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GEOLOGY AND STRUCTURE O F  THE PENDLETON- LA FRANCE 

AREA, NORTHWESTERN SOUTH CAROLINA 

1 / Char les  J. Cazeau - 

ABSTRACT 

Major rock types in  the Pendleton - La France  a r e a  a r e  metasedi-  
mentary  gneisses  and schis ts  and granite gneiss which has  injected and 
part ly replaced the country rock. Foliation s t r ike  and dip and outcrop 
pattern of granite and hornblende gneiss indicate a l a rge  synclinal s t ruc-  
ture ,  te rmed the Pendleton Syncline, striking and plunging northeast. 
It appears  to exceed 18 mi les  in length. The s t ructure  i s  complicated 
by para l le l  second order  anticline-syncline developments and sup'erim- 
posed cross-folds striking northwest. 

INTRODUCTION 

This repor t  presents  the resul ts  of a brief geologic investigation in  
the vicinity of Pendleton and La France ,  Anderson County, South Caro-  
lina. During the course  of geologic mapping i n  the Clemson Quadrangle 
(Brown and Cazeau, in preparation) a n  important  synclinal s t ructure  was 
part ial ly revealed in  the southeast portion of the quadrangle, near  the 
town of Pendleton. This appeared to be the same s t ructure  noticeable 
on a regional geologic map  prepared recently by Overs t ree t  and Bell 
(1961). It supposedly extends to the southwest through the La France  
Quadrangle. The chief purpose of this study was to delineate more  
c lear ly  this major  s t ructure ,  which i s  r e fe r red  to he re  a s  the "Pendle- 
ton Syncline" (Henry S. Johnson, J r .  , personal communication). 

GEOLOGY 

Figure 1 shows the generalized lithologic distribution in  the area.  
Two broad categories of rock types a r e  present: (1) gneisses  and schis ts  
of presumed metasedimentary origin, and ( 2 )  younger granit ic rocks 
that have injected and part ial ly replaced the surrounding country rock. 
These in  turn  have been metamorphosed to a gneissoid texture in many 
cases .  General descriptions of specific rock types corresponding to 
those indicated in  Figure  1 a r e  given below. 

Biotite gneiss: Biotite gneiss  i s  dominant in the immediate vicinity 
of Pendleton. It i s  medium to da rk  gray on f r e sh  surfaces  but weathers 
to a fr iable,  sandy, reddish-brown and/or  greenish gray,  with foliation 

1/  Department of Chemistry and Geology, Clemson College - 



usually well defined by segregated bands of biotite alternating with quartz 
and feldspar. In many outcrops the injected nature of the biotite gneiss 
i s  apparent,  with thin veins and veinlets of quartz and /o r  granite occur-  
ring in the gneiss,  both a c r o s s  and with the foliation. The biotite gneiss 
i s  typically interlayered with subordinate amounts of muscovite and bio- 
tite schis t  and hornblende gneiss. 

Muscovite-sillimanite schist: This lithology i s  dominant to the south- 
eas t  of Pendleton. The foliation i s  produced by aligned c rys t a l s  of si l l i-  
manite and scattered to abundant flakes of muscovite. The foliation i s  
often undulatory. The schis t  weathers eas i ly  and i s  commonly a light 
red  color in outcrop. Associated with the schis t  in minor amounts a r e  
l aye r s  of quartzite up to three  feet  thick, light to dark  g ray  hornblende 
gneiss,  and hornblende-biotite granite gneiss. 

Hornblende gneiss: This zone i s  mos t  conspicuous northwest  of 
Pendleton and was useful a s  a key horizon in  tracing the genera l  s t ruc-  
t u r e  of the area .  It i s  dense and medium to dark gray on f r e sh  surfaces ,  
with sharply banded hornblende and quartz-feldspar imparting a dist inct  
layering to the rock. It weathers to a hard ,  clayey yellow-brown o r  
red-brown residuum, often preserving the original texture. Like other 
rock bodies in  the region, i t  i s  not a pure lithology. Intimately a s s o -  
ciated with i t  a r e  l e s s e r  amounts of mica schist  and biotite gneiss.  It 
has  been injected and part ly replaced by granite in many places. 

Granite gneiss: This lithology, although termed "gneiss" in this r e -  
port ,  i s  often non-foliated. It extends in an  elongate body to the south- 
west  of Pendleton. It i s  probably the youngest lithology in the a r e a ,  hav- 
ing intruded and replaced much of the older country rock. Gradational 
zones of replacement a r e  observable in a l l  rock types, but part icularly 
so in the hornblende gneiss. 

The granite gneiss i s  white o r  light gray on freshly broken surfaces  
and i s  usually coa r se  grained. The foliation, when present,  i s  crudely 
developed. The rock consists  of quartz and sodic and potash feldspar 
which i s  frequently kaolinized. Mafic minera ls  a r e  usually biotite o r  
hornblende. The amount present va r i e s  considerably. The quantity of 
granite gneiss occurring a t  the surface increases  to the northeast  of 
Pendleton and occupies extensive a r e a s  in southern Pickens County. 

