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PREFACE 

During 1986 - 1988 the North Carolina Geological Survey (NCGS) conducted 

geologic investigations to prepare a bid to host the Superconducting Super Collider 

(SSC), the World's largest atomic particle accelerator. Preparation of the State's bid 

involved many State agencies and included investigations on the geology and 

geotechnical characteristics of the proposed site. The geologic information in this 

open-file report is being released to make available the results of work performed by 

the North Carolina ~ e o l o ~ i c a l  Survey during the SSC project. 

The North Carolina proposal was among the final short list of 7 states and 

finished behind the eventual winner, Texas. The United States' Congress 

subsequently stopped funding for the project, and after initial constru_ction startup, 

the project was discontinued. 

Project files for the Superconducting Super Collider are stored at the North 

Carolina Geological Survey office at 512 N. Salisbury Street (Archdale Building), 

Raleigh, NC 27604-1148. Telephone (919) 733-2423. Core from the project are stored 

at the NCGS Coastal Plain office and core storage facility at 4100 Reedy Creek Rd., 

Raleigh, NC 27607. Telephone (919) 733-7353. 

PAC 
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Age and S t a t u s  of Fau l t s  Observed i n  Bedrock 
a t  t h e  

Proposed North Carol ina S i t e  f o r  t h e  Superconducting Super CoUider 

Faul t s ,  var ious ly  described as consequences of shearing,  f r ac tu r ing  
and brecc ia t ion ,  a r e  observed a t  s e v e r a l  l oca t ions  and i n  d i f f e r e n t  rock 
types  within the  a r e a  i n  North Carol ina proposed f o r  l oca t ing  the  super- 
conducting super c o l l i d e r .  A review of a l l  a v a i l a b l e  l i t e r a t u r e  and core  
logs  of borings and a s tudy of 2 1  t h i n  s e c t i o n s  of co re  d r i l l e d  from 
bedrock along t h e  proposed rou te  of t h e  SSC tunnel  and support f a c i l i t i e s  
i n d i c a t e s  the  following conclusions can be made concerning t h e  age and 
s t a t u s  of f a u l t s  i n  t h a t  l oca t ion .  

Nature and Sequence of Faul t ing  

The o l d e s t  f a u l t s  a r e  d u c t i l e  shears .  L i t e r a t u r e  i n d i c a t e s  t h a t  such 
f a u l t i n g  accompanied c r e a t i o n  of t h e  V i r g i l i n a  synclinorium and occurs 
pr imar i ly  along i ts  a x i s .  Shearing was observed i n  core  from one d r i l l  
hole (SC-12) i n  t h e  Moriah pluton. This shear  is a minor component of 
a "badly broken zone". Faul t ing  i n  t h i s  p lu ton ic  body i s  loca ted  pr imar i ly  
i n  i t s  border zone and has been des  r ibed  a s  a u t o c l a s t i c  - probably f 
assoc ia ted  with i n t r u s i v e  a c t i v i t y .  No o the r  shea r  zones have been 
documented i n  the  proposed SSC site. Duct i le  shear  zones have been noted 
a t  widely spaced l o c a l i t i e s  throughout t h e  southeas tern  Piedmont 
c r y s t a l l i n e  t e r r ane  and ha e been s tud ied  i n t e n s e l y  i n  nuclear  power ?! 
plant  s i t e  i nves t iga t ions .  They have been i n t e r p r e t e d  t o  have formed 
under high confining pressure  and/or a t  e leva ted  temperatures.  B r i t t l e  
deformation exemplified by b recc ia  and microbreccia  zones followed 
d u c t i l e  shearing and sugges ts  deformation under lowered pressure  and/or 
temperature condi t ions .  The t h i r d  type of f a u l t i n g  observed i n  bedrock 
a t  t h e  North Carol ina proposed SSC s i t e  is simple f r a c t u r i n g  wi th  
r e l a t i v e l y  minor o f f s e t t i n g  of e a r l i e r  shear  and b recc ia  zones. For 
example, an ep idot ized  b recc ia  zone o f f s e t  by s imple f a u l t i n g  is  shown 
i n  photomicrograph SC-12, 106.7'. F ina l ly ,  f r a c t u r i n g  t h a t  is  simple 
d i l a t i o n ,  perhaps more properly i d e n t i f i e d  a s  j o i n t i n g ,  c u t s  a l l  3 
earlier f a u l t  types descr ibed  above. (e.g. ,  photomicrographs, SC-12,118.5', 
SC-12, 143.6' and SC-18A, 178.3').  

l ~ c c o n n e l ,  K . I .  and Glover, Lynn, 1982, Age and Emplacement of t h e  
F l a t  River Complex, and Eocambrian Sub-volcanic p lu ton  near  Durham, North 
Carol ina:  GoSeA. Spec. Paper 191, p. 133-142. 

