
KENTUCKY GEOLOGICAL SURVEY 
UNIVERSITY OF KENTUCKY, LEXINGTON 

Donald C. Haney, State  Geologist and Director 

CAVES 
and 

KARST 

KENTUCKY 

SPECIAL PUBLICATION 12 
Series XI, 1985 



ISSN 0075-5613 

KENTUCKY GEOLOGICAL SURVEY 
UNIVERSITY OF KENTUCKY, LEXINGTON 

Donald C. Haney, State Geologist and Director 

CAVES AND KARST 
OF KENTUCKY 

Percy H. Dougherty, Editor 

Published in cooperation with the National Speleological Society 

COVER PHOTOGRAPH 

Creek section of Sloans Valley 
Cave. Pulaski County, Kentucky. 
(Photo by K. L. Day$ 

SPECIAL PUBLICATION 12 
Series XI, 1985 



A r t  G a l  l a h e r ,  Jr . ,  C h a n c e l l o r ,  L e x l n g t o n  Campus 
W l m b e r l y  C .  K o y s t e r ,  V l c e  C h a n c e l l o r  t o r  K e s e a r c h  

a n d  Dean o t  t h e  U r a d u a t e  S c h o o l  
James  Y .  M c D o n a l d ,  E x e c u t ~ v e  D ~ r e c t o r ,  U n f v e r s l t y  

o f  K e n t u c K y  R e s e a r c h  F o u n d a t  I o n  

KENTUCKY GEOLUG I CAL SCIWEY 
AVV I SORY BOARD 
P h ~ l  M. M ~ l e s ,  Chairman, L e x l n g t o n  
J a n e  b a l l  l o n ,  J e n K f n s  
W a l l a c e  W. Hagan ,  L e x l n g t o n  
H e n r y  L .  H l n K l e ,  P a r 1 5  
B. W. M c D o n a l d ,  P a f n t s v ~ l l e  
W. A .  M o s s b a r g e r ,  L e x t n g t o n  
W ~ l l l a m  J. R e y n o l d s ,  f i l l e n  
H e n r y  H.  S p a l d ~ n g .  H a z a r d  
H e n r y  D.  S t r a t t o n ,  P ~ K e v l l l e  
R a l p h  N .  I h o m a s ,  U w e n s b o r o  
G e o r g e  H. W a r r e n ,  J r . ,  O w e n s h o r o  
E l m e r  W h ~ t a K e r ,  L e x l n g t o n  

KEN rUCKY GEULUCil CAL 8LlWE.Y 
D o n a l d  C. H a n e y ,  D ~ r e c t o r  a n d  S t a t e  U e o l o g l s t  
J o h n  D.  K i e f e r ,  A s s l s t a n t  S t a t e  O e o l o g l s t  

ADMIN ISTRA ' r IV t  D I V I S I O N  
P e r s o n n e l  a n d  F i n a n c e  S e c t ~ o n :  
James  L .  H a m i l t o n ,  A d m i n l s t r a t t v e  S t a f f  O f f l c e r  11  
M a r g a r e t  A .  F e r n a n d e z ,  A c c o u n t  C l e r k  'J 

Clerical S e c t l o n :  
Oosha  B.  B o y d ,  S t a f f  A s s i s t a n t  V I  
Donna  C. Ramseur ,  S t a t t  A s s t s t a n t  V1  
b h ~ r l e y  U. B l a c k ,  b t a t t  A s s ~ s t a n t  V  
J e a n  K e l l y ,  S t a t t  H s s ~ s t a n t  V  
J u a n ~ t a  G. S m l t h ,  S t a f t  A s s l s t a n t  V ,  H e n d e r s o n  

U t f  I c e  

P u b l  l c a t i o n s  S e c t l o n :  
D o n a l d  W. H u t c h e s o n ,  H e a d  
M a r g a r e t  K. L u t h e r ,  A s s ~ s t a n t  E d i t o r  
R o g e r  B  P o t t s ,  C h t e f  C a r t o g r a p h ~ c  I l l u s t r a t o r  
R o b e r t  C .  H o l l a d a y ,  D r a f t i n g  T e c h n l c l a n  
W i l l  l a m  A .  B r l s c o e ,  Ill, S a l e s  Supervisor 
R o g e r  S. BanK5,  A c c o u n t  C l e r k  1 1  
J o h n  D a v ~ s ,  S t o r e s  W o r K e r  
P a t r l c K  H. M c H a f t i e ,  G e o l o g ~ s t / F e o g r a p h e r  I 1  

GEOLOGlWL D l V I S I U N  
C o a l  S e c t ~ o n :  
J a m e s  C. Cobb ,  H e a d  
R u s s e l l  A. f i r a n t ,  G e o l o g ~ s t  V  
A l l e n  L). W ~ l l l a m s o n ,  G e o l o g f s t  1 0 ,  H e n d e r s o n  

O t f  I c e  
D o n a l d  H. C h e s n u t ,  J r . ,  G e o l o g l s t  1 1 1  
James  C. C u r r e n s ,  G e o l o g ~ s t  1 1 1  
H l c h a r d  t. S e r g e a n t ,  G e o l o g f s t  1 1 1  
D a v f d  A .  W ~ l l l a m s ,  t i e o l o g l s t  1 1 1 ,  H e n d e r s o n  O f t t c e  
H l c h a r d  A .  Sma th ,  G e o l o g t s t  I 
J o h n  F. S t ~ c K n e v ,  t i e o l o g l s t  1  
A p r f l  L .  Cowan, G e o l o g y  F ~ e l d  A s s l s t s n t  

l n d u s t r ~ a l  a n d  M e t a l  l l c  M ~ n e r a l s  S e c t t o n :  
G a r l a n d  R.  V e v e r ,  J r . ,  H e a d  
Eugene  J. A m a r a l ,  G e o l o g ~ s t  I V  
W a r r e n  H. A n d e r s o n ,  G e o l o g ~ s t  1 1  

S t r a t ~ a r a p h y  a n d  P e t r o l e u m  G e o l o q y  S e c t ~ o n :  
John  D.  K i e t e r , .  A c t t n g  H e a d  a n d  A s s l s t a n t  S t a t e  

G e o l o g ~ s t  
M a r t l n  C. N o g e r ,  G e o l o g l s t  V  
F r a n K  H. W a l K e r ,  U e o l o g l s t  I V  

J o h n  G. B e a r d ,  G e o l o g ~ s t  I V ,  H e n d e r s o n  O f f l c e  
Wayne 1 .  F r a n K l e ,  G e o l o g l s t  I 1  
P a t r ~ c K  J. B o o d ~ n g ,  G e o l o g l s t  I 1  
JacK  R. M o o d y ,  G e o l o g ~ s t  11  
B r a n d o n  L .  N u t t a l l .  G e o l o g ~ s t  I 1  
J u l ~ e  R. Kemper ,  G e o l o g ~ s t  I 
F r a n c e s  B e n s o n ,  L ~ b r a r y  l e c h n ~ c l a n  1 1 1  
R o b e r t  H. D a n ~ e l ,  L a b o r a t o r y  l e c h n ~ c ~ a n  B 
J a c q u e l ~ n e  H.  t m b r y ,  D a t a  E n t r y  U p e r a t o r  1 1 1  
V ICK I  F .  C a m p b e l l ,  D r a t t ~ n g  l e c h n ~ c t a n  

W a t e r  H e s o u r c e s  b e C t l O n :  
James  S. D ~ n g e r ,  H e a d  
James  K ~ p p ,  G e o l o g ~ s t  1 1  
H ~ c h a r d  S. S m a l l e s ,  U e o l o g l s t  I 1  
M a r g a r e t  A .  Townsend,  t i e o l o g ~ s t  II 

C o m ~ u t e r  S e r v f c e s  G r o u p :  
S t e v e n  C o r d l v ~ o l a .  G e o l o q ~ s t  I 1 1  
J o s e p h  B. D  I x o n  , s y s t e m s - p r o g r a m m e r  

SPECIAL PHOJEC-IS DlVISILW4 
P r o j e c t s  
Env t r o n m e n t a l  P r o t e c t  i o n  A g e n c y - - D e v e l  opmen t  o f  a  

