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ABSTRACT 

The o b j e c t i v e  of t h i s  p r o g r a m  i s  t o  d e v e l o p  a n d  a p p l y  

t a r g e t i n g  . _  p r o c e d u r e s  f o r  t h e  e v a l u a t i o n  of l o w - t e m p e r a t u r e  

geothermal- r e s o u r c e s  in t h e  . e a s t e r n  U n i t e d  States  u t i l i z i n g  

g e o l o g i c a l ,  g e o c h e m i c a l ,  and g e o p h y s i c a l  data .  Pr imary  

y r c g r a m m a t i c  e m p h a s i s  is  now being placed o n  the 

c c n f i r o a t i o n  of r a d i o g e n i c  resources beneath s e d i m e n t s  of 

the A t l a n t i c  Coas ta l  P l a i n .  Geotherlnal gradients known t o  

d a t e  in the A t l a n t i c  Coas ta l  P l a i n  are  consis tent  with those 

t o  be e x p e c t e d  from concealed r a d i o g e n i c  sources. C o l l a t i o n  

of e x i s t i n g  g r a v i t y  a n d  m a g n e t i c  d a t a  a v a i l a b l e  for the 

A t l a n t i c  Coastal  l a i n  h a s  been c o m p l e t e d  a n d  m o d e l i n g  of 

selected n e g a t i v  g r a v i t y  anomalies of tho C u f f y t o w n  C r e e k  

( E d g e f i e l d )  p l u t o  S.C., t h e  Ro lesv i l l e  b a t h o l i t h ,  N.C., 

a n d  t h e  P e t e r s b u r g  g r a n i t e ,  Va. are i n  p r o g r e s s .  The s t u d y  

of the C u f f y t o w n -  creek g r a n i t e  is a l m o s t - c c m p l e t e .  Haps 

s h o w i n g  the d i s t r i b u t i o n  of g r a v i t y  stations for t h e  s t a t e s  

of Georgia,. South C a r o l i n a ,  and North Carol ina h a v e  b e e n  

p r e p a r e d .  A r e c o n n a i s s a n c e  geologic map is b e i n g  p r e p a r e d  

of the R a l e i g h  belt and C a r o l i n a  s l a t e  b e l t  rocks bourded by 

the Durham-Padesboro Tr i a s s i c  basin on t h e  west, A t l a n t i c  

C c a s t a l  P l a i n  s e d i m e n t s  on t h e  east, l a t i t u d e  35'15'8 and 

t h e  North C a r o l i n a - V i r g i n i a  b o r d e r .  T h e  p u r p o s e  of this 

study is t o  determine t h e  r e l a t i o n s h i p  of t h e  Rolesvi l le  

k a t h o l i t h  t o  the s u r r o u n d i n g  c o u n t r y  rocks, and t o  p r o v i d e  a 

g e o l o g i c  base for t h e  g e o p h y s i c a l  i n t e r p r e t a t i o n  of P i e d m o n t  



s t r a t i g r a p h y  u n d e r l y i n g  A t l a n t i c  Coas ta l  P l a i n  s e d i m e n t s  t.0 

t h e  e a s t .  Whole rock c h e m i s t r y  s h o w s  t h a t  t h e  g a b b r o i c  

p l u t c n E  of t h e  s o u t h e a s t e r n  U.S. a r e  a l k a l i n e  y a b b r o -  

di ro  it e- s y e n it e co m p lexe s ga b b r o / g a b  b r  6- 

n o r i t e  Complexes.  Heat g e n e r a t i o n  v a l u e s  of 1.2-1.8 HGU 

m e a s u r e d  f o r  t h e  Concord s y e n i t e  a n d  Ht. Carmel s y e n i t e  

( p a r t  of a n  older magma series a p p r o x i m a t e l y  400 m.y.0.) 

i n d i c a t e  t h a t  d i f f e r e n t i a t i o n  a l o n e  is i n s u f f i c i e n t  t o  

explain h i g h  h e a t  g e n e r a t i o n .  The c o m p o s i t i o n  of t h e  p a r e c t  

magma is a c r i t i ca l  factor. T h e  Siloam pluton, Greene Co.; 

Ga., is a c o a r s e - g r a i n e d ,  late Paleozoic p l u t o n  selected f o r  

s t u d y  b e c a u s e  o f  h i g h  h e a t - g e n e r a t i o n  v a l u e s  o h t a i n e d  i n  

r e c o n m a i s s a n c e  s a m p l i n g .  F i e l d  work d e m o n s t r a t e s  t h a t  the 

Siloam is similar  t o  the other p o s t - m e t a m o r p h i c  p l u t o n s  of 

a nd s u b a  1 ka li n e  

/ 

the s o u t h e a s t ;  h o w e v e r ,  t h e  h e a t  g e n e r a t i o n  is aFprox ima te3 .y  

twice t h e  v a l u e  for o t h e r  coarse-gra ined  g r a n i t e s  i n  t h e  

s o u t h e a s t .  C h e m i c a l  a n a l y s e s  of t h e  P e t e r s b u r g  b a t h o l i t h ,  

Va., i n d i c a t e  t h a t  t h e  ma jor-element chemistry resembles 

most closely t h e  L i b e r t y  H i l l ,  S.C., f i n e m g r a i n e d  a n d  

R o l e s v i l l e ,  N.C., su r face  s a a p l e s ;  h o w e v e r ,  t h e  a v e r a g e  U 

c o n t e n t  of t h e  P e t e r s b u r g  s u r f a c e  samlyles is c o n s i d e r a b l y  

h i g h e r  t h a n  t h a t  from t h e  s u r f a c e  of any other pluton. 
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INTRODUCTION A R D  OVERVIEW 

A l t h o u g h  t h e  r e l a t i v e l y  s t a b l e  t e c t o n i c  s e t t i n g  of the 

e a s t e r n  U n i t e d  States  seems t o  r u l e  out t h e  p o s s i b l e  

o c c u r r e n c e  of c o n v e n t i o n a l ,  h i g h - t e m p e r a t u r e  h y d r o t h e r m a l  

r e s o u r c e s ,  t h e  r e g i o n  does c o n t a i n  g e c t b e r m a l  r e s o u r c e s  

which are  b e i n g  developed now, o r  u h i c h  may be e x p l o i t e d  in 

t h e  f u t u r e .  The g e o t h e r m a l  r e s o u r c e s  a n t i c i p a t e d  w i l l  be  

lcw- t o  m o d e r a t e - t e m p e r a t u r e  f l u i d s  t h a t  a r e  best suited for 

di rec t  heat a p p l i c a t i o n s .  

The n e a r - t e r m  resource assessment i n  the eastern U n i t e d  

S t a t e s  - p l a c e s  p r i m a r y -  p r o g r a m m a t i c  emphasis  ori the 

c c n f i r m a t i o n  of r a d i o g e n i c  tesources i n  t h e  A t l a n t i c  Coas ta l  

Plain.  This e m p h a s i s  is b a s e d  o n  t h e  p a r t i a l  c o n f i r m a t i o n  

of the r a d i o g e n i c  model  as d e s c r i b e d  in DOE Reports 

VPXESU-51034 and -5 ,  C o n c u r r e n t  s t u d i e s  a t  VPIESU, b e c a u s e  

of t h e i r  g e o g r a p h i c  p r o x i m i t y  t o  t h e  A t l a n t i c  C o a s t a l  P l a i n ,  

also bear d i r e c t l y  on t h e  assessment of -cthcr g e o t h e r m a l  

r e s o u r c e  types ,(see VPIESU-5103-5) .  The u t i l i z a t i o n  of 

t y p e s  of -geothermal resources in t h e  eas t ,  

I l y  the h o t - d r y - r o c k  a n d  norma3 g r a d i e n t  r e s o u r c e s ,  

may b e  d e p e n d e n t  n t e c h n o l o g i c a l  a d v a n c e s  before t t e y  c a n  

be e c o n o m i c a l l y  d e v e l o p e d ,  b u t  a n  a s s e s s m e n t  of t h e  

g e o t h e r m a l  of these resources cannot  b e  made 

without a reliable d a t a  base. 
, 

E e c a u s e  ~ it is n o t  e c o n o m i c a l l y  f ea s ib l e  to select 

d r i l l i n g  s i t e s  on t h e  A t l a n t i c  Coas t a l  P l a i n  u i t h o u t  



L geophysical a n d  g e o l o g i c a l  models, it i s  a d v i s a b l e  t o  base 

the d e v e l c p m e n t  of t h e s e  models o n  a s u b s t a n t i a l  ar&d 

accura te  d a t a  base w h i c h  c a n  b e  p a r t i a l l y  d e r i v e d  from t h e  

e x p o s e d  rocks  of t h e  P i e d m o n t  a n d  e n h a n c e d  by -basement 

s t u d i e s  b e n e a t h  t h e  A t l a n t i c  C o a s t a l  P l a i n .  

We e m p h a s i z e  t h e  i m p o r t a n c e  of u n d e r s t a n d i n g  the 

g e o l o g i c  f ramewOrk s i n c e  i t  is t h i s  f r a m e w o r k  t h a t  c o n t r o l s  

t h e  occurrence a n d  d i s t r i b u t i o n  of g e o t h e r m a l  resources. 

S i t e - s p e c i f i c  g r a v i t y  s u r v e y s  of the At lan t i c  Coas ta l  

P l a i n  a r e  nou i n  p r o g r e s s  by VPZGSO. R e s u l t s  of d e t a i l e d  

g r a v i t y  s u r v e y s  i n  t h e  P i e d m o n t  a n d  t h e  m o d e l i n g  of 

p o t e n t i a l  f i e l d  da ta  a re  g i v e n  i n  t h i s  r e p o r t .  P r e l i m i n a r y  

s t u d i e s  i n d i c a t e  t h a t  t h e  d e n s i t y  c o n t r a s t  fcr p l a t o n i c  

rocks in t h e  P i e d m o n t  is i n  t h e  r a n g e  of -0.15 t o  -0.25 

gm/cc. T h e s e  s t u d i e s  w i l l  h e l p  t o  d e f i n e  t h e  shal;e and 

g e o l o g i c  f r amework  of r a d i o g e n i c  sources c o n c e a l e d  b e n e a t h  

t h e  s e d i m e n t s  of t h e  A t l a n t i c  Coastal  P l a i n .  Haps s h o w i n g  

t h e  d i s t r i b u t i o n  of g r a v i t y  s t a t i o n s  in t h e  s t a t e s  of 

Georgia, S o u t h  Carolina,  N o r t h  C a r o l i n a ,  V i r g i n i a ,  Delaware, 

Maryland, a n d  N e w  J e r s e y  are b e i n g  p r e p a r e d .  S t a t i o n  

d i s t r i b u t i o n  maps for G e o r g i a ,  South Carol ina,  a n d  North 

Carol ina  are g i v e n  in this r e p o r t  and v i 1 1  be u p d a t e d  in - 

s u b s e q u e n t  reForts a s  a d d i t i o n a l  - a n d  new da ta  become 

a v a i l a b l e .  I n c l u d e d  i n  t h i s  reEcrt a r e  t a b u l a t e d  v a l u e s  of 

new g r a v i t y  data o b t a i n e d  by VPIESU. 

t 1\ r e c o n n a i s s a n c e  g e o l o g i c  n a p  of p o r t i o n s  of the 

B a l e i g h  belt and C a r o l i n a  slate b e l t ,  a n d  s t r u c t u r a l  mapp ing  
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11 of  the R o l e s v i l l e  b a t h o l i t h  vi11 p r o v i d e  a geologic base for 

the geophysical i n t e r p r e t a t i o n  of basement r o c k s  beneath  the 

s e d i m e n t s  of the A t l a n t i c  Coastal P l a i n ,  A d d i t i o n a l  s t u d i e s  

i n  t h e  Piedmont  continue t o  c o n t r i b u t e  t o  our u n d e r s t a n a i n g  

be  s t r u c t u r a l  and p e t r o l o g i c  s e t t ing  of t h e  l a t e  

- 

$ 4  
Paleozoic p l n t o n s .  

Easement core was o b t a i n e d  from a hole i n  t h e  Coastal 

a i n  of  Georgia i n  Yayne County, Total d e p t h  of t h e  hole 

was 1332  m .  The 1 t-squares geothermal g r a d i e n t  over  t h e  

was . 2 9 , 3  f O.l4oC/ks.  Thermal 

~ c o n d u c t i v i t y  ~ g e n e r a t i o n  d e  termioations, 

p e t r o g r a p h y ,  and geochronology of the basement core are i n  

L -  

I 

progress .  . 
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RESEARCH O B J E C T I V E S  

T b e  o b j e c t i v e  of t h i s  r e s e a r c h  i s  to d e v e l o p  a n d  a p p l y  

t a r g e t  iEg F r o c e d u r e s  f o r  t h e  e v a l u a t i o n  of l o w - t e a p s r a t u r e  

r a d i o g e n i c a l l y - d e r i v e d  geothermal  r e s o u r c e s  i n  the e a s t e r n  

U n i t e d  S t a t e s  u t i l i z i n g  g e o l o g i c a l ,  g e o c h e m i c a l ,  arid 

g e  o p h y s i c n l  d a t a .  

T h e  cp t imum si tes € o r  g e o t h e r m a l  d e v e l o p m e n t  i n  the 

t e c t c n i c a l l y - s t a b l e  E a s t e r n  u n i  ted Sta t e s  will probably be 

a s s o c i a t e d  w i t h  areas of r e l a t i v e l y  h i g h  h e a t  f l o w  d e r i v e d  

from c r u s t a l  i g n e o u s  rocks c o n t a i n i n g  r e l a t i v e l y  h i g h  

c o n c e n t r a t i o n s  of r a d i o g e n i c  h e a t - p r o d u c i n g  elements, The 

s t o r a g e  of ccmmercially-exploitable g e o t h e r m a l  h e a t  a t  

accessible d e F t h s  (1 -3  km) w i l l  a l s o  r e q u i r e  f a v o r a b l e  

r e s e r v o i r  c o n d i t i o n s  in r o c k s  o v e r l y i n g  a r a d i o g e n i c  heat 

s o u r c e .  I n  o r d e r  to s y s t e m a t i c a l l y  locate  t h e s e  sites, a 

me thodc 1 og y e m p l o y i n g  g e o l o g i c a  1, g e o c h e m i c a l ,  a r,d 

g e o p h y s i c a l  F r o p s p e c t i n g  t e c h n i q u e s  is b e i n g  d e v e l o p e d  a n d  

a p p l i e d .  The  d i s t r i b u t i o n  cf r a d i o g e n i c  sources w i t h i n  t h e  

i g n e o u s  rccks of various a g e s  and magma t y p e s  v i 1 1  he 

d e t e r m i n e d  b y  a c o r r e l a t i o n  b e t w e e n  r a d i o e l e m e n t  composition 

a n d  t h e  bulk c h e m i s t r y  of t h e  rock. S u r f a c e  s a m p l i n g  a n d  

measu remen t  of the rad iogenic  h e a t - p r o d u c i n g  e l e m e n t s  a re  

known t o  b e  u n r e l i a b l e  as t h e y  a re  pceferentia l y  removed by 

g r o u n d - w a t e r  c i r c i u l a t i o n  and  w e a t h e r i n g .  The corre la t ion  

between t h e  b u l k  c h e m i s t r y  of t h e  rock (which  can be 

m e a s u r e d  r e l i a b l y  from s u r f a c e  s a m p l e s )  and r a d i o g e n i c  heat 
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g e n e r a t i o n  i s  b e i n g  c a l i b r a t e d  by  d e t a i l e d  s t u d i e s  a t  a 

number of l o c a t i o n s  i n  t h e  e a s t e r n  U n i t e d  States. 

I n i t i a l  s t u d i e s  a r e  developing a m e t h o d o l o g y  for t h e  

l o c a t i c n  of r a d i o g e n i c  hea t  sources buried beneath t h e  

i n s u l a t i n g  s e d i m e n t a r y  rocks of t h e  A t l a n t i c  C o a s t a l  P l a i n .  

C h c i c e  of a d r i l l  site i n  the A t l a n t i c  Coas t a l  Plain with a 

h i g h  geothermal r e s o u r c e  p o t e n t i a l  deEends on f a v o r a b l e :  

(1) c o n c e n t r a t i o n  of r a d i o g e n i c  elements in 

g r a n i t i c  r o c k s  benea th  a s e d i m e n t a r y  

i n s u l a  tor; 

(2) thermal c o n d u c t i v i t y  of t h e  sed imentary  

i n s u l a t o r :  

(3)  t h i c k n e s s  of t h e  s e d i m e n t a r y  i n s u l a t o r ;  a n d  

(4) r e s e r v o i r  c o n d i t i o n s  i n  t h e  p e r m e a b l e  

s e d i m e n t a r y  rocks o v e r l y i n g  the radiogenic 

h e a t  s o u r c e  

Because it is not e c o n o n i c a l l y  f ea s ib l e  t o  select d r i l l i n g  

sites on the A t l a n t i c  Coas t a l  P l a i n  w i t h o u t  g e o p h y s i c a l  a n d  

g e o l o g i c a l  models, it is a d v i s a b l e  t o  base the d e v e l o p m e n t  

of these models on a s u b s t a n t i a l  and a c c u r a t e  d a t h  base 

which  can be p a r t i a l l y  d e r i v e d  

P iedmcn t  a n d  e n h a n c e d  by basemen t .  s t u d i e s  b e n e a t h  the 

A t l a n t i c  Coastal P l a i n .  
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Costain,  Abstracts ,  Geol. SOC. America SE Section, 
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OPERATIONS 

D u r i n g  t h e  l a s t  t h r e e  n c n t h s ,  from 10/1/77 t o - 1 2 / 3 1 / 7 7 ,  

16 man-weeks were s p e n t  o n  f i e l d w o r k .  The f o l l o w i n g  i s  a 

l i s t i a g  of man-days of f i e l d w o r k  i n -  e a c h  area,  a n d  t h e  

number o f  samples c o l l e c t e d .  . .  

S a m p l e s  for 
Chemistry 
and Heat T o t a l  

Area of P l u t o n  Man-Days P r o d u c t i o n  Samples 

R o l e s w i l l e - R a l e i g h  belt- 
s l a t e  belt, N.C. 2 5  - 73 

L i l e s v i l l e ,  N.C. 1 0  - 1s 
7 - Winnsboro, S . C .  3 

C u f f y t c w n  Creek 
( E d g e f i e l d ) ,  S.C. 7 - 53 

19 - Dutchmans  Creek, S . C .  2 

P a l m e t t c ,  Ga. 

Siloam, Ga. 

14 

18 

1 1  

18 

39  

4 1  

Danburg ,  Ga. 1 1 5 

D r i l l  h o l e  s i t e s  were l o c a t e d  i n  t h e  Siloam (2)  a n d  

Palmetto (1) p l u t o n s .  D r i l l i n g  of the P a g e l a o d  hole was 

c o m p l e t e d  a t  a b o u t  690 feet ,  a n d  t h e  C u f f y t o w n  C r e e k  drill 

h o l e  uas b e g u n  a n d  s i n c e  c o m p l e t e d  a t  964 feet. 
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R E C O N N A I S S A N C E  L I T H O L O G Y  A N D  STRUCTURE OF THE 

SOUTHERN R A L E I G H  BELT A N D  ADJACENT C A R O L I N A  SLATE BELT, 

NORTH C A R O L I N A  

Stewar t  S. Farrar 

A r e c o n n a i s s a n c e  map is b e i n g  p r o d u c e d  of the R a l e i g h  

b e l t  a n d  C a r o l i n a  slate b e l t  rocks bcnnded by the Durham- 

iass ic  b a s i n  o n  t h e  west, A t l a n t i c  C o a s t a l  Plain 

east ,  l a t i t u d e  350158, a n d  the N o r t h  

T h i s  p r o g r e s s  repcrt covers t h e  

a t i t u d e s  3 S 0 1 5 *  a n d  360 ( F i g u r e  

The p u r p o s e s  of t h i s  s t u d y  are t o  d e t e r m i r , e  t h e  
u -  

r e l a t i o n s h i  t h e  R o l e s v i l l e  b a t h o l i t h  t c  t h e  s u r r o u n a i n g  

c o u n t r y  rock a n d  t o  p r o v i d e  a g e o l o g i c  base for t h e  

g eoph y s  i c  a 1  i n t e r p r e t a t i o n  of P i e d m o n t  s t r a t i g r a p h y  

u n d e r l y i n a  A t l a n t i c  C o a s t a l  Plain sediments t o  t h a  east. 

Farker (1968) g a v e  a b r i e f  summary of t h e  s t r u c t u r e  and 

s t r a t i g r a p h y  of t h i s  area. I n  a d d i t i o n ,  a n u n b e r  of t h e s e s  

a t  North C a z o l i n a  S t a t e  U n i v e r s i t y ,  R a l e i g h ,  arid t h e  

U n i v e r s i t y  of North C a r o l i n a ,  C h a p e l  Hill, c o v e r  parts of 

this area (Carpenter, 1970; Cook, 1972; ~ i c k e y ,  
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CI Figure  A l .  Generalized geology of t h e  southern 
Appalachians modified by L. Glover I11 from Fisher and 
others (1970) . 
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Explanation 

Triassic rocks of the Durham-Deep River-Wadesboro basin 

Sins pluton. Medium-grained, post-tectonic biotite granite 

Castalia pluton. Medium-grained, post-tectonic biotite 
granite 

Polesville batholith. Rolesville main phase (Pmp) - medium- 
grained, syntectonic, biotite granite; Rolesville border 
phase (Rbp) - Rolesville main phase with very plentiful xeno- 
liths of adjacent country rock; Archers Lodge porphyritic 
phase (App) - very coarse-grained, K-feldspar porphyritic 
biotite granite 

Unnamed, small plutons of medium-grained biotite granite- 
granitic gneiss 

netavolcanics undivided. Greenschist facies metamorphosed 
'mafic and felsic flows, pyroclastics, and minor associated 
metasiltstone and phyllite 

Felsic metavolcanics. Greenschist and lower amphibolite 
grade metamorphosed Crystdl and lithic tuffs, minor devi- 
trified obsidian, and near surface porphyritic felsic intru- 
sives. Unit includes minor mafic metavolcanics and Yhyllites 

Yaiic metavolcanics. Sreenschist grade metamorphosed basaltic 
flows, now greensrone, some with quartz-epidote amygdules; 
includes some interlayered felsic metavolcanics and phyllite 

Chlorite-muscovite-quartz phyllite 

Interlayered chlorite-muscovite-quartz phyllite and muscovite- 
chlorite-albite-quartz metasiltstone 

Quartz-epidote-chlorite-phgiocldse-hornb1ende metagabbro 
(am 1;  quartz-epidote-chlorite-plagioclase-hornblende amphi- 
bolite, probably metavolcanic (am2) 

aiotite-garnet-quarta-murcovite schist 

3iotite-garnet-quartz-muscovite schist 2 staurolite, kyanite; 
garnet-staurolite-graphite-quartz-muscovite schist; biotire- 
muscovite quartzite; and muscovite-plagioclase-quartz gneiss 

!?uscovite-kyanite quartzite 

hartz-muscovite schist, and nuscovite-quartz-plagioclase 
microg::eiss; includes some felsic metavolcanics 

Biotite-hornblende-microcline-quartz-plagioclase meta- 
granodiorite 

Fine-grained biotite-opaque-plagioclase-quartz-microcline 
leucogneiss; includes 10-15 percent hornblende-plagioclase 
amphibolite 

Biotite-hornblende-microcline-quartz plagioclase gneiss, 
layered; includes numerous, small guartz-plaqioclase- 
microcline pegmatites, and minor lenses of Rolesville biotite 
granite 

Triassic fault 
Approximate contzc? from field data 
Approximate contact from aeromagnetic data 
Contact qlierried whore very speculative 

Figure  AZ--(facing page) .  Lithologic  map of t h e  
southern Raleigh b e l t  and adjacent Carolina s l a t e  belt, 
North Carolina. 
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A r e v i s e d  i n t e r p r e t a t i o n  of the structure of the 

R o l e s v i l l e  b a t h o l i t h  c a n  be f c u n d  i n  t h e  s t r u c t u r e  s e c t i o n  

of t h i s  r e ~ o r t .  

B i o t i t e - h o r n b l e n d e - m i c r o c l i n e - q u a r t z  p l a g i c c l a s e  g n e i s s  (bhg) 

B i o t i  t e - h c r n b l e n d e  g n e i s s  c o m p r i s e s  a u n i t  a l o n g  the 

western s i d e  of t h e  R o l e s v i l l e  b a t h o l i t h  ( F i g a r e  A 2 ) .  It 

consists  of a l t e r n a t i n g  b i o t i t e  b e a r i n g  l e u c o c r a t i c  l a y e r s  

(C.I. 2-5) a n d  more mafic b i o t i t e - h o r n b l e n d e  b e a r i n g  l a y e r s  

{C-I. 10-15) 0 

T h e  major m i n e r a l  c o n s t i t u e n t s  a r e  quaxtz, p e r t h i t i c  

sicrccline,  u n z o n e d  p l ag ioc la se  (An18-22) w i t h  a l b i t e  rims, 

a n d  b i o t i t e  ( p l e o c h r o i c  d a r k  brown to l i g h t  t a n ) .  A c c e s s o r y  

m i n e r a l s  a r e  opaque oxide.  zirccn, a n d  a p a t i t e .  Hore mafic 

b a n d s  c c n t a i n  t i t a n i t e  a n d  h o r n b l e n d e  ( p l e o c h r o i c  X = p a l e  

y e l l c u - b r o w n ,  Y = d a r k  y e l l o w - g r e e n ,  2 = b l u e - g r e e n ) .  

C h l o r i t e ,  hematite, and m u s c o v i t e  are r e t r o g r a d e  minerals 

which ,  i n  some cases, form a weak f o l i a t i o n  c a t t i n g  across 

o l d e r  b i o t i t e - h o r n b l e n d e  m i n e r a l  o r i e n t a t i o n  a n d  l a y e r i n g .  

T h i s  u n i t  a l s o  c o n t a i n s  n u m e r o u s  t h i n  h o r n b l e n d e -  

p l a g i o c l a s e  a m p h i b o l i t e  l a y e r s .  Small qua r t  z - p l a g i c c l a s e -  

micrccl ine p e g m a t i t e s  are a l s o  common i n  this u n i t .  The 

c o n t a c t  w i t h  t h e  R o l e s v i l l e  g r a n i t e  is complex ,  w i t h  l e n s e s  

of g r a n i t e  in t h e  g n e i s s ,  a n d  x e n o l i t h s  of g n e i s s  i n  t h e  

g r a n i t e .  T h i s  c o m p l e x i t y  r e s u l t e d  i n  the mapping  of t h e  

B o l e s v i l l e  border  p h a s e  (Rbp) d e s c r i b e d  a b o v e .  A t  least 
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part of t h e  compleritg of this c o n t a c t  results from post- 

i n t r u s i v e  f o l d i n g  of the c o n t a c t .  

( B i o t i t e ) - o p a q u e  oxide-plagioclase-qnartz-microcline 

l e u c o g n e i s s  ( l g n )  

T h i s  is a f i n e - g r a i n e d ,  l i g h t  n to white l e u c o g n e i s s  

(C.I. 1-31. It forms a n e a r - v e r t i c a l ,  1.0-1.5 km t h i c k  

n n i t . w h i c h  is continuous a l o n g  s t r i k e  for a t  l eas t  40 km 

( F i g u r e  A?). Very weak l a y e r i n g ,  formed by c o n c e n t r a t i o n s  

of q u a r t z  and e r y  m i n o r .  b io t i te ,  shows tight t o  i s o c l i n a l  

m i n o r  folds. The axes of these f o l d s ,  and the p a r a l l e l  

c o n c e n t r a t i o n  of oxides  cause a very s t r o n g  l i n e a t i o n  which  

is charac te r i s t ic  of . th i s  unit. S e v e r a l  s a p r o l i t e  outcrops 

of h o r a b l e n d e - p l a g i o c l a s e  a m p h i b o l i t e  o c c u r  in this area, 

s u g g e s t i n g  t h a t  as much as 10-15 percent of t h i s  unit n a y  be 

am F h i  b o l i  te . 
, .  This rock unit i4: a s s o c i a t e d  w i t h  a d i s t i n c t  m z g n e t i c  

high-on t h e  aeromagnetic map of this region ( R a l e i g h  Sheet, 

0 .  S. Geological n s v e p ,  1976). T h i s  magnetic l i n e a m e n t  was 

useful, i n  joining exposures into a c o n t i n u o u s  map u n i t .  
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Me t a p e l i t e ,  f e l d s p a t h i c  me t a q u a r t z i t e ,  q u a r t z o s e  g n e i s s  (qt: 

gms) 

T h i s  u n i t  consists of (1 )  k y a n i t e - s t a u r o l i t e - g a r n e t -  

m u s c o v i t e - b i o t i t e - q u a r t z  s c h i s t ;  (2) g a r n e t - s t a u r o l i t e -  

g r a p h  i te-q uar t z-mu s c o v i  t e s c h i s t  ; ( b i o t i t e )  -muscov i  te 

q u a r t z i t e ;  a n d  (4 )  ( b i o t i t e )  - m u s c o v i t e - p l a g i o c l a s e - q u a r t z  

g n e i s s .  These rock types are  i n t e r l a y e r e d  a n d  complexly 

(3  1 

f o l d e d  in a u n i t  exposed for a width of up to 10 ka! and a 

l e n g t h  of a t  l e a s t  50 km. There are  good e x p o s u r e s  of t h e s e  

r o c k  t y p e s  a long  Crabtree Creek and U.S. 7 0  west of R a l e i g h .  

This a f e a  was d e s c r i b e d  i n  Scme detail by Fortson (1958)# 

a n d  B r o a d h u r s t  a n d  P a r k e r  (1959) .  
1 

The a s s e m b l a g e  kyanite-staurolite-garnet-muscovite-bio- 

t i t e - q u a r t z  h a s  been f o u n d  only in t h e  e a s t e r n  edge of this 

u n i t ,  on the n o r t h w e s t  o u t s k i r t s  of R a l e i g h .  However, t h e  

a s s e m b l a g e  w i t h o u t  k y a n i t e  o c c u r s  i n  a s c h i s t o s e  l a y e r  5 km 

fa r ther  uest. T h e  a s s e m b l a g e  k y a n i t e - g a r n e t - b i o t i t e -  

muscovite-Flagioclase-quartz occurs w i t h i n  t h i s  map u n i t  and 

t h e  gms map u n i t  at least as f a r  s o u t h  as 7 ks n c r t h  of 

L i l l i n g t o n .  I t  may- e x t e n d  f a r t h e r ,  b u t  f r e s h  samples f o r  

p e t r o g r a p h y  h a v e  not been o b t a i n e d  f a r t h e r  s o u t h .  

