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GROUND WATER IN THE CRYSTALLINE ROCK AREA IN 

11 
SOUTH CAROLINA- 

2 / 
Neil C. K o c k  

Crystalline rocks in South Carolina and much of Appalachia a r e  
- an important source of water,  not because they a r e  capable of produc- 

ing a large yield f rom a well, but because they a r e  widespread and cap- 
able of providing yields sufficient for individual homes,  f a r m s ,  and 
small  businesses. 

Water f rom crystalline rocks can be obtained almost everywhere 
in, South Carolina, so  long a s  only modest amounts a r e  needed. Even 
these amounts vary  in response to local controlling conditions. An under- 
standing of these conditions should a s s i s t  both the well d r i l l e r  and the 
use r  to locate the water needed. 

The most important controlling conditions a r e  topography and 
rock type, but however important a r e  the differences in rock type the 
topography controls the yields of wells more  than does the rock type. 
In particular,  the position of a well - whether it i s  in a valley, on a 
slope, o r  on the top of a hill - influences well yield. Rock type influ- 
ences well depth. 

Most dug and bored wells obtain water f rom the zone of sediment 
overlying the rock. Usually, ample water (yields up to 5 gpm) can be 
found for domestic needs. Higher yields a r e  uncommon, although a ca re -  
fully selected si te could result  in a higher yield. Because of the diffi- 
culty in  digging below the water table, most  dug wells penetrate only a 
few feet below the water table. Bored wells usually go 10 to 15 feet be- 
low the water table encountering no great  boring difficulties until c ry-  
stalline rock i s  reached. One disadvantage of dug and bored wells i s  the 
danger of contamination of the well water,  especially in urban areas .  
Another disadvantage i s  that during periods of d ry  weather these wells 
tend to go d r y  sooner than wells obtaining water f rom crystall ine rock. 

Drilled wells obtain water f rom crystall ine rock only where there 
a r e  openings or cracks.  These openings, formed when the rock was f i r s t  
formed. o r  la ter  by rock movement, s t r e s ses ,  o r  weathering, occur close 
to the surface and decrease  with depth a s  to number and size. The open- 
ings a r e  usually interconnected; thus water entering the rock openings can 
travel to different depths and distances. Most openings will discharge 
ground water to the nearby s t r e a m s  but some can c a r r y  water to great  
depths, bypassing nearby s t r eams  and finally discharging the water a s  a 
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s p r i n g  o r  to  a s t r e a m  i n  a d i f fe ren t  d r a i n a g e  b a s i n  than  tha t  f r o m  which 
the w a t e r  e n t e r e d  the  rock.  In g e n e r a l ,  w a t e r  does  not  m o v e  m o r e  than  
about  25 m i l e s  f r o m  r e c h a r g e  to  d i scharge .  

The m o r e  openings a wel l  e n c o u n t e r s  in  c r y s t a l l i n e  r o c k ,  the 
g r e a t e r  i t s  yield. Yields  a s  high a s  300 g p m  (ga l lons  p e r  minute )  have 
b e e n  obtained but a r e  r a r e  (Siple, 1946). Yields  i n  g e n e r a l  r a n g e  f r o m  
10 to 30 gpm,  although y ie lds  of 50 g p m  c a n  be obtained in m a n y  a r e a s .  
Well  yields  g r e a t e r  than 5 g p m  a r e  r a r e l y  obtained below 300 fee t  be- 
c a u s e  the n u m b e r  and s i z e  of r o c k  openings d e c r e a s e  with depth. 