C o m p r e h e n s ~ v e  U i l  a n d  Gas I n j e c t i o n  W e l l  
I n v e n t o r y ,  K e n t u c K y  
James  S. D ~ n g e r ,  P r ~ n c t p a l  I n v e s t l g a t o r  
F r a n K  H .  W a l k e r ,  C o - P r t n c  l p a l  I n v e s t i g a t o r  

U.S. E n v ~ r o n m e n t a l  P r o t e c t ~ o n  A g e n c y - - A r e a  o f  
Rev1 ew a n d  l n j e c  t t o n  P r e s s u r e  R s s e s s m e n t  o t  
U i  l a n d  Gas I n j e c t   on Wel I s ,  K e n t u c K y  
James  S .  O ~ n g e r ,  P r ~ n c t p a l  l n v e s t ~ g a t o r  
H ~ c h a r d  S. S m a l l e y ,  t i e o l o g l s t  1 1  

1J.S. G e o l o g i c a l  S u r v e y - - 6 s s l s t a n c e  ~ n  t i a t h e r ~ n g  
O a t a  o n  K e n t u c k y  C o a l  R e s o u r c e s  f o r  t h e  
N a t i o n a l  C o a l  R e s o u r c e s  O a t a  S y s t e m  
R u s s e l l  fi. B r a n t ,  P r l n c l p a l  I n v e s t l g a t o r  

U.S. G e o l  o g ~  c a l  S u r v e y - - C o a l  Sampl  i n g  ~ n  t h e  
W e s t e r n  K e n t u c K r  C o a l  F i e l d  
James  C. Cobb ,  P r ~ n c ~ p a l  I n u e s t ~ g a t o r  
James  C. C u r r e n s ,  C o - P r ~ n c i p a l  I n v e s t i g a t o r  

K e n t u c K y  D e p a r t m e n t  o t  M I  l I t a r y  Atfa~rs--Drainage 
D e t e r m ~ n a t ~ o n  t o r  t h e  Boone  N a t ~ o n a l  G u a r d  
C e n t e r ,  6 r a n K l t n  C o u n t y ,  K e n t u c k y  
James S. D ~ n g e r ,  P r l n c ~ p a l  I n v e s t l g a t o r  
J. V .  I h r a ~ l K ~ l l ,  L o - P r l n c l p a l  I n v e s t l g a t o r  

K e n t u c K y  t ' l a t u r a l  R e s o u r c e s  a n d  E n v ~ r o n m e n t a l  
P r o t e c t ~ o n  C a b l n e t - - V e l  l n e a t  l o n  a n d  
D o c u m e n t a t ~ o n  o t  M ~ n ~ n g - R e l a t e d  Subsidence I n  
H o p K ~ n s ,  O h l o ,  U n ~ o n ,  a n d  W e b s t e r  U o u n t l e s  
H l c h a r d  E. S e r g e a n t ,  P r ~ n c ~ p a l  I n v e s t   gato or 
H l c h a r d  A. S m a t h ,  b e o l o g l s t  I 
John  6 .  S t t c K n e y ,  U e o l o g l s t  1  
A p r ~  l L .  Cowan, G e o l o g y  Field A s s l s t a n t  

Gas R e s e a r c h  I n s t ~ t u t e - - S t u d y  o f  H y d r o c a r b o n  
P r o d u c t l o n  f r o m  t h e  D e v o n l a n  S h a l e  f n  L e t c h e r ,  
K n o t t ,  F l o y d ,  a n d  P l K e  C o u n t t e s ,  E a s t e r n  
K e n t u c K y  
Wayne 1. F r a n K c e ,  P r ~ n c ~ p a l  l n v e s t f g a t o r  
JacK  H.  Moody ,  G e o l o g l s t  I 1  
J u l l e  R. Kemper ,  G e o l o g ~ s t  I 
Jacqueline H. k m b r y ,  D a t a  E n t r y  O p e r a t o r  I 1 1  
'JICKI k .  C a m p b e l l ,  U r a f t l n g  T e c h n ~ c ~ a n  

L1.S. G e o l  o g l c a l  S u r v e y - - M l d c o n t  l n e n t  Strategic a n d  
C r l  t l c a l  M t n e r a l s  P r o g r a m  
W a r r e n  H. f i n d e r s o n ,  P r l n c l p a l  I n u e s t l g a t o r  
G a r l a n d  K .  D e v e r ,  C o - P r ~ n c ~ p a l  I n v e s t f g a t o r  



C O N T E N T S  
P a g e  

P r e f a c e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1  
A c K n o w l e d g m e n t s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 
F o r e w o r d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 

S e c t i o n  f 
Chap  t ~ r  1 : t i v e r v  i ew o +  t h e  6 e o l  o g y  a n d  P h y s l  c a l  G e o g r a p h y  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  o f  K e n t u c k y  5 
C h a p t e r  2: C a v e s  o +  K e n t u c K y  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  18 

S e c t i o n  11 

C h a p t e r  3: T h e  I n n e r  B l u e  G r a s s  K a r s t  H e g l o n  . . . . . . . . . . . . .  28 
L h a p t e r  4 :  P a t t e r n s  o t  C a v e r n  D e v e l o p m e n t  A l o n g  t h e  

C u m b e r l a n d  E s c a r p m e n t  l n  S o u t h e a s t e r n  K e n t u c K y  . . . . . . . . . .  63  
C h a p t e r  5: C a v e s  o t  N o r t h e a s t e r n  K e n t u c k y  ( W ~ t h  S p e c i a l  

E m p h a s ~ s  o n  C a r t e r  C a v e s  S t a t e  P a r k )  . . . . . . . . . . . . . . . . . . . .  78 
C h a p t e r  a: P t n e  M o u n t a ~ n  K a r s t  a n d  C a v e s  . . . . . . . . . . . . . . . . .  86 
C h a p t e r  7: T h e  Mammoth  Cave  Reg1  o n  a n d  P e n n y r o y a l  

P l a t e a u  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  97 
C h a p t e r  8: W e s t e r n  K e n t u c k y  H e g l o n  . . . . . . . . . . . . . . . . . . . . . .  1 1 9  

S e c t i o n  111  

C h a p t e r  9 :  C a v e  L l  f e o t  K e n  t u c K r  . . . . . . . . . . . . . . . . . . . . . . . .  146 
C h a p t e r  1 0 :  V e r t e b r a t e  R e m a i n s  t n  K e n t u c k r  C a v e s  . . . . . . . . .  16.9 
C h a p t e r  11 :  A r c h e o l o g v  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 7 6  
C h a p t e r  1 2 :  C a v e s  a n d  t h e  S a l t p e t e r  I n d u s t r y  i n  

K e n t u c K y  ................................................ 1 8 7  



P R E F A C E  
M e m b e r s  o?: t h e  N a t i o n a l  S p e l e o l o g i c a l  S o c i e t y  a r e  t o  b e  

commended  f o r  t h e  p r e p a r a t  i o n  o+ t h i s  p u b 1  i c a t  i o n  o n  t h e  
c a v e s  a n d  r e l a t e d  K a r s t  f e a t u r e s  o f  K e n t u c K y .  P e r c y  H. 
O o u g h e r t y ,  w h o  w a s  r e s p o n s ~  b l e  f o r  i n  i t i a t  i n g  t h e  p r o j e c t ,  
dolng t e c h n i c a l  e d i t ~ n g  o f  t h e  m a n u s c r i p t s ,  a n d  S u r n i s h i n g  
t y p , e s c r  i p  t wh i c h  w a s  u s e d  as p r  i n  t e r ' s  c o p y ,  d e s e r l J e s  
s p e c  I a 1  r e c o g n  i t I o n .  

The r o l e  o +  t h e  K e n t u c K y  G e o l o g i c a l  S u r v e y  w a s  t o  d o  
r n l n o r  c o p y  e d l  t I n g ,  p r e p a r e  t h e  I a y u u t ,  p a s t e  u p  c a m e r a -  
r e a d y  c o p y ,  a n d  maKe a r r a n g e m e n t s  f o r  g e t t i n g  t h e  manuscript 
p r i n t e d .  l n  o r d e r  t o  m e e t  t h e  p r i n t l n g  d e a d 1  ~ n e ,  i t  w a s  
n e c e s s a r y  t c ~  u t i l i z e  c o m p u t e r  p r ~ n t o u t ,  p r e p a r e d  by t h e  
N a t  i o n a ' l  Spe  1201 ugl c a l  Soc  1 e t y ,  a s  t y p e s c r  I p  t + o r  t h e  
p u b 1  i c a t  I o n .  T h e r e f o r e ,  t h e  p u b 1  i c a t  i o n  d o e s  n o t  c o n f o r m  t o  
t h e  u s u a l  s ty1 e  a n d  e d r  t o r  I a l  s t a n d a r d s  o f  t h e  K e n t u c K y  
G e o l  o g i  c a l  S u r v e y .  