The a s s e m b l a g e  garnet-staurolite-graphite-quartz-mus- 

covi te  occurs  i n  a sequence of g r a p h i t i c  l a y e r s  which are  

f o u n d  i n  a b a n d  a p p r o x i m a t e l y  1.5 kw west of t h e  l g n  map 

u n i t .  The i n d i v i d u a l  g r a p h i t i c  l a y e r s  are usually cn t h e  
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orde r  of 1-5 D t h i c k  a n d  the g r o u p  c a n  be t raced  a l o n g  

s t r i k e  a b o u t  25 km. A n o t h e r  g r a p h i t i c  layer  4 km f a r t h e r  

west h a s  been  traced s o u t h e a s t  i n t o  the p h y l l i t e -  

rne tas i l t s toae  u n i t  (ph-mst ,  F i g u r e  A 2 )  (mapping  by P a r k e r ,  

in U i l s c n  a n d  C a r p e n t e r ,  1975).  As mapped by Parker, t h i s  

i n d i c a t e s  t h a t  a t  l e a s t  p a r t  of m a p . u n i t  qt-gns is the 

h i g h e r  m e t a a o r p h i c  g r a d e  e q u i v a l e n t  of u n i t  ph-mst. 

A s u b o r d i n a t e ,  but ccmmon, rock t y p o  is c h l o r i t e -  

b i o t i t e - m u s c o v i t e  quartzite which  is, at l eas t  in p a r t ,  the 

r e t rog rade  equivalent of t h e  h i g h e r  g r a d e  assemblages a b o v e ,  

b u t  €or the most p a r t  is much r i c h e r . i n  q u a r t z .  

The f o u r t h  i m p o r t a n t  rock t y p e  i s  ( b i o t i t e )  - m u s c o v i t e -  

p l a g i  oc l a s e - q u a r t  z g n e i s s .  Where l ea s t  deformed, this rock 

t y p e  h a s  relict- p l a g i o c 3 a s e  E h e n o c r y s t s  (?) w h i c h  suggest 

is a h i g h l y  recrystall ized fe l s ic  v o l c a n i c  unit. 

This could be e q u i v a l e n t  of the felsic v o l c a n i c  units t o  t h e  

south a n d  s o u t h e a s t  which h a v e  better preserved t e x t u r e s  a t  

lcuer m e t a m o r p h i c  grade. 

Q u a r t z - m u s c o v i t e  s c h i s t  and fe l s ic  m i c r o g n e i s s  '(ms) Q u a r t z - m u s c o v i t e  s c h i s t  and fe l s ic  m i c r o g n e i s s  '(ms) 

- 
p o o r l y  exposed u n i t  v h i c h  i s  u s u a l l y  

f o u n d  a s  KIUSCO ist s a p r o l i t e .  Rare fresh s a m p l e s  of 

tke s c h i s t  h a v e  t h e  assemblage garnet-oagnetite-yuartz- 

muscovite, w i t h  or w i t h o u t  minor chlorite and b i o t i t e .  The 

u n i t  a l s o  i n c l u d e s  a t  least 20 s e r c e n t  m u s c o o i t e - q u a r t z -  
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p l a g i o c l a s e  m i c r o g n e i s s ,  and m i n o r  e p i d o t e - q u a r t z -  ( a c t i n o -  

l i t e ) - h o r n b l e n d e - p l a g i o c l a s e  a m p h i b o l i t e .  Lesser deformed 

p o r t i o n s  of tbe m i c r o g n e i s s  h a v e  w e l l - p r e s e r v e d  p lag ioc lase  

p h e n o c r y s t s  in a f i n e - g r a i n e d  muscovite-quartz-plagicclase 

g r o u n d m a s s - - s u g g e s t i n g  t h a t  the m i c r o g n e i s s  as a whole map 

be recrystall ized felsic v o l c a n i c s .  

A m p h i b c l i t e  (am) 

T h e r e  are two t e x t u r a l  v a r i e t i e s  of a m p h i b o l i t e  i n  thfs 

area. Aml, west of E a l e i g h  { F i g u r e  A2), is  a chlorite- 

e p i d o t e - q u a r t z  p l a g i o c l a s e - h o r n b l e n d e  amphibolite. 

Ch lc r i t e - eF ido te -qua r t z  is  c o n c e n t r a t e d  along a late, 

p o o r l y - d e v e l o p e d  f o l i a t i o n ,  Undeformed v o l u m e s  of 

p l a g i o c l a s c - h o r n b l e n d e  h a v e  a re l ic t  t e x t u r e  shcwn by 

c o n c e n t r a t i o n s  of fine, dusty, o p a q u e  i n c l u s i o n s .  The 

i n c l u s i o n s  are  be l ieved  t o  h a v e  formed i n  c l i n o p y r o x e n e  

u h i c h  has  s ince  reac ted  u i t h  a u c h  of the p l a g i o c l a s e  t o  fora 

h o r n b l c n d e ,  The relict s u b o p b i t i c  t e x t u r e  shoun by t h e  

d u s t y  i n c l u s i o n  d i s t r i b u t i o n  i n d i c a t e s  that t h i s  was a 

gabbroic i n t m s i o n ,  

A m 2  h a s  e s s e n t i a l l y  t h e  same m i n e r a l o g y  as 

aml--chlorite-epidote-guartz-plagioclas~-hornblen~e 

( a c t i n c l i t e ) .  f fouever ,  it h a s  no relict i g n e o u s  t e x t u r e ,  

a n d  t h e  minor o p a q u e  o x i d e  o c c u r s  a s  larger grains t h a n  t h e  

d u s t y  i a c l u s i c n s  of aml. T h i s  a a p b i b o l i t e  is f o u n d  
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i n t e r l a y e r e d  vith felsic v o l c a n i c  r o c k s ,  p r e s e n t i n g  t h e  

s t r o n g  p o s s i b i l i t y  t h a t  it is a aetabasalt. 
’) 

H e t a v o l c a n i c s  (nf v, a m 0  mv) 

- T b e , s o u t h e r n  ,and  e a s t e r n  p o r t i o n s  of the mapped area 

c o n s i s t  d o m i n a n t l y  of ’ greenschist facies a e t a v o l c a n i c s  a n d  

a e t a s r d i a e n t s ,  Areas .of d c m i n a n t l y  e e t a v o l c a n i c  rocks are  

shcun as felsic m e t a v o i c a n i c s  (mfv) 8 mafic a e t a v o l c a n i c s  

(emv) ‘and  u n d i v i d e d  a e t a v o l c a n i c s  (nv) ( F i g u r e  A 2 ) .  

P a r t i c u l a r l y  i n  t h e  extreme s o u t h  and east, e x p o s u r e s  are 

v e r y  sparse, o c c u r r i n g  o n l y  where major streams c u t  t h r o u g h  

o o e r l p i n g  Coastal P l a i n  deposits, T h e s e  f e u  o u t c r o p s  a re  

jo ined i n t o  major map u n i t s  through the u s e  of a e r o m a g n e t i c  

ancmalies (Raleigh Sheet, U. S. G e o l o g i c a l  S u r v e y ,  1976). 

B c t h  felsic and mafic a e t a v o l c a n i c s  are associated w i t h  

magnetic h i g h s  . r e l a t i v e  t o  I surrounding aetasedimeats, t h e  

general lp having higher  anoaalies t h a n  t h e  felsic 

rocks, 

The ‘mafic m e t a v o l c a n i c s  are ’ p a r t i c u l a r l y  well exposed 

leinor t r i b u t a r i e s  of  t h e  Tar R i v e r  5 km south of 

S F r i n g  -aope ( F i g u r e  A2), It is a f i n e - g r a i n e d ,  green-grey 

to g r e e n  

(arayg d u l e s ? )  

ncnotcnous 

Te r t n r a  11 y8 

g r e e n s t o n e  v i t h  e l l i p t w a l  q u a r t z  blobs 

i n ’  some layers, H i n e r a l o g i c a l l y ,  it is a 

assemblage of opa q u e - q u a r t  n - a l b i t e - e p i d o t e .  

t h i n  sections are n n i n f o r ~ a t 5 v e ,  s i n c e  t h e  
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d o m i n a n t  r inera l - - ep idote - -re ta ins  relict t e r t u r e s  v e r y  

poor1  y . 
F e l s i c  n e t n v o l c a n i c s  are t h e  most r e s i s t a n t  a n d  hest 

e x p o s e d  of t h e  g r e e n s c h i s t  f ac ies  r o c k  t y p e s .  P y r o c l a s t i c  

d e p o s i t s  are e x p o s e d  a d j a c e n t  t o  t h e  g r e e n s t o n e s  a l o n g  t h e  

Tar R i v e r  s o u t h  of S F r i n g  Hope. C r y s t a l  a n d  l i t h i c  

f r a g m e n t s  u p  t o  4-5 cm i n  diameter a r e  common i n  the 

t u f f a c e o u s  rock. A 1 m t h i c k  v o l c a n i c  c o n g l o r e r a t s  w i t h  

r o u n d e d  felsic cobb les  6-10 cm i n  diameter is e x p o s e d  i n  

t h i s  s e q u e n c e .  A t  t h e  P r i n c e t o n  I: a n d  P r i n c e t c n  I1 Nello 

Teer quarr ies  16 k m  eas t  of S m i t h f i e l d ,  a major porphyritic 

f e l s i c  a e t a v o l c a n i c  u n i t  is exposed..  Host  of t h e  P r i n c e t o n  

I1 q u a r r y  c o n s i s t s  of p r o b a b l e  c r y s t a l  tuffs. The rock 

c o n s i s t s  cf p l a g i o c l a s e  p h e n o c r y s t s  i n  a f i n e - g r a i n e d  

epidote-muscovite-quartz-albite  g r o u n d m a s s ,  The P r i n c e t o n  I 

q u a r r y  h a s  several t e x t u r a l  v a r i e t i e s ,  i n c l u d i n g  (1) l i t h i c ,  

c r y s t a l  t u f f s  u i t h  scattered l a p i l l i  2-4 cm i n  diameter; (2 )  

c r y s t a l  t u f f  s i n i l a r  t o  P r i n c e t o n  I1 rocks; (3) p r c b a b l e  

d e v i t r i f i ? d  g l a s s - - e x t r e m e l y  f i n e  g r a i n e d ,  t h i n  l a y e r e d ,  

e p i d o t e - m u x o v i t e - q u a r t z - a l b i t e  rock-with p r c b a b l e  f lou 

l a y e r i n g  p r e s e r v e d  i n  c o m p l e x  folas; (4) a n c t h e r  p r o b a b l e  

flow, w i t h  epidote-muscovite-quartz-albite  g r o u n d m a s s  a n d  

e p i d o t e - q u a r t z  a m y g d u l e s  u p  to  2.5 cm i n  diameter, 

West of Fnquay-Var ina ,  a n  area s h c a n  as g r a n i t e  on t h e  

Geologic a a p  of N o r t h  C a r o l i n a  ( S t u c k e y ,  1958) is a c t u a l l y  a 

rock w i t h  p l a g i o c l a s e  p h e n o c r y s t s  i n  a g r a p h i c  g r o u n d m a s s  of 

t 

L 
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m i c r o c l i n e  and q u a r t z .  T h i s  p l a g i o c l a s e - r i c h  rock is 

assoc ia t ed  w i t h  a t y p i c a l  p l a g i o c l a s e  c r y s t a l  tuff. Both 

rocks h a v e  s u f f e r e d  g r e e n s c h i s t  f ac i e s  metamorphism, a n d  t h e  

i n t r u s i v e  q u i t e  p o s s i b l y  is t h e  s h a l l o w l y - e m p l a c e d  

e q u i v a l e n t  of t h e  f e l s i c  e x t r u s i v e s .  A similar  body 6 km 

n o r t h  of F u q u a y - V a r i n a  has b e e n  found a t  only one o u t c r o p ,  

a n d  may be a d i k e  or l a r g e r  body. T h e  l a r g e s t  expanse of 

f e l s i c  s e t a v o l c a n i c s  e x t e n d s  s o u t h w e s t  frcm Fuqnay-Var ina  i n  

an a r e a  wh ich  a p p e a r s  as mica g n e i s s  on t h e  G e o l o g i c  Hap of 

North C a r o l i n a  ( S t u c k e y ,  1958) .  This u n i t  is d o m i n a n t l y  a 

c r y s t a l  metatuf f ,  w i t h  t h i n  q u a r t z - m u s c o v i t e  and  q u a r t z -  

b i o t i t e  s c h i s t  l a y e r s .  

P h y l l i t e - m e  t?si ltst o n e  (ph-  lest) 

T h e  p h y l l i t e - m e t a s i l t s t o n e  u n i t  is a major b u t  very 

F c o r l y - e x p o s e d  s e q u e n c e .  The s p a r c i t y  of o u t c r o p  c a n  be 

surmised from the thin.distribution of s t r u c t u r a l  data 

ts of f i n e - g r a i n e d  

cblor i t e - q u a r t z -  s c o v i t e  F h y l l i t e  a n d  m e t a s i l t s t o n e .  B o t h  

rocks c o n t a i n  minor b i o t i t e ,  u h i c h  i n c r e a s e s  i n  a b u n d a n c e  

touard h i g h e r  grade rocks to t h e  n o r t h  a n d  northwest. Very 

f i n e - g r a i n e d  m u s c o v i t e - s e r i c i t e  is most a b u n d a n t  in t h e  

p h y l l i t e  which has a very  prominent m u s c c v i t e  f o l i a t i o n .  

C h l o r i t e  a n d  quartz and ,  i n  some cases, e p i d o t e  and  a l b i t e  

a re  d o m i n a n t  in the m e t a s i l t s t o n e .  The m e t a s i l t s t o n e  
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Explanation 

Map units and contacts defined as in Figure A2.  

Strike and Dip of 

so+sl 

s2 

s3 

f 

Horizontal S3 

Fold axis or mineral lineation 

F i g u r e  A3. Geologic map of t h e  s o u t h e r n  R a l e i g h  b e l t  
and adjacent C a r o l i n a  strike belt, North Carolina. 
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LiJ commcnly has g r a d e d  b e d d i n g ,  and where l e a s t  d e f o r m e d ,  top- 

b o t t c m  r e l a t i o n s h i p s  may p o s s i b l y  be d e t e r m i n e d .  

K y a n i t e - q u a r t z i t e  (kq) 

Trc s m a l l  b o d i e s  of ( u s c o v i t e )  - k y a n i t e  q u a r t z i t e  h a v e  

b e e n  mapped. One is 8 k m  n o r t h - n o r t h w e s t  of S m i t h f i e l d  

( F i g u r e  A2) .  T h e  s e c o n d  is a p p r o x i m a t e l y  10 km west of 

R a l e i g h  ( F i g u r e  A2) B o t h  h a v e  h i g h l y  d e f o r m e d  , k y a n i t e  

l a t h s ,  scme of which h a v e  been r e p l a c e d  by m u s c o v i t e .  

Sims g r a n i t e  ( sgr )  

T h e  S i m s  g r a n i t e  ( F i g u r e  A2) i s  a medium- t o  coarse- 

g r a i n s d  b i c t i t e  g r a n i t e .  P l a g i o c l a s e  is z o n e d  and h a s  b e e n  

e x t r e m e l y  s a u s s u r i t i z e d ,  g i v i n g  i t  a l i g h t - g r e e n  color in 

hand s p e c i m e n .  The  K - f e l d s p a r  i s  m a c r o p e r t h i t i c  m i c r o c l i n e .  

B i o t i t e  is m o s t l y  a l t e r e d  t o  c h l o r i t e .  A p h y l l i t i c  xenolith 

h a s  t h e  c o n t a c t  m e t a m o r p h i c  a s s e m b l a g e  c h l o r i t e - a n d a l n s i t - e -  

biotite-musccvite-quartz. * T h e r e  i s  ?o i n d i c a t i o n  of a post- 

i n t r u s i v e  de fo rma t iona l  e v e n t .  T h e  S i n s  g r a n i t e  has not 

b e e n  d a t e d .  
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Unnamed sma l l  g r a n i t e s  (gr) 

Three small  g r a n i t e  b o d i e s  h a v e  been mapped west a n d  

s o u t h v e s t  o f  R a l e i g h .  811 t h r e e  a r e  med ium-gra ined  b i o t i t e  

g r a n i t e s .  The n o r t h e r n  t w o  h a v e  strong, l a t e  muscov i te -  

c b l o r i t e  f o l i a t i o n s .  The more s o u t h e r n  of these two is a 

protornylonite. The s o u t h e r n m o s t  of a t b e  t h r e e - - s o u t h w e s t  of 

L i l l i n g t o n - - a a s  a weak b i o t i t e  f o l i a t i o n .  It has 

m a c r o p e r t h i t i c  microcline a n d  s l i g h t l y  s a u s s u r i t i z e d  

p l a g i o c l a s e .  It is very s i m i l a r  t o  the R o l e s v i l l e  main 

p b a s e .  

Granodior i te  (gd) 

N o r t h w e s t  of R a l e i g h  there is  a medium-gra ined  b io t i t e -  

hcrnblende-quartz-plagicclase g r a n o d i o r i t e  intrusive (Figure 

8 2 ) .  Plag ioc la se  has b e e n  h i g h l y  s a u s s u r i t i z e d ,  b u t  has not 

b e e n  recrystal l ized.  B i o t i t e -  a n d  h o r n b l e n d e  form a moderate 

to s t r o n g  foliation. Accessory minerals i n c l u d e  t i t a n i t e ,  

and a p a t i t e ,  This i n t r u s i v e  has a p p a r e n t l y  b e e n  

s u b j e c t e d  to t h e  same m e t a m o r p h i c  event a s  the s u r r o u n d i n g  

ccuntry. rock 
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L,. i 
Ul t ramafics  

Numerous smal l  c h l o r i t e -  talc-se r pen t i n e - a  m p h i  bole 

u l t r a m a f i c  b o d i e s  h a v e  b e e n  mapped i n  t h e +  qt-mgs u n i t ,  

s t a r t i n g  a b o u t  10 km n o r t h  of R a l e i g h  and c o n t i n u i n g  north 

of this map area (Wilson a n d  Carpenter, 1975; D i c k e y ,  1963),  

They are n o t  shown in F i g u r e  A i ? ,  s i n c e  t h e i r  c c n t a c t s  were 

n o t  IUaFFed i n  t h i s  s t u d y .  

r 1  Diabase 

Numerous diabase d i k e s  t r a n s e c t  t h e  map area. Plost of 

them have a n o r t h w e s t  t o  n o r t h - n o r t h w e s t  strike, and 

a p p r o x i m a t c l y  v e r t i c a l  d i p ,  T h o s e  observed h a v e  a g a b b r o i c  

c o m p c s i t i o n ,  b u t  t h e y  were not examined i n  t h i s  s t u d y .  I n  

order  t o  a v o i d  c lut ter ,  t h e y  are n o t  shown i n  F i g u r e  AZO 

S t r u c t u r e  

Tbe Raleigh b e l t  a n d  C a r o l i n a  s l a t e  b e l t  r o c k s  east  of 

t h e  Durham T r i a s s i c  basin { F i g u r e  A3) h a v e  b e e n  s u b j e c t e d  t o  

a minimum of three d e f o r E a t i c n a 1  e v e n t s .  The f o l l o w i n g  

s t ruc tu ra l  i n t e r p r e t a t i o n  e x F a n d s ,  and it is hoped, corrects 

the s t ruc tu ra l  i n t e r p r e t a t i o n  of t h e  more l i m i t e d  R o l e s v i l l e  

area F t e s c n t e d  by Becker  and Farrar  i n  Progress Report 

VPIIESU-5 103-3. I 
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S-s ur faces W 

B e d d i n g ,  Sb, can be observed in m e t a s e d i m e n t s  and  

m c t a t u f f s  of t h e  l e a s t  deforned g r e e n s c h i s t  facies Carolina 

slate b e l t  rocks. Sb is a l s o  chse rved  as p r c b a b l e  flow 

l a y e r i n g  i n  b o t h  mafic a n d  felsic flows i n  t h e  Caro l ina  

slate b e l t  rocks. A t t i t u d e s  of Sh a r e  not shown i n  F i g u r e  

A3, brcause t h e y  h a v e  been obserwcd o n l y  on t h e  l i m b s  of 

s r a l l - s c a l e  folds. 

SO is d e f i n e d  a s  c o m p o s i t i o n a l  l a y e r i n g ,  t h e  ea r l ies t  

observed s u r f a c e  in the a o + e  h i g h l y  r e c r y s t a l l i z e d  racks of 

tbe Carolina slate belt and R a l e i g h  be l t .  SO may, i n  some 

cases,. be Sb, b u t  i n  most i n s t a n c e s  i t  is p r o b a b l y  a 

me t a m o r p h i c a l l y - f  ormed l a y e r i n g .  

1 -is a s t r o n g l y - d e v e l o p e d  p e n e t r a t i v e  f o l i a t i o n  of 

p l a n a r  and e l o n g a t e  minerals formed d u r i n g  t h e  D1 

d e f o r m a t i o n a l  e v e n t .  I t  is generally a x i a l  p l a n a r  t o  

i s o c l i n a l  f o l d s  i n  Sb and SO. In many outcrops, S 1  p a r a l l e l  

to SO, or  S 1  p a r a l l e l  to  Sb is  the only m e a s u r a b l e  s u r f a c e .  

F1 hinge s u r f a c e s  ( p a r a l l e l  to S1) f o l d e d  i n t o  F2 folds g i v e  

proof of t h e  e x i s t e n c e  of separable D1 a n d  D2 e v e n t s .  P1 

fclds have only b e e n -  defined cn outcrop scale; n o n e  were 

l a r g e  enough t o  show on F i g u r e  A3. 

s2 is a s t r o n g -  t o  m o d e r a t e l y - d e v e l o p e d  l o c a l l y  

pene t ra t ive  foliation. I n  some f e l s i c  rcck types i t  is 

p o o r l y  d e f i n e d ,  a n d  exists only as t h e  b i n g e  surfaces of u 
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t i g h t  t o  i s o c l i n a l  F2 f o l d s .  I n  m i c a c e o u s  r o c k s ,  S2 i s  a 

b i o t i t e  or m u s c o v i t e  f o l i a t i o n  o r ,  i n  some cases, a 

c r e n u l a t i o n  c l e a v a g e .  P2 f o l d s  are gene ra l ly  c l o s e  t o  

t i g h t ,  a n d  h a v e  b e e n  found both as r e f o l d e d  F1 f o l d s ,  a n d  

r e f o l d e d  by F3 f o l d s .  F 2  f o l d s  r a n g i n g  i n  sca le  from 

m i c r o s c c p i c  t o  r e g i o n a l  h a v e  been found .  

S3 is h i g h l y  v a r i a b l e  i n  i t s  d e v e l c p m e n t .  I n  t h e  

g r e e n s c h i s t  f a c i e s  rocks s o u t h  of t h e  R a l e i g h  b e l t ,  S3 

commonly o c c u r s  as a f i n e  p e n e t r a t i v e  c r e n u l a t i c n  c l e a v a g e ,  

w h i c h  is  a x i a l  p l a n a r  t o  small ,  20 cm t o  1 w a v e l e n t h ,  o p e n  

f3 f o l d s  a n d  a p p r o x i m a t e l y  a x i a l  p l a n a r  t o  r e g i o n a l  F3 

f o l d s .  I n  the S p r i n g  Hope area,  t h e  f e u  m e a s u r e m e n t s  of S3 

are  on c r e n u l a t i o n  c l e a v a g e ,  wh ich  is v e r y  d i f f i c u l t  t o  

d i s t i n g u i s h  frcm S 2 .  West and  s o u t h w e s t  of R a l e i g h ,  S3 is a 

s t r o n g l y - d e v e l o p e d  r e t r o g r a d e  m u s c o v i t e - c h l o r i t e  f o l i a t i o n  

o r  f r a c t u r e  c l e a v a g e  i n  the p e l i t i c  a n d  q u a r t z o - f e l d s p a t h i c  

rocks u h i c h  form the u e s t e r n  bo rde r  of t h e  B a l e i g h  b e l t  and 

a d j a c e n t  C a r o l i n a  s l a t e  belt r o c k s .  

S t ruc tura l  I n t e r p r e t a t i o n  

The s t r u c t u r e  of t h i s  a r e a  i s  d i s c u s s e d  in terms of 

subareas f o r  c o n v e n i e n c e  of p r e s e n t a t i o n  ( F i g u r e  B4a) . Area 

I is d c m i n a t e d  b y  m o d e r a t e l y  tc g e n t l y  u e s t u a r d - d i p p i n g  S3. 

Area I1 o c c u p i e s  t h e  corcr of t h e  M a k e W a r r e n  a n t i c l i n o r i u m  

of Parker (1968) . This is a major F3 s t r u c t u r e .  Area I11 
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Figure A4a. Hajor s t r u c t u r e s  of the s o u t h e r n  Raleigh 
belt and a d j a c e n t  slate belt. Bumbered subdivisions are 
those for stereographic prcjections i n  Figure AS. 

Spring Hope Synforrr 

.). 

Woke - Warren Anticllnorium 

Smi thfleld Synform 

Figure b4b. Cartoon of the S m i t h f i e l d  F 2  synforrr, 
refolded by F 3  f o l d s .  Numbered s u b d i v i s i o n s  are those for 
s t e r e o g r a p h i c  p r o j e c t i o n s  in Figure A5. Surface shown is 
the major m e t a v o l c a n i c  u n i t .  F 2  and F3 are n o t  coaxia l .  
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e n c o n p a s s e s  a r e g i o n a l  F2 f o l d  w h i c h  h a s  b e e n  re fo lded  by 

F3. S t e r e o g r a p h i c  p r o j e c t i o n s  i n  F i g u r e  A5 correspond t o  

s u b a r e a s  in F i g u r e  A4. 

Area I is, f o r  t h e  most p a r t ,  a zone of major l a t e  

d e f o r m a t i o n .  I s o c l i n a l  P1 f o l d s  a re  t i g h t l y  r e f o l d e d  about 

F2 axes. T e x t u r a l  s t u d y ,  p a r t i c u l a r l y  of p e l i t i c  rocks, 

i n d i c a t e s  t h a t  the 0 2  e v e n t ,  p r o d u c i n g  F2 folds a n d  s2, 

occurred before, o r  at t h e  h e i g h t  of, EtetaBOrFhiC g r a d e .  

T i g h t  F2 microfolds  are p r e s e r v e d  i n  t h e  f o r a  cf g r a p h i t e -  

r i c h  layers i n  a g r a p h i t i c  s c h i s t .  B o t h  g a r n e t  a n d  

s t a u r o l i t e  p o r F h y r o b l a s t s  have grown across these P2 folds. 

The F o I F h y r o b l a s t s  i n  t h i s  p a r t i c u l a r  s a m p l e  h a v e  n o t  been 

r o t a t e d  or d e f o r m e d  i n  a n y  way. This t e x t u r e  ind ica tes  t h a t  

t h e r e  was pos t -D2  c r y s t a l l i z a t i o n  u n d e r  a m p h i b c l i t e  facies 

c o n d i t i o n s - t h e  h i g h e s t  m e t a m o r p h i c  grade f o u n d  i n  t h i s  

area. 

Mcst outcrops  in area I s h o w  a s t r o n g  l a t e  d e f o r m a t i o n ,  

D3, under g r e e n s c h i s t  f a c i e s  c o n d i t i o n s ,  w i t h  t h e  f o r m a t i o n  

of a m u s c o v i t e - c h l o r i t e  f o l i a t i o n  wh ich  c u t s  h i g h e r  g rade  

a s s e m b l a g e s .  The i n t e n s i t y  of this l a t e  d e f o r m a t i o n  is 

h i g h l y  v a r i a b l e .  S a m p l e s  from a s i n g l e  p e l i t i c  c u t c r o p  vary 

g r e a t l y .  Paral le l  t o  S 3 ,  t h e r e  a r c  thin z o n e s  of a feu 

meters t h i c k n e s s ,  u h i c h  h a v e  been n y l o n i t i z e d  a n d  

r e t rog raded  t o  a c h l o r i t e - q u a r t z - m u s c o v i t e  p h y l l o n i t e .  T h i s  

assemblage is p a r t i c u l a r l y  well d e v e l o p e d  a l o n g  the eastern 

border of subarea IB, n o r t h  of Ang ie r .  Some o u t c r o p s  



Figure A5. StereograDhic projections of data from areas outlined in Figure A4a. Symbols are: 
goles to Sots1 ( 0 ) , poles to S2 ( A ) , poles to S3 ( ) , F1 and F2 fold axes 
and lineations ( + ), and F3 fold axes ( X ).( in I I B  i s  the approximate F3 
fold axis (50, S05E). 
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c o n t a i n  only c h l o r i t e - q u a r t z - m u s c o v i t e ,  while o t b e r s  c o o t a i n  

rotated a n d  p a r t i a l l y  r e t r o g r a d e d  p o r p h y r o b l a s t s  of g a r n e t  

a n d  k y a n i t e  i n  a c h l o r i t e - q u a r t z - m u s c o v i t e  g r o u n d m a s s .  

I n  s u b a r e a  I B ,  w h e r e  m e t a m o r p h i c  g r a d e  was n o t  a s  h i g h  

as IA, it is d i f f i c u l t  t o  d i f f e r e n t i a t e  S2 a n d  S3, b o t h  of 

wh ich  a r e  m u s c o v i t e - c h l o r i t e  f o l i a t i o n s ,  c u t t i n g  m o s t l y  

f e l s i c  v c l c a n i c  a s s e m b l a g e s .  T h i s  p r o b a b l y  results i n  some 

c o n f u s i o n  i n  t h e  a s s i g n m e n t  of f o l i a t i o n s  t o  52 and S3, 

S t e r e o g r a p h i c  p r o j e c t i o n s  for subareas  IA and IB 

( F i g u r e  A5) i l l u s t r a t e  t h e  d o m i n a n c e  of S3 i n  t h i s  area.  53 

v a r i e s  from v e r t i c a l  to h o r i z o n t a l  i n  s u b a r e a  IB, u h i l e  it 

is n e a r l y  c o n s t a n t  a t  NOE, 35W in s u b a r e a  IA, Both areas 

have fold a x e s  a n d  m i n e r a l  l i n e a t i o n s  c o n c e n t r a t e d  n e a r  

h o r i z c n t a l  p a r a l l e l  t o  t h e  s t r i k e  of S3, a n d  p l u n g i n g  

westuard i n  t h e  p l a n e  of S3. 

