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HAASE, C.  S. , E .  C .  WALLS, and C .  0. FARMER. 1984. 

S t r a t i g r a p h i c  and s t r u c t u r a l  d a t a  f o r  t h e  Conasauga Group 

and t h e  Rome Format ion on t h e  Copper Creek F a u l t  B lock 

near Oak Ridge, Tennessee: P r e l i m i n a r y  Data f r o m  Test  

Borehole ORNL-JOY No. 2. 

ABSTRACT 

To r e s o l v e  l ong -s tand ing  problems w i t h  t h e  s t r a t i g r a p h y  o f  t h e  

Conasauga Group and t h e  Rome Format ion on t h e  Copper Creek f a u l t  b l o c k  

near Oak Ridge N a t i o n a l  Labora to ry  (ORNL), an 828.5-m-deep t e s t  

bo reho le  was d r i l l e d .  Continuous rock c o r e  was recovered f rom t h e  

17.7- t o  828.5-m-deep i n t e r v a l ;  temperature,  c a l i p e r ,  neutron,  

gamma-ray, and a c o u s t i c  ( v e l o c i t y  and t e l e v i e w e r )  l o g s  were ob ta ined .  

The Conasauga Group a t  t h e  s tudy s i t e  i s  572.4 m t h i c k  and 

comprises s i x  fo rma t ions  t h a t  a r e  - i n  descending s t r a t i g r a p h i c  

o r d e r  - M a y n a r d v i l l e  Limestone (98.8 m),  No l i chucky  Shale (167.9 m), 

M a r y v l l l e  Limestone (141.1 m),  R o g e r s v i l l e  Shale (39.6 m),  Rut ledge 

Limestone (30.8 m) ,  and Pumpkin V a l l e y  Shale (94.2 m ) .  The fo rma t ions  

a r e  l i t h o l o g i c a l l y  complex, r a n g i n g  f r o m  c l a s t i c s  t h a t  c o n s i s t  o f  

shales,  mudstones, and s i l t s t o n e s  t o  carbonates t h a t  c o n s i s t  o f  

m i c r i t e s ,  wackestones, packstones, and conglomerates.  

The Rome Format ion i s  188.1 m t h i c k  and c o n s i s t s  o f  v a r i a b l y  bedded 

mudstones, s i l t s t o n e s ,  and sandstones. The Rome Format ion t h i c k n e s s  

rep resen ts  88.1 m of r e l a t i v e l y  undeformed s e c t i o n  and 100.0 m o f  

h i g h l y  deformed, jumbled, and p a r t i a l l y  repeated s e c t i o n .  The bo t tom 

X 



.- 
o f  t h e  Rome Format ion i s  marked by a t e c t o n i c  d i s c o n f o r m i t y  t h a t  

occurs w i t h i n  a 46-m-thick, I n t e n s e l y  deformed i n t e r v a l  caused by 

mo t ion  a l o n g  t h e  Copper Creek f a u l t .  

Resu l t s  f rom t h i s  s tudy e s t a b l i s h  t h e  s t r a t i g r a p h y  and t h e  

l i t h o l o g y  o f  t h e  Conasauga Group and t h e  Rome Format ion near ORNL and, 

f o r  t h e  f i r s t  t ime,  a l l o w  f o r  t h e  unambiguous c o r r e l a t i o n  o f  cores and 

geophysica l  l o g s  f rom boreholes elsewhere i n  t h e  ORNL v i c i n i t y .  

X i  





1 .  INTRODUCTION 

-. 

. 

1.1 BACKGROUND 

Geo log ica l  i n v e s t i g a t i o n s  undertaken over  t h e  p a s t  30 years a t  

r a d i o a c t i v e  waste d i s p o s a l  s i t e s  l o c a t e d  i n  Me l ton  V a l l e y  have 

r e s u l t e d  i n  a l a r g e  da ta  base o f  geochemical, l i t h o l o g i c a l ,  and 

s t r u c t u r a l  p r o p e r t i e s  f o r  Conasauga Group s t r a t a  ( see  S tockda le  1951; 

B a r n e t t  1954; Cowser 1958; deLaguna e t  a l .  1958; C a r r o l l  1961; Cowser, 

Lomenick, and McMaster 1961 ; deLaguna 1961 ; Struxness 1962; 

McMaster 1963; Lomenick and Wyrick 1965; McMaster and W a l l e r  1965; 

deLaguna e t  a l .  1968; Weeren e t  a l .  1974; Duguid 1975; Webster 1976; 

Krummhansl 1979a and 1979b; Haase and Vaughan 1981; S ledz and 

H u f f  1981; Vaughan e t  a l .  1982; Haase 1982, 1983, and i n  press;  Davis 

e t  a l .  1984; and R o t h s c h i l d  e t  a l .  1984).  The s i t e - s p e c i f i c  n a t u r e  o f  

most o f  these i n v e s t i g a t i o n s ,  however, s e v e r e l y  l i m i t s  t h e  a r e a l  

e x t e n t  o f  t h e  Conasauga Group da ta  base and makes c o r r e l a t i o n  o f  t h e  

bedrock geology between s i t e s  d i f f i c u l t .  Furthermore, i t  has proved 

d i f f i c u l t  t o  syn thes i ze  a rese rva t i on -w ide  g e o l o g i c a l  summary o f  t h e  

s t r a t i g r a p h y  and l i t h o l o g y  o f  Conasauga Group s t r a t a  d e s p i t e  t h e  l a r g e  

number o f  da ta  a v a i l a b l e  f o r  any one p a r t i c u l a r  l o c a l i t y  w i t h i n  t h e  

r e s e r v a t i o n .  

The d r i l l i n g  p r o j e c t  desc r ibed  i n  t h i s  r e p o r t  was undertaken t o  

o b t a i n  t h e  da ta  necessary t o  determlne t h e  s t r a t i g r a p h y  o f  t h e  

Conasauga Group on t h e  Copper Creek f a u l t  b l o c k  on t h e  U. S .  

Department o f  Energy (DOE) Oak Ridge Reservat ion.  I n  t h e  Oak Ridge 

N a t i o n a l  Labora to ry  (ORNL) v i c i n i t y ,  Conasauga Group sediments on t h i s  

1 
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f a u l t  b l o c k  u n d e r l i e  p a s t  and c u r r e n t  r a d i o a c t i v e  waste s to rage  and 

d i s p o s a l  f a c i l i t i e s  l o c a t e d  i n  Me l ton  V a l l e y .  L i t h o l o g i c  and 

geophysica l  da ta  f rom t h i s  s tudy p r o v i d e  a r e f e r e n c e  s t r a t i g r a p h i c  

s e c t i o n  t o  a i d  i n  t h e  unambiguous i n t e r p r e t a t i o n  o f  s i t e  geology a t  

t h e  v a r i o u s  Me l ton  V a l l e y  f a c i l i t i e s .  

1.2 PURPOSE 

The purpose o f  t h i s  r e p o r t  I s  t o  p resen t  s t r a t i g r a p h i c ,  l i t h o l o g i c ,  

s t r u c t u r a l ,  and geophysica l  da ta  ob ta ined  f rom a s t r a t i g r a p h i c  t e s t  

bo reho le  d r i l l e d  t o  a dep th  o f  828.45 m. It 1s a p r e l i m i n a r y  summary 

o f  t h e  d r i l l i n g  p r o j e c t  and c o n t a i n s  raw data,  such as s t r a t i g r a p h i c  

l o g s  and l i t h o l o g i c  d e s c r i p t i o n s ,  based on i n i t i a l  s tudy o f  t h e  d r i l l  

c o r e  and t h e  bo reho le  geophysica l  l ogs .  Data presented i n  t h i s  

r e p o r t ,  and those  con ta ined  I n  a companion r e p o r t  (Haase 1985) 

summarize subsur face d a t a  on t h e  Conasauga Group ob ta ined  d u r i n g  a 

4-year s tudy o f  d r i l l  co re  and geophysica l  l o g s  ob ta ined  f rom numerous 

boreholes on t h e  DOE Oak Ridge Reservat ion.  Regional  a n a l y s i s  o f  t h e  

da ta  con ta ined  i n  these r e p o r t s  i s  presented elsewhere (Hasson and 

Haase 1985) .  

1 .3 LOCATION 

ORNL i s  p a r t  o f  t h e  DOE Oak Ridge Reserva t i on  ( F i g .  1 ) .  The 

l o c a t i o n  o f  t h e  bo reho le  i s  -5 km southwest o f  t h e  ORNL p l a n t  s i t e  

( F i g .  2 )  and -15 km southwest o f  t h e  c i t y  of Oak Ridge. The 

bo reho le  was c o l l a r e d  on t h e  c r e s t  o f  Copper Ridge a t  an e l e v a t i o n  o f  

-315.5 m above mean sea l e v e l .  

. 
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P h y s i o g r a p h i c a l l y ,  t h e  d r i l l  s i t e  i s  l o c a t e d  on t h e  no r thwes te rn  

marg in o f  t h e  V a l l e y  and Ridge Prov ince  o f  t h e  Appalachian Mountains.  

I t  i s  s i t u a t e d  on t h e  no r thwes t  l e a d i n g  edge o f  a f a u l t  b l o c k  formed 

by t h e  r e g i o n a l l y  p e r s i s t e n t  Copper Creek f a u l t  ( F i g s .  1 and 2 ) .  

2. GEOLOGICAL SETTING 

2.1 STRATIGRAPHY 

The bedrock s t r a t i g r a p h y  on t h e  DOE Oak Ridge Reserva t i on  c o n s i s t s  

o f  Cambrian th rough  Ordov ic ian  age sediments. From o l d e s t  t o  youngest 

t h e  s t r a t i g r a p h i c  u n i t s  a r e  t h e  c l a s t i c  E a r l y  Cambrian Rome Format ion, 

t h e  mixed c l a s t i c  and carbonate M i d d l e  and L a t e  Cambrian Conasauga 

Group, t h e  carbonate La te  Cambrian and E a r l y  O r d o v i c i a n  Knox Group, 

and t h e  mixed carbonate and c l a s t i c  M idd le  O r d o v i c i a n  Chickamauga 

Group ( S t o c k d a l e  1951; McMaster 1963).  The s t r a t i g r a p h i c  u n i t s  c r o p  

o u t  i n  a s e r i e s  o f  southwest-  t o  n o r t h e a s t - t r e n d i n g  l i n e a r  b e l t s  (see 

F i g .  2 )  t h a t  a r e  t h e  r e s u l t  o f  f a u l t  mo t ion  a l o n g  t h e  Copper Creek and 

Whiteoak Mounta in t h r u s t  f a u l t s .  S t r a t a  w i t h i n  such b e l t s  a r e  

s t r a t i g r a p h i c a l l y  r i g h t - s i d e  up and have d i p s  t o  t h e  southeast .  

I n  t h e  s tudy  area, t h e  Rome Format ion crops o u t  a t  Haw Ridge, t h e  

Cambrian Conasauga Group u n d e r l i e s  Me l ton  V a l l e y ,  and t h e  Knox Group 

crops o u t  a l o n g  Copper Ridge. The bo reho le  was c o l l a r e d  i n  t h e  basa l  

p a r t  o f  t h e  Knox Group. Because o f  t h e  southeast  d i p  o f  t h e  s t r a t a ,  

Chickamauga Group s t r a t a  o f  t h e  Copper Creek f a u l t  b l o c k  were n o t  

i n t e r s e c t e d  by t h e  borehole.  S t r a t i g r a p h i c a l l y  o l d e r  u n i t s  were 

encountered p r o g r e s s i v e l y  f u r t h e r  downhole as d r i l l i n g  proceeded u n t i l  
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Geologica l  map o f  t h e  Oak Ridge N a t i o n a l  Labora to ry  V i C i n l t y ,  

Th rus t  f a u l t  t r a c e s  a r e  denoted by heavy b l a c k  
Loca t lon  o f  ORNL-JOY No. 2 i s  below and r i g h t  of 

Outcrop b e l t s  o f  Conasauga Group 
General s t r i k e  o f  sedlments i s  
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t h e  base o f  t h e  Copper Creek f a u l t  b lock  was encountered. The base o f  

t h e  f a u l t  b lock  i s  a t e c t o n i c  con tac t  t h a t  occurs w i t h i n  t h e  Copper 

Creek f a u l t  zone. Below t h i s  c o n t a c t ,  Chlckamauga Group sediments 

conta ined o f  t h e  Whiteoak Mountain f a u l t  b lock  were encountered. 

2.2 STRUCTURE 

Thrus t  f a u l t i n g  i n  t h e  V a l l e y  and Ridge Prov ince  has moved upward 

i n  t h e  s t r a t i g r a p h i c  s e c t i o n  i n  a northwestward d i r e c t i o n  t h e r e b y  

moving o l d e r  s t r a t a  on t o p  o f  younger s t r a t a .  Such t h r u s t  f a u l t i n g  i s  

p a r t  o f  a major  decol lement  o f  t h e  t h e  Southern Appalachian 

t h i n - s k i n n e d  orogenic  t h r u s t  b e l t  (Roeder, G i l b e r t ,  and 

Witherspoon 1978).  I n  t h e  genera l  v i c i n i t y  o f  t h e  DOE Oak Ridge 

Reservat ion,  such f a u l t i n g  has r e s u l t e d  i n  t h e  Lower Cambrian Rome 

Format ion be ing  jux taposed on t o p  o f  t h e  M i d d l e  O r d o v i c i a n  Chickamauga 

Group. Regional  s t r i k e  of s t r a t a  i n  t h i s  p o r t i o n  o f  t h e  V a l l e y  and 

Ridge Prov ince  i s  N50° t o  60°E, and t h e  d i p  o f  rocks  a t  t h e  

su r face  i s  45' t o  55' t o  t h e  southeast  (Oss i  1979). 

d i p  decreases t o  n e a r l y  h o r i z o n t a l ,  and the t h r u s t  f a u l t s  become 

n e a r l y  h o r i z o n t a l  i n  t h e  subsur face t o  fo rm e s s e n t i a l l y  

b e d d i n g - p a r a l l e l  f a u l t s  (Roeder, G l l b e r t ,  and Witherspoon 1978). 

H o r i z o n t a l  d isp lacement  a long  t h e  major  f a u l t  can be as g r e a t  as 50 t o  

100 km (Roeder and G i  l b e r t  1978). 

A t  depth,  t h e  

The r e g i o n a l l y  p e r s i s t e n t  Copper Creek f a u l t  dominates t h e  geology 

of  t h e  s tudy  s i t e .  

g e n e r a l l y  p a r a l l e l  t o  t h e  s t r i k e  o f  t h e  Conasauga Group, which i s  

N55'E; t h e  d i p  i s  5' t o  15' SE. 

The a t t i t u d e  o f  t h e  Copper Creek f a u l t  i s  

Such d i p  va lues a r e  somewhat 
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l e s s  than  a r e  t y p i c a l l y  observed elsewhere i n  t h e  Oak Ridge v i c i n i t y  

and may r e f l e c t  compl icated subsurface s t r u c t u r e  a l o n g  t h e  Copper 

Creek f a u l t  (Roeder, G i l b e r t ,  and Witherspoon 1978) .  

L a t e  Paleozoic  t e c t o n i c  a c t l v i t y  t h a t  produced t h e  t h r u s t  f a u  

a l s o  produced numerous d e f o r m a t i o n a l  s t r u c t u r e s  w i t h i n  t h e  i n t e r  

o f  t h e  f a u l t  b locks  (Roeder, Yust, and L i t t l e  1978).  W i t h i n  t h e  

t s  

o r s  

deve 

2.3 

Copper Creek f a u l t  b l o c k  i n  t h e  s tudy area, seve ra l  genera t i ons  o f  

smal l  amp l i t ude  f o l d s  and f a u l t s  a r e  recognized ( O s s i  1979; 

S ledz 1980). Furthermore, t h e  s t r a t a  a r e  p e r v a s i v e l y  j o i n t e d .  A s  

many as f o u r  d i s t i n c t  j o i n t  se ts  can be recognized i n  t h e  v i c i n i t y  o f  

t h e  s tudy area t h a t  a r e  r e l a t e d  t o  major  and minor  t e c t o n i c  s t r u c t u r e s  

t b l o c k  (S ledz  and H u f f  1981). oped w i t h i n  t h e  Copper Creek f a u  

REGIONAL GEOLOGIC HISTORY 

E a r l y  Cambrian t o  M idd le  Ordov ic ian  s t r a t a  i n  t h e  V a l l e y  and Ridge 

Prov ince  o f  eas t  Tennessee reco rd  a h i s t o r y  o f  sed imen ta t i on  on a 

sha l l ow  s h e l f  bordered by a c r a t o n  t o  t h e  west and a she l f -marg in  

carbonate bank t o  t h e  eas t  ( H a r r i s  and M i l i c i  1977; 

M a r k e l l o  and Read 1981; Hasson and Haase 1982).  The Rome Format ion 

was depos i ted  i n  t h e  sha l l ow  carbonate bank o f  t h e  Lower Cambrian 

Shady Dolomi te.  C l a s t i c  m a t e r i a l  f o r  t h e  p e r i t i d a l  d e p o s i t i o n a l  

environment o f  t h e  Rome f o r m a t i o n  was s u p p l i e d  f rom t h e  c r a t o n  t o  t h e  

west (Samman 1975).  The c ra ton -marg ina l  p e r i t i d a l  environments o f  t h e  

Rome Format ion were succeeded by a sha l l ow  mar ine s h e l f  environment 

c h a r a c t e r i z e d  by an i n t r a s h e l f  b a s i n  and she l f -marg lna l  carbonate ramp 

( M a r k e l l o  and Read 1981; Hasson and Haase 1985). The Conasauga Group 



was deposited i n  such a setting. By the Late Cambrian, the intrashelf 

basin and shallow shelf environment were replaced by a peritidal 

carbonate bank environment initiated by the westward transgression of 

the self-marginal carbonate bank environment. Initiation of the 

carbonate-dominated depositional environment produced the Knox Group 

in Late Cambrian to Early Ordovician time. 

3. DRILLING AND GEOPHYSICAL LOGGING OPERATIONS 

3.1 CONTRACTORS 

Diamond core drilling operatlons were conducted by the Contract 

Drilling Division of Joy Manufacturing Company, Inc (Joy). Personnel 

and equipment were assigned from Joy's Jefferson City, Tennessee, 

office: drilling operations at the site were supervised by P .  H. 