I t  i s  t e l t  t h a t  t h l s  p u b l ~ c a t ~ o n  w ~ l l  s a t 1 5 . f ~  a 
w l  d e s p r e a d  n e e d  +or  u p - t o - d a t e  I n f  o r m a t  I o n  a b o u t  c a v e s  a n d  
K a r s t  g e o l o g y  ~ n  K e n t u c K y .  T h e  d ~ v e r s e  r a n g e  o f  t o p  I c s  
c o v e r e d  s h o u l d  b e  o+  I n t e r e s t  t o  a  w l d e  a u d ~ e n c e ,  ~ n c l u d ~ n g  
b o t h  s c l e n t  l s t s  a n d  l a y m e n .  

Dona1  d W .  HIJ t c h e s o n  
K e n t u c K y  G e o l  o g l  c a l  S u r u e y  
L e x i n g t o n ,  K e n t u c K y  
J u n e  19e5 



ACKNOWLEDGMENTS 
W i t h o u t  t h e  h e l p  o f  m a n y  p e o p l e ,  t h i s  b o o K  w o u l d  n o t  

h a v e  b e e n  p o s s i b l e .  T h e  a u t h o r s  o f  t h e  c h a p t e r s  s h o u l d  b e  
c o n g r a t u l a t e d  f o r  w o r K i n g  u n d e r  a t i g h t  s c h e d u l e  a n d  n e a r l y  
i m p o s s i b l e  d e a d l  i n e s .  I n  a d d i  t i o n ,  t h e  e d i  t o r  i s  d e e p l y  
i n d e b t e d  t o  t h e  f o l  1  o w i n g  c o l  l e a g u e s  w h o  c r  i t i c a l  l y r e v i e w e d  
s e c t i o n s  o f  t h e  b o o K  a n d  made  m a n y  e x c e l l e n t  s u g g e s t i o n s :  
S t e v e  J u s t h a m ,  R o n  L l i i a m a r t e r ,  J o h n  H o + f e l t ,  P a t r i c k  M u n s o n ,  
A1 S c h e i d e ,  G e o r g e  C r o w t h e r s ,  H o r t o n  H o b b s ,  1 1 1 ,  Don  
P o l  l o c K ,  H a r o l d  M e l o y ,  G e o r g e  M o o r e ,  F r e d  G r a d y ,  R u s s e l l  
G raham,  J o e  S a u n d e r s ,  G e o r g e  H u p p e r  t , A n g e l  o G e o r g e ,  a n d  
C h a r l e s  B i s h o p .  

D o n n a  M o o r e ,  s e c r e t a r y  o +  t h e  G e o g r a p h y  D e p a r t m e n t  a t  
K u t z t o w n  U n i v e r s i t y ,  d e s e r v e s  m u c h  c r e d i t  +or s p e n d i n g  m a n y  
h o u r s  t y p i  n g  t h e  t e x t .  T h e  a u t h o r  a l s o  w i s h e s  t o  t h a n k  t h e  
G e o g r a p h y  D e p a r t m e n t  a n d  a d m r n i s t r a t i o n  a t  K u t z t o w n  
U n i v e r s i  t y  f o r  p r o v i d i n g  t h e  f a c  i l i t i e s  a n d  s t i m u l a t i n g  
e n v i r o n m e n t  i n  w h i c h  t o  c o m p l e t e  t h i s  p r o j e c t .  

T h e  K e n t u c K r  G e o l  o g i  c a r  S u r v e y  a1  s o  d e s e r v e s  5.pec i a1  
r e c o g n  i t I on. D o n a 1  d C .  H a n e y ,  D i  r e c t o r  a n d  S t a t e  G e o l  o g i  s t ,  
a n d  D o n a l d  W .  H u t c h e s o n ,  E d i t o r  o f  t h e  S u r v e y ,  h a v e  p r o v i d e d  
g u i d a n c e  f o r  t h i s  w o r K  s i n c e  i t s  ~ n c e p t  l o n .  I n  a d d i t i o n ,  
s e v e r a l  s t a f f  m e m b e r s  h a v e  p r o u  I d e d  u l  u a b l  e  a s s i  s t a n c e  i n  
e d i t i n g  t h e  t e x t  and l a y i n g  o u t  t h e  g r a p h i c s .  

F i n a l l y ,  1 am i n d e b t e d  t o  m y  w i f e ,  A n n e ,  a n d  s o n s ,  
T h o m a s  a n d  H o b e r t ,  +or t h e  I r c o n t i n u i n g  s u p p o r t  a n d  
u n d P r s t a n d i n q .  T h i s  bcnoK 1s d e d i c a t e d  t o  t h e m  a n d  my 
f a t h e r ,  P e r c y  H. D o u g h e r t y ,  S r . ,  w h o  i s  s a d l r  m i s s e d  s i n c e  
h i s  d e a t h  i n  A p r r  I .  

P e r c y  H. D o u g h e r t y ,  e d i  t o r  

K u t z t o ! , ~ ~ n  U n ~ v e r s i  t y  

J l ~ n e  1985 



F O R E W O R D  

CAVES AND K6HST O F  KENTUCKY i s  
a specia l  pub l i ca t i on  o f  t he  Na- 
t i  onal Spel eol  og i  c a l  Society and 
the Kentucky Geological Survey t o  
commemorate the  Annual Convention 
of the National Speleological  So- 
c i e t y  a t  Kentucky State  Un ivers i t y  
i n  Frankfor t ,  Kentucky on June 22- 
29, 1985. It i s  appropr iate t o  
ho ld  the  Convention i n  Kentucky 
s ince i t  i s  the  home of  Mammoth 
Cave, t he  wor ld 's  longest  cave, 
and the  s i t e  o f  many other la rge  
caves and kars t  landforms. I n  ad- 
d i t i o n ,  Kentucky has a long t r a d i -  
t i o n  o f  cave and ka rs t  research. 
The Convention and t h i s  book are 
dedicated t o  the  explorers,  map- 
pers, and researchers who have 
added t o  our knowledge and appre- 
c i a t i o n  o f  the  S ta te ' s  caves. 

When plans were being developed 
f o r  the  1985 Convention, i t  was 
rea l i zed  t h a t  there  was a need f o r  
a book on the  caves and kars t  o f  
Kentucky. A f t e r  reviewing the  pro- 
f essional l i t e r a t u r e  and examining 
g r o t t o  pub l ica t ions,  a se t  o f  
goals was formulated t o  guide t he  
design o f  the  book. The goals i n -  
cluded: (1) t o  prov ide a s t a t e  o f  
the  a r t  approach t o  what has been 
done i n  Kentucky cave and kars t  
reserch, w r i t t e n  by people who are 
doing the  work; (2)  t o  accumulate 
d iverse mater ia ls  about Kentucky 
caves and kars t  i n  one publ ica-  
t i on ,  making ava i l ab le  a quick and 
easy reference and research vo l -  
ume, (3) t o  f i l l  a gap i n  the  pro- 
fess iona l  l i t e r a t u r e  f o r  no s i n g l e  
statewide reference t o  Kentucky 
caves and kars t  ex i s t s ,  although 
the Kentucky Geological Survey has 
published several good case stu- 
d ies  on caves; (4) t o  use the 
regional  approach t o  compare and 
contrast  var ious cave and ka rs t  
regions i n  Kentucky, enabling t he  
reader t o  appreciate ka rs t  proces- 
ses and understand how reg iona l  
d i f ferences create  unique land- 
scapes; (5) t o  show the  s ta tus o f  
Kentucky cave and kars t  research 

i n  appl ied areas; inc lud ing  pale- 
ontology, archeology, h i s to r y ,  and 
biology, ( 6 )  t o  present extensive 
b ib l iog raph ic  mater ia l ,  and, ( 7 )  
t o  discuss gaps i n  t he  l i t e r a t u r e ,  
thereby poss ib ly  s t imu la t ing  fur- 
ther  research i n  Kentucky cave and 
kars t  environments. 

