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SOUTH CAROLINA MATERIALS FOR FLOOR TILE 

BY 

1 / 
G. C. Robinson- 

INTRODUCTION 

The Southeastern States do not at  present have a manu- 
facturer of floor tile and therefore must import this product f rom 
Pennsylvania o r  Ohio. The growing market in the Southeast for the 
vitreous ceramic floor tile used in bathrooms and many other places 
in construction has caused increasing interest  in the possibility of 
locating a manufacturing plant in South Carolina. Introduction of 
natural gas into the State has helped this interest ,  and recent im-  
provements in raw material  supply have now made South Carolina 
a very attractive location for a floor tile manufacturer. 

The major raw materials for floor tile a r e  quartz, feldspar, 
kaolin and ball clay. Quartz and feldspar make up between 60 to 85 
percent of the raw material  composition. The remaining portion of 
the body i s  composed of a mixture of ball clay and kaolin o r  a mix- 
ture of some plastic kaolin with a coarser  textured kaolin. Some- 
t imes auxiliary fluxes such a s  talc, dolomite, o r  magnesium carbon- 
a te  a r e  added a s  minor constituents in the batch. 

A plant was recently established near Pacolet. South Carolina. 
for the production of feldspar and quartz f rom the by-products of a 
granite crushing operation. Use of the by-product materials a s  a raw 
material  for this operation provides a low cost feed for the plant and 
a competitive advantage over producers of feldspar in other regions. 
An additional saving in cost i s  possible by taking advantage of their 
production of a natural mixture of quartz and feldspar f rom the gran- 
ite rather than requiring individual separation of the quartz and feld- 
spar constituents. It i s  quite possible that a floor tile manufacturer 
could utilize such a mixture. This would mean that a location in South 
Carolina would provide an unusually low-cost source of materials.  
Furthermore, i t  i s  quite possible that South Carolina kaolin could be 
used for a large portion of the batch. This would mean that i t  would 
be necessary to import only f rom 5 to 20 percent of out-of-state 
materials for this product. 

It was desired to obtain a preliminary evaluation of the possi- 
bility of using South Carolina materials in floor tile manufacture. 

1 /  Head, Ceramic Engineering Department, Clemson College. Clemson, - 
South Carolina 



PROCEDURE 

The raw materials used for this investigation were a l l  powder- 
ed raw materials essentially minus 200 mesh in size.  They were  us-  
ed in the "as received" condition f rom the suppliers. The pulverized 
mixture of quartz and feldspar i s  designated a s  Paco Sand. This 
material  was used for most of the compositions. South Carolina kaolin 
was obtained f rom the J. M. Huber Company and i s  designated a s  
Huber S. C. Kaolin. A smal l  part icle size water-washed kaolin was 
used to impart  plasticity and d r y  strength to the tile composition. 
This kaolin was designated a s  #600 Kaolin f rom the Southern Clay 
Company. Dolomite was used a s  an  auxiliary flux and was obtained 
f rom the U. S. Gypsum Company a s  their Dolomite AA. One com- 
position used pulverized Paco Feldspar in place of the Paco Sand. 
The compositions tested a r e  shown in the attached table. 

Compositions were  blended by adding the mater ia l  to a muller 
mixer and adding 100/o of water to the batch during mixing. Mixing 
was continued for 5 minutes. At the conclusion of mixing the batches 
were formed into tes t  bars  measuring 5 inches by 1 inch by 114 inch. 
Test  bars  were formed a t  a pressure  of 2,500 psi. 

Test  bars  were allowed to  a i r  d r y  for 12 hours a t  the conclu- 
sion of pressing and were then dried a t  150 degrees F for an  addi- 
tional 12 hours.  Test  ba r s  were fired to  a selection of maturing tem- 
pera tures  a t  a ra te  of 150 degrees F per  hour. Bars  were main- 
tained a t  their maturing temperature for 2 hours.  Maturing tempera-  
tures  were  a t  50 degree intervals f rom 2050 degrees to 2250 degrees 
F. 