Pol lard. 

Geophysical logs o f  the completed borehole were obtained by the 

Borehole Geophysics Group of the Water Resources Division, U. S. 

Geological Survey (USGS), Denver, Colorado. Logging was conducted 

under the direction of W .  S. Keys. 

3.2 SUMMARY OF DRILLING OPERATIONS 

Drilling of ORNL-Joy No. 2 began on August 26, 1982, and was 

completed at a total depth of 828.45 m (2718 ft*) on December 15, 

1982. 

Ridge Dolomite of the Knox Group. 

The borehole was collared in overburden developed on the Copper 

Drilling began with a 15.88-cm 



( 0 . 5 5 - f t )  t r i c o n e  rock  b i t  and proceeded t o  a depth o f  17.68 m ( 5 8  f t )  

where bedrock was encountered. A 10.16-cm ( 0 . 3 3 - f t )  i n s i d e  d iameter  

f l u s h  j o i n t  c a s i n g  w i t h  a d r i l l a b l e  s e t  shoe was i n s t a l l e d .  T h i s  

c a s i n g  was d r i l l e d  - 0.31 m ( 1 . 0  f t )  i n t o  t h e  t o p  o f  t h e  bedrock and 

was g rou ted  i n  p l a c e  t o  serve as a s u r f a c e  cas ing .  Core d r i l l i n g  

began a t  a depth o f  17.68 m ( 5 8  f t )  w i t h  NC-size t o o l s ,  which gave a 

rock  c o r e  d iameter  o f  6.10 cm (0.2 f t )  and a nominal  bo reho le  d iameter  

o f  9.40 cm (0.30 f t ) .  Core d r i l l i n g  con t inued  t o  t h e  f i n a l  t o t a l  

depth o f  828.45 m (2718 f t ) .  Core recovery,  c a l c u l a t e d  over  t h e  

e n t i r e  cored i n t e r v a l ,  was b e t t e r  t han  99 %. Return o f  d r ' l l l i n g  water  

was l o s t  below a depth o f  - 18.29 m ( 6 0  f t )  and was never regained 

th roughou t  t h e  e n t i r e  d r i l l i n g  o p e r a t i o n .  The bo reho le  was l e f t  open 

(uncased) f o r  t h e  17.68- t o  828.45-m (58- t o  2 7 1 8 - f t )  i n t e r v a l .  

Borehole d e v i a t i o n  a t t a i n e d  a maximum va lue  o f  10' f r o m  v e r t i c a l  

t o  t h e  no r thwes t  d u r i n g  t h e  course o f  t h e  d r i l l i n g  ( T a b l e  1 ) .  For t h e  

i n t e r v a l  f rom 17.68 t o  274.32 m ( 5 8  t o  900 f t ) ,  t h e  bo reho le  was 

n e a r l y  v e r t i c a l ,  reach ing  a maximum d e v i a t i o n  o f  3' a t  a depth 

of269.75 m (885 f t ) .  

v e r t i c a l  w i t h i n  the i n t e r v a l  269 .75  t o  3 9 4 . 7 2  m (885 t o  1295 f t ) .  

Th is  i n t e r v a l  o f  t h e  bo reho le  i n c l u d e s  a s t r u c t u r a l l y  complex zone 

w i t h i n  t h e  uppermost M a r y v i l l e  Limestone t h a t  i s  thought  t o  be 

r e s p o n s i b l e  f o r  most o f  t h e  i nc rease  i n  d e v i a t i o n .  Below 394.72 m 

(1295 f t ) ,  t h e  bo reho le  ma in ta ined  an e s s e n t i a l l y  cons tan t  d e v i a t i o n  

va lue  o f  10' t o  t h e  no r thwes t  (Tab le  1 ) .  

Borehole d e v i a t i o n  increased f rom 3 t o  8' f r o m  

* To f a c i l i t a t e  r e f e r e n c e  t o  d r i l l i n g  records,  f i e l d  notes,  and 
s p e c i f i c  i n t e r v a l s  o f  d r i l l  co re  as s t o r e d  i n  t h e  Core Storage 
F a c i l i t y  (ORNL B u i l d i n g  7042), s p e c i f i c  bo reho le  depths o r  i n t e r v a l s  
a r e  a l s o  g i v e n  i n  E n g l i s h  System u n i t s  o f  f e e t .  
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TABLE 1. Borehole D e v i a t i o n  Data f o r  ORNL-JOY No. 2 

Date 

8/30/83 
9/02/83 
9/08/83 
9/13/83 
9/16/83 
9/22/83 
9/29/83 

10/11/83 
11 /10/83 

Depth r m  ( f t l l  

26.82 (88)  
153.92 ( 5 0 5 )  
269.75 (885) 
358.14 ( 1 1 7 5 )  
394.72 ( 1295) 
516.03 (1693) 
611.12 (2005) 
668.12 (2192) 
731.52 (2400) 

Azimuth 

N26OW 
N09OW 
N13OW 
N44OW 
N41 OW 
N43OW 
N17OW 
N43OW 
N33OW 

I n c l  i n a t  i ona 

89 
89 
87 
84 
81 
80 
80 
80 
80 

a I n c l l n a t i o n  a n g l e  i s  measured w i t h  r e s p e c t  t o  h o r i z o n t a l ;  a 
v e r t i c a l  bo reho le  would have an i n c l i n a t i o n  o f  900. 
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Core d r i l l i n g  proceeded w i t h o u t  s e r i o u s  problem th roughou t  t h e  

e n t i r e  Conasauga Group i n t e r v a l  t o  a depth o f  616.00 m (2021 f t ) .  

T h i s  depth was reached on September 29, 1982, and up t o  t h i s  t ime ,  

d r i l l i n g  progress had averaged 8.84 m (29  f t )  p e r  8-h s h i f t .  The 

depth of 616.0 m (2021 f t )  was t h e  p o i n t  where t h e  Rome Format ion was 

encountered and was marked by a s i g n i f i c a n t  l i t h o l o g i c  change. A 

massive and h a r d - t o - d r i l l  sandstone was encountered t h a t  slowed 

progress t o  2.44 m ( 8  f t )  pe r  8-h s h i f t  f o r  t h e  p e r i o d  October 1 - 

29, 1982. A t  t h i s  date,  a depth o f  737.92 m (2421 f t )  had been 

reached, and ano the r  l i t h o l o g i c  change was encountered t h a t  f u r t h e r  

compl icated d r i l l i n g  ope ra t i ons .  The i n t e n s i t y  and degree o f  

de fo rma t ion  o f  t h e  s t r a t a  b e i n g  d r i l l e d  increased s h a r p l y .  Below t h e  

737.92 m (2421 f t )  depth,  because o f  t h e  increased de fo rma t ion ,  

bedding was t y p i c a l l y  p a r a l l e l ,  o r  a t  ve ry  s h a l l o w  angles,  t o  t h e  

d i r e c t i o n  o f  d r i l l i n g .  Furthermore, many 0.31- t o  1.52-m-thick ( 1 -  t o  

5 - f t )  ho r i zons  encountered below 797.92 m (2421 f t )  were s h a t t e r e d  and 

b r e c c i a t e d .  Such a s i t u a t i o n ,  coupled w i t h  problems caused by 

i n e f f i c i e n t  removal o f  c u t t i n g s  because o f  a l a c k  o f  r e t u r n  

c i r c u l a t i o n  o f  t h e  d r i l l i n g  f l u i d ,  slowed t h e  r a t e  o f  progress t o  

1.22 m ( 4  f t )  pe r  8-h s h i f t  f o r  t h e  remain ing p e r i o d  o f  d r i l l i n g  

(November 1 - December 15, 1982). 

A t  t h e  complet ion o f  d r i l l i n g  on December 15, 1982, Joy personnel  

removed t h e  d r i l l  stem b u t  l e f t  i t  and t h e  d r i l l  r i g  on s i t e .  Th i s  

was done i n  t h e  event t h a t  t h e  equipment would be needed t o  a s s i s t  I n  

c l e a r i n g  t h e  bo reho le  f o r  t h e  geophysica l  l o g g l n g  a c t i v i t i e s .  



12 

3.3 SUMMARY OF GEOPHYSICAL LOGGING OPERATIONS 

Geophysical  l o g g i n g  o f  t h e  bo reho le  was begun by t h e  USGS on 

January 13, 1983. Temperature and c a l i p e r  l o g s  were i n i t i a l l y  

ob ta ined  f o r  t h e  17.68- t o  821.74-m (58-  and 2 6 9 6 - f t )  i n t e r v a l .  These 

r e s u l t s  suggested t h a t  - 6.10 m ( 2 0  f t )  o f  t h e  bo reho le  was l o s t  

because o f  problems w i t h  removal o f  c u t t i n g s .  The c a l i p e r  l o g g i n g  

t o o l  caused u n s t a b l e  p o r t i o n s  o f  t h e  bo reho le  t o  c o l l a p s e ,  however, 

and r e s u l t e d  i n  t h e  b o r e h o l e ' s  b e i n g  b locked  below a depth o f  566.93 m 

(1860 f t ) .  Personnel  f rom Joy were c a l l e d  back t o  t h e  s i t e  t o  a t tempt  

t o  reopen t h e  bo reho le  and t o  f l u s h  d e b r i s  f rom i t .  F u r t h e r  a t tempts  

a t  l o g g i n g  were suspended u n t i l  t h e  bo reho le  c l e a r i n g  and 

s t a b i l i z a t i o n  c o u l d  be at tempted.  

On January 19, 1983, l o g g i n g  resumed. A f t e r  seve ra l  unsuccessfu l  

a t tempts  by Joy t o  c l e a r  and s t a b i l i z e  t h e  bo reho le ,  i t  was dec ided t o  

leave,  t e m p o r a r i l y ,  731.52 m (2400 f t )  o f  d r i l l  stem i n  p l a c e  so t h a t  

l o g g i n g  c o u l d  be at tempted f rom i n s i d e .  I n  t h i s  fash ion ,  gamma-ray 

and neu t ron  l o g s  were ob ta ined  f o r  t h e  i n t e r v a l  f rom 17.68 t o  731.52 m 

( 5 8  t o  2400 f t ) .  Gamma-ray s p e c t r a l  l o g s  were ob ta ined  f o r  s e l e c t e d  

shale/mudstone i n t e r v a l s  i n  t h e  lowermost M a y n a r d v i l l e  Limestone 

[141.73 m/(465 f t ) ] ;  t h e  No l i chucky  Shale r274.31 m/(900 f t ) ] ;  t h e  

M a r y v i l l e  Limestone [317.91 m/(1043 f t ) ,  327.36 m/(1074 f t ) ,  and 

403.56 m/(1324 f t ) ] ;  t h e  Pumpkin V a l l e y  Shale [545.59 m/(1790 f t )  and 

586.14 m/(1925 f t ) ] ;  and t h e  uppermost Rome Format ion 

[624.23 m/(2048 f t ) ] .  A f t e r  these l o g s  were obta ined,  d r i l l i n g  mud 

was c i r c u l a t e d  i n  t h e  bo reho le  i n  a f i n a l  a t t e m p t  t o  s t a b i l i z e  t h e  

w a l l s  b e f o r e  t h e  d r i l l  stem was f i n a l l y  removed. 
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Because o f  schedu l i ng  problems, f u r t h e r  l o g g i n g  was delayed u n t i l  

February 12, 1983. A t  t h i s  t i m e  a c o u s t i c  v e l o c i t y  and waveform l o g s  

were s u c c e s s f u l l y  ob ta ined  f o r  t h e  i n t e r v a l  f rom 17.68 t o  601.98 m ( 5 8  

t o  1975 f t ) ,  and an a c o u s t i c  t e l e v i e w e r  l o g  was ob ta ined  f o r  t h e  

i n t e r v a l  f rom 17.68 t o  304 80 m ( 5 8  t o  1000 f t ) .  

any e l e c t r i c  l ogs ,  such as SP and r e s i s t i v i t y  l ogs ,  were unsuccessfu l  

because o f  i n t e r f e r e n c e s  w t h i n  t h e  l o g g i n g  t o o l s  f rom s i g n a l s  o f  

unknown o r i g i n .  Logging was completed on February 14, 1983. 

Attempts t o  o b t a i n  

4. STRATIGRAPHIC DATA 

4.1 INTRODUCTION 

The lowermost p o r t i o n  o f  t h e  Copper Creek f a u l t  b l o c k  a t  t h e  d r i l l  

s i t e  c o n s i s t s  o f  t h e  Knox Group, t h e  Conasauga Group, and t h e  Rome 

Format ion. The Conasauga Group i s  a complex m i x t u r e  o f  carbonate and 

c l a s t i c  l i t h o l o g i e s .  I t  i s  t r a n s i t i o n a l  between t h e  Rome Format ion 

which i s  e s s e n t i a l l y  carbonate- f ree,  and t h e  Knox Group, which i s  

dominan t l y  c l a s t i c - f r e e .  The s t a t i g r a p h y  and l i t h o l o g y  o f  t h e  

fo rma t ions  w i t h i n  t h e  lowermost p o r t i o n  o f  t h e  Copper Creek f a u l t  

b l o c k  a r e  summarized i n  F i g .  3 and i n  t h e  Appendix. 

4.2 THE KNOX GROUP 

W i t h i n  t h e  Oak Ridge v i c i n i t y ,  t h e  Knox Group i s  600 t o  900 m t h i c k  

and c o n s i s t s  m a i n l y  o f  do los tone  w i t h  some in te rbedded  l imes tone  and 

l e s s e r  amounts o f  sandstone ( M l l i c i  1973).  F i v e  o r  s i x  ( M i l i c i  1973) 
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MAYNARDVILLE LIMESTONE 
98.8Y 

NOLICHUCKY SHALE 
167.9 Y 

MARYVILLE LIMESTONE 
141.1 Y 

ROGERSVILLE SHALE 
39.6 Y 

RUTLEDGE LIMESTONE 
30.8 Y 

P U M P K I N  VALLEY SHALE 
94.2 Y 

.- 

F i g .  3 .  
ORNL-JOY No. 2. 
Borehole d iamete r  i nc reases  t o  r i g h t .  
maximum d e f l e c t i o n s  t o  t h e  r i g h t  rep resen t  d iamete r  o f  30.5 cm. 
Gamma-ray l o g  i l l u s t r a t i n g  n a t u r a l l y  o c c u r r i n g  gross gamma-ray a c t i v i t y .  
A c t i v i t y  i nc reases  t o  r i g h t ,  and va lues on l o g  range between 50 and 250 
Bq. ( c )  Neut ron -ep i the rma l  neu t ron  l o g .  Scale i nc reases  t o  t h e  r i g h t  
and t h e  count  r a t e s  on t h e  l o g  i l l u s t r a t e d  range between 50 and 3800 Bq. 
The c e n t r a l  column rep resen ts  g e n e r a l i z e d  l i t h o l o g i c  l o g  I l l u s t r a t i n g  
bedding c h a r a c t e r  and compos i t i on  o f  Conasauga Group and Rome Format ion.  
Note Copper Creek f a u l t  zone and t h e  j u x t a p o s i t i o n  o f  Rome Format ion 
s t r a t a  on t o p  o f  Chickamauga Group. 

Borehole geophys ica l  l o g s  and g e n e r a l i z e d  l i t h o l o g i c  l o g  f o r  
(a) C a l i p e r  l o g  i l l u s t r a t i n g  bo reho le  d iamete r .  

Nominal d iamete r  i s  9.4 cm, and 
(II) 
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r e g i o n a l l y  p e r s i s t e n t  f o rma t ions  can be d e l i n e a t e d  w i t h i n  t h e  Knox 
-. 

Group throughout  most o f  eas t  Tennessee. 

A t  t h e  d r i l l  s i t e ,  t h e  Knox Group i s  composed o f  massive do los tone  

and subord ina te  amounts o f  l imestone.  L i t h o l o g i e s  w i t h i n  t h e  Knox 

Group va ry  f rom dark-gray,  massive, c r y s t a l l i n e  dolostones t o  

l i g h t - g r a y ,  cher t -poor ,  t h i n l y  bedded t o  massive dolostones 

(McMaster 1963). Only t h e  basal  p o r t i o n  Copper Ridge Dolomite,  which 

i s  t h e  lowermost f o r m a t i o n  o f  t h e  Knox Group on t h e  DOE Oak Ridge 

Reservat ion,  was i n t e r s e c t e d .  

The Copper Ridge Dolomi te - I n  t h e  K n o x v i l l e  v i c i n i t y ,  t h i s  

f o r m a t i o n  i s  t y p i c a l l y  240 t o  300 m t h i c k  ( M i l l c i  1973). W i t h i n  t h e  

USDOE Oak Ridge Reservat ion,  Copper Ridge Dolomi te th i cknesses  a r e  

p o o r l y  known, b u t  a v a i l a b l e  da ta  f rom reconnaissance mapping on Copper 

Ridge near t h e  d r i l l  s i t e  suggest t h a t  t h e  f o r m a t i o n  i s  a t  l e a s t  150 m 

t h i c k  ( E .  C .  Wal ls ,  unpubl ished data,  1982).  Only t h e  lowermost 

43.59 m o f  t h e  f o r m a t i o n  were pene t ra ted  by t h e  bo reho le  ( T a b l e  2) .  