STRUCTURE 

The s t ructure  of the a r e a  was determined mainly on the bas is  of 
outcrop pattern and str ike and dip of foliation. More than 100 measure -  
ments were obtained in Anderson, Pickens,  and Oconee Counties. The 
plunge of a few minor f lexures was a lso  recorded. These data a r e  shown 
in Figure 1. 





The Pendleton Syncline i s  reasonably  well defined, par t icu la r ly  to 
the southwest  of Pendleton.  Regional  dip i s  predominantly to the south- 
e a s t .  Numerous  r e v e r s a l s  to the nor thwes t ,  par t icu la r ly  within the 
gran i te  gne iss ,  p e r m i t  definition of the m a j o r  syncl inal  a x i s  t rending 
nor theas t  and through the town of Pendleton.  The amount  of dip along 
the nor thwes t  f lank of the Pendleton Syncline r anges  between 15' and  
48O, averag ing  25O. On the southeas t  f lank,  the range i s  15O to 35O, 
ave r ag ing  about  23'. F r o m  these  data the s t r uc tu r e  a p p e a r s  to  be 
symmet r i c a l .  Smal l  sca le  f l exu re s  within the Pendleton Syncline 
commonly plunge to the nor theas t .  F r o m  t h i s ,  and the posi t ion of the 
nose ,  i t  i s  evident  that  the s t r u c t u r e  i s  plunging no r thea s t  with mode ra t e  
dip. 

The outc rop  pa t t e rn  shows gran i te  gne i s s  cen t ra l ly  located along the 
i n f e r r ed  a x i s  of the Pendleton Syncline. Th i s  i s  flanked on  e i t h e r  s ide 
by a bel t  of hornblende gne iss .  On the nose  of the syncl ine the ho rn -  
blende gne i s s  wraps  a round to the south and then nor theas t .  At  this  
point i t  h a s  been  extensively rep laced  by gran i te  gne iss .  Along the 
southeas t  f lank,  the amount  of muscovi te -s i l l imani te  s ch i s t  i n c r e a s e s  
both within the hornblende gne i s s  and  a s  a d i s t inc t  mappable  uni t  f u r t he r  
to the southeas t  and  adjoining the hornblende gne iss .  The ove ra l l  length 
of the Pendleton Syncline a p p e a r s  to  exceed  18 mi l e s .  

The Pendleton Syncline i s  not a s imple  i so la ted  s t r uc tu r e .  I t  i s  
accompanied by subordinate o r  second o r d e r  ant icl ine-syncl ine p a i r s  
which a r e  evident  in Oconee County nor thwes t  of the Pendleton Syncline 
ax is .  I t  i s  probably that detai led mapping would r evea l  a n  S-shaped 
pa t t e rn  to  t r a cab l e  r ock  uni t s  such  a s  the m i c a  s ch i s t  p r e s e n t  in Oconee 
County (F igu re  1). C ros s - fo ld s  s t r ik ing  nor thwes t  a c r o s s  the Pendle-  
ton Syncline compl ica te  the s t r uc tu r a l  p ic ture .  A m a j o r  c ro s s - fo ld ,  a s  
indicated by foliation s t r i k e  and dip,  a p p e a r s  to  i n t e r s ec t  the a x i s  of the 
Pendleton Syncline a t  the town of  Pendleton. S imi l a r  c ro s s - fo ld s ,  be - 
l i eved  to be  super imposed  on the m a j o r  nor theas t - t rending  folds,  have 
been prev ious ly  de sc r i bed  in  th i s  reg ion  (Grant ,  1958; Cazeau ,  1961). 

SUMMARY AND CONCLUSIONS 

Foliat ion m e a s u r e m e n t s  and  outcrop  d is t r ibu t ion  in me t amorph i c  
and  gran i t ic  r ocks  show that a m a j o r  syncl inal  f e a tu r e ,  t e r m e d  the 
Pendleton Syncline, i s  p r e sen t  in no r thwes t e rn  Anderson  County, South 
Carol ina.  I t  s t r i k e s  and  plunges to the no r thea s t  and a p p e a r s  to e x -  
ceed  18 m i l e s  in length. The s t r u c t u r e  i s  compl ica ted  by pa r a l l e l  
second o r d e r  ant icl ine-syncl ine p a i r s  and  by  super imposed  c r o s s -  
folding str iking nor thwes t .  

The s t r u c t u r e  was  probably fo rmed  a s  a r e s u l t  of reg iona l  m e t a -  
m o r p h i s m  and  folding which caused  downwarping and mobil izat ion of 
the  count ry  rock  with inject ion and  rep lacement  by gran i te  i n  the deepe r  
pa r t  of the Pendleton Syncline. A l a t e r  per iod  of deformat ion  produced 
c ro s s - fo ld s  s t raddl ing  the ex is ten t  s t r uc tu r e .  



A relat ively conspicuous syncl inal  c ro s s - fo ld  i n t e r s e c t s  the a x i s  of 
the  Pendleton Syncline a t  the town of Pendleton.  O the r ,  l e s s  obvious,  
c r o s s  -folds appea r  to c renula te  the Pendleton Syncline, a s  indicated by 
nor thwes t - s t r ik ing  foliation. 