The fired length of the bars  was determined and the difference 
in the fired length and the pressed length divided by the pressed length 
was expressed a s  the percentage l inear shrinkage. The fired strength 
was determined and reported a s  modulus of rupture. Halves of the 
ba r s  remaining after the strength determination were used in the de- 
termination of fired absorption. Test  ba r s  were  placed in a vacuum 
flask. After evacuation, water was introduced into the flask. Test  
bars  remained in this environment for 15 minutes and then were  a l -  
lowed to continue to  soak in water a t  atmospheric p ressure  for an 
additional 24 hours.  The difference in weight between the ba r s  satu- 
rated with water and the d ry  bars  divided by the d r y  weight was used 
a s  the expression of absorption. 

RESULTS OF TEST 

Compositions number 1 through 4 (Table 1) have quantities 
of Paco Sand varying f rom 60 to 7 5  percent. In general  it was found 
that the higher the quantity of sand the lower the fired absorption and 
the higher the strength for a particular maturing temperature.  These 
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desirable features o f  the Paco Sand were o f f s e t  by  an increasing a -  
mount o f  warpage or sag o f  the tes t  samples. Tes t  samples were 
supported only at their ends and allowed t o  sag out of  shape during 
firing. The amount o f  sag was measured in  inches. It was possible 
with composition 3 and 4 ,  containing 65 and 60 percent Paco Sand, 
t o  f i re  to  l e s s  than 0. 7 percent absorption with sags o f  l e s s  than 
0. 08 inches. Similar maturity in  composition 1 resulted in  a sag o f  
0. 3 inches. It was ,  therefore ,  felt that composition 4 represents the 
most  desirable mixture ,  though i t  would possibly require a somewhat 
higher maturing temperature than the compositions with higher quan- 
t i t ies o f  Paco Sand. 

Compositions number 5 through 8 (Table 2) determine the e f -  
fect  o f  dolomite addition in  the base composition o f  6070 Paco Sand, 
2570 Huber Kaolin, and 1570 #600 Kaolin. The  additions o f  dolomite 
were quite e f f ec t i ve  in  reducing maturing temperature and increas - 
ing fired strength. The addition o f  two percent dolomite made i t  pos- 
sible t o  v i t r i f y  this composition at 2150 degrees F. Comparable re - 
sults were obtained at 2250 degrees F with a composition without 
dolomite. 

Composition number 8 used feldspar in  place of  Paco Sand. 
This gave a smoother textured bar ,  but otherwise there was no ap- 
parent advantage in  using the feldspar as compared to  the sand. It 
i s  possible that the feldspar would give a slightly lower maturing t e m -  
perature than the Paco Sand and perhaps better resistance to  cooling 
cracks during firing. It i s  also possible that blends o f  the sand and 
the feldspar may  prove to  be desirable. 

Composition No. 6 appeared t o  be the best  one o f  those tested. 
It produced products o f  l e s s  than 0. 570 absorption at 2150° F. Com- 
position 7 showed some increase in  strength but no improvement i n  
absorption and no reduction in  maturing temperature.  Composition 
8 using Paco Feldspar in  place o f  Paco Sand did not develop the low 
absorption o f  Composition No. 6 at 2150° F. , and thus i t  i s  indicated 
that higher firing temperatures would be required. It i s  recommend- 
ed that mixtures o f  Paco Sand and Paco Feldspar be investigated since 
mixtures may  produce more desirable properties than are obtainable 
f r o m  the single materials.  

It will be noticed that composition number 6 used 8 3  percent 
o f  South Carolina materials and showed promise for a South Carolina 
body for floor t i le.  These  results  are  preliminary in  nature and 
should serve only as  a basis for future laboratory investigations for 
adopting actual production batches. 
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2050° F 2100° F 2150° F 

Linear Absorp- MORY Linear  Absorp- MORY Linear  Absorp- M O R ~  
Sample Composition Shrinkage tion (psi) Shrinkage tion (psi)  Shrinkage tion (psi)  

('3") ('70) ('3") (%I ('3") (%I  

5 No additive 5. 4 9 . 0  4. 3 4200 8. 7 1. 5 5800 2600 7 . 5  

6 2'70 dolomite 5. 4 8. 6 2700 7. 5 3. 3 4300 8. 2 0 . 4  6000 

7 4% dolomite 4. 7 7 .9  2700 7. 7 3. 5 5500 8. 2 0. 5 6700 

8 Feldspar  plus 5. 7 5. 6 3800 7. 5 1. 8 5500 8. 2 1. 08 6100 
470 dolomite 

1 / Basic composition was 60'3'0 Paco Sand, 15'3'0 #600 Kaolin, and 2570 Huber S. C. Kaolin, except - 
in  #4A the Paco Sand was replaced by Paco  Feldspar .  The dolomite was added a s  a replace-  
ment for the feldspar o r  sand. 