The Copper Ridge Dolomi te i s  composed p redominan t l y  o f  two 

l i t h o l o g i e s  i n t e r s t r a t i f i e d  t o  fo rm e q u a l l y  abundant a l t e r n a t i n g  

ho r l zons  ( F i g .  4 and Appendix).  One l i t h o l o g y  i s  a t h i n l y  bedded t o  

laminated,  evenly  p a r a l l e l  s t r a t i f i e d ,  dark g ray  (N6 t o  N4)* do los tone  

and m i c r i t e  fo rm ing  0.5- t o  3.0-m-thick beds t h a t  grade i n t o  t 

* Munsel l  c o l o r  des igna t ions  (Goddard e t  a l .  1948).  

f Carbonate rock  nomenclature i s  based on t h e  c l a s s i f i c a t i o n  
system o f  Dunham (1962) w i t h  one excep t ion :  f l n e - g r a i n e d  carbonates 
a r e  c a l l e d  m i c r i t e s  i n s t e a d  o f  mudstones as i n  Dunham's 
nomenclature. I n  t h i s  r e p o r t ,  mudstone r e f e r s  t o  a f i n e - g r a i n e d  
c l a s t i c  rock .  
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TABLE 2. S t r a t i g r a p h i c  Thicknesses Measured i n  ORNL-JOY No. 2 
,- 

Th i  c knes sa S t r a t i g r a p h i c  U n i t  Downhole Footage 

Knox Groupb 43.59 (143) 0-1 43 

Copper Ridge Dolomiteb 
wed t he r e d  
unweathered 

43.59 (143) 
17.68 ( 5 8 )  
25.91 (85) 

0-1 43 
0-58 
58-1 43 

Conasauga Group 572.42 ( 1878) 143-2021 

Maynardvi 1 l e  Limestone 
Chances Branch member 
Low Ho l l ow  member 

No l i chucky  Shale 
Upper Shale member 
B rad ley  Creek member 
Lower Shale member 

M a r y v i l l e  Limestone 
upper member 
l ower  member 

R o g e r s v i l l e  Shale 
C r a i g  member 

Rut ledge Limestone 
Pumpkin V a l l e y  Shale 

upper member 
lower  member 

98.76 (324) 
43.89 (144) 
54.86 (180) 

167.95 (551) 
18.90 (62) 

9.14 (30 )  
139.90 (459) 
141.12 (463)  

74.98 (246) 
64.92 (213)  
39.62 (130) 

2.74 ( 9 )  
30.78 (101) 
94.18 (309)  
48.46 (159) 
45.72 (150) 

143-467 
143-287 
287-467 
467-1 01 8 
467-529 
529-559 
559-1 01 8 
1018-1481 
101 8-1 264 
1264-1 481 
1481 - 161 1 
1485-1 494 
161 1-1 71 2 
171 2-2021 
1712-1871 
1871 -2021 

Rome Format ion 
upper p a r t  
lower  p a r t  

188.06 (617) 
88.09 (289) 
99.97 (328)  

2021 -2638 
2021 -231 0 
231 0-2638 

Copper Creek F a u l t  Zone 

C h i c kama u ga G r o u p 9 

Moccasin Format ionb 

46.03 (151) 2561 -271 2 

24.38 ( 8 0 )  2638-2718 

24.38 ( 8 0 )  2638-2718 

a Format ion t h i c k n e s s  i s  t aken  as e q u i v a l e n t  t o  downhole 
t h i c k n e s s .  T h i s  assumption i s  v a l i d  f o r  most o f  ORNL-JOY No. 2 
because bo reho le  a t t i t u d e  was w i t h i n  l o o  o f  p e r p e n d i c u l a r  t o  
bedding. The assumption i s  n o t  v a l i d  f o r  h i g h l y  f a u l t e d  i n t e r v a l s  
o f  M a r y v i l l e  Limestone and Rome Format ion. 

comp le te l y  pene t ra ted  d u r i n g  d r i l l i n g .  
b p a r t i a l  t h i c k n e s s  va lue  f rom a f o r m a t i o n  o r  group t h a t  was n o t  

C Chickamauga Group s t r a t a  occur  on Whiteoak Mountain f a u l t  b l o c k .  
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m o t t l e d  and d i f f u s e l y  bedded do los tone  [ F i g .  4 ( & ) ] .  The o t h e r  

l i t h o l o g y  c o n s i s t s  o f  even ly  t o  wavy l e n t i c u l a r l y  laminated,  

medium-gray ( N 7  t o  N6) do los tone  t h a t  grades i n t o  even ly  r ibbon-bedded 

do los tone  c o n t a i n i n g  a minor  amount o f  sha le  s t r i n g e r s  and l o c a l l y  

abundant 0.3- t o  1.0-m-thick beds o f  o o l i t i c  and m o t t l e d  do los tone  

[ F i g .  4 ( b ) ] .  S t y l o l i t e s  a r e  common w i t h i n  b o t h  l i t h o l o g i e s  throughout  

t h e  e n t i r e  Copper Ridge Dolomi te s e c t i o n .  O o l i t i c  l i t h o l o g i e s  occur  

throughout  most o f  t h e  s e c t i o n  o f  Copper Ridge Dolomi te examined b u t  

a r e  absent f rom a 10-m zone immediate ly  above t h e  l ower  c o n t a c t .  

Cher t  i s  e s s e n t i a l l y  absent f rom t h e  lowermost Copper Ridge Dolomi te 

except  f o r  two 1- t o  3-cm-thick beds o f  d isseminated nodules t h a t  

occur w i t h i n  t h e  lowermost 10-m zone. 

The lower  c o n t a c t  o f  t h e  Copper Ridge Dolomi te w i t h  t h e  u n d e r l y i n g  

M a y n a r d v i l l e  Limestone ( t h e  uppermost f o r m a t i o n  i n  t h e  Conasauga 

Group) i s  g r a d a t i o n a l  over  a 4-m-thick i n t e r v a l .  The c o n t a c t  zone i s  

marked by t h e  appearance o f  m o t t l e d  t o  i r r e g u l a r l y  bedded t a n  t o  

l i g h t - b r o w n  (5YR8/1 t o  5YR4/1) c a l c a r e n i t e .  W i t h i n  t h e  c o n t a c t  zone, 

c a l c i t e  con ten t  increases f rom e s s e n t i a l l y  0 t o  over  90 pe rcen t ,  w h i l e  

t h e  d o l o m i t e  con ten t  decreases r a p i d l y ,  a l t h o u g h  d o l o m i t e  does n o t  

d isappear  a l t o g e t h e r .  The lowermost Copper Ridge Dolomi te does n o t  

c o n t a i n  l a r g e  amounts o f  c h e r t  o r  t h e  massive p e t r o l i f e r o u s  dolostones 

commonly r e p o r t e d  f rom t h e  c o n t a c t  zone elsewhere (Rodgers 1953; 

M i l l c i  1973). Thus, t h e  lower  c o n t a c t  o f  t h e  Copper Ridge Dolomi te 1s 

marked p r i n c i p a l l y  by an a b r u p t  decrease i n  d o l o m i t e  con ten t  and a 

change i n  s t r a t l f i c a t i o n  p a t t e r n s .  

The M a y n a r d v l l l e  Limestone has somewhat l ower  gamna-ray a c t i v i t y  

and lower  neu t ron  a b s o r p t i v i t y  t han  t h e  lowermost Copper Ridge 
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ORNL-Photo 271 1-85 
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dolomite micrlte (2). 
developed along bedding planes. 
laminated dolomite micrite (5) Interbedded with mottled dolostone (6). 

Note stylolites (3) and solution cavitles (4) 
[I33 (Box 8: 124.5-132 f t )  Wavy t o  evenly 
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Dolomi te ( F i g .  3 ) .  The gamma-ray and neu t ron  l o g s  e x h i b i t  broad 

d e f l e c t i o n s  w i t h l n  a 5- t o  10-m-thlck zone t h a t  ove r laps  w i t h  t h e  

c o n t a c t  zone d e f i n e d  by l i t h o l o g i c  c r i t e r i a .  The b a s e l i n e  o f  b o t h  

l ogs  e x h i b i t s  a r e a d i l y  recogn lzab le  s h i f t  t h a t  co inc ides  w i t h  t h e  

l o c a t i o n  o f  t h e  ab rup t  change f rom predomlnant ly  do los tone l i t h o l o g i e s  

t o  p redomlnant ly  l imestone l i t h o l o g i e s .  T h i s  suggests t h a t  bo reho le  

geophys ica l  techniques may p r o v i d e  a r e l i a b l e  means o f  l o c a t i n g  t h e  

c o n t a c t  between these two ca rbona te - r i ch  fo rma t ions  I n  o t h e r  boreholes 

f o r  which no d r i l l  co re  i s  a v a i l a b l e .  

4.3 THE CONASAUGA GROUP 

The Conasauga Group crops o u t  th roughout  t h e  V a l l e y  and Ridge 

Prov ince  i n  e a s t  Tennessee and southwest V i r g i n i a .  W i t h i n  i t s  ou tc rop  

e x t e n t ,  t h e  group undergoes complex l i t h o f a c i e s  t r a n s i t i o n s  assoc ia ted  

w i t h  a change f rom c l a s t l c s  i n  t h e  west t o  carbonates i n  t h e  eas t  

(Rodgers 1953; M a r k e l l o  and Read 1981, 1982; Hasson and Haase 1985). 

Rodgers has d i v i d e d  t h e  Conasauga Group i n t o  t h r e e  phases t h a t  occur  

i n  nor theas t -southwest  t r e n d  b e l t s .  W i t h i n  t h e  c e n t r a l  phase, s i x  

fo rma t ions  t h a t  rep resen t  complex l n t e r f i n g e r l n g  o f  carbonate and 

c l a s t i c s  a r e  i d e n t i f i e d .  To t h e  west, i n  t h e  no r thwes te rn  phase, most 

o f  t h e  carbonates d isappear ,  and o n l y  two fo rma t ions  a r e  recognlzed. 

To t h e  eas t ,  i n  t h e  southeas tern  phase, t h e  c l a s t i c s  d isappear  and 

t h r e e  fo rma t ions  can be I d e n t i f i e d .  

The Conasauga Group a t  t h e  d r i l l  s l t e  occurs near t h e  western 

marg in o f  t h e  c e n t r a l  phase (Hasson and Haase 1985). and s i x  

fo rmat ions  can be recognlzed ( F i g .  3 and Appendix). The Rut ledge and 



20 

M a r y v i l l e  l imes tones ,  however, a r e  t h i n n e r  than  i s  t y p i c a l  f o r  t h e  

c e n t r a l  phase and t h e y  c o n t a i n  30 t o  60% c l a s t i c s  (Hasson and 

Haase 1985).  

The M a y n a r d v i l l e  Limestone - The M a y n a r d v i l l e  Limestone i s  

recognized th roughou t  e a s t  Tennessee and occurs w i t h i n  a l l  t h r e e  

phases o f  t h e  Conasauga Group (Hasson and Haase 1985).  A t  t h e  d r i l l  

s i t e ,  t h e  M a y n a r d v i l l e  Limestone i s  98.76 m t h i c k  and i s  d i v i s i b l e  

i n t o  two r e g i o n a l l y  p e r s i s t e n t  members: t h e  uppermost Chances Branch 

member t h a t  i s  43.89 m t h i c k  and t h e  u n d e r l y i n g  Low Ho l l ow  member t h a t  

i s  54.86 m t h i c k  ( see  Appendix). The two members have s l i g h t l y  

d i f f e r e n t  gamma-ray and n e u t r o n  l o g  s i g n a t u r e s  and can be r e a d i l y  

i d e n t i f i e d  on such l o g s  ( F i g .  3 ) .  

The Chances Branch member c o n s i s t s  o f  medium- t o  th in-bedded, b u f f  

and l i g h t  g ray  (5Y8/1 t o  N7)  do lostones,  r ibbon-bedded d o l o m i t i c  

c a l c a r e n i t e s ,  wackestones, and m i c r i t e s ,  and medium-gray (N7  t o  6 )  

o o l i t i c  packstones and g ra ins tones .  The uppermost 20 m o f  t h e  

Chances Branch member c o n s i s t s  o f  massive t o  laminated d o l o s t o n e  and 

i n t r a c l a s t i c  d o l o m i t i c  c a l c i r u d i t e s  [F ig .  5(a)] i n t e r s t r a t i f i e d  w i t h  

i r r e g u l a r l y  bedded t o  m o t t l e d ,  b i o t u r b a t e d  c a l c a r e n i t e s  and d o l o m i t i c  

wackestones [ F i g .  ~ ( I I ) ] .  L e n t i c u l a r l y  t o  wavy l am ina ted  beds o f  

d o l o m i t i c  m i c r i t e s ,  0.1 t o  0.5 m t h i c k ,  occur  th roughou t  t h e  m o t t l e d  

wackestones. The lower  24 m o f  t h e  Chances Branch member c o n s i s t s  o f  

a l t e r n a t i n g  ho r i zons  of  wavy t o  even ly  r lbbon-bedded wackestones 

i n te rbedded  w i t h  d o l o m i t i c  o o l i t i c  packstones and g r a i n s t o n e s  [F ig .  

5(c)]. Subord inate amounts of  l e n t i c u l a r l y  r ibbon-bedded d o l o m i t i c  

m i c r i t e  occur  i n  t h e  1,owermost p o r t i o n  o f  t h e  Chances Branch member. 
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F i g .  5. L i t h o l o g i e s  o f  Chances Branch Member o f  M a y n a r d v l l l e  Limestone. 
Core rows a r e  0.76 m (2.5 f t )  l o n g  and s t r a t i g r a p h l c  t o p  i s  l e f t .  
[a] (Box 12: 163-168 f t )  Massive t o  d i f f u s e l y  lamlnated  do los tone (1) and 
d o l o m i t i c  i n t r a c l a s t i c  c a l c l r u d i t e  (2 ) .  [b] (Box 18: 221-226 f t )  M o t t l e d  
d o l o m l t l c  c a l c a r e n l t e  wackestone. [c ]  (Box 19: 231-238.5 f t )  Wavy 
r ibbon-bedded d o l o m i t i c  m i c r i t e  ( 3 )  and wavy bedded d o l o m i t i c  o o l i t i c  
packs to i  
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Wavy t o  even ly  r ibbon-bedded c a l c a r e n i t e  and m i c r i t e  a l t e r n a t i n g  

w i t h  o o l i t i c  packstones and g ra ins tones  a r e  t h e  p r i n c i p a l  l i t h o l o g i e s  

i n  t h e  Low Ho l l ow  member (see Appendix). Throughout much o f  t h e  

member, carbonates have a d i s t i n c t i v e  p e t r o l i f e r o u s  odor when f r e s h l y  

broken. Wavy r lbbon-bedded and m o t t l e d  d o l o m i t i c  c a l c a r e n i t e s  and 

m i c r i t e s  [ F i g .  6 ( a ) ]  a r e  most abundant i n  t h e  upper p o r t i o n s  o f  t h e  

member. O o l i t e s  become more common lower  i n  t h e  member, w h i l e  wavy 

r ibbon-bedded o o l i t i c  and p e l l o l d a l  g ra ins tones  a r e  more abundant i n  

t h e  bot tom 35 m of t h e  member [ F i g .  ~(II)]. 

The c o n t a c t  o f  t h e  M a y n a r d v i l l e  Limestone w i t h  t h e  No l i chucky  Shale 

i s  g r a d a t i o n a l  over  a 4.5-m-thick i n t e r v a l .  W i t h i n  t h i s  I n t e r v a l ,  t h e  

Low Ho l l ow  member c o n t a i n s  0.1- t o  0.3-m-thick beds o f  massive t o  

t h i n l y  laminated ca lcareous mudstone (N4 t o  N2) i n te rbedded  w i t h  

wackestones and m i c r i t e .  The abundance o f  such s h a l e - r i c h  l i t h o l o g i e s  

i nc reases  g r a d u a l l y  downward th rough  t h e  I n t e r v a l ,  and a t  t h e  c o n t a c t ,  

s h a l e  accounts f o r  40 t o  60% o f  t h e  M a y n a r d v i l l e  Limestone. W i t h i n  

t h e  c o n t a c t  i n t e r v a l ,  gamma-ray and neu t ron  l o g s  ( F i g .  3) e x h i b i t  

pronounced s h i f t s  c o n s i s t e n t  w i t h  an i nc rease  i n  mudstone c o n t e n t .  

Gamma-ray energy spectrum measurements w i t h i n  a mudstone bed a t  

141.73 m (465 f t )  downhole suggest t h a t  t h e  m a j o r i t y  o f  gamma-ray 

a c t i v i t y  i n  t h e  mudstone w t h i n  t h e  lowermost M a y n a r d v i l l e  i s  caused 

by n a t u r a l l y  o c c u r r i n g  40K 

The No l l chucky  Shale 

V i r g i n i a ,  t h e  No l i chucky  

B rad ley  Creek, and Lower 

and Haase 1985). Typica 

' Throughout eas t  Tennessee and southwestern 

Shale can be d i v i d e d  i n t o  Upper Shale, 

Shale members ( M a r k e l l o  and Read 1981; Hasson 

l y ,  t h e  B rad ley  Creek member occurs toward 
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Fig. 6. 
Core rows are 0.76 m (2.5 ft) long and stratigraphic top i s  left. 
a1 

cal 
of 
Pa C 
mi c 

Lithologies o f  Low Hollow Member of Maynardville Limestone. 

l R n v  Pa.  PhK-97n ft) Wavv +n 1 p n + j r l j l ; l r l v  rjbbon-bedded oolitic 

. 
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t h e  m i d d l e  of t h e  No l i chucky  Shale, and t h e  Upper and Lower Shale 

members a r e  o f  s i m i l a r  t h i ckness .  A t  t h e  s tudy l o c a l i t y ,  however, t h e  

B rad ley  Creek Member occurs i n  t h e  uppermost i n t e r v a l  o f  t h e  

No l i chucky  Shale and t h e  Upper Shale member i s  o n l y  18.90 m t h i c k .  

The Brad ley  Creek member i s  9.14 m t h i c k ,  t h e  Lower Shale member i s  

139.9 m t h i c k ,  g i v i n g  a complete No l l chucky  Shale t h i c k n e s s  o f  

167.95 m ( F i g .  3 ) .  

The Upper Shale member c o n s i s t s  o f  i n t e r s t r a t i f i e d  ca lcareous 

mudstone and l imes tone  l i t h o l o g i e s  ( see  Appendix). The mudstones (N4 

t o  N2, l o c a l l y  5YR2/1) a r e  wavy t o  even ly  s t r a t i f i e d  and t h i c k l y  

laminated.  In terbedded throughout  t h e  mudstones o f  t h e  Upper Shale 

member a r e  1- t o  7-cm-thick s i l t s t o n e  beds w l t h  u p w a r d - f i n i n g  graded 

bedding [ F i g .  7(a)]. The l imestones (N8 t o  N7)  a r e  wavy r ibbon-bedded 

t o  laminated m i c r i t e s ,  o o l i t i c  f o s s i l i f e r o u s  wackestones and 

packstones [ F i g .  7(a)]. 

The Brad ley  Creek Member c o n s i s t s  predominant ly  o f  l e n t i c u l a r l y  t o  

i r r e g u l a r l y  s t r a t i f i e d  a l g a l  wackestones and packstones (N7  t o  N4) 

w i t h  i n t e r s t r a t i f i e d  m i c r i t e s  and o o l i t i c  g ra ins tones  [ F i g .  7(t1)]. 