These goals played a major r o l e  
i n  s t ruc tu r i ng  t he  book i n t o  th ree  
parts.  Sect ion I introduces two 
chapters o f  background in format ion 
necessary t o  understand the  caves 
and ka rs t  of Kentucky. Chapter 1, 
by Percy H. Dougherty, i n v e s t i -  
gates t he  geology and geomorphol- 
ogy o f  the  State  i n  order t o  g i ve  
t he  reader a basic background i n  
order t o  understand t h e  where and 
why of cave formation. The discus- 
s ion  takes the  reader back 400 
m i l l i o n  years and t races t he  de- 
velopment of the  present rock 
types and landforms so one can 
appreciate t he  processes t h a t  have 
created Kentucky's great  caves. 
Angelo Gearge expands upon t h i s  
background by discussing where t he  
known caves are located and analy- 
z ing  t he  po ten t i a l  f o r  f u r t h e r  
d i scover i es . 

Section I1 d i v i des  t h e  State  
i n t o  several cave and kars t  
regions. Each reg ion i s  discussed 
by an i n d i v i d u a l  who has done sub- 
s t a n t i a l  research i n  the  area. The 
Elue Grass Region i s  w r i t t e n  by 
John T h r a i l k i l l  who has researched 
the  ka rs t  hydrology o f  t he  
Lee i ngton area. The Cumber 1 and 
Plateau i s  d iv ided i n t o  two d is -  
t r i c t s ;  a northern area centered 
on Carter Caves, presented by John 
Tierney; and a southern region, 
w i t h  i t s  major cave area around 
Pul ask i  and Rockcastl e count ies 
described by Ralph Ewers. Although 
p a r t  o f  t he  same geologic and geo- 
morphic regions, t he  two areas are 
discussed separately because of  
d i f fe rences  i n  t h e i r  speleogenesis 
and t h e i r  geographic separat ion 
i n t o  d i f f e r e n t  drainage basins. 
The chapters on the  Mississ ippian 
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Plateau are d iv ided i n  a s im i l a r  
manner. Arthur Palmer presents an 
in-depth chapter on t he  Mammoth 
Cave area and adjacent p a r t s  of 
t h e  Pennyroyal Plateau, whi le  John 
Myl ro ie  and Mike Dyas discuss the  
caves and kars t  o f  t he  Land 
Between the  Lakes and the  westward 
extension of the  Mammoth Cave and 
Pennyroyal plateaus. Although 
s i m i l a r  geological  1 y, t he  r e s u l t -  
i n g  caves d i f f e r  subs tan t i a l l y  
because of  t he  f a c t o r s  producing 
them. Local hydrology and sub t le  
d i f ferences i n  t he  geology between 
areas may r e s u l t  i n  a much d i f f e r -  
ent  end product. Another chapter 
inves t iga tes  the  cave and ka rs t  
processes operat i  ng on Pine 
Mountain. Joseph Saunders has done 
much caving and i nves t i ga t i on  o f  
t h i  5 unique t h r u s t  f au l t ed  region 
and shares h i s  experiences i n  
Chapter 6. 

The subject  matter i n  Section 
I 1 1  i s  diverse. This sect ion 
focuses upon the  appl ied research 
t h a t  has taken p lace on the  caves 
and kars t  of Kentucky. Ron Wilson 
looks a t  t he  e a r l y  l i f e  i n  Ken- 
tucky by i nves t i ga t i ng  the cave 
pa leonto log ica l  record. He ex- 
p lo res  how ver tebrate  bones got 
i n t o  caves, what t he  presence of 
the  bones ind icates,  what animal 
species once l i v e d  i n  Kentucky, 
and concludes w i t h  a general over- 
view of t he  pa leonto log ica l  work 
done i n  the  State. Pa t ty  Jo Watson 
presents mater ia l  on the  ea r l y  
human populat ion o f  t he  State, 
concentrat ing on t he  archeology of 
the  Mammoth Cave Region, w i t h  
reference t o  other p a r t s  o f  the 
State. She explores why p r i m i t i v e  
people were in te res ted  i n  the  
caves, shows evidence of t h e i r  
exp lora t ion i n  Mammoth Cave, and 
discusses how cavers can help 
archeological research. Stanley 
Sides d i  scusses the  sa l tpe te r  
indus t ry  of Kentucky. Although 
concentrat ing on t he  Mammoth Cave 

Thomas Earr,  shows the  s ta tus of 
research i n  cave biology. The 
f r a g i l e  ecosystem i s  explored and 
the  reader i s  made aware o f  the 
unusual organisms i nhab i t i ng  
Kentucky caves today. 

Caves and kars t  features form 
unique environments which are 
eas i l y  disturbed. Cave formations 
once broken and removed from the 
cave may never regenerate, r e s u l t -  
i n g  i n  the l oss  o f  a beau t i f u l  
c reat ion of nature f o r  f u t u r e  
generations. Such dest ruct ion may 
a lso  e l iminate  research ob jects  
essent ia l  i n  unrave l l i ng  the 
mysteries of cave processes. I n  
addi t ion,  undue t r a f f i c  i n  caves 
may have a negative e f f e c t  upon 
ba t  colonies, endangering a 
valuable animal which does more 
good than harm through i t s  eradi-  
ca t ion  of harmful insects.  Other 
cave organisms may a lso  be ser- 
i o u s l  y  reduced o r  wiped out by 
careless act ion. Chemical sp i  11 s, 
sewage, o v e r - f e r t i l i z a t i o n  o f  farm 
f i e l d s ,  and many other human ac- 
t i v i t i e s  may have a severe impact 
on the  we1 1-being o f  caves and 
kars t ,  so we must be e x t r a  care fu l  
and p ro tec t  these areas. 

The National Spel eo l  ogi  ca l  So- 
c i e t y  i s  the leading organizat ion 
engaged i n  the conservation o f  
caves and kars t  areas. Their s lo-  
gan i s ,  "Take nothing bu t  p i c -  
tures,  leave nothing but  foo t -  
p r i n t s ,  and k i l l  nothing but  
t ime." They have embarked upon an 
educational campai gn t o  develop an 
appreciat ion among l a y  people of 
the de l i ca te  nature of caves. The 
Society sponsors several conferen- 
ces and workshops each year and 
publ ishes two journals,  the  NSS 
NEWS and the  NSS BULLETIN. For 
f u r t h e r  in format ion on how you can 
help i n  the conservation of caves 
and kars t  environments, please 
contact: The National Speleolog- 
i c a l  Society, Cave Avenue, 
Huntsv i l l e ,  Alabama 35810. 

area, the  paper a l so  discusses the  
impact o f  the sa l t pe te r  indust ry  
on the development o f  the United Percy H. Dougherty, ed. 
States and the e a r l y  economy of Department o f  Geography 
Eentucky. The f i n a l  select ion,  by Kutztown Univers i ty ,  Pennsylvania 



Chapter 1 
AN OVERVIEW OF THE GEOLOGY 

AND PHYSICAL GEOGRAPHY 
OFKENTUCKY 

Percy H. Dougherty 
Department of Geography 

Kutztown University 
Kutztown, Pennsylvania 19530 

Kentucky i s  t h e  home of  t he  b i g  
caves, a f ac t  t h a t  cannot be 
doubted when one r e a l i z e s  t h a t  
Mammoth Cave, a t  near ly  500 km i s  
300 km longer than i t s  nearest 
competitor. O f  t he  10 longest 
caves i n  the Uni ted States, 2 are 
found i n  Kentucky; t h i s  number 
would have been 3 i f  i t  had not  
been f o r  the recent  connection o f  
t he  70-km-long Hoppel System w i th  
Mammoth Cave. Feople working on 
t h e  Mammoth Cave P ro jec t  f e e l  t h a t  
t he  eventual mapped distance of  
t h e  system w i  11 exceed 900 km by 
the  t u r n  of the  century. Many 
other la rge  cave systems i n  the  
State  exceed 3 km, the  distance 
needed t o  have a cave l i s t e d  on 
the  World's Longest Cave L i s t  
publ ished by t he  I n te rna t i ona l  
Speleological Union. I n  fac t ,  
Kentucky has 45 caves on the  
l i s t .  

