections it is pleochroic from pale green to purplish, suggesting
2 manganiferous varisty, In‘cluéioms of quarts and fine opaque.mtgfial
ere comon in the chloritoid. In many cases an S pattern of inclusion
trains suggests rotation during crystallization, The foliation is
commonly bowed about coarse radial aggregates of chloritoid. Chloritoid
i3 seen in some thin sections to be altering to mica =aprd ehlorite,

Chlorite is present in 10 out of the 15 thin sections studied,
It occurs as mmall, generally well formed flakes. It is scmewhat
coarser grained than the nica and 18 in intimate contact with chloritoid,
In several thin sections from both belts chloritoid shows slight to
moderate alteration to chlorite. Magnotite, tourmaline, rutile, and
zircon are common accessories, Hagne,t.it.o octahedra commonly show signs
of smearing and the ragged nature of same of the ectahodra suggeats they
have boen partly rea-ystallizad. Rare nccaamiea are epidotc, garnet
'and blotite. Garnet occurs as small clear anhédra, pertially altered

_ teo chlorite. E‘pidote occurs as m.u rtgged anhedra, Biotite occurs

in one thin section, It- appee.rs to be intergrown with micag no chlorite
occurs in this thin section,
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m& fine gra'ined eclastic nature of much of the quartsz in
this schist, the abundance of high alumina minersls such as mica and
chloritoid, and .the nresence of delicate banding, defined by coapositional
variations, suggest that the pm.-ont rock was a silty clay comparable in
composition to some impure refractory clays (Greaves-walker, 1939).

The mineral assenblages chloritoid-mica-quartz arnd chloritoid-
pica~garnet indicate a degree of metanmorphism equivalent to the green-

’ achist and aldbite-epidote amphibolite facies respectively (Turner, 1938,
Pe 89)s The random and minor alteration of chloritold and garnet to
chlorite and mic.a: indicates a scmwﬁ&t later retrogressive metamorphism,
et &) A h ‘ | ‘ _

VYery fine gra:ln&d light browm, gray or bluish gray schist,
consisting daminantly of quartz and mica, is comuon in both major belts
znd also in the trough of the southern part of the syncline, This rock
15 gradational vith the fine grained quartzites described below, and
with the .chloritoid achista,

In addition to fins 'gmma (9,03 to 0.02 millimster) quarts
..nd mica, the rock carriea accessory or major amounts of nmagnetite and
iron ore of unceruin apeciea. Other aceeaeory ninerals are taurmalim
and zirecon. In noat eaaea the magnetite occurs as disseminated amall
octahedra. These are sonetimes corroded and ragged, suggesting
romsu.uiaatica. n other amplea of this schist the iron cre consists
of fine g-ained ragged ball-like grains,and of very fine anhedrn defining
band. and incluaion trains in the groundmsa. This iron ore looks very
‘sinnar to that 1n the schistoao pyroolaatie rocks vhem chemical apalysis

indicatas it to bo hmtito. The iron ore in the schiata under discussion
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also occurs locally diserminatsd in, and as a narrow coating or rin

tbout small, fine gralned quartzite pebbles, The irtimate associatiom
of fine grained quartz and Irom oro suggests that these "pebhbles®™ were
ferruginocus chert, or pcr'hapa a fine grained crystalline quarta pebble
with@ coating of iron oxide,

Fins grained quartzite occurs at numerous localitica in the
two najor belts but it i3 not as comuon as the highly quartzose chloritoid
schists and chloritie schists which Keith and Sterrett (1931) mspped as
<he Xings Mountain quartzits, |

The rock is of variable éolor éepeﬁding on the mgnétite
content and degree of linmonitization. It occurs as beds a few inches to
2 few feet thick, intorlayered with chloritoid schist and quai‘tz-nica
schiat, ‘ |

In thin scction it 1s seen to consist of z mosaic of very
fine grained (0,03 to 0,12 millimeter) quarts, Quartz constitutea from
about 70 to 98 per cent of the rock. Other constitusnts are fins grained
aica, magnetite, chlorite, sircon, and tourmaline,

Bluish eray schist with coerse pebblea of white quartsito is
camonly interbedded with kyanite quartzibe along Kings anta.in. south=
oast of The Pinmcle In several ple.ces kyan.ite eangloaerate is

T grgdational a.‘.long strike to achistoao conglomerate,

A paraiatent bed of conglmrata can be traced almost
cmmmslytorthreoandmhmmesfrcnthawst side ofl.tka

Hogtonio northnut along the west side of Yellow Ridge to Croudars Creek,

.
H

4]
o

Al Al




-7 -

‘ This bed was mapped by Ueith and Sterrett (1931) as

- ;&';LL‘J.M": w ‘

Craytonville c&:glangrnte, as vas the kyanits quartzite and conglcmerate *i
of the Tings :!oxmtain. ridge, The ﬁresent study sugcests that this | o f'f’;
pon-kyanitic conglonerats lies stratigraphically beneath the thick i
belt of fine grained chloritedd schist, and censequently below these.

o amre M o

T kxyenite quartaites, A amall outcrop of conglomerata at the upper coantact
of the schistose pyroclastic rocks east of Onk View Baptist Church may
be the same bed as that under discussiom. |

The thickness of the conglomerate bed along the west lixb

of the.syncline varies from about 45 feet to 100 feet, There are two o

orfsets in the otherwise contimious trend of this bed, These offsets y

mey repfesént sharp isoclinal folds, P

The conglomerate consists of quartz grit grains ( 3 to 5 i )

. mi11imeters) and coarse pebbles of fine crained white quartzite, and S

locally. pebbles of reddish quartzite and chloritoid schist, The , !

—ebbles vary from one fourth to 8 inchas in length, The cverage size :
is 1 to 3 inches, The pebble§ are usually flattened in the plans of
foliation which 1s parallel to the bedding, The ratio of maximm to

ninimm length varies from 1:1 to 6313 a common ratio i3 about 2 to 3:l.

The matrix of the conglomeraté consists of very fine gi'ained

quartz (0,03 to 0,09 millimeter), mica,and chlorite with accessory amounts
of magnatite, tamliize. rutile, ziréon, andy locally, garnct. In

" places,’as at Lake Montonio, the matrix is entirely quartz,
e e » |
Pine graincd schist or phyllite of this ccmpositicn is found
. locally in the vicinity‘of Stepps Cap. It lles close to.,and stratigraphi-

cally below, the kyanite conglomerate. Probably much of the phyllitice
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looking rock in the two belts of chloritoid schist is similar to this
The sch;sf is \fim grg:lned and has a bluish gray color. At
one exposure the schist contains a few 8 inch beds of conglomerate.
In thin section the rock is seen to consist of fine grained, randcaly
oriented angular quarts and plagioclase (now albite), mica, chlorite,
and minor amounts of biotite and magnetite, The clastic pature of the
quarts and feldspar grains and the presence of moderate amounts of mica
and chlorite suggest that the rock was & heterogensous clastic sediment,
perhapsa graywacke, Mich of the detrital feldsper in this and other
fine grained metasediments in this part of the section may be of tuffacecus

origin,
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. Afanite fuartzite

Introductiag
The principal kyanite quartaite deposits are at Henry Knob,
the Shelton property, The Pimnacle and Kings Mountain, and Crowders
Mountain in the Kings Mountain-Henry Xnob area; and at Club Mountain
. in trie Reess Mountain-Clubb Mountain area. |
The distribution and possible carrelation of kyanite quartzite
beds in the Kings Mountain-Henry Knob area are given in Pigure 2. The R
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correlation from ocne limb of the anticline (I) to another is not B

rigorous for it is based largely on the gecmetry of the overall outcrop

rattern and the association of manganifercus schist with high alumina ' .

58y

TP

f
~uartzite on the flanks of the anticline (I), (see Structure), E A
Jeneral Deac {on ' i

. Size and Shave of Bodies
Iyanite quartzite generally occurs as well defined steeply

dipping beds or lenses in sharp contact with surrounding schists or
 nom-iyanitic quartsites. The width of individual kyanite quartzite beds

varies from about 10 feet to 120 feet with 20 to 35 feet boing a cammon

averags. Contimicus beds of kyanite quartszite, gradational slong strike

with kyanite conglomerats and kyanite schist, are best exposed on the
east 1imb of the syncline (II) in the morthvest part of the ares, (Flate I).
,_; Ons kyanite qnartsiubedheroisexposadcmtimwaly rarthreoandone
balf miles. On both linka in the southern half of this qnclm. iyanite
"\gm—’z;xu ocours as two parallel beds separated by 20 to 100 fect of mics
 schist or schistose conglmerats, Long single beds of.kysnite quartzite
@  occur along the east 1imb of the syncline (II) just south of Crowlers

. Mountain Village; just south of McGill Creek, 1,000 feet west of tre

Torkville granodiorite contacty und southweat of Henry inob,

| |




Pigare 13, Foliated kyanite quartziﬁo. Looking scutheast along dbase /\\,
of cliff at south end of The Pimnacle, Photograph by |
G.E. Espenshade.

[
3

; Ficure 1. Tufted aggregates of kyosnite lying in plane of foliation

in quartzite at the Shgl‘bon propsrtys Icale is zraduated

L ir, inches and tenths of inches, Photorraph by ¥.C.

’ : Overrctreoct,
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Xyanite quartzite camonly occurs as longs thin, parallel
or en echelon lenses, Scme of these lenses may represent different
lenticular sedimentary bodies, but in most cases the intensely folded
nature of the rocks suggesta that the lenticularity is a structural
featurs, Long parallel lenses of kyanite quartzite, in sharp comtact
«ith mica schist, are well exposed at the north end of Clubb Mountain
{Plate VI) and Henry Knob (Flate III). In both cases the mumerous
long lenses probably represent one or two sedimentary ﬁodiea that have
b=en repeated bty folding,

Hﬁch of.the kyanite quartzite in the northern part o; the Kings
‘ountain-Henry ﬁnob area is interlayered with nassive magnetiferous
marﬁaite and staurolite qua‘}'tzita. In some cases, as in the southern
2alf of Crowders !‘ountain (Plaﬁe 1), éhese rocks occur as continous
interlayers for hundreds of feet along strilkej tut in several cases, as
at the Shelton property (Plate IV), and along a low ridge southeast of
Crowders Mountain, the regular interlayers are not well defined énd.
'yanite quartzite, staurolite quartzite, and magnetifercus quartiite
ocour as 1§regular. highly 1§nticu1ar nasses, |

Syanite generally occurs as colorless to light gfay sinzls
blades, tufted aggregates, sprays and flattened radlal aggregates evenly
" distributed along crude to well developed foliation planes in the
quartaite (Figure 13). The tufted aggregates hm)e a maxirmm length of
sbout two to two and one half inches and are best developed in quartsite
‘st Crowlers Mountain and the Shelten property (Pigure 14). Flat radial
aggregates end sprays lying vithin the plane of follstion are vell
developed in the quart:zite along Kings Mountain, Small cones ar\aphorical

argrepates of radioting bledes occur locally =t the Shelton rroperty

e KPR 3o A Bl A BS54,
¥ o W hmIn ke e "
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Figure 15,

[ 4

' Figure 15, Radisting aggregates of kyanite. Two semples at top from
the Shelion property; sample abl botlton 1s frem thin layer.

underlying kyanite quartzite alons Kings Mountain, 2200
feet northeast of Shorrars Gep., Coale 1s graduated in
inches, '

Courac granined agaregates of blue kyanite in quartasite
at north end of Clubb Hountain, Swirlinz trains in
groundiass ara iron stained mica. - Seale is graduated in

inchcs and temths of Inches. Photograph by “.C. Overstrest.

.
WA b o S A NI 0 i i 6. -,







-8l -
‘ (Figure 15). Individual lyenite bledes range fron about 3 to 10

millimeters longe They are particulsrly well developed at the north ‘
. end of The Pinnacle, Xyanite quartzite at Henry Knob has a crude 4 - "%
follation produced by subparallel and anastomosing ’aggregates of single ;
lvanito blades, m: follation is most apparent an weathered surfaces; n”‘l
the fresh ore appears massive,

The tufted srrregates and individuel blades generally define )
: a strong Iineation. This lineation lies invariably in the plane of | l

; , ” folistion end is porellel to the small fold axes discussed beyond,
| The faltric of some of the kyanite quartzits at Clubb Mountain is distinctly ;
different from otb;r kya.nite quartzite in the district. At Clubd Mountain ;f -»
kyanite occurs: as clots or irregular ecoregates ot rardom coarse grained :
{average 10 milli.mters), blue plates and blades (Figure 16). The !
[ aggregates vary from one inch to two feet in dlameter and are generally HES
set at random in the i;ine grained groundmass of aquartz and mica, o

Rare coarse grained aggregates of kyanite with little or no ’ : i

iy

quartz occur in the otherwise honogemeous ore at Henry Xnob, These , t

LI A

aggregates range from about six inches to one foot in diameter and , i :‘*

it
i

co&nonly occur at the axes of small folds. Individual kyanite blades . i
in these aggregates are caxxzonly one inch long; pyrophyllite forms thin -

coatings on sams of the crystals. The fact thet many of these aggregates

hat S HCE A G A I S

* occur at the exes of small folds sugrests that there was some moverent 4 il

of alumina during deromtion. |
. The qua.rta grotmdmss of kyanita quartzite is generally very
fine grained, In qevaral places, as at Clubb Mountain, the south end

of The Pimnacle, and the south end of the zone of thin beds at Henry

B s e—

. Knob, the zroundmass contains several per cent nica. This mica is ; 5:1
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commonly iron stained from the w;athering of pyrite in the rock, Hica
and .kyanite togesther define a strong foliation,

The conglomeratic nature of the kyanite quartzite is restricted
to beds in the southern half of the syncline (II) in the northwest part
of the Kings Mountain-Henry Xnob area., The pebbles in the co;xglqmerate
conalst ahnost: éntirely of fine grained white quartzite, The pebbles
rangs from aboutv one inch to three and ocne half inches in length and
" are comoniy flattened in the plane of folietion, Thin kyanite agrrecates
occur in thes @wawd along the well develaped
foliation pla.ngp in the rock. Ryanite conglcmerate is gradational along
~tr1ke to pon-kyanitic schistose conglomerate, end also to kyanite

~aartzite,

Compositional Laxéring

Thin kyasnite-rich layers occur stratigraphicelly below the
kyanite quartzite on Kings Mountain, These laSrers are from two to five
feat\thici: and caxi‘be traceﬁ as far as 100 feet along strike, Their
kyanite content varies from about 30 to 90 pe‘r cent, Kyanite commcnly
occurs as very coarse grained a.ggrega?os of radiating crystals up to 4
inches in diameter (ngﬁo 15). These layers have sharp contacta with
Jyanite quartzite and schist. | '

Some of the coarse grained aggregates of blue platy iqanite
at clubb.ﬂomtain ocour as discontinucus thin (1 to 3 inches) highly-
contorted layers in. the quartzite groundmass, as many a‘s'ls' or 5 thin
- parallel layefs occur in one small erca, Theee layers, and the longer
layers at Kiﬁga Mountain are believed to have been clay-rich layers in

the sedimentary sequences.
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f = Pigure 17. Isoclicnl fclé in kyaaite gquaritslite. Cample froa crest
{’.‘t ] . - .
B of Crowders Mountain, cast of radic tower. Foté bands
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A of non-iya:its quarizite (1), ikyanlte-mica quartzite (2),
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£ and kranite quortzite (3). Scale is graduated in inches,
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iy Figure 13. Isoclizmzl 201d in kyenite quarizite et Orowdsrs Mountain

Lookin:; down on verti 7 pluazin? fold. Seccio isisi
inchies long. - Z
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Along the east link of the syncline (II, Figure 2) 1.2 miles

south of Crowders Maumtain Village, kyanite quartzite is interlayered
with kyanitc-chloritold-staurelite quartzite (the petrology of this

rock is discussed under a separate heading following the discusaion of

kyanite quartzite). ‘l'he lvanite—chloritoid-stmn‘olite quartzite occurs
as a thin bed between two parallel beds of kyanite quartzite. Each of
the three beds is abouﬂ 10 feet thick and the contact betweeix then
i1s sharp. They can be traced for about 100 feet aloix'g strike,

manita quartzite is interlayered, and in sharp contact with
non=kyanitic quartzite and staurolite quartzite at Crowders Mountain,
At the south end of Crowders Mountain ,intex;layora of kyanite quartzite
and ncn-kyan.';.tic quartzite can be traced for hundreds of feet along

strike., Luyers of staurolite quartzite are genera.l.l.y" 10 to 20 feet

thick and extsnd for distances up to 500 feet along strike, (The petrology

of this rock is described later,)

Compositional ia&rezfing on a smaller scale is seen in a =amall
ts0clinal fold st Crowders Mountadr (Pigure 17). The layering, which
ia parallel to‘ the vell developed. foliation, eansists of alternate bands |

' ot lqanite quartsito. non-kyanitic quartsite, and kya.nite-mica quartzite,

Cmpoaitional la:ering vas also ecen in some thin sectlons

’. and 1s descrided 1at»r. .

- gmit;ang; yglat;on Along chrike

~

*,f,?‘.., m gradati.on froo congloueratic to ncn-conglomemtic kyanite

" quartsite 1s genernly gradual and takes puce over u distance of
' ‘several hundred tgeﬁ. Lihw:lu. gradationa occur betueen aica—bea.ring

and mica-free kyanits quartsite. At Clubb Momtain, mica-bearing kysnite

PR PR
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quartzite grades along atrike to kyanite schist.

‘Gharp variation in kyanite comtent along atrike of the

muartzite teds 15 not very conmon. The most notable abrupt chsnge is

in the congloameravic beds on Elngs !'‘ountain norihcast of Stepps Gap.

Here, non-iyanitic conglomeratic quartzite 13 gradational over a distance
of 200 fcet to ikyaniie congloacrate cdr;'ying 10 to 15 per cent kyanite,

" Compositionul variations occur in teds along the east limb
of the syncline (II) south of Crowders Mountain Village. Here, kyanitic

schistose pyroclastic rock lies on strike with the kyanite-staurolite

—_—

Tuartzite ocutcrop,suggesting thal these two kyanite~bearing rocks are

: *
-] r P RN S L BN AL ,
gradational, V77 :

-

‘yanitic schistose pyroclastic rock occurs interlayefed with
sanite conglameratz, and locally gradas along strike to kyanite con=
zlozerate at the northeast end of Zings Mountain,
Talding

At most localities in the Ki.nga ‘buntain-ﬁem‘y Khob area

qanite quartzite 1s characterized by profuss small folds. The amplitude

and wave length of these folds 1s variatle fram about 6 inchutq 20 feet,
In general the folds are isoclinal and have very steep axial planes that

parallsl the foliation, (Figure 18). The axes of these amall folds have

a constant direction of plunge at some localities, as at Henry knob, the

Shelton: property and the south half of Crowders Mountain, However, in

. the central and porth part o!' Crowdera P’omxtain,and Tba Pinnnclo.

axes of.‘ anan folds are vartical ar hor:lzontal. or plunga uith variable

magnitudea %o the northeast and southwest. In same cases the axis of

a small fold has itself been folded so that ths fold ‘has the ahape of

a cork screw, (Figuro 19). The tortuous nature of much of the folding
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Figure 19. Corksorew fold in kymalts quartzite at Ceouders Hountaln,

-} 400 feet south of radioc tower. Socale is six inches loage

: Pizure 20, Tortuous folding of foliated kyunite quartzito at the

* Shelton propart;. Looling socuthuest aloaz trend of oule

P ' oroo. Sciale is ons Joot long. Photograpi b7 w.C.
» ; . Cvarstirashe.
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| . is shown in Mgure 20, RS
In genzral, even the consistently oriented small fold axes

. give few clucs to the major structure (see Structurs). The wvarieble

zagnitude ond random direction of plunge in areas such as the north end

I
P

of The Pimnecle (Plate V),2nd near the radio tower at Crowders “ountain, ’ f
csurgest that these folds may have been produced by flowage of a whole .
bed of lgranite quastzite, 3Such flowage may, in largae pa-t, acémmt
. for the thickenirg of quartzite beds at The Pinnecle (see croas sections
in Flate-V), 2nd in the central part of Crowdrra lMountain whers the total

thiclnoss of !yznite znd non-Yyanitic quartzite is from 700 to 1000 feet, -~

Ao example of probably sixmiler flowage is shown in quartz-énica schist

n whickh thin quartzoss layers are greatly thickrned at the noses of |
. . . b

’ - . K VR .

ry small folds (Tigure 21). -~ - e Ju b

]

e b

cut the kyarite quartzite at The Pimnacle, Crowders Mountain and Clubb -
Mountain, In additilon, s=ell irreguler ncssaes of milky quartsz are s

scattered through the quartzite and are muite mumerous in the vicinity

of loéal sheer planes and snall fold axes,

- : mwerdz veins are gererally & few inches to one and one half '

:';'eet.- thick. }fést cre a1 fou tens of feet long; one vein at Crowxders

Tountain i3 over 107 fest long. Ths qﬁarts is very coarsce craincd and

brd . s
LA & TR % LR PSS A SN NS

elther colorleas or milky. Mamy veins cut scross the prominent foliation
_but others are parallel to it, At Crowders Mountain, f.he kyanits

- quartzite mmediately adjocent to somo of these veins is enriched In

_ . Iyanite, A fow of the velns at Crowders Mountain, and some at

e T T
Rt L ¢
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The Wh, carry small-amounts of kyanite in the form of coarse
*adlal aggregates. Contrary to what Smith ind ZY-ewccnbe {1951, p. 752)
repart, no kyanite veing were found ot Zenry 'hnckt, ( - .
Cross-cutting, course graine<d, quartiz velns are abundznt
in the kyanite que~tzita at the north end of Clubb Mountain, Yot
.nfrequent.y the veins carry one or nore of the following minerals:
lazulite, il=enits and the calciwn aluminum phosphata, crandallite,
Lozulite occurs as randox course grained enhedra und euhedra in cuartz
-idy locally, as 2 thin median seam in one largs quartz vein, Crandallite
occwrs a3 slnall, icht gray pisolitic zggrag_tes in one quartz ns=ss,
I3 was ilantified by Re L. Smith of ihe U.S. Geological Survey.