R e g i o n a l l y ,  t h e  Bradley Creek c o n t a i n s  abundant bioherms composed o f  

-~ Rena lc i s  a l g a l  remains ( M a r k e l l o  and Read 1981). S t r u c t u r e s  ve ry  

s i m i l a r  t o  those desc r ibed  by M a r k e l l o  and Read f o r  s t r a t i g r a p h i c a l l y  

e q u i v a l e n t  l imestones i n  southwestern V i r g i n l a  a r e  noted w i t h l n  t h e  

B rad ley  Creek member a t  t h e  s tudy s i t e .  In terbedded w i t h  t h e  a l g a l  

l imestones a r e  wavy t o  l e n t i c u l a r ,  d i s c o n t i n u o u s l y  s t r a t i f i e d  s h a l y  

m j c r i t e s ,  i n t r a c l a s t i c  and o o l i t i c  wackestones and ca lcareous 

mudstones [ F i g .  7(c)]. Abundances o f  such l i t h o l o g i e s  a r e  h i g h l y  

v a r i a b l e  b u t  g e n e r a l l y  i n c r e a s e  t o  30 t o  50% toward t h e  base o f  t h e  
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Bradley Creek member. 

marked by 2 m o f  wavy t o  even ly  bedded o o l i t i c  and p e l l o i d a l  packstone 

w i t h  t h i n  f l a s e r l i k e  s t r i n g e r s  of d o l o m i t i c  m i c r i t e  [ F i g .  7(c)]. 

The bot tom o f  t h e  B rad ley  Creek member i s  

The Lower Shale member c o n s i s t s  of numerous repeated c y c l e s  o f  

sha le  and l imestone.  The complex in terbedded n a t u r e  o f  t h e  member i s  

r e f l e c t e d  i n  t h e  h i g h l y  modulated gamma-ray and neu t ron  geophysica l  

l o g s  ( F i g .  3 ) .  L imes tone- r i ch  l i t h o l o g i e s  compose 20 t o  40% o f  t h e  

member (see Appendix) w i t h  t h e  remainder composed o f  ca lcareous 

mudstones and shales.  Such mudstones a r e  t y p i c a l l y  red-brown t o  

maroon o r  red-gray I n  c o l o r  (N6 t o  N4 o r  5YR4/1 t o  5YR3/2). The 

mudstones a r e  massive ly  t o  t h i n l y  laminated [ F i g .  8 ( g ) ]  and t y p i c a l l y  

a r e  in terbedded w i t h  1- t o  5-cm-thick u p w a r d - f i n i n g  ca lcareous 

s i l t s t o n e  beds. Such l i t h o l o g i e s  have wavy t o  even ly  p a r a l l e l  s t r a t a  

t y p i c a l  o f  microhummocky c ross  s t r a t i f i c a t i o n  ( see  D o t t  and 

Bourgeois 1982). 

Mudstone-r ich i n t e r v a l s  a t  t h e  t o p  and t h e  bot tom o f  t h e  Lower 

Shale member d e f i n e  mudstone base l i nes  on neu t ron  and geophysica l  

l o g s .  Such base l i nes  a r e  d e f i n e d  as t h e  l i n e  t h a t  can be drawn 

th rough  t h e  l e f tward -mos t  p o s i t i o n s  o f  t h e  neu t ron  l o g  t r a c e  and t h e  

r ightward-most p o s i t i o n s  o f  t h e  gamma-ray l o g  t r a c e s .  D e f l e c t i o n s  t o  

t h e  r i g h t  o r  l e f t  on t h e  r e s p e c t i v e  l o g s  a r e  a genera l  i n d i c a t i o n  o f  

t h e  occurrence o f  nonmudstone l i t h o l o g i e s ,  such as carbonates o r  

s i l t s o n e s  and sandstones, i n te rbedded  w i t h  o r  i n  p l a c e  o f  mudstones. 

The mudstone b a s e l i n e  on t h e  neu t ron  l o g  f o r  t h e  e n t i r e  No l i chucky  

Shale f a l l s  a t  app rox ima te l y  t h e  same p o s i t i o n  as t h e  b a s e l i n e  f o r  

o t h e r  mudstone-r ich fo rma t ions  i n  lower  p o r t i o n s  o f  t h e  Conasauga 

Group. Gamma-ray s p e c t r a l  analyses f rom red-brown and g ray  mudstone 
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Fig. 8. Lithologies of Lower Shale member of the Nolichucky Shale. 
Core rows are 0.76 m (2.5 ft) long and stratigraphic top is left. 
[a] (Box 84: 840.5-843 ft) Massive to laminated mudstone (1) with wavy 
to evenly cross-stratified calcareous siltstone (2). 
[t)] (Box 69: 696-698.5 ft) Upward-coarsening stratification cycle 
consisting of, from bottom to top: wavy current-ripple-bedded silty 
calcarenlte (3). evenly bedded calcarenlte (4). massively bedded 
dolomitic oolitic packstone (5). and intraclastic, oolitic, pelloidal 
packstone or grainstone (6). [r] (Box 83: 833.5-836 ft) 
Upward-coarsening cycle without topmost intraclast-bearing packstone 
or gralnstone. ['I (Box 92: 912-914.5 ft) Intraclastic oolite 
wackestone with abundant glauconlte pellets (7) interbedded with 
massive mudstone. [ e ]  (Box 73: 737-744.5 ft) Incomplete 
upward-coarsening cycle missing lowermost calcarenite interval (8) and 
series of amalgamated cycles (9). [f] (Box 56: 581-583.5 ft) 
Lenticular to nodular micrite and wavy bedded and burrowed calcarenite 
interbedded with mudstone. 

ard-coarsening cycle missing lowermost c 
les of amalgamated cycles (9). [f] (Box 
ticular to nodular micrite and wavy bedd 
erbedded with mudstone. 
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l i t h o l o g i e s  w i t h i n  t h e  Lower Shale member i n d i c a t e  t h a t  r r a t u r a l l y  

o c c u r r i n g  40K i s  r e s p o n s i b l e  f o r  most o f  t h e  gamma-ray a c t i v i t y  

observed w i t h i n  t h e  mudstones. 

Carbonates i n  t h e  Lower Shale member a r e  s i l t y  c a l c a r e n i t e s ,  

o o l i t i c  packstones, f o s s i l i f e r o u s  p e l l o i d a l  wackestones and 

packstones, and i n t r a c l a s t i c  packstones and conglomerates.  Carbonates 

w i t h i n  t h e  Nol ichucky Shale a r e  assoc ia ted  w i t h  d i s t i n c t i v e  0.2- t o  

1-m upward-coarsening c y c l e s .  Such c y c l e s  [ F i g s .  8(b)  and (c)]  b e g i n  

w i t h  ca lcareous mudstone t h a t  i s  covered i n  t u r n  by ( 1 )  even ly  

p a r a l l e l  s t r a t i f i e d ,  t h i n l y  bedded c a l c a r e n i t e  and ca lcareous 

s i l t s t o n e ;  ( 2 )  wavy t o  l e n t l c u l a r l y  bedded c a l c a r e n i t e  and wackestone; 

( 3 )  even ly  t o  wavy bedded o o l i t i c  packstone o r  g r a i n s t o n e  t h a t  

t y p i c a l l y  c o n t a i n s  abundant g l a u c o n i t e  p e l l e t s  and t r i l o b i t e  

f ragments,  and ( 4 )  a cap o f  l i t h o l o g i c a l l y  d i s t i n c t i v e  " f l a t  pebble"  

i n t r a c l a s t i c  and o o l i t i c  g r a i n s t o n e  o r  packstone [ F i g .  8(t1)]. I n  many 

examples, however, t h i s  conglomerate l i t h o l o g y  i s  absent and t h e  c y c l e  

I s  capped w i t h  t h e  oo id -bear ing  m a t e r i a l  [ F i g .  8 ( c ) ] .  There i s  much 

v a r i a b i l i t y  w i t h i n  t h e  upward-coarsening cyc les ;  one o r  more o f  t h e  

l i t h o l o g i e s  may be absent f rom a p a r t i c u l a r  occurrence o r  seve ra l  

c y c l e s  may be aggraded [ F i g s .  8(d) and ( e ) ] .  A t  t h e  t o p  and bot tom o f  

t h e  Lower Shale member, 0.2- t o  1.0-m beds o f  wavy r ibbon-bedded t o  

nodu la r  m i c r i t e  t o  wackestone a r e  in terbedded w i t h  mudstone [ F i g .  

8 ( f ) ]  and appear t o  be rep lace,  I n  p a r t ,  t h e  upward-coarsening 

l imes tone  l i t h o l o g i e s .  

The d i s t r i b u t i o n  o f  t h e  l imes tone-bear ing  u n i t s  throughout  t h e  

Lower Shale member i s  q u i t e  u n i f o r m  (see  Appendix) w i t h i n  t h e  upper 

t w o - t h i r d s  of t h e  member. For t h i s  i n t e r v a l ,  carbonate l i t h o l o g i e s  
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t y p i c a l l y  compose 30 t o  60% of t h e  format ion,  and t h i s  abundance o f  

carbonates causes a pronounced d e f l e c t i o n  o f  t h e  n e u t r o n  l o g  t o  t h e  

r i g h t  o f  t h e  mudstone b a s e l i n e  ( F i g .  3 ) .  Carbonate abundance 

decreases i n  t h e  lower  o n e - t h i r d  o f  t h e  member, where t h e  l imes tone  

c y c l e s  a r e  t h i n n e r  and occur l e s s  f r e q u e n t l y .  

r e f l e c t e d  by a pronounced l e f t w a r d  d e f l e c t i o n  on t h e  neu t ron  l o g  

toward t h e  b o t t o n  o f  t h e  Nol ichucky Shale (F ig .  3 ) .  

Such a decrease i s  

The lower  c o n t a c t  o f  t h e  Nol ichucky Shale i s  a g r a d a t i o n a l  zone 

marked by an i n c r e a s i n g  carbonate con ten t  over  t h e  lowermost 10 m o f  

t h e  No l i chucky  Shale. Th is  i n t e r v a l  c o n t a i n s  c a l c a r e n l t e s  and 

f o s s i l i f e r o u s  wackestones and packstones i n te rbedded  w i t h  ca lcareous 

mudstones and shales.  The mudstone c o n t e n t  o f  t h i s  lowermost i n t e r v a l  

decreases g r a d u a l l y  and a t  t h e  lower  c o n t a c t  drops t o  10 t o  20%. 

I n t r a f o r m a t i o n a l  c l a s t s  and f l a t  pebble conglomerates,  though p resen t ,  

a r e  r a r e  i n  t h i s  i n t e r v a l .  The bot tom o f  t h i s  i n t e r v a l  i s  marked by 

an ab rup t  i n c r e a s e  i n  t h e  l n t r a c l a s t  con ten t  o f  t h e  l imestones and t h e  

v i r t u a l  d isappearance o f  mudstones. The lower  c o n t a c t  o f  t h e  

No l i chucky  Shale i s  p laced a t  t h l s  l l t h o l o g l c  t r a n s i t i o n  t h a t  I s  

marked by an ab rup t  s t e p  i n  t h e  r i g h t w a r d  and l e f t w a r d  d e f l e c t i o n s  

observed on neu t ron  and g a m a - r a y  l ogs  ( F i g .  3 ) .  

The M a r y v i l l e  Limestone - The M a r y v i l l e  Limestone i s  n o t  

subd iv ided  i n t o  members throughout  most o f  eas t  Tennessee 

(Rodgers 1953; Hasson and Haase 1985).  W i t h l n  t h e  Oak Ridge v i c i n i t y ,  

however, t h e  f o r m a t i o n  c o n t a i n s  r a p i d  l i t h o f a c i e s  changes (Hasson and 

Haase 1985), and i t  can be d i v i d e d  i n f o r m a l l y  i n t o  an upper and lower  

member. The M a r y v i l l e  Limestone a t  t h e  d r i l l  s i t e  i s  141.12 m t h i c k ;  

t h e  upper p a r t  i s  74.98 m and t h e  lower  p a r t  i s  64.92 m. 
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Al though bo reho le  i n c l i n a t i o n  e f f e c t s  and genera l  f o r m a t i o n  d i p  

have been taken  i n t o  account,  t h e  141.12-m-thickness va lue  i s  l a r g e r  

t h a n  t h e  t r u e  s t r a t i g r a p h i c  t h i c k n e s s  ( see  Table 2) because o f  t h e  

occurrence o f  seve ra l  s e v e r e l y  deformed i n t e r v a l s  w i t h i n  t h e  M a r y v i l l e  

Limestone. Based on a t tempts  t o  s t r a i g h t e n  o u t  t h e  deformed 

i n t e r v a l s ,  i t  i s  es t ima ted  t h a t  t h e  t r u e  t h i c k n e s s  o f  t h e  M a r y v i l l e  

Limestone i s  w i t h i n  10 t o  20% o f  t h e  141.12-m value.  

The upper member o f  t h e  M a r y v i l l e  Limestone i s  c h a r a c t e r i z e d  by 

d i s t i n c t i v e  " f l a t  pebble"  conglomerates [ i n t r a c l a s t i c  and l o c a l l y  

o o l i t i c  packstones, F i g s .  9(&) and (I))]. Such l i t h o l o g i e s  occur  

elsewhere i n  t h e  Conasauga Group b u t  n o t  as abundant ly  as no ted  i n  t h e  

upper p a r t  o f  t h e  M a r y v i l l e  Limestone. In terbedded w i t h  t h e  " f l a t  

pebble"  conglomerates a r e  subord ina te  amounts o f  ca lcareous mudstones 

(N7 t o  N S ) ,  wavy t o  l e n t i c u l a r l y  s t r a t i f i e d  nodu la r  m i c r i t e  and 

d o l o m i t i c  wackestones [ F i g .  9(c)], wavy t o  l e n t i c u a r l y  bedded 

c a l c a r e n i t e ,  and f o s s i l i f e r o u s  p e l l o i d a l  packstone [ F i g s .  9(b) and 

(c)]. C a l c a r e n i t e  and packstone occur  i n  upward - f i n ing  c y c l e s  t h a t  

have scoured bases and wavy t o  even bedding t y p i c a l  o f  microhummocky 

c ross  s t r a t i f i c a t i o n  [ F i g .  9(c)]. 

W i t h i n  t h e  upper member, conglomerates account f o r  over  80% a t  t h e  

t o p  o f  t h e  upper p a r t  and decrease i n  abundance toward t h e  bot tom o f  

t h e  upper p a r t  t o  40 t o  60%. Other l i t h o l o g i e s ,  e s p e c i a l l y  t h e  

c a l c a r e n i t e s  and mudstones, i n c r e a s e  c o r r e s p o n d i n g l y  f rom t h e  t o p  t o  

t h e  bot tom of t h e  upper p a r t  o f  t h e  M a r y v i l l e  Limestone (see 

Appendix).  W i th  t h e  e x c e p t i o n  of  t h e  M a y n a r d v i l l e  Limestone, t h e  

upper p o r t i o n s  o f  t h e  upper member o f  t h e  M a r y v i l l e  Limestone a r e  t h e  

most pu re  carbonate rock  I n  t h e  Conasauga Group a t  t h e  s tudy s i t e .  
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Such a h l g h  carbonate con ten t  r e s u l t s  i n  a d i s t i n c t i v e  r i g h t w a r d  bu lge  

o r  hump on t h e  neu t ron  l o g  f o r  t h i s  s t r a t i g r a p h i c  i n t e r v a l .  The 

r i g h t w a r d  d e f l e c t i o n  o f  t h e  neu t ron  l o g  d im in i shes  toward t h e  bot tom 

o f  t h e  upper member w i t h  t h e  t r a c e  approaching a mudstone b a s e l i n e  

s i m i l a r  t o  t h a t  c h a r a c t e r i s t i c  o f  t h e  No l i chucky  Shale. T h i s  t r e n d  i s  

i n  response t o  i n c r e a s i n g  amounts o f  mudstone i n  t h e  lower  p o r t i o n  o f  

t h e  upper member. A corresponding,  b u t  l e s s  d i s t i n c t i v e ,  l e f t w a r d  

b u l g e  i s  observed on t h e  gamma-ray l o g  f o r  t h e  same i n t e r v a l .  

Superimposed on t h i s  bu lge  i n  t h e  gamma-ray l o g  a r e  t h r e e  

l e f t - t o - r i g h t  o s c i l l a t i o n s  ( F i g .  3 ) .  Such o s c i l l a t i o n s  a r e  t y p i c a l l y  

observed on gamma-ray l o g s  f o r  t h e  upper member o f  t h e  M a r y v i l l e  

Limestone w i t h i n  t h e  Oak Ridge v i c i n i t y  (Haase 1985) and r e f l e c t  

i n te rbedded  mudstone-r ich i n t e r v a l s  w i t h i n  t h e  upper member. 

Gamma-ray s p e c t r a l  a n a l y s i s  o f  two mudstone-rqch i n t e r v a l s  w i t h i n  t h e  

upper member i n d i c a t e  t h a t  40K i s  t h e  p r i n c i p a l  n a t u r a l l y  o c c u r r i n g  

r a d i o n u c l i d e  w i t h i n  mudstones o f  t h i s  member. 

The lower  member o f  t h e  M a r y v i l l e  Limestone i s  composed o f  0.1- t o  

0.4-m-th ick beds o f  ca lcareous mudstones i n t e r s t r a t i f i e d  w i t h  

p e l l o i d a l  o r  o o l i t i c  wackestones and packstones, c a l c a r e n i t e s ,  and 

ca lcareous s i l t s t o n e s  ( F i g .  10 and Appendlx).  The mudstones a r e  

t h i n l y  bedded t o  t h i c k l y  laminated w i t h  even ly  t o  wavy p a r a l l e l  

s t r a t i f i c a t i o n  t h a t  l o c a l l y  e x h i b i t  c u r r e n t - r i p p l e d  s t r u c t u r e s  and 1- 

t o  3-cm-thick upward - f i n ing  s i l t s t o n e - r i c h  i n t e r v a l s .  The l imes tone  

l i t h o l o g i e s  occur i n  d i s c r e t e  5- t o  20-cm-thick beds w i t h i n  

upward-coarsening c y c l e s .  