It i s  suggested that ( 1 )  foliation measu remen t  can  be a useful  tool  
i n  de te rmin ing  loca l  and reg iona l  s t r uc tu r e  in  the P iedmont ,  ( 2 )  f l exu re s  
should be suspected in  a r e a s  of elongate gran i t ic  zones ,  and  ( 3 )  c r o s s -  
folds m a y  be p r e s e n t  which tend to m a s k  l a r g e r  s t r uc tu r e s .  
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OCCURRENCE O F  BISMUTH AT THE BREWER MINE, 

CHESTERFIELD COUNTY. SOUTH  CAROLINA^^ 

P r i s c i l l a  Mount 
United S ta tes  Geological  Survey 

Washington, D. C. 

ABSTRACT 

The  occu r r ence  of b i smuth  a t  the Brewer  gold mine  ha s  been  r e -  
por ted  i n  many publicat ions.  Michael  Tuomey was  the only author who 
ac tua l ly  s aw  b ismuth  a t  the B r e w e r ,  although t h r ee  chemica l  ana ly se s  
were  made  of b i smuth  s amp le s  f r o m  th i s  mine  confirming identif ica-  
tion of the mine ra l .  Documentat ion of Tuomey ' s  d i s cove ry  a s  well  a s  
subsequent  r e f e r ences  to i t  in  the l i t e r a t u r e  a r e  included. 

INTRODUCTION 

Many publicat ions have r epo r t ed  the occu r r ence  of  b i smuth  a t  the 
Brewer  gold mine  1 11 2 m i l e s  wes t  of the town of Je f fe rson ,  Ches t e r -  
field County, South Caro l ina .  In  a recent  s tudy of the  l i t e r a tu r e  i t  w a s  
found that  only Michael  Tuomey,  State Geologist  f r o m  1843 to 1848, had  
any  f i r s thand  knowledge of the  o c c u r r e n c e  and  that  the o the r  r e f e r ences  
we re  to m a t e r i a l  that he  col lected.  T h e r e  h a s  been some  doubt a s  to 
the ac tua l  p r e sence  of b i smuth  because  the e a r l i e r  r e f e r e n c e s  w e r e  not  
read i ly  avai lable;  the purpose  of this  note i s  to  co l lec t  the data on  the 
o r i g ina l  d i scovery .  

The B r e w e r  lode was  d i s cove red  in 1843 a s  a r e su l t  of p l ace r  m i n -  
ing for  gold tha t  began a s  e a r l y  a s  1828. The mine  opera ted  f a i r l y  
s teadi ly until  the 1850's  but apparen t ly  w a s  idle until  the 18801s,when 
a p l ace r  opera t ion  using hydraul ic  methods  began. The mine  c losed  
again in the middle  1890's  and  h a s  been opera ted  only sporad ica l ly  s ince  
that t ime .  Approximate total  production h a s  been  $450,000 in  gold 
( P a r d e e  and P a r k ,  1948, p. 106). 

BREWER MINE 

P a r d e e  and P a r k  (1948, p. 106-111) de sc r i be  the depos i t  a s  being 
in sch is tose  rocks  de r i ved  f r o m  bedded tuffs of the volcanic s e r i e s .  
Fol iat ion of the s ch i s t s  s t r i k e s  N. 70° E .  to  N. 80° W. and  d ips  65O 
to 70° N.; a m a s s  of g ran i te  i s  exposed  1 t o  1 112 m i l e s  to the nor th-  
west .  

11 Publicat ion au thor ized  by the D i r ec to r ,  U. S. Geological  Survey - 



The Brewer  lode i s  a n  indefinitely bounded body 200 to 300 fee t  wide 
by 1, 000 feet  long; i t  h a s  been worked to  a depth of 140 feet .  It i s  chief-  
ly  f ine-grained b r ecc i a t ed  qua r t z  that  rep laced  sch is tose  tuff, i n  which 
the o r e  o c c u r s  in  c l o se ly  grouped len t icu la r  shoots .  Gold i s  a l s o  d i s -  
semina ted  in  the surrounding si l ic if ied and  hydro thermal ly  a l t e r e d  tuff. 
A l a rge  body of m a s s i v e ,  ve ry  f ine-grained topaz i s  a s soc i a t ed  with the  
gold deposi t .  

OCCURRENCE O F  BISMUTH 

Al l  r e f e r ences  to b i smuth  a t  the B r e w e r  mine  can  be t r a c e d  back  
to the or ig ina l  d i scovery  by Michael Tuomey in  1844. Tuomey d e s c r i b -  
ed h i s  d i s cove ry  i n  two s epa ra t e  publicat ions,  one in 1844 and  one  in  1848, 
which, although differ ing sl ight ly i n  wording,  s e e m  to r e l a t e  to  a s ingle 
incident. 