_poctrochenical unalysis indicstes the major constituénts to be:

£Je ¢ Al, Ca, P.
X, 3 Sry Ba, )
A large quartz vein vi;cﬁ a selvage of kyanite ocecurs along
the northwestern-most kyanite quartzite bed at the norfh end of Clubb
llountain, This vein is about 15 feet 1ong and 3 to 5 feet thick, It
consists of coarse grained milky quartz. A camb structure of &erticany
oriented elongata kyanite blades occurs at the top of this wein in
sharp contact with the kyanite quartaite above (Figure 22). This
conﬁ .cons-i.'s'ta of a&ut 75 to 90 per cent Lyanite with interstitial
quarts. The kyanite in this comb fingsrs out gradually downward into
the qum;tz( In addition to this comb of kyanite along the top of the
vein, there oxisﬁ at least one discontinucus layer ot‘verticul]:;
oriented comb kyanite in the middle.ot’ the vein, Comb kyunits occurs

discontinucusly along the top and sides of tha vein about 10 fest
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.
' Fizure 2l. Snall folds developed in fina grained quartz-aica s;chis‘a.. ’
- Lookinz doum on outorod jzist. aast of dxa at Crowdars %
Hountain Village. iiots taat thln guarias layars ars groally i
; t'nimed on limba of Solds and thickened at nosss, Scale :
ij ’ is graduated in inches and tenths of inches. Photograph i
¥ : by L.C. Overstreet. i.'
E |
| _
| @

iy Figure 22, JQuartz—kyanite vela fa kyanite quartzite about 400 foot

; : % northwest of whero access road crosses crest of rldis at

' } ‘morth end of Cludb Kountain, Note sharp contact Detween

‘ . + vertically oriént-ed. caab of I:Juniw. at tcp of vein and

o . iyualte quartsite; tie vein is practioslly iorisontal;

P . follatfon in kysaiio quirtaite s peroilel to plane of ]

photographs Zulk of veln in this viev is milky quaric.

Scale is one foot long. Photozp‘apﬁ by Wele OUvarstreet,
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north of the point vhere the picturs was taken, Hers the vein 1is
parallel to the folistion, Comb kyanite slso oceurs locally alorg a
surved fracture in the wvein cuartz and ies locction Lere suggeats that

- the kyanite occurs where movement alomg the fracture had opened up
cﬁaces. A

The foliation in the kyanite quartzite is locally warped
from its veriicol crientation to neer psrallelism with 4he upper contact
of the vqu&r.tz vein yet tha vein has not been deforned. The veln 1is
clearly vounger thzn the development of folistion, 2 tﬁin arction of
this quartzite showd 1t to consist of typicslly f4no rrained quartz, and
coarser grainsd, poorly (iefined bl-des of Yyanite, Soms of the kyehita
3 fractured am eﬁhﬁyvzd by quartz,end perhaps vartially replaced by
~aortz, (see thin aection petrology).

e Yyanite~yprlartz vein ‘1;1 elearly younger than the develop=
mant. of follation 4n tfre ¥yenite quartzite, end hence rrobebly younger
than the develomedt of ltyaixite alons foliation nlanes in the quartzite,
The bending of foliation at the contact of the vein, and the ragred and
fractured nature of some of the kyanite as seen In thin secticn suggest
strong local deformation in this vicinity; the vein was probably

-euplacod along 2 shear zone, The evidence suzgests that kyanite and
quartz matox;ial noved into the vein at sbout the sare time} the presence
of corb kyanite in a fracture in the cuartz indicetes that the lyanita
kﬁnished crystallizing later than the quarts,

. Tno facts su;gest that the quartz and lqanite in the wvoins |
at ('Iubh r'mmtain end in the Kings Yountain-Aenry Knob area were

deriyg by metamorphic differ=ntiation of tha kyanite quartzitu
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. (}) Querts veins arc mure nmuseroud in quartzile than in adjaceat -5
schist, ' gfj
: (2} Zranite-bLeoring quurss veins are resvricted 10 Xyanits guarizite L * §¥
: end are not found Za the adgdacent sciisise SR P R ", :
5 ' . ks
; Diffarentistion probudly Lwolved a occrotlion of the more soluble ;:;f ‘,
f nateriels ran the quartzite iato fractures. IThls gpirobably Lodk place : ::
In response to local sicuringy hylrotihwriil flulds may have played 1 E;
an importent purt in nobilisicg tho Ruaris und aalle. A taat ’ g’»"f
. R
\ Lthere hes Luon ot lewxst Swae Local wovilizasion (eitiner wschaniccl f
Lt
N smearing cr :=olution) oi ly-aile Is conviicingly shewa In the yunite " St
;:uart:ite a% Clukb ilountain by the _.reasenct of w thidn coabing o firne ‘} -

. BRI B v
grained kyanite alouj cilciuaciled fwals surfeccs. The sresence of IO

sinor amcunts of crandelilis and lasullte in soze quartz veins

‘ indicetes et lcest a mizor role for hydrostierasl fluids, The fact

that quarwc, ciome, foum3 waz tull of e vems 3‘355;33 that this
. P 1y f /

’/\1 vtow

ainersl]l was ore soluble thiun :.Jd.m.t‘.. 5 similar the ory i3 suggeasted

R tar

Chapman {195C) to accounl for quarts veins with staurclite~rica | |
praan L,

i
R A DS S IR 4

; "'-‘M.J‘,.vi.a".’, [y

borderss likewisc, Recd {(1322) odi,g".;ts tlmt thia kyanitsebearing quarts
voins, in lyanite schisto of il Shetland Islands, were produced by
endogenous secrebica.

: Ti:in Section Petrolosw

The features discussed belww aro common to the iyaalts guartazite

in the Kings !ountain-Fency [nob area and to much of the kyanite guartzite
&t the morth end of Clubb i‘cuntaln. Certain special features of the

'

RS A ' SRS (UM - Bl e

kfanite quartzile at Clubd Mounlain, arc dlscussed uvnder a seopurate

keading,
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Chemical and modal analyses of the kyanite quartzite from Henry Knob, York

t. ]
. + County, South Carolina, ‘
1. ) 2e e 4. E' ; .
r(
. 840,  T3.56 Quarts 63.3 Qaarte  65.5 Quartz T3.2 S
_ .M, 17.00 . Kyanite 27.00  Kyanite 27.6 Kyanite  22.3 Lo
i ' Fe,0; .00 = Fyrite 8.66 Pyrite 6.9 Pyrite 4.0
FeO 5.25*  Rutile 48  Rutile .27  Rutile 2
Mg0 01 Lagulite 23 100.27 Mascovite O=.7 '
Ca0 . <00 99.67 | Berite? - O-.3
Na . .
0 00 5 ;
320- : ?01 _
™0, .48 | |
. CQ, 01 |
‘ | P,,Os' 11 . ' ‘
0 .00 , ‘ , .
. Less 0 101.18 - 1
g for S _ 1,16 | I R ' - b
- - 10.02 - - | - ~ {2
; 1. Chemical amalysis of kyanite quartsite. Sample is a composita of six b
- - sgpecimens taken throughout the length of the northern quarr;. Analysts ' -
- Lucille N. Tarrant, U.S. Geological Survey. ' .
2. VWeight por cent of minerals calculated from chemical analysis in Column 1. CE
¥ *3. VWeight per eentvot,ninerals calculated froa the mode given in Column 4. f ‘z
Bl ’ , o 213
4. Modal analysis of kyanite quartzite; an average of nine thin sections 5
. {500 points counted in each) of specimens taken at random from open s
" _plts at crest of hill. ' T . . i‘: %
- R o e 114
® The Fe0 content was calculated from the sulphur contant assuming that 4 §i
©_ all sulphur is preseat as pyrite (chz). o £ 3:‘
B% H

T e o
n o it oy

.
s e



[
v

e N i e i
8

R T b L
Y G NN

..
© 5 W DA 8 o,

r

R
Vet T vERE

Figure 23, Photamicrograph of kyanits gquartzite. Sample from oreek
~ bed, south of transuission line at north end of Clubb

. s

R
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Mountain, linerals are: poeciloblastioc kvanite (higt

L 4
. TR o s 4 e e

relief), quartz (white), and pyrite (opaqus). Note thir

5

‘train of inclusions in quartz embayment in lower part oZ

f o, bent crystal, This trainma:rmarkwgin of that porticn
of orystal reslaced by quartz, Note quarts £11ling eroec
fracture in kyanite bladson right side of picture. Plair

light, X 25, . L e,

o Ficure 24. - Photomicrogreph of kyanite quartaite. Sample from crest
, of Crovders Mountain east of redio tower. ' Typical anhadral
,' ‘2 I -

. ~ habit of much kyanite (hizh relief) in the district.
4  Opaque mineral is pyrite; white mineral is quarts.

? s Platn light, X 25,
3 Lo r/\‘,\"~( -
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Quarts and kyanite gemerally comstitute from about 92 to 98

per cent of the rock. Lesser constitusnts are mica (trace to 5 per cent).

and pyrite (trace to 8 per cent),. Rutils, magnetite and zircon are
common accessory minerals, Rare accessory mincrals include apatits,
barite, lazulite, tourmaline, and pyrophyllite.

The kyanite content usually ranges fram about 5 to 35 per cent,
Chemical, and modal cnalyses of kyanite quartzite ore at Henry Enob are

‘given in Table V . In addition to the Henry Knob deposit, kysnite is

nost abundant in quartzite at the Shelton prOperty, the north end of
The Pinnacley the north end of Crowders Mountain, and the north end of

- -
7

e
s Al eunef ¢ 77

Clubtb Mountain, The typlcal occurrence of kyanite is as subhedral to

anhedral eslongate porphyroblasts, ranging from a fraction of 1 millimeter

 £0 6 millimoters in length, evenly distributed through the very fine

Zrained quarts groundnasse

The habi{ and appearance of }qani’ce. is variable from well
formed blades holés,ng fouw or no inclusions of quartz to highly poecilo=
blastic blades with rounded inclusions and irregular embaymenta of

quartz (Figure 23), The most common form of kyanite 1s as irregular

anhedra and aggregates of anhedra (Figure 24)., In sare cases, the

posciloblastic texture has undoubtedly resulted from the incorporation
of shall quarts grains in the porphyroblests., This texture may also

2
(kaolinitae) recrystalliszed to kyanite, This recrystallization may be

kave resulted from the liberation of 810, as small areas of purs clay

" thought of 1n terms of the following equatioms

M0, - 2800 B0 » ALy 0y e 8O, ¢ 8O, ¢ O

kaoclinite kyanite quarts -

. nmga—Ten A

. -
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Smith and Newcombe (l§5l) interprot the highly poeciloblestic nature _
of. the margins of kyéni‘be blades at Henry Xnob to indicate replacement
0f quarts by kyenite, In the present study, several thin sections of
kyanite quartzite from Hemry Kncb and ome f¥om Club Mountain show
' kyenite with highly poeciloblastic margins, The quertz embayments and
inclusions arc generally about 0.1 miilimeter in diameter—the siée‘ cf
the smallest grains in the groundmess and probebly one £ifth to one third
' the size of some of the quartsz .gra:!.na in the parent -sediment (see bsyond),
The following evidence sugrests that quertz msy hevs partially réplaced
" kyanite: the margin of the kyanite blade, thouzh partially riddled with
quartz, shows the stralght prismatic face slong portions not embayed
by querts and, ﬁxrtﬁermore,, a nerrov train of ‘;rery fine grained inclusions
'§ccura in tha,quértz exzbayment in line with the prismatic face (Figure 25;
Figure 23) suggesting that the thin train of inclusions marks the margin
of the replaced section of kyanite. The margins of some kyanite blades
are go riddled w;th quartz that there are no remmants of & prismatic face,

Thin sections of kyanite quartzite fram nearly every deposit
in the district indicate cataclastic effects that Harker (1932, p. 356)
attri’tm-tes to retrogressive metamorphism, Some kyénite blades have
been slightly benb, fractured, feulted or pulled epart. In most of these
ca.se‘a, and especially at Henry Knob, quertz hes filled the fractures and
irregulsr ruptures, Single. cr&at&la of quartz elso occur.as long fingers
along cleavags planes in kyanite. Rarely, the ruptured areas in kyanite
are filled with a mlcsceous eggregate; and the marginas of some @anite

bledes sre rimmed by very fine grained sggregates of clay.

'
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Flours 25. Pliotoézicrograph‘of kranite quartzite. Sample from Heary --

Figure 264

Knob, linerals are: kyanite (posciloblastic, hizh relief),
aquartz ‘(wvhite), pyrito{opaque), Large white area =t

top 45 hole in thin section. Note thin train of inclusions
in juarts embayments into kyanite that ars in line with
lower margin of kyanite blade., Flain iight, X 65,

Photomicrogranh of kyanitaechloritsld quartzits.
Sarple from thin bed 1,2 miles S10 of Crowdars Mountain

Villepes Minerile are: cnloritoid (radial azsroegatss),

‘¥yenite (lonz fibrous agprepeter), quertz (fine xrainzs

vhite ond gray). Crosssd nicols, X 25.

.
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 mica fnclusions in the grounduass that suggests en interstitial coating

-l05 -

The groundmass of kyanite quartzite generally consists of
a mosaic of vary fine to fine crained quartz. individual grains
are generally 0.05 to 0.5 n;.llizetar in diameter, In some cases the
groundmass is inequigranular, the rangs being from 0.0l to two millie
meters, Only the lerger grains show well developed strain shadowa.'
Very coarse grained (9 millimeters) quartz occurs interstitlal to soms
of the coarse tufted aggregates of kyanite at the Shelton property. In
same cases a distinct 1a.yerix$g is defined in the groundmass by aiternate
bands of fins grained and mediunm grained quartz., Some of the coarse
grained bands in kyanite quartzite at The Pinnacle mey be hiphly flattened
cuartzite pebbles, c«./crie [

In ore thin section of kyanite gquartzits from Clubb Hopntai.n,
a distinct grain size variation of ouertz and kycnite defines ia;érs
that are parallel %o thé foliation (end contact of adjacent schist),
From one end of the thin section to the other the sequence is; one and
one half centimeters—=coarse grained random kyanite with very fins grained
micaceous aggregates in a Maa of inequigramlar quarts; ons
cemtimster—fine grained iyanite with vell defined flakes of mica in a
growndnass of fine grained quartz; ome half centimeter—fins grained quartz-
mica schist w;tix fine grained topaz (?) (9 2y 50 to 60 degrees, n less
than 1.64), and minor kyanits. '

‘ Inclna.ions of very fine grained rutile, xnica.. and unidentiﬁ.ed

. opague minperals occur sparingly in the grmmdmu of most thin sections,
‘One thin section of are from Berry Kob shovs 8 natvo:'k of fine grained

about originalyﬂgrai.n Ecundaries. These original grains in the sandstone
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"were about 0,3 to 0.5 millimetor in diameter, judging from the network
of inclusions, .
. When present, mica occurs as fine grained inclusions in the

groundmass and as gen formed flakess intergrown with kyanite,

The pyrite content i1s highast in kyanite quartzite atg‘l'ha
Pinnacle and at Henry Knob, It constitutes fram-about 7 to 8 per cent

—

of the ore at Henry Xnob (Table V ), Pyrita content 1s variable within
a single quartzite lems, In thin section it la scen to occur as fins %o
coarse gralned pyritohedrons and subhedral ard anhedral forms, Pyrite
‘i3 cammonly concent;rated along foliation planes and at grain boxmdgries.
At Henry Knob pyrite occurs as intarstitial wedgss between intersecting
kyanite blades, Some small pyrite erystals occur along the tenuous

fractures within stralned quartz grains, This evidencs ﬁ'm Eenry Knob

// IS G Y S A S s ALY

indicates that the growth ‘of pyrite was a lote phencmenocn thau took place

after the recrystallization of quartz and deformation of kyanite, -
Rutile 13 a very widespread accassory mineral, It is generally

evenly distributed through ths rock and occurs as very fine grained

(0.02 to 0.3 nillineter) mclnsim in quarts and k;yanita. Hagnetito

is fairly widespraad a.nd generally occurs as fim anhedral to euhedral

grains disseninated through the qudna.ss, although in some rocks from

The Pinnacle and Crwdera Mountain 11; is concentrated 1n diatinct bands

: and mlnsion» trains.

lhxv thin sections contain a few fine gnined z:lrccn ocrystals,

- Sma crystala appoar distinctly fragmautal while othara are perfect

doubly terminated crystala. Ape.tito occurs as fine grains {n some of
the kyanite quartzitc at ‘nu Pinnacle and Just southeast of The Pinnacle,

- e —
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R iy ook ieiein o, SEAAI




.
- 107 - - 3

o Apatite 1s typically anhedral; some grains are elongated and curved E

B LT L Y Sy
-

parallel to the wavy foliation planes, Barite occuras as a minor
. accessory nineral at Crowders Mountain, The Pinnacls, and Henry Knob,
Barite is generally fine grained and interstitial to quartz grains in
the groundmass, At Henry Knob and southeast of Crowders Mountain it
_ occurs locally in thin veins that cut the kyanite quartzite, Hluish

i R AL L L S A L A
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green lazulite occurs locelly at Henry Xnob as fine grains diaseminated

/ o 55 :’¢"" -'ai—!( P (_-L,/ R u

in kyanite qus.rtzite. Lazulite is a caumon accessory mineral in the
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" rock at Clubb Mountain, . Tourmaline 13 a very rare accessory mineral

LA

in most kyanite quartzite., Ioccurs as small subhedral grains in the

kyanite quartzite at The Pinnacle. Pyrophyllite was identified in some

B e g
L

of tho coarse grained kyanite aggrogates at Henry Xnob, Judging from

“F R
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. 5

the absence of Ne,0 and xzo in the kyanite quartzite at Henry Knob
® (Table V) 1t is probable that the few fine grained scattered flakes and

inclusions of what appear to be mica are really pyrophayllita,

i 3 . 0 1 bS 3
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The kyanite quartzits lenses at‘the north end of Clubb
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Mountein (PlatesII and VI) contain _aporadically distributed cosrse

;g b A

grained aggregates of blus Xkyanite (Figure 16), These aggregates range

gt

from about one inch to two feet in length, Moat have lenticulsr ar

rounded shapes tut scne are elongata in the plane of foliation and appear
tobothinlmrsinthaquartzita. | | o
- " Coarse grained (one half to one cantimtar) blus platy kyanite

. FRRp— T -
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constitutes from about 40 to 90 per cent of each_aggregate. Other
constituents, usually interstitlal to the Myanite, ere quarta, pyro=
payllite,and la:inlitea. Rutile is a widespread accessory and occuras as

SRR AT AR
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’ fine grained inclusions in kyanite and also as coarse grained (up to

. one and one half centimeters) random crystals and crystal ageregates.

. Thin sections of these coarse aggregateas show the )qans;te to
'ba clear, well farmed bdlades or plates with few quartz incluasions,
Iwanita is generally sheathed by, or is altering alongz clsavage planaa.
to a slight degree to, clay, Pyr’opl:yl,]l.)ita .écura as well defined inter-
stitial radial aggregates, and as incipient veins and stringers cutting
tfxe kyanite, Quartz occurs as smlil or large‘ interstitial grains molded

to ths wedge-shapad interstices between the randomly oriented kyenits

§ AR e T AR T R RO ANRT RN Sanh eyl w0

" blades, Pearly white flakes of mica occur frequently with thase coerss
grained aggregates of kyanite but pyrophyllite is prob:ably more
- abundant.
At the scuth end of Clubb Mountain, lying on strike with the
‘ kyanite q_uartzite to the north, 1s a lens=like body of coarse greined
kyanite-pyrophyllite-lasulite rock, The kyanite quartzite irmadiately
north of this lems 1s altered to clay, the contact between this altered

e s
.