Where  c r y s t a l l i n e  r o c k s  a r e  r e s i s t a n t  to wea ther ing ,  t h e y  f o r m  
h i l l s  o r  f l a t  a r e a s ,  but w h e r e  the r o c k s  a r e  e a s i l y  w e a t h e r e d ,  t h e y  f o r m  
d r a w s ,  va l leys ,  and s lopes .  F a c t o r s  con t ro l l ing  topography  include both 
the r o c k  type and the n u m b e r  of p r i m a r y  f r a c t u r e s  of the rock.  T h e  s i z e  
and n u m b e r  of f r a c t u r e s  and joints ,  c leavage ,  s c h i s t o s i t y ,  ve ins ,  and 
d i k e s  c o n t r o l  r o c k  weathering.  If the  r o c k  h a s  been subjected to  g r e a t  
s t r e s s ,  a n u m b e r  of f r a c t u r e s  and joints  m a y  be l a r g e .  M o s t  c r y s t a l l i n e  
r o c k s  w e r e  subjected to vary ing  d e g r e e s  of s t r e s s ,  and the r o c k s  i n  
s o m e  a r e a s  wi l l  have m o r e  f r a c t u r e s ,  h igher  sch is tos i ty ,  and m o r e  
q u a r t z  ve ins  o r  d ikes  than  those i n  o t h e r  a r e a s .  A s  w a t e r  m o v e s  through 
the r o c k  openings,  c h e m i c a l  wea ther ing  i n c r e a s e s  the s i z e  of t h e s e  open-  
ings. The  l a r g e r  openings p e r m i t  m o r e  w a t e r  into the r o c k  openings and 
the  wea ther ing  c y c l e  i s  a c c e l e r a t e d .  

The m a i n  r o c k  types i n  South Caro l ina  a r e  g r a n i t e ,  g n e i s s ,  and 
s c h i s t .  A single  r o c k  type v a r i e s  s o  g r e a t l y  , f r o m  one a r e a  to  a n o t h e r  
and e v e n  i n  a s m a l l  a r e a ,  a s  to t e x t u r e ,  m i n e r a l  compos i t ion ,  and s i z e  
and n u m b e r  of f r a c t u r e s  and veins tha t  i t  is difficult to e s t a b l i s h  a n  a v e r -  
age yield f o r  e a c h  r o c k  type. It  i s  even  difficult to d e t e r m i n e  which r o c k  
types a v e r a g e  h i g h e r  y ie lds  than o ther  r o c k  types.  Data  obtained f r o m  
a s tudy  by the au thor  i n  Greenvi l l e  County, South C a r o l i n a ,  and ex is t ing  
da ta  concern ing  s o m e  a r e a s  in  Georg ia  and North C a r o l i n a  indicate  that  
i n  g e n e r a l  i n  these a r e a s  s c h i s t  h a s  the h ighes t  a v e r a g e  yield and g n e i s s  
and g r a n i t e  have s l ight ly lower  a v e r a g e s .  

Although s c h i s t  h a s  the h ighes t  a v e r a g e  yield of a l l  r o c k  types ,  
wel l s  that  a r e  located in  d r a w s ,  va l leys ,  o r  on s l o p e s  i n  o t h e r  types of 
rock have y ie lds  that ,  i n  g e n e r a l ,  a r e  h igher  than the a v e r a g e  yield of 
wel l s  i n  s c h i s t .  

In g r a n i t e ,  f r a c t u r e s  tend to be n e a r l y  v e r t i c a l  and a l s o  n e a r l y  
p a r a l l e l  to  the s u r f a c e  topography,  and the only c o n c e r n  i n  se lec t ing  a 
wel l  s i t e  i s  topography.  

The  yield of w e l l s  i n  s c h i s t  o r  g n e i s s  i s  d e t e r m i n e d  l a r g e l y  by 
topography but a l s o  i n  p a r t  by  the d i rec t ion  and angle  of the openings a -  
long p lanes  of c leavage  and sch is tos i ty .  T h e s e  m a y  s o m e t i m e s  be d e t e r -  
mined  in n e a r b y  r o c k  exposures .  D r a w s ,  v a l l e y s ,  and s l o p e s  a g a i n  a r e  
the b e s t  s i t e s ,  but a n  individual  s i t e  should be picked s o  that  the openings 
encounte red  i n  the well ,  when pro jec ted  along the c leavage  and sch is tos i ty  
p lanes ,  m e e t  the s a p r o l i t e  w h e r e  the g r e a t e s t  r e c h a r g e  c a n  take  place 
( F i g u r e  1). If m o s t  of the r o c k  openings encounte red  i n  a wel l  c o m e  to 





the sapro l i te  o r  ground su r f ace  on the top of a hi l l ,  the supply of w a t e r  
wil l  be low. Where the openings dip s teeply,  a wel l  would have  to be 
dr i l l ed  deeper  t o  tap  the s a m e  n u m b e r  of r ock  openings a s  a well  d r i l l -  
ed whe re  the openings a r e  n e a r l y  horizontal .  