In 1844 Tuomey (p. 26) said: "Bismuth - - -  While examining B r e w e r ' s  
mine ,  Mr. C ra ig  the superintendent ,  gave m e  a piece of white m e t a l ,  
which on examina t ion  proved to be b i smuth ,  which was  col lected i n  the 
p roce s s  of amalgamat ion ;  s o  that i t  m u s t  have ex is ted  nat ive a t  th i s  m ine ,  
a s  the  o r e  i s  not roas ted .  I was  a f t e r w a r d s  presen ted  by one of the m e n ,  
with some  m a s s e s  of a yellowish m i n e r a l ,  which had exc i ted  h i s  a t t en -  
tion by i t s  g r ea t  weight; these  m a s s e s ,  which weighed 8 o r  10 pounds 
tu rned  out to be  b i smuth ,  och re  o r  oxide of b i smuth ,  containing f r o m  
30 to 65 p e r  ct .  of me t a l l i c  bismuth.  The shape of the p ieces  showed 
t ha t  they  did not occu r  isolated;  but unfortunately,  I was  unable to a s -  
c e r t a i n  the position of the o r e  in  the mine ,  a s  the pi t  f r o m  which i t  was  
taken  was c losed ,  t he  r e s t  being thrown in  to  f i l l  i t  up. " 

His  1848 descr ip t ion  (p. 97) i s  a s  follows: "I found h e r e  m a s s e s  of 
b i smuth  o c h r e ,  of t en  o r  twelve pounds weight, which presen ted  s t r ong  
indications of the ex is tence  of a g r e a t e r  quantity. But gold alone en -  
g r o s s e s  e v e r y  one ' s  at tent ion,  and I could induce no fu r t he r  s e a r c h  for  
this valuable o r e .  Bismuth a l s o  o c c u r s  nat ive a t  th i s  m i n e ,  and i s  taken 
up by the m e r c u r y  during the p r o c e s s  of amalgamat ion ,  s o  tha t  i t  h a s  
some t imes  happened tha t  when the m i n e r  imagined he  had in  h i s  a m a l g a m  
a fine lump of gold, i t  h a s  tu rned  out to  be ,  on driving off the m e r c u r y ,  
nothing m o r e  than  a piece of bismuth.  " 

In h i s  1848 descr ip t ion ,  Tuomey implied that  he  persona l ly  found the 
m a s s e s  of b i smuth  o c h r e ,  i n  contradict ion to  the s ta tement  in  h i s  o r i -  
ginal  r e p o r t  of 1844 tha t  the spec imens  w e r e  given to  him. 

In 1858 0. M. L i ebe r  (p. 88)  s ta ted  tha t  a spec imen of b i smuth  tha t  
he sen t  to  P ro f .  Rammel sbe rg  i n  Be r l i n  for  ana ly s i s  c a m e  f r o m  the 
Brewer  mine ;  he admi t ted ,  however ,  tha t  he  did not ac tua l ly  s e e  any  
b ismuth  a t  the mine .  The s amp le  m a y  have come f r o m  a m i n e r a l  co l -  
l ec t ion  of the South Caro l ina  Geological Survey ,  a s  L i ebe r  held the pos i -  



tion of State Geologist  a f t e r  Tuomey. 

L i ebe r  s t a t e s  (1858, p. 88) ,  "P ro fe s so r  Rammel sbe rg ,  of Be r l i n ,  
in  h i s  d ic t ionary  of chemica l  ana ly se s  (4th Supplem. p. 262), gives the 
r e s u l t s  of a n  ana ly s i s  of the carbonate  of b i smuth ,  which h e  t e r m s  
b ismuth  s p a r ,  the  spec imen  being f r o m  this  m ine ,  p r e sen t ed  t o  h i m  by 
me .  These  were:  

Oxide of Bismuth .  .................... . 8 2 . 6 3  
Perox .  of I ron . .  ...................... 2. 55 
Alumina. .  ............................ 1.79 
L i m e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 .28 
Magnes ia . .  ........................... 1.60 
Carbonic  a c id . .  ....................... . 6 . 0 2  
Si l icic  ac id . .  .......................... 2.97 
Water . .  ............................... 3. 16" 

Pa l ache ,  Be rman ,  and F r o n d e l  (1951, p. 260) quote a n  ana ly s i s  of 
b i smuth  f r o m  Ches te r f ie ld  County, South Ca ro l i na ,  p r e sumab ly  f r o m  
the B r e w e r  deposi t .  The ana lys i s  i s  a t t r ibu ted  to Rammel sbe rg  
(Annals  of Phys i c s ,  1849, v. 76,  p. 564) and  d i f fe rs  somewhat  f r o m  the 
one quoted by Lieber :  

R e m . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Total . .  .............................. 100.00 

G . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 .67 

Genth (1857, p. 426) ana lyzed  b ismuth  f r o m  the B r e w e r  mine  and  
obtained r e su l t s  qui te  s i m i l a r  t o  those  of Rammel sbe rg .  The  m a t e r i a l  
f o r  th i s  ana lys i s  was  given t o  Genth by  Dr .  Asbury  of Char lo t te ,  North 
Caro l ina ,  Prof .  Lewis R. Gibbes of Cha r l e s ton ,  South Caro l ina ,  and 
0. M. L iebe r  of Columbia,  South Carol ina.  Al l  of the spec imens  w e r e  
sa id  to have c o m e  f r o m  the Brewer  mine .  Genth 's  spec imen  de sc r i p -  
t ions and ana ly se s  a r e  included h e r e  f o r  compa r i son  with t hose  of 
Rammelsberg :  

"I have analyzed a pa le  va r i e t y  (I) and  a d a r k e r  one (11), and  m a d e  
two ana ly se s  of  e a c h ,  one by t rea t ing  the f inely powdered mine ra l  with 
di lute  n i t r i c  a c id  ( a ) ,  the o the r  by digest ion with s t rong  ch lorhydr ic  
a c id  (b) ,  by which every th ing ,  except  the s i l i c ic  a c id ,  i s  dissolved.  