- rock and the kyanite-pyrophyllite-lazmlite rock appears to be sharps

; | The kyanita-pyrophyllite<lsmulite rock consista of intorlocking
f " coarse grained (ome centimster) well formed, bluish platy kyanite, with
: interstitial pyropyllite, quarts,and lazulite. The percentage of

pyroptvllita 13 variable from about 5§ to 90 per cent.  Aside from the
) atxmdance of wrop&vnite erd lazulits, and the presence of same different
acceaaory minerals, this rock is similaer to the coarse grained )qanite
aggngatac in the quartzite at the north end of the mountain,
.' Pympmnite occurs as coarse graincd r:diating aggregatea,
. _and s seen in thin section to have replaced iyonite to a small dogres.
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. Lazulite occurs as cosree zraired euh=drsl crystals in the large intere

stices betuveen kyanite bledes, end as small inclusions in the kyanite,

. Clsy occurs in this rock in the interstices between well formed ard

i S AW SRR 0 e e
s AP

o uareplaced kyasnits,
Accessory ainersls fourd in this rock are rutile, pyrite,
tournaline, andaiusite (?), diaspore, hamlinite,and zunyite,

. P T I

Pyrite cccurs es coarse ard fine euhedr:a acattered through

. tha rock. Black tourmelins iz = rether cormon accessory and 1s seen in
thin section to be irterstitisl to the coarse kyanite, Andalusite (%) =
1g 2 ninor eccessory interstitisl to the kyanite, Diaspore gener=lly |
cceurs as small,poorly defined blades or gggregaﬁea which finger into, s.nd
cut _across,tha kyenite, A few well farmed coarse blades of diaspore occur
In two thin scctions. Hamlinite oceurs as small tabular crystals lining

‘ the wedge=-shaped intersticca betwesn kyanite blades, and is comonly

N i ——— g RO ¢ A R Er %

z3sceizted with clay. Zumyrite occurs as coarse (5 millimeters) euhadral
bipyremidal crystals imbedded in a rock consisting of about 75 per cent oL
syrophyllite, (Zunyite is clear, H > 5, 1sotropie, n = 1,537.) A few ¢
quartz crystals up to one 2nd ons half centimeters long were found on
the dumps of prospects dug in the pyrophyllite-kyanits rock. Same of
thess crystals contain small flakes of hematite or graphite as oriented
lnélusions. . o

‘As notod earlier, quartzites containing these minerals occur
as interlayers with kyanite quartsits ami mon-kyanitfc magnetiferous
quartzite south of Crowders Hountain Village, at c:é&déra Mountain, at the

i
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Shelton properf.y,‘ and along a low ridge southeast of Crowders Mountain, of
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“ The quartzite is genecrally trownish or gray, fine zrained,and very ;

‘tough, Follation is moderately well daveloped, . . g i

o o v

. ‘The following estimated nodal range is based on several thin
sections of the rock from each locality:s

o —r-ony 1 o——a At

4k yam

quartz 25 = 75 per cent
staurolite Trace = 75 per cent
chloritoid Tracs -« 97 per cent
Kyanite 0 =-35 per cent
nagnetits Trace = 25 per cent

i Y e e e g

accessory mica, andalusite, rutile, pyrite,
zircon, tourmaline, and biotite,
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T ) Staurolite is the principal high alumina mineral and kyanite

P
-

is generally ébsent in this quartzite at the Shelton property and Crowders L

Mountain, At these localities staurolite occurs as fine grained euhsdra

v
- T
vt g
et

. or ragged anhedra set in a very fine grained groundmass of quartsz,

Yagnetite gengrhlly nakes up less than 5 per cent of the rock, tut locally,

.

at one prospect on Crouders iountain, constitutes 25 per cent and occurs

“z as coarse grained euhedra intergrown with stsurolits, Vhen present, ®
,w andalusite occurs as fine to mediun grained ragged anhedra into which i
i staurolite c:;ystals_ have ‘penetrated. ‘ ) [ g
- " Chemlcal and modsl analyses are glvem of chloritold-iyanite g
1 quax.'tzit‘a (TableYI) that occurs 1,2 niles .south of Crowders Yountain

' Village. The x‘ei'ative abundence of staurolite, chloritoid or kyanite

13 varisble along strike of this bed, This rock has a strong lineation

produaced by tha alignment of coarse grained lqanite blacies. The grounde
nass cmista of fine grained gray quartz and s:nall scattared porphyro=-

blasta of dark gray chloritoid.
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TASLE VI ; Cod
v o
Chemical and modal analyses of chloritoid-iyanite quartaite, from a narrow o ' ‘
{
bed, 1.2 miles S10W of Crowders Mountain Village, Caston County, North ) '
Carclina, '
1. 2. b
o s10, T 63,35 ... Quarts 8.5 .
T A10, 28.97 < Kyanite 34.4 ' :
F3203 2.25 Chloritoid 14.9
.FeO - 2450 Magnetite 1.7
g0 31 Staurolite 0.3
caO ) .m 99.8 .
3820 A3 | . : { .
2,0 : .05 - Accessory andalusits, '
320'_ ) 1.70 gircon and rutile. i
.
T10, .86 Z i
3 = .t .
o .05 iy
' : : L. t
: P
1, Chemical analysis of chloritoid-kyanite quartzite. Sumple is a ot
composite of six apecimens taken across strike in a ten foot bed, )
Analyst: lucille N. Tarrant, U.3. Geological Survey. ' ¥ 5
2, Modal analysis of one of the specimens of this rock used in malking R
the sample for chemical analysis; an average of two thin sections, ‘HE¥
1000. pointa counted in‘each. =
g
1 Eié
; ,;.Zi
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‘ Twvo thin gections of this quartzits show s distinct compositional

s
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banding produced by thin layers rich in kyanite-chloritold-magnetite,
. staurc;lite. quarhz-stam-olitg-chloritoid, and megnetits=quartz, Kyanite, ) e
staurolite and chleritold occur as vell formed porphyroblasts (Pigure 26). B
XZyanite and staurolite are intimately intergrown; several kyanite blades i i
have outer margins and cappings of staurolite, Andalusite occurs es : £
mediun grained anhedra penetrated and pertially segreéated by blades of '

kyanite, staurolits,and chloritoid, Some andalusite has been reduced to

h. ,,
s g o goncon

fine grained remnants resembling linked sausage, Cloarly, andalusits has
been partly replaced by kyanite, staurolite, chloritoid and perhaps by

i

rica nnd quartz. Chloritoid and staurolite ere intimately intergrown,

PR -

It is not clezr if one mineral has replaced the other or if the two have

developed st the same tize, but the following features suggest that

LR g PN
¥

‘ Staurolits has partly replaced chloritoid: euhedral crystalé of staur‘olita Lol
srol)ect into and partly segregate radlating clusters of chloritoid; aocme
of the chloriteid in contact with euhedral stauroiite is poorly formed
and clouded with small vermicular inclusions of quarts. The relation
between chloritoild and staurclite is thought %o be critical in determining
metamorphic facfes (see Metamorphism),

Hagmetiforous Muartzits

_ Masaive to crudely foliatedmedium gray, fine grained quartzite

is abundant in the central and southern parts of Crowders Monmbain.i It
' 1s interlayered with kyanite quartzite, Magnetiferous quartzite also

occurs with kyanite quartzite in highly folded lenses aontheaat of

Crouders Hamtain and at the Shalton property.
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This quartzite generally consista of about 90 to 98 per cent

fine grained quarts, 2 to 10 per cent magnetite, and minor amounts

of mica, staurolite,and, rerely, kyenite, In many cases the rock shows

‘a suggestion.of bedding by the presence of megnetite-rich and magnetite-

poor bands,

In thin section the quartzite is seen to be a mosaic of fine
grains (0.1 to 0,3 millimeter) of quartz. Magnetite occurs as anhcdral
to euhedral. crystals ranging in size from 0.2 to 1,5 millimeter,

A lens of hematite schis$ about 5 feset wide and 20 feet long
i3 in sharp contact with magnetiferous quartzita scuth of the access.
road at the créat of Crowders Mountain, . This achist has a strong -
follation and consists of about 70 per cent specular hematite, arnd 30

ner cent quartz, The hematite has a reddish brown streak and is slipghtly

magnetic, It may be maghemita or s very fine grained nixture of magnetite

and hematite, Just north of the lens, thin veins of magnetite cut the
n_agnaﬁiferous quartaita, Thin veins of magnetite also cut kyanite
congl‘omerate‘at Kings Mountain, These veins may have formed as some of
the iron 1n the iron-rich beds amd lenses was mobilized in the lateA‘
stages of metamorphisnm, . '

Extensive hydrothermal alteration of kyanite quertzite to clay

occurs at Crowders Mountain and Clubb Mountain, Cmplete pseudcmorphs

s OV PNty /"!Q

of clay after radial aggregates of kyanite occur locally at the north

" end of tha SInlton _property.

‘l'bn clay at Crovdera )!o‘mt.ain has been identified as dickits
ty R.L. Snith of the U. S. Geological Surwy. Judging from the gimilar

nature of occurrence, mineral cssociations, and appearsance in thin
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section, the cley =2t Clubb “ountain is also protably dickite,

At.crvudera Mountain (Plate I) the kyanite quartsite over
en area of about 160,000 square feet has been veinsd and partly
replaced by cley., The quartzite in this area has been faulted ard
sheared, Many slickensided fault surfaces are coated with clay, In
goneral, the clay alteration appears to finger out .to the north\'in
two long. projections perallel to the foliation,

The clay alteration in the central part of Clubb Mountain
(Flate II) occurs over a distance of 3,000 feet, The kyanite quartzite
here occurs as a single bed with a meximum thickness of. 100 feet; a
few narrow lenses of kyanite quartaite occur nearby and they are also
altered to clay. ,

In both areas the nature of the replacement in the Afield and
“te thin section petrology of the altered rock are much tba .game, All
sradations occur between incipient microscopic veins of clay in the
ouartzite to veins about ope gquarter to one half inch wide, c6mplete
pseudomorphs of clay after kyanite were seen in thin sectionj in both
area‘s, zuch of the qnax;bz groundmaas, a2s wvell as kyanite has been
replaced by clay., Andalusits 1is present as partially reApl;aced
vorphyroblests in the rock from both areas, Unaltered sillimanite
_occurs-locally in the sltered rock at Clubb Mountein The significance
of andalusite and sillimanite in this rock is discussed under Mete-

worphism, Accessory ninerala. probab]; in the quartzite before replace- ‘

mont. 1nc1udo rutile and nica,

In both areas tha clay is commonly acccnpanied by small amounts
of the strontiun phosnhato, hamlinite, Hamlinite has the following -
’ propertiass rectangular tabular crystals and anhedra, uniaxial positive
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o and blaxisl positive, 2V = 5 to 10 degrees, By = 1.635, 0, = 1.644e
| Clay alteration is belisved to be the late hydrothermal stage
. ~ in the develorment of the retamorphic ninerals at Clubb Mountain, (=ae
Origin of Righ Alumina Rocks), Tta alteration at Crowders Mountain is

——

undoubtedly of the same age.

Aspociated Schists (See also Schistose Pyroclastic Rock, Chloritoid Schist,
end Quarta=Mica Schist.,)

Throughout the district, lkyanite qua.rtzite occurs in sharp
contact with strongly foliated fine grained quartz-mica schists, In
a few cases lgyanite quartzita grades along strike to lkyanitic schist.

Some of the schist in contact with kyanite quartzite at Crowders -
Yountain, Tings Mountain, and south of Cfowdera Mountain Village has tha

distinctive relict texture of the schistose pyroclaatic rock, At all

e g

. other deposits the schist was derived from fine grained clastic sedi=- | N

zents, and parha;;s also from pyroclastic rock whose distinctive texture
nas been destroyed bty metarorphism, . .' ;'
The high elumina noture of the schists adjacent to kyanite l
quartzite is indicated by the presence of abundant mica .and small amcunts
oi'Aoz.xeh or more of the following mineralss chloritoid, andalusite, kyanite, .
and stauralite, | | o b
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The following tabulation indicates the distribution of these

minerals in schists at the various deposits.

Mipers) R at hist a a
.:amalnaita - - Henry Xnob _ ?f’ﬁ
, . . : Crowders Mountain 5 3:
Shelton property xg
Kings Mountain g ?é
v te “ Kings Mountain E :§
‘ Crowders Mountain, hie
Henry Knob L pe

Clubb Mountain (2 to o ~,
5 per cant) i




. ‘ Mlperal Present in schiat st ;
' staurolite Henry Knob :
, Crowders Mountain -
) chloritoid Xings Mountain : _ ;
v The Pimnacle ‘
~ The only exception to the occurrence of quartze-mica schist immediately '
~, adjacent to kyanite quartzite is the very local occurrence of thlorite= -
: albite schist on XKings Mountain, northzast of Stepps Gap, This schis?t -
13 a metamorphosed fine grained claatic sediment, The fact that this .
rock belongs to the greemschist faéiss casts sono interest on the
origin and nature of development of the ncarby kyanite (see Metamorrphisnm).
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Distribution
61l definzd thin beds and lenses of 3illimanits quartzita

occr closo to the Yorkville grunodiorite contact in both the Xings

tountain-Henry Knob and Reese Mountain-Clubb Mountain areas, (Plates I and II).

In both areas the sillinenite quartzite beds are generally within 2,000
feet of the granodiorite contactj sillimanite quartzite at Reese Mountain
lies about 4,000 feet from the contact. lNumerous long narrow septa of
sillicenite schist and sillimanite quartzits occur in the granodiorite
in the Kings MountaineHenry Enob area.

The principal occurrences in the Kings Mountain-Henry Xnodb area

(1) The Will Knox property, and
(2) The Ryan-Purcley property (Ffigure 2, Plate I).
Tus principal occurrences.in the Reese Mountain-Clubb Mountain area are:
.{1) Reeses Mountain, Lincoln County, and

(2) Just vest and southwest of Machpelah Church, three miles
northeast of Reese Mountain, (Flate II). ..

Genora) Descrigtion : )

Sillimanite quartzite occurs as tough, resistant lenﬁes and
beds, These bodies form narrow craggy ribs that rise a few feet above
the surrounding schists and goelsces, Sillimnite is generslly evenly .
| distributed through the quartaite as thin bane—hite metts or flattened
) pencil;lika agpeéates varying from a teu ailiimteraf“toA about three and
cne half centine‘tershi_n 1e§gth. These matts generally. dé‘gine a strong
foliation in th.‘quartiiﬁ btut in many afeaat& qﬁartzita“m & mas3ive
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fabric produced by randoxly distributed end annstozosing stringers and .

matts of slllinmanite, The matts consist of extremely fine fibers
(fitrolite) of sillim-nita.

Si1lizenite quartziic camzonly occurs as one, two, Or rore
thin parallel bYeds cropping out over a width of less than 200 fect, and
Iinterlayered with quartzf-'.".ica. schist or non=-sillimanitic quart:;ite as‘
at the Ryzn-Purcley property and Machpelah Church; or as a pair of
paerallel beds, separated by as rmuch as 803 fcet of schist as scen north
a;nd south of the Will KXnox property snld at Reese Mountain,

Individual bteds vary frt.;m three feet to about forty feet in
thicla;ess; 10 to 30 fect 1s a cormon thickness, I:zny beds are highly
lenticular as at the Will Knox property where folding is conspicucus
{Flate VII). Others can be traced along striks fer distances up to 2,000
f2et, as south of the Ryan-Purcley property and lachpelah Church, or
2,200 feet, as north of the Vill Xnox property.

Thin lenses of sillizenitic quartz-sica schist occur within
the beds of sillimenite quartzite at same of the deposits. At several
localities the sillimanite quartzites is gredational aelong strike to
sillimenite schist, This is well shown in ths two pa.railel beds 0.8 miles
southeast of the Will Xnox property.

Small pods and lenses of medium grained (1 to 3 nillimaters)

g;amlar quartzite with litils or no sillimanite ere comcon within the
- sillimanite quartzite at the two cccurrences in ths Xings Mountaine

| B;nry Knob area, Thess lenses are generally a few feet in length,

Occasionally this barren quart;ita carries minor-amounts of fibrolite
and pyrite. ’
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. Luarge lenses and irregular masses of coarse grained granular

zassive quartzite, with little or no sillimanite, also occur at the

. Ryan=-rurcley nroperty and at the Will Xnox property. Some of thess
bodies are as much as 600 fect long and 100 fect wide, This quartzite
is seen in thin sectlion to be highly inequigranular, In addition to
traces of sillimanite it carries accessory magnetite, pyrite, lazulite
ard mécovite, and very fine grained inclusions of zircon and rutile,
The coarse greiancd gramular quartzite at the Ryam=Purcley property
‘carries minor amounts of fine gr:ainsd nztive sulphur, Small pieces of
float of andalusite schist occur in the area of outcrop of coarce
;ra.nular quartzite at the Will Mox property. In scvoral cases at the
111 Knox property there seexns to be a gz'adition along strils from
3illimanite quartzite to coarse grained granular qu.artzite, elthough

‘ they are sharply separated across strike., This is also seer; at the out=

crops 1,200 feet north of the crest of Recse Mountain, The outerop patiern
of the large lenses and irregular masses of coarse grained granular '
quartaite suggest that they are, in part, origimal interlsyers with the - - B
.sillima'hita quartzite, Thus, at the Machpelah Clurch area and the northe

- i

west slope of the Ryan=Purcley property, coarse granular quartzite cccaurs

" in bodies & few feet to about 15 feet wida and up to about 1,000 feet |
long. These bodies are interlayered with aillimanite quartzite and
s111imanite schiste ' 3 ' '

2 . W s Y N e £ S M

In conclusion it is believed that the interlayersd nature,

. and the graﬁat:h.n along strike of adne‘ bf thase coarsc grained none
sulinanitic»éémz;te %o, si11iranite quartzite points to an ariginal
® ' sedimentary arigin for both, | ' |
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The outerop pattern znd linear structures, defined by small
plunging folds and elorgate pencil-iike aggregates of fibrolite in
several areas, indicats the intensity of foldiny., This ia.particularly ’
true at the Ryan-Purcley property and in the vicinity of, and to the-
north of the Will Xnox property where the outerop pattern indicates

steeply plunging isoclinal folda with = wave length of a few hundred

foet, In peneral, small folds (a few fect in wave length) are not as

common as in the kyanite quartzite beds at The Pinnacls and Crowders
Mountain, . |
Th tion Petrology of Sillimanite Nuartzite

The nujor constituents of the sillinanite quartzite in both areas
ars quartz and sillirmanite, Andalusita is a comnon major constituent
in the sillimanite quartzite in ths vicinity of the Will Xnox property
and in the quartzite on a small knob 4,400 feet S50F of Reess HMountain.
¥yanite also occurs in the quartzite at these localities and 1s usually
less abundant than either sillimanite or andalusite. The occurrence of ;
these three polymor;hs in the same rock is described uniér a separate
heading below, Other mjc;r constituents in the sillimanite quartzite,
although of only local ocourrence, are lazulite, diaspore, éhloritoid
- and topaz.
* Common acceasory minerals includs rutile, ﬁicg. magnetite, and

;writ'e. Rare accessories include lazulite, apatite, and zircon,

| The typical occurrence of sillimanite is as small (a few
millimeters) matted aggregates of very fines ﬁ:brolite (m 27)s The
individual prisms of fibrolite are generally 0,04 and 0.2 millimeter
long end from about ,000Xto ,004 milllneter (estimated) wide. Many are
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Figure 27. Photonicrograph of sillimanite quartaite. Sample from
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Ryan-Purcley proporty. 'l‘ypiéal occtl.u'rence.of fibrolite
(F)e Other minerals are quarts (Q) and mica (M), HNote

occurrence of few coarse prisms of sillimanite. Plain

1ight, X 25.

Photanicrogrash of andalusite-sillinanite quartzite.

Sarple from Will Knox property. Andalusite (A) ocours as

. hizhly poeciloblastic o.nhaura, coarse grained sillimanite

| (S) has partially replaced andalusite; small cross fractures
in sillimanite are £illad vi';.h clay; Q = quarta., Crossec

micols, X 25,
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snaller than the resolution of the high power objective, These bundles

and redisting matts of fibrolite are comnonly flattencd and define a good
foliation, In many sections the bundles form continuous f)i.nching and
m‘mlling“ seans of fine fibrolite; and not unéomonly spall radisting "suns®
of fibrolite are set at random in the quartsz groundmass, AJ.J. the fidbrolite
aggrogates' fi.néer out intimately int,o the quarts groundmass with the

rog:itld that the‘ quartz in the groundmass holds abundant fire hair-like
inclﬁsims of aillimanite, Tuls intimate intergrowth of {ibrolite and
quartz is exbrcmely deleterious as far as the econonic recovery of silli-
mznite is concerned, _

In e3dition to small matts and aggregates of fibtrolite, silli-
manite also occurs as well defined prisms generally from .‘05 to 0.9 nilli-
meter wide and up to 2 mm1m£ers long, Some bundles of coarse
sillimanite are 1 centimeter long, Thils coarser crained sillimanite is
zenerally much less abundant than the' fibrolite, The two are seen to be
intinately mtergrown and grade into each other, '

’ 'I'he sillimanite ccntent in sillimanite quartzite was estimted
in thé field to vary from about 13 to 35 per cent. The weight percentages
of minerals,’ calcul:ated from the chenical analysis (aeg 'fable VII Mindicates
a sillimanite content of 33.4 rercent at Reese Mountain, and ; cambined °
amimanite-endalnsite content of 39.4 per cent at the Will Xnox propert.y.

The quartz gromldnass consists of fma, medium or inequi-

gramley grains with inclusiona of rutile, mica and sillinsnite,

Andaluaite, vhora present, Oceurs as coarse (1. to 4 m.ﬂli:naters)v
anhedra, with quarts inclnsians. At the Will mox property, it

 constitutes from about 2 to 10 per cent and,locally,as uch as 60 per cent

-
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. TABLE VII ' ‘ f
Chexical analyses and celculated mineral percentages of sillizanite quartzite ‘ .
. from the ¥ill Knox property, Caston County, North Carclina (1,1a), and Reese .
“ountain, Lincoln County, Yorth Carolima (2,2a). '
1, - la, . | 2. ‘2a,
516, 63.59  Quarts 53.8 510,  75.33  Quarts 61.9 :
: ALO, Z7.24 Andalusite ALO, 23.36 Sillimanite 36.4 §
5‘ F3203 17 S 50 fo0, .6  Rutile a2 4
3 » te . L] 2 3 L] . L
Ted 13 Rutile 1.46 Fe0 «18 ¥agnetite o2
f Hg0 +01 98,36  #1g0 .01 . 98,92 .
a0 17 Cs0 01 '
Razo «00 - 3320 02 : ‘
120 .00 K20 .10 | ; g
B0~ ) B0~ 02 P
1,0+ .58 4 H,0+ .19 ot
g « i
.102 1.46 . '1'102 <60 _ :
2,05 .33 - . PO .06
. S 03 ~ 3 i
| o «00(tr) Mn0 .00(tr)
B 59.5¢
. Less 0 ' R
““for 5. .01 4
A |
_ ‘ B A
1, Chemical analysis of sillimanite qﬁartziu from lens at the crest of hill v S1eh
at the Will Knox proparty, 0.9 miles M12W of Trinity Church, Gaston County, BT i1
, Horth Carolina, inalysis made from sample consisting of six specimens =i
. taken across the strike of the lens, Anslyst: Lucille N, Tarraat, U.S. g ey
. Geological Survey. . . Ui 2
t . ’ ey
i' : la, "e:lght percentages of ainerals calculated froam chemical amlyais. colm 1. SR ¥ f
g : Mineralogy based on *thin section study. y ) AR
E 2 Chenical analysis of sillimanita quartzite from lens at crest of Reese =118
i *  Mountain, Lincoln County, North Carolina. Sample a composite of six 2 &
: specimens taken across strike of lens. Analyst: - Lucille ¥. Tarrant, U.S. 1B
: Geological Survey. . . : . *gi -
. . ik %
‘ 2a, Weight percentages of ninarala calculated from chemical analysis, column 2, :} § -y

HMineralogy based on this section study.
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‘ of the sillimanite quartzite, ;t is sametimes penetruted by mmerous
random matts of fibrolite end coarser sillimaqite prisns (Figure 28).
¥ Diaspore occurs locally in flne grained massive aggregates
of fibrolite (see below),ard in aillimanite quartzite with lkyanite and
andalusite-at the %11l Knox property. Here it constitutes about 15 per

" cent of one thin section, occurring 2s-small ragged unhedra and medium

KR A O B B S 2 E i A - S

to coarse grained radi:ting blaced aggregetes., It is counonly surrounded

Wi

"ty a thin sheath of micaceous agrregate, Small fingers of disspore
,penetrata' gome arndalusite grains and diaépore has apparently replaced
arjalusite pseudomorphically in some cases. Diaapore appears to have
dewlopedilater ard at the expense of “yanite,

Chloritoid occurs in onz thin section of the mognetite-bearing
3illimanite ciua.rtzite frem the Ryzn-Purcley property. The sreins ere
snall, anhedral, and gencrally rarred. They apr=rr 10 have been pzortially
replaced by mica, quartz, «nd silli:anite,

- Topasz constitutos about 2 per cent of ome thin scction of

; ‘ _sillimanite quartzite from the Tyzn-Pureley property. It occurs as smell
anhedra and aggregates of anhedra scattored through the quartz grousndnass.