Why has Kentucky been so 
blessed w i th  such long caves? 
Why are there so many caves i n  
Kentucky? Where a re  t he  caves 
located? How have they formed? 
And, what i s  the  importance of  
caves and t h e i r  associated land- 
scape? These and other quest ions 
w i l l  be answered dur ing t h e  course 
of h i s  chapter and examined i n  
more d e t a i l  throughout t he  book. 

Chapter 1 se ts  t he  stage on 
which a l l  cave forming processes 
work. One must know the  general 
geology and geomorphic h i  s to r y  o f  

t he  area i n  order t o  understand 
where and why caves form. I n  an 
area w i t h  f l a t  1 y ing  rocks of 
homogeneous compositon, there 
would be l i t t l e  need f o r  such a 
study because the  existance of  
caves would be l im i t ed .  Kentucky, 
on the other hand has a great  
d i v e r s i t y  of ear th  mater ia ls  and 
an idea l  landform assemblage f o r  
t h e  formation of caves and kars t .  
Several fac to rs  are inves t iga ted  
throughout t he  book t o  show why 
Kentucky i s  the home of the  "b ig  
ones." These f a c t o r s  include: (1) 
composi ton  of the  1 i mestones-- 
poros i t y ,  permeabi l i ty ,  thickness, 
impur i t i es ,  j o i n t i ng ,  and bedding, 
(2) composition o f  the  caprock and 
adjacent s t ra ta ,  (3)  t he  geologic 
s t ruc tu re  and con t r i bu t i on  t o  the  
enhancement of speleogenetic pro- 
cesses, ( 4 )  other f ac to rs  such as 
weather, cl imate, and the  impact 
o f  vegetat ion on kars t  processes, 
and (5) d i f f e r e n t i a l  erosion and 
the  impact of r i v e r  systems on 
kars t  processes. 

Formation of caves and ka rs t  
features i s  a complicated process 
i nvo l v i ng  the  i n t e r a c t i o n  of many 
fac tors .  I n  the fo l low ing  
d i  scussi on, on1 y those caves 
developed i n  1 i mestone 
environments w i l l  be considered. 
Most caves i n  Kentucky are the  
r e s u l t  o f  ka rs t  processes, 
although there are examples of 
caves developed by tecton' ic 
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movement, p i p i ng  o f  sediments, and 
basal spr ing sapping. I n  the 
context o f  t h i s  book, a s t r i c t  
d e f i n i t i o n  of ka rs t  w i l l  l i m i t  t he  
discussion t o  those environments 
i n  which groundwater r e s u l t s  i n  
t he  so lu t i on  of rock through 
carbonation. Karst  landscapes are 
o f ten character ized by extensive 
development of sinkholes, i n t e r i o r  
drainage, lack o f  surface streams, 
caverns, so lu t i on  sculptured rock 
(karren),  l a rge  springs, and other 
landforms assocated w i t h  such 
areas. For a more de ta i led  
discussion of caves and kars t  i n  
general, the reader i s  encouraged 
t o  r e f e r  t o  one of t he  fol lowing: 
Jennings (1971), Sweeting (1972) , 
Jakucs (1977), Su l l i van  and Moore 
(19781, or  Bogl i  (1980). 

The remainder o f  t h i s  chapter 
w i l l  d iscuss the s p a t i a l  
d i s t r i b u t i o n  of rock types and 
landforms i n  Kentucky. An 
understanding of t he  geologic 
h i  s to r y  and the deposi t ional  
h i s t o r y  o f  Kentucky enables one t o  
be t t e r  understand why some areas 
have more caves. I n  addi t ion,  the  
explanation o f  d i f f e r e n t i a l  
erosion o f  t he  var ious rock types 
and a discussion of regional  
s t r u c t u r a l  va r i a t i ons  help one t o  
understand why c e r t a i n  land+orms 
are more conducive t o  cave and 
kars t  formation. Geomorphic 
h i s t o r y  i s  discussed i n  r e l a t i o n  
t o  geology i n  order t o  f a c i l i t a t e  
t h e  separat ion of t h e  State  i n t o  
d i s t i n c t  regions. The p o t e n t i a l  
f o r  caves and ka rs t  i n  each region 
i s  introduced i n  t h i s  chapter and 
more f u l l y  discussed i n  Section I 1  
f o r  those areas conta in ing caves 
and kars t .  

GEOLOGY 

V i r t u a l l y  a l l  o f  Kentucky i s  
composed of sedimentary rock 
+armed from mater ia ls  t h a t  were 
o r i g i n a l l y  deposited as sediments 
i n  great  in land  seas o r  as 
near-shore deposi ts i n  ancient 
oceans. These sediments have been 
compressed and cemented i n t o  the 
v a r i e t y  of limestones, sandstones, 
conglomerates, shales, and coal 

deposi ts t h a t  form the  layers  o f  
rock we see today. The s t o r y  o f  
t h e i r  deposi t ion i s  t o l d  by the 
many p lan t  and animal f o s s i l s  
found i n  the  rock, i n d i c a t i n g  t h a t  
dur ing the  Ordovician Period deep 
seas once covered Kentucky. Later  
deposi t s  of the Pennsy 1 vani an, 
Cretaceous, and T e r t i a r y  per iods 
show t h a t  water l e v e l s  f luc tua ted  
g r e a t l y  from near shore deposi ts 
t o  coastal  p l a i n ,  de l t a i c ,  and 
beach deposits. Great co ra l  r ee f s  
o f  t he  Middle S i l u r i a n  and Middle 
Devonian per iods resu l t ed  i n  
several l imestone deposi ts i n  the  
State. O f  the mater ia l  deposited 
i n  the  ancient seas, i t  i s  the  
l imestone i n  which we are 
p r i m a r i l y  in terested,  because most 
caves and kars t  topography i n  t he  
State  are formed i n  t h i s  rock 
type. By understanding the  s p a t i a l  
d i s t r i b u t i o n  of l imestone of  
d i f f e r e n t  ages, and studying i t s  
r e l a t i o n  t o  the  surface, one can 
b e t t e r  understand where caves are 
t o  be found and how they are 
formed. 

The o ldest  rocks i n  t he  State 
of Kentucky are those exposed i n  
the  Inner Blue Grass Region around 
Lexington. They date back over 400 
m i l l i o n  y e a r s  t o  the  Ordovician 
Period. I n  order t o  g ive  a po in t  
of reference, F igure f shows the  
geologic calendar t h a t  w i l l  be 
re fe r red  t o  when the  age of  
var ious rocks and events are 
mentioned. The areal  ex tent  of the 
Ordovician rock, shown i n  the 
geologic map (Fig. 2 ) ,  covers most 
o f  the  area between Lexington, 
Loui s v i  1 1 e and C i  n c i  nnat i . The 
rocks of the  Ordovician Period 
were deposited i n  deep seas. 
Toward the  end of  t he  period, seas 
became shallower, as evidenced by 
t he  amount of mud t h a t  was 
depasited and subsequently 
hardened i n t o  shale. The f 01 1 owi ng 
S i  1 u r i an  Period was character ized 
by warm, c lear,  shal low seas, as 
ind icated by the  profus ion of 
co ra l  deposits and brachiopods i n  
S i  1 u r  i an do1 omi t e s  and 1 i mestones, 
although the  presence o f  shale 
beds suggests per iods o f  t u r b i d  



O V E R V I E W  OF T H E  GEOLOGY AND P H Y S I C A L  G E O G R A P H Y  O F  K E N T U C K Y  7 

sur face running from Cinc innat i ,  
Ohio, t o  Nashi l le ,  Tennessee. The 
Cinc innat i  Arch cu t s  across 
Kentucky and d i v i des  i t  i n  h a l f ,  
r e s u l t i n g  i n  t he  +ormation o f  
independent eastern and western 
basins. A north-south d i v i s i o n  
between a higher zone near 
Lexington, Kentucky and a higher 
zone near Nashvi 1 1 e, Tennessee, 
a l so  ex is ts .  Th is  lower gap or  
"saddle" along the  c r e s t  o f  the  
Cinc innat i  Arch i n  south-central 
Kentucky, r e s u l t s  i n  t h e  
preservat ion o f  M iss iss ipp i  an 
mater ia l  t h a t  was s t r i pped  from 
the  higher areas by erosion. 