A r e a  I is i n t e r p r e t e d  t o  be a major deformat icn  zone 

which  d i p s  m o d e r a t e l y  westward. This z o n e  forms t h e  w e s t e r n  

b o u n d a r y  cf t h e  R a l e i g h  b e l t  i n  t h i s  area,  T h i s  zone 

a p p a r e n t l y  n a r r o u s  n o r t h u a r d  toward t h e  V i r g i n i a  b o r d e r ,  

where  i t  c c n t i n u e s  to form t h e  b o u n d a r y  of t h e  R a l e i g h  b e l t  

( C a s a d e v a l l ,  1977) . I n  area IB, t h e  g r e a t e s t  d e f o r m a t i o n  

n a y  be c o n c e n t r a t e d  i n  t h e  g a r n e t - m u s c o v i t e  s c h i s t  u n i t ,  b u t  

S3 f o ' l i a t i c n  is moderate t o  strong throughout the area.  

Area I1 a p p r o x i m a t e l y  c o m p r i s e s  the s o u t h e r n  end  of t h e  

R a l e i g h  be It.. The Rolesv i l l e  ba tho 1 i t  b o c c u p i e s  

a p p r o x i m a t e l y  7 0  p e r c e n t  of t h i s  area, Subarea IIA ( F i g u r e  
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I 

b) A 4 )  is d o m i n a t e d  s t r u c t u r a l l y  by t i g h t l y  c o m p r e s s e d  F2.folds 

w i t h  a x i a l  s u r f a c e s  NlOE, v e r t i c a l ,  a n d  a p p r o x i m a t e l y  

h c r i z c n t a l  h i n g e  lines a n d  m i n e r a l  l i n e a t i o n s .  S3 is almost 

a b s e n t  i n  t h i s  area. F1 f o l d s  are f o u n d  as small, i s o c l i n a l  

f o l d s  w h i c h  h a v e  b e e n  r e f o l d e d  b y  9 2  folds. S u b a r e a  IIB 

i n c l u d e s  t h e  R o l e s v i l l e  b a t h o l i t h  a n d  c c u n t r y  r c c k s  wh ich  

o c c u r  b o t h  a s  x e n o l i t h s  a n d  folds p r o j e c t i n q  i n t o  t h e  

b a t h o l i t h .  T h e  R o l e s v i l l e  b a t h o l i t h  i s  a p r e -  o r  syn-F2  

i n t r u s i o n .  I t  has a weak t o  moderate S 2  biotite f o l i a t i o n .  

S 1  p l u s  SO can be meas d i n  many g n e i s s i c  x e n o l i t h s  a n d  

areas of c o u n t r y  r o c k  f o l d s d  i n t o  t h e  g r a n i t e  ( F i g u r e  A3). 

The S2 f o l i a t i o n  of s u b a r e a  IIB has b e e n  f o l d e d  t o  form 

the Wake-Warren a n t i c l i n o r i u m  ( P a r k e r ,  1968) . This major F3 
s t r u c t u r e  p l u n g e s  SO, S05E ( b a s e d  on f o l d e d  SZ), and  weak S3 

m e a s u r e m e n t s  g i v e  t h e  a x i a l  surface b120E, 70E ( F i g u r e  AS).  

T h e  r e f o l d i n g  of p r  o u s l y  folded S 1 ,  a b o u t  F3 axes, 

produces t h e  complex p a t t e r n  of s t e r e o p l o t  IIB ( F i g u r e  AS) . 
Fcld axes  d e f i n e a  by folded l a y e r i n g  t e n d  t o  be steep t o  

m o d e r a t e l y  u t h w a r d  p l u n g i n g .  

Area I11 is d o m i n a t e d  by a r e g i o n a l  scale F 2  i s o c l i n a l  

f c l d  which  is o u t l i n e d  by t h e  p a t t e r n  of major e e t a v o l c a n i c  

l a y e r s  i n  a p h y l l i t e - m e t a s i l t s t c n e  sequence. I n d i v i d u a l  

o u t c r o p s  of t h e  v o l c a n i c  r o c k s  i n  t h i s  area h a v e  b e e n  j o ined  

in tc  map u n i t s  t h r o u g h  t h e  s l i g h t  t o p o g r a p h i c  e x p r e s s i o n  and 

r e l a t i v e l y  strong magnetic anomalies of t h e  v o l c a n i c  u n i t s .  

T h i s  r e g i o n a l  P2 f o l d  h a s  been r e f o l d e d  i n  the F3 Wake- 
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P a r r e n  a n t i c l i n o r i u m  a n d  t h e  p a r a l l e l  F3 S p r i n g  Hope s y n f o r m  

( F i g u r e  A4) , S t e r e o p l o t  IIIA ( F i g u r e  AS) i l l u s t r a t e s  the 

c o m p l e x i t y  of f o l d i n g  of S 1  w h i c h  r e s u l t s  frcm f o l d i n g  the 

S m i t b f i e l d  F2 f o l d  by t h e  Wake-Warren F3 f o l d .  The 

S m i t h f i e l d  F2 f o l d  is o v e r t u r n e d  for most of i ts  l e n g t h ,  and 

b o t h  l i m b s  d i p  m o d e r a t e l y  t o  s t e e p l y  south ( F i g u r e  A4). 

Good e x p o s u r e s  of i n t e r f e r i n g  F l ,  P2 and P3 f o l d s  c a n  

be f o u n d  i n  t h e  closed P r i n c e t o n  I Nello Teer q u a r r y ,  w h i c h  

is i n  a f e l s i c  v o l c a n i c  s e q u e n c e  16 k m  east  of S m i t h f i e l d .  

A t  t h i s  q u a r r y ,  major, t i g h t  F2 f o l d s  r e fo ld  s e a l l e t  scale 

P1 folds, and are w e a k l y  r e f o l d e d  by D3, p r o d u c i n g  a v e a k l y -  

deve lo fed  c r e n u l a t i o n  c l e a v a g e  in thin p h y l l i t e  l a y e r s ,  

In area IIIB, t h e  S p r i n g  Hope P3 f o l d  is t h e  d o m i n a n t  

r e g i c n a l  s t r u c t u r e .  It h a s  t i g h t l y  r e f o l d e d  t h e  F2 

Smithfield s t r u c t u r e .  T h i s  area p r e s e n t s  the b e s t  case f o r  

t h e  S m i t h f i e l d  P2 f o l d  b e i n g  s y n f o r m a l .  flinor f o l d  a x e s  

plunga tcward t h e  t r o u g h  of t h e  s t r u c t u r e  from b o t h  north 

a n d  south, F i g u r e  A4b is a c a r t o o n  of t h e  unercded p o r t i o n  

of t h e  S m i t h f i e l d  P2 s y n f o r s ,  showing t h e  non-coaxial n a t u r e  

of t h e  F2 and F3 f o l d s ,  

C o n c l a s i o n s  

T h e  s c u t h e r n  Raleigh b e l t ,  a n d  adjacent C a r o l i n a  s l a t e  

b e l t ,  h a v e  s u f f e r e d  a minimum of three d e f o r a a t i o o a l  e v e n t s  

( p r i o r  to l a t e  b r i t t l e  f a u l t i n g ,  wh ich  does not appear t o  

have i n v o l v e d  major moveatents  w i t h i n  the mapped area) .  D1 
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and D2 were a c c o m p a n i e d  by a m e t a m o r p h i c  event which  r e a c h e d  

a m p h i b o l i t e  facies  i n  t h e  R a l e i g h  belt, b u t  only g r e e L s c h i s t  

facies in the s l a t e  belt.. The Carolina slate b e l t - R a l e i g h  

b e l t  contac t  a p p e a r s  t o  be a m e t a n c r p h i c  g r a d e  c h a n g e  a locg 

the eastern a n d  s o u t h e r n  m a r g i n s  of t h e  Raleigh belt. The 

c o n t a c t  c o u l d  r e a s o n a b l y  be placed a p p r o x i m a t e l y  along the 

c c n t a c t  b e t w e e n  m u s c o v i t e  s c h i s t  (RS, F i g u r e  A 2 )  and the 

m e t a v o l c a n i c s  and a m p h i b o l i t e  (mfv and am2, F i g u r e  A 2 ) .  No 

attempt was made in this r e c o n n a i s s a n c e  t o  t i e  down the 

l c c a t i o n  of isograds,  The w e s t e r n  b o u n d a r y  of the R a l e i g h  

b e l t  may also h a v e  been a m e t a m o r p h i c  grade c h a n g e ,  b u t  it 

is ncw a major d e f o r m a t i o n  zone. T h i s  v e s t u a r d - d i p p i n g  

d e f o r m a t i o n  zone is p a r t  of t h e  Eas t e rn  P i e d m o n t  f a u l t  

s y s t e m  of Hatcher e t  a l ,  (1977) 

From e x a m i n a t i o n  of this area, it a p p e a r s  that the 

major n o r t h e a s t - t r e n d i n g  s t r u c t u r e s  of t h e  P i e d m o n t  in this 

region are D3 folds w h i c h  h a v e  refolded F2 s t r u c t u r e s  w h i c h  

had  g e n e r a l l y  eas t -ves t  trends. It  is t h e r e f o r e  t o  be 

e x p e c t e d  t h a t  t h e r e  are culminat ions and t r o u g h s  i n  t h e  F3 

r e g i o n a l  f o l d  axes as they cross the p r e - e x i s t i n g  F2 fo lds .  

In some areas  a t t e n n a t i o n  p a r a l l e l  t o  S3 has been grea t  

e n o u g h  t c  p r o d u c e  m y l o n i t e s ,  or a t  least protomylonites 

a l o n g  t h e  l i m b s  of the S3 s t r u c t u r e - - t h i s  a p p e a r s  t o  be  the 

case a l o n g  the uc ! r n  b o r d e r  of ,the R a l e i g h  belt in t h i s  
\ 

area. 
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LJ 
X t  seems r e a s o n a b l e  to expect  similar s tructures  i n  

covered slate b e l t  rocks to the east--major n o r t h - n o r t h e a s t  

t r e n d i n g  F 3  folds refolding the more n e a r l y  east-west 

t r e n d i n g  F 2  s tructures .  
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C OH P O S I T I O N A L  V AR I A T  IONS C F SOUTHEASTERN GABBROS 

S, U. Becker 

T h e  g a b b r o i c  plutcns of the s o u t h e a s t e r n  U. S. are 

c l o s e l y  r e l a t ed  i n  time, sFace, a n d  o r i g i n  t o  t h e  300 m.y, 

g r a n i t i c  p l u t o n s  ( F i g u r e  A 6 ;  see previous r e p o r t ,  

VPIbSO-5103-5) . C h e m i c a l  v a r i a t i o n s  i n  t h e s e  g a b b r o i c  

b o d i e s  should o u t l i n e  differences b e t w e e n  t h e  mafic p l u t o n s ,  

a n d  may a i d  i n  d e t e r m i n i n g  the r e l a t i o n s h i p  b e t v e e n  the 

o r i g i n s  of the g r a n i t i c  a n d  g a b b r o i c  plutons. 

D i v i s i o n s ,  b a s e d  o n  f u n d a m e n t a l  differences b e t w e e n  the 

m a f i c  p l u t o n s  were f irst  made by Mtzdlin e t  al. (1972),  vho 

r e c c g n i z e d  two t y F e s  of i n t r u s i o n s :  t h c s e  ccmposed  of 

y d b b r c - d i o r i t e - s y e n  a n d  t h o s e  of gabb ro/ga b b r o -  r;o r i te .  

T h e  flt. Carnie1 a n d  Concord complexes comprise tho f i r s t  

group;  all o the r  mafic p l u t o n s  t h a t  have been s t u d i e d  f a l l  

in t h e  s e c o n d  category. 

As a b a s i s  of f u r t h e r  comparison, the gabbroid p l u t o n s  

can be c l a s s i f i e d  according.  t o  t h e i r  whole rock 

c c m p o s i t i o n s .  The c l a s s i f i c a t i o n  s c h e m e  u s e d  i n  t h i s  r e p o r t  

i s  t h a t  proposed by I r v i n e  . a n d  Baragar (1971), which  is 

d e r i v e d  p r i m a r i l y  from d i v i s i o n s  f o r  basic v o l c a n i c  r o c k s  

proposed b y  Kennedy ( 1 9 3 3 )  and T i l l e y  (1950) .  In this 

scheme, a l l  i g n e o u s  rocks f a l l  i n t o  one of two c a t e g o r i e s :  

a l k a l i n e  o r  s u b a l k a l i n e ;  s u b a l k a l i n e  r o c k s  a r e  f u r t h e r  

s u b d i v i d e d  i n  to tho l e i  i t ic  a n d  ca lc-a1 k a l i  ne series 
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Figure A6, Locations of gabbroic p l u t o n s  of the 
southeastern U. S, 



A- 33 

u C h e m i c a l  d i s t i n c t i o n s  b e t w e e n  t h e s e  series a re  n o t  a l w a y s  

c 1 E a r - c u t ,  a n d  commonly a n a l y s e s  of rocks with a wide r a n g e  

of Si02 v a l u e s  are n e e d e d  t o  d e t e r m i n a  uhethes a n  i g n e o u s  

p r o v i n c e  is more aearlp n t h o l e i i t i c n  o r  " c a l c - a l k a l i n e .  *' 
Uhole rock c o m p o s i t i o n s  were f o u n d  i n  t h e  l i t e r a t u r e  

for the fo l lowing  gabbro ic  p l u t o n s :  C o n c o r d  (gabbro, 

Cakaup,  1969; a v e r a g e  f o r  s y e n i t e ,  B u t l e r  a n d  Rcgland, 

1969) ; H e c k l e n b e r g  (Hemes, 1967) ; Ogden ( a v e r a g e ,  B u t l e r ,  

a n d  R a g l a n d ,  1969) ; P r e s l e y ' s  M i l l  (Libby, 1971): Buffalo 

a n d  at. Carrnel ( f l e d l i n ,  1968) .  (compositions of t h e .  ' 

C l e v e l a n d  g a b b r o  r e p o r t e d  by C o n s t a o t i n o - H e r r e r a  (1971) were 

not u s e d  b e c a u s e  of t h e  l o u  totals.) I n  many of the 

a n a l y s e s ,  f e r r o u s / f e r r i c  iron ratios a r e  l a c k i n g .  The 

r e l a t i o n  F r o p o s e d  b y  I r v i n e  a n d  B a r a g a r  (1971, p. 526) f o r  

a s s i g n i n g  an a r t i f i c i a l  Fez+ /FeJ+  (XFe203 = % T i 0 2  t 7.5) is 

i n a p p r o p r i a t e  b e c a u s e  of t h e  h i g h  t i t a n i u m  c o n t e n t  of some 

s a m p l e s  (>SX f o r  some H:. Carinel r o c k s ) .  For u n i f o r m  

c c m F a f i s o n ,  t h e r e f o r e ,  all iron has beea c c n v e r t e d  t o  Fez+.  

This a s s i g n a t i o n  has s e v e r a l  effects OD the n o r m a t i v e  

c a l c u l a t i o n s ,  H a g n e t i t e  and  h e m a t i t e  c a n n o t  be formed. 

Moreove r ,  b e c a u s e  of the i n c r e a s e d  a m o u n t s  of Fez*  a v a i l a b l e  

t c  combine with S i 0 2  Y ere P e a +  forms h e m a t i t e  a n d  m a g n e t i t e  

i n  the norm), t h e  roc a p p e a r s  t o  b e  more u n d e r s a t u r a t e d ;  

of n o r m a t i v e  h y p e r s t h e n e  decreases and olivine 

a n d  n e p h e l i n e  increase. Classification d i a g r a m s  i n v o l v i n g  

ncrma t i v e  o l i v i n e ,  o r t h o p y r o x e n e ,  n e p h e l i n e ,  a l b i t e ,  o r  

q u a r t z ,  t h e r e f o r e ,  c a n n o t  be u s e d  w i t h  any a c c u r a c y ,  and 
W 
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c l a s s i f i c a t i o n  of the gabbros  is b a s e d  i n s t e a d  on diagrams 

s h o w i n g  v a r i a t i o n s  i n  p e r c e n t  o x i d e s .  

C l a s s i f i c a t i o n  D i a g r a m s  

G i v e n  t h e  a b o v e  l i m i t a t i o n s ,  the d i v i s i o n  b e t w e e n  

a l k a l i n e  a n d  s u b a l k a l i n e  rocks c a n  b e s t  be seen on a Flot  of 

Na20 + K20 versus Si02 ( F i g u r e  A7). On this diagram, rocks  

of a l l  c o m F o s i t i o n s  from the M t .  Carmel p l u t o n i c  comFlex a n d  

t h e  s y e n i t e  from the C c n c o r d  r i n g  d i k e  f a l l  i n  the a l k a l i n e  

f i e l d ;  a l l  o t h e r  c o m p o s i t i o n s  f a l l  i n  the s u b a l k a l i n e  f i e l d ,  

a l t h o u g h  many are n e a r  t h e  d i v i d i n g  l i n e .  R o c k s  frcm t t e  

Buffalc, M e c k l e n b e r g ,  and P r e s l e y ' s  H i l l  gabbros s h o w  a 

f a i r l y  wide scatter; c o m p o s i t i o n s  of gabbro from the C c n c o r d  

r i n g  dike form a tight c l u s t e r  close t o  the a l k a l i c  f i e l d .  

The p l u t o n i c  c o m p l e x e s  c o n t a i n i n g  d i o r i t e  a n d  s y e n i t e  

t h u s  a F p e a r  t o  h a v e  s t r o n g  a l k a l i n e  a f f i n i t i e s :  rocks of 

all c c m F o s i t i o n s  from t h e  M t .  Carmel c o m p l e x  a r e  a l k a l i c ,  as 

a r e  t t e  C o n c o r d  s y e n i t e s ,  and C o n c o r d  g a b b r o s  h a v e  

r e l a t i v e l y  h i g h  a l k a l i  c o n t e n t s  a s  well. H e d l i n  (1968) 

s i m i l a r l y  c o n c l u d e s  that the H t .  Carmel c o m p l e x  i s  a l k a l i c ,  

a n d  t h a t  the C o n c o r d  c o m p l e x  p r o b a b l y  h a s  a l k a l i c  

t e n d e n c i e s .  C a b a n p  (1969) ,  h o w e v e r ,  d i d  not mention that 

c l i n c p y r o x e n e  i n  t h e  C o n c o r d  g a b b r o  was t i t a n a u g i t e  (a 

c h a r a c t e r i s t i c  m i n e r a l  of a l k a l i n e  r o c k s ) ,  a n d  p r o p o s e d  that 

the C c n c o r d  gabbro is most l i k e  c o n t i n e n t a l  margin 

t h o l e i i t e s .  The c o m p a r i s o n  was based o n  t h e  sum cf t h e  



A-35 

15 

12 

0 9  cu 
0 z 
+ 
0 
Y 6  
N 

3 

I I I 

S Y 8  8 

8 - AI  ka I ine - 

I 
I P 6 

I Y O  Subal kaline 
1 U P  

I 45 50 55 60 

siog 

Figure  A 7 .  s - s i l i ca  plot  shov ing  a l k a l i n e  and 
s u b a l k a l i n e  compositions. D i v i d i n g  l i n e  from I r v i n e  and 
Baragar (1971) .  Symbols: €I--Buffalo; C,Y--Concord gabbro 
a n d  s y e n i t e ;  G 8 D , S 0 - f l t .  Carmel gabbro,  d i o r i t e ,  a n d  syenite: 
M--tlecklenberg; 0--0gden; P--Preslep's X i l l ,  Sources of 
d a t a  l i s t e d  i n  t e x t .  
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d i f f e r e n c e s  i n  p e r c e n t  o x i d e s  of the a v e r a g e  C o n c o r d  g a b b r o  

and c t h e r  types of mafic rocks ;  t h e  s u n  was smallest  f o r  

c o n t i n e n t a l  margin t h o l e i i t e s .  By t h i s  method of 

c o m p a r i s ~ n ,  1% d i f f e r e n c e  i n  K20 is e q u i v a l e n t  t o  1% 

d i f f e r e n c e  i n  S i 0 2  or 81203, a n d  r e l a t i o n s  between e l e m e n t s  

d u r i n g  magmatic e v o l u t i o n  a r e  n o t  t aken  into a c c o u n t .  

C o m r a s i s o n  w i t h  a v e r a g e  rock  c o m p o s i t i o n s  ( I r v i n e  a n d  

Baragar, 1971, A p p e n d i x  11) shows t h a t  the a v e r a g e  Concord  

gabbro (Cabaup,  1969, p. 26) i s  too  low i n  p o t a s s i u m ,  

a luminum,  a n d  t i t a n i u m  t o  b e  c a l l e d  e v e n  a s 8 K - ~ ~ ~ ~ "  a l k a l i  

c l i v i n e  basa l t .  T h e  rock is most similar t o  t h e  high-  

a luminum basa l t  of t h e  c a l c - a l k a l i n e  series, b u t  the 

presence cf t i t a n a u g i t e  i n d i c a t e s  a n  a l k a l i n e  t e n d e n c y .  

Both the C c n c o r d  a n d  W t .  Carmel c o m p l e x e s  a p p e a r  t o  be older 

t h a n  t h e  c t h e r  g a b b r o s ;  t h e  a g e  d i f f e r e n c e  i s  d i s c u s s e d  

b e l c u .  

I n  a n  effort  t o  d i v i d e  t h e  s u b a l k a l i n e  rocks into 

t h o l e i i t i c  a n d  c a l c - a l k a l i n e  series, t h e  a n a l y s e s  were 

plotted on  a n  AFLI diagram ( F i g u r e  A8). This p l o t  s u g g e s t s  

t h a t  t h e  s u b a l k a l i n e  rocks a re  t h o l e i i t i c  i n  c h a r a c t e r ,  but 

a w i d e r  s E a n  of  c o m p o s i t i o n s  i s  n e e d e d  t o  show a d e f i n i t e  

t r e n d .  H s d l i n  e t  a l .  (1972) n o t e  t h a t  t h e  B u f f a l o  gabbro 

shous b o t h  c a l c - a l k a l i n e  a n d  t h o l e i i t i c  a f f i n i t i e s .  B u t l e r  

a n d  B a g l a n d  (1969) c o n c l u d e  t h a t  t h e  gabbros form a n  a l k a l i -  

calcic magma series, a l t h o u g h  i n  a n  ear l ier  s t u d y  (1966) 

t h e y  p r o p o s e d  t h a t  the gabbros are  d e r i v e d  from a t h o l e i i t i c  

magma. 
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FeO 

/ Tholeiitic \ 

Figure AS. Ternary plot  of t o t a l  a l k a l i e s ,  i r o n  
a s  F ~ O ,  and HgO d i v i d e d  i n t o  ca lc-a lkal ine  and tholeiitic 
fields, after Irvine and Baragar ( 1 9 7 1 ) .  Symbols a s  in 

W 
I Figure A7. 
1 
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n i n e r a l c g y  

A l k a l i  b a e a l t s  can he c h a r a c t e r i z e d  by t h e  u s u a l  

a b s e n c e  of o r t h o p y r o x e n e  a n d  b y  t h e  h i g h  t i t a n i u m  c o n t e n t  of 

a c a l c i u m - r i c h  a u g i t e .  T h o l e i i t i c  a n d  c a l c - a l k a l i n e  r o c k s ,  

i n  c o n t r a s t ,  g e n e r a l l y  conta in  both o r t h c p y r o x e n e  a n d  a lou- 

c g l c i u a  c l i n o p y r o x e n e  ( I r v i n e  a n d  Baragar, 1971). 

T b e  p e t r o g r a p h i c  d a t a  a v a i l a b l e  show s t r o n g  

similarities among t h e  g a b b r o  p l u t o n s  ( T a b l e  A l ) .  Host 

c o n t a i n  o l i v i n e ,  h y p e r s t h e n e ,  a u g i t e ,  and l a b r a d o r i t e .  

Notaklp, t h e  !It. C a r m e l  g a b b r o  l a c k s  o r t h o p y r o x e n e  a n d  

c o n t a i n s  t i t a n a u g i t e  ( H e d l i n ,  1968) . The c o n c o r d  gabbro 

also c c n t a i n s  t i t a n a u g i t e  ( M e d l i n  e t  a l . ,  l972), a l t h o u g h  

h y p e r s t h e n e  is p r e s e n t  (Cabaup,  1969) . The a p p e a r a n c e  of 

t i t a n a u g i t e  i n  t h e s e  p l u t o n s ,  a n d  t h e  absence  of 

o r t h o p y r o x e n e  from t h e  H t .  Carmel gabbro, is c o n s i s t e n t  w i t h  

t h e  a l k a l i n e  c h a r a c t e r  s u g g e s t e d  b y  t h e i r  w h o l e - r o c k  

c o m g c s i t i o n s .  

Few d i f f e r e n c e s  e x i s t  among the o t h e r  p l u t o n s ;  t h e  

commcn p r e s e n c e  of t w o  p y r o x e n e s  s u p p o r t s  t h e  i n t e r p r e t a t i o n  

of these rccks a s  e i t h e r  c a l c - a l k a l i n e  or t h o l e i i t i c  series. 

T e x t u r a l l y ,  where s u c h  d a t a  have b e e n  r e p o r t e d ,  most of tte 

s u b a l k a l i n e  p l u t o n s  are similar as  uell. O l i v i n e  crystals 

in the B u f f a l c ,  G l a d e s v i l l e ,  B e c k l s n b e r g ,  a n d  Rock Hill 

gabbros are a l l  mantled by c o m p l e x  r e a c t i o n  rims of pyroxene 

or a m p h i b o l e .  RcSween a n d  Nystrcm ( i n  Fress) note  t h a t  such 

rims a r e  l a c k i n g  i n  t h e  Dutchman ' s  C r e e k  gabbro. 



t i t a n a u g i t e  
Wo47En40 

n t .  C a r m e l  P o 5 7  no An5Z-62 l e d l i n ,  1 9 6 8  

\ 
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P l a g i o c l a s e  c r y s t a l s  are gene ra l ly  o n l y  slightly z o n e d ;  s u c h  

l a c k  cf  s t r o n g  z o n i n g  is character is t ic  of a d c u m u l a t e  

growth, a n d  s u g g e s t s  that t h e  gabbros  c r y s t a l l i z e d  a s  

a d c u m u l a  tes, 

Relaticn cf Heat P r o d u c t i o n  t o  Whole R o c k  C h e m i s t r y  

S y e n i t e  i n  the fit. Carmel c o m p l e x  is thought t o  

r e p r e s e n t  the l a te -s tage  d i f f e r e n t i a t e  cf a g a b b r o i c  magma 

( M e d l i n ,  1968); t h e  C o n c o r d  s y e n i t e ,  toc,  is p r o b a b l y  a 

p r o d u c t  cf p r c l o n g e d  f r a c t i o n a t i o n .  I n  s p i t e  cf the h i g h  

degree of d i f f e r e n t i a t i o n  n e e d e d  t o  form these syenites, 

they h a v e  v e r y  low h e a t  p r o d u c t i o n s :  v a l u e s  of 1.2 a n d  1.8 

X 10-13 cal/cm3-sec h a v e  b e e n  m e a s u r e d  f o r  c o n c o r d  s y e n i t e ,  

a n d  M t .  Carmel s y e n i t e  p t o d u c e s  1.6 x 10-13 cal/cmJ-sec 

( B e p c r t  V P I E S U - 5 1 0 3 - 5 ) .  T h e s e  v a l u e s  are much lower t h a n  

average  h e a t  p r o d u c t i o n  of s o u t h e a s t e r n  g r a n i t e s  w i t h  

similar K 2 O  a n d  Si02 c o n t e n t s ,  H i g h  d e g r e e  of magma 

d i f f e r e n t i a t i o n  a l o n e  is c l e a r l y  not s u f f i c i e n t  for h i g h  

h e a t  F z c d u c t i o n ;  t h e  c o m p o s i t i o n  of t h e  paren t  magma is A 

c r i t i c a l  f ac to r .  B a s a l t i c  magmas c o n t a i n  v e r y  low a m o u n t s  

of U a n d  Th, a n d  e v e n  p r o l o n g e d  fractionation c a n n o t  

c o n c e n t r a t e  these e l e m e n t s  e n o u g h  t o  cause h i g h  h e a t  

p r o d c c t i o n  in t h e  l a t e - s t a g e  d i f f e r e n t i a t e s .  
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C o n c l u s i o n s  

Vhole rock c h e m i s t r y  shows t h a t  t h e  g a b b r o i c  p l u t o n s  of 

tbe s c u t h e a s t e r n  U.S. f a l l  i n t o  two categories. Gabbro- 

d i o r i t e - s  ye n i  te c o m p l e x e s  a r e  a l k a l i n e  ; ga b b t o / g a b b r o - n o r i  te 

CcmFlexes are s u b a l k a l i n e ,  a n d  c a n n o t  w i t h  a n y  c e r t a i n t y  be 

c a l l ? d  c a l c - a l k a l i n e  o r  t h o l e i i t i c .  The a l k a l i n e  g a b b r o s  

a g F e a r  t o  be somewhat o l d e r  t h a n  t h e  o t h e r  mafic p l u t o n s .  

C c n c o r d  s y e n i t e  has b e e n  d a t e d  a t  413 m.y. (Rb-Sr, 1 = f 2 1  

may., P u l l a g a r ,  1971) a n d  425 f 110 m.y. ( O v e r s t r e e t  a n d  

B e l l ,  T a b l e  7 ,  p, 93, 1965) .  Biot i te  from N t ,  Carmel 

d i o r i t e  h a s  b e e n  dated a t  380, 386, a n d  387 m.j. ( K - A r ,  

P l ed l in ,  1968) . None of the s u b a l k a l i n e  p l u t o n s  h a s  b e e n  

d a t e d  d i r e c t l y ,  The Pee Dee gabbro h ~ t r u d e ~ ,  and is 

p r o b a b l y  c o n t e m p o r a n e o u s  with, the L i l e s v i l l e  g r a n i t e ,  w h i c h  

h a s  been dated  a t  322 f 14 may, (Eb-Sr, F u l l a g a r ,  reported 

by B e l l  et a l , ,  1 9 7 4 ) .  The Buffalo gabbro  is i n t e r p r e t e d  t o  

be y o u n g e r  t h a n  the f i t .  Carmel complex ( l e d l i n ,  1968) . Data 

are not a v a i l a b l e  for o t h e r  gabbro ic  p l u t o n s ,  b u t  their l a c k  

of m e t a n o r p h i c  t e x t u r e s  s u g g e s t s  t h a t  they are J rannger  t h a n  

350 m o y m  

?he r e l a t i o n  b e t w e e n  t h e  chemical a f f i n i t i e s  of the 

g a b b r c s  a n d  g r a n i t e s  is no t  clear. As a bimodal s u i t e ,  t h e  

plutons should a l l  g e n e r a l l y  be e i t h e r  t h o l e i i t i c  o r  calc- 

a l k a l i n e ,  or of a common m i d d l e  g r o u n d ,  F u l l a g a r  a n d  B u t l e r  

(1577) p o s t u l a t e  t h a t  t h e  g r a n i t e s  are  c a l c - a l k a l i n e .  