No l i chucky  Shale except  t h a t  t h e  c y c l e s  i n  t h e  M a r y v i l l e  Limestone a r e  

t h i n n e r .  The upward-coarsening c y c l e s  beg in  w i t h  ca lcareous 

Such c y c l e s  a r e  s i m i l a r  t o  those  i n  t h e  
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mudstone. The mudstone i s  covered by t h i n l y  bedded ca lcareous 

subarkos ic  s i l t s t o n e s  and c a l c a r e n i t e s  t h a t  a r e  even ly  t o  wavy 

c u r r e n t - r i p p l e d  s t r a t i f i e d .  Such l i t h o l o g i e s  i n c l u d e  seve ra l  

amalgamated upward - f i n ing  sequences 1 t o  4 cm t h i c k  [ F i g .  l o ( & ) ] .  The 

upward-coarsening c y c l e  i s  capped by massive ly  t o  t h i n l y  bedded, 

even ly  t o  wavy s t r a t i f i e d  o o l i t i c  o r  i n t r a c l a s t i c  packstone. The t o p  

o f  t h e  c y c l e  i s  marked by an ab rup t  change t o  ca lcareous mudstone. 

G laucon i te  p e l l e t s  a r e  common w i t h i n  t h e  o o l i t e  and i n t r a c l a s t  

packstones i n  t h e  uppermost p o r t i o n s  o f  many upward-coarsening 

c y c l e s .  Hardgrounds, which a r e  t y p i f i e d  by p l a n a r  c o n c e n t r a t i o n s  o f  

g l a u c o n i t e  p e l l e t s  t h a t  e x h i b i t  p a r a l l e l  t o  s l i g h t l y  cross c u t t i n g  

r e l a t i o n s h i p s  w i t h  bedding, a r e  commonly observed w i t h i n  t h e  

oo ld -bear ing  upper p o r t i o n s  o f  t h e  upward-coarsening c y c l e s .  Such 

hardground s t r u c t u r e s  a r e  s i m i l a r  t o  those desc r ibed  by M a r k e l l o  and 

Read (1981, 1982) as o c c u r r i n g  w i t h i n  carbonates o f  t h e  M a r y v i l l e  

Limestone and No l i chucky  Shale i n  southwest V i r g i n i a .  

The mudstone con ten t  o f  t h e  lower  member o f  t h e  M a r y v i l l e  Limestone 

ranges f rom 50 t o  80% w i t h  t h e  remainder compring carbonate 

l i t h o l o g i e s .  The increased mudstone con ten t  i s  r e f l e c t e d  by 

r e l a t i v e l y  f l a t  neu t ron  and gamma-ray l ogs  t h a t  a r e  i n  l i n e  w i t h  t h e  

mudstone b a s e l i n e  p r e v i o u s l y  observed f o r  o t h e r  p o r t i o n s  o f  t h e  

Conasauga Group. 

W i t h i n  t h e  lower  p a r t  o f  t h e  M a r y v i l l e  Limestone, t h e  

upward-coarsening c y c l e s  e x h i b i t  a l a r g e  amount o f  v a r i a b i l i t y .  One 

o r  more o f  t h e  components o f  t h e  c y c l e  may be absent;  a commonly 

observed v a r i a t i o n  i s  t h e  absence o f  t h e  coarse-gra ined oo id -bear ing  

t o p  o f  t h e  c y c l e .  Another commonly observed v a r i a t i o n  i s  t h e  
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amalgamation of two or more upward-fining cycles that locally produces 

0.1- to 0.5-m-thick wavy to evenly ribbon-bedded silty packstone and 

calcarenite horizons [Fig. 10(b)]. 

The lowermost 15 m of the Maryville Limestone is characterized by 

an increase ln calcareous mudstone content from 30 to 50% of the rock 

to 60 to 80%. Limestone-rich intervals decrease in thickness and 

frequency over the same interval. 

Rogersville Shale falls withln such an interval, marked by a gradual 

increase in shale content, the formational contact itself is dlstinct 

because it is placed at the bottom of the lowermost ooid-bearing 

upward-coarsening cycle. Immediately below this limestone is a 0.7- 

to 1.2-m-thick bed of massive shale (N6-N4) that contains few 

siltstone laminae, is massive to thinly laminated, and is quite 

distinct from the mudstones and shales of the Maryville Limestone. 

This mudstone is the uppermost portion of the Rogersville Shale. 

Although the contact with the 

On neutron and gamma-ray logs, the lower contact of the Maryville 

limestone Is readily definable as occurring immediately below the 

lowermost of two sharp spikes that occur toward the bottom of the 

lower member interval (Fig. 3). These spikes are prominent features 

that mark abrupt departures from the baseline position of the 

relatively mudstone-rich lower member. Such spikes correspond to 

ooid-bearing limestone horizons within the basal Maryville Limestone 

and are recognizable throughout the Oak Ridge vicinity (Haase 1985). 

Rogersville Shale - The Rogersville Shale at the drill site is 

39.62-m thlck. Throughout much of east Tennessee, the Craig member, a 

limestone-rich interval, can be delineated within the upper portion of 



the Rogersville Shale (Rodgers 1953; Hasson and Haase 1985). The 

Craig member is recognizable at the study site and is 2.74 m thick, 

while regionally, it ranges from 0 to 9 m thick (Hasson and 

Haase 1985). 

Lithologically, the Rogersville Shale consists of massive to 

laminated noncalcareous mudstones and evenly bedded to wavy 

current-rippled calcarenites and subarkosic siltstones [Figs. ll(a) 
and ( b ) ;  Appendix]. The mudstones range from red-brown (5R4/2-3/3 to 

5YR4/1-2/1) to gray (N6-3) and gray-green (564/1-2/1). A distinctive, 

reddish, massive to thinly bedded, evenly parallel stratified mudstone 

occurs immediately below the Craig member. This lithology, which is 

7.92 m thick at the study site, Is persistent throughout the Oak Ridge 

Reservation (Haase 1985) and serves as an excellent stratigraphic 

marker for the upper Rogersville Shale. Below this interval, the 

remainder of the Rogersvllle Shale is composed of interbedded 

mudstones and subarkosic siltstones. The mudstones are massively to 

evenly stratified with wavy to straight lenses and dlsseminations o f  

siltstone throughout. The subarkosic siltstones are 1 to 20 cm thick 

and exhibit wavy to evenly parallel stratification that frequently 

contains cross-bedding and current-rippled features [Fig. ll(b)]. 
Most siltstone intervals have upward-flning graded bedding with scour 

surfaces at their bottoms and mud-draped tops. 

more siltstone intervals is common. Glauconite pellets are common in 

siltstones throughout the Rogersville Shale interval; locally 

glauconite accounts for 10 to 30% of the individual siltstone 

horizon. Such glauconlte contents contrast with those for siltstones 

in the overlying Maryville Limestone where glauconite is essentially 

Amalgamation of two or 



U 



38 

absent,  except  f o r  random d issemina t ions  i n  s i l t s t o n e s  o f  t h e  

lowermost p o r t i o n  o f  t h e  f o r m a t i o n  and f o r  concen ta t i ons  a s s o c i a t e d  

w i t h  t r u n c a t i o n  l a y e r s  con ta ined  w i t h i n  o o l i t i c  packstones t h a t  cap 

upward-coarsening c y c l e s .  

Carbonates w i t h i n  t h e  R o g e r s v i l l e  Shale occur w i t h  abundance o n l y  

w i t h i n  t h e  C r a i g  member. T h i s  member I s  an upward-coarsenlng c y c l e  

t h a t  begins w i t h  even ly  and wavy bedded ca lcareous s i l t s t o n e s  and 

grades upward t o  ( 1 )  wavy and l e n t i c u l a r l y  bedded c a l c a r e n i t e s  and 

s i l t y  wackestones; ( 2 )  p e l l o i d a l  packstones and s i l t y  c a l a r e n i t e s ;  and 

( 3 )  capping g l a u c o n i t i c  and d o l o m i t i c  o o l i t i c  and i n t r a c l a s t i c  

g ra ins tones  [ F i g .  11 (c) 1. 

The lower  c o n t a c t  o f  t h e  R o g e r s v i l l e  Shale i s  cont inuous b u t  

a b r u p t ,  o c c u r r i n g  over  an i n t e r v a l  o f  0.5 m. The c o n t a c t  i s  d e f i n e d  

by a sharp t r a n s i t i o n  f r o m  mudstone w i t h  subord ina te  amounts o f  

i n te rbedded  subarkos ic  s i l t s t o n e  t o  t h i n l y  bedded c a l c a r e n i t e s  and 

s i l t y  wackestone, and m i c r i t e  o f  t h e  uppermost p o r t i o n  o f  t h e  

u n d e r l y i n g  Rut ledge Limestone. The mudstones and s i l t s t o n e s  o f  t h e  

lowermost R o g e r s v i l l e  Shale a r e  l i t h o l o g i c a l l y  homogeneous b u t  have 

a l t e r n a t i n g  i n t e r v a l s  o f  g ray  (N5-3) and red-gray (5R4/2-2/2 and 

5YR4/1-2/1). The mudstones immediate ly  a t  t h e  c o n t a c t  a r e  red-gray 

and c o n t r a s t  s h a r p l y  w i t h  t h e  l i g h t  gray-gray (N8-6) l imestones and 

s i l t s t o n e s  o f  t h e  uppermost Rut ledge Limestone. 

The borehole geophysica l  s i g n a t u r e  o f  t h e  lower  c o n t a c t  o f  t h e  

R o g e r s v i l l e  Shale i s  represented on gamma-ray and neu t ron  l o g s  by 

moderate ly  ab rup t  r i g h t w a r d  and l e f t w a r d  d e f l e c t i o n s ,  r e s p e c t i v e l y ,  

away f rom t h e  mudstone b a s e l l n e  p o s i t i o n  ( F i g .  3 ) .  Neutron and 

gamma-ray l o g s  f o r  most o f  t h e  R o g e r s v i l l e  Shale a r e  c h a r a c t e r i z e d  by 
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b a s e l i n e s  s i m i l a r  t o  those f o r  t h e  o v e r l y i n g  mudstone-r ich l ower  

member o f  t h e  M a r y v i l l e  Limestone. The c o n t a c t  w i t h  t h e  

l i m e s t o n e - r i c h  uppermost Rut ledge Limestone produces significant 

d e f l e c t i o n s  t h a t  p e r m i t  easy r e c o g n i t i o n  o f  t h e  c o n t a c t  f rom 

th roughou t  t h e  Oak Ridge v i c i n i t y  (Haase 1985).  

The Rut ledge Limestone - The Rut ledge Limestone e x h i b i t s  a r a p i d  

l i t h o f a c i e s  t r a n s i t i o n  i n  t h e  Oak Ridge v i c i n i t y  (Hasson and 

Haase 1985). Eastward o f  t h e  Oak Ridge l o c a l i t y ,  t h e  Rut ledge 

Limestone i s  dominant ly  r ibbon-bedded carbonate.  Westward f r o m  t h i s  

l o c a l i t y ,  t h e  Rut ledge Limestone r a p i d l y  becomes c l a s t i c - r i c h  and 

t h i n s  t o  e x t i n c t i o n  (Rodgers 1953).  A t  t h e  s tudy s i t e ,  t h e  f o r m a t i o n  

i s  30.78 m t h i c k .  A prominent c l a s t i c - r i c h  i n t e r v a l  i n  t h e  c e n t r a l  

p o r t i o n  o f  t h e  f o r m a t i o n  d i v i d e s  t h e  Rut ledge Limestone i n t o  upper and 

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

i n t e r v a l  ( F i g .  3 and Appendix). Such a s u b d i v i s i o n  i s  p e r s i s t e n t  

t h roughou t  t h e  Oak Ridge Reserva t i on  (Haase 1985) b u t  has n o t  been 

r e p o r t e d  elsewhere I n  e a s t  Tennessee. 

The l imestones o f  t h e  upper p a r t  o f  t h e  Rut ledge Limestone a r e  

m i c r i t e s ,  l o c a l l y  f o s s i l i f e r o u s  p e l l o i d a l  wackestones and packstones, 

and s i l t y  c a l c a r e n i t e s .  The l l rnestones a r e  t h i n l y  bedded w i t h  h i g h l y  

v a r i a b l e  s t r a t i f i c a t i o n  p a t t e r n s .  

wackestones and packstones range f rom wavy t o  l e n t i c u l a r l y  bedded. 

The m i c r i t e s  a r e  l e n t i c u l a r l y  r ibbon-bedded t o  nodu la r ;  such 

r lbbon-bedded i n t e r v a l s  do n o t  a t t a i n  a t h i c k n e s s  g r e a t e r  t han  0.4 m. 

The s i l t y  c a l c a r e n i t e s  f o r m  1- t o  15-cm-thick u p w a r d - f i n i n g  i n t e r v a l s  

w i t h  wavy c u r r e n t - r i p p l e d  and even ly  c r o s s - s t r a t i f i e d  bedding [Fig.  

The c a l c a r e n i t e s  and most o f  t h e  
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12 (&) ] .  I n te rbedded  w i t h  t h e  coa rse r -g ra ined  l i t h o l o g i e s  a r e  g ray  

(N6-3) t o  gray-green (5GY4/1-2/1) ca lcareous and noncalcareous 

mudstones. These mudstones a r e  t h i n l y  bedded t o  l am ina ted  w i t h  wavy 

t o  even p a r a l l e l  s t r a t i f i c a t i o n .  

The c l a s t i c - r i c h  l i t h o l o g i e s  i n  t h e  m i d d l e  i n t e r v a l  o f  t h e  Rut ledge 

Limestone c o n s i s t  of red-brown (5YR4/1-2/1), red-gray (5R4/1-2/1), and 

g ray  (N6-3) mudstones and shales w i t h  i n te rbedded  laminae and lenses 

o f  subarkos lc  s i l t s t o n e  [F ig .  1 2 ( b ) ] .  S i l t s t o n e s  have u p w a r d - f i n i n g  

graded bedding and wavy t o  even ly  p a r a l l e l  t o  d i s c o n t i n u o u s  

c u r r e n t - r i p p l e d  s t r a t i f i c a t i o n .  L o c a l l y  such i n t e r v a l s  resemble 

microhummocky c r o s s - s t r a t i f i c a t i o n .  

The lowermost p a r t  o f  t h e  Rut ledge Limestone c o n s i s t s  o f  l imes tones  

t h a t  range f r o m  l e n t i c u l a r l y  bedded t o  m o t t l e d  and b l o t u r b a t e d  g r a y  

(N7-6) t o  gray-green (5GY4/1-2/1) wackestones and c a l c a r e n i t e s  

[ F i g .  1 2 ( a ) ] .  Such l imestones a r e  i n te rbedded  w i t h  shales and 

mudstones s i m i l a r  t o  those  o f  t h e  m i d d l e  p a r t  o f  t h e  Rut ledge 

Limestone. These l i t h o l o g i e s  combine t o  fo rm a 6-rn-thick sequence o f  

t h r e e  g r a y  l imes tone  h o r i z o n s  separated by two red-gray mudstone-r ich 

h o r i z o n s .  T h i s  s t r a t i g r a p h i c  i n t e r v a l  i s  r e f e r r e d  t o  as t h e  " t h r e e  

l i m e s t o n e  beds" (deLaguna e t  a l .  1968) and produces a v e r y  d i s t i n c t  

three-pronged p a t t e r n  on gamma-ray and n e u t r o n  bo reho le  l o g s  ( F i g .  3 )  

t h a t  serves as an e x c e l l e n t  s t r a t i g r a p h i c  marker th roughou t  t h e  Copper 

Creek f a u l t  b l o c k  i n  t h e  Oak Ridge v i c i n i t y  (Haase 1985).  

The c o n t a c t  w i t h  t h e  u n d e r l y i n g  Pumpkin V a l l e y  Shale i s  g r a d a t i o n a l  

over  a 10-m-thick i n t e r v a l .  Within t h e  c o n t a c t  zone, t h e  amount o f  

c a l c a r e n i t e  and ca lcareous s i l t s t o n e  decreases f r o m  40 t o  70% i n  t h e  

lowermost Rut ledge Limestone t o  10 t o  20% i n  t h e  uppermost Pumpkin 
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Fig. 12. Lithologies of Rutledge Limestone. Core rows are 0.76 m 
(2.5 ft) long and stratigraphic top is left. 
[a] (Box 168: 1621-1628.5 ft) Wavy and lenticularly ribbon-bedded 
fossiliferous pelloidal packstone (1). lenticularly bedded mlcrlte 
(2), and wavy to evenly bedded calcarenlte and calcareous siltstone 
(3). mudstone containing stringers of calcareous subarkosic siltstone 
is interbedded (4). [II] (Box 174: 1679-1684 ft) Massive mudstone. 
[ c ]  (Box 177: 1707-1712 ft) Bioturbated silty fossiliferous wackestone 
(5) and 



V a l l e y  Shale.  The c o n t a c t  i s  p laced a t  t h e  bot tom o f  t h e  lowermost 

l imes tone  h o r i z o n  o f  t h e  " t h r e e  l imes tone  beds".  Th i s  p o s i t i o n  marks 

t h e  most ab rup t  decrease I n  carbonate con ten t  w i t h i n  t h e  c o n t a c t  zone. 

The Pumpkin V a l l e y  Shale - Reg iona l l y ,  t h e  i n t e r n a l  s t r a t i g r a p h y  

o f  t h e  Pumpkin V a l l e y  Shale i s  n o t  w e l l  known, and fo rma l  

s t r a t i g r a p h i c  members have n o t  been d e f i n e d  (Rodgers 1953; 

H a r r i s  1964; Hasson and Haase 1985).  The f o r m a t i o n  has been 

i n f o r m a l l y  d i v i d e d  i n t o  an upper and lower  member on t h e  Whiteoak 

Mountain f a u l t  b l o c k  near Oak Ridge, Tennessee (Law Eng ineer ing  1975) 

and such a s u b d i v i s i o n  can be a p p l i e d  t o  t h e  f o r m a t i o n  throughout  t h e  

Copper Creek f a u l t  b l o c k  (Haase and Vaughan 1981; Haase 1985).  W i t h i n  

t h e  Oak Ridge Reservat ion,  t h e  upper and lower  members a r e  o f  

app rox ima te l y  equal  t h i c k n e s s  (Haase 1985).  A t  t h e  d r i l l  s i t e ,  t h e  

Pumpkin V a l l e y  Shale i s  94.18 m t h i c k  w i t h  t h e  upper and lower  members 

b e i n g  48.46 m and 45.72 m t h i c k ,  r e s p e c t i v e l y .  