The needed depth of a well  to  produce  a de s i r ed  yield may  be  
es t imated  if the rock  type i s  known. In g r an i t e ,  whose f r a c t u r e s  tend 
to d e c r e a s e  with depth,  the l a r g e s t  yields can  be. expected in  the f i r s t  
25 o r  50 feet .  The re fo r e ,  if the de s i r ed  yield h a s  not  been obtained 
within 100 fee t .  the p r o s p e c t s  of i nc r ea s ing  the yield by dr i l l ing  deepe r  
a r e  poor.  In  con t r a s t ,  a gne iss  o r  s ch i s t ,  whose f r a c t u r e s  a r e  m o r e  
pe r s i s t en t ,  cou1.d produce  high yields down to about  300 fee t .  

Another  f a c to r  influencing well  yield is the posi t ion of the contact  
between g r an i t e ,  s ch i s t ,  o r  gne iss .  If grani te  i s  pene t ra ted  a f t e r  d r i l l -  
ing 100 fee t  in s ch i s t  o r  gne i s s ,  the chances  of obtaining m u c h  wa t e r  
f r o m  the g r an i t e  a r e  slight. When dr i l l ing  in  s ch i s t ,  a good w a t e r  supply 
i s  usual ly found a t  the contact  with gran i te  o r  gne iss .  

Higher  y ie lds  m a y  be obtained if the well  is in r ock  that  contains 
numerous  ve ins  o r  d ikes  than  f r o m  wel l s  in  r o c k  that  h a s  not been d i s -  
tu rbed  by inject ions.  Also ,  a well  in  s c h i s t  o r  gne i s s ,  and n e a r  gran i te  
o r  some o the r  rock ,  commonly  yields m o r e  w a t e r  than a well  away f r o m  
a contact .  A gran i te  usual ly ex tends  f i nge r s  into the sur rounding  rock  
and these  f i n g e r s  tend to f r a c t u r e  the count ry  rock  and i n c r e a s e s  i t s  
porosi ty.  Where s ch i s t  and gne i s s  a r e  i n  contac t ,  they usual ly appea r  t o  
in te r f inger  and be highly f r ac tu r ed .  Wel l s  i n  such  locat ions commonly 
have high yields.  

The  complex  na ture  of c ry s t a l l i ne  rocks  m a k e s  it  difficult to  de-  
f ine dis t inct  chemica l  c h a r a c t e r i s t i c s  f o r  e a c h  rock  type, but they have 
been divided into two groups  in the P iedmont  province (LeGrand ,  1958). 
The  gran i te  group  cons i s t s  of r o c k s  s i m i l a r  to g r an i t e  in compos i t ion  
and includes g r an i t e ,  g ran i te  gne i s s ,  m i c a  s ch i s t ,  s l a t e ,  and rhyoli te .  
T h e s e  rocks  a r e  r i c h  in  s i l i ca  and poor i n  c a l c ium and magnes ium and 
yield a soft ,  s l ight ly a c id i c  wa t e r  which i s  low i n  dissolved sol ids.  The 
second,  o r  d io r i t e ,  g roup  includes d io r i t e ,  gabbro ,  hornblende gne i s s ,  
and andesi te .  These  rocks  a r e  poor  in s i l i c a  and r i c h  i n  c a l c ium and 
magnes ium and yield a ha rd ,  s l ight ly alkal ine wa t e r  which i s  high in  d i s -  
solved sol ids.  A s i m i l a r  divis ion of r ock  w a t e r  types  was  indicated by 
Siple (1955, F igu re  7)  f o r  wa t e r  i n  the South Caro l ina  P iedmont .  