A-42 

Bimoda 1 suites, however, are relatively rare i n  

a l k a l i n e  series, and  further work may sho- t h a t  t h  

a n d  felsic p l  ut on s toge t her f o l  low trends 

c h a r a c t e r i s t i c  of tholeiitic suites. 

li. 
c a l c -  

ma f ic 

m o re 
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DESCRIPTION OF THE SILOAM PLUTON 

J. A l e x a n d e r  Speer 

The Siloam p l u t o n ,  Greene Co., Georgia, is the first 

ccarse-grained,  L a t e  P a l e o z o i c  p l u t o n  s t u d i e d  for the new 

c c n t r a c t  p e r i o d .  T h i s  r e p o r t  i s  based l a r g e l y  on f i e l d  work 

s u p p l e m e n t e d  by some t h i n - s e c t i o n  p e t r o g r a p h y .  O f  t h e  o t h e r  

c o a r s e - g r a i n e d ,  Late Paleozoic p l u t o n s  in t h e  s o u t h e a s t  

( F i g u r e  A 9 ) ,  t h e  V i n n s b o r o ,  L i b e r t y  H i l l ,  P a g e l a n d ,  a n d  

L i l e s w i l l e  h a v e  been s t u d i e d  i n  some d e t a i l ,  whereas t h e  

C h u r c h l a n d ,  Bald Knob, S o u t h  C a r o l i n a  U1, Rabon Creek, 

Danberg, a n d  A p p l i n g  have  b e e n  l o c k e d  a t  o n l y  on  a 

reconnaissance bas is .  The P a l m e t t o  granite w i l l  he 

d e s c r i b e d  i n  t h e  next  q u a r t e r l y  r e p o r t .  

T h e  Siloam u a s  s t u d i e d  b e c a u s e  of t h e  h i g h  h e a t  

y e n e r a t i o n  v a l u e s  (average 10.3 HGVU, VPIESO-5103-5) 

o k t a i n e d  i n  t h e  reconnaissance s a m p l i n g .  T h i s  v a l u e  is 

a F p r o x i a a t e l y  twice t h e  v a l u e  for o t h e r  c o a r s e - g r a i n e d  

g r a n i t e s  i n  the s o u t h e a s t .  F i e l d  work d e m o n s t r a t e s  t h a t  the 

Siloam is  similar to t h e  other p o s t - m e t a m o r p h i c  p l u t o n s  of 

t h e  s o u t h e a s t ,  a m u l t i p l e - i n t r u s i v e  g r a n i t i c  c o m p l e x  w i t h  

t h e  ccncentric d i s t r i b u t i o n  of rock u n i t s  i n d i c a t i v e  of a 

c e n t e r e d  complex. The  rock u n i t s  a r e  l a r g e l y  t e x t u r a l  

v a r i e t i e s .  A d i s t i n c t  fea ture  of t h e  Silcam d e s c r i b e d  below 

i n  more d e t a i l  is a pervasive deformation, e v i d e n t  for t h e  

- .  
* 

mast Kart only in t h i n - s e c t i o n .  
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t Figure 89. Location map of the coarse-grained, post- 
metamorphic, Late Paleozoic p l u t o n s  of t h e  southeastern 
U n i t e d  States. 
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. P r e v i o u s  Work 

T h e  first d e s c r i p t i o n s  of rocks  from the Siloam p l u t o n  

were b y  Watson  (1902) ,  who d e s c r i b e d  t h r e e  of t h e  four  

f ac i e s  of the Siloam r e c o g n i z e d  i n  t h i s  report. The Siloam 

F l u t o n  u a s  first mapped a n d  sys temat ica l ly  d e s c r i b e d  i n  a 

s t u d y  of the g e o l o g y  of G r e e n e  a n d  Hancock  c c u n t i e s  by 

Humphrey (1970) . This s u b s e q u e n t l y  p r o v i d e d  d a t a  for an 

o p e n - f i l e  report and map on these c o u n t i e s  (Humphrey a n d  

Radcl i f fe ,  1971). and abs t rac ts  o n  the p e t r o l o g y  of t h e  

Siloam (Humphrey and Radcl i f fe ,  1970) and its c h e m i s t r y  

( R a d c l i f f e  a n d  Bumphrey, 1971).  The S i l o a n !  p l u t o n  has b e e n  

da t ed  by Rb-Sr m e t h o d s  a t  269 f 3 m.y. with an i n i t i a l  

87Sr/86Sr ra t io  of 0.7052 (1) by Jones and Walker  (1973) who 

also give a p e t r o g r a p h i c  d e s c r i p t i o n .  A R-Ar b i o t i t e  d a t e  

of 261 a.y. - for the Siloam h a d  been p r e v i o u s l y  reported by 

S r i t h  et a l .  (1969).  Wenner e t  al. (1977) r e p o r t e d  on t h e  

oxygen' i s o t o p e s  of t h e  Siloam ( 6  180 v a l u e s  r e l a t i v e  t o  SHOW 

a r e  6 .2  t o  7.9) as well a s  o t h e r  s o u t h e a s t e r n  g r a n i t e s  t o  

e l u c i d a t e  the o r i g i n  of t h e  magmas. 

The  c r y s t a l l i z a t i o n  t e m p e r a t u r e s  for c o e x i s t i n g  

p l a g i c c l a s e  a n d  a l k a l i  f e l d s p a r !  p a i r s  of the Siloam have 

been c a l c u l a t e d  by Yhitney and Stcrrner (1977a) u s h p  the 

equation of Whi tney  a n d  Stormer (1977b). The zoning of t h e  

Siloam plagioclases require i n i t i a l  c o n d i t i c n s  of 10 kb a n d  

t e m p e r a t u r e s  i n  excess of 75OOC which drop t o  2 kb ani? 650OC 

with e m p l a c e m e n t  of the S i l o a m  magma a t  its f i n a l  l o c a t i o n .  
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Tho Siloam p l u t o n  has b e e n  p o s t u l a t e d  t o  c u t  t h e  L. 
p r o j e c t i o n  of  t h e  Goat Rock f a u l t  by Hatcher e t  a l .  (1977).  

T h i s  u c u l d  d a t e  the l a t e s t  movement a l o n g  t h i s  s e g m e n t  of 

t he i r  Eastern P i e d m o n t  f a u l t  system, a l t h o u g h  there is LO 

d i r e c t  e v i d e n c e  of f a u l t i n g  in t h e  country rock a d j a c e n t  to 

t h e  S i l c a m .  

P e t r o g r a p h y  

General Re l a  ti ons 

The Siloam p l u t o n  h a s  an e l l i p t i c a l  o u t c r o p ,  e l o n g a t e d  

n o r t h - s o u t h ,  of 99 km2 u h i c h  crosscuts t h e  n c r t h e a s t e r l y  
* 

s t r u c t u r a l  t r e n d  of the c o u n t r y  r o c k .  F i v e  d i s t i n c t  facies 

of t h e  Siloara g r a n i t e ,  b a s e d  o n  d i f f e r i n g  t ex tu res  o r  

m i n e r a l c g i e s ,  are r e c o g n i z e d  and f o r a  m a g p a b l e  u n i t s :  

% Qf 

p o r p h y r i t i c ,  c o a r s e - g r a i n e d  g r a n i t e  (Fsg) 53% 

medium-gra ined  g r a n i t e  (msg) 22% 

coarse-grained granite (csg) 12% 

g a r n e t - t e a r i n g  g r a n i t e  ( g s g )  9% 

f i n e - g r a i n e d  g r a n i t e  ( f s g )  4% 

The map d i s t r i b u t i o n  of t h e  d i f f e r i n g  facies is i l l u s t r a t e d  

i n  Figure A10. T h e r e  are . v a r i e t i e s  of the abcve rock t y p e s  LJ 
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w which d o  n o t  form mappable u n i t s  b u t  are d e s c r i b e d  below. 

c l a s s i f i c a t i o n  of t h e  S i l c a m  granite samples c o l l e c t e d  f o r  

c h e m i s t r y  and heat p r o d u c t i o n  a c c o r d i n g  to rock type is 

l i s t e d  i n  Table A2 and located in Figure A l l .  
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-33.30' 

Figure AlO. Geologic map of t h e  Siloam pluton with  t h e  
d i f f e r i n g  f a c i e s  (psg) p o r p h y r i t i c  Siloam grani te ,  (msg) 
medium-grained Siloam gran i te ,  (csg)  coarse-grained Siloam 
grani te ,  (gsg) garnet-bearing Siloam grani te ,  and ( f s g )  
fine-grained Siloam grani te .  Str ike  and d i p  symbols 
ind ica te  a t t i t u d e s  of a l k a l i  fe ldspar  flow f o l i a t i o n  ar\.d 
tabular xenol i ths.  Porposed heat f l o u  sites are indicated 
by t h e  d r i l l  ho le  symbols. 

L 
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T A B L E  A 2 e  

L I S T I N G  Of S f L O A H  CHEHISTBY AND HEAT P R O D U C T I O N  

SAHPLES BY ROCK TYPE. 

P o r p h y r i t i c  Siloam g r a n i t e  ( p s g )  

CB7-7 AS7-108 - 1  14 -136  

CB7-8 - 1 1 1  -12s  - 1 3 9  

flaf ic p o r p h y r i t i c  Siloam grani te  ( contaminated?)  

AS7-116 -1  17 -179 C B 7 - 7 B  

Hedinn-gra ined  Siloam g r a n i t e  (msg) 

dS7-112 -1  49 -150 

F i n e - g r a i n e d  Si loale  grani te  (fsg) 

AS 7- i 513 

Garnet-bearing Siloam g r a n i t e  (gsg) 

AS7-102 -9 9 

A F l i . t €  dike c u t t i n g  the S i l o a m  g r a n i t e  

AS7- 157 

-155 
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Figure A l l .  Geologic map of t h e  Siloam p l u t o n  s h o v i n g  
l o c a t i c n s  of t h e  chemistry ana h e a t  p r o d u c t i c n  samples, 
Symbols a t e  t h e  same a s  Figure A10. 
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P o r p h y r i t i c  Siloam G r a n i t e  

The p o r p h y r i t i c  Siloam g r a n i t e  i s  a c o a r s e - g r a i n e d ,  

hpp id iOmOrph iC ,  b i o t i t e - f e l d s p a r - q u a r t z  rock c o n t a i n i n g  4-7 

cm m e g a c r y s t s  of a l k a l i  f e l d s p a r .  The alocunt of  f e l d s p a r  

m e g a c r y s t s  v a r i e s ,  but remains g e n e r a l l y  o v e r  20%.  A l t h o u g h  

g r a n i t e  of t h i s  t y p e  is  of v e r y  c o a r s e - g r a i n e d  a p p e a r a n c e ,  

the a v e r a g e  grain  s ize  of matrix m i n e r a l s  is 3 am or  less. 

H ~ w e v e r ,  t h e  r o c k  is toc coarse t o  h a v e  a u n i f o r m  color, t h e  

colors of t h e  i n d i v i d u a l  minerals b e i n g  e v i d e n t .  

The p o r p h y r i t i c  f a c i e s  a c c o u n t s  f o r  a b o u t  53% of t h e  

o u t c r c p  cf the Siloam. It c o n c e n t r i c a l l y  crops o u t ,  

e n c l o s i n g  t h e  med ium-gra ined  Siloam g r a n i t e  i n  i t s  core 

( F i g u r e  A10). On the west it is separated from t h e  c o u n t r y  

r c c k s  by the c o a r s e - g r a i n e d  and g a r n e t - b e a r i n g  f ac i e s  of t h e  

Silcam. T h e  p o r p h y r i t i c  f ac i e s  may be i n t r u d e d  b y  l e n s e s  of 

t h e  f i n e - g r a i n e d  facies. A s t r o n g  i g n e o u s  flow f o l i a t i o n ,  

d e f i n r c ?  by the a l i g n m e n t  of e t a b u l a r  a l k a l i  feldspar 

m e g a c r y s t s ,  c o n f i r m s  t h e  c o n c e n t r i c  n a t u r e  of this f a c i e s .  

The extretzelg h i g h  a n g l e  of t h e  d i F  of t h e  f o l i a t i o n  t . inders  

p r e d i c t i o n  of t h e  c h a n g e  i n  shape of t h e  p l u t c n  w i t h  d e p t h .  

A modal analysis of the p o r p h y r i t i c  facies by V i s t e l i u s  

a n d  Hurst (1964)  show i t  t o  be a m o n z o g r a n i t e .  Humphrey 
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(1970) a n d  Radcl i f fe  a n d  Humphrey (1971) r e p o r t  o n l y  average 

modes. As t h e y  d i d  n o t  d i s t i n g u i s h  among the t e x t u r a l  

v a r i e t i e s  of t h e  Siloam, t h e  m e a n i n g  of t h e  n o d e s  is 

u n c e r t a i n .  I n  a d d i t i o n ,  t h e  modes were performed on s i n g l e  

thin s e c t i c n s ,  a n  i n a p p r o p r i a t e  s a m p l e  size for such  coarse- 

g r a i n e d  rocks. 

T a b u l a r ,  s u b h e d r a l  t o  e u h e d r a l ,  p i n k  a l k a l i  f e l d s p a r  is 

t h e  most c o n s p i c u o u s  mineral b e c a u s e  of i ts  l a rge  size (1-7 

cm) T h e  f e l d s p a r  is m i c r o c l i n e  micro- a n d  e a c r o p e r t h i t e  

e x h i b i t i n g  bo th  p r i m a r y  growth t w i n s ,  l a r g e l y  C a r l s b a d  

t w i n s ,  a n d  a l b i t e  a n d  p e r i c l i n e  i n v e r s i o n  t w i n s ,  Commonly, 

t h e  a l k a l i  f e l d s p a r  is p o i k i l i t i c  with o r i e n t e d  i n c l u s i o n s  

of plagioc lase ,  quartz, a n d  b i o t i t e ,  w h i c h  are F a r t i c u l a r l y  

a b u n d a n t  i n  some z o n e s .  A w i b o t g i t e  t e x t u r e  i s  o c c a s i o n a l l y  

n o t e d .  Whi tney  a n d  Stormer (1977a) h a v e  f o u n d  the e x s o l v e d  

p h a s e s  cf t h e  a l k a l i  f e l d s p a r  t o  be  n e a r l y  p u r e  a l b i t e  (An2) 

a n d  K-fe ldspar  ( O r 9 4 )  w i t h  a b u l k  c o m p o s i t i o n  of b e t w e e n  

Or65 a n d  Or77 with less t h a n  3% An. Tbe sub- t o  a n h e d r a l  

p l ag ioc la sc  grains are smaller (less t h a n  10 mm) t h a n  t h e  

a l k a l i  f e l d s p a r s  a n d  are w h i t e  w i t h  a l o c a l l y  g r e e n i s h  t i n t  

a s  a resul t  of s a u s s u r i t i z a t i o n .  O F t i c a l  c c e p o s i t i o n a l  

d e t e r m i n a t i o n s  by t h e  p -normal method (Smith, 1974) show 

t h a t  t h e  p l a g i o c l a s e  is o l i g o c l a s e  h a v i n g  normal o s c i l l a t o r y  

z o n i n g ,  w i t h  cores of An30-28 a n d  rims of An10-12. Most 

g r a i n s  have  a d i s c o n t i n u o u s  rim of a l b i t e ,  u s u a l l y  

associated w i t h  myremek i t e .  Biotite, i n  most cases the o n l y  
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W mafic  m i n e r a l ,  is 3 mtu o r  less i n  s ize .  It is p l e o c h r o i c  

d a r k  brown t o  t a n .  L o c a l l y ,  a m p h i b o l e  occurs as  s n b h e d r a l  

p r i s m a t i c  c r y s t a l s  u p  t o  2 m m  l o n g ,  They h a v e  the 

p l e o c h r o i c  f o r m u l a  X = yellow brown greec, Y = brown g r e e n ,  

2 = blue green. 

E r i m a r y  a c c e s s o r y  m i n e r a l s  i n c l u d e  a l l a n i t e ,  t i t a n i t e ,  

a p a t i t e ,  zircon, m a g n e t i t e ,  i l m e n i t e  w i t h  e x s o l v e d  hematite, 

p y r i t e ,  p y r r h o t i t e ,  a n d  f l u o r i t e .  P h y r r h o t i t e  cccucs o n l y  

as i n c l u s i o n s  i n  what is i n t e r F r e t e d  as e a r l y  c r y s t a l l i z e d  

phases, The  large, z o n e d  a l l a n i t e s ,  up  t o  2 m m  loLg,  a n d  

the abundant  t i t a n i t e  are characteristic accessories 

s i r i l a r  t o  t h o s e  i n  o t h e r  late Paleozoic p l u t c n s  in t h e  

s o u t h e a s t .  S e c o n d a r y  minerals i n c l u d e  white mica, e p i d o t e ,  

c a r b o n a t e ,  c h l o r i t e  and hemat i t e .  

A more mafic v a r i e t y  of the p o r p h y r i t i c  Sfloam g r a n i t e  

c c n t a i n s  g r e a t e r  modal a m c u n t s  of ampbibole, b i o t i t e ,  a n d  

e p i d o t e ,  a s  well a s  a more calcic  p l a g i o c l a s e  (An38). This 

v a r i e t y  o c c u r s  t h r o u g h o u t  the p l u t o n ,  b u t  its abun i l ance  at 

t h e  s c u t h e a s t  * c o n t a c t  of the p o r p h y r i t i c  facies  w i t h  the 

ccuntry r o c k  s u g g e s t s ,  t h a t  it results from c o n t a m i n a t i o n  

w i t h  t h e  c c u n t r y  r o c k s ,  a l t h o u g h  its o r i g i n  as a n  e a r l y  

s e g r e g a t i o n  c a n n o t  be r u l e d  o u t .  

T h e  hypidiomorphic- inequigranular  t e x t u r e  of the  

p o r p h y r i t i c  Siloam g r a n i t e  is m o d i f i e d  by a d e f o r m a t i o n a l  

f ab r i c  p l a i n l y  e v i d e n t  in thin section a n d  rarely s e e n  in 

o u t c r o p .  The  q u a r t z  has undulose  e x t i n c t i o n  and  s u t u r e d  
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g r a i n  k o u n d a r i e s .  The l a r g e r  q u a r t z  g r a i n s  are criss- 

crossed by p l a n e s  of f l u i d  i n c l u s i o n s .  The alkali feldspar 

m e g a c r y s t s  n o t  a l i g n e d  i n  t h e  p l a n e  of f o l i a t i o n  h a v e  

g r a n u l a t e d  e d g e s .  Z o n e s  of q r a n u l a t e d  qua r t z  a n d  f e l d s p a r  

are  a l s c  e v i d e n t  i n  t h i n  s e c t i o n .  The deformation has 

l i t t l e  e f f r c t  on t h e  other m i n e r a l s ,  

This d e f o r m a t i o n  is  e v i d e n t  t h r o u g h o u t  the Siloam, and 

v a r i e s  u n s y s t e m a t i c a l l y  i n  i n t e n s i t y .  As t h i s  f ea ture  was 

n o t  n c t i c c d  i n  t h e  f i e l d ,  i t s  o r i e n t a t i o n  is not known. 

Examinetion of the h a n d  s p e c i m e n s  s u g g e s t s  t h a t  t h e  

d e f c r m a t i c r a l  f o l i a t i o n  Fara l le l s  t h e  igneous f o l i a t i o n .  No 

retrograde metamorph i sm is a s s o c i a t e d  with t h e  d e f o r m a t i o n .  

Med ium-gra ined  Si loam G r a n i t e  

N e s t l e d  i n  t h e  core of t h e  c o n c e n t r i c  p o r p h y r i t i c  

Siloam g r a n i t e  a n d  a l o n g  the e a s t e r n  m a r g i n  of the p l u t o n  is 

a m e d i u n - g r a i n e d  g r a n i t e  ( F i g u r e  A10) It is 

n i n e r a l c g i c a l l y  i d e n t i c a l  t o  t h e  p o r p h y r i t i c  facies  and 

d i f f e r s  only i n  the s ize  of t h e  m i n e r a l  grains. The alkali 

f e l d s p a r  is less t h a n  10 m m  i n  s i z e ,  p l a g i o c l a s e  and quartz 

less t h a n  4 mm, a n d  b i o t i t e  less t h a n  1 mm. The finer g r a i n  

s i z e  g i v e s  t h e  rocks a more u n i f o r m  pink t o  white color. 

Robust m u s c o v i t e  i n  some s p e c i m e n s  suggests t h a t  m u s c o v i t e  

uas a n  i m F o c t a n t  l a t e  magmat i c  m i n e r a l .  This g r a n i t e  fac ies  

is  n o t  t h e  g r c u n d m a s s  of t h e  p o r p h y r i t i c  f a c i e s ,  which  h a s  
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l i t t l e  a l k a l i  f e l d s p a r  a n d  much p l a g i o c l a s e .  T h i s  medium- 

g r a i n e d  Siloam g r a n i t e  i s  a f f e c t e d  b y  t h e  d e f c r m a t i c n  

d e s c r i b e d  p r e v i o u s l y .  

Toward  t h e  eastern o u t s i d e  m a r g i n  of the medium-gra ined  

fac ies ,  t h e  g ran i te  becomes f i n e r - g r a i n e d ,  less t h a n  2 mm,  

a n d  c c n t a i n s  sparse t o  a b u n d a n t ,  s u b h e d r a l  p h e n o c r y s t s  of 

q u a r t z  ( u p  to  5 m m )  a n d  a l k a l i  f e l d s p a r  ( u p  t o  7 mm). It 

a l s o  d e v l o p s  a p l a n a r  f l o w  f o l i a t i o n  u b i c h  F a r a l l e l s  t a b u l a r  

x e n o l i t h s  a n d  x e n o l i t h  t r a i n s ,  T h i s  is i n  c o n t r a s t  t o  the 

nor rna l ly  m a s s i v e ,  e g u i g r a n u l a r ,  med ium-gra ined  g r a n i t e .  

The medium-gra ined  Siloam g r a n i t e ,  n e a r  i t s  border w i t h  

t h e  k o r p h y r i t i c  facies, c o n t a i n s  i s o l a t e d  megacrysts  of 

a l k a l i  f e l d s p a r  s i m i l a r  t o  t h o s e  of the p o r p h y r i t i c  facies. 

The p r o p c r t i o n  of f e l d s p a r  m e g a c r y s t s  increases i n  t h e  

m e d i u o - g r a i n e d  g r a n i t e  t o w a r d s  t h e  p o r p h y r i t i c  f a c i e s .  The 

increase in t h e  p r o p o r t i o n  of m e g a c r y s t s  is not u n i f o r m  and 

the b c u n d a r y  between t h e  two facies  i s  b o t h  g r a d a t i o n a l  a n d  

irregular, 

F i n e -  gr a i  n e d  Siloam Grani te  

In the s o u t h w e s t  p a r t  of t h e  Siloam, a t  L i b e r t y ,  is a 

l e n s  of f i n e - g r a i n e d ,  b i o t i t e  g ran i te .  It is more e v e n  

g r a i n E d  t h a n  the m e d i u m - g r a i n e d  granite,  a s  well a s  smal le r  

i n  g r a i n  s i z e  with an a v e r a g e  of 1-2 m m .  I t  has a 

m i n e r a l o g y  i d e n t i c a l  t o  t h a t  of the mediuw-gra ined  g r a n i t e  
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and resembles t h e  f i n e r - g r a i n e d  b o r d e r  varieties of t h a t  

facies, e x c e p t i n g  t h e  presence of  phenocrysts and foliation. 
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W G a r n e t - b e a r i n g  Siloam G r a n i t e  

A long  the n o r t h w e s t  margin of the Siloam pluton is a 

u n i t  of med ium-gra ined ,  e q u i g r a a u l a r ,  p i n k  t o  grey  g r a n i t e .  

The q u a r t z  and f e l d s p a r  measure 4-6 mm. T h e  g r a n i t e  is more 

felsic t h a n  a n y  other Siloam g r a n i t e  w i t h  a c o l o r  i n d e x  of 2 

of less. The m i n e r a l o g y ,  is q u a r t z ,  m i c r o c l i n e ,  unzoned  

p l a g i c c l a s e  (An23), b i o t i t e ,  m u s c o v i t e ,  a n d  garnets (up  t o  4 

m m  in size). Accessory m i n e r a l s  are z i r c o n ,  apa t i te ,  a n d  

o p a q u e s .  S e c o n d a r y  m i n e r a l s  i n c l u d e  c h l o r i t e  a n d  r u t i l e .  A 

deformational t e x t u r e  is e v i d e n t  in t h i n  s e c t j . c n ,  although 

n c n e  is e v i d e n t  i n  c u t c r o p .  

C o a r s e - g r a i n e d  Siloam Granite 

The s o u t h u e s t  lobe of t h e  S i l o a s  p l u t o n  consists of a 

c o a r s e - g r a i n e d  b io t i te  g r a n i t e  vith .an a v e r a g e  g r a i n  size of 

5 mm and  a l k a l i  f e l d s p a r s  u p  t o  10 mm.  It is d i s t i n g u i s h e d  

frcm t h e  p o r p h y r i t i c  f ac i e s  b y  its h i g h e r  color i n d e x ,  C.I. 

= 5-10, smaller alkali f e l d s p a r s ,  and anhedral t o  suhhedral  

a l k a l i  f e l d s p a r  p h e n o c r y s t s  r a t h e r  t h a n  the - n e a r l y  a u h e d r a l  

a l k a l i  f e l d s p a r s  of the p o r p h y r i t i c  facies, The loiaeralogy 

is q u a r t z ,  microcline micropertbite, p l a g i o c l a s e ,  a n d  

b i o t i t e .  The p l a g i o c l a s e  has weak o s c i l l a t o r y  z o n i n g  w i t h  

o v e r a l l  composition of An20. Accessory minerals i n c l u d e  

hd t i t a n i t e ,  a l l a n i t e ,  f l u o r i t e ,  a p a t i t e ,  z i r c o n ,  and  o p a q u e s .  

http://sectj.cn
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The c o a r s e - g r a i n e d  Siloam g r a n i t e  has a w e l l - d e v e l o p e d  

f o l i a t i c n  d e f i n e d  b y  t h e  r o u g h l y  t a b u l a r  a l k a l i  f e l d s p a r s ,  

b i o t i t e ,  a n d  x e n o l i t h s  o r  m a f i c  c l o t s .  T h e  foliation 

para l l e l s  t h e  c o n t a c t  w i t h  t h e  c o u n t r y  rock a s  well as t h e  

flow f c l i a t i o n  of t h e  p o r p h y r i t i c  p h a s e  ( F i g u r e  A10) . The 

f o l i a t i o n  of t h e  c o a r s e - g r a i n e d  facies is i n  large p a r t  t h e  

c a t a c l a s t i c  t e x t u r e ,  e v i d e n t  t h r o u g h o u t  t h e  Siloam, It is 

the best d e v e l o p e d  in t h e s e  rocks and a p g e a r s  t o  i n c r e a s e  t o  

t h e  s o o t h .  

A p l i t e  a n d  P e g m a t i t e  Dikes 

The Silcam p l u t o n  is c u t  by a small number of p e g m a t i t e  

a n d  a r l i t e  dikes. The a p l i t e  m i n e r a l o g y  i s  q u a r t z ,  

m i c r o c l i n e ,  and p l a g i o c l a s e  (An15-10) v i t b  ninor o r  

a c c e s s o r y  biotite, m u s c o v i t e ,  g a r n e t ,  o p a q u e s ,  e p i d o t e ,  a n d  

a p a t i t e .  The p e g m a t i t e s  c o n s i s t  of m i c r o c l i n e  a n d  q u a r t z ,  

commonly g r a p h i c a l l y  i n t e r g r o w n  i n  sub -  to e u h e d r a l  c r y s t a l s  

up t c  5 cm, a l b i t e  (2 cm), and muscovi te  p l a t e s  (2  cm). The 

p e g m a t i t e s  l o c a l l y  c o n t a i n  p y r i t e  c u b e s  up  t o  2 cm o n  a side 

a n d  small a m o u n t s  of b i o t i t e  (3 mm). 

R e l a t i c n s h i p  Among t h e  Various Rock Types of the Silcam 

The g a r n e t - b e a r i n g  Si loam g r a n i t e  is d i f f e r e n t  enough  

f r o 0  the r e m a i n i n g  granite fac ies  to s u g g e s t  i t  is a c o u n t r y  
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C o m F o s i t i o n  of t h e  Siloam Granites 

Amcng t h e  many c h e m i c a l  a n a l y s e s  of t h e  Siloam g r a n i t e  

are tbree i n d i v i d u a l  a n a l y s e s  of the F o r p h y r i t i c  g r a n i t e  

(#1-3#  Table A 3 )  a n d  an a v e r a g e  of 40 g r i d  s a m p l e s  ( # a ,  
T a b l e  A 3 ) .  As R a d c l i f f s  a n d  Humphrey (1971) d i d  not 

r e c c g n i z e  d i f f e r i n g  fac ies  of the g r a n i t e ,  t h e i r  average 

c o m F c s i t i o n  is d i f f i c u l t  to i n t e r p r e t .  The p r e s e n c e  of t h e  

differing f ac i e s  of  the Siloam g r a n i t e  n a y  alsc e x p l a i n  i n  

l a r g e  p a r t  their o b s e r v e d  c h e m i c a l  t r e n d s - i n c r e a s i r g  

Fe2G3pe203 + HgO t o  the west and  i n c r e a s i n g  K20/K20 + Na20 

+ CaO c o n c e n t r i c a l l y  from m a r g i n  t o  core. T h e s e  t r e n d s  a t e  

p o s s i b l e  if the p o r p h y r i t i c  f ac i e s  is Rore i r o n  r i c h  a n d  

less p o t a s s i c  than t h e  med ium-gra ined  g r a n i t e .  
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Si02 70.95 73068 

A 1 2 C 3  lSs 59 13.80 

Cao 1.44 1.74 

u90 0.71 0. a7 

K2O 5.26 3.95 

P€O 2.19 20 39 

€e203 - - 
l a  20 3.66 3.52 

H n O  00 05 0.06 

Ti02 0.35 0.40 

F205 0.18 0.19 

Ign. - 

69.13 

17.14 

1. as 
0.79 

5, &9 

- 
1.52 

4.06 

- 
- 
- 

0.52 

7101 

14.20 

1.30 

? 