2 / Modulus of rupture.  - 



RECENT LEAD-ALPHA ACE DETERMINATIONS ON ZIRCON FROM THE CAROLINA PIEDMONT 

By WILLIAM C. OVERSTREET, HENRY BELL, 111, HARRY J. ROSE, JR., and THOMAS W. STERN, Beltsville. Md., 
and Washington, D. C. 

TABLE 1 . S o u r e e s  of the zircon 

NO. m L r  48.1 sarre amd mmde "0 

1. U.S. National Museum collection. ~ a r g e  zircon crystals 
stated to have come from a locality 4 miles east of 
T i g e ~ l l e ,  Creenville County, S. C. Zircon-rich vermicu- 
lite deposits thought to be source of the specimen. 
Sample USNM 106614. 

2. U.S. Nntional Muaeum collection. Large zircon crystala 
from the Jones Mine, Henderson County, N. C. Ver- 
miculite-bearing syenite pegmatite. Sample USNM 
80114. 

3. Zircon panned f m m  200 pounda of saprolite of fine- 
xrained massive granite expoaed in deep road cuts 0.9 
mile muthweat of Blackjack, FairAeld County, S. C. 
Rock is marginal phase of pluton repreaented by sam- 
ple 5P.OT-102. Sample was free of inclusions, but 
exposure shows blocky inclusions of emphibolite, biotite- 
hornblende sehist, and feldspathic kyanite-muscovite 
schist. Sample 69-02-107. 

4. Zircon panned f m m  290 pounds of anpmlite of massive 
biotite-granite exposed a t  the intersection of S. C. Rte. 
2C19 and the Rockton-Rion Railroad 6.6 milea S. 20" 
W. of Winnsboro, Fairfield County, S. C. Sample 69- 
OT-102. 

6. Zircon panned from 260 pounds of saprolite of coarm- 
grained massive porphyritic biotite granite having 
phenocrysts of pink microcline up to % inch in length, 
exposed on S. C. Rte. 91  a t  a point 1.1 miles north of 
White Oak Creek. Kershaw County, S. C. Sample 69- 
OT-110. 

6. Zircon panned f m m  180 pounds of sapmlite of very coarse 
grained massive porphyritic biotite granite exposed on 
the east side of Lowrys-Baton Rouge road a t  a point 
0.6 mile weat of the junction with U.S. Rte. 321 near 
Lowrys, Chester County, S. C. Sample 59-OT-101. 

I. Zircon panned from 220 pounds of saprolite of fine- 
grained massive biotite granite exposed in deep road 
cuts on both sides of the Leeds-Wilksburg road a t  a 
point opposite the Leeds Lookout Tower, Chester 
County, S. C. Sample 69-OT-100. 

8. Samples from lsenhour Quarry on N. C. Rte. 13 about 0.6 
mile east of Concord, Cabarrus County. N. C. Samples 
are composites of 20-pound samples taken from differ- 
ent parts of the body of rock. 

Lead-alpha ages have recently been determined 
for 21 zircon concentrates separated from granite, 
granodiorite, and syenite exposed in the Piedmont 
of North and South Carolina. The location of the 
samples is shown on figure 45.1, and descriptions of 
the sources of the zircon are listed in table 1. Results 

TABLE 1 . S a u r e e s  of the nircorc-Continued 

NO. rn 
flo. 4 d . l  S o r r ~ e  . ~ d  mmpls l o .  

Zircon panned f m m  60 pounds of oapmlite of medium- 
grained biotite granite in the muthern dike in quarry. 
Sample IPE. 

Zircon panned fmm 60 pounds of saprolite of biotite v a n -  
ite formiag the northern dike in the quarry. Sample 
IPF. 

of the analyses and the calculated ages of the zircon 
crystals are given in table 2. 

Radioactivity determinations on igneous or pyro- 
elastic rocks in the Piedmont offer the only means 
of determining the ages of these rocks, aa the in- 
truded sedimentary rocks contain no fwi l s .  The 

Zircon panned f m m  100 pounds of oapmlite a t  the main 
body of biotite granite. Sample IPC. 