The upper member o f  t h e  Pumpkin V a l l e y  Shale c o n s i s t s  o f  red-brown 

(10R6/2-2/2), red-gray (5R4/2-2/1), and gray (N6-3) mudstones and 

shales Snterbedded w i t h  subarkos ic  s i l t s t o n e s  (Appendix) .  The 

mudstones a r e  massive ly  t o  t h i n l y  bedded and even ly  t o  wavy p a r a l l e l  

s t r a t i f i e d .  They range f rom e s s e n t i a l l y  pu re  mudstone t o  s i l t y  

mudstones w i t h  t h i n  0.1- t o  2-cm-thick s t r i n g e r s  and d i ssemina t ions  o f  

subarkos ic  s i l t s t o n e  [ F i g .  1 3 ( a ) ] .  Such d i ssemina t ions  l o c a l l y  

coalesce t o  fo rm d i scon t inuous  l e n t i c u l a r  s i l t s t o n e  beds t h a t  occur 

throughout  s i l t y  mudstone-r ich i n t e r v a l s .  S i l t s t o n e - r i c h  ho r i zons  

e x h i b i t  complex s t r a t i f i c a t i o n  p a t t e r n s  t h a t  range f rom t h i n l y  

l am ina ted  t o  t h i n l y  bedded 1- t o  25-cm-thick i n t e r v a l s  w i t h  wavy t o  
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F i q .  13. Litholouies of upper member o f  Pumpkin Valley Shale. Core 
t) long and stratigraphic top i s  left. 
2.5 ft) Evenly to wavy bedded mudstone with 
trtngers and lamellae. [b] (Box 182: 1750-1755 

I LI LUI ICIIL-I I ~ ~ I V U  ~ross-stratified siltstones (1) with local 
slumplng (2). [c ]  (Box 179: 1721-1728.5 ft) Upward-flning evenly 
laminated siltstones (3) interbedded with wavy and current-rfppled s"barkosic -*'11-1--- #.. - - a  1 L *  . .I . . * . .  . -. 
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even ly  para1 e l  t o  n o n p a r a l l e l  s t r a t i f i c a t i o n .  Such s i l t s t o n e  

ho r i zons  may e x i b i t  even ly  c r o s s - s t r a t i f i e d  o r  c u r r e n t - r i p p l e d  

i n t e r n a l  lam n a t i o n s  t y p i c a l  o f  microhummocky c r o s s - s t r a t i f i c a t i o n .  

Amalgamation of s e v e r a l  such c r o s s - s t r a t i f i e d  s i l t s t o n e s  i s  t y p i c a l  

[ F i g .  1 3 ( b ) ] .  S i l t s t o n e  a l s o  ocurs as i s o l a t e d  u p w a r d - f i n i n g  beds 

d isseminated th roughou t  dominan t l y  mudstone-r ich ho r i zons  

[ F i g .  1 3 ( c ) ] .  Such occurrences have scour bases and i n t e r n a l  

l a m i n a t i o n s  r a n g i n g  f r o m  even ly  t o  wavy p a r a l l e l .  Where such 

upward - f i n ing  beds a r e  c l o s e l y  spaced, each s i l t s t o n e  bed i s  capped by 

a mud-drape. G laucon i te  p e l l e t s  a r e  u b i q u i t o u s  w i t h i n  s i l t s t o n e  

i n t e r v a l s  and occur i n  random d issemina t ions  th roughou t  i n d i v i d u a l  

beds o r  a r e  concen t ra ted  i n t o  d i s c r e t e  laminae and bedding p lanes.  

L o c a l l y ,  0.5- t o  2.0-cm-thick ho r i zons  composed o f  40 t o  60% 

g l a u c o n i t e  p e l l e t s  a r e  i n te rbedded  w i t h i n  s i l t s t o n e s  and mudstones i n  

t h e  upper member. 

The lower  member o f  t h e  Pumpkin V a l l e y  Shale i s  s l i g h t l y  more 

s i l t s t o n e - r i c h  than t h e  upper member, as i s  r e f l e c t e d  by t h e  s l i g h t  

r i g h t w a r d  s h i f t  o f  t h e  neu t ron  l o g  t r a c e  ( F i g .  3 and Appendix).  The 

lower  member i s  c h a r a c t e r i z e d  by t h e  occurrence o f  maroon-brown 

(10R4/1-2/1) and maroon-gray (5R4/1-2/1) b i o t u r b a t e d  s i l t s t o n e s  [ F i g .  

1 4 ( a ) ] .  B i o t u r b a t e d  ho r i zons ,  which a r e  0.2 t o  1 . 5  m t h i c k ,  a r e  

massive t o  m o t t l e d  and wavy o r  l e n t i c u l a r l y  bedded. S t r a t i f i c a t i o n  

w i t h i n  t h e  lower  member i s  h i g h l y  v a r i a b l e ,  w i t h  t h e  mass ive l y  bedded 

ho r i zons  be ing  t h e  most comp le te l y  b i o t u r b a t e d  and homogenized. 

Compos i t i ona l l y ,  t h e  b i o t u r b a t e d  i n t e r v a l s  resemble s imp le  p h y s i c a l  

m i x t u r e s  o f  t h e  s i l t s t o n e  and mudstone l i t h o l o g i e s  i d e n t i f i e d  i n  t h e  

upper member. Glauoconi te  p e l l e t s  a r e  ve ry  abundant w i t h i n  
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bioturbated horizons and can constitute as much as 40% of selected 

beds. Gamma-ray spectral analysis of red-brown and gray mudstone-rich 

intervals of the lower member indicate that 40K accounts for the 

majority of naturally occurring gamma-ray activity. 

Interbedded with bioturbated siltstones are mudstones and 

siltstones very similar to those previously described for the upper 

member [ Figs . 14( I)) and ( c )  3. Gray (N6-3) and maroon-gray ( 5R4/1-2/1) 

silty mudstones are somewhat more common in the lower member than in 

the upper member, and the evenly lamlnated and cross-bedded siltstones 

locally occur in somewhat thicker (15 cm maximum) beds than in the 

Upper Member [Fig. 14(b)]. In general, the siltstone content of the 

lower member is greater than that o f  the upper member: - 40 to 70% 
versus 25 to 50%. 

The lower contact of the Pumpkin Valley Shale with the Rome 

Formation Is continuous but abrupt. The lowermost 7.5 m o f  the 

Pumpkin Valley Shale is a gray-brown (5YR7/1-4/1), wavy to 

lenticularly stratified, shaly siltstone with localized bioturbated 

intervals [Fig. 14(c)]. This horizon is somewhat more silt-rich than 

most o f  the lower Pumpkin Valley Shale and appears transitjonal i n  

composition and color to the sediments of the underlying Rome 

Formation. The base of this interval marks the abrupt transition to 

the massively to thickly bedded gray to gray-green (N7-6 also 

5G6/1-5GYd/l) quartz arenites o f  the uppermost Rome Formation. The 

lower contact o f  the Pumpkin Valley Shale is placed at the bottom of 

the shaly gray-brown siltstone. The borehole geophysical signature o f  

the contact consists of very sharp and prominent deflections o f  both 

the neutron and gamma-ray logs away from the relatively constant 

mudstone baseline o f  the Pumpkin Valley Shale. 
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4.4 THE ROME FORMATION 

. 

For t h e  Copper Creek f a u l t  b l o c k  i n  e a s t  Tennessee, t h i c k n e s s  

values r e p o r t e d  f o r  t h e  Rome Format ion range between 90 and 215 m 

(Rodgers 1953; Samman 1975; W o j t a l  1981). For  t h e  Copper Creek f a u l t  

b l o c k  on t h e  Oak Ridge Reservat ion,  Rome Format ion t h i c k n e s s  va lues 

between 90 and 125 m have been r e p o r t e d  (S tockda le  1951; 

McMaster 1963; S ledz 1981).  Such v a r i a b i l i t y  i s  c h a r a c t e r i s t i c  o f  t h e  

Rome Format ion w i t h l n  t h e  V a l l e y  and Ridge Prov ince  o f  e a s t  Tennessee 

where r e g i o n a l  t h i cknesses  and i n t e r n a l  s t r a t i g r a p h i c  p a t t e r n s  f o r  t h e  

Rome Format ion a r e  ex t reme ly  v a r i a b l e  (Rodgers 1953; Saman 1975).  

Such a s i t u a t i o n  i s  caused by t h e  s t r u c t u r a l  s e t t i n g  o f  t h e  

fo rma t ion .  Severa l  o f  t h e  major  t h r u s t  f a u l t s  o f  t h e  V a l l e y  and Ridge 

Prov ince a r e  l o c a t e d  i n  t h e  Rome Formation, and a t  v a r i o u s  l o c a l i t i e s  

t h r u s t  f a u l t i n g  and assoc ia ted  i n t r a f o r m a t i o n a l  de fo rma t ion  have 

caused i n t e r v a l s  t o  be repeated o r  removed. The s i t u a t i o n  i s  

compl icated f u r t h e r  by t h e  complex l i t h o f a c i e s  t r a n s i t i o n s  t h a t  occur  

b o t h  l a t e r a l l y  and v e r t i c a l l y  w i t h i n  t h e  Rome Format ion th roughou t  t h e  

V a l l e y  and Ridge Prov ince i n  eas t  Tennessee. 

A t  t h e  s tudy s i t e ,  188.06 m o f  Rome Format ion was pene t ra ted .  The 

t r u e  t h i c k n e s s  o f  Rome Format ion p resen t  i s  c o n s i d e r a b l y  l e s s  than  

t h i s  va lue,  p r i n c i p a l l y  because o f  t h e  r e p e t i t i o n  o f  seve ra l  ho r i zons  

o f  t h e  f o r m a t i o n  assoc ia ted  w i t h  complex mo t ion  a l o n g  t h e  Copper Creek 

f a u l t .  P r e l i m i n a r y  a n a l y s i s  suggests t h a t  t h e  188.06 m o f  Rome 

Format ion can be d i v l d e d  i n t o  two p a r t s .  One p a r t  o f  t h e  i n t e r v a l  i s  

88.09 m o f  e s s e n t i a l l y  u n d i s t u r b e d  s t r a t a  t h a t  rep resen ts  t h e  
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s t r a t i g r a p h i c a l l y  uppermost i n t e r v a l  o f  t h e  Rome Format ion a t  t h e  

s tudy l o c a l i t y  (2021- t o  2310- f t  i n t e r v a l ;  see F i g .  3 and Appendix).  

The o t h e r  p a r t  o f  t h e  Rome Format ion I s  a 99.97-m-thick, s e v e r e l y  

deformed i n t e r v a l  t h a t  appears t o  be composed o f  seve ra l  i m b r i c a t e d  

s l i c e s  o f  Rome Format ion l i t h o l o g i e s  d e r i v e d  f rom s t r a t i g r a p h i c a l l y  

h i g h e r  p o r t i o n s  o f  t h e  f o r m a t i o n  (2310- t o  2638- f t  i n t e r v a l ;  see F i g .  

3 and Appendix). 

Upper Rome Format ion - R e g i o n a l l y  t h e  Rome Format ion i s  

c h a r a c t e r i z e d  by l i t h o l o g i c  h e t e r o g e n e i t y  and c o n s i s t s  o f  v a r i o u s l y  

bedded gray,  green, and maroon sandstones i n te rbedded  w i t h  g ray  t o  

maroon shales and mudstones (Rodgers 1953; M i l l i c i  1973). The upper 

Rome Format ion i n  t h e  Oak Ridge v i c i n i t y  i s  w e l l  desc r ibed  by t h i s  

genera i z e d  d e s c r i p t i o n  (McMaster 1963).  A t  t h e  s tudy s i t e ,  massive- 

t o  med um-bedded, subarkos lc  t o  q u a r t z  a r e n i t i c  sandstones make up 60 

t o  80% o f  t h e  upper Rome Format ion. The remainder o f  t h e  f o r m a t i o n  

c o n s i s t s  o f  medium-bedded sandstones and s i l t s t o n e s  i n te rbedded  w i t h  

th in l y -bedded  s i l t y  mudstones and shales.  S t r a t i g r a p h l c a l l y ,  t h e  

upper Rome Format ion c o n t a i n s  a d i s t i n c t i v e  gray t o  gray-green, 

sands tone- r i ch  t o p  p a r t  and a bot tom p a r t  t h a t  i s  l i t h o l o g i c a l l y  much 

more heterogeneous than  t h e  t o p  p o r t i o n .  

Sandstones a r e  abundant w i t h i n  t h e  Rome Format ion. A massive, 

d i f f u s e l y  t o  even ly  bedded, g r a y  (N8-6) t o  gray-green (5GY8/1-6/1) 

q u a r t z  a r e n i t e  occurs a t  t h e  t o p  of t h e  Rome Format ion [ F i g .  15(a)J. 

T h i s  massive sandstone i s  i n te rbedded  w i t h  t h i n l y  bedded sandstone 

composed o f  2- t o  10-cm-thick,  u p w a r d - f i n i n g  c y c l e s  t h a t  have scour 

bases and a r e  capped by mudstone drapes. Each c y c l e  c o n t a i n s  wavy 

.- 

, 
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laminated sha le  s t r i n g e r s ,  and seve ra l  i n d i v i d u a l  c y c l e s  a r e  commonly 

amalgamated i n t o  0.2- t o  0.5-m-thick beds o f  massive sandstone t h a t  

c o n t a i n  wavy d i scon t inuous  sha le  s t r i n g e r s  d isseminated th roughou t  

( F i g .  1 5 ( b ) ] .  A 15-m-thick i n t e r v a l  o f  such l i t h o l o g y  occurs - 12 m 

below t h e  t o p  o f  t h e  Rome Format ion and i s  a l o c a l l y  d o l o m i t i c  

gray-green sha ly  sandstone w i t h  wavy t o  l e n t i c u l a r  s t r a t i f i c a t i o n .  

Th is  example rep resen ts  t h e  o n l y  s i g n i f i c a n t  occurrence o f  

carbonate-bear ing l i t h o l o g i e s  w i t h i n  t h e  upper Rome Format ion a t  t h e  

s tudy s i t e .  

Another common sandstone t y p e  i s  a massive ly  t o  t h i c k l y  bedded, 

maroon-brown t o  g ray  (5R6/2-4/2), subarkose w t t h  d i f f u s e l y  t o  even ly  

p a r a l l e l  s t r a t i f i c a t i o n .  Th is  sandstone grades i n t o  a mass ive l y  

appear ing t h i n l y  bedded sandstone [ F i g .  15(c)J t h a t  forms 1 t o  

4 m- th i ck  i n t e r v a l s  throughout  t h e  lower  60% o f  t h e  upper Rome 

Format ion (see Appendix).  Such l i t h o l o g i e s  a l t e r n a t e  w i t h  massive, 

i r r e g u l a r l y  bedded maroon sandstones t h a t  c o n t a i n  1- t o  15-cm-thick, 

s h a l e - r i c h  i n t e r v a l s  assoc ia ted  w i t h  l e n t i c u l a r  t o  m o t t l e d  bedding; 

b i o t u r b a t i o n  and v e r t i c a l  bu r row ing  occur throughout .  Disseminated 

throughout  t h i s  l i t h o l o g y  a r e  i n t e r v a l s  o f  f l a s e r l i k e ,  wavy t o  

l e n t i c u l a r  d i scon t inuous  laminae and s t r i n g e r s  o f  maroon mudstone and 

sha ly  s i l t s t o n e s  [ F i g .  15(c i ) ] .  

A l t e r n a t i n g  w i t h  major  sandstone i n t e r v a l s  a r e  ho r i zons  o f  t h i n l y  

bedded sha ly  s i l t s t o n e  and mudstone. The sha ly  s i l t s t o n e s  range f rom 

g ray  (N7-5) t o  gray-maroon (5R4/2-2/2). S t r a t i f i c a t i o n  p a t t e r n s  a r e  

h i g h l y  v a r i a b l e ,  r a n g i n g  f rom even ly  bedded t o  wavy, l e n t i c u l a r l y ,  and 

d i s c o n t i n u o u s l y  f l a s e r  bedded [ F l g .  1 6 ( a ) ] .  B i o t u r b a t i o n  and m o t t l e d  

bedding a r e  a l s o  commonly observed [ F i g .  1 6 ( b ) ] .  I n t e r s t r a t i f i e d ,  
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a. 

? -  b ORNL-Photo 2723-85 

L 

Fig. 16. Siltstone and mudstone lithologies of upper part of Rome 
Formation. Core rows are 0.76 m (2.5 ft) long and stratigraphic top 
i s  left. [a] (Box 241: 2290-2295 ft) Current-rippled and wavy bedded 
shaly siltstone (1). partially bloturbated and mottled sllty mudstone 
(2), and evenly lamlnated siltstone strlngers (3). 
[b] (Box 233: 2216-2223.5 ft) Bioturbated sllty mudstone (4) 
interbedded with current-rippled to parallel cross-stratified 
siltstone (5). [c ]  (Box 232: 2208-2213 ft) Massive mudstone (6) with 
interbedded with wavy cross-stratified siltstone stringers (7) and 
massive evenly to wavy bedded sandstone (8). 



52 

0.1- t o  5-cm-thick s i l t s t o n e s  w i t h  wavy t o  even ly  laminated 

upward - f i n ing  c y c l e s  occur l o c a l l y  w i t h i n  mudstones. Such 

l i t h o l o g i e s ,  however, a r e  noted much l e s s  f r e q u e n t l y  than  i n  t h e  

Pumpkin V a l l e y  Shale.  Mudstones fo rm ing  0.1- t o  1.0-m-th ick beds 

occur  w i t h  g r e a t e s t  abundance i n  t h e  lower  50% o f  t h e  upper Rome 

Format ion. Mudstones range f rom maroon (10R3/3-6/3) t o  gray-maroon 

(5R4/1-2/1). They a r e  massive t o  t h i n l y  laminated and commonly 

c o n t a i n  l e n t i c u l a r  laminae, s t r i n g e r s ,  and d i ssemina t ions  o f  s i l t s t o n e  

[ F i g .  1 6 ( c )  I .  