4.7 

- 
3.10 

2.8 

0.05 

0 0 5  

- 

T C T B L  100.38 100.60 100.50 



A-62 

P r e l i m i n a r y  S t a t e m e n t  on D e p t h  of  Emplacement of t h e  S i l c a m  

P e l i t i c  xenoliths of t h e  Siloam p l u t o n  contain t h e  

assern b l a g e  garne t -  s i l l i m a n i  t e -b io t i t e -  K f e l d s p a r -  

p l a g i o c l a s e - q u a r t z .  If t h e s e  p e l i t i c  r o c k s  have a 

c o m p c s i t i o n  c c r r e s p o n d i n g  t o  that of the p e l i t i c  r o c k s  

e n c l o s i n g  the Winnsboro ,  L i b e r t y  Hill, P a g e l a n d ,  a n d  

L i l e s v i l l e ,  the a s s e m b l a g e  i n d i c a t e s  a g r e a t e r  d e p t h  of 

e m p l a c e m e n t .  The t e a c t i o n :  

cor d i e  ri t e  ga rne t  + s i l l i m a n i t e  + quartz 

divides the low p r e s s u r e  assemblages c c n t a i n i n g  cordierite 

from the h i g h - F r e s s u r e  g a r n e t  + s i l l i m a n i t e  a s s e m b l a g e s ,  the 

reaction c u r v e  having a smal l  n e g a t i v e  s l o p e  io P-T s p a c e  

(Holdaway and. Lee, 1977).  I n  a d d i t i o n ,  t h e  r e a c t i o n  is 

l a r g e l y  free of the effects of p a r t i a l  water pressure. 

This d e p t h  of emplacement of probably more t h a D  4 kb 

c o n t r a s t s  w i t h  the 2 k b  estimate cf W h i t n e y  and S t o r n e r  

( 1  977a) based on coexisting f e l d s p a r  p a i r s .  

Heat. G e n e r a t i o n  

Tbe S i l o a m  was o r i g i n a l l y  chcsen f o r  more d e t a i l e d  

study this c o n t r a c t  p e r i o d  b e c a u s e  of the h i g h  h e a t  CJ 
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t, 

, 

p r o d u c t i o n  of its p o r p h y r i t i c  f a c i e s  a s  well as its l o c a t i o n  

a s  one of the s o u t h e r n m o s t  pcs t -me tamorph ic  plutons, 

Results of t h e  gamma-ray s p e c t r o m e t e r  for the  Siloam samples 

ccllected d u r i n g  t h e  r e c o n n a i s s a n c e  s u r v e y  a r e  (Report 

VPI&SD-S103-5) : 

UePPm Th, ppn K2C, ut% H G V U  

C E 7 - 7  ( p s g )  7.7 37.3 4.9 12.0 

C E 7 - 7 E  x e n o l i t h  7 . 2  20.9 4.1 8 . 8  

C 8 7 - 8  ( p s g )  5.7 35.4 3.7 10.2 

P r e l i m i n a r y  results on samFles col lec ted  f o r  t h i s  s t u r ? y  are: 

AS7-125  ( p s g )  3.8 23.4 4.8 7 . 0  

AS7-149 (msg) 4 . 9  33.3 4.7 9. 2 

CB7-7 c o n t a i n s  veins of f l u o r i t e  a n d  s u l f i d e s  w h i c h  may 

a c c o u n t  for the h i g h  u r a n i u m  c o n t e n t s  of the samples at t h a t  

I c c a l i t y .  The remaining samples, lower in u r a n i u m ,  are too 

few t c  cha rac t e r i ze  t h e  p l u t o n  i n  terms cf h e a t  F r o d u c t i o n ,  

b u t  t h e y  e generally h i g h e r  t h a n  c o a r s e - g r a i n e d  g r a n i t e s  

of o tbe r  p o s t - m e t a m o r p h i c  g r a n i t e s .  
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P e t e r s b u r g  B a t h o l i t h  

T h i r t y - n i n e  s u r f a c e  samples a n d  11 s a m p l e s  from t h e  250 

m d e e p  PET1 b o r e h o l e  h a v e  b e e n  a n a l y z e d  for major e l e m e n t  

c h e m i s t r y .  T h e  a v e r a g e  surface a n d  ccre c c m p o s i t i o n s ,  

t o g e t h e r  w i t h  U a n d  Th v a l u e s  o b t a i n e d  by gamma-ray 

s p e c t r c m e t r y ,  a r e  g i v e n  i n  T a b l e  ~ 1 .  Two s a m p l e s  d e s c r i b e d  

as  g n e i s s i c  a n d  o n e  p e g m a t i t e  u e r e  omit ted from t h e  surface 

a v e r a g e .  I n  c c m p a r i s o n  w i t h  t h e  data g i v e n  in Table  B l  of 

our Frcoious r e p o r t  (YPI E SU-5103-5), i t  c a n  be s e e n  t h a t  

i o  major E l e m e n t  c h e m i s t r y ,  t h e  P e t e r s b u r g  surface a v e r a g e  

resembler most c l o s e l y  t h e  L i b e r t y  H i l l  f i n e  g r a i n e d  and 

R o l e s v i l l e  s u r f a c e  s a m p l e s .  However ,  t h e  a v e r a g e  U c c n t e n t  

of t h e  Petersburg s u r f a c e  s a m p l e s  is c o n s i d e r a b l y  h i g h e r  

t h a n  t h a t  from t h e  s u r f a c e  of a n y  o t h e r  F l u t o n .  In terms of 

Th c o n t e n t ,  the P e t e r s b u r g  s u r f a c e  s a m p l e s  sbou normal 

a p p a r e n t  v a l u e s  a n d  the a v e r a g e  is c c m p a r a b l e  with  t h a t  from 

Rolesv i l le .  

T h e  PET 1 core has a n  a v e r a g e  major e l e m e n t  c o m p c s i t i o n  

which  i s  s i g n i f i c a n t l y  more m a f i c ,  h a v i n g  lower Si02 ar,d 

h i g h e r  C a O ,  #go a n d  Ti02, t h a n  t h e  s u r f a c e  samFles. This is 

r e f l e c t e d  i n  i t s  lcwer 0 a n d  Th a b u n d a n c e s .  

A c c o r d i n g  t o  S t r e i k e s s e n ' s  ( 1  976) c l a s s i f i c a t i o n  

scheme, w h i c h  uses a n o r m a t i v e  An-Ab-Or p l o t  t o  d e f i n e  r o c k  

t y p e s ,  the  P e t e r s b u r g  surface s a m p l e s  with >17X E o r m a t i v e  @z 

a re  t o n z c g r a n i t e s ,  s y e n o g r a n i t e s  a n d  a l k a l i  f e l d s p a r  



B - 3  

Si02 71.14 67.06 
(st d e v )  (3 .83)  (1.47) 

A1203 15.40 16.46 
(st d e v )  (0.71) (0.68) 

CaO 1.64 2.24 
( s t  dev)  ( 0 . 7 7 )  (0.17) 

0.81 1.47 
(0.61) (0.13) 

ago 
(st d e v )  

K20 5.05 5.38 
(st dev) (0.83) (1.08) 

PeO 2.03 2.78 
(s t  dev) (I. 10) (0.21) 

Na20 30 85  4 - 1 6  
(st dev) (0.35) (0.25) 

fin0 0.05 0.07 
(st dev) (0 .  02) (0.01) 

Ti0 2 0.34 
(st dev)  (0.20) 4 

P205 0.12 0.21 
(st dev) ( 0 . 0 7 )  (0.02) 

'==-'==----'-==-~==================E==E======================== 
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g r a n i t e s .  F o u r  sur face  s a m p l e s  h a v e  (17% n o r m a t i v e  Qz a n d  

are  c l a s s i f i e d  a s  ca lc -a lka l ine  monzonites. The core 

samples a l l  have (17% normative Qz a n d  f a l l  in t h e  calc- 

a l k a l i  syenite f i e l d  of t h e  a F F r o p r i a t e  d i a g r a m .  The t r e n d  

from mcst t o  l e a s t  felsic, i.e., from a l k a l i - f e l d s p a r  

g r a n i t e  t o  m o n z o n i t e ,  is p a r a l l e l e d  by a t r e n d  of d e c r e a s i n g  

a v e r a g e  U a n d  Th c o n t e n t s :  

a l k a l i  f e l d s p a r  granite (4 s a m p l e s )  U = 10 Fpm, Th = 19 ppm 

s y e n c g r a n i t e  (17 s a m p l e s )  U = 8 ppm, Th = 20 ppm 

c o n z o g r a n i t e  ( 8  s a m p l e s  U = 6 ppm, ‘Ih = 17 pprn 

monzonite (3  s a m p l e s )  U = 5 ppm, Th = 13 ppm 

O n  a R-la-Ca d i a g r a m ,  t h e  p o i n t s  cluster about the 

a v e r a g e  c a l c - a l k a l i n e  t r e n d  of N o c k o l d s  a n d  A l l e n  (1953)  . 
F i g u r e  B1 is a Q-Ab-Or p h a s e  d i a g r a m  f o r  PH20 = l? 

t o t a l .  T h e  P e t e r s b u r g  sur face  samples Flot i n  a r a t h e r  

l arge  f i e l d ,  the p o s i t i o n  of wh ich  i n d i c a t e s  a p r e s s u r e  a t  

t h e  time cf  c r y s t a l l i z a t i o n  of about 2 k b  PH20. f fouever ,  

the P e t e r s b u r g  i s  a l a r g e  a n d  p r o h a b l y  c c m p l e r  b a t h o l i t h  

Sade u p  cf s e v e r a l  d i f f e r e n t  l i t h o l o g i e s  (see G e o l o g y  

sec t ion  of report VPZ G sU-5103-4). The d o m i n a n t  l i t h o l o g y  

is m e d i u s  t o  coarse g r a i n e d ,  weakly o r  n o n - f o l i a t e d  massive 

grani te .  T h e  f i v e  s a m p l e s  shown on F i g u r e  A7 of t h e  above 

r e p o r t  a s  h e l o n g i n g  t o  t h i s  l i t h o l o g y  h a v e  Q-Ab-Or d a t a  

which  f a l l  i n  the smaller surface sample f i e l d  of F i g u r e  81. 



w
 

& 
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T h i s  g r c u p  of s a m p l e s  h a s  a n  avrerage U = 8 . 1  FPD, Th = 21.1 

ppm. The w e l l - d e f i n e d  l i t h o l o g i c  unit from w h i c h  t h e y  come 

p r o b a b l y  is t h e  h o t t e s t  major u n i t  of t h e  b a t h o l i t h .  T t  

m i g h t  t e  p o s s i b l e  t o  d e f i n e  f i e l d s  f o r  t h e  other l i t h o l o g i e s  

b u t  t h e  c c m g l e x i t y  of t h e  outcrop p a t t e r n ,  indicated i n  

F i g u r e  A7, makes  i t  d i f f i c u l t  t o  a s s i g n  e a c h  sample to  a 

unit, The core s a m p l e s  h a v e  n o r m a t i v e  Qz + Ab + Or c o n t e n t s  

of only 7 9 - 8 2 1  u h i l e  t h e  surface s a m p l e s  range up t o  9515; 

t h u s  tbe p c s i t i o n  of t h e  core s a m p l e s '  f i e l d  o n  t h e  Qz-Ab-Or 

d i a g r a s ,  d o e s  n o t  i m p l y  a higher p r e s s u r e  of f o r m a t i o n .  

As discussed io our p r e v i o u s  r e p o r t  ( G e o c h e m i s t r y  

s e c t i o n  of VPI G SB-5103-S) ,  both water c o n t e n t  a n d  Ab/An 

r a t i o  h a v e  c o n s i d e r a b l e  effects on t h e  F o s i t i o n s  of t h e  

p h a s e  k c u n d a r i e s  o n  Q-Ab-Or d i a g r a m s ,  The P e t e r s b u r g  d a t a  

is shown on t h e  d r y  s y s t e m  i n  F i g u r e  B2 a n d  on the PH20 = 

Ptotal = 2 kb w i t h  v a r y i n g  Ab/An r a t i o s  diagram in F i g u r e  

B 3 ,  On t h e  d r y  d i a g r a m ,  t h e  d a t a  a re  consistent w i t h  

Ereseures cf f o r m a t i o n  of 4 kb or  more. T h e  Ab/An ratios of 

the salaFles range from 2-19 but a r e  m a i n l y  i n  tbe r a n g e  3-7 

w i t h  t h e  ccre s a m p l e s  h a v i n g  Ab/An of a p p r o x i m a t e l y  3. From 

Figure 8 3  it can be seen t h a t  t h e  2 k b  s y s t e m  is 

i n a p p r c F r i a t e  fo r  t h e  P e t e r s b u r g  samFles, when t h e i r  An 

c o n t e n t  is taken into account, and t h a t ,  even for a wet 

s y s t e m ,  p r e s s u r e s  of formaticn c o n s i d e r a b l y  h i g h e r  t h a n  2 kb 

a re  s u s g e s t e d .  
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R o l e s v i l l e  Cores 

S a m p l e s  from o n e  b o r e h o l e ,  BLl, w i t h i n  the C a s t a l i a  

p l u t o n  of t h e .  R o l e s v i l l e  c o m p l e x  a n d  frolo t h r e e  boreholes, 

R12, RI.4, a n d  R L 5  l o c a t e d  i n  t h e  "main R o l e s v i l l e  p l u t o n  h a v e  

b e e n  a n a l y z e d .  T h e  a v e r a g e  major e l e m e n t  a n d  U a n d  Th 

c o n t e n t s  of e a c h  core. a r e  given i n  T a b l e  82 a l o n g  w i t h  t h e  

R o l e s v i l l e  surface d a t a  from o u r  p r e v i o u s  r e p o r t  

( G e o c h e m i s t r y  s ec t ion  of  VPX E Sa-5103-5). S a m p l e s  

desc r ibed  a s  b e i n g  m i x e d  g r a n i t e  and p e g m a t i t e  were omitted 

frcm the a v e r a g e s ,  

I n  c o m p a r i n g  t h e  C a s t a l i a  s u r f a c e  a n d  RL1 d a t a ,  it m u s t  

be noted t h a t  o n l y  three sur face  samFles frca this more t h a n  

20 km l o n g  pluton were a n a l y z e d  ,and so m i g h t  not be 

r e p r e s e n t a t i v e  of t h e  p l u t G n  a s  a v h o l e .  Sixteen s a m p l e s  

frcm t h e  210 m core were a n a l y z e d ,  The core c o m p o s i t i o n  is 

less f e l s i c  t h a n  t h e  surface a v e r a g e ,  h a v i n g  lower Si02 a n d  

h i g h e r  CaO, &!go8 PeO a n d  TiOZ, b u t  t h e  U a n d  Th c o n t e n t s  are 

q u i t e  s i m i l a r ,  U b e i n g  s l i g h t l y  higher and Th l o v e r  i n  the 

core t h a n  t h e  sur face  s a r e p l e s .  T h e  core shows l i t t l e  

c h e r i c a l  v a r i a t i o n  thronghou its l e n g t h , .  a s  i n d i c a t e d  by 

the smal l  s t a n d a r d  d e v i a t i o n  values, a n d  there are no 

s i g n i f i c a n t  a r i a t i o n s  w i t h  d e p t  e i t he r  for m a j o r  e l e m e n t s  

o r  U a n d  Th T h r e e  of t h e  R l  c o r e  samples come from the 

p a r t s  of t h e  core d e s c r i b e d  as a l t e r e d  in the G e o l o g y  

s e c t i o n  of RepO& VPI G SU-5103-5 b u t  t h e i r  c h e m i s t r y  is n o t  

\ %  



m 
i 

0 
4 

c 

u PE" 4.3 
( s t  dev) (1.7) 

(st d e r )  (3.57) 

(a t  der)  (3.43) 

( s t  der) (0.44l 

Th F F E  13.76 

s i 0 2  75.26 

A1203 14.12 

CaO 1.59 
( S t  d e r )  (0.60) 

m u  0.59 
(st der)  (0.47) 

K20 4.22 
(st der )  (0.53) 

FeO 1.26 
( s t  d e r )  (0.79) 

la2C 3.70 
( s t  der )  (0.34) 

nno 
( S t  d e r )  

Ti02 
( s t  der) 

e205 
( s t  der )  

0.05 
(0.01) 

(0.11) 
0 .17  

0.06 
(0.03) 

4 . 0  
(1.6) 

17. R 11.83 14.46 16.4 
(4.5) ( 0 .  46) (2.23) (2.7) 

71.10 71.34 69.85 70.95 
(2.91) (1.01) (3.21) (3.75) 

(0 .94)  (0.20) (1.20) (0.99) 
15.59 15.41 16.71 16.26 

4.2 
(1.7) 

(3.0) 

70. e1 

18.6 

(1.03) 

16.56 
(0.61) 

1.82 
(0 .44 )  

2.213 
(0.26) 

2.12 1.83 I. e1 
(0.68) (0.53) (0 .16)  

0.70 0.92 0.73 0.76 
(0.27) (0 .  l e )  (0.34) (0.46) 

4.52 4.02 9.36 4.91 
(0.46) (0.75) (0.8s) (0.68) 

1.77 
(0.55)  

2.01 1.66 1.60 
(0.37) (0.63) (0.83) 

3.73 4.01 4.22 3.911 
(0.30) (0.32) (0.47) (0.95) 

0.64 
(0.13) 

0.78 
(0.26) 

1.32 
(0.23)  

4.34 
(0.36) 

0.04 
(0.01) 

0.30 
(0.11) 

0 .11  
( 0 . O U )  

0.05 
(0 .00)  

0.26 
(0.05) 

0.09 
(0.01) 

0.03 
(0.01) 

0.28 
(0.11) 

0.09 
(0.04)  

0.03 0.04 
(0.01) (0.01) 

0.28 ,. 0.21 
(0.15) (0.03) 

0.09 0.08 
(0.07) (0.02) 

c 
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a F p r e c i a b l y  d i f f e r e n t  from t h e  rest of t h e  s a l o p l e s  e i t he r  i n  

major element or  U a n d  T h  c o n t e n t s .  The n c r m a t i v e  Qz-Ah-Or 

d a t a  from b o t h  s u r f a c e  a n d  core f a l l  i n  t h e  smal l  f i e l d  

shown on F i g u r e  31. A l t h o u g h  the C a s t a l i a  f i e l d  on this 

diagram a p p e a r s  tG c r o s s  t h e  0.5 k b  cotectic into the 

p r i m a r y  Qz f i e l d ,  when t h e  effect of aii A n  c o m p o n e n t  is 

c o n s i d e r e d ,  as i n  F i g u r e  B3, it can b e  s e e n  t h a t  the entire 

C a s t a l i a  f i e l d  f a l l s  below t h e  2 kb p h a s e  b c u n d a r y  f o r  Ab/An 

= 3.9, w h i c h  is t h e  a p p r o x i m a t e  r a t i o  i n  t h e  Cas t a l i a  

s a m p l e s .  T h e  p h a s e  d i a g r a m s  sugges t  a lcwer p r e s s u r e  of 

e q u i l i b r a t i o n  f o r  t h e  C a s t a l i a  a n d  R o l e s v i l l e  main  p l u t o n s  

t h a n  f o r  t h e  c t h e r  t h r e e  p l u t o n s  shown. 

T h i r t e e n  samples from t h e  213 m RL2 core, 21 from the 

200 81 RL4 core a n d  13 from t h e  213 m RL5 core were a n a l y z e d .  

These three cores are  less homogeneous  than t h e  RL1 core, as 

i n d i c a t e d  by t h e i r  larger s t a n d a r d  d e v i a t i c a  and a l s o  b y  t h e  

large f i e l d  which t h e y  o c c u p y  o n  t h e  Qz-Ab-Or diagram, 

F i g u r e  B1. Again t h e r e  is no regular v a r i a t i o n  i n  major 

element o r  U a n d  Th c o n t e n t s  w i t h  d e p t h .  This is  no 

s i g n i f  i c a B t  d i f f e r e n c e  b e t w e s n  t h e  s u r f a c e  a v e r a g e  

c c a p o s i t i o n  and the core c o m p o s i t i o n s ;  i n  a l l  cases the 

a v e r a g e  elemeny c o n t e n t s  differ by ancunts  less than t h e i r  

s t a n d a r d  deviations. T h e  c o n c l u s i o n s  d r a w n  from t h e  

H c l e s v i l l e  . s u r f a c e  data  ( R e p c r t  VPI & SO-5103-5) h o l d  

equally f o r  the core s a m p l e s .  

c 
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POTENTIAL FIELD DATA 

A.H, c o g b i l l  

G r a v i t y  a n d  M a g n e t i c  Data i n  t h e  S o u t h e a s t  

Efforts u t i l i z i n g  g r a v i t y  and n a g n e t i c  m e a s u r e m e n t s  to 

c o n s t r a i n  t h e  l o c a t i o n s  a n d  sizes of h e a t - p r o d u c i n g  g r a n i t i c  

bod ie s  t h a t  p o s s i b l y  l i e  beneath t h e  Ccas t a l  P l a i n  have n o u  

b e g u n  i n  a systematic manner.  In t h e s e  first phases of 

woEk, F a r t i c u l a r  a t t e n t i o n  h a s  b e e n  g i v e n  t o  t h e  g r a v i t y  

a e a s n r e s e n t s  a v a i l a b l e  t o  u s ,  w i t h  less a t t e n t i o n  f o c u s e d  

upon t h e  a e r o m a g n e t i c  da t a ,  This is c h i e f l y  doe t o  

l o g i s t i c a l  r e a s o n s ,  b e c a u s e  t h e  g r a v i t y  m e a s u r e m e n t s  are, 

for t h e  most p a r t ,  r e a d i l y  a v a i l a b l e  in a discrete form, 

whereas t h e  m a g n e t i c  da ta  were a v a i l a b l e  only on mags a n d  

t h u s  more  d i f f i c u l t  t o  t r a n s f e r  r e a d i l y  into a c o m p u t i n g  

machine; t h i s  p r o b l e m  should become less impcrtant in the 

near f u t u r e  w i t h  t h e  a c q u i s i t i o n  of a n  x-y d i g i t i z e r .  

Therrfore t h e  d i s c u s s i o n  t o  follow w i l l  be d e v o t e d  t o  the 

a n a l y s i s  cf t h e  g r a v i t y  a e a s u r e m e n t s :  e m p h a s i s  w i l l  be 

p l a c e d  on t h e  g r a v i t y  d a t a  a v a i l a b l e  in t h e  s t a t e s  of 

Georgia ,  S o u t h  C a r o l i n a ,  and N o r t h  C a r o l i n a ,  w h e r e  most of 

our work h a s  b e e n  c o n c e n t r a t e d  thus far. 
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Sources of g r a v i t y  da t a  
W 

We h a v e  u s e d  m e a s u r e m e n t s  p r o v i d e d  by 1) NOAA, 2) 

V i r g i n i a  D i v i s i o n  of H i n e r a l  Re~ources, a n d  3) the N a t i o n a l  

Geodetic S u r v e y ,  A d d i t i o n a l l y ,  we h a v e  begun t o  a c q u i r e  our 

oun m e a s u r e m e n t s  i n  those l o c a l i t i e s  where the d e n s i t y  of 

d a t a  frola t h e  a b o v e  three s o u r c e s  is p a r t i c u l a r l y  sparse. 

The a c q u i s i t i o n  of these new m e a s u r e m e n t s  has been made 

p o s s i b l e  t h r o u g h  t h e  l o a n  of two LaCoste-Boaberg geodet ic  

g r a v i t y  meters by t h e  N a t i o n a l  Geode t i c  S u r v e y .  

The g r a v i t y  da ta  p r o v i d e d  by NOAA c o n s t i t u t e  the 

o v e r w h e l m i n g  portion of the data  a v a i l a b l e  t c  u s ,  and thus 

i t  i s  h e l p f u l  t o  e x a m i n e  the d i s t r i b u t i o n  of  the data 

p r o v i d e d  by N O A A .  Toward t h i s  e n d  we h a v e  p r e p a r e d  s t a t i o n  

maps fo r  the s t a t e s  of Georgia, South Carolina, a n d  North 

C a r o l i n a  [ F i g u r e s  (C-1) - (C-3) 1. S i m i l a r  maps of t h e  s t a t i o n  

d i s t r i b u t i o n s  i n  V i r g i n i a ,  f i a r y l a n d - D e l a w a r e ,  a n d  New Jersey 

w i l l  be p r e p a r e d  w i t h i n  the coning weeks as attention 

bxoadens t o  i n c l u d e  those areas. As may b e  s e e n  i n  t h e s e  

f i g u r e s ,  the s t a t i o n  d i s t r i b u t i o n s  i n  Georgia a n d  North 

Carolina are r e l a t i v e l y  u n i f o r m ,  u i t h  some e x c e p t i o n s .  

M e a s u r e m e n t s  i n  these s t a t e s  are s u f f i c i e n t l y  d e n s e  t o  
I p r c v i d e  adequate, but not o u t s t a n d i n g , .  r e g i o n a l  c o v e r a g e .  

4 For l c c a l  s t u d i e s  t h e  d a t a  a r e  r e a l l y  t o o  sparse ,  and t h u s  

we intend t o  a c q u i r e  more measurements for s u c h  s t u d i e s .  
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Figure C-1. D i s t r i b u t i o n  of g r a v i t y  s t a t i o n s  in 
Georgia. Sources of d a t a  are NOAA and the National  
Geodetic Survey .  

! 

L, 
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Figure C-2. Distribution of g r a v i t y  s t a t i o n s  ir, South 
C a r o l i n a .  A l l  d a t a  p r o v i d e d  b y  NOAA. 
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The d i s t r i b u t i o n  of g r a v i t y  m e a s u r e m e n t s  i n  S o u t h  

C a r o l i n a ,  however ,  is r e m a r k a b l y  b i m o d a l ,  a f a c t  p r o b a b l y  

a t t r i b u t a b l e  t o  a lack of r e c e n t  t c p o g r a p h i c  maps in much of 

e a s t e r n  S o u t h  C a r o l i n a ,  The e x t r e m e  p a u c i t y  of da t a  in 

eastern S o u t h  Carc l ina  presents many d i f f i c u l t i e s  t o  the 

gravity field a n a l y s i s ,  and  t o  belF r emedy  this unhappy  

s i t u a t i o n  ue shall make major e f f o r t s  in t h e  n e x t  few months 

tc a u g m e n t  the g r a v i t y  da t a  s e t  i n  t h i s  r e g i o n .  

Local S t u d i e s  

we have begun to i n t e r p r e t  g r a v i t y  measurements made i n  

t h e  vicinity of t h r e e  g r a n i t i c  bodies  - t h e  E d g e f i e l d  

g r a n i t e ,  the R o l e s v i l l e  t a t h o l i t h ,  a n d  t h e  Pe te r sburg  

granite, R e s u l t s  f o r  t h e  R o l e s v i l l e  and t h e  P e t e r s b u r g  

areas are as y e t  i n c o m p l e t e ,  but the s t u d y  of the E d g e f i e l d  

g r a n i t e  i s  very n e a r l y  f i n i s h e d ,  a n d  many r e s u l t s  from t h a t  

s t u d y  a r e  p r e s e n t e d  i n  t h i s  r e p c r t .  . 
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E d g e f i e l d  g r a n i t e  (Cuff y t o v n  C r e e k  p l u t o n )  

T h e  E d g e f i e l d  g r a n i t e  is a g r a n i t i c  body  located in 

s o u t h w e s t e r n  S o u t h  Caro l ina  ( F i g u r e  C-U) . A l t h o u g h  i ts  

e x p o s e d  area is f a i r l y  small, a r a t h e r  large, n e g a t i v e  

Bouguer  a n c n a l y  is c o i n c i d e n t  v i t h  it. A g r a v i t y  s t u d y  of 

t h e  E d g e f i e l d  v a s  begun  in J a n u a r y ,  1978; t h e  p r i n c i p a l  

objectives of the s t u d y  were: 1) t o  place bounds upon the 

t o t a l  d e p t h  of t h e  p l n t o n ,  and  2) t o  est imate  the s h a p e  of 

t h e  body w i t h i n  t h e  s u b s u r f a c e .  E x a m i n a t i o n  of t h e  g r a v i t y  

d a t a  S u p p l i e d  us bp NOAA r e v e a l e d  t h a t  there  were only two 

m e a s u r e m e n t s  i n  t h e i r  c a t a l o g  which  were loca ted  upon the 

e x p o s e d  p o r t i o n  of t h e  p l u t c n .  T h e r e f o r e  we a c q u i r e d  some 

150 a d d i t i o n a l  m e a s u r e m e n t s  i n  t h e  v i c i n i t y  of the F l u t o n .  

T h e s e  a r e  a l l  t a b u l a t e d  i n  T a b l e  C-1: t h e  l o c a t i o n s  o f  most 

of these s e a s u r e m e n t s  are a l s c  shown i n  F i g u r e  C-4 ( s o n e  

s t a t i o n s  l i e  o u t s i d e  t h e  b o u n d a r i e s  of Figure C-4) . 
Howewer, the NOAA-SUpFlied i t i ea su remen t s  were used t o  

estimate t h e  l c v - f  r e q u e n c y  ( r e g i o n a l )  p o r t i o n  of t h e  f i e l d .  

T h i s  p a r t  of t h e  f i e l d  was s u b t r a c t e d  from t h e  r a u  Bouguer 

f i e l d ;  t h e  r e s u l t i n g  f i e l d  i s  termed t h e  g g c a a l o u s  fielil. 

The term r g s i d n a l  field or yegidggl-anomaly w i l l  b e  u s e d  

o n l y  when c o m p a r i n g  model f i e l d s  t o  the a n o m a l o u s  f i e l d :  i n  

these  cases a “ r e s i d u a l n  is d e f i n e d  a s  ( a n o b a l y  - calculated 

v a l u e )  
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F i g u r e  C-4. D i s t r i b u t i o n  of g r a v i t y  measurements near 
the E d g e f i e l d ,  S C ,  g r a n i t i c  p l u t o n ,  showing  station 
codes of T a b l e  C-1.  Bold outline is t h e  e x p o s e d  
p o r t i o n  of pluton; l i q h t e r  l i n e s  are contours of 2nd- 
d e g r e e  t r e n d  surface used f o r  regional Aouguer f i e l d .  
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1.85 -13-3  
2.83 -11.8 
4.20 4.92 -10.3 -11.1 
4.64 -9.3 

283% 
E032C 

'034C 
E335C 
E036C 
ED3 7C 
'P39C 
ED39C 

m 3 3 c  

3 1  
3 2  
33  
3 4  
3 5  
36 
37 
38 
39 
4 9  

-0.09 
2.76 

-1.71 
-0.18 
2.40 
5.23 
8.49 

12.34 
15.22 
15.64 

-14.91 3.19 -0.09 
-11.99 3 . i n  2.76 
-18 74 3 21  -1 .72  
-17:bb 0:ZZ -0 .19  
-16.01 3.23 2.39 
-10.97 0.20 5 . 2 3  

-9.29 0.22 8.49 
-6.31 0.23 12.33 
-3 .70  0.23 15.22 
-1.73 3.22 15.63 

-14.7 
- 1 1 . R  
-10.5 
-17.4 
-15.7 
-19.7 

-9.0 
-6 .0 
-3.4 
-1.5 

41 
42 
43 
44 
4 5  
46 
47 
49 
49 
5 0  



TABLE . C - l  (continued). 