"The quanti t ies  of l ime  and magnes ia  w e r e  found t o  be v e r y  sma l l  
a n d  have not been de te rmined .  

"The following a r e  the r e su l t s :  



Insoluble i n  dil. N052/  
containing wa te r ,  

Teroxyd of b ismuth ,  
Te l lurous  ac id ,  
Sesquioxyd of i ron ,  
Alumina,  
Silicic ac id ,  
Carbonic ac id ,  
Water ,  

"Deducting the amount of wa te r ,  which the res idue  insoluble in n i t r ic  
ac id  contains,  f r o m  the whole quantity given i n  the ana ly se s  (b) we ob- 
t a in  pre t ty  co r r ec t l y  (though somewhat too high) the amount of water  c o m -  
bined in the pure  bismuthite  31. We would have therefore :  

I. (b)  11. (b)  

Teroxyd of b ismuth ,  64. 24 contains 6.65 oxygen, 61. 45 contains 6. 36 oxygen 
Carbonic ac id ,  5. 05 " 3. 67 " 5. 12 " 3. 72 " 
Water ,  2. 35 " 2.09 " 2. 79 " 2.48 " 

The a tomic  r a t i o  of B i 0 3  : C 0 2  : HO i s  therefore:  
in ana lys is  I, 2. 22 : 1.83  : 2. 35 
i n  ana lys is  11, 2. 12 : 1. 86 : 2. 48 

The f i r s t  ana lys is  co r r e sponds  nea r ly  with the formula:  

the second with: 

"These ana ly se s ,  l ike the one made  by Prof.  Rammel sbe rg ,  prove ,  
(and that i s  a l l ,  I  think, which can  be  expected f r o m  the examination of 
so impure  a mine ra l ,  ) that  the  Bismuthite  f r o m  Ches ter f ie ld  Dis t r ic t  i s  
a bas ic  carbonate  of b ismuth  with water .  ' I  Th is  ana lys is  was  quoted by 
Lieber  (1858a, p. 123). 

The following l a t e r  au tho r s ,  l i s ted  in chronological  o r d e r ,  only r e f e r  
to the e a r l i e r  accounts: H a r r y  Hammond (1883, p. 137), G. F. Becke r  

21 This  i s  probably HN03. - 
31 Bismuthite  i s  the Ge rman  spelling of bismuti te .  - 



(1895, p. 28); L.  C. Graton (1906, p. 91); E a r l e  Sloan (1908, p. 76); 
and J .  R. Cooper (1962). 
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T H E  R E F R A C T  I O N  S E I S M O G R A P H  AS A G E O L O G I C  TOOL I N  T H E  

C O A S T A L  PLA l N O F  SOUTH C A R O L  I NA 

l NTRODUCT I O N  

A S M A L L  P O R T A B L E  R E F R A C T I O N  S E I S M O G R A P H  M A N U F A C T U R E D  B Y  

G E O P H Y S I C A L  S P E C I A L T I E S  C O M P A N Y ,  M I N N E A P O L I S ,  M I N N E S O T A ,  H A S  

B E E N  U S E D  S U C C E S S F U L L Y  B Y  T H E  D I V I S I O N  O F  G E O L O G Y ,  S.  C. 
S T A T E  D E V E L O P M E N T  B O A R D ,  T O  D E T E R M I N E  T H I C K N E S S  A N D  G E N E R A L  

L I T H O L O G I C  C H A R A C T E R  O F  S U R F I C I A L  D E P O S I T S  I N  T H E  C O A S T A L  
P L A I N  OF S O U T H  C A R O L I N A .  W H E R E  T H E  L O C A L  S U C C E S S I O N  O F  S E D I -  

M E N T S  I S  K N O W N ,  T H E  I N S T R U M E N T  P R O V I D E S  A  Q U I C K ,  R E A S O N A B L Y  

A C C U R A T E  M E T H O D  O F  D E T E R M I N I N G  V A R I A T I O N S  I N  T H I C K N E S S ,  A N D  T O  

A C E R T A I N  E X T E N T  I N  L I T H O L O G Y ,  T O  D E P T H S  O F  A B O U T  50'.  T H E  
E Q U I P M E N T  I S  R E A D I L Y  T R A N S P O R T A B L E  B Y  A U T O M O B I L E  A N D  C A N  B E  