The amount  of dissolved so l ids  and o ther  m i n e r a l  m a t t e r  that  
ground w a t e r  wil l  pick up i s  dependent ,  among o ther  things,  on the length  
of t ime  the wa t e r  i s  moving through the rock  openings. Shallow wel l s  o r  
flowing wel l s  and sp r i ngs  a r e  usua l ly  low i n  d i sso lved  so l ids  because  the 
ground w a t e r  ha s  not had suff icient  t ime  to pick up  a l l  the chemica l  c h a r a c -  
t e r i s t i c s  of the rock.  Deep  wel l s  usua l ly  contain h igher  quanti t ies  of d i s -  
solved sol ids.  Where ground wa t e r  has  not  had sufficient t ime  to become 
chemica l ly  s i m i l a r  to  the rock  the wa t e r  r e m a i n s  c lo se  to the chemica l  
content  of r a i n  water .  Cer ta in ly  d i f fe rences  in  the length of t i m e  w a t e r  



h a s  b e e n  i n  contact  wi th  rock  is one r e a s o n  f o r  the l a r g e  v a r i a t i o n  in  pH, 
d i sso lved  so l ids ,  and c h e m i c a l  content  i n  w a t e r  f r o m  w e l l s  i n  the s a m e  
r o c k  type. Another  r e a s o n  f o r  a v a r i a t i o n  i s  t r a v e l  th rough  d i f fe ren t  rock  
types.  A wel l  i n  g r a n i t e ,  f o r  e x a m p l e ,  yielding w a t e r  tha t  is c h e m i c a l l y  
i n t e r m e d i a t e  between gran i te  and d i o r i t e  m a y  be yielding w a t e r  that  h a s  
p a s s e d  th rough  gabbro  o r  o ther  r o c k s  of the d i o r i t e  group.  In  s o m e  p l a c e s ,  
t h e s e  r o c k s  a r e  unmapped d ikes  o r  v e i n s  within the g r a n i t e  and a r e  not 
a p p a r e n t  f r o m  the geologic map .  Knowledge of the r o c k  type he lps  t h e  
w e l l  d r i l l e r  eva lua te  the  p r o b l e m s  t o  be encounte red  in d r i l l ing ,  to  s e l e c t  
the p r o p e r  wel l  s i t e ,  t o  d e t e r m i n e  how d e e p  to d r i l l ,  to judge when  to s top  
dr i l l ing  b e c a u s e  of the l a c k  of adequa te  yield,  and to know the a p p r o x i m a t e  
c h e m i c a l  qua l i ty  of the w a t e r .  But the y ie lds  t h e m s e l v e s  a r e  governed  
l a r g e l y  by topography. G e n e r a l l y ,  w e l l s  i n  d r a w  and v a l l e y s  o r  on s l o p e s  
yield the  m o s t  and w e l l s  o n  o r  n e a r  h i l l  tops  the  leas t .  
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COARSE-GRAINED SILLIMAMTE-QUARTZ ROCK ASSOCLATED 

WITH THE WINNSBORO GRANITES, FALRFLELD COUNTY, 

SOUTH CAROLINA 

BY 

1 / H. D. Wagener- 

High g r ade  me tamorph i c  r o c k s  n e a r  the no r the rn  and nor th-  
w e s t e r n  boundar ies  of the Winnsboro g r an i t i c  complex  include s ch i s t o se  
quar tz i tes .  Some of these  rocks  contain vary ing  amounts  of muscovi te  
and a luminous  m i n e r a l s ,  notably s i l l imanite .  The  s i l l imani te  qua r t z i t e s  
a r e  genera l ly  f ine grained and contain f ine ly  ac i cu l a r  s i l l imani te  i n  v a r y -  
ing propor t ions .  L a r g e r  s i l l imani te  c r y s t a l s  occu r  along some  fol iat ion 
p lanes .  At  one o r  two loca l i t i es  s l ende r  bladed c r y s t a l s  m o r e  typical  of 
kyanite  w e r e  noted. 

Rocks  pa r t i cu l a r l y  r i c h  i n  s i l l imani te  o c c u r  about one mi l e  N 3 0 ° W  
of the Winnsboro Blue Grani te  q u a r r y  ( F i g u r e  1). A l a rge  ou tc rop  about 
200 f ee t  in max imum dimens ion  juts  abrupt ly  out of the soi l  i n  a s m a l l  
g rove  of t r e e s  in a c l e a r i ng  n e a r  the end of a d i r t  road  leading to the Mac-  
F i e  p rope r ty  f r o m  Sta te  highway 213. 