G R A V f T Y  REOUCTlONS: CRAVtTY MEASUREMENTS NEAR THE GRANIffC PLUTr)r( LOCATE0 NEAR uCC@RMfCN. SC. 

E06OC 
EOblC 
E062C 

E065 
E066t 
E067C 
E D W C  
E069C 

Pgit 

STAT ION LATITUOE LONGITUOE ~ \ $ ~ o  9$$il$!$: F a Y E i i R  
E05OC 33 58.79 82 4.53 

33 59.54 82 3 76 520 0 9 9 6  9 85 20.88 

g054C 33 55. 6 8 7-11 553'0 979591 55 1.24 
E055C 33 56.57 85 11:44 490:O 979620:45 22.53 3 57.09 8 1 9 62 35 24.92 

33 5 7  9 8 979626 0 2 8  77 E828E 33 58:$6 83 t$:!8 l k k 8  979636:3g 32:36 

33 59.49 82 11.26 
33 59.47 82 10.41 
33 5 8  4s  82 11 08 
33 58'32 82 l0:35 

8%i 3; p:;; 8g; '7::; ; f $ z  5 - 9 1  1.84 

E'#$E 3 l  58.06 e t  it:$! S8k8 9!%62$:37 29.43 

33  5e:34 82 9.57 

33 51":1$ t5 9:zs 
33 55.96 82 8.57 
33 56  24 82 7.62 
33 52:74 82 12.20 

E070C 
E07lC 
E072C 
E073C 
E074C 

077C 
E078C 
E079C 

Eorsc 
gor6c 

E08OC 
EO8lC 
EO82C 
E083C 
E084C 
EOBSC 
E086C 

E090C 
E%E 

33 52.64 82 
33 52.64 82 
33 52.83 82 
33 54.35 82 
33 5 4  6 82 

33 5 3  83 82 
33 56'39 82 
33 54:36 82 
33 54.02 82 

33 s*:af 82 

13.09 
14.28 
14.94 
14.49 
12.66 
12.28 

:k$ 
1.82 

33 53.88 82 2.27 
33 53.66 82 2.80 
33 53.31 82 3.39 
33 53.32 82 2.52 
33 53.47 82 2.01 
33 53.59 82 1.52 
33 52-80  82 1.05 
33 5 3  
33 52:82 Q$ 2::: 
33 51.21 82 4.12 

E091g 33 56 76 82 13 53 
E092 33 56:69 82 l4:29 

33 56  72 82 15 5 1  %:E 33 57:75 82 16:16 
ED95C 33 5 8  27 82 t6.96 

33 59-04 82 7 64 
33 59'07 82 16'56 

E098C 33 58:90 82 15:OS 

EO100C 33 59-43 82 13.26 
~ 0 9 9 ~  33 58.42 82 8.82 

28.66 
28.78 
28.63 
2 46 
2f:07 

1.43 

t5 .46 
1.26 

2.30 
16.64 

19.45 
20.00 
21.38 
24.91 
18.55 
17.04 
18.84 
26.45 
12.23 
12.79 

11-46 
9.34 
9.3s 

10.91 
11.34 
12.31 
14.29 

11.55 
T8:;t 

24.61 
25.45 
25.80 
32.95 
33.67 
32.08 
31.6R 
31.86 
29.99 
33.74 

10.98 
10.20 
10.35 

0 9  

-15.77 
-16.49 

2: 19 
-3: A4 

0.27 

4.36 
7 0  

8.68 
4.81 
3.74 
3.44 
9.60 

-2.90 
-1.06 

7: 78 

-2.28 
-3.79 
-4.50 
-2.46 - 1.27 
-0.71 

0.96 
-6.04 
-4.94 
-0.85 

! U O A A I  
3.24 CC FREE-Alp 19.11 

0.22 20.88 
0.21 5.90 
0.23 1.83 
0.24 

0.21 2 4  9 2  
0.21 21:;': 

29:43 

0.22 
0.23 

0.19 
0.18 
0.21 
9.23 
0.20 

0.19 
0.16 
0.17 
0 20 
0' 17 
0: 17 
0.19 

3: 19 
0.17 

3.17 
0.16 
0.17 
3.17 
0.16 
0 16 
0:17 

0.16 

0 2 1  

k t X  
9 17 9 19 

l0:25 0:19 
9.02 0.21 

17.41 3.19 
17.13 0.21 
13.61 0.23 
13.06 0.23 
13.11 0.23 
13.76 0.20 
17.03 0.21 

28.66 
28.78 ;;':if 
tkt9 

51:;: 

1 e 4 3  

16-66 

19.45 

24.91 
18.55 
17.04 
18.04 
26.45 
12.22 
12.79 

11-46 
9.14 
9.35 

10.91 
11-34 
12-31 

4-29 

2.29 

9:bt 
11.54 
24.60 
25.44 
25.80 
32.94 
33 -61  
32.08 
31.67 
31 -86  
29.99 
33.74 

11.19 
10.43 
10.28 
2 - 5 6  

-42 

-15.56 
-16.26 

0.41 

-?:E 

4.54 
7 924 
7.87 
0.88 
4.98 
3 -90 
3 -62 
9.80 

-2.71 
-0.89 

-2.11 
-3.63 
-4.33 
-2.29 
-1.11 
-0 55 

-5 87 

-0.70 

1:12 
-*:in 

9.36 
10.44 

9.22 
17-60 
17 33 
13:83 
13.29 
13.34 
13.96 
17.23 

EOEA 
E084 
C9eA 
FOBA 
t Q R A  

Fr)B& 
ED84  
EO84 

FBRA 
rtOR4 
FOB4 
EO84 
ED9A 
E O R A  
FO8A 
8ATE 
E016 
F016 

ED16 
E016 
C 0 1 6  
E016  
ED16 
F016 
E016 

E016 
ED16 
E016 
e016 
E016 
SO16 
e916 
5916 
C016 

e016 

$88 

ERIt 

~ 0 1 6  

STATTOY COUNT 
5 1  
52 

F059C 
53 

ED5 LC 
54 

E05ZC 
55 

c953c 
56 
57 
5 8  

COS 6 

5 9  
60 €0592 

i%E 
5a54 
=05n 

61 
62 
6 3  

66 
6 7  
6 0  
6 9  
70 

F 0 6 N  
E061C 
FM2C 
e063 
50642 
Fr)65C 
5066C 
W67C 
E068C 
E069C 

23 

e070c 
cd71c 
c072C 
C073C 
F074C t075c 
f076c 
5077C 
EQ78C 
E079C 

7 1  
72 
73 
74 
75 
76 
?? 
78 
79 
80 

81 
82 
83 
84 
85 
86 

ED80C 
e081c 
F082C 
e093c 

ED86C 

E090C 

ED91 
E092E 

8r 
X$ 

EE008"';E 
E 0 " l l l  

90 

9 1  
92  
93 
9 4  

96  

98  
99  

100 

E883 95 W E  97  C097C 
E098C 
E099C 
F O l O O C  



G R A V I T Y  REDUCTIONS: G R I V I T Y  MEASUREMENTS YEAR THE G R A N I T I C  PLUTON L P C I T E O  NEAQ W C O R W I C K .  SC. 

TBBLE C-1 (continued) 

1 4  I 9 2 t  78 
I U S G S )  

ROUGUER 
11.58 

-10.95 

-4.33 
-3.13 

3: 3P 
kit 

I Y O A A I  

30.43 
4.66 
R.66  
7.44 

10.04 
11.23 
16.02 
14.78 
13.05 
13.11 

FREF-AID  
I IJSGS) 

EDlOj iC  33 58 Ob 82 1 4  65 546 0 979624 89 30.44 
€010 c 33 53'21 82 8.05 452.0 979601.19 4.66 
ED 3 f c  33 52'08 82 9.25 4 1 6 ' 0  979607:31 8.67 

E01Jb 33 50.97 82 9.03 4 6:J 979608.33 11.23 
ED137t 33 49.46 82 9 ' 3 7  3#  0 979614.95 16.02 
ED1J8C 33 47 '46  82 8-01  37h-0  979611.02 14.79 
E D  09C 33 45.94 82 6-10 473 '0  9 7 9  9 7 ' 4 8  13 .05  
E D I I O C  33 46:29 82 3:12 514:O 979394:17 13.11 

!! 2;::: :$ k$% %!$*3 9796 9796b5:95 0 89 it:?: ig!:L 33 50.04 82 1.04 429:O 9796 3.60 19.32 
D115C 33 49.38 82 4 9 8  410 0 9 7 9 6 t 0  3 3  15.18 

E D l l M  33 49.79 82 6:85  284:3 979617378 10  2 
EDl17C 3 5 1  45 82 1 5 8  4 4 0 979609 14 1 -4b 
E D l 1 8 C  31 51:49 82 19-60 4 b . O  979610.67 
ED119C 33 4'3.85 82 10:90 413:O 979611164 !!::$ 
EDlZDC 33 54.92 82 3.43 445.0 979611.14 11.57 

E D l 2 l C  33 53.90 82 3.89 414.0 979606.26 5.19 
ED122 33 5 5  02 82 0 42 433 0 979618 46 17.62 
ED123E 33 53.91 82 0.67 404'0 979617 '16  15.14 
ED124C 33 57:58 82 7:61  440:O 979612:49 8.73 [ B l f Z E  33 59.48 82 7.92 536.0  979620.77 23.39 

33 5 9  77 82 8 34 517 0 979623 56 23.99 
ED127C 34 0 : O  82 8 - 6 4  510.0 979625-22 24 .67  
ED128 34 0 9 9  82 9-86  5 8 8 ' 0  979625 '91  31.37 
ED129E 34 2 -05  82 9.04 5 9 0 - 0  979627 '09  . 31.20 
ED13OC 34 2:89 82 8:16 613:O 979627z47 32.57 

ED131C 34 1.36 82 7.66 513.0 9 7 9 6 2 9 . 5 4 .  27.37 
ED132C 33 5 6  49 82 6 68 541 0 979595 33  2.60 
E0133C ' 3 3  56 '43  8 8.05 498.0 979598'83 2.13 
ED134C 33 55.90 83 10-52 381'0 9 7 9 6 1 f - 5 0  10 .54  
ED135C 33 56:53 82 10:27 446:O 979614:78 13.05 
EO136C 33 56.51 82 9.94 434.0 979613.83 11.00 
EO137C 33 5 6  91 82 9 38  429 0 979613 52 9.66 
EO138C 33 56:98 82 9:94  46O:O 979615:99 14.95 

0139C 33 57  17 82 10 8 477.3 979618.95 19.25 
ED14OC 33 57:26 82 1 0 : 3 9  489.0 979618.90 20.20 

ED10 71 497 79596 20 1.39 ED20 !j z?*f# 8 f.88 479.8 379599.68 4.35 
E030 33 53'46 82 9.48 476.0 979602'05 7.43 
ED43 33 53:21 82 9:42 44V:O 979603:78 6.97 
ED5D 33 54.32 82 9.83 495.0 979604.15 10.12 
ED60 33 S3 61 82 10.17 435 0 979607.40 8.71 
E070 33 53.34 82 19 87 4 5 6 - 0  979608 5 1  12.17 
E O 8 0  33 53-16 82 11"32 4 9 0 ' 0  979610:13 16.41 
ED9D 33 54-67 82 10 '95  452 '0  979613 3 14 .74  
ED100 33 54:85 82 l0:OS 466:O 979607:?7 9.67 

STATION LATI~UDE LOYGITUOE ELEV 08s GRAV FREE-AIR 

EDlO5C E O t O U  33 3 3  52.33 51.64 82 82 8.25 9 - 1 4  433:O 416 0 979604 979607*?7 4 
10 .04  7.45 

ED11 1 47.34 82 0.86 04.0 979599.59 16.13 

INCAA)  REFfRcVCC 
ROUGIJER 5 T S l I r ) V  

11.81 F D 1 6  
-10.76 =D16 

-5.52 

-2.96 - 4 - 1 5  '016 f016 
3.37 EO16 
2.16 6 0 1  

-7.32 E% 

-4.43 Eat -3 - 0 9  

COUNT 
101 
102 
103 
104 
195 
106 
107 
198 

1:: 

cc 
8::: 
0.18 
0.16 
9-16 

8:s': 
8:zo 
8: i2 
0.12 
0.18 
0.19 
0.18 
'I. 19 

0.18 
0.19 
9.17 

0.25 
0.25 
0.26 

0.22 
0.23 
9.21 
0.17 
0. 19 
3.19 
0.19 
9.20 
0.2 1 
0.21 

0.21 
0.21 
0.20 
0.19 
0.21 
9.19 
0.20 
0.21 
0.20 
0.20 

-3.29 
-4.64 

16.12 
16.49 
18.16 
19.32 
15.18 
10.21 
1 4 8  

16-12 
11.56 

14:22 

-1.07 
1.96 
2 A 3  
4.69  
1.20 
0.52 

-2.64 
0.28a ' 
2.03 

-3.62 

ED16 
CD 6 
€016 

E8166 
e016 
ED16 
=016 
E 0 1 6  
E Q 1 6  
E O 1 6  
FQ16 
E O 1 6  
EO16 

6 
cot6 
FD16 
ED16 
E 0 1 6  
E016 

-1.28 
1.78 
2.20 
4.51 
1.02 
0.40 

-2.81 
0.09 
1.86 

-3.80 

111 

114 
115 
116 
117 
118 
119 
120 

: tS 

-9.11 
2.66 
1.18 

-6.46 
4.88 
6-13 
7.06 

11.07 
10.83 
1 1 - 4 0  

5.19 
17.61 
15.13 

8.73 
2 3  3 9  

24.67 
31.37 
31.20 
32.57 

23:99 

-8.93 
2.85 
1.36 

-6.28 
5.11 
6 .35  
7.27 

11.32 
11.08 
11.66 

ED12 1C 
F D 1 2 2 C  
F0123C 
F0124C 
F 0 1 2 5 C  
E O l Z b C  

E 0 1 2 9 C  
F0130C CDl29C 

mi 2 7c 

121  
122 
123 
124 
125 
126 
127 

129 
130 

120 

9.66 
-16.09 
-15.06 

-2.62 
-2.35 
-3.99 
-5.15 
-0.93 

2 .  rr 
3.31 

E O ~ P ~ C  
E0132C 
"q133C 
ED134C 
=9135C 
EO1 3 6 C  
E0137C 
EQ138C 
ED139C 
ED140C 

27.37 
2.59 
2.13 

10.54  
13.05 
11 .oo 
9.66 

14.95 
19.24 
20.20 

9.87 
-15.86 
-14.85 

-2.46 
-2.16 
-3.80 
-4 97 

2.97 
3.52 

-0:74 

131 
1 3 2  
133 
134 
135 
136 
137 
138 
139 
140 

-15.77 
-12.19 

-9.01 
-8.54 
-6.98 
-6.31 
-3.58 
-0.52 
-0.87 
-6.43 

-15 56 
-11:99 

-8.81 
-8.35 
-6.77 
-6.13 
-3.38 
-0.31 
-0.68 
-6.23 

6.96 
LO. 1 1 

8.71 
12 .17  
16.40 
14.74 
9.67 
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---u---- Trend a n a l y s i s .  In order t o  es t imate  t h e  l c w - f r e q u e n c y  

p o r t i o n  of t h e  B o u g u e r  f i e l d ,  ve u s e d  m e a s u r e m e n t s  l y i n g  

w i t h i n  tw r e g i o n s  c o n t a i n i n g  t h e  p l u t o n .  The t e c h n i q u e  

u s e d  was t o  f i t ,  by l e a s t - s q u a r e s ,  orthogonal F o l y n o m i a l s  

d i r e c t l y  to t h e  i r r e g u l a r l y  d i s t r i b u t e d  m e a s u r e m e n t s  in a 

manner d e s c r i b e d  b y  H h i t t e n  (1970) ,  u s i n g  a modif ied v e r s i o n  

of the Frogtarn  of W h i t t e n  (1971) .  The a d v a n t a g e  of u s i n g  

c r t h c g c n a l  p o l y n o m i a l s  is that e a c h  o r t h o g c n a l  c o e f f i c i e n t  

is i n d e F e n d e n t  of o t h e r  s u c h  c o e f f i c i e n t s ;  t h u s  t h e  d e l e t i o n  

of a n y  p a r t i c u l a r  o r t h o g o n a l  p o l y n o m i a l  d o e s  not affect  t h e  

c o e f f i c i e n t s  of any o t h e r  p c l p n c m i a l .  Moreover, t h e  use of 

s u c h  a t e c h n i q u e  a l lows the c o n s t r u c t i o n  of a 22-array 

( G r a n t ,  1957; Gldhaln a n d  S u t h e r l a n d ,  1955) b y  w h i c h  t h w c :  

o r t h o g c n a l  c o e f f i c i e n t s  t h a t  c o n t r i b u t e  s i g n i f i c a n t l y  t3 ?tie 

t r e n d  may be i d e n t i f i e d .  As d i s c u s s e d  by Grant (1957) ,  e v e n  

t h e  ase cf t h e  @ - a r r a y  rarely p e r m i t s  a n  u n a m b i g u o u s  

d i s t i n c t i o n  b e t w e e n  p o l y n o m i a l s  that a r e  a s s o c i a t e d  with the 

t r e n d  a n d  t h o s e  u h i c h  are not .  N e v e r t h e l e s s ,  u s e  of t h e  z2- 

array t e c h n i q u e  t c  i d e n t i f y  t h o s e  p o l y n o m i a l s  a s s o c i a t e d  

w i t h  tbe t r e n d  n e a r l y  a l w a y s  l e a d s  to t r e n d  s u r f a c e s  which  

d i f f e r  h u t  l i t t l e ,  e v e n  a c c o u n t i n g  for t h e  a b o v e - m e n t i o n e d  

a m b i g u i t i e s .  

Two r e g i o n s  were used for the t r e n d  a n a l y s i s  of t h e  

E d g e f i o f d  area b e c a u s e  we wished t o  i n v e s t i g a t e  t h e  

d e p e n d e n c e  of t h e  estimated trend upon the size of t h e  

r e g i c n  c o n s i d e r e d .  I n  e a c h  case, t h e r e  was a remarkable 
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s e p a r a t i o n  b e t w e e n  t h o s e  p o l y n c m i a l s  associated w i t h  v e r y  

large z * - o a l u e s .  E a c h  a n a l y s i s  i n d i c a t e d  t b a t  the (0 , l )  a n d  

( l , O )  o r t h o g o n a l  p o l y n o m i a l s  were t h o s e  associated with the 

t r e n d ( * ) .  In t h e  immediate v i c i n i t y  of t h e  E d g e f i e l d  

g r a n i t e ,  d i f f e r e n c e s  b e t w e e n  t h e  c a l c u l a t e d  trend s u r f a c e s  

v e r e  < 1 mgal. Somewhat  a r b i t r a r i l y ,  we c h o s e  the s u r f a c e  

c a l c u l a t e d  from the smaller r e g i o n :  t h i s  s u r f a c e  p r e d i c t s  a 

h a c k g r o u n d  f i e l d  of r o u g h l y  +8 mgal cver the p l u t o n ,  thus 

y i e l d i n g  a total a n o m a l y  of -27.2 mgal. Contours  of t h e  

t r e n d  s u r f a c e  u s e d  a r e  shown i n  f i g u r e  c-4, a l o n g  w i t h  the 

d i s t r i b u t i o n  of s t a t i o n s  a n d  t h e  s t a t i o n  codes of Tab le  C-1. 

T h e  s t a n d a r d  error of the s u r f a c e  f i t  was 5.0 mgal; t h i s  

p r o v i d e s  a n  es t imate  of t h e  u n c e r t a i n t y  of t h e  maximum 

a a g l i t u d e  of t h e  anomaly .  T h i s  is i l n F o r t a n t  b e c a u s e  t h i s  

error is  a major source of u n c e r t a i n t y  i n  t h e  d e t e r m i n a t i o n  

of the t o t a l  d e p t h  of t h o  p l u t o n .  

--- D e n s i t g - s g n t r a s t .  T h e  a v e r a g e  Q o d a l  a n a l y s i s  of the 

E d g e f s e l d  granite is a s  f o l l o w s  (S Becket, p e r s .  comm., 

1977) : 35% p l a g i o c l a s e  [An(Ol)-Or{Ol)-Ab(98) 3 8  28% K- 

f e l d s F a r  [ An(O)-Ab(02)-Or(98)  1, 33% q u a r t z ,  2% w h i t e  mica, 

2% o t h e r  minerals. The mean d e n s i t y  of t h e  r o c k  based upon 

t h i s  a v e r a g e  a n a l y s i s  ( u s i n g  2 - 7 8  gm/cc for the d e n s i t y  of 

tbe white mica) is 2.62 gm/cc. The d e n s i t y  of t h i s  rock may 

change s y s t e m a t i c a l l y  w i t h  d e p t h ,  b u t  w i l l  p r o b a b l y  r e m a i n  

a t  v a l u e s  < 2.70 gm/cc. 

{*) The n o t a t i o n  of W h i t t e n  (1970) is u s e d  t o  i d e n t i f y  the 
p a r  t i c n  l a  r or  t hogona  1 Fol  y n o m i a l s  used. 
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The d e n s i t i e s  of t h e  r o c k s  i n t o  which  t h e  p l u t o n  has 

i n t r u d e d  a r e  much less u e l l - k n o w n  t h a d  t h e  d e n s i t y  of the 

p l u t o n  i t s e l f .  These r o c k s  h a v e  b e e n  s t u d i e d  but l i t t l e ,  

p a r t l y  b e c a u s e  t h e y  are less w e l l - e x p o s e a  t h a n  t h e  g r a n i t i c  

rocks.  T h e  few e x p o s u r e s  e x a m i n e d  b y  t h i s  writer a p p e a r  t o  

be s l i g h t l y  me tamorphosed  p e l i t i c  r o c k s .  T h e s e  r o c k s  are 

n o t  e x g e c t e d  t c  h a v e  d e n s i t i e s  g r e a t l y  e x c e e d i n g  2-75  gm/cc, 

t h u s  i n d i c a t i n g  an estimated d e n s i t y  c o n t r a s t  of. 0,15 gm/cc- 

However ,  because t h e  m i n e r a l  assemblages c o m p r i s i n g  t h e s e  

rocks a re  unkncwn and because the r c c k s  have n o t  b e e n  well- 

s t u d i e d ,  t b e  b u l k  d e n s i t y  of t h e s e  rocks may be as h i g h  as 

2.85 - 2.90  gm/cc# i m p l y i n g  a d e n s i t y  c o n t r a s t  of -0.25 

ga/cc. D e n s i t i e s  > 2.90 gm/cc a r e  p o s s i b l e  b u t  very 

u n l i k e l y ,  b e c a u s e  s u c h  h i g h  d e n s i t i e s  u o u l d  l ead  t o  a l a r g e  

B o u g u e r  h i g h  i n  a b r o a d  r e g i o n  a b o u t  t h e  E d g e f i e l d  p l u t o n ,  a 

h i g h  t h a t  i s  n o t  o b s e r v e d .  

In summary, the d e n s i t y  c o n t r a s t  between t h e  E d g e f i e l d  

g r a n i t e  a n d  t h e  surrounding rocks may e a s i l y  b o  w i t h i n  the 

range -0.25 t o  -0.15 gm/cc, t h e  r a n g e  of u n c e r t a i n t y  b e i n g  

c h i e f l y  the r e s u l t  of t h e  l a r g e  u n c e r t a i n t y  in the d e n s i t y  

of the c o u n t r y  rock. A l t h o u g h  t h e  d e n s i t y  c o n t r a s t  may well 

vary s y s t e m a t i c a l l y  with d e p t h ,  so l i t t l e  i s  knoun a b o u t  the 

d e n s i t y  d i s t r i b u t i o n  i n  t h e  c c u n t r y  r o c k  t h a t  c o n s t r u c t i o n  

of g r a v i t y  models i n c o r p o r a t i n g  s u c h  s y s t e m a t i c  c h a n g e s  is 

n o t  t i a r r a n t e d .  



C- 17 

a g v F k p m o d e l s .  G r a v i t y  models of t h e  E d g e f i e l d  

g r a n i t e  were c o n s t r u c t e d  u s i n g  P l o u f f ' s  (1976) t e c h n i q u e ,  i n  

which,  a t h r e e - d i m e n s i o n a l  a p p r o x i m a t i o n  t o  t h e  body is 

c o n s t r u c t e d  using s e r t i c a l l y - s i d e d  p o l y g o n a l  prisms of 

€ i n i t e  t h i c k n e s s ,  E a c h  p r i s a  is c c n s t r a i n e d  t o  h a v e  a 

h o r i z c n t a l  t o p  a n d  base. T h i s  method d i f f e r s  from the very 

F o p u l a r  method of T a l w a n i  a n d  Ewing (19601, w h i c h  

a g F r o x i e a t e s  a t h r e e - d i m e n s i o n a l  body  wi th  a v e r t i c a l  s t a c k  

of p o l y g o n a l  lamellae. P l o u f f ' s  method u s e s  exact  e q u a t i o n s  

€or each p o l y g o n a l  p r i sm;  t h u s  for many bodies  f e v e r  

. F c l y g c n a l  prisms are n e c e s s a r y  when P l o u f f ' s  t e c h n i q u e  is 

used i n s t e a d  of T a l u a n i ' s  method.  

I n i t i a l  m o d e l s  were c o n s t a n t - d e n s i t y  models whose  

F c l p g c n a l  b o u n d a r i e s  were d e s i g n e d  t c  c o i n c i d e  w i t h  t h e  

exposed o u t l i n e  of the E d g e f i e l d  g r a n i t e .  The d e p t h  of e a c h  

of t h e s e  models was s u f f i c i e n t  t o  f i t  t h e  iaxiarum a m p l i t u d e  

of the o b s e r v e d  anomaly ,  -27.2 mgal. A11 s u c h  models gave 

Foor fits to the g r a v i t y  a n o m a l y ,  and it was a p p a r e n t  that 

a n  a r e a l l y  more e x t e n s i v e , b o d p  was r e q u i r e d ,  a t  l e a s t  n e a r  

the surface.  Subsequent m o d e l i n g  of t h e  p l u t o n  y i e l d e d  

' b o d i e s  s u c h  as t h e  one shown i n  F i g u r e  C-6. T h i s  o o d e l  is 

n c t  cons idered  a f i n a l  model, b u t  is s u f f i c i e n t l y  close t h a t  

c r l y  sma l l  c h a n g e s  i n  t h e  s h a p e  of t h e  u p p e r  p o r t i o n  of t h e  

body w i l l  be s u f f i c i e n t  t o  match t h e  a n o m a l i e s  

s a t i s f a c t o r i l y .  The rms error of t h e  model shown is 4 mgal: 

the mean a b s o l u t e  error is 3 agal. The d i s t r i b u t i o n  a n d  

v a l u e s  of t h e  r e s i d u a l s  are  shown i n  F i g u r e  C-6. The  Nkl 
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s i d e  o f  t, ,e mode is f a i r l y  s t e e p  b e c a u s e  of t h e  f a i r l y  

l a r g e  g r a d i e n t  i n  t h e  f i e l d  i n  t h a t  area. However, there 

e x i s t s  a p o s i t i v e  s o u r c e  of  unknown o r i g i n  NW cf t h e  model 

(Figure C - 5 ) ;  hence, t h e  h i g h  g r a d i e n t  in t h a t  v i c i n i t y  is 

somewhat m i s l e a d i n g .  Until more i s  known about the s o u r c e  

of t h e  positive anomaly to t h e  N U ,  nothing definite may he 

s a i d  a b o u t  t h e  s t e e p n e s s  of N U  s i d e  of the P l U t O r i m  

Generally, the i n f e r r e d  s h a p e  of t h e  p l u t o n  is t h a t  of an 

e l l i p t i c a l  f u n n e l :  t h e  shape i n  p l a n  of t h e  model is shown 

i n  F i g u r e  C-6,  and the vertical c o o r d i n a t e s  of the polygonal  

p r i s r s  are g i v e n  i n  T a b l e  C-2. 

T a b l e  C-2. P o l y g o n a l  p r i s m s  of Figure C-6. 
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B e c a u s e  of t h e  large u n c e r t a i n t y  c o n c e r n i n g  t h e  p r o p e r  

d e n s i t y  c o n t r a s t ,  F i g u r e  C-7 was prepared t o  d i s p l a y  t h e  

F a s s i b l e  models i n  a c o n v e n i e n t  manner.  T h i s  f i g u r e  s h o u s ,  

f o r  several v a l u e s  of t h e  d e n s i t y  c o n t r a s t ,  the t o t a l  d e p t h  

I of p r i s m  #4 (Table  C-2 a n d  F i g u r e  C-6) r e q u i r e d  t o  f i t  the 

maximum a m p l i t u d e  of t h e  g r a v i t y  anomaly .  For example ,  if 

we u s e  5 . 0  mgal as the u n c e r t a i n t y  of t h e  maximum a m p l i t u d e  

of t h e  anomaly ,  t h e n  for a d e n s i t y  c o n t r a s t  of -0 .20  gm/cc, 

t h e  tctal d e p t h  of t h e  p l u t o n  is 4.2 - 9.9 km, w i t h  a most 

p r o b a k l e  v a l u e  of 6.2 km. D e p t h  limits for different 

density c o n t r a s t s  may be read from t h e  figure. 

I n t e r e s t i n g l y ,  for d e n s i t y  c o n t r a s t s  a s  small  as -0.15 

cJm/cc, t h e  r equ i r ed  t o t a l  d e p t h  of t h e  p l u t o n  i s  7 . 6  kin t o  

i n f i n i t y ,  with a most p r o b a b l e  value of 16 km. T h i s  seems 

an u n r e a s o n a b l y  l a rge  value for t h e  d e p t h  of the p l u t o n ,  a n d  

suggests t h a t  -0.15 is t o o  small (in m a g n i t u d e )  a v a l u e  for 

t h e  d e n s i t y  contrast. 