? | It holds fine gralned inclusions of rutile and !s penetrated lceally by

_ primms of sillimanits, - |
Rutile is the most widespread sccessory mineral, It occurs as |

very fine grained':;andomly scattered etvhedral incluaions in quzrtz,

'8111imenite ,and andalusite, Coarser grained anhedre (up to 0.6 millimeter)

© " are also cormon in many thin sections, One crystel of rutile, measuring

pass

R it A S UKD R B ST+
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cne and one half centineters, vas found in the sillimanite quartzite at the

Ryan-Purcley property. Thin séction study and cherical =2nalyses (Table VII)

indicate a rutile contont of about 1 per cent by weight,
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Mica was eatimnted fram thin sections to constitute up to

about 2 per cent of the rock. Some of the quartzites carry up to 10

t0 15 per cent mica but these have been mapped as schiste Mica occurs
generally as small  less than one and cne half millimeters) randon
porphyroblastsy coarse grained porphyroblasts of mica are characteristic

of gepta of sillimanite quartzite., These flakes have an optic angle of

35 to 40 degrees and are ptro.bably mscovite. The very low K,0 and
Hgao content of the sillimanite quartzites indicates a very low mica
coﬁtant. Huc;h of the ninor finé grained micaceous aggregate which
surrounds sams of the ninerals such as diaspore and kyanite may be
pyrophgrllité. |

The distribution of magnetite is very sporadic, The chemical
snalyses indicate a very low ::;a.gnetita content (a few tenths of one per

cent), although f£121d estimates indicats magnetite to constitute 2 per

cent of the quartzite locally. Magnetite occurs as small to large

anhedral to euhedral crystals disseminated in the aquartzite; occasionally

' nagnetite is smeared ocut along foliation planes, .

Fine grained pyrite occurs locally in the sillimanite qua.rtzite
south of the Ryan-Purcley property, and north of the Will Knox property.
It is less abundant than magnetiu and far less ahxnda.nt than pyrite

in the kyanite quartzitaa of both areasy

Fine grained anhedral laznlitu occurs in aeveral th.’m sections

~_of the sillimanite quartzita. It occurs as small incluaicna in sillimanite,
. . and in the grcuzﬂmss. In one thin aection of andalusite-emimnite

quartzito from the Hﬂl Xnox property,lazulite occurs as rather coerse
anhedra interstitial to the guartz. It 1s :lntorgrown with a colorless
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"in that sillimanite 1s very fine grained and intimately intergrown with i

Small pleces of float of msssive aggregates of fibrolite occur %
M

- and along the contact of the Yorkville granodiorite, This rock
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mineral, also mteratit'ial. with the following optical properties:

-2V, small to moderatej length slowj birefringence = 0,20, relief same T
as lazulite, The intimate relation of this mineral with pleochroie
blue lazulite suggests that it perhaps colorless lazulite or a related

phosphate, The sillimanite near these interatitial aggregates is altered

Yiinor amounts of fine grained apatite occur in sillimsnite
quartzite at the Will Xnox property; coarge. grained apatite occurs locally

in sillirmanite quartzite scutheast of Reese Mountzin, Zircon occurs as

a few very small scattered euhedra and cnhedra in many of the thin sections.
Table VII gives chemicel enalysea of sillimanite quartzits from
Reese Mountain and the Will Xnox property. The weight percentzages of ths
major minerals»ware calculated from ths chexnical snalyses, taking into
account the mineral phases identified in thin section. It 1s believei that

this 1s the most accurata way to calculate the percentage of sillimanite

quartz, The small (.58 per cent) water content of the sillimanite quarta=

r

ite from the Will Rnox property reflects the minor, yet videap&'ead,
incipient alteration of sillimanite and andalusite to clay.' ‘This is

W s gwan
AT e S

noticeable in thin sections and in the fleld. Thin veins of clay commonly

-
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cut the rock and in some cases clay forms partial or complete pseudomorphs

.o .
= o

after sillimanite, Massive aggrégatas of fibrolite (see below) are common- ',':'

oge e

at the Ryan-Purcley property, at the Will Rnox property, at Reese Mountain,
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occurs in only minor amounts. The rock generally weathers to smooth
rounded boulders and cobbles. It 1s extremely tough. Fine grained
random swirling matis and aggregates of fitrolite,and minm amounts of
coarser grained prrimﬁc sillimanite constitute about 30 to‘9§ per cent
of the rock, Rutile and mica are common acéaasoriea. Other minersls

" pregent in this rock are quartz, magnetite, zircon, diaspore, andalusite,

tourmalins and biotite,

The quartz occurs as fine and coarse grained anhedral aggregates,
‘sometines with'andalusita. Diaspore constitutes up to about 50 per cent
of one thin section of rock from the Ryan=-Purcley property and about cne
to 2 per cgn‘!‘. of thin sections of rock from the north 3lope of Reese
Mountain, In both cz'zses dlaspors 1s altered along cleaveges and fractures
to a fins grzined micaceous aggregatee In the thin section from Reese

Yountein diaspere 1s zecn to cubt across bundles of {ibrolite srzd apparently

replace fibrolite along prism boundaries, In ths thin section from the

Ryan-Purcley properby, fine nmatts of sillimanite penetrate amd cut across

digsp,ore. The evidence of paragenesio in this thin section is inconclusive——

the two high a.lmnina. minerals may have developed e.t about the same time,

in many thin sections, fibrolite is seen to have been partial]y
or completely pseudanorvhically altored to clay. Such pseudomorphic
replecensnt of fibrolite has also been noted in the rocks at Williamstown,
Australis (Alderman, 1948). This Australian clay has been identified as
boing largely kaolinito with scme dickiza

A disbinctivc mssiva,coarsa grained, eray rock, consiating of
about 65 to 95 per cent andalusite. occurs at two localitles in the
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vicinity of the W1ll Xnox property. It occurs between two sillimanite
quartzite lenses southeast of Will inox' houss, and also between the
kyanite quartaite bed and s11limenite quartsite bed north of the Will
Knox property. 'fhaae occurrences, both being between two beds o
lenses of quartzite, suggast a aﬁatig'aphic correlation, ‘
The andaluaiﬁ occurs as coarse grained crystals up to cne
and one half centimetersacross, Most are from 3 to 4 millimsters across.
On the weathered surface, these crystals show clean faces, unaltered by
mica 'or clay. In thin section, the other major constituents are seen to
be sillimanite (3. to 5 per cent), quartz (3 to 30 per cen‘l;,) and magnetite
(2 to 3 per cent), Muscovite occurs as an accessory, The sillimanite,
vhich in hand speciman is seen as thin white matts, ié seen in thin
section to be matts of fibrolite and coarser prisms interastitial to the
coarse grained andalugite. This interstitial distribution, and the fact

that sillimanite prisms penetrate the coarse grained andalusite suggest

- that sillimanite degeloped later than andalusite.

'rho three polymorphs of.‘ AJL2 Sio occur together in seven

thin sections of quartzita from widely separated localities in both the
" Kings Mountain-Henry Knob and Reese Mountain-Clubb Mountain areas,

In the Kings Mountain-Henry Knob area they occur together in
the sillimanite quartzite lenses at the extreme north and south ends of
the Will Knox property, In-the Reese Mountain-Clubb Mountain area they
ocour on the crest and mth slope of a small conical hill I.;I.OO feot
S5CE from the crest of Reese ﬁountain; and at the small hillock 1,200

feet N35E of tha cresf. of Reeae Mountain,
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The field relations indicate little about the paragenesis.

Local concenmtrations of kyanite occur in quartzite at the Will Xnox
prOpérby and at the hill southeast of Reess Mountain, At the latter
locality veins of kyanite cut the quartzite. _

The major constituents of the quartzite, in which the three

- polymorphs occur together, are quartz, sillimanite, andalusite, and

lqanite. Diaspore is atundant in one thin section of roék in which

Wanita 1a also abundant, Accessory minerals include mica, rutile, and

lazul ite .

- The high alumina minerale (including diaspore, when present)
constitute up to 60 per cent of the rock., The polymorphs rarely occur
in equal amounts: kyanite end aﬁdaluaite, or silli:nani;be and endalusite

are the two most a'bmxiah’p pairs; kyznite rarely occurs in abundance with

8illiranite. The following summary indicates the paragenetic relation
botween the three poiymorphs.

_ Andalusite-kyanite relationship: 1in ﬁost thin sections a few
kyanite blades are set at random in coarse grained andalusite porphyro-
blasts ,;nd there are no featurss diagnostic of paragenesis, In one '
thin section, however, kyanite appears to have pseudomorphically replaced
coarse grainéd (2 to 4 millimeters) rectangular andaluaita crystals, In
this case random kyanite bladea occur within the euhedra.l andalusite
crystala; kyanite is sometimes so abundant that only small optically
orientcil remnants of andalusite rexnain within the rectangu.lar out-lim

-~ - of the or:lginal cz-ystal.

The development of kyanite later than, and apparently at the
e;ponse' of, andalusite 1s also seen in some of the staurclite-chloritoid-

kyanite quartzites (see Kyanite Quartzita), Kyanite has pseudomorphically
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replaced a coarse grained columnar mineral with square cross section

(probebly andalusite) at Jefferson Mountain, 16 miles southeast of ths
¥i11 Xnox rroperty,
Ancalusite-sillimanite relationships andalusite occurs

»

typically as coarse grainod poeciloblastic orystals, In several ceses

these porphyroblasts have been partially replaced by quartz as evidenced

by irregular quartz embayments into andalusite, and the isolation of
andalusite int;o parallel end optically oriented remnants separated by
‘quart.z. S1llimanite corxonly occurs as fine graired prisms in the qﬁ&rtz
that has repleced andalusite; also sillimanite priszs project into the
marging of andalusite crystals (Figure 28), and occur as randon mz.t s within
andalusite, Tho fact that sillimanite prisms project into endalusita may
indicate that sillimanite had a greater tendency to cevelop euhecdral
erystals (l.e. greater form energy: Ramberg, 1952, r. 131) than azidalusite.

Zf such 1s the case ths; two minerals may have developsd sirultarecusly.

‘However, the faect that sillimanite 1s intimately intergrown with quarts

that has replaced andaluaits suggests that sillimonite devel;:ped later than
a.ndalusitef The xno‘bﬂity of sillimanits material late in the metarorphic
period is convincing]y shown in two cases by the thin mtestme-like veins
of fitrolite aggregates’ that cut the qua.rtzi‘bo.

S111iranite-iyanite relaticnship: Locelly, sillimanite occurs

a intinately intergrown with quartz that has replaced )qanite; The kyanite

in some ‘thinwins (in the quartzits lens southeast of Reese Mountain) has

been partially replaced by fibralite; in this case fibrolite aggregates

are seen t.o-;:ut across kyanite bIa:ies. The most clear cut evidence of an
age relation betmn kyanite and sillimanite comes from a rock found on

the east slope of Eem'y Knob, In thin case swirling matts of fibrolite
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penetrate kyanite and isolate optically Aoriented islands of kyanite

4

rom large kyanite blades,

The general paragenetic sequence of high aluminva ninerals

agsociated with the sillimanite quartzite is summarized below. It must

A 2 Lge TR R

be stressed that this age relation halds for only those local cases in

R e

which two or more polymorphs occur together, Vhile it is risky to
correlate such evidence from widely separated localitieé, the sequence
of replaceinent may be significant in indicating & regional sequence in

netanorphism. The effect of temperature and fluids are discussed under s
Metamorphisn, - %
® . ANDALUSITE s 0 v
KYANITE ) ,
Partial replacexﬁent
of andalusite and s
kya.nite by quartz N
SILLIMANITE '
. :\ ...‘.
DIASPORE Ay Y |
' - - v ALL MINERALS
t ~CLAY
L R Temperaturs increag-sing‘ Temperature decreasing

- E‘luids act as catalyst (?) H,0 enters into minerals

: TIME ——>
———> EVIDENCE FOR REPLACEMENT GOOD, WIDESFREAD
......... > EVIDENCE FOR REPLACEMFNT GOOD, LOCAL

------ > EVIDENCE FOR REFLACEMENT POCR TO SUGGESTIVE, LOCAL
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oc i1th S 1 (see also Quartz=iica Schist,
Biotite Gnelss and Schist, Schistose Pyroclastic Rock)

The follovi.ng schists and gneisses are in contact, or occur
in the immediate vicinity of sillimanite quartzite, They are listed in
order of abundance A .

(1) Quartzenmica schist (with or without tracea of garnct, andalusite
' or sillima.nita)

(2) Quartz-biotits schist, bilotite graiss (with or withont garmet
. .and/or aillinanite)

(3) Schistose pyroclastic rock (with-or without sillimanite)
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HEQUS ROCXS

orky Granodiori

Introduction
- This rock, named the Yorkville Granite by Keith and Sterrett
(1931), consists of several related varieties, of which the most wide-

. spread is a medium to dark gray, coarse, porphyritic, usually gneissoid

%
A granodiorite ,

‘While the present report represents the most detalled field

_nd petrographic study of the Yorkville granodiorite to date, it must b

e stressed that observations were restricted to about a mile-wide
strip adjacent to the contact with the older metamorphic rocks, Thus,
fn the Kings Mountain-Henry Knob region, the mapping included one small o
area ebout two miles west of Clover, York County, Socuth Carolina, and

an eight mile belt along the western contact from the upper reaches of

e v

Beaverdam €reek, two miles north of Clover, to Crowders Créek. Caston
County, North Carolinaz, In the Reese Mountain-Clubb Mountain - area,

c————.

the eastern contact betweon the granodiorite and the metamorphics was
wapped in an arcuate belt extending from cme mile weat of Stanley Creek

north about e‘ight miles to the vicinity of Machpelah Curch. The overall . ]

extent of the Yorkville granodiorite is unknown, Available data (Figure 1)
indicate it is a large body covering the southeastern part of the Kings

" Mountain Quadrangle and an unknown,. but probably large pertion of the . E}
- Clover Quadrangle to the east, - It narrows northward in the Gastonia " H i

Classified according to Johannsen(1932),
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Suadrangle to & width of zbout two and one half niles, ZIeith and

Sterrett (1931) indicate that it crops ocut over a lurge area in tha

i

-

g
y

Sharon Quedrangle south of the Xings Mountain Qﬁadrangle, end reeone=
naissance work by Keith and Sterratt’ indicates that it extends at
lcast 18 miles north of the northern boundary of the Gastania Quadrangle

in the Hickory Quadrangle. Thus, the Yorkville grznodiorite appears

in this region to be a very largs body or scries of bodies of varichle
width trending north-northcast over a distance of uore thﬁn 55 ~dlcs,
Sescription
The following related varietics of tho ’Iorkvi];e granodiorite
are distinewdished: (1) ecourse, porphyritic, ususlly gnoissoid biotite
grenodiorite and quartz m;onzonit,a, by far the nost abundant veriety;
(2) mediua grained, slichtly porphyritic bictite quartz monzonite and
. granodiorite rfradatix nel in the fileld with varicty 13 () fine to medium
grained,non-porwvnyritic, x,wirsfcid biotite granits und nuertz nonzonite;
“end (4) coarse, porphyribic hornblende grznodiorite., Recause of tha
subtle gradation between them, the first two varietieswere mapped as cne
wit in the field; varietimB and 4 occur only in minor azomts and vere _
also combincd uith the first variety a= cne unit,

(1) The coarse, porphyritic varicty of the Yorkville granodiorite

RRATRRIRCR, S g T RN L NN R E Rttt

generally hes a greissoid structure ard, in a few places, & steeply
plufxgii:g lineation produced by the parallel orientation of large micro-

' cliﬂo éhenogrysts as v.ell' as blotite aggregates in the groundmass., The

B vphet'!ocryalts are camnonly one hal: to one inch long end st;me have a

' maximun length of . two inches (Figure 29). They gemerally exhibit carlsbad

' .’ twinning and vary from euhedral to rounded anhedral forms. Fine grained,

# Keith, Arthur, and Sterrett, D, B., Unpublished recomnaisance nap
of the southeastern corner of the Hickory Nuadrangle,
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randonly oriented flakes of black bilotits, in very minor amounts, are

embedded in the phenocrysta.
In contrast to these large, light yellowish gray microcline
. phenoerysts which constitute up to 25 per cent, but average 19 per cent

of this variety, the groundmass consists of medium grained gray quartaz,

1ight gray to white oligoclase,and black bictite, all majar constituents.

Yuscovite, constituting aboﬁt 2 per cent of the rock, occurs as well
t‘orm?d flakes and ragged, wormy mterg{%hg with blotite. Myrmekite
and finc grained interstitial aggregates of sodic oligoclase or albite
consti‘!';ute about 5 per cent of this variety, Acéessory minerzls, taksn
togethor, make up slightly more than 1 per cent. They include zircon,
epidote, apatite, sphene, magnetite, pyrite and allanite, At two
different localities, each within 200 feet of the main contact or meta-
worphic septa, kyanite, =2illimanite, staurclite, and vrutile were recaver=
ed by panning the hizhly weathercd granodiorite,

The mineralogy of the feldapars is complex. The microcline
phenocrysts are generally microperthitic, the included albite 'occurr;ing
in only very minor amounts (genmerally less than 5 per cent of the pheno-
cryst) as very fine grained discontinuous shreds and small, irreguler
‘discontinucus random grains that pinch and swell. These grains are
generally less than 0,09 millimeter in greatest dimension. In many
phenocrysts the very fine shreds and same elongate irregular graing of

albite are parallel to each other and at the same time may be either
_parallel to or transect the microcline bain lamellae, Fine ’shreda of
. albite tranaact.‘tho cl;risbad hd.nning p].ane of one ph'enocryst. These
' features, in addition to the random orientation of mich of the fine
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grained ragged albite, appear to indicate a replacement origin for the

albite in the perthite, However, there are two features that apparent=
1y contradict this and indicate that some of the small irregular patches
of albite w have formed by exsolution, Some microcline phenocrysts
ave zoned. In these, the core, which does not extinguish with the outer
margin of the phenocryst, has very closely spaced thin twin lamellae,
These cores are probably snorthoclase, - More fine grained alblts occura
in these cores than in tﬁe microcline borders, .;mggesting that the
sodium for the albite has been derived from the more albitic host.
“'oreover, the total amount of albite forming microperthite in any one
mzoned phenocryst appears to be fairly constant, Thus, some a.reaé have
Jine, closely spaced shreds of albite while adjacerft areas in the same
nenoeryst have more widely spaced coarse, discontinucus grains of albite,
“he total amount of albitas in either area being approximately the same.
The nicrocline phenocrysts generally carry ninor amounts of
finé grained rounded quartsz grains, fine grained flakes of biotite,and
amall grains of ocligoclase., The aligoclase grains are .genera.llg rounded
or have smooth grain boundariesy they are generally 0.3 millimeter or
less in dismeter. A few transect carlsbad twin pla:::aes in the microclins
and others have a somevhat ragged rectangular pattern that conforms
to the 'grid tvhxxﬁng plenes, These small grains of oligoclase are -
nearly ‘alvays surrounded by a fairly vide rim of albite. Several grains
- hﬁvo an incomplete narrow band of ‘av'!fmkita bptveén the oligoclase and
the other rim of a.lbito; _This sequence on A minor scale reflects the
myroekite development seen ona la;'ger scale and dee;cri‘bed below, The
curiocus feature here is that the albite rim about thé oligoclase grain

is from one quarter to ome third the width of the grain, while albite

Aty — e
. ~a
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Figure 29, Hand specimen of typloal coarse grained porphyritic
" Yorkville granodiorite (?arieﬁy 1l). Sazple from qm.rry,
. 049 mile southwest of Machpelah Clrch, The phe,no;:rysta
are largely microcline, with scme oligoclase; dark -
nineral :18 biotite, _Scale is graduated in inches,

Figure 30, FPhotomicrograph of coarse grainsd Iorkwfﬂle grancdiorite.
. Sazmle of road construction metal near Trinity Chwreh.
Microcline phenocryst (i), oligoclase {0), quartz (Q;,
biotite (B), liote myrmekitio margin on oligocl_gsc erystal
| in oon;’.aét wif-h microcline but no ﬁyn_nekitio nargin when
this orystal is in contact with other oligoclase crystals.

Crossed niceols, X 25.
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rins about the major zomed plagioclase crystals throughout the rock

are not nearly this vid?.

"It is not certain whether the small oligoclase grains are
inclusions of an earlier phase in microcline, a phenomenon of replace=
ment, or the result of :h;vro or iesa si:mltanéoua crysfallization. They

‘have the appearance of inclusions, and the extraordinary thickness of

the albite band suggestsaccretion of albite by exsolution from the
microcline, |

Plagiociase, which generally makes up 22 to 37 'per cent of the
rock, occurs as weakly to strangly zoned subhedral to euhedral crystals
about 1,5 to 5 millireoters in greatest dimension, In one thin section
the plagioclase cores are andesine, An.38,and the outer margins are
oligoclase, An. 25, In ten thin sections the range of the most calcic
portions of the plagioclase is between An 24 end An 30. Some crystals
are completely gradatj;onal froa the core to the sodic oligoclase rims,
while many have a rather sharply defined overgrowth of sodic olizoclase
AnlS,to albits, An"l.

'l'he coarse grained microcline and plagioclase crystals are

- genmerally surrounded by an interstitial aggregate consisting of

anhedral sodic oligoclase or albite, myrmekite, quartz, biotite, ard,
rarely, ort.hoclase.
When in contact with microcline phenocryata, the sodic oligo-

clane margins of large plagioclaaa crystals are myrmekitic (Figure 30).

Myrmekite is also deve;opn& when 'olj.goclane in the interstitisl aggregate

- 1s in contact with microcline phenocrysts, the typical contact being a
. broad tongue-shaped embayment of myrmekite into nicrbclifxe. A thin
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rinm of albite 1s generally present about the cutermost portion of

these tongues., Myrmekits 13 not, however, restricted to sodic oligo= . - .
clase in contact with microclins, It =1so Qccurs, to0 a ninor éx?ent,

as rather discrete anhedra in the interstitial aggregate. Ths myrmekitic

thqyments into microcline from the interstitial eggregats, znd

especially the myrmekitic exbayments from the adjacernt oligoclass

cqystais, indicate that myrxmeldte here 1s 3 replacement or reaction

~ phenomenon and not, as Spencer (1945) indicates for some British granites,

a phenomenon of exsclution frem the aicrocline erystal.

In moat of the thin sections plagloclase is slightly znti-
perthitic, with small rendoxmly distributed grains and patches of ziéro- : )
cline scattered through the larger oligoclase hosts., Some irregular L
alongate greins of micrceline transect the albite twin lamellae in the
hoste, It 1s not obvious whather this microcline haas resulted frem
2xsolution or replacenent,

 In sumsary, the feldspers exhibit perthitic and antiperthitic

textures, the origin of which is not certain from this study. Two

genorations of nmicrocline ere gvident: an earlier phenocrystic stage ";
in which scme of th; cores of the phendc;ysts are protably anorthoclase :
and a later stage in which the microcline occurs in an interstitinl aggre-

gate. The plaglioclase feldspsrs are commonly strongly zcred, the outer

partions of many. crystals being overgrowths of sodic oligoslase or aldite.