Warping o f  the  C inc inna t i  Arch 
continued i n t o  t he  Devonian 
Period, dur ing which more cora l  

Figure 1. Geologic time char t  r i c h  sediments t y p i c a l  o f  a 
shallow sea were l a i d  down. Before 

showing the  ages of rocks ex- the  end of  the  per iod  the  sea 
posed i n  Kentucky (from McGrain, f 1 oor was covered w i t h  an organic 
1983, p .  3 ) .  black muck t h a t  formed a 

pronounced shale layer ,  a 

water must have occurred. Also 
dur ing t h i s  per iod there was 
widespread warping of the  s t ra ta ,  
which resu l ted  i n  t he  up1 i f  t of 
t he  Cinc innat i  Arch, a long, 
gent le  arching of the  ear th ' s  

d i s t i n c t i v e  c h a r a c t e r i s t i c  o f  the  
Devonian. The black shale t h a t  
outcrops i n  a zone around the  Blue 
Grass Region of Kentucky may have 
important economic imp l i ca t ions ,  
f o r  i t  i s  an o i l  shale (McGrain, 
1983). 

Al luv~urn (narrow strlps not shown) 

["," Tertiary 

Cretaceous 

Pennsylvanian 

0 M ~ s s ~ s s ~ p p ~ a n  

Devontan 

/ S~lurlan 

c;;s Lake 

n 50 100 MILES 

Figure 2 .  Geologic map showing the  age of rock outcrops i n  Kentucky 
(from McFarlan, 195 8 ,  p . 5) . 
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As t h e  M i  ss i  s s i  ppi an Per i od 
progressed, t h e  depos i t i on  of t h e  
black shales was replaced by an 
i n f l u x  of sands, g r a v e l s ,  s i l t s ,  
and muds deposited by r i v e r s  
eroding t h e  nearby land masses. 
D e l t a i c  depos i t s ,  w i t h  t h e i r  
c h a r a c t e r i s t i c  crossbedding and 
water cu r ren t  worked mate r ia l s  
were l a i d  down. Long per iods of 
c l e a r ,  calm c o n d i t i o n s  f  01 lowed; 
and massive beds of l imestone,  i n  
which many of t oday ' s  caves a r e  
l oca ted ,  were deposited. A per iod 
of recession of t h e  seas occurred,  
f  01 lowed by ex tens ive  eros ion  o.f 
t h e  land sur face.  These events a re  
recorded as an uncomf ormi t y  
between t h e  Miss iss ipp ian  and 
l a t e r  Pennsylvanian s t r a t a .  

Pennsylvanian c o n d i t i o n s  were 
warm and contained i n t e r m i t t e n t  
t ransgress ions  of t h e  sea, as 
evidenced by t h e  presence of 
marine depos i ts  i n  t h e  
predominantly fresh-water 
sediments. The per iod was 
charac ter ized by t h e  fo rmat ion  of 
great  swamps and f o r e s t s ,  as shown 
by t h e  p r o l i f i c  f o s s i l  record.  
Great masses of vegeta t ion  were 
bur ied  under d e l t a i c  depos i ts  and 
s i l t s .  T h i s  vege ta t i on ,  i n  t h e  
absence of oxygen, changed i n t o  
coa l .  S i m i l a r  developments 
occurred i n  both t h e  eastern and 
western basins on e i t h e r  s i d e  of 
t h e  C inc inna t i  Arch, r e s u l t i n g  i n  
t h e  two major coal f i e l d s ,  which 
have made t h e  S t a t e  a  leading 
producer of coa l .  

The Permian Period may have 
been we l l  represented i n  Kentucky 
but  i t s  record was undoubtedly 
e r o d ~ d  away, f o r  only  minor 
evidence of i t s  presence remains. 
The rock of t h i s  per iod i s  
pr'eserved i n  some small f a u l t  
b locks and i n  small igneous d i kes  
i n  E l l i o t t  County i n  eastern 
Kentucky and Caldwell and 
Cr i t t enden  count ies  i n  western 
Kentucky; t h e  on ly  non-sedimentary 
rock found i n  t h e  S ta te  (McGrain, 
1983) .  A t  t h e  end of t h e  per iod a  
s e r i e s  of u p l i f t s  occurred,  
leading t o  increased e ros ion ,  
which o b l i t e r a t e d  much of t h e  

geologic  record of t h e  l a t e  
Paleozoic.  By t h e  end of t h e  
Paleozoic ,  t h e  C i n c i n n a t i  Arch had 
formed, t h e  western and eastern 
coal basins were present ,  t h e  Pine 
Mountain F a u l t  had been t h r u s t  19 
t o  16 km t o  t h e  nor thwest ,  and 
many of t h e  high-angle f a u l t s  of 
c e n t r a l  and western Kentucky were 
present .  Most of t h e  S t a t e ' s  
depos i t i ona l  and d i a s t r o p h i c  
a c t i v i t y  came t o  a c lose .  

The on ly  major d e p o s i t i o n  
f o l l o w i n g  t h e  Paleozoic  has been 
t h e  Gulf  Embayment f l o o d i n g ,  
du r ing  t h e  Cretaceous Per iod ,  of 
t h e  Jackson Purchase i n  extreme 
western Kentucky. Since t h a t  t i m e ,  
on ly  a l l u v i a t i o n  from t h e  major 
streams, aeol i an depos i t  i on of 
1  oess, and m i  nor F l  e i  stocene 
depos i t s  i n  no r the rn  Kentucky have 
occurred. None of these depos i ts  
have an impact on cave and ka rs t  
fo rmat ion  or  t h e i r  s p a t i a l  
d i s t r i b u t i o n .  The major process a t  
work on Kentucky 's  landforms has 
been d i f f e r e n t i a l  e ros ion ,  t h e  
eros ion  of rock of d i f f e r e n t  
r e s i s t a n c e  a t  va ry ing  r a t e s .  
Conglomerates and standstone,  
because of t h e i r  g reater  
r e s i s t e n c e ,  have emerged as t h e  
h igher  landforms, such as cuestas,  
escarpments, and mountains; shales 
and l imestones,  because of t h e i r  
weakness and s u s c e p t i b i l i t y  t o  
s o l u t i o n ,  form t h e  v a l l e y s  and 
lowland p l a i n s .  Since most of t h e  
S t a t e  rece ives  i n  excess of 965 mm 
of  p r e c i p i t a t i o n  a year ,  w i t h  some 
areas exper iencing over 1,270 mm a  
year ,  t h e  process of e ros ion  has 
been rap id  and has l e f t  a  g reat  
i m p r i n t  on t h e  present landforms. 
Kentucky 's  modern landforms a re  
t h e r e f o r e  t h e  remnant of past 
landforms ra the r  than landscapes 
t h a t  were u p l i f t e d  t o  t h e i r  
present p o s i t i o n .  These stages a re  
summarized i n  F igu re  3 which shows 
t h e  reg iona l  e v o l u t i o n  of t h e  
Kentucky landscape. 

A major f a c t o r  i n  t h e  present 
landscape fo rmat ion  has been t h e  
r i v e r  pa t te rns  and t h e i r  
subsequent entrenchment. Most 
r i v e r s  i n  Kentucky do not  f l o w  
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F i g u r e  3 .  Regional  e v o l u t i o n  of  t h e  Kentucky landscape  (from McFarlan, 
1943,  p .  1 5 9 ) .  

along the  d i p  o f  the  sedimentary 
s t ra ta .  Major r i v e r s  such as the 
Kentucky, Green, Cumberland, and 
L i c k i n g  f low across t he  s t r a t a  as 
superposed streams t h a t  pre-date 
t h e  present landforms. The r i v e r s  
were ab le  t o  maintain t h e i r  
courses over the  more r e s i s t a n t  
s t r a t a  being uncovered by 
d i f f e r e n t i a l  erosion. 