Zircon panned f m m  100 pounds of oapmlite a t  the main 
body of biotite granite. Sample IPH. 

Zircon panned from 260 pounds of syenite in a dike c u b  
ting granite and gneissic granodiorite. Sample H E  
39-69. 

Zircon panned from 60 pounds of sspmlite of gneissic 
granodiorite; both the granite and the syenite intrude 
the gneissic granodiorite. Sample IPA. 

Zircon panned from 40 pounds of sapmlite of gneiasic 
grandiorite. Sample IPB. 

Zircon panned from 40 pounds of saprolite of gneissic 
granodiorite. Sample IPC. 

Zircon panned from 40 pounds of sapmlite of gneissic 
granodiorite. Sample IPD. 

9. Zircon panned from 340 pounda of sapmlite of mar=- 
grained, massive augite syenite exposed in a q u a m  on 
the north side of N. C. Rte. 49 just west of the inter- 
section with U.S. Rte. 601 about 2.6 miled muth of 
Concord, Cebarrus County. N. C. Sample 660T-11 
and 6 6 0 T - l l a .  

10. Zircon panned from 200 pounds of aapmlite of porphyritic 
granite exposed on county mad between Watts and 
S. C. Rte 71 a t  a point 2 miles muth of mute 71 in 
Abbeville County, S. C. Nonmagnetic fraction a t  1.6 
amperes in F r a n b  Separator: sample 69-OT-111 
(N.M. 1.6). Magnetic fraction a t  1.6 amperes; sample 
59-OT-111 (M 1.5). 

11. U.S. National Museum collection. L a r m  zircon ctystals 
from gneiss exposed 4.6 miles east of Ivn on the line 
between Anderson and Abbeville Counties or in Abbe- 
ville County, S. C. Sample USNM 91689. 

58 

i m r i n t e d  from U. S. Geological Survey 
f. Paper 424-B. 1961. 
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FICUFS 46.1.-Major rock units and location of zircon samples in the Piedmont of North end South Caroline 

rocks studied are  now saprolite, so that only resistant 
minerals can be used for age determinations. De- 
spite a lack of positive knowledge concerning the 
absolute ages of these rocks, many tentative ideas 
have been presented regarding their relative ages. 
Major syntheses of the regional geology of the 
Southeastern States evolved by Arthur Keith (1923, 
p. 309-380) and Anna I. Jonas (Mrs. G. W. Stose) 
(1932. p. 228-243), though profoundly different in 
tectonic and stratigraphic interpretation, generally 
attributed a Precambrian age to the bulk of the 
metasedimentary rocks and to some of the plutonic 
igneous rocks. The massive igneous rocks were con- 
sidered to be late Paleozoic in age. Both Keith and 
Jonas recognized the polymetamorphic character of 
some of the schist and gneiss, and, despite differences 
in opinion as to the mechanics of the metamorphism, 
they attributed i t  to processes operating in Precam- 
brian and in late Paleozoic time. Recently another 
major synthesis of Appalachian geology has been 
presented by P. B. King (1951, p. 119-144; 1955, p. 
332473) who proposes that the metamorphosed 
sedimentary and volcanic rocks of the Carolina 
Piedmont and the igneous rocks, intruded during 
several orogenic episodes, are Paleozoic in age. 

Recent geologic observations in the Carolina Pied- 
mont support King's view (Kesler, 1944, p. 7 5 6  
782; Griffitts and Overstreet, 1952, p. 777-789; 
Kesler. 1955, p. 374-387; Overstreet and Griffitts, 
1955, p. 549-577; Stuckey and Conrad, 1958, p. 3-51; 
Stromquist and Conley. 1959, p. 1-36; Bell and Over- 
street, 1959, p. 1-5; Long, Kulp. and Eckelmann, 
1959, p. 58S603;  Bell, 1960, p. B189-B191; and 
Overstreet and Bell, 1960, p. B197-B199). They show 
3 sequences or episodes of sedimentation, volcanism, 
igneous intrusion, folding, and metamorphism. Ero- 
sional unconformities bracket the 3 episodes. The 
Paleozoic geologic events shown schematically in 
table 3 were deduced by Overstreet and Bell a s  a 
result of reconnaissance mapping during which i t  
was recognized that the metasedimentary rocks of 
the South Carolina Piedmont consist of slate-belt 
rocks of various ages raised to different grades of 
regional metamorphism, and that unconformities in 
the slate belt correlate with unconformities in the 
Kings Mountain belt. 