The simplest explanstion of these overgrowths and also the myrmekiti -

!and nonpmyrmekitic oligoclase and albite in interstitial aggregates

is that strong fractionation in a large body of magra resultsd in an

albite-richk late fraqtion.
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,.euhedral,czystals ap to 1.8 millimeter long. Snall anhedral to euhedral
| crystala of imenite and pyrite occur in all thin sections,

" thin section are characteristically only slightly altercd. The
‘plagioclase cores (including both the major coarse grained crystals of

S VAR

Quartz occurs as anhedral grains, generally Intermedi-zte
in size betueen ‘the zoned plagioclase crystals and the fine grained
interstitial aggregate., The grain boundaries are gooth to irrogular
btut show no suturing and the grains are characteristically frec {roa
inclusions and strain shadows,

Biotita flakes .nre pleocﬁroic from pale brown to very dark
w@, (-~ 2V very saall, n, = 1,638). Snall inclusions of apatits
and zircon are commo:;.' Trequently the flakes occur in elongate
aggregates interstitial to the larger oligoclase crystals and microcline
phenocrysta'. _Huscovita occurs as individual flalkes or purallel
intergrowths with biotite ard elso és ragged wormy growths usx.zally in
plag;!.oclase. |

Zircon occurs generally as cuhedral, elongate,doubly terminated
prismS up to 1 millimter long, Epldote occurs as discrete anhodral
crystals to about 0,5 millimeter across. In most of the thin soctions

epiidofe occurs’ a3 an overgrowth about amall, yellowlsh, suhedral zoned

allanite cyrstals. The degree of metamictization of allanite varies

from crystals that ars completely isotrople to those that show low ' .

'intert.'erence colors and well defincd twinning tut no pleochroisn,

Rarely allanite occurs without an overgrowth of epidote. Apatite occurs
as r’mdcu},v distributed subhedral amd suhedral crystals. Sphene varies
frea anhedral to euhedral ut generally occurs a3 coarse subhcdral to

A1l of t.he varieties of the !orkvillo granodiorits seen in
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. oligoclase and the few small inclusions of oligoclase in the micro=-

fn TIRORR SLTTNRET

cline phenocrysts) ere commonly slightly to moderately altered to fine
g grained random flakes of clear mica,and small amounts of clay, Micro-
clins phenocrysts and fine grained nmicrocline are unaltered, A few thin

gt R Ao A e

gections show a white feathery alteration product.(leucoxene ?) around
f1menite and bictite., Calcite occurs locally as an alteration product

o? rlagloclase,

B A

Table VIII-gives chemical and modal analyses of Variety 1 '
of the Yorkville granodiorite. The most representative mode is given
In Column 5 which is the average of six thin sections from widely
maparated outcrops in both the Kings Hounﬁain-ﬁenry Knob and Reese |
}!ountain-clubb Mountain regions., In each section 1,000 points were
counted in tha groundmnss, The relative abundance of potash feldspar
. . Th-noerysts was determined by making linear measurements on the hand-
zrecimens, | |
The agreement betuéeﬁ the calculated chemicel composition
(Column 3) and thes chemical analysis (Column 2) of samples from the
Lircoln County querry is good. One significent chemicel feature of |
the rock 1s its low MgO content in view of the fact that the rock here
contains 8 per cent blotite, The index of refraction of the biotite .
indicatesit to be en intermediate variety between the pnlpgopiée-eastonite
end annite-siderophyllite groups (Winchell, 1951, p. 374).
() The 1ight gray, medim grained, slightly porphyritic
variety of the Yorkville. gmnoaiorm 1s identical in mineralogy with - Vs

%

Variety 1l but differs from it in having a fine to madinn grained grouxd=-
mmas and fewer and smaller phenocrysts. The pbenoerysts here are
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TABLE VIIX

-

Chemicul and modul analyses of Variety 1 of the Yorkville granodiorite

1. 2. 3. -
8102 T0.77 T.55 70.01
.41203 14.89 14.47 15.08
F0203 75 .46 2.8
el 1.24 1.5
¥z0 <43 oT7 87
Cs0  2.08 2.00 - '2.25
Hazo 4.47 3.T2 3.58
Kzo 4,70 4.16 4,37
1,0~ .02
H20+ o34 045
'?102 .36 -40 48
g 5 23
ons Trace 13 07
An0 Trace .06
Iznit.  L19
39.88 99.82 100.23

Calcic oligoclase

Microcline
Quarts

Biotite

Myrmekite
Albite and

s0dic oligoclase

Muscovite
Epidote
Sphens
Apatite

4.

33
20
30
8
2

N e

0.2-0.7
0.1-0.2
0.1-0.2

Il renite 004“'005

Zircon
Allanits

0.2
0.1

S.
Calecic oligoclase 31
Microcline 21
Quartz 27
Biotite 11
.‘brimukite 2
Abite and
sodic oligoclase 4
Muscovite 2
Epidote 0.2-0.9
Sphene . 0.0-0.9
Apatite  0.0-0.2
Ilmenite 0.,0=0.5
Zircon 0.0-0.4
Pyrite 0.0-0,1
Allanite 0.0-0,1

1. Chemical analysis of rock at Whitesides quarry, 3 miles west of Filbert
3tation, Yori County, South Carolina. ¥atson (1910, p. 207) . A

2, Chemical analysis of coarse zrained porphyritic cranodiorits (Variety I
of the Yorkville granodiorite). Sample was a compoaite of six hand speci-
mers from sn21l quarry 0.9 miles.southwest of Machpelah Church, Lincoln
County, North Carolina,

3. Chemical composition calculated from mode, column 4.

4, Mods of coarse grained porphyritic granod iorite from small quarry O.§ miles

Analyst: Lucille N. Tarrant, U.S. Ceological Survey.

southweat of Machpelah Churen, Lincoln County, Nortk Carolina. Average

of three sections, two of which

given in column 2.

cams from semples used for chemicsl analysis

5, Hode of coarse grained porphyritic granodiorite. Average of six sections
© “from Kings Mountain-Henry Xnob and Reeee Mountain-Clutb Mountain regions.

4 i i
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' generally not over 1 centimeter long 2nd conmstitute from 2 to 6 per

cent of the rock.
sirorthoclase cores in microclire phenocrysts ere abundan
in several scctions of this vericty, llthough the relatlve abundance

of x Acrocline phenocrysts i3 less in this variety than in Variety 1, the

ratio of potash feldapsr to plagioclese in each section still place

the varicus sewples in elther the quarts monzonlte or crancdiorite family.

The groundmass of this vericty contains mich more nicrocline then the

gi'm:nimss of Vai'icty 1, Microcline occurs ug isolcted enhedral erystals

wnd elso ag irrcgular, poorlyr dofined Interstitiel apgregetes,
It 13 interestiing to nota that this nodium greoined,siightly

porrhyritic varisty of the Yorkville granodiorite was found ot two

principal localiticss (1) et the northemterminstion of a portion cf

the cosree porphyritic varlety 61’ the Yorkville granodiorite, 2 —=iles

ucst of Clover, York County, South Carclinas, end (2) one quarter squsre

rnile embaymen: from the margin of the coarse porphyritic variety, 2

niles southwest of lMachpelah Church, Lincoln County, North Carolina, .

This distritution suggests that the slightly porph;'ritic veriety (2) may .

be the chill=d equivalont of Veriety 1. | o
(2) The £ine zrained, equigranular, gneiscoid granite and

quartz monzonitc occurs as 2 narrov, gradation..l zone in the coerse . k
porphyritic variety 0.3 mils narth of Pisgeh Church, ~s a border facies ii
. weat of the coarse porphyritic contact 2 'miloa east of Henry Xnob, and ;
es en 130L.ted cuterop with..n, and c.pparently confor::able with the rmeta= ’,
morphic rocks 1.6 miles northeast of Henry Knobe | v

s
&
Yy

=
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. Microcline is zuch more etundant thzn oligoclase ia the , ‘Q
Jranite, ond myrmekite occurs only in minor amounts, In cdditfom,

thin secticns of this conp'osition ccatain no ';phene por zlrcon btut do ) i

Liave abtundant accessory magnetila znd apatite, and a 11iiile cpilote . ‘

and pyrite. Vell lormed {lakes ol muscovite are intergrowﬁ with biotite -;%

2l somotircs exceed biotite iIn abuadance. Such minerclogy is indicative E

T

¥ .
ey
SR

Vs

of a later mugmalle Zraction than the aineralogy of Varicty 1.
(4) Hornblemde grancdioriia 1s coecrse grained slighly porphy=

itic wd uguwily sirongly gneisszoid, It occurs locally swvuthcast of

kG

Trinity Church wicre it is ;radatlonal with Vardety 1. T3 plagioclase
L3 usually nore celcic than that of Verlety 1, the cores ¢ some crystals
olngg <xiesine, An 33 . 2lotito Is much more atundent tham in Varisty 1.

222 thin scetion hes the Jolloving nwric:

. culeic olijoclama 33 per econt
A -deroeline 11 per cent S
quartsz ) 18 per cent . ‘,,:
piotite ' 20 per cent ;
: . nornblende ‘ { per ccznt o
epidote 3 per cent
nyrmekita, albite or ©  per cent . §
sodle cligoclase : , b 5
sphene 3 per cent o " - 3{‘3

accessory rmacovite, magnetite and zirecon .

Dike Rocks Cuttino the Yorkvills Cranodiorite ' i

~ Quartz Monzonite and Crenodiorite :
. oL At several localities in the Kings Mountain-lenry Knob area,
' szall, irrcguler bolics and dike3 of mediun grained,equisramilar quarta

monzonits and granodiorite cut the courca gf:iined porphyritic granodiorite,

B R O P I

. The contzct bLelueen the 4k rock and the coarse gralned granodiorite
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sharp and :a2xy dikes cut neross tha pneicsold stracture, Althouzh

the diXke.rock 1z madium grained and equigramilar, its mincralogy 1is .
strikingly s3imilar to the coarse grained porphyriilc granodio-ite,
™e zajor ccnstituents of the dike rock ars calcleoligeclase, 'n. 26~ An. 30,

~icrocline, quartz, Liotite, =yr=skitc nnd rmscovite, Lccessory

.=inerals include epidote, =mametite, zireon, il =22lznite,

Aplit
32211 dikss of fire und medium grained grernitic =113 ers
eapecially atundant near the contzet of the zain body of thz conrae
rorphyritic granodiorite, The horderz of these dikes erz sometines
sharp, sometinmesg gradationnl'with the host, The mnjor nineral constituents
.=~ alcrocline, quarisz, caxc*ﬂo‘iﬂ*c*,oe, An26, nni muzcovite,
tsrmokite hos parti23l; roplaced microcline, and ce~urs with microclin
and oligoelnze zs an Inlorstitial cogrepnta, Trilcnte, 1;:tita,rn§
zurmetite sccur =2z accessorices,
Dromnt it
Cross—cutt‘ r pegnatite Ai%es are very common nezr ths contact

the main porph;;ritié tody. An arca cf fine pratned granite, two = . (

Ziles east of Henry Xnob, containa atundant cross—cuts ing and conforzable o g
,pegm_tj_te bodies. Some of the conformodle todics heve gradational .A | ‘ :‘
.contact§ uit!i the granite and cxmonly have a very .gentle ais, :; :‘41'3

In cdditlen to these pegmatile dikes within the neln body of : gg

B .;ornblende rneiss and b_otit-* ac‘xi up to ope half afla -;est of tka

|
the granodiorite, the*e are 3y CI‘OS"-cuttlng cegmatite dikes in the } ,{:
"ranodloﬂta contact 1n ‘*he %in-s Yountain +denry Yach orca. These §

p"‘gnati‘:.e dlkos rangs .’:":.: 2 fraction af 2n inch to about a 2ot in
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tut trensects some of the metamorphic units at 2 very low angle, This

: metamrphic rockse

» by the st:raight or gently sinuocus contact on the geologic meps(Plates

- 1/'8 -y : .“
width. Thcir mineralogy, as well us their proxinity to the margin

of the pluton, indlcates 2 gemetic relation to the Yorkville granodiorits.
The major minoral constitucnts of the pegmctite dikes sre microcline o]
(nicroperthitic), antiperthitic oligoclase An 20=-22, and rmacovite,
with va.ric.ble. but usually small azounts of myrmekite, albite, biotits
apstite end slmandine garnet (n = 1.82).

Two of the thin sectioné of pegnatite si'zo-.: two geﬁerationa
of microcline, an.eérly coarse grained microperthitic rhuese and a later
fine graeined interstitial phaze, This later phase; to a ninor extent;
~eplaces some of the Zyrmeldis,

o kyenite, sill:lmhite or andalusite was seen in any of

ti2se pegmatite todies.

Tuo contact of the coarce porphyritic varicty of the Yorlwille
.rznoaiorite is, in genarzl, vertical or very steeply dipping,amd

confornzhle to the flou clcaveze of the adjaccnt sckists and gneisses,

contact in both the Kings I-:ounéain—xenzv Knob arez and the Reese
Hountein-Clubb Mountain area is generally straight or gently sinuous in

ALkt S

4
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plan, with the exception of one large exbayment 1 mile north of Reese

.,
7
.t o Pra

Yountain, In genera.l, the coarse grained porphyritic grenodiorite has

vt o
A ?i‘:{

a atrong gneissoid stmctu-e that is parallcl to the contact with the
In detail the contact 15 mich zore camplex than imiicated

I and II).
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. The contact in the area east of Henry Knob is particularily
cornlex in plan, Xeith and Sterrett (1931) show a large body of
"Yorkville granite® interfingering with hornblende gneiss southeast of

Henry Knob, An 1aolat§d outcrop of slightly porphyritic Yorkville

| granite (Varisty 3) occurs 1.6 miles northeast of Henry Knob. This
appereatly represents a small conformakle isolated 1z§tz'usion into the
=stamorphic rock, Between this outcrop ard the main body of the grano=-
_diorite to the east, the quarts biotite schists anl gneisses are inter—
ce 1 ated vith‘ narrow bodies of fine graiﬁed non-porp!writic granite (Var-
fety 3); cross-cutting and conformable pegmatite bodiss are abundant in ‘
+his zrea, Some of the conformable pegmatite bodies have. gradational
cortects with.the fine grained greissoid granite,
Zazta

Yurerous long, nerrcw, sSteeply dipping septa, consisting of
various types of schists, gneisses,=nd hornfels, occur in the\ coarse
grained porphyritic Yorkville granodiorite within three—quarters mile of
its contsct with the metemorphic rocks, Individual septa are about 2 to
50 feet wide and can be traced along strike for several hundred fect. .
A single septum of sillimanite schist extends for about one mile along
striks, The septa are generslly parallel to the gnelssoid structure in
the granodiorite. The contact between the septa and the granodiorite is
generally abz:upt. The following rock types wers fourd as septa:

1) stllimanite-mscovite schist, sillimanite quartaite and
conglonerate, | : . -

‘ 2)’ corundun=boaring gneiss, | '
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Figure 31. Photamicrosraph of Coruntum gneiss, OSample from sspta in

i S gt

. granodicrite 1.3 niles northwest of Pisgah Church, Large =

k centered crystal is corundum, surrounded by a rim of' : ?
suscovite. Hote grid-twinning in microcline that makes a;
up most of the remainder of photograph. Crossed nicols, ;’“g
X 65. ' -
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| Of these types, 1, 3, 4 and 7 are most abundant and have teen discussed

‘surrounded ty a sheath of miscovite that has formed partly at the expense

. =152 -

3) blotite gneiss with variable amounts of garnet and =sillimanite,

4) garnetequartzebiotite schist,
5) mpanganiferous .s‘chist and fine grained spessartite rock,

It
L7
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6) rpyroxene gramlite,

"P!;“*v &

¥

7) horntlende gme 133.‘

.
o i
- -
-5

in connection with similar rocks in the main metamorphic sequence, A

NV R
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discussion of the izportant =spects of the remaining types follows,

Corundum=bearing zmeiss occurs just south of Crowders Crs=ek , L
about J.OCO feet east of tliec contuct between grznodicrite and the main ¥
body of metamorphic rocks. The corundumebearing greiss is 2 medium~

graired massive rock., The estimated modal range, as indicated by three

thin sections, 1iss

!

miscovite 30 to 90 per cent

microcline 0 to 45 rer cent-

corundum l to 10 per cént

sillimanite 2 to 5 per cent j

small amounts of sodic to median olizoclase, tiotite and ‘ :

magnetite. | _ | ; ;‘g
Corundum occurs as corroded cuhedral grains up to 1.2 millimeters long ‘ &

(Figure 31). Vith few e:gccptioné carundum cryatals are completely

‘of (corroded) the ;orundun. A few cm erystals occur vithﬁ nicro=- ?

~ cline graiﬁa wiihout a sheath of mmscovite and ‘fccr this reason it is
thought ‘-hhat the msccri’t:a shea.th was a lats hydrothermal alteration FEY
(corundum ¢ microcline + water = muscovite) and not produced at the time %‘f?-

of ths growth of the corundun, . 5 r"“f’"
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Corundum gneiss also occurs as amall pietes of float near the

contacts between the granodiorite and metamorphic rocks, Omns large cobble

of massive corundum rock was found northwest of Pisgah Church, This

rock consists of sbout 75 per cent corundum, 20 per cent aillimanite, and
5 per cent magnetite, Sillinanite is interstitial to tbe coerse ra,ndomly

oriented plates and prisms of corundun, The significznce of corundum

in septa and inclusions in the Yorkville grznodiorite is discussed

| underMetanorphism,

}jans;anii‘ercus achigt occurs as long, dis;:ontinuous lenges in
the granodiorite from Crowders Creek south to Chapel Grova School (Figure
1 and Plate I). The aliimment of these lenses, and the fact that they
occur from 350 to 800 feat cast of & long septum of sillimanite schish
suggesta a single stratigrapixic position for the manganiferous schist,

In the fieid,mganifcrcus schist is seen to consist princie
pally of sooty, medium grained flakes of mica, GCenerally, the soil
derived frcm manganifercus schist 1s strewn with chunks of highly stained
very fine grained spessurtits rocke. Two thin sections of this rock have

the following estimcted wodes

spessartite 60 to 65 per cent
. quarts . _ - 20 to 25 per cent
hornblende 10 to'15 per cent

and small amounts of biotite and magretite.
‘A distinot layering is produced by horntlende-rich and

hornblende=poor bands a few millimeters: wide,

[
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Pyroxene gramulits occurs zs a septum in granodiocrite north-

east of Trinity Church, The rock is fine grained, medium to dark gray and

~

massive, Three thin sections have the following estimated modal ranges

Lahradoriie, An 57=59 10 to 45 per cent
quartz | 20 ver cent
pyroxene end uralitic

hornblende 5 to 60 per cent
epicdote 10 to 30 ner cent

hornblende (non=uralitic) 0 to

5 per cent

snull emounts of garnet, microcline, magmetits, sphene, and

apatite;

Labradorits, quﬁrtz;and microcline are seen in thin sectlion to

ferm a2 very fine groined gramulitic groundmsss., Pyroxene (probaﬁly

" zurite), hornblende, eridote, and garnet occur
blasts, The tulk chemical ccmposition of the

two sinilar modes with the following results:

310, ' .55 per
Alzo3 17 per
Iron oxides . 8 por
Mg0 2 per
Ca0 - 13 per
lia,0. . 2 per

as coarser grained porphyro-

rock was caleculuted from

cent
cent

cent

cent
cent

cent

- The most striking features of such & composition are the high alumina

content, and combined low magnesia-high lime content. The fine grained
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granulitic groundmass suggests that ths parent rock was a very fine

grained sediment and the chemical composition approximates that of some
nerls, » )

. The following rock types do not occur as septa, btut occcur only
locally As fioat within the area of exposure of grnnodiorite. They are:
included because of thoir interesting mineralogy,

Cordierite hornfelg was found locally as float near Pisgah
Church., Fine to medium grained anhedral cordierits makes up about 50 per
cont of the rock, Other minerals include andesine, quartz, microclins,
and muscovita., Some of the cordierita shows cyclical extincticn, and iit
holds inclusfons of zircen which are surrounded by pleochroic haloes.

Anthophyllite omeiss occurs locally as float neer Chapel Grove
School. In addition to anthophyllite this fine grained gneiss consists
principally of andesine and ciuar‘bz. ’

Cenera the a_snd of the Yorkvilla Crancdiorits

It 1s estimted t‘rom measurements made on aerial photographs
that septa, in any one place where they ere particularly abundant, con=
stitute less than 5 per cent of the surface area of the granodiorite,
Thus, they are volumetrically relatively unimportant,

The strongly divergent chemical end mineralogical composition
of the septa mggeatg that the septa are remnants of a metasedimentary
and metavolcanic ‘sequence .(see ’Stz'ucture) and not products ofﬁagmatic
aogreggtion or late magmatic injection.

_ mly a4 limited @br of minerals in the septa can probably
"be attribufed to metasomatic sources: interstitial oligoclase and myrme-
kite, some quarts,and perhaps some muscovits, A review of ths mineralogy
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of the septa shous that these mincrals constitute only a minor portion of

" the wvarious rock types.

There is soms evidence that assimilation of the country rock

~ has locally enriched the granodiorite in gertain components, Thus, the

one cutcrop of hornblende granodiorite occurs in the vicinity of horn=

tlende gneiss; and minor traces of lva.niie and sillimanits were found near

gepta of sillimanite quartzite. ’
A thorough study of the cntire Yorkville granodiorite body is
needed befors its origin can be reaacnab]q well known. In the meantime,

the present atudy reveals several features which, it is bellsved, mdicate

’

that’ the granodiorite crystallized from a magna,.

(1) Dﬂms of rmediun grained, non=porphyritic graﬁodiorite cut. the
main body of coarse porphyritic granodiorite, . Both have identicAl
mincralogy. Thus, there is good prdof that a granodiorite magma existed
=% l2ast on & mmoll scale. ‘

| (2) The mineralogy of the coarse parphyritic granodiorite (micro-
por‘.hl.zit:lc microcline, antiperthitic zoned plagioclase, interstitial sodie
oligoclase end myrmekite, and allanite) is distinctly different from the
mineralogy‘of any of the metamorphic récks. This mineralogy, with the
exception of allanite, is also chgracteriétic of the pegmatites that cut

. the meteamorphic rocks away from the main contact.