Lower Rome Format ion - L i t h o l o g i c a l l y ,  t h i s  i n t e r v a l  i s  composed 

o f  e s s e n t i a l l y  t h e  same, o r  ve ry  s i m i l a r ,  m a t e r i a l  as t h a t  which 

composing t h e  upper Rome Format ion (see Appendix). The p r i n c i p a l  

d i f f e r e n c e  between t h e  upper and lower  p a r t s  o f  t h e  f o r m a t i o n  i s  t h e  

degree o f  de fo rma t ion .  The upper Rome Format ion has l o c a l i z e d  f a u l t  

zones 0.1 t o  1.0 m t h i c k  and s m a l l - s c a l e  f o l d s ,  b u t  i t  i s  e s s e n t i a l l y  

undeformed. The lower  Rome Format ion, however, i s  c h a r a c t e r i z e d  by 

severe de fo rma t ion  and ext remely c h a o t i c  s t r a t i f i c a t i o n  p a t t e r n s  

( F i g s .  17 (a )  and ( b ) ] .  P r e l i m i n a r y  a n a l y s i s  o f  t h e  s t r u c t u r e s  i n  t h i s  

i n t e r v a l  suggests t h a t  most, i f  n o t  a l l ,  o f  t h i s  i n t e r v a l  c o n s i s t s  o f  

s l i c e s  and fragments o f  l i t h o l o g i e s  t h a t  compose t h e  upper Rome 

Format ion. Such s l i c e s  have been t e c t o n i c a l l y  j ux taposed  and mixed t o  

f o r m  a complexly i m b r i c a t e d  and jumbled i n t e r v a l  t h a t  l i t h o l o g i c a l l y  

resembles t h e  upper Rome Format ion. I t  has n o t  been p o s s i b l e  t o  

d e l i n e a t e  w i t h  c e r t a i n t y  which p a r t s  o f  t h e  upper Rome Format ion a r e  

i n c l u d e d  w i t h i n  t h i s  i n t e r v a l  o r  what t h e  s t r a t i g r a p h i c  success ion o f  

t h e  j ux taposed  s l i c e s  i s .  I t  i s  p o s s i b l e  t h a t  s i g n i f i c a n t  p o r t i o n s  o f  
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t h e  lower  Rome Format ion may n o t  be t e c t o n i c a l l y  emplaced b u t  may 

s imp ly  rep resen t  i n t e n s e l y  deformed m a t e r i a l  s t r a t i g r a p h i c a l l y  below 

t h e  r e l a t i v e l y  undeformed upper Rome Format ion. 

The lower  c o n t a c t  o f  t h e  Rome Format ion i n  t h e  Oak Ridge v i c i n i t y  

i s  a d i scon t inuous  t e c t o n i c  boundary t h a t  corresponds approx ima te l y  

w i t h  t h e  s t r a t i g r a p h i c  p o s i t i o n  o f  t h e  Copper Creek f a u l t  

( S t o c k d a l e  1951; McMaster 1963).  Th i s  r e g i o n a l  s t r u c t u r e  j ux taposes  

t h e  Rome Format ion over  t h e  younger Chickamauga Group con ta ined  i n  t h e  

u n d e r l y i n g  Whiteoak Mountain f a u l t  b l o c k .  Deformat ion a s s o c i a t e d  w i t h  

mo t ion  a l o n g  t h e  Copper Creek f a u l t  i s  concen t ra ted  w i t h i n  a 

46-m-thick i n t e r v a l  t h a t  i n c l u d e s  t h e  lowermost p a r t  o f  t h e  lower  Rome 

Format ion and t h e  uppermost p o r t i o n  o f  t h e  Moccasin Format ion o f  t h e  

Chickamauga Group ( e q u i v a l e n t  i n  p a r t  t o  U n i t  H i n  S tockda le  1951).  

S t r u c t u r e s  w i t h i n  t h i s  i n t e r v a l  w i l l  be desc r ibed  i n  a subsequent 

s e c t i o n ,  b u t  g e n e r a l l y ,  i t  c o n t a i n s  numerous f a u l t s  and f o l d s .  A t  a 

bo reho le  depth o f  804 m (2638 f t ) ,  a major f a u l t  i s  pene t ra ted  t h a t  i s  

c h a r a c t e r i z e d  by a l -m- th i ck  zone c o n s i s t i n g  o f  two 0.2-m-thick 

m y l o n i t e s  [see subsequent s e c t i o n  and F i g .  21 (b ) ] .  Th i s  f a u l t  zone 

a l s o  corresponds t o  a s i g n j f i c a n t  change i n  bedding p l a n e  a t t i t u d e .  

Below t h e  f a u l t  zone, d i p  angles a r e  shal low,  r a n g i n g  between 0 and 

l o o ,  which a r e  va lues g e n e r a l l y  r e p r e s e n t a t i v e  o f  r e g i o n a l  d i p :  

w h i l e  above t h e  zone, d i p  angles a r e  s teep and h i g h l y  v a r i a b l e .  The 

f a u l t  zone a l s o  corresponds t o  a s i g n l f i c a n t  l i t h o l o g y  change. Below 

t h e  f a u l t  zone, carbonate-bear ing maroon (10R6/3-8/3) t o  gray-maroon 

(5R6/3-8/3) s i l t s t o n e s  and g ray  (N8-6) l imestones occur .  L i t h o l o g i e s  

c h a r a c t e r i s t i c  o f  t h e  Rome Format ion a r e  absent below t h e  f a u l t  zone. 

The lower  c o n t a c t  o f  t h e  Rome Format ion i s  p laced, t h e r e f o r e ,  a t  t h e  
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bot tom o f  t h i s  f a u l t  zone. The lower  Rome Format ion c o n t a c t  marks n o t  

o n l y  t h e  bot tom o f  t h a t  f o r m a t i o n  b u t  a l s o  t h e  bot tom o f  t h e  Copper 

Creek f a u l t  b l o c k  a t  t h e  s tudy s i t e .  S t r a t a  below t h e  c o n t a c t  a r e  

p a r t  o f  t h e  Whiteoak Mountain f a u l t  b l o c k  t h a t  immediate ly  u n d e r l i e s  

t h e  Copper Creek f a u l t  b l o c k .  

4.5 THE CHICKAMAUGA GROUP 

The Ordov ic ian  Chickamuaga Group i s  t h e  youngest f o r m a t i o n  

encountered i n  t h e  d r i l l i n g  and l i e s  s t r a t i g r a p h i c a l l y  above t h e  

Cambro-Ordovician Knox Dolomi te Group. Because o f  t h e  e f f e c t  o f  

mo t ion  a l o n g  t h e  Copper Creek f a u l t ,  however, t h e  Chickamauga Group 

l i t h o l o g i e s  encountered a t  t h e  bot tom o f  ORNL-JOY No. 2 were n o t  t hose  

assoc ia ted  w i t h  t h e  Copper Creek f a u l t  b lock ,  b u t  were r a t h e r  those  

b e l o n g i n g  t o  t h e  Whiteoak Mountain f a u l t  b lock .  The Chickamauga Group 

i s  between 450 and 600 m t h i c k  i n  t h e  Oak Ridge v i c i n i t y  and c o n s i s t s  

o f  a l t e r n a t i n g  l imes tone  and s i l t s tone /muds tone  l i t h o l o g i e s  

( S t o c k d a l e  1951; Rodgers 1953; McMaster 1963; Switek 1984). Only t h e  

s t r a t i g r a p h i c a l l y  uppermost f o r m a t i o n  i n  t h e  group, t h e  Moccasin 

Format ion,  was encountered i n  t h e  borehole.  

The Moccasin Format ion - I n  eas t  Tennessee, t h e  Moccasin 

Format ion i s  o f  v a r i a b l e  t h i c k n e s s  and c o n s i s t s  o f  ca lcareous g ray  t o  

gray-maroon mudstones and 3- t o  10-m-thick i n t e r v a l s  o f  g ray  

l imestones (Rodgers 1953; M i l i c i  1973). On t h e  DOE Oak Ridge 

Reservat ion,  Stockdale (1951) d i v i d e d  t h e  Chickamauga Group i n t o  e i g h t  

l i t h o s t r a t i g r a p h i c  u n i t s ,  t h e  uppermost b e i n g  U n i t  H, which i n c l u d e s  



the Moccasin Formation (J. Switek, personal communication, 1984). 

Unit H averages 90 to 95 m in thickness, and its uppermost part 

consists of - 26 m of maroon to gray calcareous siltstone with shaly 
partings and thin limestone lenses that are underlain by 66 m of gray 

limestone (Stockdale 1951). 

At the drill site, only 24.38 m of the uppermost siltstone-rich 

portions of the Moccasin Formation were penetrated. 

limestone middle unit of Unit H, as described by Stockdale (1951) was 

not intersected. Lithologically, the Moccasin strata at the drill 

site consists o f  interbedded calcareous siltstones and shaly 

limestones. The siltstones are maroon-gray (5R4/2-2/1) and medium to 

thinly bedded with wavy to lenticular discontinuous stratification. 

Flaser-bedded, maroon, mudstone-rich intervals 0.1- to l-m thick occur 

throughout [Fig. 18(a)]. The thinly bedded limestones are gray (N7-4)  

to maroon-gray (5R4/2-2/1) micrites, wackestones, and calcarenjtes 

with wavy, irregular, and lenticular stratification [Fig. 18(b)]. 

Locally intraformational conglomerates occur in discontinuous horizons 

associated with the limestones. 

The thick gray 

5. STRUCTURAL DATA 

The structural fabrlc o f  strata within the Copper Creek fault block 

on the DOE Oak Ridge Reservation is complex (McMaster 1963: Sledz and 

Huff 1981) and is the result of multiple periods of deformation 

associated with several pulses of the Appalachian orogeny. 

Examination of the drill core and geophysical logs permits 

characterization of several important structural elements common to 
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t h e  s t r a t a  o f  t h e  Conasauga Group and t h e  Rome Format ion on t h e  Copper 

Creek f a u l t  b l o c k  i n  Mel ton V a l l e y .  F a b r i c  elements observed i n c l u d e  

bedding p l a n e - p a r a l l e l  and h igh-angle f a u l t s ,  i n t r a f o r m a t i o n a l  t h r u s t  

f a u l t s ,  sma l l - sca le  f o l d s ,  m u l t i p l e  j o i n t  se ts ,  and sma l l - sca le  

f r a c t u r e s .  A b r i e f  d i s c u s s i o n  o f  such s t r u c t u r e s  i s  i n c l u d e d  he re  

because t h e  s t r u c t u r e s  can i n f l u e n c e  t h e  s t r a t i g r a p h i c  da ta  ob ta ined  

f r o m  t h e  borehole.  S p e c i f i c a l l y ,  I n t r a -  and c r o s s - f o r m a t i o n a l  f a u l t s  

can accomodate v a r y i n g  amounts o f  s t r a i n  d u r i n g  de fo rma t ion  o f  t h e  

s e c t i o n .  I n  so doing, t h e  i n i t i a l  t h i c k n e s s  and s t r a t i g r a p h i c  

r e l a t i o n s h i p s  o f  t h e  sedimentary s e c t i o n  have been m o d i f i e d  t o  some 

e x t e n t .  

Bedding-plane f a u l t s  - Bedding p l a n e - p a r a l l e l  sma l l - sca le  f a u l t s  

a r e  u b i q u i t o u s  w i t h i n  t h e  Conasauga Group and t h e  Rome Format ion. 

Such f a u l t s  c h a r a c t e r i s t i c a l l y  occur a t  c o n t a c t s  between l i t h o l o g i e s  

t h a t  have g r e a t l y  d i f f e r e n t  t e n s i l e  s t r e n g t h s  (e.9.  mudstone and 

l i m e s t o n e ) ,  a l t hough  such f a u l t s  a r e  a l s o  observed w i t h i n  

mudstone-r ich i n t e r v a l s ,  where they  a p p a r e n t l y  a r e  n o t  r e l a t e d  t o  

l i t h o l o g y  d l f f e r e n c e s  [ F i g s .  19(g) and ( b ) ] .  The d e n s i t y  and spacing 

o f  beddlng-plane f a u l t s  i s  h i g h l y  v a r i a b l e  th roughou t  t h e  

s t r a t i g r a p h i c  s e c t i o n ,  b u t  t h e  f a u l t s  a r e  most abundant i n  t h i n -  t o  

medium-bedded I n t e r v a l s  o f  l imestones o r  s i l t s t o n e ,  and mudstones. 

Beddlng-plane f a u l t s  a r e  l o c a l i z e d  w i t h i n  a d i s t u r b e d  zone 2.0 t o  

5.0 mm t h i c k  and a r e  c h a r a c t e r i z e d  by t h e  development o f  s l i c k e n s i d e d  

and s t r i a t e d  t e x t u r e s  on t h e  bedding p lane  s u r f a c e  [see F i g .  1 9 ( b ) ] .  

Commonly t h e  f a u l t  s u r f a c e  i s  assoc ia ted  w i t h  a ve ry  t h i n  (0.1 t o  

2.0 mm t h i c k )  zone o f  I tg lassyl1 m y l o n i t e l i k e  m a t e r i a l  t h a t  i s  x-ray 

amorphous and i s  p e t r o g r a p h i c a l l y  c r y p t o c r y s t a l l i n e  [ F i g .  1 9 ( & ) ] .  
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Fig. 19. Bedding plane-parallel fault within Maryville Limestone (Box 
108: 1022 ft). [a] (Core is 61 mm in diam.) Side view o f  bedding 
plane-parallel fault that occurs at limestone-mudstone contact (1). 
Fault i s  approximately 1 to 2 mm thick and is composed of mylonitelike 
cryptocrystalline material. [ t ~ ]  (Core 4s 61 mm in diameter) Plane 
t r i n w  n F  F a n i l +  i l l i i r + ~ a + n A  in r a l  Nn+n + h n  nlsrrtr n n l i r h n A  



Because o f  t h e i r  abundance, bedding-plane f a u l t s  rep resen t  a 

mechanism t h a t  cou ld  have accomodated l a r g e  amounts o f  s t r a i n  d u r i n g  

de fo rma t ion  and t h r u s t - f a u l t i n g  events.  The amount o f  such s t r a i n  

accomodation cannot be determined, b u t  i t  may have s i g n i f i c a n t l y  

changed t h e  o r i g i n a l  th icknesses o f  p a r t i c u l a r  i n d i v i d u a l  

s t r a t i g r a p h i c  u n i t s .  

High Angle F a u l t s  - F a u l t s  s i t u a t e d  a t  h i g h  angles t o  bedding 

a r e  common throughout  t h e  e n t i r e  s e c t i o n  s t u d i e d  b u t  appear t o  be most 

abundant i n  t h e  R o g e r s v i l l e  Shale, Rut ledge Limestone, and Pumpkin 

V a l l e y  Shale fo rma t ions  o f  t h e  Conasauga Group and i n  t h e  lower  p a r t  

o f  t h e  Rome Format ion. Such f a u l t s  a r e  commonly observed i n  o u t c r o p  

(S ledz  1980; Sledz and H u f f  1981; Oavis and S t a n s f i e l d  1984) and i n  

d r i l l  co re  f rom throughout  t h e  Oak Ridge v i c i n i t y  (Haase 1985).  A s  

measured i n  ou tc rop ,  t h e  f a u l t s  have e l t h e r  a normal o r  a reve rse  

sense o f  mo t ion  and a r e  c h a r a c t e r i z e d  by smal l  amounts o f  d isp lacement  

( s e v e r a l  meters t o  seve ra l  tens o f  meters;  Wal ls  and Haase, 

unpubl ished da ta ) .  High-angle f a u l t s  a r e  c h a r a c t e r i z e d  by 0.2- t o  

1.5-m-thick i n t e n s e l y  deformed zones i n  which bedding and sedimentary 

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

comp le te l y  o b l i t e r a t e d  ( F i g .  20) .  I n  a d d i t i o n ,  d rag  f o l d s ,  developed 

i n  t h e  o the rw ise  u n a l t e r e d  s t r a t a  immediate ly  a d j a c e n t  t o  t h e  

l o c a l i z e d  f a u l t  zone, a r e  commonly assoc ia ted  w i t h  h i g h  ang le  f a u l t s .  

W i t h i n  t h e  deformed zones, t h e  h o s t  l i t h o l o g y  appears t o  be 

m i n e r a l o g i c a l l y  a l t e r e d  t o  a ve ry  f i n e - g r a i n e d ,  c l a y - r i c h ,  b leached 

m a t e r i a l .  T y p i c a l l y ,  f a u l t  zones have c a l c i t e - f i l l e d  ve ins  t h a t  

c r o s s - c u t  t h e  i n t e r v a l  a t  o r i e n t a t i o n s  p a r a l l e l  o r  s u b p a r a l l e l  t o  t h e  
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Fig. 20. Localized structures associated with high-angle faults within 
Conasauga Group. Core rows are 0.76 m (2.5 ft) long and stratigraphic 
top i s  left. [a] (Box 105: 1026-1028.5 ft) Small drag fold (1) 
associated with fault at limestone-shale contact. Such structures are 
common within Maryvllle Limestone. [II] (Box 183: 1765-1772.5 ft) Drag 
fold (2) and calcite-filled fracture (3) assocfated with high-angle 
fault within Pumpkin Valley Shale. [c] (Box 160: 1543-1550.5 ft) Drag 
fold and brecciated siltstone associated with high angle fault In 
Rogersville Shale [see also Fig. 14(&)]. [a] (Box 115: 1118-1128 ft) 

. 
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f a u l t  p lane.  Such ve ins  a r e  0.1 t o  5 cm t h i c k  and l o c a l l y  coalesce t o  

f o r m  4.0- t o  10.0-cm-thick c a l c i t e - r i c h  i n t e r v a l s .  I n  a few r a r e  

examples, c a l c i t e  ve ins  a r e  absent f rom f a u l t  zones. 

I n t r a f o r m a t i o n a l  Th rus t  F a u l t s  - W i t h i n  t h e  upper p o r t i o n  o f  t h e  

upper p a r t  o f  t h e  M a r y v i l l e  Limestone and i n  t h e  m i d d l e  p o r t l o n  o f  t h e  

R o g e r s v i l l e  Shale, two e x t e n s i v e l y  deformed 5- t o  20-m-thick i n t e r v a l s  

occur .  W i t h i n  such zones, bedding i s  c h a o t i c  and p o r t i o n s  o f  t h e  

f o r m a t i o n  may a c t u a l l y  be repeated, suggest lng t h a t  t h e  zones may 

rep resen t  sma l l - sca le  I m b r i c a t e  t h r u s t  f a u l t s .  The a t t i t u d e  o f  t h e  

f a u l t  p l a n e ( s )  w i t h i n  these zones i s  d i f f i c u l t  t o  determine, however. 