'Gilbert ,  N.J., Brown, H.S., and Schaeffer ,  M.F., 1982, S t ruc tu re  and 
Geologic History of a P a r t  of t h e  Char lo t t e  B e l t ,  South Carol ina Piedmont: 
Southeastern Geology, Vol. 23,  p. 129-145. 



Aee and S t a t u s  of Fau l t s  

Thin s e c t i o n  s t u d i e s  conducted on co re  d r i l l e d  from the  North 
Carol ina proposed SSC s i t e  confirms f i e l d  mapping observat ions and 
l i t e r a t u r e  conclusions t h a t  a l l  f a u l t i n g  a t  t h e  s i t e  occurred pr ior  
t o  mid Paleozoic greenschist-rank regional metamorphism. Examination 
of accompanying t h i n  s e c t i o n  photomicrographs w i l l  show t h a t  a l l  
shear ,  b recc ia  and simple f a u l t s  have been filled in by, or served 
as t h e  locus  o f ,  the  greenschist-rank metamorphic minerals  quartz ,  
ep ido te ,  white  mica and c h l o r i t e .  S i m p l e  d i l a t i o n  o r  j o i n t  f r a c t u r e s  
t h a t  c u t  a l l  o ther  types of f a u l t s  a r e  f i l l e d  p r imar i ly  by c a l c i t e  
w i t h  minor quar tz  and c h l o r i t e  - the  somewhat "cooler-temperature" 
members of t h e  greenschis t  f a c i e s  group of minera ls .  There is  no 
evidence t h a t  any f a u l t i n g  has occurred subsequent t o  d i l a t i o n  f r a c t u r e  
i n f i l l i n g  by c a l c i t e ,  c h l o r i t e  and quar tz .  The genera l  sequence of 
f a u l t i n g  ( type  and age) and f a u l t  hea l ing  observed a t  t h i s  proposed 
SSC s i te  i s  similar t o  that noted elsewhere i n  the  southeas tern  piedmont. 
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Core from granite (SC-4, 143.7') 
(crossed nicols) 

This plutonic rock was somewhat strained followed by incipient 
greenschist-rank metamorphism. Essential minerals are microcline, 
plagioclase and quartz. Much white mica and minor calcite is 
developed primarily along grain boundaries. 



Core is from metabasalt porphyry (SC-5, 70.1') 
(crossed nicols) 

This I s  a typical view of the greenschist-rank alteration superimposed 
on a porphyritic basalt. Essential minerals are plagioclase, biotite 
and epidote. The latter two minerals are secondary. Other minerals 
include hornblende, chlorite, white mica, sphere and opaque minerals. 



Care from rhyslitic metatuf f (f elsic) (SC-6, 82 ?4')? 
(crossed nicols) 

Feldspars, much altered to white mica, and quartz with chlorite- 
lined, undulatory seams are seen in this dynamically metamorphosed 
felsic volcanic tuff. Secondary minerals, mica, calcite and 
chlorite are greenschist-rank metamorphic minerals. 



Core from Roxboro Granite pluton (SC-7, 255.3') 
(crossed nicols)  

This rock has been strained and recrystallized. The top view shows 
strained quartz part ial ly  polygonized through recrystall ization. 
The bottom photo shows thin, irregular fractures (non-offsetting) 
along which quarts and white mica have been developed. 



Core from Schistose mafic metatuff (SC-8, 169.6') 
(plain polarized light) 

This section shows effect of dynamic, regional. metamorphism 
to the greenschist rank on a mafic tuff conglomerate. There 
is extensive development of epidote and chlorite. 



Core from schistose crystal metatuff (SC-9, 188.5') 
(crossed nicols) 

ilxtensive development of epidote and micaceous minerals (that impart 
directional fabric) in  an intermediate composition crystal (vi tric?) 
metatuf f . 



Core is from a phyllitic, felsic tuffaceous siltstone (SC-10, 159.4') 
'gh t) 

This sample of metasiltstone shows schistosity developed parallel 
to bedding. The rock is composed essentially of white mica, 
chlorite and quartz. 



Core from dis turbed rock i n  Moriah pluton (SC-12, 106.7) 
(crossed n ico l s )  

This s e c t i o n  conta ins  an o ld  breccia ted  zone t h a t  control led  
loca t ion  f o r  extens ive  development of epidote.  Later  t h e  
epidotized breccia  zone was c u t  and somewhat o f f s e t  by minor, 
simple f rac tu res .  F inal ly ,  c a l c i t e  v e i n l e t s  developed along 
t h e  simple f r a c t u r e s .  No f a u l t i n g  has occurred subsequent 
t o  c a l c i t e  veining.  



Core from "badly broken zone" in Moriah pluton (SC-12, 118.5') 
(crossed nicols) 

This section shows brecciated plagioclose (black and white laths) 
crystals in the rock that, subsequent to brecciation, were 
"healed" by growth of white mica along fracture planes. Note 
that some mica is also developed within plagioclme grains 
showing the general pervasiveness of the greenschist-rank 
metamorphic event that followed fracturing. 