(3) The contact between the coarse grained porphyritic granodiorite

and the metamorphic-rocks is, in many cases, a complex zone of interlayered

" metamorphic rocks, {ine grained nomn-porphyritic granodiorite, pegmatite,
and a{:lite, The fine grained granodiorite may represent a chilled margin

of the main body,
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‘ | (4) The contacts between ths granodiorite and all septa are generally

sharp, If the granodiorite has developed by replacement there would
probably be gradational contacts between the unreplaced remnants (septa)
and granodiorite,
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Diabane Dikeg

Long, thin, vertical dikes of [ine to medium grained diabase
ocour in ths Kings Mountain-Henry Znob area. The thisimoss ofine dikes
is variable frcm about 10 % 60 feet. Scme dikes can be traced along
tholir strike for only a few thousand feei but others are continuous
for several miles. They have a common northwest trend, Their emplacenent
soans to have baen controlled to same extent by the thick bodies of lyanite
qumrtzite. Diabase dikaes nover cut thesge ;hid: bodies but cauzonly
oross qu.artzite_beds vhere the beds are greaztly thinrad, or viers
quartaite bads have pinched out. _

: Petrologic&lly, he disbaae dikes are vary similer. The

reck is seen in thin gecticn to consist principally of pyroxeme and
labradorite with variabla anounts of olivine. Tho texture is tynically
ophitic, A thin section of a cre~inch diabase dile shous it to éon-
sist of stro:x;ly' oghedml olivine ané a few lonz laths of labradorite
set in an extremsly fine gralned brownish sroundmass, This convincingly
shows that olivine had crystallizod bofors the bulk of ths labraderite
and before any of the pyroxeme, ‘ .

Tho intrusien of éisbase dikes apparently sroduced mo aoticable
metamorphiam, Diabase dlkes have out kyonite quartazite at Aeary Knob
apparently without the conversion of eny kyonite to sillimanits or
mullits, Incluslons of oligoclase tonalite in diabase ahow no sirns of
neamorphism, B ' : B
'~ Tha enplacensnt of diabase dikes in this araé was undoubtedly
part of the Triascis(?) iznecus episédo_t t&t affected the entire
eastern part of the Appalachian Mountain system froa Alabana to

Hewfoundland,
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If the assunmption is made that the high alumina quartzite
beds and manganiferous schists are metasedimentary units f.hat can bte
correlated as shown in ?igurc 2, their ocutcrop pattern suggesta two
large plunging folds (Flate I) in the Kings Mountain-Henry Knob area.

Primary sedimentary features, diagnostic of tops and bottcms
of beda, are generally lacling in the rocks of the district, The use
of structural criteria to diffcrentiate anticlines from synclines is
not npplicdble in this area because the rocks have probably bteen
subjected to nmore than one deformation, The anticlinal amd synclinal
- nature of the najor folds has been aéduced froa t;xe i‘olloviﬁg factss
cToss bedding in a thin bed of quartzite at Lake Montonio, cn the
zorthwest 1imdb of fold (II, Figure 2) indicates that the top of the bed
is to the goutheast, ana that the fold (II) is a syncline, This cr;)ss
bedding is the only diagnostic primery structure in the beds of this
fold. The axial plane in the southern half of this syncline dips steeply
to the northuwest; north of The Pinnacle,the east limb 1s locally
overturncd but in general the axial plane here is vertical or dips very
steeply. The anticlinal nature of the larger fold (I) is suggested |
by tho fact that the adjacent fold (II) to the ;last is probebly a
synclinej furthermore, the axial plane of the synclins (II) dips to the
northwvest, avay from the axis of the large fold (I). The high alumina
quartzite beds and schists along the east limb of the anticline (I) dip

very steeply.
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The metamorphic history also suggests that the larger fold (I)

is an enticline, Some of the rocks in the center of the fold have
been albitized while the high Alzm;ina quartziteson the limbs of the -
£old show no sign of aibitization (see Metamorphism).

The distribution of manganiferous schist lends support to
the major structure as indicated in Figure 2, VWhite (1944) shous
that the outerép pattern of mangeniferous schist in this district is
that of a large plunging fold which coincides exactly with the msjor a
anticline (I). The nose of this fold (as defined by the manganiferous |
scﬁist beds and lenses) 4is at Bessemer City, sbout 3 miles north of

Crowders Yountain, The manganiferous schist elong the east 1limb of

this fold (I) esn be traced south from Bessemer City to the Kings
Mountain-Henry Rnob area where it occurs as septa in the Yorkville
granodiorité (Figure 2). The manganiferows schist along the west 1iﬁb
of this fold (I) cen be traced south from Bessomer City to 2 point about
three querter miles northwest of the north end of Crowders Mountain where »
it epperently lies in line with the trough of gné syncline (II). ‘ ‘ |
)ﬁn@niferous schist does not ocour in ﬁhe trough of the syncline (II)
~in the kings. Hountain-Henry Knob eres but does crop out for a long
.distance sout!;west from the southwest nose of the syncline (II). This

suggests that the munganiferous schist is a younger metasedimentary

unit then the kyanite quartzite bede on the limbs of the syncline (II)
snd that ma.ngann‘eroua schist haé bgen eroded from the trough of the
syncline (II), The trend: of the major folds in the northwest and
southern parts of the Kings Mountain-Henry Knob arez iz sbout NACE.

This is also the trend of %he major belt of metamorphic rocks that
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extends scuthwest from this arca (see Regional Geologic Setting), The

davelopment, of iarga northeast-trending folds (Event 5, Table I) in
this major belt and in the Kings Mountsin-Henry Knob Area probably
rreceded the emplacement of the Yorkville granodiorite., The evidence
suggesting j;hﬁ is as followss

(1) :l"he presence of septa of manganiferous schist indicates that
the granodiorite was intruded into the east lixb of the a.hticline (1).

(2) South of Henry Knob, the trend of the axis of the enticline (n
end the foliation are parallel to the HACE~trending contact between
grenodiorite and Aetamorphic rocks. Northeast of Henry Xnob, these
MCE:-trandiné features have apparently been warped into pgralleli with
the northetrerding granodiorite contact, The emplacement of the Yorke
ville granodiorits was accompanied by, or preceded by, intense deformation,
This defornztion may have bteen a late stags of the deformation that
svoduced the najor folds. “hatever its age, the deformation that
acconpanied the emplacement of the granodiorite produced structures that
have a; nmerkedly different orientation (see discussion of small folds '
and flow cleavage) than the orientatlon of the major mortheast-trending
folds, |
Inconfornity

By comparing Figurs 2 Qith Plate I it is obvious that the high

alumina quartzite beds (B and C) and associated‘ Qchi’sﬁa are ot in
camtact with the same rock types on the east and vest linb of the anti-
cline (I). On the vest 1imb, bed -c lies on a thick sequence ot; quartas
mica schist, On the sast limb beds B and C are close: together than on
the west limb and ars separated by a thin layer of qum;-uca schist
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from the underlying rocks which incIuds biotita schist, horntlende

gneiss and oligoclase tonalite, The magnitude of this unconformity

is not lmown. This btmconfomity corresponds, in part, to the unconformity
between the Bessemcr granite (Archean) end Battlegrourd schist (Algonkian)
as proposed by Eeith and Sterrett (1931). Howaver, there is no indication

. of an unconformity between the chloritoid schists (Battleground schist)

and the overlying kyanite quartzite and conglcizerato (Kings Mountain

formation=Cambrian) along Kings Mountain, as proposed bty Reith and

Sterrett.

Second Order Features

As noted in the discussion of the kyanite quartzits, some

. deposits exhibit folding on a scale intermedicta between the msajor

folds and the small izoclinal folds, Repetition of beds produced by
these intermediate size folds 1s illustrated by the multiple parallel

or en echslcn beds at ihe north end of Clubdb ifountain and at denry Znob,

Other second-order [eatures include the large isoclinal fold
at the crest of Crowders Mountain (compare Figure 2 with Plate I), the
folding of lyanite quartzite and sillimanite quartzite beds north of
the Wil Rnox property (Figure 2 and Flate I),the folding of silli-

-manite quartgzite at the Ryan-Purcley property (Flate II), and the folding

at The Pimnnacle (Pigta V)e The axial planes of these second-order folcia
are very steep or vertical and are parallel to the foliation, Ths
axes generally plunce steeply, as do the exes of the amall folds.

-

' ]‘n most of these intermediate sized folds, and especislly in

- thoaainvolving fqan:lﬁe quartaita, there hes been a marked thickening

of the beds et the nose of tho fold, (see Kyanite Quartzite). In
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several cassg, individusl beds of quartziie merge at the nosa of a fald

into one thickened rass, TFigure 2 ‘riicctes the atienmuation of the
limbs of very small folds, OSuch attenuation sugcesta there has been
an actual flowage of mutrrlal %o the mose of the fold, 3cze of the
second=order folds have attamuated ard somewhat cisjunctive limbs (see
Crovders ouniain, Figure 2),

The pettern of the sccond-order folds al Urowders Iioﬁntaih,
racth of the UUill Knox property, znd between Crowders iountein ond the
Shelton property (sec suggested correlation, Figure 2) indicutes thad
“hay may have formaod aa. great arag £oldsz . during the folding of ths
sajor anticline (I). | |

“ dnother secomi-order feature is tlie app:x.ren-‘i;. czrening jusy
northeast of Hemry Knct, The felds in the quartzite ot Heary Xaob

niunge consistently southwest; et the I wnezreley property 11 linear
struciures plunge nort';’zwa:-d. Suutheast of ths intervoning srca betiveon
those two deposits, gently dipring pegmatite dikee and cille aro quite
' comnon, Gently dipsping structures zre not common in the sren as a
rale, A broad local arch & thereby suggest ed (Figure 2),.

Sa211, ltoeply plung‘.ng i30clinal folds zre characteristic of

_the rocks in the Kings Mountein-Henry Inob aroa, Thase folds are
particularly well developed in kyanite c;ua.rtzi.e eb the noses of the

‘..ccr»n,.l-orde* folus. but also occur in schi:.-t and quartzito in the general

.v:l.cinity of Kings }oun*...n ’!he veve length and amplitude of these

' small folda variecs i‘ron about one half to twenty feet, Like the second=

order folds, their axis.}. plznes are vertical or dip very steeply; the
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strike of the axial planes is generally parallel to the foliatien,

' Their axes generazlly plunge at an angle of 45 degrees or more frcn tho
horizontal, At Henry Knob, the Shelton property, and the south end

- of Crowders Mountain the'axes plunge consistently southward, At nost
places, however, as in tho central part of Crowders Mountain, The
Pimnucle, the scuthwest end of the syncline (II), there is no comsistency
in the direction Voa' magnitude of plunge, In the central and north part
of Crowders Mcuntain the axial planes of these small folds are parallel
to the foliation, but the axes 'pl'unge at various angles to the north

and south, many axes are vertical, and some are horizontal, Tha fact
that the axial planes of these small folds cm perallel to the flow
_cieavage. vhich 1s, in part a slip cleavage (see beyond), suggests that :
the snall folds were produced by shearing along vertic;l or steeply
dipping planes. Th2 inconsistent orientation of these small folds with
raspect to the major and second-order folds suggests that the amell
folds developed later than the other twoj there is good evidence (see
flow cleavage) to indicate that ths strong flow cleavage also developed
later than the major folda, The development of these small folds and the
flow cleavage probably occurred during the deformation that accampanied
the emplacement of the Yorkville granodiorite.

| " Sinflar steeply plunging small folds have been described in

‘ many metamorphic areas (Xnopf and Ingerson 1938, p. 59). Derry (193§o
Ppe 128-130) describes small stesply plunging folds in the pre=Cambrian
rocks of Czaada and concludes they developed later (and independent of)

an earlier major folding, It is believed that the folds in the Xings
Mountain-Henry Knob area developed in response to shearing along vertical
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planes, The inclination of shearing movemente=nrobably normal to the

plunge of the mmall fold axes——was in genmeral less than 45 degrees froa
the horizontal, '

Lineation
In addition to the axes of small folds, a strong lineation 1is

. defined in most of the metamorphic rocks by the parallel orientation

of minerals and mineral aggregatés. Kyanite blades define the strongest

" lineationj they are generally oriented parallel to the axes of small
. folds, The parallel orientation of hornblende needles within the plane

of foliation commonly defines a steeply plunging lineation, Other

 linear elemonts include elomgated and flattened pebbles (f’igure 10),

pencil-liks fragments pro;luced by the elongated fragments in the schistose
pyroclastic rock (Figuré 8) and erinkles (Pigure 7). These last four
linear elements have very gentle plunges, The crinkles, which occur on
the at.eeply dipping ﬂw cleavage planes in schist, are very widespread,
Individusl crinkles commonly have an amplitude of 1 to 2 millimters

and & vave length of 2 to 10 millimsters, The criniles in'most cases
have formed fro;n'tba intersection oi' a alip cleavage at a high angle

" %o the flow cleavage, The develorment of crinkles probahly occurred

lats in fhe last deformation, ' ' -
-ea io
4 The most common structural feature in all motamorphic rocks of
the area "8, a strong ﬂ.ow cleavage defined by the parallsl oricntation

-of micas, seams of nafténad_ agzregates of kyanite and sillizenite, and
. 'nattat-xed paﬁbles. ‘ This flow cleavage invariahly .lias a stecep dip or |

1s vertical. The 'utrilm of the flow cleavage variss from about R4{(B

in the vicinity south of Henry Fnob, to H-3 in tho northern part of the

PR
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eroa, In most of the =res the rIow cleavage is parallel to bedding

tut 4n the northuest part of the area the flow clecavags transecta
bedding. A strong flow cleavage, striking fram NSE %o H20Z, tranaccts
both 1imba of the MAGE-trending symcline (II, Figure 2j sec also- Flate I).
'This flow cieavage is parallel to the floQ clesvage east of this syncline
and also perallel to the Yorkville granodiorite contact, It is
concluded that this flow cleavage developed during the emplacement
of the granodiorite, at acms time later than the development of -the
major £olds.

In several placcs élong Kings Mountain, and alaso at Clubb
Mount=zin, there 1is good evidenca_ of some alippa.geA along the ver.t.ical
or steeply dipping flow clsavage planes; At Kings Mountain, some of
tb;e thin kyanite-rich layers that lie stratigraphically below the !q;mito
quartzite, have been shau"ply' bent and dragged a few faet ﬁorizoatal];
aiong the cleavage planes which trazxéect the bedding; 'small slippzge
along cleavage planes wos 2130 geen in & few thin sections of kyanite
quartzite from this srea, At Clubb Mountain a strang northetrending |
flow eleavage in schizt hos been offset along closely spaced narthégst-
trending alip cleavage planes (see two cleavage directions in achist -
between kyanite quartzits lenses, Flate VI),
| Most of the highly follated rocks exhibit verticsl or steeply
dippinz joints at righﬁ angles to the flow cleavago,

Kyanite quartzite and conglaerate cheracteristically show
several well d;avelopcd Joint planes, m nost cmo;x oricntation 137
c.;me in vhich the Joints are vertical or steeply dipping and perpendicular
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to the plams of foliction, Jofata (22) perperdicular to the axes of

sn=1l stesply plunging folds sre selso cemmon, Horizortal, or. Zzatly
dipping jolntls ere common at The Pinnsclz, Thesa Joints arc alco in

- the ac plane with respsct to the s=all steeply plunging folds, Thcse

harizontal or goently dlppiag join:ba ars respomnsitls for the {1zt geatly
south-sloping surface of Thas Pinnacle,
Zxidenca of Tyo Luformition
The followlng evidence suggests that the metamorphice rocka in
the district hawe probably been subjectad to two deformations_i
(1) Both lizbs of the M, X~tronding syncline (‘II) are trangected
by a 352 to Y20=trending “lou cleavage. |

(2) The axisg of this ..,.wl..m k:3 2 simuousg treace which mxy indicate

- that the initisl fold hus bcen warped, Thlz warping probably occurred

d'.zring the develomment ol Ll prominont flow clesvege,

(3) The sxes of the mejor folds In the Kings ountain-Henry Knob area

"appear to have been warp:d from e J4(E trend to 2 more northerly trend

that is parallel to the Yorkvil_lc granodiorite ccnt:'.ct.

(4) The msll plunging folds, so profuse in kyanite quartzite, show
no consistent relation to the major folds; their exial planes are parallel
Yo the flow cleavage. |

(5) The flow clesvage in schist at’ Clubb Mountain is offsct along
clossly sps.ced slip clezvage surfaces, '

-To sm.rizex the first majer defornaticn produced tke major

nm'theast-.rending ’olds, the emplacezent of the Iarkvme granodiarite.

probably late in the 2irst period of deformation, was a.cca:xpanied -4
2ntense chearing elong planes parallel to the gramodiorits contact; this

o
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.sheering developed & strong flot cleavegze (in ~art a slip cleavage), and

profuse small! »lunginz folds, and it also resulied in the varnine of

the najor folds,

The inrusion of dia‘basp di¥es was & ruch later phenomenon than
ey of the deformation dascribed abows. In general, the dikcs were
.enplaced with very little fructural disturbance; thoy have a comxon
nortinrest trend'. Loerl stratigraphic features such as the te?mim;;tion
or t‘winninp of thick quartzite bedn seem to have played a lerge part in
dnteminin'g the emplacement of these dikes, The local occurrence of
slickensided surfaces on achist near the dikes, and the fact that the
flow cleavage in same zchizts has iocally boen rotated into paralislisn
with the dikes, suggest that sﬁmo of the dikes were intruded along faults,
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SETAMORPHISH
A major dynamothamal.matamorpt'zian accompanied the emplacement
of the Yorkville granodiorite. This premise is based on the fact that

' the netamorphic rank (as indicated by the distribution of metamorphis

facies, and the distribution of certain minerals such as garnet and

. 811linanite) increases toward the granodicrite comtsot., The rocks in

the Kings Mountain-Henry Knob arsa, with the exceptions of the grano=
diorite and diabase, indicate a degree of metamorphisn ranging frem
the greenschist facies, or lover pzirt- of the albitew~epidota amphibolite

facies, to the upper part of the amphibolite facies (.'rm'uer,v 1948), A -

. miner, out wi&eapread retrogressive metamorphism occurred after the

’de}relopment of the principal mineral assemblages.

-

Zacius.
Tha following 1list indicatas the principal mineral assaublages
of the metanmorphic rocks in the Kings Hountain-Henry Knob area and the

general location of the rocks in which each =ineral assemblage occurs,

The metamorphic faoies, corresponding to each nminersl assemblage, is

that ziven by Turner (1943). Quartz is coczmon to all of these assemblages

except 1n two cases which are noted below,

 Mineral As-emblaze '.I-sszalm . Fagles

albite-chlorite North of Stepps Gap; east greenschist
. ‘ of Cak Yi.ev Bapuat Church
mica=chlorite Ny The Pinnaclo and Kinga , | gre-nschist
, . Mountain’ ,
chloritoldechlorite-aica - The Pinmale and Xings . greenschist or
Hountain . albite-epidots
anphibolite




Mineral Assemblage
‘shloritoid-garnet-mica

Albite-epidote~hornblende

albite-epidote=biotite .

kyanite-chloritoid
tremolite-alblte=epidote

kyanite(quartaite)

kyanite-ataurolite
siotite-oligoclase~garnet
G niocrocline

hornblendé=andesine (or
olizoclase)-epidote

biotite=garnet=staurolite-

oligoclase

biotita-cligoclase-
- s8illinanite

horanblende=labradorite=
" epidote

aillimanit.e-maccvite
'sillimanite(quartaite)
spessartite~hornblende

hornblende=andesine
(no quarts)

- 170 -

Lagalliy
The Pinnacle and Kings

" - Mountain

The Pimmacle and Kings
Mountain

Tollow Ridge

North end of Kings
Hountain

Trinity Church

Ses Plate I

Jorth=central part
of srea

Contral area north of
Henry Knob

Contral area north of
Henry Knob

Southeast of Crowders
Yountain

Near Yorkville grano=
diorite contact

Coutheast of Henry Knob

Septa and just west of
granodiorite contact

Septa and just west of .
_ granodiorite ooptact '

o

Septa

Jagles

albite~epidote
amphibolite

albite~epidote
emphibolite

greenschist or
albite-~epidote
mnphibo_lit.e

albite=epidote
amphibolite

albite~epidote
amphibolite

greenschist,
albite~epidote
amphibolite and
amphibolite

amphibolite
enphibolite

amphibolite

amphibolite

" amphibolite

a;uzphibolita '
mphiboiite |
amphibolite
;nphibolito
amphibolite
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| cordlerite-andesine-blotite  Septa - amphibolite o
anthophyllite~-andesine | Sapta ~ amphibolite '!
. sillimanitewcorundume | amphibolite L
nicrocline(no quarts) Septa : .

There seam to be no> conspioions ancnalies in the disfritmtion
of the va‘rious facies in the field, In this respeot’ it is iﬁteresting | ' = i
40 note the local occurrsnce of kyanite (quartzite) in contact with
chlorite-albite schist at the south end of ths syncline (II, Figure 2;
Plate I). Xyanite guartzite 1s surrounded by chloritoid—éica schist and
chloritold-zarnet-mica schist in the central part of the ayneline (II),

;s - w?,!t{‘.:, Qav'v“’-\

Because of the presence of garneff, and the associction of these schists

with albite-epidote~hornblande smeiss, thess chloritoid-bearing schists -
‘ : are thought to belong to the albite-epldote amphibolits facies; toward

the scuth end of the ayncline garnet 13 lacking from the schists and !