I n  t h e  R o g e r s v i l l e  Shale example, t h e  f a u l t  p lanes appear t o  be a t  

h i g h  angles t o  bedding, sugges t lng  t h a t  such zones may be t h e  r e s u l t  

o f  a l a rge -sca le ,  p e r s i s t e n t ,  h igh-angle f a u l t ,  a l t h o u g h  t h e  

p o s s i b i l i t y  o f  an l n t r a f o r m a t i o n a l  t h r u s t  f a u l t  t h a t  has l o c a l l y  

repeated p a r t  o f  t h e  R o g e r s v i l l e  Shale cannot be r u l e d  o u t .  Recent ly ,  

such a s i t u a t i o n  has been documented f o r  t h e  R o g e r s v l l l e  Shale 

elsewhere i n  t h e  Oak Ridge v i c i n i t y  ( R o t h s c h l l d  e t  a l .  1984). I n  t h e  

f a u l t  zone l o c a t e d  i n  t h e  M a r y v i l l e  Limestone, t h e  f a u l t  p l a n e ( s )  

appear t o  be a t  sha l l ow  angles o r  s u b p a r a l l e l  t o  t h e  bedding. The 

occurrence o f  s i m i l a r l y  deformed zones w i t h i n  app rox ima te l y  t h e  same 

s t r a t i g r a p h l c  i n t e r v a l  o f  t h e  upper member o f  t h e  M a r y v i l l e  Limestone 

elsewhere a l o n g  t h e  Copper Creek f a u l t  b l o c k  i n  t h e  Oak Ridge v i c i n i t y  

(Haase 1985) suggests t h a t  t h e  deformed i n t e r v a l  w i t h i n  t h e  M a r y v i l l e  

Limestone i n t e r s e c t e d  I n  ORNL-JOY No. 2 i s  an i n t r a f o r m a t i o n a l  t h r u s t  

f a u l t  t h a t  has a l a t e r a l  e x t e n t  o f  seve ra l  k i l o m e t e r s .  
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J o i n t  S e t s  and Small  Scale Frac tures  - S t r a t a  o f  t h e  Conasauga 

Group and t h e  Rome Format ion a r e  cha rac te r i zed  by t h e  development o f  

a t  l e a s t  two and, l o c a l l y ,  as many as f i v e ,  p e r v a s i v e  j o i n t  se ts  

(S ledz  and Hu f f  1981).  The frequency, spacing, and l e n g t h  o f  j o i n t s  

developed w i t h i n  the  Conasauga Group have been demonstrated t o  be 

complex f u n c t l o n s  o f  bed th i ckness  and l i t h o l o g y  (S ledz  and H u f f  

1981).  Because o f  such a r e l a t i o n s h i p ,  t h e  degree o f  j o i n t i n g  

observed f o r  a p a r t i c u l a r  s t r a t i g r a p h i c  h o r i z o n  w i t h i n  d r i l l  co re  i s  

q u i t e  v a r i a b l e  ( F i g .  21) .  T y p i c a l l y ,  j o i n t s  observed i n  d r i l l  c o r e  

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

t o  bedding. W i t h i n  l imestone and s i l t s t o n e / s a n d s t o n e  l i t h o l o g i e s ,  

j o i n t s  a r e  p a r t i a l l y  t o  comple te ly  f i l l e d  by secondary m i n e r a l i z a t i o n  

o f  c a l c i t e  o r  d o l o m i t e  [F igs .  21(&) t o  ( c ) ] .  J o i n t s  w i t h i n  mudstones, 

however, a r e  open w i t h  l i t t l e ,  i f  any, secondary m i n e r a l i z a t i o n  [F igs .  

21(&) and ( e ) ] .  Development o f  secondary m i n e r a l i z a t i o n  w i t h i n  j o i n t s  

appears t o  be r e l a t e d  most s t r o n g l y  t o  t h e  hos t  l i t h o l o g y  i n  which a 

p a r t i c u l a r  j o i n t  i s  developed; i t  does n o t  appear t o  be r e l a t e d  t o  

depth w i t h i n  t h e  borehole.  

Numerous smal l -sca le  f r a c t u r e s ,  0.1 t o  1.5 m long,  a r e  observed 

w i t h i n  t h e  l l m e s t o n e - r i c h  members o f  t h e  Conasauga Group and t h e  

massive sandstone hor izons  w i t h i n  t h e  Rome Format ion. The f r a c t u r e s  

a r e  r e a d i l y  apparent I n  d r i l l  core  ( F i g .  22) .  Open f r a c t u r e s  t h a t  

l a c k  a p p r e c i a b l e  secondary m i n e r a l i z a t i o n  a r e  observable on a c o u s t i c  

t e l e v i e w e r  l ogs  [F igs .  22(d) t o  ( f )  and F ig .  231. F r a c t u r e  f requency 

i s  h i g h l y  v a r i a b l e ,  a l t h o u g h  most occur w i t h i n  l imestone o r  sandstone 

i n t e r v a l s  g r e a t e r  than 0.5 m i n  th ickness .  

l e s s  v a r i a b l e ,  w i t h  most f r a c t u r e s  o r i e n t e d  w i t h i n  15' o f  v e r t i c a l  

F r a c t u r e  o r i e n t a t i o n  I s  
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Fig .  21. J o i n t s  w i t h l n  Conasauga Group. Diameter o f  core  I s  61 mm. 
[a] (Box 106: 1040 f t) Evenly laminated s i l t y  c a l c a r e n i t e  o f  M a r y v i l l e  
Llrnestone w l t h  c a l c l t e - f l l l e d  j o i n t s  ( 1 )  o r l e n t e d  p e r p e n d l c u l a r l y  t o  
bedding t rends .  Note t h e  t e r m l n a t l o n  o f  j o l n t s  a t  c 
i n te rbedded mudstone l a y e r s .  [b] (Box 179: 1721 f t :  
s i l t s t o n e  o f  upper Pumpkin V a l l e y  Shale w i t h  c a l c i t c  
( 2 ) .  Note l a c k  o f  c o n t i n u i t y  o f  j o i n t s  across beddlng con tac ts .  
(Box 192: 1848 f t )  I n t e r l a m i n a t e d  s i l t s t o n e  and mudstone o f  upper 
Pumpkin V a l l e y  Shale l l l u s t r a t l n g  two o r i e n t a t i o n s  o f  c a l c i t e - f i l l e d  
j o l n t s  ( 3  and 4 ) .  [a] (Box 72: 725 f t )  Mudstone o f  No l ichucky  Shale 
i l l u s t r a t l n g  development o f  two major  j o i n t  se ts  ( 5  and 6) and bedding 
p lane p a r t i n g  ( p e r p e n d i c u l a r  t o  t h e  edge o f  core) .  Note t h a t  these 
j o i n t s  a r e  n o t  f i l l e d  w i t h  secondary m i n e r a l i z a t i o n .  [ e ]  (Box 267: 
1985 f t )  
" sha t te red"  I n t e r v a l s  ( 7  and 8) r e s u l t i n g  f rom a h i g h  d e n s i t y  o f  
j o i n t s  and bedding p lane p a r t i n g s .  
bedding p lane p a r t i n g  i s  s l m i l a r  t o  t h a t  observed I n  [a]. 

[z] 

Mudstone of lower  Pumpkin V a l l e y  Shale e x h i b i t i n g  two 

O r l e n t a t l o n s  of j o i n t  se ts  and 



Fig. 22. Fractures with Conasauga Group and Rome Formation. Core 
diameter is 61 mm. 
grainstone of Nolichucky Shale that exhibits two sets of 
calcite-filled fractures. 
second set of fractures with a different orientation (1). 
104: 1021) Calcite-filled fracture within intraclastic grainstone of 
Marville Limestone. Note fracture is offset at bedding contacts (2). 
[c ]  (Box 83: 832 ft) Mudstone of Nollchucky Shale with calcite-filled 
fracture (3) oriented parallel to principal joint set. 
288 ft) Fracture within oolitic packstone of Maynardvtlle Limestone 
(4) that i s  open and only locally filled with secondary 
mineralization. 
within a mudstone of the Nolichucky Shale. [F ]  (Box 222: 2123 ft) Two 
generations of fractures within massive sandstone of upper Rome 
Formation. 
mineralization (6) and cuts across earlier quartz-filled fracture (7). 

[a] Box 98: 970 ft) Oolitic and intraclastic 

One set parallels edge of core and cuts 
[b] (Box 

[c!] (Box 25: 

[ e ]  (Box 91: 907 ft) Open, unfilled fracture (5) 

One fracture is only partially filled with secondary 
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ORNL-Photo 2730-85 

. 

r i y .  CJ. oureiiuie wai I iiiwyeb u u ~ a ~ i i e u  WITII ~YLUUSTIL televiewer 
l ogger .  The photographs represent  complete 360° scan o f  boreho le  
w a l l  w i t h  n o r t h  on l e f t  s i d e  o f  t h e  photograph and south  i n  midd le .  
S t r a t i g r a p h i c a l l y  up d i r e c t i o n  i s  toward t o p  o f  f i g u r e .  [a] (Boreho le  
depth  285 t o  290 f t )  Prominent open f r a c t u r e  (1) w i t h i n  M a y n a r d v l l l e  
Llmestone. Th is  same f r a c t u r e  i s  i l l u s t r a t e d  I n  F ig .  22(d). [b] 
(Boreho le  depth 768 t o  778 f t )  In terbedded l imes tone  ( l i g h t  areas)  
and mudstone ( d a r k  areas)  I n t e r v a l  o f  No l ichucky  Shale w i t h  t h r e e  open 
f r a c t u r e s  v i s i b l e  ( 2  - 4). [c ]  (Boreho le  depth  523 t o  537 f t )  
E x t e n s i v e  v e r t i c a l l y - o r i e n t e d ,  open f r a c t u r e s  ( 5  - 7) w i t h i n  
l i m e s t o n e - r i c h  i n t e r v a l  o f  No l ichucky  Shale. 

i 
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or horizontal. Fractures within limestones are typically filled or 

partially filled with secondary mineralization, usually calcite [Figs. 

22(a) and (b) ] .  Fractures within siltstone or sandstone intervals 

(Fig. 22(f)] are open or only slightly filled by secondary 

mineralization that can be either calcite, dolomite, or quartz. There 

is no readily apparent, simple relationship between borehole depth and 

the degree of fracture filling; open fractures were observed 

throughout the entire borehole. 

- Copper Creek F a u 1 t - B . E  - Deformation associated with the Copper 

Creek fault is concentrated within a 45-m-thick interval that is 

intersected close to the bottom of ORNL-JOY No. 2. In additon to this 

fault zone, the lower section of the Rome Formation, as described 

previously, is a jumbled composite of fragments and slices o f  various 

lithologies juxtaposed and separated by numerous intraformational 

thrust and high-angle faults that have highly variable orientations. 

Deformation within the fault zone occurs throughout and is 

concentrated within several discrete zones. Within such zones, 

cataclastites and mylonjtes are comnonly observed (Fig. 24). Such 

material represents intensely deformed and broken-up rock material 

that is very heterogeneous in grain size. The fine-grained matrix of 

the cataclastite consists of crypto- to microcrystalline material 

composed of fragmented and ground-up host-rock lithology. Partially 

disaggregated and fragmented pieces of the host rock are randomly 

scattered throughout (Fig. 24). Mylonltes are associated within 

cataclastite intervals. They are 1 -  to 5-m-thick zones of 

cryptocrystalline material that typically has a glasslike appearance 
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. 
rauir;. Lare rows are u.10 m (L.D r r ~  long ana srrarigrapnic rop I S  

l e f t .  [a] (Box 278: 2614-2616.5  f t )  M y l o n i t e  ( 1 )  and c a t a c l a s t i t e  
formed w i t h i n  t h i c k l y  bedded sandstone h o r i z o n  o f  lower  Rome 
Format ion .  ['I (Box 280: 2634-2639 f t )  C a t a c l a s t i t e s  ( 2 )  a s s o c i a t e d  
w i t h  f a u l t s  w i t 1  
Moccasin Format,  
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Copper Creek 

ca lcareous s 

reduced t o  a 

f a u l t  i n t e r v a l  

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

( F i g s .  19 and 24) 

The b r e c c i a  zones a r e  o f  v a r i a b l e  t h i c k n e s s  (0.1 t o  5 m) and range 

f rom s l i g h t  b r e c c i a t i o n  and d i s r u p t i o n  o f  bedding p a t t e r n s ,  t o  

complete d i s r u p t i o n  and d i s a g g r e g a t i o n  o f  t h e  rock  t h a t  i s  accompanied 

by c a t a c l a s t i t e  and m y l o n i t e  f o r m a t i o n  ( F i g .  2 2 ) .  The p r i n c i p a l  

i s  a b r e c c i a  zone 6 m t h i c k  where t h e  

l t s t o n e s  and m c r i t e s  o f  t h e  Moccasin Format ion have been 

s o f t ,  f r i a b l e ,  h i g h l y  a l t e r e d  and bleached, 

unconso l i da ted  mud ( F i g .  2 5 ) .  Stockdale (1951) r e p o r t s  s i m i l a r  2- t o  

6-m-thick,  h i g h l y  b r e c c i a t e d  and d isaggregated zones a t  t h e  bot tom o f  

t h e  Copper Creek f a u l t  b l o c k  elsewhere i n  t h e  Oak Ridge v i c i n i t y .  

The b r e c c i a s  and m y l o n i t e s  o f  t h e  Copper Creek f a u l t  zone rep resen t  

i n t e r v a l s  where ve ry  l a r g e  amounts o f  s t r a i n  have been accommodated 

d u r i n g  t h r u s t  movement. Such i n t e r v a l s ,  t o g e t h e r  w i t h  t h e  numerous 

f a u l t s  throughout  t h e  lower  i n t e r v a l  o f  t h e  Rome Format ion, account 

f o r  an undoubtedly l a r g e  b u t  s t i l l  unkown amount o f  change i n  t h e  

s t r a t i g r a p h i c  t h i c k n e s s  o f  t h e  Rome Format ion. 

6 .  SUMMARY 

The s t r a t i g r a p h y  o f  t’le Conasauga Group i n  Me l ton  V a l l e y  i s  

complex. 

c l a s t i c - t o - c a r b o n a t e  c y c l e s  ( F i g .  3 ) .  Th is  s t r a t l f i c a t i o n  p a t t e r n  i s  

c h a r a c t e r i s t i c  o f  t h e  c e n t r a l  phase o f  t h e  Conasauga Group throughout  

e a s t  Tennessee (Rodgers 1953; Hasson and Haase 1985). 

l o c a l i t y  i s  on t h e  western marg in o f  t h i s  phase and i s  a t  a p o i n t  

I n  s j m p l i f l e c !  ternis, t h e  s t r a t a  o f  t h e  group rep resen t  t h r e e  

The Oak Ridge 
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where the group i s  undergoing very pronounced lithologic changes, 

marked by the disappearance o f  the lower and mlddle carbonate 

formatlons (the Rutledge and Maryville limestones, F i g .  26). 

Reglonally, along the Copper Creek fault block in east Tennessee, 

there is a southwestward trend of clastic enrichment that I s  

accompanied by a gradual thinning of the group (Fig. 26). The complex 

lithologic sequences described for the study locallty are the result 

of the paleogeographic setting that was a landward margin of an 

intrashelf basln (Hasson and Haase 1985). 
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F i g .  26 .  C r o s s  s e c t i o n  a l o n g  Copper f a u l t  b l o c k  i n  e a s t  Tennessee 
i l l u s t r a t i n g  r e g i o n a l  t h i c k n e s s  and s t r a t i g r a p h i c  v a r i a t i o n s  i n  
Conasauga Group. L o c a l i t y  No. 27 i s  b o r e h o l e  ORNL-JOY No. 2; o t h e r  
l o c a l i t i e s  a r e  s u r f a c e  exposures ( s e e  Hasson and Haase 1985:  Tab les  1 
and 2 and F i g s .  6 - 8 ) .  
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SYMBOL KEY 

COLOR STRUCTURES LITHOLOGY 

0 WHITE: N9 TO N8 

171 MEDIUM GRAY: N7 TO N5 

0 DARK GRAY: N4 TO N3 

BLACK: N2 TO N1; ALSO ALL ' HUES WITH VALUE 2.5 OR LESS 

a MAROON TO MAROON-BROWN: 
10R */3 TO *I8 

MAROON TO GRAY: 5R * I 3  
TO "18 

GRAY TO GRAY-GREEN: 5GY a / * *  
TO ' I * * ;  10GY; 5G " / I  TO */4 

GRAY TO MAROON-BROWN: 5R '11 ' TO */2; 10R '11 TO '12 

GRAY TO BROWN: 5YR TO IxI 3 / * ~ ;  lOYR 5/.* TO 4 /s*  

GRAY TO TAN: 5YR TO 6 / s + ;  
lOYR ' I t *  TO ' I * * ;  5YR */I  

REPRESENTS VALUES WITHIN 
THE RANGE 3 TO 8 

* *  REPRESENTS CHROMAS WITHIN 
THE RANGE 1 TO 6 

CONTINUOUS PARALLEL 
LAM I NATION 

DISCONTINUOUS PARALLEL 
LAMINATION 

a MASSIVE TO POORLY LAMINATED 

WAVY LAMINATED 

LENTICULAR BEDDING 

@ FLASER BEDDING 

CROSS BEDDING 

CURRENT RIPPLED 
LAMINATION 

MICRO HUMMOCKY 
CR OSS-ST R AT I F I CAT I ON 

@ OOlDS 

@ INTRA CLASTS a BRECCIA 

@ MOTTLED, IRREGULAR BEDDING 

BIOTURBATION 

ALGAL BIOHERMS 

SILTSTONE 

a MUDSTONE 

SILTY MUDSTONE 

CALCAREOUS MUDSTONE 

LIMESTONE 

DOLOSTONE 

@ SHALEY LIMESTONE 

SILTY LIMESTONE 

GLAUCONITIC 

TRACE FOSSILS 

NO CORE RECOVERY 

F t g .  A 2 .  Symbol key f o r  lithologic log o f  ORNL J O Y  No. 2. 
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