The most recent event of 
importance t o  the  cave forming 
process was the development of the  
Ohio River dur ing the  Pleistocene. 
P r i o r  t o  the Pleistocene, the  
L i ck ing  and Kentucky Rivers were 
p a r t  of the Teays River System. 
The Kentucky River f lowed along 
the  present course of the  Ohio 
River t o  the  area near 
Lawrenceburg, Indiana, where i t  
flowed through the  present va l l ey  
o f  the Great Miami River. The 
L i ck ing  flowed through Cinc innat i ,  
v i a  the  present M i l l  Creek Val ley, 
and jo ined the Kentucky River near 

Hamilton, Ohio. Both r i v e r s  then 
flowed nor th  through Dayton t o  
enter the Teays drainage from West 

f d  R G  N A 

- - - - - - _ _ _  - f - - - k - - - - -  

Figure  4 .  Map o f  t h e  p r e g l a c i a l  
d r a inage  o f  t h e  Teays-age b a s i n  
i n  Ohio and t h e  midwest (from 
Thornburg,  1969)  . 
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V i r g i n i a  and Eastern Ohio a t  a 
junc t ion  i n  west-central Ohio. The 
stream then flowed across cen t ra l  
Indiana as the River Teays. 
G lac ia l  advance blocked the  
northward f low and the  present 
Ohio River breached the  Madison 
Gap t o  f low i n  i t s  present course. 
Because of  the  great  f low of water 
i n  the new channel, downward 
c u t t i n g  was rapid.  This c u t t i n g  
l e f t  branch t r i b u t a r i e s  of the 
ancestra l  Ohio discordant w i th  the 
main stream: r a p i d  c u t t i n g  
occurred r e s u l t i n g  i n  the  
entrenchment of the  Kentucky, 
Cumberland, Tennessee, Green, and 
other r i ve rs .  F luc tuat ions i n  
r i v e r  f low and per iods of r ap id  
entrenchment 1 owered base 1 eve1 
throughout the major cave areas o f  
Kentucky, a process t h a t  has 
resu l t ed  i n  the  p ro f  usion of 
l e v e l s  i n  Kenturky caves. 

REGIONAL DIVISIONS 

The end r e s u l t  o f  a l l  od the 
per iods of deposi t ion,  u p l i f t ,  
f a u l t i n g ,  and erosion i s  seen i n  
t he  landform model i n  Figure 5. A 
wide v a r i e t y  of p la ins ,  plateaus, 
escarpments, and mountains have 
been sculptured out  of the 
sedimentary rocks o f  Kentucky. 
Note the  s i m i l a r i t y  between the 
geology map (Fig. 2) and the 
d i  s t r i  b u t i  on of present 1 and+ orms. 
Each of these regions w i l l  be 
discussed i n  d e t a i l  i n  t he  
fo l low ing  sect ions, w i t h  
p a r t i c u l a r  a t t e n t i o n  given t o  
t h e i r  po ten t i a l  f o r  cave and kars t  
formation. The Lexington P la in  o r  
Inner Elue Grass, the  Cumberland 
Plateau, Pennyroyal Plateau, the  
Mammoth Cave Plateau, and the  Pine 
Mountain Region o f f e r  the best  
condi t ions f o r  cavern formation 
because of  t h e i r  rock type, 
s t ruc tu re ,  and hydrologic 
condit ions. 

Ordovician outcrops t h a t  form the  
a x i a l  po r t i on  of the Cinc innat i  
Arch. Here one f i n d s  the oldest  
surface rocks i n  the State, 
p r imar i  1 y 1 imestone and shale. 
Near the  edges of the Blue Grass 
some areas of Si l u r i a n  and Middle 
Devonian l imestone and shale are 
included. The r e s u l t i n g  landscape 
presents a gent ly  r o l l i n g  surface 
t h a t  appears re1 a t i  ve l  y f 1 a t  i n  
comparison t o  surrounding 
thoroughly dissected regions. 
This area has been r e f  erred t o  as 
t he  Lexington Peneplain in the  
past because of i t s  lack o f  
substant ia l  re1 i e f  (McFarlan, 
1943). Regions of greater r e1  i e f  
develop i n  the outcrops of shale 
t h a t  surround the l imestone 
i n t e r i o r  of the region. The 
Lexington and Cynthiana l imestones 
occupy the cen t ra l  pos i t i on  around 
the  C i t y  of Lexington and 
cons t i t u te  a f e r t i l e  l imestone 
basin ca l l ed  the Inner Blue Grass. 
This basin i s  surrounded by a zone 
of shales ca l l ed  the  Eden Shale 
Be l t ,  which, i n  turn,  i s  bounded 
by the  Outer Blue Grass, a reg ion 
o f  l imestone and shale t h a t  
extends t o  the Ohio River i n  the 
nor th  where i t  i s  mantled by a 
t h i n  veneer of Pleistocene g l  ac i  a1 
deposits w i t h  1 i t t l e  topographic 
s ign i f icance t o  the  landforms of 
t he  area. Where l imestone i s  the 
dominant rock, the surface i s  
m i l d l y  ka rs t i c ,  and small caves 
may be found. The greatest  r e l i e f  
i s  not  caused by kars t  landforms, 
but  by the deeply entrenched 
courses of the Kentucky, L ick ing,  
and Ohio r i ve rs .  Their courses are 
superimposed up t o  150 meters 
below the Blue Grass surface. The 
canyons d isp lay beau t i f u l  examples 
of entrenched meanders and, i n  the  
zone of shales, deep gorges have 
formed. 

The northwestern p o r t i o n  of the  
req ion surroundinq Loui s v i  1 l e  i s  
not  geo log ica l ly  k i m i l a r  t o  t he  
F lue Grass but  i s  inc luded because 

Blue Grass Region ~f i t s  topographic s i m i l a r i t y  and 
occurrence of the  same 

The Blue Grass i s  the  cen t ra l  geographical f a c t o r s  responsib le 
lowland of Kentucky, composed of  f o r  t he  h i s t o r i c a l  development and 
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Figure 5 .  Physiographic map of Kentucky showing geomorphic regions 
and major escarpments. Generalized cross  sec t ion  dep ic t s  the 
s t r u c t u r e  of rock u n i t s  from west t o  e a s t  across  the  S t a t e .  (From 
EIcGrain, 1983, p .  13 . )  

economy of  the  Blue Grass. The 
L o u i s v i l l e  p a r t  o f  t h e  Blue Grass, 
c a l l e d  the  Scottsbuvg Lowland, has 
developed on 1 imestones o f  Middle 
S i  l u r i a n  and Middle Devonian age 
and more recent a l luv ium deposited 
by ancestra l  stages o f  t he  Ohio 
River.  Geographically, t he  reg ion 
cons t i t u tes  one of the  anchors o f  
what Rai tz (1980) has c a l l e d  the 
"urban t r i a n g l e "  of t he  Blue 
Grass, a j o i n i n g  by t ranspor ta t ion  
a r t e r i e s  of Loui s v i  11 e, Lex i ngton 
and Covington, t h e  th ree  la rges t  
urban areas i n  t he  State, and a l l  
w i t h i n  the  Flue Grass. 

Limestone w i t h i n  the  Blue Grass 
is not  only responsib le f o r  t he  
k a r s t  features and caves, i t  has 
a l s o  played an important r o l e  i n  
t he  economic growth o f  t he  region. 
S o i l s  formed on t h e  Inner Blue 
Grass are except iona l ly  f e r t i l e ,  

brown s i l t  loams w i th  a h igh 
phosphatic leve l .  The Woodburn 
Formation which once supported 
commercial product ion o f  phosphate 
rock. These formations have 
resu l t ed  i n  the  Blue Grass 
becoming wide1 y known as an 
a g r i c u l t u r a l  i s l and  i n  cen t ra l  
Kentucky, character ized by i t s  
b e a u t i f u l  mansions and extensive 
horse farms. I n  add i t ion ,  t he  Blue 
Grass i s  the center of t he  bur ley  
tobacco region. Kentucky produces 
80 percent o f  a l l  bu r ley  tobacco 
grown i n  the  United States, making 
tobacco Kentucky's number one 
l ega l  a g r i c u l t u r a l  crop. This crop 
accounts f o r  85 t o  90 percent of  
t he  s t a t e ' s  a g r i c u l t u r a l  income 
per year and 20 percent of the  
t o t a l  United States tobacco 
product ion i n  a good year (Rai tz,  
1980). 
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An outgrowth o f  t h e  l imestone 
a g r i c u l t u r a l  bounty i s  t h e  
development of  t h e  bourbon 
indus t ry .  Ear l y  Blue Grass 
s e t t l e r s  had an excess o f  corn a t  
t h e  end o f  t he  season and had no 
convenient means of  t ranspor t ing  
t h e  bulky commodity t o  C inc innat i  
o r  other markets. A bu lk  reduct ion 
o f  t he  corn t o  d i s t i l l e d  s p i r i t s  
was a l o g i c a l  r e s u l t .  I n  1789 
Reverend E l i j a  Craig, of 
Georgetown i n  Bourbon County, 
developed the  rec ipe  f o r  a malt  
whiskey t h a t  now c a r r i e s  t he  name 
o f  t he  county i n  which i t  was 
f i r s t  d i s t i l l e d .  Even today, Sta te  
law requ i res  t h a t  51 percent of  
t he  g ra in  i n  bourbon must be corn, 
thus impart ing t he  unique t a s t e  t o  
the  beverage. Kentucky a t  one t ime 
had over 400 d i s t i l l e r i e s  
producing i n  excess of  88 percent 
of  America's bourbon whiskey. 
Through corporate mergers and t he  
necessi ty  of  l a rge  scale 
operat ion, the  number has dropped 
t o  28 d i s t i l l e r i e s ;  a l l  but  3 are 
i n  the  Blue Grass. Experts i n  
bourbon whiskey a t t r i b u t e  the 
excel lence t o  t he  use o f  pure, 
na tu ra l  l imestone waters t ha t  
emerge from the  ka rs t  spr ings o f  
t he  area. Kentucky s t i l l  produces 
75 percent of  a l l  Uni ted States '  
bourbon (Rai t i  , 1980) . 