Rclesvi l le  a n d  P e t e r s b u r g  g r a n i t i c  rocks 

We have used t h e  da t a  p r o v i d e d  by HOAA t o  es t imate  t h e  

l o w - f r e q u e n c y  c o m p o n e n t s  of the Bonguer field i n  t h e  

v i c i n i t y  of t h e  R o l e s v i l l e  b a t h o l i t h -  and t h e  P e t e r s b u r g  

g r a n i t e .  The t e c h n i q u e s  used t h u s  f a r  have been t h e  same as 

tbose u s e d  t o  estimate t h e  g r a v i t y  trends i n  t h e  v i c i n i t y  of 

t h e  E d g e f i e l d ,  SC, p l u t o n .  
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- I^_I - ^ "  - _ - ^  - I  ^ I  

, Ra&sville_- b a t h  o l  i th_. S i x t h - d e g r e e ,  

p h l y n c m i a l s  uere fit to a b o u t  2900 g r a v i t y  mea 
f - * _  s 

the q u a d r a n g l e  '170-8 ON. The order 

r ~ s u l  t i n g  associated 

shown i n  Figure c-8(a) . o n l y  those o r t h o g  

i n d i c a t e d  i n  t h a t  F i g u r e  uere used t o  estim 

t , r e n d  of t h e  B o u g u e r  f i e l d .  T h e  res t r e n d  surface i 

shown i n  F i g u r e  C - 9 ,  a l o n g  u i t h  i j u t l i n e  of t 
1 -  

I '  
R c l e s o i l l e  b a t h o l i t h .  T h i s  trend s u r f a c e  p r e d i c t s  r 3 : g i o n a l  

-i 

B o u g u e r  v a l u e s  of u h u s  i n d i c a t i n g  a t o t  

abo one- -portions of t h e  

b a t h o l i t h .  The rms e ror associated w i t h  s t r e n d  surface 
3 8  

- -  

- -  * I" i s  I 15.9 . - - mgal .  _. - -- - - -  - 

The NOAA c a t a l o g  c o n t a i n s  o n l y  18 g r a v i t y  measurements 

that a r e  a c t u a l l y  l o c a t a d  upon the R o l e s v i l l e  

&cause of the sma l l  er these measurement 

p r e s e n t l y  a c q u i r i n g  more g r a v i t y  m e a s u r e m e n t s  over t h i s  

body. F u r t h e r  efforts will a l s o  be made t o  s t ima te  t h e  

low-f t e q u e n c y  g r a v i t y  field o v e r  the b a t h o l i t h ,  as t h e  

u 

est imated a m p l i t u d e  of the r e g i o n a l  f i e l d  will be c r i t i ca l  

to the e s t i m a t i o n  of t h e  t o t a l  d e p t h  of t h e  b 

------ Petersburq qranite. A similar a n a l y s i s  of t h e  Bouguer  

f i e l d  i n  the v i c i n i t y  of sburg g r a n i t e  

s tern  Virg a h a s  begun. A uer a n o m a l y  of -20 

mqal OCCUKS over this boay (VPIESu-5'103-5, F i g u r e  C-S) : t h e  

r e g i o n a l  t r e n d  s u r f a c e ,  c a l c u l a t e d  from the i n d i c a t e d  
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c r t h o g c n a l  c o e f f i c i e n t s  of F i g u r e  C-8(b) ,  predicts Bonguer =-L 
v a l u e s  of 0 t o  -13 mgal over t h i s  body ( t h e r e  is a 

pronounced n e g a t i v e  g r a d i e n t  t o  t h e  s o u t h e a s t ) .  T h i s  t r e n d  

s u  a s  calculated from a b o u t  2 8 0 0  g r a v i t y  measurements  

occurring i n  t h e  q u a d r a n g l e  76 1/2O-78 l/2OW., 36O 

Thus t h e  t c t a l  a m p l i t u d e  of t h e  anomaly a t t r i b u t a b l e  to the 

P e t e r s b u r g  g r a n i t e  Q ~ I Y  b e  a s  h i g h  ( i n  magnitude)  a s  -30 

mgal, T h e  t r e n d  a n a l y s i s  i n  t h e  P e t e r s b a r g  area i s  i n  its 

i n i t i a l  stages, and more work is o n g o i n g  t o  f u r t h e r  define 

t h e  r e g i o n a l  f i e l d .  
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GEOTHERMAL GRADIELSTS, H E A T  FLOW. AND HEAT GEBERATION 

J. R m  C o s t a i n ,  Lm D .  Perry and  J. A m  Dunbar 

F i g u r e  C-10 s h o w s  l oca t ions  of h o l e s  d r i l l e d  t o  d a t e  by 

VPIGSU i n  t h e  s o u t h e a s t e r n  U n i t e d  States. T a b l e  C-3 

summarizes g e o t h e r m a l  g r a d i e n t s ,  t h e r m a l  c o n d u c t i v i t y  and 

h e a t  f l c w  d e t e r m i n a t i o n s  ava i l ab le  t o  d a t e  for this 

c o n t r a c t .  T h i s  t ab l e  a p p e a r s  i n  e a c h  r e p o r t ,  b e g i n n i n g  with 

VpIGSU-5 103-4, a n d  is  p e r i o d i c a l l y  u p d a t e d  as t h e r m a l  

conductivity a n d  beat flcw d e t e r m i n a t i o n s  are c o m p l e t e d ,  

Slight c h a n g e s  i n  t h e  g r a d i e n t s  that vi11 a p p e a r  in Tab le  

C-3 a r e  the r e s u l t  of r e l o g g i n g  these boles as they r e a c h  

t h e r E a 1  e q u i l i b r i u m .  C h a n g e s  i n  gradient are not e x p e c  ked 

t o  be more t h a n  a f e u  p e r c e n t .  Holes d r i l l e d  i n  the 

R o l e s v i l l e  b a t h o l i t h  are now b e i n g  r e l o g g e d .  

The m e t h o d s  b y  which  thermal c o n d u c t i v i t y  a n d  g t a d i e n t s  

a re  d e t e r m i n e d  are d e s c r i b e d  i n  p r e v i o u s  reports 

(VPI&S0-5103-1,2,3,4) . N e w  thermal c o n d u c t i v i t y  v a l u e s  are 

r e p o r t e d  h e r e i n  for R L l .  BL2,  and SI31 a n d  a r e  i n c l u d e d  i n  

T a b l e s  c-48 C-5, a n d  C-6. A d d i t i o n a l  thermal c o n d u c t i v i t y  

values for RL1 a n d  SB1 r e s u l t e d  i n  c h a n g e s  of thermal 

c o n d u c t i v i t y  of -1.2% a n d  -2.2%, r e s p e c t i v e l y m  In bo th  

cases the s t a n d a r d  d e v i a t i o n  decreased. 

Heat f l o u  v a l u e s  are de te rmined  i n  two uays :  (1) 

m u l t i p l i c a t i o n  of t h e  a v e r a g e  t h e r m a l  c o n d u c t i v i t y  over an 

i n t e r v a l  b y  t h e  g r a d i e n t  c o r r e s p o n d i n g  t o  t h a t  i o t e r v a l ;  a n d  
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Figure c-10. Location of holes d r i l l e d  to date  b y  
VPXES u. 
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TABLE C-3 

ROLESVILLE BATHCLITB, 
?RAIRLIN CO., N.C. 

RLl . 
RL2 

E L 3  

R LO 

R L5 

PETERSBUIiG G R A I I I I C ,  
SOSSCX CC., VA. 

P? 1 

PAGELAND PLUTOII, 
LIIICASTER CO. ,  S.C. 

PG 1 

L A K E S I O E  
CIMRERLABD CO., V A .  

LK 1 

PEGHATITL BELT, 
GOOCRLAIID CO., VA.  

PE 1 

36004 ' 15" 78O07' 43" 8/16/77 

S U R H A R I  OF HEAT PLOY DATA 

36047'17" 78025 

3 50 57 * 05" 780 20 

04" 9/14/77 

00" 10/19/77 

3 504 3 8 36" 7 80 19' 45" 1 O/ 19/77 

35051'17" 78028'54" 10/20/77 

36OQ9' 4 5" 770 19' 15" 1 0/2 1/77 

34039'25" 80050*52" 

37041'25" 78008'52" 9/ 16/77 

37045'56" 78O05'37" 9/16/77 

210 .6  

212.8 

121 .9  

196 .3  

21 1 .5  

253 .0  

213 .4  

205 .0  

200 .0  

142.5-210.0 
145.0-210.0 

27.4-209.8 
i O 4 .  9- 129 .9  

192.4-207.0 

92.5-132.5 
42.5- 52.5 
55 .0 -  6 5 . 0  
67 .5-  82 .5  
85.0- 95.0 
97.5-1 32.5 

102.4-194.9 
102.4-124.9 
152.4-194.9 
72.5-210 - 0  

14.9- 87 .4  

192. Q-252.4 
92.4-154.9 

59.3-204.3 
59.3- 81.8 

121.3- 1U4.3 
164. 3-204.3 

119.8- 199.8 

F E B R U A R Y  17, 1978 

19.05 f 0 . 1 1  (28) 7.52 f 0 . 3 9  (26) 
19 .06  t 0 . 1 2  (27) 7.52 f 0 . 3 9  (26) 

18.61 tO.20 (74) 7.22 f0 .35 (13)  
16 .00  fO.00 (7)  7 .33  f0.40 (6) 

7 . 1 3  f 0 . 3 2  (6) 
18.00 fO.46 (7) 7 .13  20.32 (6) 

13 .79  f O . l l  (37) 

13.11, f 0 . 2 6  (7) 
18.80 f0.40 (5) 
13.17 f 0 . 1 4  (15)  
15.34 tO.12 (38) 

16 .63  fO.08 (18) 
16.23 f0.03 ( 5 6 )  

14.80  fO.40 (5) 
10 .80  f 0 . 4 0  (5) 

15.01 f0.44 (10) 

23 .09  f 0 . 2 3  ( 3 0 ) s  
17 .73  fO.04 (26 ) .  
18.EA t 0 . 1 4  (25).  

13.46 f 0 . 0 7  (58) 
11.49 i 0 . 0 7  (10) 
14 .30  f 0 . 1 7  (10) 
13.31 f 0 . 0 5  (17) 

1S.17 *O. 10 (33) 

1 .43  t0 .081  
1 .43  fO.081 
1.44 t0.012 
1.34 fO.081 
1.17 f0 .071  
1.18 fO.012 
1.28 f 0 . 0 9 1  
1.28 f0.04* 



TABLE C-3  

CUPPITOUII 
(EDGEFIELD), S.C. 

E D 1  33055'11" 82001'10" 

s I L o A n  
(GBEENE C O . J ,  GA. 

sn i 3203 1 ' 8306'  
sn2 33028' 8303'  

S U l l l A R Y  OF HEAT PLOU DATA 

294.0 

ON S I T E  

1 - INDICATES MEAT PLOW TALUE IS THE PRODOCT OF A l E A N  GRADIENT A N D  A HEAN THERIAL CONDUCTIVITr 
2 - INDICATES REAT PLOU TALUE IS  PROl TRG BULLIRD APPROXIHATION 
3 : TALUE I N  PARENTHESES I S  THE WUlBGR OF TEllPERATURE POINTS OR THE N O l E E R  OF TAIRIAL CONDOCTIVITT TALOES 

5 - GRADIENT P B U l  ¶HE S E D I I E N T A R I  COVER OC TAE PLUTON 
6 - GRADIENT ?ROH WITHIN THE PLOTON 

4 - T n m n A L  CONDUCTIVITY VALUES mon 1 . 2 7 0  C H  THICK s A n P L s s  

PEBRIJART 17, 1978 0 
t 

w 
h) 

c' 
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TABLE C-4. 

, 

THEBRAL CONDUCTIVITY VALUES F(3R CORE FROH DRILL HOLE RL1 

(CASTALIA PLUTON).  

EL 1- 163 

EL1-476 

RLl-484 

BL 1-492 

EL1-500 

RL1-508 

8L1-516 

BL1-525 

fiL 1- 53 3 

RL1-541 

RL1- 54 9 

fiL1-558 

EL1-565 

RL1-574 

RL1-582 

RL1-590 

RL1-598 

BL1-607 

fiL1-615 

RL1-623 

RL 1-631 

.. 

49.7 7.70 

145.1 6.40 

147.5 7.81 

150.0 7.51 

152.4 7.06 

154.8 7.58 

157.3 7.87 

160.0 7.59 

162.5 7.62 

164.9 7.36 

167.3 7.15 

170.1 , - 7.57 

172.2 7.49 

175.0 7.69 

177. U 7.63 

179.8 7.31 

182.3 7.94 

185.0 7.86 

187.5 7.02 

189.9 7.87 

192.3 8.22 

i 
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TABLE C-4 (CONTINUED) 0 

ELl-639 

811-647 

RL1-656 

EL 1-669 

RL 1-672 

RL1-680 

AVERAGE 

STAUDIRD D E V I A T I O U  

194.8 

197.2 

199.9 

202.4 

204.8 

207.3 

7 .36  

7 .93  

7.54 

6.90 

7 . 5 3  

7 :88 

7 . 5 3  

0 .38  



c-35 

TABLE C-5. 

THERHAL CONDUCTIVITY VALUES FOR CORE FROM DRILL HOLE RL2 

(ROLESYILLE BATHOLITH).  

6L2-348 

RL2-356 

RL2-364 

RL2-374 

RL2-380 

RL2-388 

6L2-405 

fiL2-635 

EL2-643 

EL2-651 

812-660 

812-668 

812-68 4 

AVERAGE 

S 1110 A RD D E V I  AT10 bl 

106.1 7.19 

108.5 

111.0 

114.0 

115.8 

118.3 

123.4 

193.5 

196.0 

7.25 

6.95 

8.11 

7.37 

7.14 

7.07 

6.84 

7.58 

198.U 6.77 

201.2 

203.6 

208.5 

6.95 

7.32 

7.30 

7.22 

0.35 
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TABLE C-6. 

TBERHAL CONDUCTIVITY VALUES FOR COEE FROH D R I L L  BOLE SB1 

(SLATE BELT) 0 

SI3 1-21 8 

SB1-284 

561-333 

SB1-407 

SB1-Y15 

SB1-424 

SB 1-432 

sal-440 

SB1-448 

SB1-457 

sa 1-46 5 
SB1-473 

SB 1-48 1 

SB1-497 

SB1-555 

SB1-563 

SB1-572 

SB1-580 

SB1-612 

SB1-621 

66.5 

86.6 

101.5 

124.0 

126.5 

129.2 

131.7 

134.1 

136.6 

139.3 

141.7 

144.2 

146.6 

151.5 

169.2 

171.6 

174.4 

176.8 

186.5 

189.3 

a.03 

8.17 

8.02 

6.03 

8.62 

a.56 

a.au 
a.4s 

a. 65 
7.70 

9.18 

6.65 

a.62 

7.21 

a.40 

8.07 

7.96 

6.56 

8 .05  

a.48 
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TABLE C-6  (CONTINUED) 

581-629 191.7 8.29 

SE1-645 196.6 + 7.86 

581-662 201.8 8.23 

AVERAGE 8.03 

STANDARD DEVIATIOM 0.68 



c - 3 8  

(2) the B u l l a r d  a p p r o x i m a t i o n  ( B u l l a r d ,  1 9 3 9 ) .  The  r e s u l t s  

a r e  t h e  same w i t h i n  e x p e r i m e n t a l  errot .  

Beat tiow v a l u e s  d e t e r i i n e d  t o  d a t e  for this c o n t r a c t  

are  shcun i n  Figure C-11, 

Scme g r o u n d  water d i s t u r c a n c e  a n d  effects of thermal 

d i s e q u i l i b r i u m  are e v i d e n t  on t h e  t e m p e r a t u r e  p r o f i l e  a n d  

g r a d i e n t  in EL2 (VPIESB-5103-5, f iga re  C-2, p. C-4),  

e s p e c i a l l y  a t  a d e p t h  of about 150 m -  Table C-3 lists t h r e e  

heat f l c w  d e t e r m i n a t i o n s  from three d i f f e r e n t  i n t e r v a l s ,  

T h e  heat flcw v a l u e  w i t h  t h e  smallest s t a n d a r d  d e v i a t i o n  is 

1-18 f 0 - 0 1  HFU frola a 15-meter i n t e r v a l  a t  a d e p t h  of 105 

PI. U n t i l  t h e  hole is relogged, t h e  v a l u e  from this i n t e r v a l  

w i l l  be t a k e n  a s  r e p r e s e n t a t i v e  of the heat flow a t  R L 2 ,  

A d d i t i o n a l  v a l u e s  of heat g e n e r a t i o n  a re  now a v a i l a b l e  

from core ( R L 1 )  from t h e  C a s t a l i a  p l u t o n  a n d  a r e  g i v e n  in 

Table C-7.  Neu values from t h e  R o l e s v i l l e  b a t h o l i t h  (RL2, 

R24, Sf5) are  g i v e n  i n  T a b l e s  C-8. C - 9 ,  a n a  C-10. 

Additicnal v a l u e s  from our r e c o n n a i s s a n c e  survey a re  l i s t e d  

i n  T a b l e  C-11. ffeat g e n e r a t i o n  v a l u e s  from core from t h e  

P e t e r s b u r g  g r a n i t e  are g i v e n  in Tab le  C-12. New v a l u e s  of 

h e a t  g e n e r a t i o n  for sarface s a m p l e s  of t h e  P e t e r s b u r g  a r e  

g i v e n  in Tab le  C-13. A l l  of t h e  v a l u e s  from RX2 i n  t h e  

Roxboro m e t a g r a n i t e  are now complete a n d  are g i v e n  i n  T a b l e  

C-14,  

A hole d r i l l e d  almost to  basement by p r i v a t e  industry 

in Wayne Ccuntyr, Georgia (3I032'M Lat . ,  81*43*W Long,) i n  



c-39 

\$ 
Figure C-11. Heat flow v a l u e s  d e t e r m i n e d  t o  d a t e  f o r  

t h i s  contract. 



(FEET) 

90-96 

180-186 

203-210 

220-22 6 

234-240 

25 3-259 

273-279 

294-300 

312-318 

408-414 

58 4-59 0 

624-630 

673-600 

A V E R A G E  

(O ETERS) 

27.4-29.3 

54.9-56.7 

6 1.9- 64.0 

67.1-68.9 

71.3-73.2 

77.1-78.9 

83.2- 85  .O 

89.6- 91.4 

95.1-96.9 

124.4-126.2 

178.0- 179.8 

190.2- 192.0 

205.1-207.3 

RL1-090 

R L  1- 180 

RL1-203 

R L  1-220 

811-234 

RL1-253 

RL1-273 

R L  1-294 

RL1-312 

RL1-408 

RL 1-589 

RL 1-624 

RL1-673 

2.63 

2.66 

2.66 

2.66 

2.65 

2.65 

2.65 

2.63 

2.66 

2.65 

2.64 

2.59 

2.64 

2.64 

5.8 

5.2 

4. 6 

4 .8  

4.5 

4.7 

5.0 

4. 9 

4.9 

4.6 

5.5 

6.0 

5.4 

5.1 

12.2 2.9 

11.4 2.9 

11.9 2.9 

11.8 2.7 

12.0 2.9 

11.6 3.0 

11.7 2.8 

11.8 2.8 

11.6 2.8 

11.0 2.8 

12.0 2.8 

11.8 2.7 

13.0 2.8 

11.8 2.8 

3.4 

3.5 ~ 

3.5 

3.2 

3.4 

3.5 

3.3 

3.3 

3.4 

3.4 

3.3 

3.2 

3.3 

3. 4 

6 .1  

5.6 

5.4 

5. u 

5.3 

5.4 

5.5 

5.4 

5.5 

5 . 2  

5.8 

6.0 

5.9 

5 . 6  

STANDARD DEVIATION 0.02 0.5 0 . 5  0.1 0.1 0.3 

0 
1 
E 
0 

c c 



236-30 1 90.2-91.7 RL2-296 

433-498 lb7.2-148.7 RL2-483 

57 3-57 8 174.7-176.2 kL2-573 

65 4-65 9 199; 3-200.9 RL2-654 

253-698 21 1.2-212.8 Rf2-693 

i '  A V E R A G E  

ST A N D  A R D DE V I AT1 ON 

(2.67) . . ASSURED DENSITY 

I .  

2.64 

2.64 

2.66 

2 -62 

2'.66 

2.65 

0 . 0 2  

5.4 11.5 

5.0 11.2 

4.0 18.6 

5.7 14.9 

5.9 13.6 

5.2 14.1 

1'. 0 2.3 

2.7 

3.3 

3.2 

3.7 

2.4 

2.9 

0.6 

3.2 

3.9 

3.8 

4.4 

2.8 

3.5 

0 .7  

5.7 

5.5 

6.2 

6.6 

6.3 

6 . 0  

0.6 



~. ~~. . . .. . ... . . ~~~ ~ . ... .. ~ ..... . . . . . .. . . . . .... - . . .-- 

(FEET) 

10-15 

6 9-74 

14 5- 15 0 

21 2-21 6 

22 1-22 4 

262-267 

298-303 

377-382 

385-39 1 

43 2- 4 3 6 

442-446 

490-495 

52 8-53 1 

550-55 5 

564-56 9 

597-602 

619-625 

625-63C 

(H ETERS) 

3.0-9.6 

2 1.0-22.6 

44.2-45.7 

64.6-65.8 

67.4-68.3 

79.9-81 e 4  

90.8-92. 4 

114. 9-116. 4 

117.3-119.2 

131.7-132.9 

139.7-135.9 

149.4- 150.9 

160.9-161.8 

167.6- 169.2 

171.9-173.4 

182.0-183.5 

188.71190. 5 

190.5-192.0 

RL4-003 

RL4-021 

RL4-044 

RL4-065 

RL4-067 

RL4-080 

RL4-091 

RL4-115 

RL4-117 

RL4- 132 

RL4-135 

RL4- 149 

RL4-161 

RL4-168 

RL4- 172 

RL4- 182 

RL4- 189 

RL4-191 

2.64 

2.64 

2.67 

2.65 

2.63 

2.67 

2.64 

2.66 

2.64 

2.67 

2.67 

2.66 

2.67 

2.69 

2.62 

2.66 

2.67 

2.66 

5. 1 

5 .4  

8 . 8  

u.7 

5.1 

6 e7 

5.3 

3.5 

7.6 

Y . 3  

8 . 4  

4.8 

3.1 

3 . 0  

3.1 

5 .3  

8.1 

5 . 0  

19.6 

18.6 

14.1 

16.1 

16.7 

17.8 

18.7 

13.2 

17.1 

18.8 

13.9 

17.4 

9.7 

13.5 

13.7 

16.8 

19.0 

18.0 

3.5 

3.4 

2.0 

3.4 

3.1 

3.2 

3.1 

3.3 

3.5 

3.2 

3.9 

3.4 

4.6 

2.7 

4.0 

3.a 

3.8 

3.4 

9.2 

4.1 

3.3 

4.0 

3.8 

3.9 

3.7 

4.0 

4.2 

3.8 

4.7 

4.1 

5.6 

3.3 

9.8 

4.1 

4.6 

4.1 

7.2 

7.0 

8.2 

6.2 

6.4 

1.7 

6.9 

5 .0  

8.1 

6.4 

8.2 

6.5 

4.5 

4.6 

4.9 

6.7 

8.9 

6.7 

c c 
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..- . ~ .~ ~ ~~~ .. . . .~ . .  . . . . . ... . . . _. . . . . . . ... ... , 
~ ~ ~. ~ 

A V E R A G E  2.64 4 . 2  18.7 3.4 4.1 6.3 

STANDARD D E V I A T I O N  0.01 1 . 7  3.0 0.2 0.2 0.9 
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EL BERTCN GA P7-40 (2.67) 1.4 41.8 4.0 0.0 8.8 

CHU ECHL A N D  ne PT-16 

Gh STCW I A MC F7-27 

flJT nOWENE NC t7-24 

GREAT €ALLS sc 27-3 

?IT CARPJEL SC F7-42 

NE PBERkT S C  CB7-23 

NEYBER E T  SC CB7-24 

P I N E  CREEK HILLS VA PCHGR 

. ) I  

(2.67) .ASSOBED DENSITY. 

(2.67) 

(2.67) 

(2.67) 

2.63 

(2.67) 

2.63 

2.64 

(2.67) 

2.5 

2.2 

3.0 

3.0 

0.4 

7.9 

4.5 ' 

4.9 

5.5 

18.1 

18.1 

10.1 

0.6 

28.6 

20.6 

14.5 

3.2 

3.2 

4.1 

3.2 

5.0 

4.1 

3*5 

3.6 

3.9 

3.9 

4.9 

3.9 

6.0 

9.9 

4.2 

4.4 

3.2 

5.2 

5.9 

4 . 1  

1.5 

10.2 

7 . 0  

6.3 

G 



TABLE C-12 HEAT G E N E R A T I O N  DATA PROn CORE OF DRILL HOLE PT1 c-12-1 
REAT G E N E R A T I O N ,  

SABPLE DENSITY, O R A N I U H  THORIUM POTASSIOtl A X 1O-IJ 
DEPTH INTERVALS NO. ~ n / c n ~  (0) , p e n  (TH) . e m  (I() ,x R20, X CAL/CHJ-SEC 

== = P P = = r = = r l l l P f = = t P I I I I I P = = l r P T = I = P S = = = L = = = = = = = = = = = ~ = = = = = = = = = = = = = = = = = = = = = = = = = = = ~ = = = = = = = = = = = = = = = = = = =  

(FEET)  (B  ETERS J 

1083-1 106 330-337 PT1-llO* 2.65 7.6 51.5 0.7 0.8 13.1 

1345-1368 410-1117 PTI-140 2.67 4.4 19.0 3.4 4.1 6.5 

1772-1 794  540-547 PT1-180 2.65 4.0 15.4 3.4 4 .1  5.7 

2083-2 106 635-642 PT1-207 2.65 5.4 14.7 6 e 4  7.7 7.1 

2234-2257 681-688 PT1-224 2.66 5.4 13.0 3.2 3 . 8  6.1 

24 11 -2434 735-742 PT1-247 2.67 4.7 12.5 3.4 4.1 5.6 

A V E R A G E  

STANDARD D E I  I A T I O N  

2.66 4.8 14.9 4.0 4.8 6.1 

0.01 0.6 2.6 1.4 1.7 0.6 

*. ..SAHPLE NOT INCLUDED I N  COtlPUTATfON OF H E A N  A N D  STANDARD DEVIATION 

c 
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I .  

74-€4 

99-104 30.2-31.7 

280.3-205.3 73.2-74.8 , I  

299.6-304 

544-94 9 165.8-167 3 

685.1-690 208.8-210.3 

RX2-23 

RX2-30 

RX2-73 

RX2-91 

RX2-102 

RX2-166 

RX2-209 

A V E R A G E  

STANDARD DEVIATION 
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C-50  

s e d i m e n t s  of t h e  A t l a n t i c  C o a s t a l  P l a i n  was d e e p e n e d  t o  1332 

to  c b t a i n  a b a s e m e n t  core s a m p l e  u s ing  DOE funds .  The 

h o l e  was l o g g e d  by V P I G S U  on J a n u a r y  12, 1978. T e m p e r a t u r e  

profiles a r e  shown in F i g u r e s  C-12 and  C-13. T h e  bottom- 

h o l e  teaFerature a t  a d e p t h  of 1331  B was 60OC. The  least-  

s q u a r e s  g r a d i e n t  over t h e  i n t e r v a l  47-1328 EI was 29.3 f O,t4 

OC/ka. A n a l y s i s  of t h e  basement  core f cr  t he rma l  

c o n d u c t i v i t y ,  h e a t  g e n e r a t i o n ,  p e t r o g r a p h y ,  chemistry, and  

g e o c b r o n o l o g y  is i n  p r o g r e s s .  

J u s t i f i c a t i o n  for o b t a i n i n g  a b o t t o m - h o l e  core s a m p l e  

from this v e l 1  was the a p p a r e n t l y  f a v o r a b l e  l o c a t i o n  of t h e  

well w i t h  resFect t o  a t h e r m a l  a n o m a l y  shown c n  t h e  A A P G  

Geotherllial G r a d i e n t  map fcr North America (1976) . The 

g r a d i e n t  m e a s u r e d  was a b o u t  1011 less t h a n  a n t i c i p a t e d ,  but 

t h e  hole has not y e t  reached t h e r m a l  e q u i l i b r i u m .  I t  w i l l  

be r e l o g g ? d  by  V P I C S U  a g a i n  i n  t h e  near f u t u r e .  D i s t u r b a n c e  

f r o m  g r o u n d - w a t e r  c o n v e c t i o n  i s  a p p a r e n t  a t  s e v e r a l  d e p t h s  

in t h e  h o l e ,  p a r t i c u l a r l y  n e a r  the top of b a s e m e n t  a t  a 

d e p t h  of about 1311 m, The Upper  C r e t a c e o u s  a q u i f e r  a b o v e  

b a s e m e n t  i s  several h u n d r e d  feet i n  t h i c k n e s s  a n d  a p p a r e n t l y  

h a s  a p e r m e a b i l i t y  and p o r o s i t y  f a v o r a b l e  fo r  g r o u n d - w a t e r  

p r o d u c t i o n .  T h e  l o c a t i o n  of the bole seemed t c  be opt imum 

with r e s p e c t  t o  p u b l i s h e d  geothermal g r a d i e n t  da t a .  It was 

less € a v o r a b l y  s i t u a t e d  w i t h  r e s p e c t  t o  a v a i l a b l e  g r a v i t y  

c o v e r a g e .  A d d i t i o n a l  g r a v i t y  d a t a  n o r t h e a s t  of the Wayne 

C o u n t y  well are  now b e i n g  o b t a i n e d  by VPISSU i n  a n  attempt  
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0 GRADIENT, 30 OC/Km 60 
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WAYNE COUNTY, G A .  
JANUARY 12, 1978 
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Figure C-13.  Temperature  profile i n  JE-1 i n  Wayne Co., 
Georgia. Depth r a n g e  1200 to 1 3 2 2  m. I '  > 
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c- 53 

t o  d e f i n e  the magnitude and  extent  of the n e g a t i v e  g r a v i t y  

arjcmaly shown on t h e  S i m p l e  Bougner Gravi ty  naF of Georgia 

U 

(1972)  

. .  . .  
! 



c-54 

RELATIONSHIP BETVEEN SURFACE HEAT G E N E R A T I O N  

A N D  S U R F A C E  H E A T  FLOW 

J .  K. C o s t a i n  and L .  0. Perry 

Two new v a l u e s  h a v e  been added to  Figure C - 1 4  which 

shows the l i n e a r  r e l a t i o n s h i p  d i s c u s s e d  i n  VPIESU-5103-4, 

and -5: RL1 (1 .43 HFU; 5 . 6  HGU) from t h e  C a s t a l i a  p l u t o n  

and R L 2  ( 1 . 1 8  HPU; 6 . 0  AGU) from the R o l e s v i l l e  b a t h o l i t h .  