The unconformities correlated between the slate 
and the Kings Mountain belts a r e  those below epi- 
sodes B and C, table 3. A postulated unconformity 
beneath episode A has not been observed in the 
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TABU 2.-had-lpha age.  of r i rco l  from tocb in the 
Pied-t of N m i h  and Srmth Carolina 

INpb d d b  su-b b Z W. -: mPC14Im~hll.- 01 
L..l b a. J. 84 Jr.. T. W. st... m d  E W. WortUn..l 

USNM 105674 ...... 
..... USNM 80114.. 

t&OT-107. . . . . . . . .  
6WX-102. . . . . . . . .  
6WX-110. . . . . . . . .  
6W-101 . . . . . . . . .  
m - 1 0 0 .  . . . . . . .  
IPE. . . . . . . . . . . . . . .  
IPF. ................ 
IPG. . . . . . . . . . . . . . .  
IPH. . . . . . . . . . . . . .  
HB39-59. . . . . . .  
IPA. . . . . . . . . . . . . . .  
IPR.. . . . . . . . . . . . . .  
IPC. . . . . . . . . . . . . . . .  
I PD . . . . . . . . . . . . .  
564T-11, . . . . . . . . .  

564T-11s.. . . . . . . .  
5 W - I l l  (NM 1.5) 
5WX-Ill (M 1.5). . 
UBNM 97509. . . . . . .  I I 

1 Md~b (-nW to n s m t  0 m a .  r a n )  r a n  do*- 
frolath.-tlm.: 

(1) t = C 2 r b . n  t b tb. d a m  n in mml- of ms. C  b m - m h,; m d  
( a )  r = t - I n  r t r - h  r b tb. n dm- or m n  mrrrt.d for 

d.rr, c.f unalum and tborlmm. .ad b b. d.rr, rombt Lvsd upon 
tbr UA% n U o  and h u m  .dueof 1.66 x lo-'. 

U/I+ n U o  f- X-rw 000- .- b. P. J. A...... b 1.0 for 
~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ O ~ T ~ ~ ~ ~ T - l O 1 .  0-T-110. and O U T - I l l  (Y 

Piedmont of aouthern North Carolina or in South 
Carolina. Some measure of the probable age of the 
unconformitiea and of the sedimentsry and pyro- 
clastic rocka they bracket have been sought by the 
authora through the lead-alpha ages of zircons from 
plutonic igneous rocks emplaced during one or an- 
other of the three episode8 listed in table 3. Many 
pounds of saprolite were panned to obtain each 
zircon concentrate. I n  addition, three samples of 
coarse-grained zircon were kindly given to the 
writera by G. S. Switzer of the U.S. National 
Museum. 

Direct measurements of the ages of the sediments 
in the three episodes is being attempted by A. A. 
Stromquist, A. M. White, and T. W. Stern by 
analyzing zircon from felaic lavaa interbedded with 
the sediments. This work, however, is not yet 
completed. 

The results of lead-alpha age determination8 on 
17 of the 21 eamples fall into three groups (table 4) 

which correspond to the position of their host rocks 
in the three geologic episodes shown on table 3. The 
analyses are  most consistent and seem to ahow the 
bent agreement with presently available Aeld data 
in the youngeat group of amplea, and increasingly 
less conaiatent in the older groups. 

The results from four samples do not At with the 
recognized field relations. One sample of zircon 
(69-OT-100) with an  age of 460 -r M) m.y. (million 
yeara) was collected from Ane-grained granite 
thought t o  be a marginal phase of the oval pluton 
represented by sample 694T-101 having an  age of 
266 * 30 m. y. The older sample may be wntami- 
nated by nonradiogenic lead or by a n  older genera- 
tion of zircon. The samplea of zircon from Cabarrus 
County, N. C., 66-OT-11 and 66-OT-lla (426 * 
110 my.), HB-39-69 (460 -c 60 m. y.), a re  thought 
to come from rocka occupying structural panition8 
similar to the episode-C syenite. Low lead and alpha 
activity of the zircon from samplea 66-OT-11 and 
66-OT-lla make satiafactory analysis very difficult, 
but sample HB-39-69 wan satisfactory for analysis, 
and it  also gave an unexpectedly old age. Poasibly 
aome syenite waa emplaced during episode B, but the 
field evidenee presently restricts syenite to epiaode 
C. 