A 12 N e AR gt A0 eyl i ey

chlorite and albits occur locally together. Chlorite-albite schists also

oocour in tbe vicinlty southeast of Stepps -Gap, It appears, therefors,
that schists of the al]nite-epidofe emphibolite facies in the- central

par't. of the syncline grade into achists of the greenachisi". facies near
ihe ao.uth end of the syncline, The fact that kyanite quartzite can be
treced from an enviromment of albite-epidote smphibolite facies into
greenschist faoles is thought to be good evidense indicating that kyanite
can develop in such low rank rooi:a as the .'greenacbigt facles. Inhereat
in this preamise, however, is the fact tiat kyanite ia thought to bave been
developed by the netamorphima of clay (gee beyond) ard not by the release
. of alumina resulting froz the Mmctﬁn of two ninerala, Kyanite has
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‘also been recorded in othor areas-as occwrring in rocks of the greenschist

'faoles (Chapman, 1939, p. 1733 Turner, 1948, p. 94). It appears that

kyanite can develop ovei' a wi& range of conditions and is not naéessarily
a high rank metamorphic ninu'al as originally thought by Barrow (Chapnan,

1939) Jyuc_ ,'."' cnr € v@:"f'-/u’?b l‘/’\ 's ;’,‘ f‘ !(/ ;‘»::-n."’ -_:~ gy e T TR,
7 — . . .
, Frheiiy AT Fove o Py pired kysontt oo pvs,
Wﬁmmmg-

Ths following mineralogical evidence may indicate f.bat.é notam

" - morphism oceurred prior to the major dynamothermal pstamorphisms

(1) Chloritoid, a characteristis mineral of ths greonschist and albite=
epidote amphibolite facies, oscurs locally with stawroclite, a
characteristic mineral of th.s amphibolite facies; in most of these
cases chloritoid appears to bave altered to staurolite, Chlaritoid
‘also ocours locally as anhedral remnants in sillimanite duartzite,
& rock which in this case belongs to the amphibolite facies.

-(2) Andalusite shows abundant evidence of having formed esx;lier than
soae of.the other metaxzorphic minerals; in several cases 1t has
been pa'rti.;.n} ar wholly replaced by one of tha following mineralss
Wu, sillimanite, or staurolite.
(3) Fyanlte hos been replaced, to a small extent, by quartz. That
f.his replacenent was not a low tanpera;cure retrograde phenanem;n .
i3 shown in some cases by the p‘roaen&e of sillinanite intimately
- ingrom vith the quartz, Kyanite ms locally been replaced by
- sillimanite, ‘ o _ '
'Sans 'of tizé replacaaanta iistod above, have alao~$een reccrded |
1n other regions a.nd hterpretod as indicating polymorphism, (Harker,

1932, PPe 342=343). In the present instance, bovever, it 1s believed that

[
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most of thiz; mineralogical svidence can be logisally interpreted as
indicating a single major metamorphism, These interpretations are as

The relict ;.'zinerala in most of the cases cited above are lower

grads minerals than those that replace tiem, This brings up the

problem of whether mineralogical evidence alone can ever be relied |
upoa to indicate polymetamorphimm in which the last metamorphism

is the highest grade.

Much of the mineralogical esvidence invqlves the pélymorpha of

1,03 *S103, It 1s very likely that most of.the reélacmnt tex—
tures involving these minerals resulted fraz steps in polymorphies
transfornc tion produced by a single metamorphism r’atmr than two
retamcrphisms, E‘m-themore», the instances of polymorphic transe
formations are not generally coamon; i.e., the great bulk of
kyanite in quartzite probablycld not arise from the metamorphism

of andalusite qusrtz.ite; o did ‘the bulk of andalusite-bearing .
sillimanite quartzites arise from metazorphism of kyanite |
quartzite. ‘E'.ach one of the polymorphs is thought to mve daveloped
directly frem alay in the sedimemtary rocks; locally, and
especially near the granodiorite contéct. where certain conditions
prevailed (see beyond) transformations occurred. |

Ce The ataurolito-clﬂ.qritoid rock may merely indlcate that the

conditions under vhiah th:l.a rock developed wvere near the border
line between the amphibolite facies and albitp-epidote amphibolite
facies. This botmdary 18 adnittedly vague (Turner, 1948, p.89).
Regardless of vhat facles are involved, it seems logical that in
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any wetazorphic area in which there 1s a progressive increaaeA
in rank in spa:;o, there nust be some place whers one mineral and . B
its hisher grade equivalemt mect. The fact tiat chloritoid is
replaced to a minor extent by staurclite may indicaté a slignt
advance of the metaz:;orphio zones outward from the intrusion aftar
chloritold had formed.

D. Thq local replacement of andalusite by stauroclits may mve resulted
from the reaction: andalucite + iron cxide + water - stauroclite.

Althouzh this réplaoemant’may indicate polymetamorphism, it is

i A GRS AR YA Y0 BTN N Y

also possible that 1t mereiy represents two steps in the develop=
ment of some staurolite. Thus, 1f the veiocity of farmation (ses
beyond) of andalusite from clay is faster.than the formation of

® staurolita fran clay and iron oxide, it might be expected that

o B b SRR I Y e SO Sl s e

andalusite would fam prior to staurolite; if tas tecperature

remained sufficiently high and the necessary vater was present,

B

staurclite might form later ascording to the equation given above.
E. The replacement of kyanite and andalusite 0y quartz may be a

retrograde phencmenon in many cases (see retrogressive metamore -

O Y DB 1 b ) R e b L

phisa), Near the Yorkville granodiorite codact, hovever, anda-
lusite and _kyazﬂte are localiy raplaceci by quartz; as sillimanite
is intimately intergrown with this quartz this replacement can
' h.ardly be considered a retrograde phencmenone Andalusite and
| _kyanite probably formed M along the granodiorite contact '
| during the initial stages of metamrphiqn, their structures

‘ ‘ I ' probably broke down in response to the sustiined high temperatures

and hsnce they my hava'been susceptible to replacaaent by quarta

as well as zilliranite.
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Andalusite 1s believed to have developed directly by the meta=
morphian of ¢lav in the sedimentary rocks., If this clay had timcomposition
of kaolinite, the merbamérphian can be represented thus:

4150 < 25105 * 2,0 + AlpOq° 510, +5105 + 2uy0
kaolinite ‘ andalusite quartz

The distribution of andalusite is juzzling, for it 13 a widespread
accsssory mineral in sch.?.sta adjacent to many beds of kyanite quartaite
but does rot gensrally ocour in the kyanite q}ﬁrbzite; .howaver, andalusite
corzonly occurs as an accessory nineral .in 91111mar.ite quartzite.” In both

of these ocourrences (schist and sillimanite quartzite) andalusite has

_ ‘been rsplﬁced by various minerals and there is no doubt timt it devaloped
A' early in the metamorphic history,

Two faots suggest that andalusite developed in rosponse to the

. thormal effect of the grandiorita intrusiont

(1) Andalusitse is most abundant in the high alumina quartzite boeds

near the Zranodiorite contact.

(2) Ancalusite was not found in schists fartler than about 2} niles
from the granodiorite contaat,

There is no reason to indicate tht andalusite developed as a

result of purcly thermal nietamorphian; it ,i‘s quit.e possible that it devsloped

during the initial atagoa of dynamthamﬂmtmorphm It ocours in rocks

of t.lm albite—cpidote aphibolite faoles and amphibolite factes,

T‘:a pt.zzlinr' distribution of andalusite mav be explained as
.f’ollovs: andalusita developed to a small extent as a forerunner to sillie

manite yet there is no evidence of the widesproad development of ancalusite
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as a forerunnerto kyanite in thes kyanite quartsite. It is concluded that
kyanite (in qv:artzita) and andalusite (in adjacent schiat;) developed at

about the same time, Perhaps a sustle difference in chemical composition

of the paroat clay, or the presence of differcnt._ aécassory ainerals favored

one polymorph over tha’ othar, It .is very dwbtful tat physical conditions
.(1.0; stress or pregsure) in the quartaite could have been sufficiently
diffaerent i‘rcm tho..e in tie adjacent schist so as to {aver the aevelopment
of one polymorph over the other, Although there is no direct indicaticn,
thoe prosence of small to moderate azounts .of magnetite in tho andalusite=
baarin, schista supgestathat the dé«élop:ient o? the andalusite structure

¥as lavored by the presence of the ferrous (or masnesium?) lon. This

. icea is apparently substantiated by the Tact that when andalusite does

occur in quarizite with igyanite, it is accompanied by the ferrous and
oagresiun minerals, chloriteid, ctaurolitc,and nagmtite, Tha iron'(,mainly
pyrite) in most kyanite quartzite beds in the area ma;r have bacn introduced
aSter the dovelormcnt of kyanite (ses be;ond}.

The fact tiat andeluaite ocours as a forerumer to sillinanita
in sillimanite quartzits, a'zd also in schists adjaccnt t.o aillinanite
quarbzite, nay indicate that the tlermal effect near the granodiorita was
"stronjer than the thermal effect near kyanita quartzite; this strong

‘_ thermal effect may mve over-balanced any subtle compositioml differences

and produced andalusite in both sillimanito quartzite and adjacent schist.
Kyanite iz believed to mve developed iargo.’,y throuch the

metamorphim of clay in tho sedizentary rocks and, logally near the grano=
diorite contact, through roplacemsnt of andalusite. 7The consistant linear
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orientation oi . anite blades witn res;ect to the emall foldr anl

| foliation leaves little doubt that kyanlte foarmed in response.to dynamo-
tisrmal metazorphisn, Kyanite occurs in quartzite beds and, to a minor
ext;ent, in adjacent sechist, If andalusite is also present in this schist
it 13 scen to be partially replaced by the kyanite. EKyanite developed in
rooks ranging fron the greenscalst facies to the auphibolite facles.

| . Kyanite also occurs in veins with quartsz itlutcub the kyanite
qua.szite. .These velns were su;;posadly produwced by cetanarphic diffaren=
tiation of tae kyanite guartziis (soe Kyanite Luartzite).
Silllmanita.
Sillimanite agpears to have developed prizarily by tismetae
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norchisz of cluy in the hizh alumina cediments, and alsc daveloped by

. . the leocal replacement of ancalusite aad k&anita. The cievelopment of

oo o my

8illinenite cccurrsd cduring tlie peax of tha dynanotaciiaal matasorphiam,
With two mincr exceptions, sillimanite was found only in rocks of tie
.erphibolits facics,

Unlilks kyaznile aad andalusita, sillizanite is a widaspread
accessory nineral in sone septa and in sonlsts and gneisses near the

‘grandiorite contact. The occurrence of sillinanite in these rocks suggests

A IR R, B et WS e Y

- that the aluzins was derived froa tha replacesent or breakdawn of high
alxxnina minarals such as zussovite, Two possible mechanisms for the release
of. alxnina from muscovite zre: .

KAlS15010(08); +510, -+ KALS1yq +41,05 "SI0y %0 g
- (1) Tmuscovite quarta nicrocline sillinmanite B |

KA1 o€ (o8 . Easi:08 ..
® (2) AL3S13070(0H)z . EALSi04 1,05 *h,0

muscovite microocline
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According to Ramberg (1952, pe 48) the replacement of muscovite by quarts

to ﬂeld potash feldspar, sillimanite and vater (equation 1) takes place ‘
at the border between the amphibolite facies and granulite facies; Turner "
and Verhoogen (1950, pe 457) indicate tmmt this reaction takes place in
‘a highegrade sub-facies of the amphibolite faéies.

The evidence indicating tat this reaction (1) may have taken
place in sce of the rocks of the Kings krio;un‘oain district is as follows:
nuscovite is scen locally to bDe replaced by quartsz; sillimenite occurs
intergrown with this quartz; sillimanite ocours as needles timt project
into (rsplace?) mﬁacovite; sillimanite is locally abundant in microcline=
rich gneiss, ’ . ,
' The derivation of alumina by the breakdown of muscovite (squation
2) is indicated by Harker (1932, p. 238) to occur in the "sillimanite

. gone® of natamorphism. Possibly this mechanisa accounts for scme sillimanite

in septa or near the granodiorite contact; it is quite probable that this

reaction (2) accounts for the development of corundum in the Kings

" Kountain-ienry Xnob aresa.

Corundun, )
Corundum occurs as eubedral crystals cauionly imbedded in
microcline. Sillimanite 1s a camon assoclate of these minerauls, Corundim
is restricted to rocks that ocour a3 septa in the g‘aﬁodiorito. The

association of corundum with microcline strobgly suggests that both formed

'.togavtheq.', and possibly through the breakdown of muscovite, In most of the

thin sections of corundunebearing gneiss, the corundum is seen to be

rinzed by muscovite (Figure 31) ; in same cases corundum occurs imbedded in
muscovite with no trace of microcline. It is conaluded that after the
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developnent of corundum and microcline from muscovite, late hydrothermal
ﬁuids Erought al.;:out a reaction between potash feldspar and corundm to
forn a reaction rim of muscovite about corundtni.
| Hinor amounts of corunduz cccur in one sillimanite quartzite

septum, 7The corundum here may have developed through retamorphiam of

‘a high alunina pocket of clay.

_Gonelusions,
The following factars aopear to have played a major role in the °

. development of ancdalusito, Idanite, and sillimanite: iemperatura, COlle

position of parent material, and hydrothermal flnids.
- Ismpergture.
' The overall distribution of sillinanite quartzite and kyanite
quartzite (Plates I and II) with respest to tls Yorkville granodiorite
coé;act sugzests that hicher temperaturss i’avcraa the developnent of

sillinanite over kyanite. An aven mora strikin; distribution of kyanite

,and sillimanite is shown by ths two long parallel teds north of the Will

- Knox property (Plate I). These beds can be traced fon about 4000 feet

along their strike. The eastern-most bed lies fram 80 to 1200 feet from
the Yorkville granodiorite contact. It consists of sillimanite wziu
with andalusite, The westernmost bed liss from 1200 to 3000 feet from
the granodiorite contact, It céxisists of kyanite quartzite except in

the middle part, over a distance of 1000 feet, where it is sillimanite

quartzite. Ths sillimanite portion of this bed lies closer to the grano-
diorite contact than eithsr the north ar south pbrt.iona where the bed
consists of kyanite quaftz:lte. - B ' v
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The distributicn of andalusite also sugests that the thermal U
ener@. from the intrusion played.a' major part in the development’ of
andalusite,

In the cases where tuwo or more of the polymorphic foms ocour
together the paragenetic aéqt;ance is geen to bet andalusite replaced by
kya.nit‘a or sillimani'te; Wu replaced by sillimanite; sillimanite
replaced by neither of the other (see Sillimanite Juartzite). It is

teresting that these replacements were noted principally 5.;:‘ quartzite

near the granodiorite; This may indicate tat thesse transfomati&ns
were produced lurgcly. by an increase in thermal emergy; it is also possible
that fluids given off by the intrusion acted as a catalyst :'ln l;xinginé
about these tran:sforrmations, These transfamations agree in part with the
tﬁeox:etical sequanca of polymorphic tranafarmations sugpested by Turner
and Verhodgen (1951, ppe 379,386,412)o They sugzest tmt sillimanite is
" the atable for;n of Al05 ¢ S103 over a vide'temperat.xre range and that
andatusite (a netastable forn) cazmonly develops befare sillim:nite because
of the higher velocity of the andalus;lte fc;mtion; kyanita is thought to
develop norereadily fron andalusite thandes sillimanite because the transe -
formation andalusite - 1@#:111’.3 requires a amaller structural change .
than does the t.rar;sfomation andalusite - aillimanite. == nct 5o/
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The comon asaociation of andalusite and silliranite near the

!orkvﬂle granodiorite contact, and tha fact t.hat 8illimanite has replaced

LRy cem——

ndaluoito without t.he hrtomediato development ot kynnite is in contra=

K

' .dlction to the tlnoretical vieu that lqan.i.te should farm more rudﬂy

,...
;
B e

frea nnda.lulite than ahould aillimanita. The answer to this pmblua may be
found in tha catalytic effect of ﬂuids supplied by the intrusion, rexhaps..
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this water aided in bringzing about the most structwrzally difficult transe

farmation (andalusite - sillinanite),

'fha cmpo;itiop of the parent clay from which the three polymorphs
.dmmloped, is thought to have been important in dstermining whether
andalusite or k}anite developed, Furthsrmere, the crystalline stiructure
of the claylmay mve been importunt, for tue :’gi203 » S105 polymorph would
‘lfor::. whose structure was most closely akin to thatof the clay.

Sydrothermal fluids. |

The role o_f hydrothermal fluide is discussed in connection with

the origin of the hih alimina deposita, As far as the mutual relations

between A1203 * 5105 jolymorphs ars concerned, it is evident tmat there

i
i
i
i
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|
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12 no consistent paragenstic sequence between polymorphs decosited by

I

hrirotterzal flulds.. Thus, unaltered sillimanite occurs in the hydroe

- thermally altered kyunite xuartzite at Clubb Hountain, Andalusite is

abundant in the kyanite oua.rtzite that haa been altsred to dickita at
Growdera Mountain; andalusite and kXyanite occur side by side in sme of

_the rock at Clubb riountain with neo ihdiﬁtion that one has replaced the

b nad sl biamsanoy

other, These inconsistancies may be interpreted to indicate that small
anounts of various ions (in addition to Al*3, Si*, 0~2) have entered

into the structure of the polymorphs and hence brought about thelr

: dmlopmdpt under various te:nperat.ure conditions.

. In this oonnection it 1s interesting to ncte that very small
anounts of kyanite and snlimanite were found locally in the -gmnodiorito.
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| A ninor but widespread.retrégressiie ‘metamorphisn of all the
rocks in the Kings Mountain-Henry Knob area is indicated by the. following
structural and mineralogical eviésnco: | .
1. Garnet, ciloritold, blotite, and hornblends have been replaced
to a snall éxt«_ant by chlorite.
" 2, Andalusite has been replaced by quartz, mica, and tourmaline,
3. Wte blades have loca]iy boen bent, fractured and pullad apart;
ihs fractures and irregular rﬁptursa have been fillad wlth quartz.
K:;runite has been locally vreplaced by quartz at Henry Xnob and
‘Clubb Mountain, The dm.relopment of quartz veins and quartz=
kyanite veins probably occurred during this retrégressiva nete~
‘ - norphisna, |
4e ZXyanite, sﬂli.xr'.anite and disspors have locally bzen altered along .
tr;eir crystal boundaries %o clay. A4nother altaration that 'probably

occurred at this time, but cannot be conaidered ainor, is the

Lo oD PR DRURTOR TR DI R LR ol LR C ol iR Ll b Ll o i s e B b itk oL b

replucezent of kyanite quartszite at Clubb ountain and Crouders
Mountalin by dickite., The hydrothermal -stage of cineralization at
' Glubb Hountain resulted in the formation of several other ninerals

in addition to clay (see Tadle IX),

V. Gl‘ .‘

[~

In that the hydrothermal stage of retrogrz;saive metarcrphism was

7 largely influenced by the late magnatic activity of the Torkville grano-
' diorite, the changes brought about at-this time can be condidered as neta=

samatic products of the granodiorite.
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5 . Scnie of the principal materials probably introdused at this

hydrothermal stae,o are 11stod below with their metasmmatic produ:ts. _
' () S1lica:s clay alteration st Crowders and Clubb Mountains; "

Gl ovvliamee ;,ui bu)}(

i d oo chowecd? guarts replacing scag andalusite and kyanite.
,.UL// wafey &liae ecleleal.
(v) 20, P5Cs, B, F, Cl3 Clubb ilountain sequsncs of ninerals (see
sw ' Origin of !igh Alimins iwocks); hanlinite in clay alter—
ation at Crowders lountailn.

() Pyrite: The widespread develomment of pyrite in schists and

T R R T TR T T e e T

quartzites of the Kings lountain-Henry Knob area pro-
7 bably cccurred durinmg this tira, Pyrite is present

in ths dickite alterstion at Crowders icuatain. Pyrite

- TN

is abundunt in the kyanite quartziia at ienry Knob
and tho Pinnacle, |

. : (a)

g o2 1%

Barite: Rariis cinoralizaticn may be related to this hydroe

L

tuarmal stage. Barite has been mined at two leccalities

o _ | . about one-half 1o one mile southecast of Crowders Mountain

. (Séa Plate‘ I). Bdrite ocars prmipally a3 lensas
parallel tc the foliation in quartz-mica schist, a.nd

_also as thin veins and sems cutting schist and kyanite
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“juartzite, (Scme barite in the area may not bs of

' hydrotharzal orizing ses Origin of iich Alwnina Rocks.)
Loocal potash motasomatism is nlcely displayed in the biotite
" gneiss and schist in the immediate vicinity of barite mineralizaticn.

' Veins of adularia, pervasive alteraion of plagicclase to potash faldspar, ~1‘
and incipisnt replacazent ol plasioclase phemocrysts by misrocline are 5; -
‘ . all well shown in thin section. , o
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In general there is evidence of only sli.ht mtaamﬁtim pro~
duced by the Yorkville granodiorits prior to the distinctly hydrothermal
stage, These earlier netasomatic products includes

1. muscovite porphyroblaéts in sillinanits quartzite septa,
| 2. the local occurrence in the septa 01 interstitial ’z:zymekite,
sodic 011 oclase, ané quartz (a chsracteristic i.ntersitital aggre=
pate of the granodicrita) .
_Albitization,

Local albitization of oliroclise tonalite and rocks that are

. nhow blotita gneiss and hornblends cneiss probacly occurred early in the

geologic histarrs of the rzgion, The albitizinz fluilds probably arcse

from the magma of th> olijoclase tonalits (sze Cligoclase tenalite, Biotite

“schist and gneiss, Hornblends gnaiss)s, That this albitization is not

rel:uted to metasozatism produced by the Zorkville grunodiorite, is suggested

by the Jact that the hizh alumins y.nrtz:.tes shavno sigm of alkalil -ota=

“‘gomatian, A8 rocks with excess alumina should be highly susceptible to
"alkall metasamatisn (Turrer, 1948, p. 115) it i3 asmmed that albitization

* oscurred prior to the depesition of the hizh alumina rocka,

G Mineralizati
Vory liitle information on the nature and age Of gold minerale
i"at.ian was gathered curing the present study. A {ew ola prospects for
gold were visited; these prospects occur in biotite gneiss and schist, and
ﬁuartz-nica schist in‘ the areca betwee;'.x Croude's Mountain and iiém-y Xnob .