O P E R A T E D  E F F I C I E N T L Y  B Y  A  TWO M A N  CREW.  P R I N C I P L E  U S E  O F  T H E  

S E I S M O G R A P H  B Y  T H E  D I V I S I O N  O F  G E O L O G Y  T O  D A T E  H A S  B E E N  I N  

D E T E R M I N I N G  D E P T H S  T O  T H E  T O P  O F  T H E  C O O P E R  M A R L  ( E O C E N E - O L I -  
G O C E N E )  I N  T H E  L A D S O N  A N D  N O R T H  C H A R L E S T O N  Q U A D R A N G L E S ,  B E R K E -  
L E Y ,  C H A R L  E S T O N ,  A N D  D O R C H E S T E R  C O U N T I E S ,  S O U T H  C A R O L I N A .  T H E  
C O O P E ~  I S  A S O F T  M A R L  W H I C H  H A S  A L O A D  B E A R I N G  C A P A C I T Y  

A P P R E C I A B L Y  G R E A T E R  T H A N  T H E  U N C O N S O L I D A T E D  S A N D ,  C L A Y ,  A N D  

M U C K  O V E R L Y I N G  I T .  F O R  T H I S  R E A S O N  I T  I S  T H E  U N I T  I N  W H I C H  

T H E  F O U N D A T I O N S  O F  M O S T  L A R G E  S T R U C T U R E S  O F  T H E  C H A R L E S T O N  
A R E A  A R E  F O O T E D .  

E N G I N E E R  l NG S E  ISMOGRAPH MODEL MD-1 

E Q U I P M E N T  U S E D  B Y  T H E  D I V I S I O N  O F  G E O L O G Y  C O N S I S T S  O F  A 

S M A L L  R E F R A C T I O N  S E I S M O G R A P H  ( 9  x 16 x 7 I N C H E S )  W E I G H I N G  16 
P O U N D S ,  P L U S  A N  8 P O U N D  S L E D G E  H A M M E R ,  A 25 P O U N D  S T E E L  P L A T E ,  

300 F E E T  OF  C O N N E C T I N G  W I R E ,  A N D  O N E  G E O P H O N E .  A L L  A P P A R A T U S  

C A N  B E  E A S I L Y  P L A C E D  I N  T H E  T R U N K  O F  A  C A R ,  A N D  S O  P O S I T I O N E D  

T O  P R O V I D E  Q U I C K  E M P L A C E M E N T  A T  S E L E C T E D  L O C A T I O N S .  S E I S M I C  

W A V E S  A R E  C R E A T E D  B Y  H A M M E R  B L O W S  A G A I N S T  T H E  S T E E L  P L A T E  A T  

V A R I O U S  R E C O R D E D  D I S T A N C E S  F R O M  T H E  G E O P H O N E .  T I M E ,  I N  M I L L I -  

S E C O N D S ,  B E T W E E N  T H E  M O M E N T  T H E  H A M M E R  F I R S T  S T R I K E S  T H E  P L A T E  

A N D  T H E  A R R I V A L  OF T H E  F I R S T  I M P U L S E  A T  T H E  G E O P H O N E  I S  M E A -  

S U R E D  B Y  A  T R A N S I S T O R I Z E D  B I N A R Y  C O U N T E R  A N D  I N D I C A T O R .  

O P E R A T I N G  PROCEDURE 

T H E  O P E R A T I O N  O F  T H I S  T Y P E  O F  S E I S M O G R A P H  I S  S I M P L E  A N D  

E A S I L Y  L E A R N E D .  



T H E  L O C A T I O N  B E I N G  S E L E C T E D  F R O M  T O P O G R A P H I C  S H E E T S ,  T H E  

I N S T R U M E N T  I S  T R A N S P O R T E D  T O  T H E  S I T E ,  U S U A L L Y  B Y  C A R ,  A N D  

T U R N E D  ON.  O N E  O F  T H E  O P E R A T O R S ,  E M P L A C E S  T H E  G E O P H O N E  I N  T H E  

G R O U N D ,  T H E  G E O P H O N E  C O R D  B E I N G  U S U A L L Y  L E F T  P E R M A N E N T L Y  A T T A C H -  

E D  T O  T H E  S E I S M O G R A P H .  T H E  I N S T R U M E N T  I S  T H E N  G R O U N D E D  T O  A  

M E T A L  R O D  D R I V E N  I N T O  T H E  G R O U N D ,  T H E  G R O U N D  C O R D  B E I N G  L E F T  

P E R M A N E N T L Y  A T T A C H E D  T O  T H E  I N S T R U M E N T .  T H E  S A M E  O P E R A T O R  

T H E N  M E A S U R E S  O U T  200 F E E T  O N  T H E  G R O U N D  S U R F A C E  W l T H  A  C H A I N  

A N D  R E T U R N S  T O  T H E  M A C H I N E  T O  R E C O R D  R E A D I N G S .  T H E  S E C O N D  O P E R A -  

T O R  H O O K S  U P  T H E  I N S T R U M E N T  T O  T H E  H A M M E R  C O R D ,  P L A C E S  T H E  S T E E L  

P L A T E  I N  A  P O S I T I O N  F l V E  F E E T  F R O M  T H E  G E O P H O N E ,  A N D  C O M M E N C E S  

H A M M E R I N G  A T  S E L E C T E D  P O S I T  I O N S  A W A Y  F R O M  T H E  I N S T R U M E N T .  