The probable ages of the unconformitiea between 
the three epieodea can be interpreted from the three 
groupa of ages ahown on table 4. The unconformity 
between episodes C and B apparently formed between 
400 and 260 m.y. ago. In order to allow for the 
deposition of the aediments in which episode-C 
ayenite and granite is emplaced, the unconformity is 
probably closer to 400 than to 260 m.y. old. I t  appar- 
ently was formed between Ordovician and Devonian 
A:-.. 
L1111S. 

The ages of the zircon crystals from rocks in epi- 
sode A doubtless are modified by loss of lead during 
the profound metamorphiam of epiaode B. We do 
not yet know when these rocks were emplaced, but 
i t  is likely that they were intruded into sediments 
of late Precambrian and Cambrian age. The un- 
co~lformity between episodes B and A may have been 
formed between Cambrian and Ordovician time. 
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Graywneke, pyrc- 
elaatir rocks, local 

aa schists, gneieara, 
calesilieate m k s ;  
migmatite common. 

TABU 3 . 4 u m m a t m  of Palsozoie oeolooie events in the Cavoliw Piedmont 

Progreaaive, ranging fmm 1 greenwhist fac ia  to I 
rillimanitemrnet sub- 

RaL 

e.dlm".Yn 

h a m b r i m  I Bascment unobwrved in the Camlina Piedmont 

Yd.morDhbm 

Bl1on.1 

Pdeopoic 

sedimentary m k a .  
B 

Argillite, grayracke, Progressive, ranging from zones. little or no 
ymlastie m k a ,  gmensehiat faeies to aureoles in higher 

r-l aandatone and s i l l imnniwrnet  aul* .ones; no evi- 
limeatone; n o r  e n  faries; retmgmsive enee of metamor- 
M sehiita, me&*, leatures sttributnhle to hism induced by 
migmatites, uart epilode C locally eom- peeder dikes for mafir 
s i b  and rnaxle. - man; highest-grade and felsie ROWR. 

r a k s  "how mme re- retrogressive adeots 
crystallization of biotite asvle~sted with the 
and retrogression of gmnitoa of episode C. 
sillirnanite to aerieite. 

Unronformity 

7 -  --- 

Unronformity 
- 

C 

Unconformity 
-- 

Argillite, gaywneke, 

Syenite, gsbhm, yg- 
mxenite, norite; 
granitic m k s ,  tvpi- 
eally form circular 
plutons and elongate 
cr-utting bodiea; 
felsir and m f i e  flows 
and dikes m i n t e d  
a i th  the pymlastie 
and sedimentarr 
m k a .  

pymlastie m k a .  

Syeoite, gahbro, yroxe- 
oite, norite snggani tes  
unafiected by progrcs 
aive regional metmor- 
phism but ahow some 
retrogksive featurea 
chieflv resulting from 
cetse\aaia; felaie and 
rnafic dikes and flowa 
ahor effeota of low- 
grade regional meta- 
motphiam. 

Progreesive, seldom ex- 
ceeding ~eensehis t  
lneim; altght retrc- 
greaalve. 

Sone nttributable to 
ayenite; feeble local 
contact efleet from 
p b b m ,  pyroxeaite, 
and norite; feeble in- 
crease in metamor- 
phiam a t  granite con- 
tncta; no metnmor- 
phim sttributohle to 
elate and mafic 

feeder dikea. 
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59-OT-I01 . . . . . . . . .  
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IPH 1W i 3 5  
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Gneissic granodioritp 
Gneiasic granodiorite 
Gneissic granodiorite 
Gneissic granodiorite 
Granite.. . . .  
Granite. . . . . . . . . .  
Gneiss. . . .  

II'A. . . .  
IPB . . .  
IPC . . .  
II'D 
5Y-OT-Ill lS.>f. 115) 
50-OT-I 11 (.\I 1 5 )  
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