Th i s  depos i t  is unusual  in that  i t  i s  not not iceably fol iated in  out- 
c r o p  o r  hand spec imen,  and the g r a in  s i z e  of the s i l l imani te  and q u a r t z  
is l a rge .  Si l l imanite  needles  occu r  i n  groups  up to one inch  long random-  
ly  or ien ted  in  the qua r t z  ma t r i x .  

2 Om l a r g e  thin sec t ion  (about  800 m m  ) of the rock  was  studied. 
The mode i s :  52. 170 qua r t z ;  46. 170 s i l l imani te ;  1. 9% z i rcon .  The s i l l i -  
mani te  is predominent ly  a c i cu l a r .  Most  of the c r y s t a l s  a r e  l i nea r l y  a r -  
ranged in groups  f r o m  which qua r t z  i s  l a rge ly  excluded. The  c r y s t a l  
g roups  i n t e r s ec t  a t  angles  of approximate ly  45". I n t e r s ec t i ons  between 
some  c r y s t a l  g roups  r e semb le  jumbled p i l e s  of chops t icks ,  and qua r t z  
is in t imate ly  in te r laced  in the s i l l imani te  needles .  The ends  of mos t  
c r y s t a l  g roups  contain s im i l a r l y  in te r laced  quar tz .  

G r a i n  s i z e  of s i l l imani te  and q u a r t z  and the avai labi l i ty  of r e s i dua l  
cobbles and boulders  decrease rap id ly  along s t r i ke  f r o m  the outcrop.  F r e s h  
spec imens  cannot be obtained away f r o m  th i s  outcrop. S i l l imani te  i s  p r e -  
sen t  in  qua r t z i t e  f loat  along s t r i ke  f o r  a t  l e a s t  2000 f ee t ,  but the percent -  
age is inconsistent .  E x p o s u r e s  a r e  too poor to examine  the percentage  
changes  in detai l .  

Thickness  of the depos i t  could not be de t e rmined  a s  the dip i s  un- 
cer ta in .  However,  fol iat ion of ba s i c  r o c k s  d ips  v e r y  s teep ly  here .  and 
i n  t h i s  a r e a  fol iat ion is invar iab ly  pa r a l l e l  to layering.  The  s i l l imani te  
unit m a y  be ove r  100 f ee t  thick,  but the th ickness  could v a r y  marked ly  

1 / The Citadel ,  Char les ton ,  South Ca ro l i na  - 





within a few hundred feet. 
The dip and thickness of the unit a t  the outcrop could be determin- 

ed by drilling one o r  two holes. The soil  cover may  not average over ten 
feet thick. Solid rock crops  out in s t r e a m s  along e i ther  side of the deposit. 
Two to four additional d r i l l  holes along s t r ike  f rom the deposit would pro- 
bably produce information on variat ions in thickness of the unit and the 
percentage of sillimanite present.  With this data,  a reasonable es t imate  
of tonnages could be made. 

There  i s  at  leas t  one other sillimanite quartzi te unit in the imme-  
diate vicinity. Other coa r se  grained sillimanite deposits  might be found 
by making a thorough field study of a l l  aluminous quartzi te units along the 
nor thern  borders  of the granit ic complex. 

The presence of aluminous minera ls  in schistose quartzi tes in this 
a r e a  i s  probably a reflection of the initial composition of the sediments 
f r o m  which they were derived. Variations in grain size may  have been 
produced by local hydrothermal activity associated with emplacement of 
the granit ic intrusives.  Consequently, variat ions in grain size a r e  not 
necessa r i ly  indicative of variat ions in the percentage of aluminous mine- 
ra ls .  





ORIGIN OF IRON - MANGANESE OXLDE NODULES IN THE 

WINNSBORO 15' QUADRANGLE, SOUTH CAROLINA 

1 / H. D. Wagener- 

OCCURRENCE 

Residual and transported soils  associated with fine to medium 
grained layered amphibolites in cer ta in  a r e a s  of the Winnsboro 15' 
Quadrangle (Figure 1)  contain brown i ron oxide-rich nodules in vary- 
ing proportions. The nodules r a re ly  make up more  than 50% of the 
soil, though abundant nodules appear in the soils of many shallow road 
cuts. The nodules, generally round and about 118 to 114 inch in dia- 
meter ,  l i t ter  the surface of some fields and a r e  concentrated in gulleys. 