I N  P R A C T I C E  I N  C O A S T A L  P L A I N  W O R K ,  T H E  O P E R A T O R S  H A V E  

F O U N D  T H A T  I T  I S  B E S T  T O  S T A R T  W l T H  A  F l V E  F O O T  I N T E R V A L  B E T -  

W E E N  S T A T I O N S  A D J A C E N T  T O  T H E  G E O P H O N E  A N D  T O  K E E P  T O  T H l S  I N -  

T E R V A L  U N T I L  T H E  F I R S T  M A R K E D  B R E A K  I N  S E I S M I C  V E L O C I T Y  I S  

N O T E D .  F R O M  T H l S  P O I N T  O N  O U T ,  A  T E N - F O O T  I N T E R V A L  I S  M A I N -  

T A  I N E D .  

i o a  E A C H  L O C A T I O N  T H E  I N S T R U M E N T  M A N  M U S T  A D J U S T  T H E  

S E I S M O G R A P H  F O R  T H E  M A X I M U M  S E N S I T I V I T Y  P O S S I B L E  W I T H O U T  A L L O W -  

I N G  B A C K G R O U N D  V I B R A T I O N S  T O  A C T I V A T E  T H E  M A C H I N E  A T  T H E  E X -  

P E N S E  O F  T H E  H A M M E R  I M P U L S E .  T H A T  I S ,  O N C E  T H E  C O U N T I N G  C I R -  

C U I T  H A S  C O M M E N C E D  C O U N T I N G ,  B A C K G R O U N D  V I B R A T I O N S  M U S T  N O T  

A C T I V A T E  T H E  G E O P H O N E  T O  C A U S E  T H E  C O U N T I N G  T O  S T O P  P R I O R  T O  

T H E  A R R I V A L  O F  T H E  H A M M E R  I M P U L S E .  B Y  S T A R T I N G  ? L O S E  T O  T H E  

R E C O R D I N G  I N S T R U M E N T  A N D  M O V I N G  A W A Y ,  E R A T I C  R E A D I N G S  C A N  B E  

I M M E D I A T E L Y  R E C O G N I Z E D  A N D  D I S G A R D E D  A N D  S E N S I T I V I T Y  A D J U S T E D  

U N T I L  A  C O R R E C T  R E A D I N G  C O M E S  T H R O U G H .  

I N  A R E A S  C O V E R E D  T O  D A T E ,  I T  I S  P O S S I B L E  T O  O P E R A T E  T H E  

S E I S M O G R A P H  W l T H  A N  I M P U L S E - G E O P H O N E  S E P A R A T I O N  O F  U P  T O  A B O i l T  

203 F E E T ,  A L T H O U G H  O N  O C C A S I O N  A G O O D  S I G N A L  H A S  B E E N  O B T A I N E D  

A T  300 F E E T .  O N C E  T H E  D E S I R E D  D E P T H  OR S T R A T U M  H A S  B E E N  I N V E S T -  

I G A T E D ,  T H E  A P P A R A T U S  I S  R E P L A C E D  A N D  T A K E N  T O  T H E  N E X T  L O C A T I O N .  

l N T E R P R E T A T  I O N  

T H E  S E I S M I C  V E L O C I T Y  O F  A S E D I M E N T  I S  A S  M U C H  A P H Y S I C A L  

C H A R A C T E R I S T I C  A S  A N Y  O F  I T S  O T H E R  P R O P E R T I E S .  S I N C E  E A C H  S T A -  

T I O N  E X A M I N E D  C O N S I S T S  O F  A  N U M B E R  O F  S U P E R I M P O S E D  S E D I M E N T S ,  

I T  F O L L . O W S  T H A T  A  G R A P H  O F  V A R Y I N G  V E L O C I T Y ,  E A C H  I N F L U E N C E D  

B Y  A  P A R T I C U L A R  L I T H I C  T Y P E ,  S H O U L D  B E  D E V E L O P E D .  T A B L E  

D U E  L I S T S  S E V E R A L  O F  T H E  V E L O C  l T  l E S  l N D l  C A T E D  B Y  O U R  E X -  

P E R I E N C E  T O  D A T E .  



~ D E N T I F I C A T I O N  OF S E D I M E N T  T Y P E  M A Y  B E  P O S S I B L E  T H R O U G H  

V E L O C I T Y  E X A M I N A T I O N  A L O N E .  I N  P R A C T I C E  H O W E V E R  I T  H A S  B E E N  

F O U N D  A D V A N T A G E O U S  T O  H A V E  A  L I M I T E D  N U M a E R  OF P O W E R  A U G E R  

H O L E S  D R I L L E D  R E G I O N A L L Y  I N  O R D E R  T O  P R O V I D E  A  C H E C K  ON 

S E I S M I C  D A T A .  B Y  T H I S  M E A N S  I T  I S  P O S S I B L E  T O  I N T E R P R E T  
M A J O R  F A C I E S  C H A Y G E S  I N  S U R F l C l A L  S T R A T A .  