N e i t h e r  f a l l s  on t h e  regression line. The h e a t  flow i n  the 

C a s t a l i a  i s  about 0 .35  HPU t o c  h i g h ,  and i n  the R o l e s v i l l e  

(RL2) a b o u t  0 .08  HFU t o o  h i g h .  The v a l u e  in the C a s t a l i a  

(RL1)  is too h igh  t o  b e  a t t r i b u t e d  t o  e x p e r i m e n t a l  error. 

The f i r s t  v a l u e  i n  the R o l e s v i l l e  b a t h o l i t h  (RL2) does fall 

near the regression l i n e .  A uni form d i s t r i b u t i o n  of 5 .6  hGU 

t o  a d e p t h  of a b o u t  13 km would b e  r e q u i r e d  to p r o d u c e  t h e  

observed heat  flou i n  t h e  C a s t a l i a  p l u t o n .  

i 
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A N E W  HODEL FOR THE L I N E A R  R E L A T I O N S H I P  BETWEEN HEAT PLOW 

AND AEAT GENERATION 

J,K. C o s t a i n  

New h e a t  flow - h e a t  g e n e r a t i o n  v a l u e s  i n  the 

s o u t h e a s t e r n  U n i t e d  S t a t e s  i n  w i d e l y - s e p a r a t e d  (450  km) 

g r a n i t i c  p l u t o n s  a n d  w i t h  a l a r g e  a g e  s p a n  (275  rn.y.1 a g a i n  

confirm t h e  l i n e a r  r e l a t i o n s h i $  b e t w e e n  surface h e a t  flow 

a n d  surface beat g e n e r a t i c n  i n  c r y s t a l l i n e  rccks (DOE 

Progress R e p o r t  VPIESU-5103-5). It is s u r p r i s i n g  t o  c b s e r v e  

t h e  r e l a t i o n s h i p  i n  w i d e l y - s e p a r a t e d  p l u t o n s  w i t h  such a 
- l a r g e  age s p a n ,  and  i n  bo th  pre- a n d  p o s t - m e t a m o r p h i c  rocks. 

T h e  erlirical r e l a t i o n s h i p  im&lies some k i n d  of r e g u l a r  

d i s t r i h u t i c n  of u r a n i u m  a n d  t h o r i u m  i n  t h e  c r u s t .  Since the 

occurrence of U a n d  Th in g r a n i t i c  rocks has a s i g n i f i c a n t  

e f f ec t  cn s u b s u r f a c e  temperatures, i t  i s  of scme i m p o r t a n c e  

to c o n s i d e r  t h e  m o b i l i t y  a n d  l o c a t i o n  of U a n d  Th in 

c r y s t a l l i n e  rocks i n  order t o  m o d e l  t h e  d i s t r i b u t i c n  of 

r a d i o g e n i c  e l e m e n t s  a t  d e p t h s  b e y o n d  reach of t h e  d r i l l .  In 

t h i s  d i s c u s s i o n ,  i t  is p r o p o s e d  that the z o n e  of m i c r o c r a c k s  

i n  t h e  u p p e r  7 to 1 0  km of t h e  e a r t h ' s  c r u s t  plays a n  

i m p o r t a n t  role w i t h  regard t o  t h e  m o b i l i t y  a n d  d i s t r i b u t i o n  

of II a n d  T h  i n  t h e  u p p e r  crust, 
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w The p r e s e n c e  of microcracks is known t o  dominate 

tbe p h y s i c a l  p r o p e r t i e s  of rocks a t  p r e s s u r e s  b e l o u  a f e u  

k i l o b a r s .  F o l l o w i n g  t h e  c l a s s i f i c a t i o n  of Simmons and 

R i c h t e r  (1976),  microcracks i n c l u d e  t h e  f o l l o w i n g :  

a )  cracks s t a r t i n g  a t  grain boundar i e s ,  or 

o c c u r r i n g  between g r a i n s ,  c a u s e d  by d i f f e r e n c e s  

1 i n  t h e  t e n s c r  properties of a d j a c e n t  m i n e r a l  

I g r a i n s  (dP/dT .cracks) .  Such cracks can e x i s t  1 

I i n  one mineral g r a i n  m d  be absent i n  t h e  
I 

a d j a c e n t  grain: 

b) s t r e s s - i n d u c e d  c r a c k s  c a u s e d  by non- 

h y d r o s t a t i c - s t r e s s  a n d  i n d e p e n d e n t  of re la t ive  

c r y s t a l l o g r a p h i c  o r i e n t a t i o n s .  Cracks nay 

cross s e v e r a l  g r a i n s ;  

c) r a d i a l  o r  c o n c e n t r i c  c r acks  about  

c ornplet el y e n c l c s e d  g r a i n s  c a u s e d  bY 

d i f f e r e n c e s  i n  t h e  coefficient of volume 

e x p a n s i o n  b e t w e e n  a host g r a i n  a n d  a t o t a l l y  

e n c l o s e a  grain; 

a) tube c r a c k s ,  a p p a r e n t l y  a b u n d a n t  in 

i g n e o u s  rocks, caused b y  s i m p l e  s o l u t i o n  b y  

l a t e - s t a , g e  m a g m a t i c  f l u i d s ,  o r  p o s s i b l y  b y  

meteoric grcund water; 

e)  t h e r m a l  c y c l i n g  cracks. These are  c r a c k s  

c o i n c i d e n t  uith g r a i n  b o u n d a r i e s .  Grains are 

separated from a d j a c e n t  grains by w i d e  g r a i n -  

b o u n d a r y  c r a c k s ;  
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f )  t h e r m a l  g r a d i e n t  c r a c k s  c a u s e d  b y  stress i 
d i f f e r e n t i a l s  associated w i t h  h i g h  t h e r m a l  

g r a d i e n t s  ; 

g) cracks p r o d u c e d  b y  s h o c k  waves .  The crack 

p o r o s i t y  i s  related t o  t h e  p e a k  s h o c k  p r e s s u r e ;  

h) c l e a v a g e  cracks p a r a l l e l  t o  c l e a v a g e  

p l a n e s  in m i n e r a l s :  

i) cracks of unknown o r i g i n .  S immons  a n d  

R i c h t e r  (1976) g i v e  s e v e r a l  e x a m p l e s ,  

It is s p e c u l a t e d  herein t h a t  t h e  z o n e  of 

microcrack p o r o s i t y  a n d  t h e  d e p t h  of e m p l a c e m e n t  of i g n e o u s  

rocks  w i t h  r e s p e c t  t o  t h i s  zone p l a y  a n  i m p o r t a n t  role i n  

the o b s e r v e d  l i n e a r i t y  b e t w e e n  hea t  flow a n d  h e a t  g e n e r a t i o n  

because of t h e  g rea t e r  m o b i l i t y  of u r a n i u m  a n d  t h o r i u m  i n  

t h i s  zcne. The c l o s u r e  of microcracks i n  c r y s t a l l i n e  rocks 

is b e l i e v i d  t o  be c o m p l e t e  a t  p r e s s u r e s  of aoout 2 tu 3 

k i l o b a r s .  D a r c y ' s  l a u  is kncwn t o  h o l d  i n  i g n e o u s  r o c k s  a t  

Freseures as great  a s  4 kb a n d  for p e r m e a b i l i t i e s  as low a s  

4 n a n o d a r c i e s  fBrace et al., 1968).  t i i g r a t i c n  of uranium 

and t h o r i u m  from i n i t i a l  sites o n  g r a i n  b o u n d a r i e s  and 

microcfack s u r f a c e s  v i a  a n e t w o r k  of microcracks with 

s u b s e q u e n t  r e d e p o s i t i o n  on g r a i n  b o u n d a r i e s  a n d  o t h e r  

microcrack s u r f a c e s  s h o u l d  t ake  p l a c e  t h r o u g h o u t  the domain 

of micrccracks. C o n t i n u o u s  r e d i s t r i b u t i o n  of u r a n i u m  a n d  

t h o r i u m  over a d e p t h  r a n g e  of D = 7 t o  10 km m i g h t  take 

! 

tJ 
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w 

W 

place by zone r e f i n i n g .  If r e d i s t r i b u t i o n  takes place by 

zcne refining, then an e x p o n e n t i a l  distribution might 

r e s u l t .  R e s t r i c t i n g  an e x p o n e n t i a l  d i s t r i b u t i o n  to  the 

depth ,  D, we have 

0 
where 

Ao = s u r f a c e  h e a t  g e n e r a t i o n  

A 1  = average heat generation over t h e  d e p t h  D 

Dt = logarithmic decrement  of e x g o n e n t i a l  

d i s t r i b u t i o n  over t h e  d e p t h  G 

A ~ D  
'Ihus A0 = -l 

1 1 -D/D' D [ 1 - e  

or 

where R = D/DS. 

T a b u l a t i n g  v a l u e s  of D I ,  R ,  and Ao/AI for D = 7 km, we 

have 

Da B 

ea 0.0 1.00 
60 0.12 1-06 
40 0.18 1.09 
20 0.35 1.19 
10 0.70 1.39 
7 1.0 1.59 
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T h e  i m p l i c a t i o n  i n t e n d e d  f o r  the p r o p o s e d  model is L 
t h a t  m i g r a t i o n  of u r a n i u m  a n d  t h o r i u m  is f a c i l i t a t e d  w i t h i n  

t h e  d c m a i n  of microcracks n o t  o n l y  d u r i n g  p e r i o d s  of 

m e t a m o r p h i s m ,  b u t  a l s o  a f t e r  thermal  e q u i l i b r i u m  has been 

reached a n d  w h i l e  c o n t i n u o u s  e r o s i o n  and u n r o o f i n g  d e v e l o p  

new micrccracks a n d  a a i n t a i n  a z o n e  of microcrack p o r o s i t y  

of a p F r o x i m a t e l y  c o n s t a n t  t h i c k n e s s .  The p r o p o s e d  model 

wou ld  t h u s  be d e f i n e d  by a l a y e r  of e s s e n t i a l l y  c o n s t a n t  

t h i c k n e s s ,  b u t  t h e  l i n e a r  r e l a t i o n s h i F  w o u l d  s u r v i v e  

d i f f e r e n t i a l  e r o s i o n .  The n a t u r e  of the d i s t r i b u t i o n  u i t h i n  

t h e  zcne of microcracks is unknown; if r e d i s t r i b u t i o n  t a k e s  

p l a c e  by z o n e  r e f i n i n g ,  t h e n  a n  e x p o n e n t i a l  d i s t r i b u t i o n  

m i g h t  r e s u l t  u i t h i n  t h e  z o n e .  C o n s e q u e n c e s  of t h e  p r o p o s e d  

model are: 

a) a l i n e a r  r e l a t i o n s h i p  

a n d  h e a t  g e n e r a t i o n  s h o u  

c o u n t r y  rock a s  well as i n  

rocks; 

b) a t t e n u a t i o n  of edge 

b e t w e e n  h e a t  flow 

d be o b s e r v e d  i n  

a d j a c e n t  i n t r u s i v e  

e f fec ts  caused by 

c o n t r a s t s  i n  h e a t  g e n e r a t i o n  b e t u e e n  i n t r u s i v e  

rocks and host r o c k s  i n t o  which they were 

i n t r u d e d  ; 

c )  o b s e r v a t i o n  of u r a n i u m  a n d  t h o r i u m  o n  

g r a i n  b o u n d a r i e s  a n d  o t h e r  m i c r o c r a c k s  i n  

i a n e o u s  rocks a n d  a d j a c e n t  c o u n t r y  rocks .  
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. F i s s i o n - t r a c k  a n a l y s i s  of selected ccre samples  from 

W N l  a n d  KR3 is now underway  i n  c o o p e r a t i c n  w i t h  the 0,s .  

Geological  S u r v e y  t o  i n v e s t i g a t e  t h e  o c c u r r e n c e  of U a n d  Th 

O E  microcrack s u r f a c e s ,  

If t h e  z o n e  of microcrack p o r o s i t y  does f a c i l i t a t e  

t h e  m i g r a t i c n  of u r a n i u m  and  t h o r i u m ,  r e c c g n i t i o n  of t h i s  

w i l l  c o n t r i b u t e  t o  an u n d e r s t a n d i n g  of the m o b i l i t y  a n d  

d e p o s i t i o n a l  s i tes of u r a n i u m  i n  i g n e o u s  rocks. A t  the 

p r e s e n t  time, t h i s  writer favors a n  e s s e n t i a l l y  c o n s t a n t  

d i s t r i b u t i o n  of r a d i o g e n i c  e l e m e n t s  from t h e  surface t o  a 

d e p t h ,  D, c o r r e s p o n d i n g  t o  t h e  e f f e c t i v e  d e p t h  of 

p e n e t r a t i o n  of microcracks. 

A n a l y s i s  of g r a v i t y  d a t a  over the E d g e f i e l d  p l u t o n  

i n  S o u t h  C a r o l i n a  is d i s c u s s e d  elsewhere i n  this r e p o r t  b y  

A.H. C o g b i l l .  C o i n c i d e n t a l l y ,  one of the most p l a u s i b l e  

i n t e r p r e t a t i o n s  of t h e  g r a v i t y  data assumes a d e n s i t y  

c c a t r a s t  cf of abou t  -0.0175 gm/cmJ w h i c h  places t h e  base of 

the E d g e f i e l d  p l u t o n  a t  a d e p t h  of a b o u t  7 kra. This d e n s i t y  

c o n t r a s t  is a p p r o p r i a t e  elsewhere i n  the s o u t h e a s t .  

U n F n b l i s h e d  d e n s i t y  v a l u e s  of L. G l o v e r  s u p p o r t  a similar  

d e n s i t y  c o n t r a s t  for t h e  Roxboro m e t a g r a n i t e  i n  North 

c a r  o l ina .  

The h e a t  flow v a l u e s  i n  t h e  R o l e s v i l l e  b a t h o l i t h  

a n d  C a s t a l i a  p l u t o n  d i s c u s s e d  elsewhere i n  t h i s  report are  

h i g h e r  t h a n  s u r f a c e  h e a t  g e n e r a t i o n  v a l u e s  would  p r e d i c t .  

A d d i t i o n a l  g r a v i t y  d a t a  over t h e  R o l e s v i l l e  b a t h o l i t h  a n d  
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Castalia pluton s h o u l d  i n d i c a t e  whether  or not portions of 

t h i s  k a t h o l i t h  e x t e n d  t o  greater d e p t h s  to acccunt for t h e  

h igher  beat flou. 

t 
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ISODELING OF TEMPERATURE DISTBIBOTIONS 
ASSOCIATED WITH R A D I O G E b i I C  SOURCES 

BENEATH SEDIHENTARP IISULATOBS 

J.A. Dunbar  

I n t r o d u c t i o n  

The search f o r  l o u - t e m p e r a t u r e  geothermal 

r e s o u r c e s  has, i n  part, b e e n  d i r e c t e d  toward l o c a t i n g  

i g n e o u s  i n t r u s i v e  rocks u h i c h  h a v e  r e l a t i v e l y  h i g h  h e a t  

generation a n d  which are i n s u l a t e d  by o v e r l y i n g  s e d i m e n t s  

w i t h  low t he rma l  c o n d u c t i v i t i e s .  In t h e  fol lowing section a 

s t c a d y - s t a t e  c o n d u c t i o n  model is p r o p o s e d  which c o n s i d e r s  

t h e  effects of t h r e e - d i m e n s i o n a l  bodies  o v e r l a i n  by s t r a t a  

of c o n t r a s t i n g  c o n d u c t  i v i  t p.  

The t e a p e r a t u s e  f i e l d  w i l l  be v iewed  a s  a 

ccsposite of a normal f i e l d  produced primarily by heat flow 

f r o m  t h e  lower c r u s t  and u p p e r  mantle and an a n o n a l o u s  f i e l d  

produced  by a r a d i o g e n i c  body. T h e  heat flcw from t h e  lower 

crust and u p p e r  m a n t l e  u i l l  not be allowed t o  vary over the 

model r e g i o n .  Lateral v a r i a t i o n s  in t e  r a t u r e  will t h e n  

r e s u l t  only froar the r a d i o  i c  bodies. Tu0 main 

assumptions m u s t  be made i n  order t o  a p p l y  s u c h  a model t o  

terrestr ia l  e n v i r o n m e n t s :  (1) t h e  amount of heat  

t r a n s p o r t e d  by g r o u n d  water is n e g l i g i b l e ;  a n d  (2) t h e  heat 

p r c d u c i n g  e l e m e n t s ,  thermal  c o n d u c t i v i t i e s ,  a n d  s u r f a c e  
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c o n d i t i o n s  have  e x i s t e d ,  unchanged,  l o n g  enough to a l l o w  the 

t e m p e r a t u r e  f i e l d  to reach e q u i l i b r i u m .  Although t h e s e  

a s s u m F t i o n s  may n o t  be v i a b l e  in 

t h a t  the model w i l l  be a p p l i c a b l e  

some i n s t a n c e s ,  it is f e l t  

to a number of s i t u a t i o n s  

of i n t e r e s t .  

The Modeling Approach 

Steady-state  sou rces  i n  i n f i n i t e  media 

The expression for t h e  s t e a d y s t a t e  t e m p e r a t o r e  

f i e l d ,  v# produced  b y  a c o n t i n u o u s  p o i n t  sonrce in an 

infinite medium is g i v e n  by Carslaw and Jaeger (1959, p. 

422) a n d  is 

- v - Q  4nKr 

where 

Q = t h e  (constant) ra te  of heat production of 

tbe s o u r c e ,  

K = t h e  thermal  c o n d u c t i v i t y  of t h e  medium, 

rq = t h e  d i s t a n c e  between the p o i n t  of 

o b s e r v a t i o n  a n d  t h e  s o u r c e .  

The t e m p e r a t u r e  f i e l d  producea ~y a voluao source is 

then g i v e n  by 

V 
where 
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A = t h e  r a t e  of heat  p r o d u c t i o n  p e r  u n i t  

volume of t h e  s o u r c e .  

S o l u t i o n s  of e q u a t i o n  (2) are known or c a n  be 

e a s i l y  found for sources of a .nulaber of s h a p e s  u s e f u l  for 

mode l ing  geologic bodies. . Vertical . circular c y l i n d e r s ,  

r e c t a n g u l a r  p r i s m s  a n d  p o l y g o n a l  prisms are p a r t i c u l a r l y  

u s e f u l  s h a p e s  b e c a u s e  t h e y  are c o m p a t i b l e  w i t b  e x i s t i n g  

g r a v i t y  and m a g n e t i c  model ing t e c h n i q u e s .  C y l i n d r i c a l  

sources are coltloponly used  t o  a p p r o x i m a t e  g r a v i t y  and  

m a g n e t i c  a n o m a l i e s  over three-dimensional  b o d i e s .  The 

automatic method for i n t e r p r e t i n g  gravity anomalies, g i v e n  

by C c r d e l l  and Henderson (1968) , u t i l i z e s  r e c t a n g u l a r  

p r i s m t i c  source elenents. Ta1uan i . s  method (1960 and 1965) 

a n d  l a t e r  P l o u f f ' s  method (1976) for comput ing  t h e  g r a v i t y  

a n d  m a g n e t i c  a n o m a l i e s  produced by i r r e g u l a r l y  shaped  three- 

d i m e n s i o n a l  bodies a r e  based  on polygonal pr i sm source 

e l e m e n t s .  e r t i ca l  c y l i n d e r s ,  r e c t a n g u l a r  pr i sms ,  and 

p c l y g o n a l  p r i s m s  can t he re fo re  be used to a p p r o x i m a t e  

g eologica 1 shapes .  

Along the a x i s  of a vert ical  c y l i n d e r ,  
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c where 

R = t h e  r a d i u s  of t h e  c y l i n d e r ,  

= t h e  distance from t h e  p o i n t  of 

observation to the  top of t h e  c y l i n d e r ,  

= t h e  distance fsom the p o i n t  of 22 

o b s e r v a t i o n  t o  t h e  bottoa of t h e  c y l i n d e r .  

The s o l u t i o n  of e q u a t i o n  (2) for a v e r t i c a l  

rectangular prism is g i v e n  by Haaz (9953) and is 

v = -  A [mJ,n(s+R) + Xzln(fr+R) + @.n(x+R) 41TK 

where 

R = ht2+y2+z2 , and 

%’ 5’ Y1’ Y2’ Z1, Z2 are the extremities of the prism. 

T h e  s o l u t i o n  of e q u a t i o n  (2)  for a pclygonal prism 

t h a t  t h e  p o t e n t i a l  of a volume can be found by f irst  n o t i n g  

s o u r c e  [ e q u a t i o n  (2) ] is homogeneous of d e g r e e  2. 

2hat  is, 

Y 
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id expressions for t h e  second deriyatiyes in equation (7), the 

temperature effect of a polygonal  priss becomes, 
m m 

v = -  A { 1 (AX)~(SCF - c2w) + 2 1 (AX) (AY) (sm+ C ~ F )  
811K i=1 i=l 

m latl 

i=l i=l 

- 2 1 (AY)(AZ)SQ + 1 (AZ12 W) 

- 1 (A~)~(scF~+ s%i) + 2 1 (AX) (AZ) CQ 

m m+l 

i-1 " i=l 
where 

c = AY/AS 

s = AX/AS 

Ri+l,i+l + z2 

Ri,i+l + '2 
Ri,i + z1 , F = In[ 
Ri+l,i + '1 

Ri+l,i+l + di+l 
Ri,i+l + di 

Ri,i + di ] Q = In[ 
Ri+l,i + di+l 

-1 Z2di 
PRi+l, i+l PRi y i+l 

- tan -1 Z2di+l W = tan 

Z d  -1 1 i 

i,i 
PR 

Z d  -1 1 i+l + tan - tan 
Pri+l, i 

m = the number of sides of the prism. 

AS = /(AX)'+ (AY)' 

Z1 = the vertical distance to the top of the prism. 

Z2 = the vertical distance to the bottom of the prism. 

di = Xis + YiC -. 

are the corner points of the prism. 
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E q u a t i o n s  (3) 8 (a),  a n d  ( 8 )  a p p l y  only t o  sources 

i n  i n f i n i t e  media of c o n s t a n t  c o n d u c t i v i t y .  These e g a a t i o n s  

may, however, be ased i n  c o n j u n c t i o n  v i t h  the method of 

images, u s e d  in t r o s t a t i c s ,  t o  d e v e l o p  expressions which  

a r e  useful in s a t i s f y i n g  boundar  

The f i rs t  case t o  be  t h e  s i t u a t i o n  

in w h i c h  t h e  source is i n  a s e m i - i n f i n i t e  raediurn z > 0 of 

c o n d u c t i v i t y  R, It is r e q u i r e d  t h a t  s o l u t i o n s  t o  this 

prcblem satisfy Laplace's e q u a t i o n  Dzv = 0 for all z > 0 a n d  
J t  

i -  

that a t  z = 0 the thermal  effect of the s o u r c e  be zero. 

This  s i t u a t i o n  is c o n s i d e r e d  by Carslau and Jaeger (1959, p. 

2 7 6 ) .  It is  found t h a t  a n  exFression s a t i s f y i n g  the above  

c o n d i t i o n s  c a n  be o b t a i n e d  by a d d i n g  the effect of a source 

i n  a n  i n f i n i t e  medium vith the effect of a sink of e q u a l  

e n s i t y ,  u h i c h  s t h e  n i r r o r  image  of t h e  source across 

or a p a i n t  s o u r c e  a t  21. > 0 ,  
? 

o bse r v a t  ion, 

(xaeya,zl)  = the source p o i n t .  

For volume sourc i - i n f i n i t e  medium 

i 
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j 

! 

where V' is a mirror image of t h e  s o u r c e  volume V, 

across tbe z = 0 p lane .  

The second case t h a t  w i l l  be c o n s i d e r e d  is one i n  

w h i c h  t h e  source is  i n  a s e m i - i n f i n i t e  mediua z > 0 of 

c o n d u c t i v i t y  R2, which is o v e r l a i n  by a s t r a t u m  0 < z S D of 

c o n d u c t i v i t y  K1, The s o l u t i o n  t o  t h i s  problem is r e q u i r e d  

t o  s a t i s f y  tbe f o l l o w i n g  c o n d i t i o n s :  

1) It must  s a t i s f y  L a p l a c e ' s  e q u a t i o n  f o r  a l l  

z > 0 .  

2) It anst be zero a t  z = 0.  

3) It must be c o n t i n u o u s  for a l l  z > 0. 

4) The heat  flov from medium 1 m u s t  equal the 

heat  flow i n t o  medium 2 for a l l  points on t h e  z 

= D plane .  

I f  t h e  example  of t h e  first case is followed and  

an image sink is p l a c e d  a t  a l o c a t i o n  symmet r i c  t o  t h e  

source,  across t h e  z = 0 p l a n e  it is f o u n d  t h a t  a l t h o u g h  

c o n d i t i o n  2 is sa t i s f i ed ,  c o n d i t i o n  4 i s  not. If an 

a d d i t i c a a l  image  is placed  a t  a l o c a t i o n  symmetric t o  the 

f i rs t ,  across the z = D p l a n e ,  c o n d i t i o n  4 is s a t i s f i e d  but 

c o n d i t i o n  2 is  not. F u r t h e r  i n s p e c t i c n  r e v e a l s  t h a t  i n  

order t o  s a t i s f y  a l l  4 c o n d i t i o n s  s i m u l t a n e o u s l y  it is 

n e c e s s a r y  t o  add a n  i n f i n i t e  series of images, 

For a p o i n t  s o u r c e  a t  21 > D, 
v = O < z < D  

4 (53 (-1)i+1 
(10) i=O (%+K2) i+2 [x 2 2  +Y +(-2iA-z-zi) 2 ] 1/21 
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v = z > D  

2 1 
2 2  2 1/2 

v = 9 { -  
4n 5+K2 [x i-y +(z-z') 1 

(-l)i+l 
i+l 2 .2 2 1/2 i=O (K1+K2) [x- $3r +(-2iA-Z-Z '1 ] 

2 (K1-K2) i+l (-1)i+1 
2 2  2 1/21) + 

('4+K2)i+2 [X +Y +(2(i+l)D4+z1) ] 

The e x p r e s s i o n s  f o r  volume s o u s c e s  follow directly from 

e q u a t i o n s  (10) and ( I t )  and are comprised of series of 

v o l u m e  images a t  symmetric l o c a t i o n s  across t h e  p l a n e s  z = D 

and z = 0 .  

The Normal Temperature  F i e l d  

The model  temperature, v, f i e l d  i e  g i v e n  by 

v =  body) = v(norma1) (12) 

where  

v(body) = t h e  t e m p e r a t u r e  effect of the boay 

computed w i t h  a h e a t  p r o d u c t i o n  of A = A(b) - 

= t h e  h e a t  p r o d u c t i o n  of t h e  body, 

A = t h e  heat p r o d u c t i o n  of t h e  ccuntry 
%I 

C 

rock 8 
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v(noraa1) = t h e  temperature t h a t  would be 

o b s e r v e d  i n  t h e  absence of t h e  body. 

v (normal)  is d e f i n e d  by t h e  o n e - d i m e n s i o n a l  h e a t  

flow equat ion 

where go = t h e  h e a t  flow a t  t h e  surface and z is 

F o o i t i v e  dcvn. 

For case 1,  t h e  s o l u t i o n  t o  equation (13) is 

v = 1 [q,2 - pz 1 2  I + vo 
n 

uhere 

= t h e  mean annual  surface t e m p e r a t u r e .  
0 

For case 2 t h e  solution to  e q u a t i o n  (13) is  

1 v = - ~ z + v  O<Z'A n K O  0 

1 1 2 v n = - q  K O  [ A + z - D ) - - A ( z - A ) ] + v ~  2 c  z > A  
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A p p l i c a t i o n  t o  Terrestrial Environments 

T o  a p p l y  t h e  model o u t l i n e d  a b o v e  to  a particular 

r e g i o n  b o t h  t h e  normal and anomalous fields must be 

a d e q u a t e l y  d e s c r i b e d .  The normal f i e l d  i s  d e s c r i b e d  by  t h e  

heat  flow a t  the surface measured away from the anomalous  

body,  t h e  mean a n n u a l  s u r f a c e  t e m p e r a t u r e ,  and the rate of 

h e a t  g e n e r a t i o n  in the c o u n t r y  rock. The a n o ~ i o l o u s  f i e l d  is 

d e s c r i b e d  by t h e  geometry of  t h e  body, t a k e n ,  for example ,  

frcla gravity and magnetic m o d e l s ,  and t h e  rate  of h e a t  

generation i n  t h e  body.  

A t  the p r e s e n t  time t h e  parameters l i s t e d  above  

are n o t  well known for a n y  areas i n  the s o u t h e a s t e r n  U.S. 

As more i n f o r m a t i o n  becomes  a v a i l a b l e ,  t h e  mode l  w i l l  be  

t e s t e d  a g a i n s t  a known t e m p e r a t u r e  f i e l d ,  and t h e n ,  i f  t h e r e  

is a d e q u a t e  agreement,  it w i l l  be used a s  a p r e d i c t i v e  tool 

t o  direct further uork. 
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The l e a s t - s q u a r e s  geothermal  gradient over t h e  

interval  47-1328 m i n  a hole d r i l l e d  by pr iva te  

i n d u s t r y  i n  Rayne County, Ga.,  is 29.3 f O.lB*C/Kn. 

Using D.O.E. f u n d s ,  a bottom-hole  core sample  was 

o b t a i n e d  from basement rocks. D e t e r m i n a t i o n s  of 

thermal c o n d u c t i v i t y ,  heat g e n e r a t i o n ,  petrography,  and 

g e o c h r o n o l o g y  of the basement core are i n  p r o g r e s s .  

*US. GOVERNMENT PRINTING OFFICE: 1978-740-094/1432 


	Operations
	Slate Belt North Carolina
	Previous vork
	Structure

	compositional Va tions of Southeastern Gabbros
	Hineralogy
	chemistry
	clusions


	Description of the Siloaa Pluton
	Previous work
	Petrography
	the Siloam
	l l

	e e..
	Rolesville Cores
	References
	Potential Field Data
	Heat Plow and Heat Generation

	Insulating Sedimentary Blankets

	0 l l 0 00 e l
	-0:48
	-1 1 o

	EDlO5C EOtOU 33 33 52.33 51.64 82 82 8.25 9-14 433:O
	EDllM 33 49.79 82 6:85 284:3
	LO