Where the soil i s  very  thin the nodules occur a s  par t ia l  encrust-  
ations on cobbles of basic rock, and many of them a r e  reniform. En- 
crusted cobbles have a thin brown rind of iron oxide-rich mater ia l  f rom 
which round nodules protrude. Some reniform nodules a r e  s imi lar ly  
attached. The encrustations occur on both angular cobbles and those 
which have been partly rounded by weathering reactions in  place. In- 
ternally, the cobbles a r e  generally fa i r ly  f r e s h  homogeneous fine grained 
amphibolite. Nothing resembling nodules exists within the body of the 
rock. An intensive sea rch  was made in rocks in place in road cuts,  but 
no positive evidence could be found that any of the basic rocks contain 
nodules. In every case  where nodules seemed to be weathering out of 
a rock a little hammer work revealed that the nodules a r e  part  of a 
superficial rind. 

Thicker,  possibly transported soils ,  especially in what appear 
to be old flood plains,  contain round nodules and "layers" r ich  in hydrous 
iron oxides. The "layers" a r e  discontinuous o r  even only vaguely pre-  
sent and could be described a s  partly concretionary crus ts .  They general- 
ly occur a s  a separate horizon several  feet below the surface in the B soil 
horizon. 

COMPOSITION 

No attempt was made to determine the exact mineralogy o r  quan- 
titative chemistry of the nodules. 

Broken nodules appear finely crystall ine and a r e  brownish black 
to s tee l  blue-gray. The coloration i s  of the so r t  that would be expected 
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f r o m  a mix tu r e  of hydrous  i r on  and manganese  oxides. The  p r e s e n c e  
of manganese  w a s  i n f e r r ed  f r o m  the appea rance  of the nodules and the  
heavy manganese  oxide s t a i n s  on joint p lanes  in  some  of the bas ic  rocks .  
Arc ing  of powdered nodules in a d i r e c t  reading spec t ro scope  produced 
s t r ong  manganese  Lines. Some s m a l l e r  nodules and a s m a l l  percentage  
of nodule powder a r e  a t t rac ted  to a hand magnet .  The  ac tua l  percentage  
of manganese  i s  probably not l a rge .  S imi l a r  nodules f r o m  e l s ewhe re  in 
the P iedmont  have been  ana lysed  chemica l ly  and w e r e  found to contain 
l a rge ly  i r o n  oxides (Henry  Bell ,  p e r sona l  communicat ion,  1966). 

ORIGIN 

The  nodules a r e  secondary .  T h e i r  occu r r ence  a s  pa r t i a l  e n c r u s -  
ta t ions on pa r t l y  rounded cobbles  and the i r  a s soc i a t i on  with hydrous i r on  
oxides prec ip i ta ted  in  the B so i l  hor izon  prec lude  a hyd ro the rma l  origin.  
The  inclusion of q u a r t z  sand g r a i n s ,  a s  in  the r en i fo rm  nodules,  would 
be expected a s  a r e su l t  of p rec ip i ta t ion  of the i r o n  and manganese  oxide 
compounds in  sandy  soi l .  

The idea  that the nodules m a y  have fo rmed  in  a n  earlier,  p e rhaps  
w a r m e r  P le i s tocene  c l ima t i c  cyc l e  w a s  e x p r e s s e d  by Henry  Johnson 
(pe r sona l  communicat ion,  1966). It is a l s o  poss ib le  that  t he se  compounds 
a r e  being precipi tated in  the r a t h e r  w a r m  c l ima t e  of c e n t r a l  South Ca ro -  
lina a t  p resen t .  I think it  p r o p e r  to r e f e r  to  the nodule-bearing so i l s  a s  
l a t e r i t i c ,  whether  they fo rmed  in  a n  e a r l i e r  m o r e  t rop ica l  c l ima t e  o r  in  
the r e cen t  t empe ra t e  cl imate.  