I N T E R P R E T A T I O N  O F  D E P T H S  T O  A G I V E N  F O R M A T I O N  C A N  B E  

W O R K E D  O U T  W l T H  F A C I L I T Y  U S I N G  G R A P H I C  A I D S  S U P P L I E D  W l T H  T H E  

I N S T R U M E N T .  A V E L O C I T Y  C O M P U T I N G  G R A P H  O V E R L A Y  I S  A V A I L A B L E  

T H A T  A L L O W S  T H E  O P E R A T O R  T O  C A L C U L A T E  V E L O C I T Y  B Y  C O M P A R I N G  
T H E  I N C L I N A T I O N  O F  T H E  T I M E  VS D I S T A N C E  L I N E S  R E C O R D E D  A T  E A C H  

S T A T I O N  W l T H  T H O S E  ON T H E  G R A P H .  T H E  V E L O C I T Y  OF T H E  V A R I O U S  
L I N E S  B E I N G  KNOWN,  A N D  T H E  D I S T A N C E  AWAY F R O M  T H E  G E O P P O N E  

W H E R E  T H E  V E L O C I T I E S  C H A N G E  B E I N G  O B S E R V E D  F R O M  T H E  G R A P H  M A D E  
A T  T H E  S T A T I O N ,  T H E  D E P T H  T O  T H l S  V E L O C I T Y  C H A N G E  C A N  E A S I L Y  

B E  C A L C U L A T E D  U S I N G  T H E  F O R M U L A :  

W H E R E  X c 1  I S  T H E  D I S T A N C E  ( S U R F A C E )  T O  T H E  F I R S T  C H A N G E  D F  

V E L O C I T I E S ,  V 1  I S  T H E  F I R S T  V E L O C I T Y ,  A N D  V 2  T H E  S E C O N 3  V E L O -  

C I T Y .  I F  T H R E E  D I S T I N C T  V E L O C I T I E S  A R t  A P P A R E N T  ( S U C H  A S  D R Y  

S O I L ,  W A T E R  T A B L E ,  A N D  M A R L )  ~ i i i  r O I  I D B  I~.IC, F F O R W L L A  M A Y  ~t U S E D :  

O R  F O R  S P E E D  A T  T H E  E X P E N S E  OF M I N O R  I N A C C U R A C Y  T H E  L A T T E R  

T E R M  M A Y  B E  R E P L A C E D  B Y  0.8 x Dl. 

D I F F I C U L T I E S  I N  I N T E R P R E T A T I O N  U S I N G  T H E  S E I S M O G R A P H  
F A L L  I N T O  T H R E E  C A T E G O R I E S .  

I N S U F F I C I E N T  P E N E T R A T I O N  O F  S I G N A L  I S  A P R O B L E M  W H I C H  
O C C A S I O N A L L Y  A R I S E S  F R O M  S E V E R A L  C A U S E S .  F R E Q U E N T L Y ,  B A C K -  

G R O U N D  V I B R A T I O N S  A R E  T H E  M A I N  F A C T O R ,  P A R T I C U L A R L Y  W H E N  WORK-  

I N G  I N  H E A V I L Y  P O P U L A T E D  A R E A S  OR A C T I V E  I N D U S T R I A L  R E G I O N S .  
T H E  G A I N  C O N T R O L  M A Y  H A V E  T O  B E  S E T  D O W N  S O  F A R  T H A T  R E S P O N S E  

F R O M  D I S T A N C E S  O F  O V E R  100 F E E T  I S  l M P O S S l B L E  T O  P I C K  U P  W I T H -  

O U T  P R I O R  A R R I V A L  O F  S T R A Y  V I B R A T I O N S .  O F T E N  T H l S  C A N  B E  N E -  

G A T E D  B Y  P E R F O R M I N G  WORK A T  T I M E S  OF D E C R E A S E D  A C T I V I T Y  I N  T H E  

R E G I O N .  



H I G H  W I N D S  H A V E  O C C A S I O N A L L Y  H I N D E R E D  D E E P E R  P E N E T R A -  

T I O N S ,  B U T  T H l S  P R O B L E M  I S  E A S I L Y  S O L V E D  B Y  B U R Y I N G  T H E  G E O -  

P H O N E  U N D E R  S E V E R A L  I N C H E S  OF S O I L .  U S I N G  T H l S  M E A N S  I T  H A S  

B E E N  F O U N D  P O S S I B L E  T O  H A V E  A S  M U C H  A S  A 300 F O O T  S E P A R A T I O N  

B E T W E E N  H A M M E R  A N D  G E O P H O N E  A N D  S T I L L  G E T  R E L I A B L E  R E S P O N S E .  

I N A B I L I T Y  T O  S U P P L Y  A S T R O N G  S I G N A L  I N T O  T H E G R O U N D  A L S O  

H A S  P R O V E D  A  F A C T O R ,  P A R T I C U L A R L Y  I N  S W A M P Y  A R E A S  OR A R E A S  

W H E R E  T H E  W A T E R  T A B L E  L I E S  C L O S E  T O  T H E  S U R F A C E .  S O M E T I M E S  

T H l S  H A S  B E E N  S U R M O U N T E D  B Y  S I M P L E  S H I F T I N G  OF T H E  S T R I K I N G  

P L A T E  OR B Y  U S I N G  A  S O M E W H A T  L A R G E R  P L A T E .  I F  N E I T H E R  P R O -  
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