Core from "badly broken zone" i n  Moriah pluton (SC-12, 118.5') 
(crossed nicols)  

This section shows a small shear zone with white mica developed 
along shear planes. Following white mica development, dilation81 
fracturing ( joint lng?)  cut  across the older shear zone. Fiually, 
c a l c i t e  f i l l e d  i n  the cross-cutting f rac ture  and some of the 
older shear planes, The c a l c i t e  vein makes a right-lateral  
job a t  one of the shear planes (mid photo) but it is not faulted 
a t  t ha t  point. 



Core from disturbed rock in Moriah pluton (SC-12, 143.6') 
(crossed nicols) 

This section shows an irregular calcite vein cuttfng across 
an old breccia zone. No faulting or fracturing has affected 
this rock subsequent to development of the calcite vein. 



Core from disturbed rock i n  Moriah pluton (SC-12, 175.5') 
(crossed nicols)  

This sec t ion  shows three tectonic  episodes, each followed 
(and healed) by greenschis t-rank mineral development. The 
f i r s t  event w a s  breccia t ion (dark zone a t  top) and subsequent 
development of fine-grained epidote. The second event was 
f ractur ing,  with only minor o f f se t t ing ,  t h a t  crossed t h e  
braccia zone and adjacent rock. The minor o f f s e t  shows up 
i n  the displaced twin lamellae (black and white s t r i p s )  i n  
t h e  l a rge  plagioclase c r y s t a l  i n  the  lower middle of the  
photo. This f rac tur ing  controlled the  l a t e r  development 
of a quartz vein  t ha t  is well-developed an each s ide  but  
does not completely penetrate the  plagioclase grain. A 
f i n a l  d i l a t i ona l  f r ac tu r e  formed along the  lower r i g h t  
margin of the  plagioclase grain  and cut  across t he  quartz vein. 
This f i n a l  f r ac tu r e  was l a t e r  f i l l e d  with ca l c i t e .  (salmon-colored) 



Core from lithic-crystal-vitric ? metatuff (SC-13, 134.5') 
(crossed nicols) 

This schistose rock contains fragments of various rocks as well as 
crystals and possible (devitrified) glass shards. Schistosity is 
defined by oriented white mica. 



Core from quar tz  d i o r i t e  (SC-15, 129.2') 
(crossed n ico l s )  

This sec t ion  shows t y p i c a l  composition and t ex tu re  of quartz 
d i o r i t e  along t h e  eas te rn  a r c  of t h e  N.C. proposed SSC tunnel  
loca t ion .  The rock cons i s t s  of plagioclaae,  hornblende, 
b i o t i t e  and quartz.  P lagioclase  shows inc ip ien t  a l t e r a t i o n  
t o  epidote and white mica. B i o t i t e  appears t o  have a l t e r e d  
from hornblende, which may have, i n  turn,  a l t e r e d  from an 
earlier pyroxene. The rock has not been deformed. 



Core is from a body of diorite  (SC-18A, 178.3') 
(crossed nicols)  

This coarsely-crystalline rock is  much altered by greenschist- 
rank minerals. Plagioclase is being replaced by epidote and 
cl inozois i te  and hornblende is partly altered to  b iot i te .  
The rock contains a few thin di lat ion fractures that were 
f i l l e d  with ca l c i t e  and cl inozois i te .  



Core from a porphyritic (?) metaandesite (SC-19, 121.0') 
(plain polorized l ight )  

This rock consists of relat ively  large plagioclase and b io t i t e  
crystals  i n  a fine-grained, fe l ted matrix of plagioclase and 
b io t i t e .  The rock is  considerably replaced by greenschist- 
rank metamorphic minerals. The photo shows irregular veinlets  
and scattered grains of epidote. 



Core is from crystal-l ithic-vitric ? metatuf f (SC-20, 54.6') 
(crossed nicols) 

This rock appears to  be mostly quartz and devitrffied glass (gray, 
diffuse patches). Oriented secondary micas impart a weak schistosity 
to the rock. 



Core i s  from a vi tr ic  ? -crystal-lithic metatuf f (SC-20, 54.6') 
(crossed nicols) 

This photo shows the generally fine-grained nature of this rock 
(composed mostly of quartz and plagioclase) and the overprinting 
by fine-grained white mica and an irregular quartz veinlet 
(larger black, gray and white grains) partially crossed by 
calcite  grains and irregular veinle t (pink grains) . 



Core is from tuffaceous metasiltstone (SC-21, 163 - 8 ' )  
(plain polarized light) 

This sample shows a weak schistosity development and cross- 
cutting veinlets. Velnlete are metly quartz with minar 8mounte 
of calcite and chlorite. Bulk of the mineralogy is plagioclase, 
quartz and white mica. 
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