(Plate I). ‘Pyrito is the abundant sm.pme mineral on the dumps of the

pros;:ecta' no high aluwzina ninerals vere _3een on the dumps, ‘Ihare appears
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%o be no relation between tha distribution of these prospocts and the

distribution of the high alumina quartzite deposits, Pardee.and Parks
(1943, Pe 43) concluce that mld mineralization in this area uas felated
to a late Carboniforous or early Triassic epoch of zold mineralizatica
that arfected rocks from ilabama to Virginia.
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Fleld and petrographic evidence indicates that kyanite quartsite
and kyanite conglamerate, kyanite-chloritoid-(with or without stawralite)
qimtzite, and silliranite quartzite in tie Kinge iiountadn cistrict are
metarnorphosed high alumina sedix:;enta s probably sands or silty clays. The
evidence supporting this view ia as followa,

'A. igh aluwina quartsites kave ths distritution pattern and layered
rature of stratigraphic unita: | '

(1) Sinjle beds (10 to 40 Ze-t thick) of kyanite conglomerate and

kyﬁnite quartzite can be traced almost continucusly along striks for
distances up to thrae and cne=hnalf miles along Xings iiéuntai.n, and for
lesssr distances at other deposits, These beds are locally ;;radatidnal
alons strike froa kranite conglomerate to Lyanite quartzite o kyanite
schistes The kyanita juartzites are in sharp contact with the schista
irmediataly stratigraphlcally above azd below which may or may not contain
zinor to moderate anounts of kyanite, _

(2) The kyanite quartazite and conglasrate in the southern palf of the
syncline (II, Figure 2) occur as two parallel beds separated tw about 20
to.loo feet of achists and schistose conglomerate. These paired beds
can be tracgd for distances up to one mile on both limbs of ihe syncline,

/]0')0 kad';ﬂ = GS-\;Q kyr?m‘fg'\ i
(3)  Thin layers (2 to 5 feet thick), rich in kyanite (30 to %rw /2

occur 1n contact with, and stratigraphically below the kyanite quartaite

along the Kings Mountain ridgs. These layers can be traced for dlstances
up to 100 feet along strike., These thin beds may have been thin beds

or lenzses of clay,
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. (4) Sillimanite quartsite also cccurs as well defined beds, which are
gemerally of a coro lenticular nature than the kyanite quartzite. A thin
bed of sillimuanite quartzite can be traced almost continucualy for cnee
half mile along strike in the area just north of the Will Knox propertye .
Sillimanite quartzite 1s generally in sharp contact with adjacent schists
and non-sillimanitic quartzite,
(5) At Crowders Mountaln, beds of_kyaait.e quartzite, non=kyanite
nagnetiferous quartzite, and staurolits quartzite are interlayered, The
‘contact between kyanite quartsite and either of the other quartzites is
generallj: sharp® Chloritoid (with or without staurclitc) quartzite is
interlayered with kyunite quartzite south of Crowders lountain Village.
(6) A distinet banding is éefined in the kyanite quartzite at Crowders
Hountain (Figure 17) by very thin (one=hal? to cne centimeter) layers '

ri@h in Igyenite and quartz slterrating with layers contnining quartz but

. no kyanita, and others ceataining Igranite, nuartz, and mica. Such very
thin l.ayarinﬂ defined by canposit.icnal cﬂf*‘ercnces suogssts ralict sedi—
nentary bedding. , C o o
(7) Thin layering is also seen lcoally in scame thin pactions of kyanite=
staurclite quartzites The layers are froo 3 2111 imeters to about 1 centi~

neter wide and are alternately rich in staurolite, quartzechloritoid-

3

N staurclite, and chleritoid=kyanite,

‘. (8) Some of ths kyanite quartzite at Clubb Mountain exhibits local come

erma
B

. positional banding. One thin section of kyanite quartaite and schist

- shows- the. roliowing succession of layarsr coarse srained kyanite with
.inoquigranular quartz and very fins grained aggregates of mica; fine *'
. grained quartz and mica emd fine srained randaz anhedral kyanite; very

fine grained quurtz, fino srained mica(schist) with arnhedral topaz{?).
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B, High alunina quartzite beds occur in a sequence of high alumina
netasedimentary rockss The high alumina pature of the sequence of quartze
mica schists that surrounds the kyanite and sillimanite quartzite beds is
indicated by the abundance 'of mica and the prasence of one or nore of the
following acceesory‘minerala: andalusite, kyanite, éillmanita, staurolite,
chloritoid. The associat.ton of qmrtzitea with t.hese achists suggests
that the deposition of quartzite was aaly one stage in the denosition
of a thick sequence of high almim gsedinents,
| 9 31 t ) . o _

' tewoombe (1943) and Suith and Newsambe (1951, p.- 763) conclude
that kyanite at Henry Knob was formed fraa alumina introduced by hydroe
therzal solutions, The evidence that Smith and liewcombe cto in favar
of hydrothermal origin 1s listed and discussed belovs ‘

1, "Quartz-kyanite veina cutting the kyanite quartzite”

A3 indicated by the authors, these veins were rsported by work-
nen and were not seen by Jnith or Newcambe. The present study revealed
no veins of kyanite in the nuartzite at Henry Knob; some coarss grained
clota and agzgregates of kyanite comonly cccur at the axes of small folds
and these aggregates probably formed by metamorphic differentintion. In
this connection it i3 significant that kyanite-bearing quartz veins do
occur in other iunite quartzite deposits of the district; but the fact
that lgranite-bearing quarta veins were found only in kyunite quartzite
suggea‘bs that the veins vere formed by :netanorphic differantiation. (See
Kyanite Quar‘tzite.) Juarts veins are rather camon in acme of the schists
of the district but kyanite does not ocour in any of these veins, e




. ' 2¢ "Ocourrence of scams of lyanite along coatacts of anchist and

quartsite®,
Snith and 'owcombe suggast that permeability was hiher along
these contacts than in the quartzite, hence seams of kyanite farmed at

the coantacts, Although coarss zgralned lganits does occur at these cane

tha fressnt ol:%; kjuaito is avenly distributed aloaz Ln;eg.:l.':r seans
'and foliaticn planes ia th qmtzi‘cé. The gear:s appear Lo "o dlscone
tinuous offchoots from the foliation planocs,
3. "Buhedral kyanite linlng vuzs in tho quartzite®,

A fou snmall cavitios were sewmn In kyanite quartziie duzﬁng the
psresent study, janite does not apear to lina these cavitles Lut a .
72w kyanite blades do project ircm tle Zroundmasc of the quartzite :fnto '
thece cavitise, 7Th2 present etugiy eloo revoalis that theose cavities are
:artly’ £illed with barita, The cuvitioc have spparently remulted fronm
the partial weathering out of barite (ar celestita?); thus the cevities
are .proﬁibly not vuzs in tim scnse that tl;.sy were pockats in the rock
during recrystallization. 3arite may have been ;niroduced in the final
stages of metamorphim; there is éléo a poaribility that scme of it is
izdigenous to the pareat seciment (sce mature of high alumina sedimeats).
The suhedralisa of the kyznite in contact with barite may indicate that
kyanite grew moro fre=ly in contzct with barite than in the quartz g-bmd-
mass. If thls barite was of hydrethsrmal arigin, it followa that scme
kyanite was still developing during the late hydrothermal astages of metae

norphism (cf, Clubb Hountain sequénce, beyond) « : .




. The texture nay alzo be interpreted to indicate that quartz has replaced

o py.rité is indigenous to the parent cedinent (ses beyond),. : B
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4e "Cmaller cryotals of kyanite in the finer grained host rock”.
Enith and Haﬁcombe sugzest that permeability in thc fine grained

portions of the quartzite was lower than in the coarse grained portions;
hence, smaller crystals of kyanite developed in the finer grained host
rock. The present siudy revealed no such grain size relationship; in
fact, coarse crystals of kyenite ccomonly occur in very fim grained
quartzitae, |

5¢ "The association of pyrits with kyanite®,

This is peemingly a valid argument for the hydrothermal origin

"~ of alumina, but the Jollowing features -mgest that kyanite and much of

the pyrite may mot be genetically relateds
| (a) pyrite is abuncant in the rocks of the Xings ifountain-Henry Khob
areas pyrite cccurs in every rodk type(induding the grano .
diorite) except diubesac,
('l;) The overall dlstribubion of pyrite is cmewht sporadic as it
. is very abuncant in Ly=mnite quartzite at Heary Knob yet is
totally laoking in scme of the sillinnite qurizitae,
(o). Evidence from thin section study suggests that pyrits developed
later than Iiyzmite (sce Xyanite ;mrizite).' .
T4 is concluded tha® pyz;ite i5 a prodwet of widerpread hydro=
therzal aqtion; the distribution of pyrite lead: no sugport to the .o "

hydrothermal or'ig;in of alumina., Thers is also a possibility that scme

6. The hizly ﬁdecilohhsti’c texture of kyanite at Henry Xnob 13
interpreted by %nith and Neweambe to indicate that kyanite replaced quartz.




Smith and Newcombe (1951) sugzest that the source of altﬁiﬁa-
wae from the mar: of tha Torkville gmnodiorlte. .In a general discuasion
of the origin of iyunite Stuckey . (1935) concludes t-hét.em&mtions fron
pegmutes are the p'rincipal 3ource of alumina, Tho preseat study shows
that thare is no épaée relation betueen the Yorkvills granodiorite (cr
its pegmatites) and the high alunmina quartzites, Kyanite quartzits
occcurs as close a3 1220 feot ang as far as four milea fram the granodiorite .
~ contact,

ogmatite dikes ocowr within a few teas of foet of same of the
silliznsnita quartzits beds, but t they were never saen to bo cuttizx,, the )
juertzite., Pepgmaiite dikes et the hornblande gneis- 3000 feet east of
Hanry Xnob,sut these déikses nmay os ralatea to the olizoclace tomlite, a
rock di..tinctly older than the netasedimentary Sequance of which kyanite

quartzite is a member. lio psgnatite dikes were found in the eneral

| vicinity of The Pinnacle, Xings Hfountain, Crovders sountain,or the
Shelten Property, Although very minor mounts (2 or 3 crystals in one
pan of weathered rock) of kyanite and 8illimanite occur in the granc-
diorita at one icca.lity, a detailed petrographic stug ¥ of the grano=
diorits and related pegratites indicates t}ese rocks to be virtually free 3
of kyanits, andalusite,and sillimanite, The local occurrence of kyanite s 2
and aillimanite in the granod:orne is believed to indicate local
auimilation of the alunina fram nearby septa of ai1limanite schist, ; |
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To summarizes Thors is no direot avi-den\ce to indicate a
hyérotharmal orinin for the alunina at Henry Knob or any othsr higb ?
alumina deposit in the Kin’s Mountaln district, The evidemce ele;ol ‘indi-
cates that tho mogma of the Yorkvillé grancé.ioriﬁe vas prokably e very

unlikely sourcs of alunmina for the hizh alwnina quartzites.

Rol Hopipgther=al Fluids in Mpterorphism of tle Hich Aluwnina Rocks.

' The presence of segregated apsregates of kyanite, and velns of
hydrous alurming minez;als in tho kyanite quartzite at Clubb fountain
indicate that hydrothermal flulds have played an impertent oot ia neta-
rmorphim here (Tuble IX). YTet the kyanite 13 confinad to lonz longes
and beda of quartzite that can be traced nlmost contimuously for one and
one-half miles clong stri¥s, Xyinitc ic disseminated in tho schists
Imediately .adjc‘cent to the quartzits, but I -=ite veins, peomatites or
othor nosaible fxeders were not found inm Lhe rocks adjacent to the quartzite,
It 15 suggested that the hydrothermal flulds (0¥, P,%, 3, 7, and C1)
brousht about 2a Interanal mobilization of alimina izdizsnous to the
quartzite, This hydroilermal activity is belleves to have oscurred in
the lute stazes of dynmmothermal metamorphimm; thers m:;a.'y herm been a

complete gradation fram dy*mot‘mrmal netamc:'—\hisn to late stagze hydroe
thermal action. |

The consept of hydrothemal mobilizziion of glxmm 1ndi.§enous
to a seflf:nentary rock. is also set Zorth by Lenmcm (i777) tc eplain
accze of the ta..turss of the andaluaite depoait j:x tha I'orthern Im
Ran-"a of c,:lirornia (a:e beyo-:d).

In ather parts of the Kings Mountaln district the lLats hydro-
thermal staga is algo representod by clay altaration (tr Shalton property
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and Crowders Yountain). The presence of small amounts of bamlinite and

srite in this clay (dickite) incicates that P,05 and S were introduced

here as well cs et Clubb Fountain,

It is irzportant‘to note that tke kyanite and sillimanite
cnartzites are thin beds in a thick (eeveral hundreds of fest) séq&mq
loi‘ hizh alxmim £ine zrained clacstic roéks.
;I".ze overall outcrop na‘l';torn of the hi;"h elumina sequence of
rock 2 su‘ »»s8ts the presence of an urconfomity between them and the under-
1yin voleanie rocks, If scuch i= the case, and the hizh alumina aedgents
verse derived from a local sourse, they probabl y were derived in larce

part fram this _oldar volcaniz comnlaxe.

- It 4s aszsuwd that the alunina far all the hirzh alumina quartze
{408 uas devmi a3 in the ‘nm of oclay, The paucitr o aliialies ar

"1"«=14.n° earths fn the hi-h alumina gquartszites indicates thmt this clay

was probably kaolin. _ .
It 13 slmificant that the high alunina soquemce of sedinentary

rooks is associated with ferruzinous and x:mnganife::ous sediments,
'Although neither the iron or_zﬁnganese-beariz;g sedinents vers at.ud:‘led‘ in
any detall, 1t is quite certain from their distribution tiat thetr origin
was related to the orizin of the high alumins éadinanta. The association
' oi‘ nanganiferous sediments and t‘erruninous sedinents is well known

(Batenan, 1947, p. 162); furbhar:lore, xnan.gmiferms deposits are ‘ecmonly
- assooiated with roelm of the suilita and quartz keratophyrs group (Turner

and Vea'hoogen, 1951, Pe 2033 Parlk, 191.6). Althougx the volcanic complex
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in the Kinga ‘.ounuain-ﬁenry Xnob area includes no metavolcanisc rocks '
~ that can be ri"idly classifled as spilites, thare are definite indications
that albitization assoclatsd with early igneons activitly produced rocks
'with the composition of quarts keratophyres (c2e tiornbleade cielss), It
b ¥-1 sug;;as‘t.ed tuat hwdrothar"al activity associated with t‘-,a volcanic
epiaod.a may tnve n*ovided iron and manzansse to the body cf water tmt
daposited the ferru;inou.. anc manuanifarcu- sauiments. .
Thas developmant of cla;{ is theought to have ra.:zlted principelly
£rem the ckhamical weathering of the voleanlc cozpless certain faatures
such as the fins grainod texture of t};o pyrocla:tic rocks and the inherent
i.xstab;liity of glass and aphaaltic waterlal uculd have ;raatly pronoted
chealosl weathoring, Thers 1s also a possibility thab much of the clay
was actually producad by tlm mydirothsrmel ali.ration of the vileanio
cezolax at shzllew Capblise Ewbank (1950) ms shown that hjyirothemmal
alteration ol volcanic cazplexss ab sisllow depths Las producod large
ancunts of clay (dici:i_ta) and“s_iii.ca; pyrite azd Tut Lo are comlon accese |
aory ninsrais; in the sltered rock (harein‘ may 1is tha explanatica for
scae of the pyrits and rutile in ths kich 31@11:3 quar tzité.:); also the
a’mm ‘ance of {lno zrained quartz and 1uartaiu patblas ia tha aigh alwnina
mcxs suggecta thet the source rock T3y have vosn 311icifad,
-lha.s are Jaw cluas ¢ ...he aaviroamead of depositica of the
clay iron, ané mn__,:m*aa geéizants, The 2 reat lateral extent o?f naaganie

‘fmas aedinent.. occurrins apzarsatly in ons posi*icn ia the siratigraphic

N LT S sy

deposition. - ‘The fe.‘u;-;inoas sedjmentg nay mva desn larygasly <7 the
nature of - fasper; the zomarate bads of muagmiforoud sedizents and

ferruginous sedlzents in the Xings Mountain district may reflect the
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woll known tardency of m@nesa and iron to precipitate separately
(Batear, 1947, p. 162). | |

Ths chemieal compositicn of the richest hi.zh alumins quartzitea
: sugge::‘.:s that they could mve forzed from a mixture of about 50 per cent
kaclin and 53 jer cent quarts. The majority of tbe hoh alumina quartzites
prcbably foro -12d fron sands containing less than 30 ver cent kaolin. The
conpocition cof tho ryanite and si11limdte qmrtzitaa is very siznihr to
sandy clays zoroeisted with depesits of refractcr:'r clay (Ch';:aves-iialker,
1939, 10 42,50,66)s The associaticn of non-lyanitic qartzites with
nizh alimdne quartzites sujgests an original saqi}sme of sands and clﬁy*—
cich sandés such as ie craracteristic of marts of the Wilcox famnation
ot Yocen nge (Fumnel, 1999, 2,2%7). The seqmmnce of hish slunina metae
cadinentory r'ocl':s in tle Hings Yombain-Hanrv Xnob arez & f7crs fron the
Wileox formztlon in that the fermar is 111':&::1:1,&1:.' assoclated with vatere
12in pyroclustic rocla and contains no associsted lignitic (or graphitis)
beds. The associatzon 0% high aliaina (now kyanite quartzite),
manganifercus ,and ferrusinous rocﬁs Aviﬁz volcanic rocks zlzo occurs in
the .Singhbur: jrovince of India (Dumm, 1929,1935), Dunn concludes that
the alumina ua§ darivad f.’rcn'the Weathoring or hﬁrcthemal é.lteration
of vcleanic rogks (ses beyond),

Ti:aifo;!lwin.ﬂ_: ccassory minamls in t+he hizh nlmina quartzitas
" in the Zinge lomtain district havs also been reported (::0ad, 1915;

Allen, 1950) ia clay or bauxite deposits: rutile, pyrite, barite, and

zirson. As noted earlier, much of the pyrite and barite in the Kiags
Nountein district appear to be produwts of hydrothermal activity, It i3
a1£f1cult to assess the mmount of barito and nyrite that might have beea
indigzenous to the sadinments from barite and pyrite of hycrothermal oriine




A survey of the literature of the principal deposits of
andalusite, kyanite,and sillimanite in the Vorld indicatas that scme
deposiis are probably of metasedimentary origin, while otherc are of
I;etasmatio origin. A brief survay of same of these deposits and the
ovidence used in deducing their origin fallows.

Virzinig. The deposits of kyanite quartaite at 4illis Mountain
and Baker Hountain, Virginta, have been atudied along with those of tha
Kings MHountain district as: part of this U,S, Geological Survey project.
The bedded nature of the kyanite quartzite which 1s interlayared with
metanorphic schists and ¢gnelsses indicates g retasedinentary origin for

. these Vir'rinia deposits (Espenshade and Potter,1953), It is inue-‘esting
to ncte that there are np large bodies of granite nearby thekyanite
Juartzites of Virginin, The accessory uinerals of thess kyanite quartzites
are very sinilar to those found in ths kyanite quartzite in the Kings
Hountain district, | .

Andia. The largest denosits of high ‘grada kyanite in tre world
ars probably in India, Cuan (i929) indicateé that in one of the najor
localities (Singhblum) a belt of hish alunina quartzites and schists can
be traced discontinuously for about 50 miles, Kyanite occurs as lenses
a.nd pods associated with netavolcanie and metasedinentary rocks, Scme of
the hish grade kyanite is very ﬁne grained and occurs as massive inten-
growths with oortmdum. Rut.ile in a common accaasory. Dunn euggests that
the kyanite and other high alunim rocka are netanorphosed residual inpure

‘ bau:d.t.aa, or clays derived fram h/drot‘:amal alteration of the volcanic
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‘ rocks, Chatterjee (1931) propoces that the alunina for the kyanite vas
derived by the pnomatoiybic action of boron in the reactions

Chlorite + nmuscovite- biotite + andalusits,

‘He x:‘xaintaj.nsj that, in the presence of sufficien‘t‘boron,
malipa vill form in lieu of biotite, Such a theary may be walid for
reaction of a local mture but the mo@t of tmimaline that #ould have
to form in order to produce the lonses and pods of kyanite 13 more than
the rec‘orded fisld evidence suzzests, ~ . A » -

Galifgrnige : The large andalusite deﬁoait in the White Mountaina
of California has been studied by Jeffrey and Woodhouse (1?931), Rerr (1932)

- and Lesmon (1937). Thsy agree that this deposit is probably a metamorphosed
uigh-alxr.:ina sedinent (now a quartzite); Kerr and Lemmon stress the point
‘ that hydrothermal action has been important in tho metamorphism of this
deposit. Lemmon mlg"asts that muach nobilizationof aluminocus material
has ocourred, as andalusite occurs in shear and fault zones in metaquartzite.
- Most of the hizh alunins ninerala here also ocour in the high
almina‘quartzites of the Kings Mountaln district.
Hetaganatic, |
m One of the best docwnentad descriptions of high
aluaing deposits fomed by replaomen’c is that by Alderman (1942,1942,

'1950) on the deposits near Williamstown, South Australifa, The deposit
;miéta (:r large bodieg of kyanite—aﬂlmnnife rock that are seen in the
ﬁ.alé ;ho cut ac;oas the r;gional gminA of the country rock. The ecuntry
rock consis-,s of a seriea of low grade schists, marbles, and quartzites

‘ ixmxded by pegnatites, The sequence of replacezent (generalized fram
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Alderman) ig: rascive kyanite—ﬂuartz - magsive sillimanite-quartz + rassive
kyanite=quartz - kyanite—quartz veing -+ kyanite pegnatits +» pegmatite -
clay-auscovite., Tha sequance, he balievas, rocords first a rise and then
a g,ansrz;l decline in temperature and alunina- éoncentrat.ton in solutione

' mmm&gﬂ_&am- Many highk alumina quartziie deposits
in the Piedaont of soutieastern United States huve field relations snggeatix}g
that they are replacaaent deposits (Cspendhade and Potter, 1953), The
strusturs cf these deposita generally bears 1little relation to the A
régional struclwe. The deposits are criss-crossed with quartsz and
pyrophyllite veins, Lazulite is a camon accessory mineral, These deposits
snow no well developed plé.nar structures such as foliation or bedding.
3yanite occurs as raadau massive azgregates with tha quarvzite. Examples
ol this {ype are udraves Mountain, Ceorgia; a degosit at (mithfield, North
Carolina; ilugers lountain, Horth Carolina.

There apgzears to be good evidence that saze hich alimina quartzits
deposits are of meuasadi.nentary origin; others appear definitely to be of
netasanatic origin, Thare may well be a gradation between metasedinentary
deposits.like Clubdb llountain, where hydrothamal action has pmhably
mobilized indigenous alumina, and the White uountain andalusite deposit,
where tho alumina from a sedimentary rock has been redistributed into
shears and fractures. The association of many high alunina quartaite ,
dcpaaxia of meéasmaue origin with volomic rooks suggests that the
‘alunina and quartz vere derived fran the volganis rooks, In scme cases,
these metaeanatic high alunmina quartzite deposits may rcpresent a single
staga of lvdrothemal alteration; in otler cases the dapos,ita nay represeat
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obilized alumina and silica that were previously derived by veathex*ing

cf the voleanic cemplex, or by h;dmthmmal activity that attanded the
late stages of a voleanic episode.

¥/ wirs] O,
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