The kars t  spr ings were a lso 
instrumental  i n  t he  e a r l y  
sett lement pa t te rns  of  t he  Blue 
Grass. C i t i e s  such as Lexington, 
Harrodsburg, and Georgetown were 
b u i l t  a t  t he  s i t e s  of  ka rs t  
spr ings i n  order t o  assure a 
steady supply of water f o r  the  
s e t t l e r s .  Even today, t he  c i t y  of 
Georgetown s t i l l  ge ts  i t s  water 
supply from the  great  f l ow of  
Royal Spring. 

Cumberland Plateau 

The gen t l y  southeastward 
dipping upland surface east of the  
P o t t s v i l l e  Escarpment and west of  
t he  steep1 y r i s i n g  Pine Mountain 
i s  re fe r red  t o  as t he  Cumberland 
Flateau. The Cumberland Plateau i s  
o f ten  re fe r red  t o  as t he  Eastern 

Kentucky Mountains o r  t he  Eastern 
Kentucky Coal F ie ld .  The l a t t e r  
terms o f t en  inc lude t h e  Pine 
Mountain Overthrust and i t s  
associated basin and mountains as 
p a r t  of  the  region, bu t  t h i s  
discussion w i  11 consider these 
areas as p a r t  o f  t he  Cumberland 
Mountains. The reason f o r  t h i s  
separat ion i s  t he  independence o f  
speleogenetic processes a t  work i n  
the  development of  caves and ka rs t  
i n  t he  two areas, and the  great  
d i f fe rence  i n  t he  two areas' 
geomorphic h is to ry .  

The Cumberland Plateau i s  a 
maturely dissected landscape where 
M i  s s i  ss ipp i  an 1 i mestones are  
capped by more r e s i s t a n t  
sandstones, shales, conglomerates, 
and coal -bearing deposi ts  o f  
Fennsyl vani an age. The maxi mum 
development of ka rs t  features and 
caves i s  found along the  
F o t t s v i l l e  Escarpment. It i s  here 
t h a t  the  extensive caves of  
Fulaski  , Rockcastle, and Carter 
count ies have developed. 
Espec ia l ly  important t o  t he  
landscape's development have been 
streams l i k e  the Rockcastle River,  
Cumberland River, Buck Creek, 
L i ck i ng  River,  and Tygarts Creek. 
These r i v e r s  have entrenched 
themselves through the  
Pennsylvanian sediments, exposing 
t he  under1 y i  ng Miss iss ipp i  an 
1 imestones. 

Few l eve l  areas are present on 
t h e  p lateau sur f  ace. The mature1 y 
dissected Rockcastle Conglomerate 
and Corbin Sandstone are so 
dissected t ha t  on ly  small r ibbons 
of  l eve l  i n t e r f l u v e s  are present. 
S o i l s  on these f l a t  areas are  
re1  a t  i vel  y poor and support on1 y 
the  barest,  subsistence 
agr i cu l tu re .  I n  the  va l l ey  bottoms 
the  a g r i c u l t u r a l  product ion i s  
be t t e r ,  but  the  a l l u v i a l  lowlands 
are severely cons t r i c ted  t o  small 
meander bends on present and paleo 
drainage. The la rges t  low1 and 
areas are re l a ted  t o  shale 
outcrops t h a t  have been weathered 
and eroded i n t o  bottom f l a t s  t h a t  
support 1 i m i  ted  ag r i cu l t u re .  What 
t h i s  reg ion lacks i n  a g r i c u l t u r a l  
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p r o d u c t i v i t y  i s  o f f s e t  by coal 
mining a c t i v i t y .  O i l  and na tu ra l  
gas are a lso  produced i n  t h i s  
region. 

Through most o f  i t s  extent  the  
P o t t s v i  11 e  Escarpment i s  a  
southeast-dipping cuesta capped by 
more r e s i s t a n t  beds of Hockcastle 
Conglomerate o f  Pennsylvanian age. 
Near the  Tennessee border the  
escarpment reaches 550 m, w i t h  a  

, combination of Hockcastle, Corbin, 
and Lee s t r a t a  forming the  cuesta 
f ront .  To the  north,  near t he  Ohio 
River, the  escarpment i s  known as 
t he  Waverly Escarpment, a  low 
r e l i e f  fea tu re  r e s u l t i n g  from a 
pinching out of t he  Rockcastle 
conglomerate. 

Of geologic and geomorphic 
note i n  t h i s  area are Cumberland 
F a l l s  and the sandstone arches. 
Cumber1 and Fa1 1 s  developed where 
the  Cumberland River crosses 
r e s i s t a n t  sandstones and 
conglomerates and then f a l l s  t o  
t he  l e v e l  of Lake Cumberland i n  
the  lower Pennyroyal Province. The 
f a l l s  have re t rea ted  upr i ve r  from 
the  Burnside area t o  where they 
are today. Not f a r  from Cumberland 
F a l l s  one can v i s i t  the  beau t i f u l  
sandstone arches and Yahoo F a l l s  
i n  the  Daniel Boone Nat ional  
Forest. Further north,  a t  Red 
River Sta te  Park and a t  Carter 
Caves State  Park, one can a lso see 
good examples o f  na tu ra l  br idges 
formed i n  the  high1 y  eroded 
res idua l  stream i n t e r f  luves (Fig. 
6). 

Hydrologic d iv ides  separate the  
reg ion  i n t o  several cave and kars t  
subregions. The most important i n  
terms of the  number of caves and 
the  length of cave passages i s  the  
Pulaski/Rockcast le area where such 
caves as Sloans Val ley ,  Coral, 
Cave Creek, Ha i l s ,  B ig  Sink, 
Precinct  11, and Goochland are 
found. The caves are formed along 
the  maturely eroded f r o n t  o f  the 
P o t t s v i l l e  Escarpment, where i t  i s  
crossed by the  Rockcastle and 
Cumberland drainage. The second 
major cave reg ion i s  a t  Carter 
Caves where Tygarts Creek has cu t  
through the  caprock exposing the 

Figure 6 .  Por t ion  of Pomeroy- 
ton Quadrangle showing t h e  Red 
River gorge and assoc ia ted  
n a t u r a l  br idge  (from McGrain , 
1983, p .  35) . 

M i  s s i  s s i  pp i  an 1  i rnestones and 
r e s u l t i n g  i n  the formation o f  
several caves and arches. 

Cumberland Mountains 

East o f  the  Cumberland Plateau 
i s  the zone of  Pine Mountain or  
Cumberland Overthrust, whose 
northern and western boundaries 
terminate a t  the  Russel Fork 
Faul t .  This highland reg ion 
contains the highest  e levat ion i n  
the State, 1,265 m on B ig  Black 
Mountain i n  Harlan County. The 
western p a r t  of t h i s  province i s  
t he  southeastward-dipping s t r a t a  
o f  the Lee Formation, which dorms 
Pine Mountain. The eastern border 
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i s  formed by the  cuesta o f  the 
westward-dipping Lee Formation 
t h a t  forms Cumberland Mountain; 
w i t h  t he  Middlesboro Basin being a 
l a rge  sync l ina l  v a l l e y  between the 
two mountains. The whole area i s  a 
huge block 200 km long and 40 km 
wide t h a t  was elevated and 
displaced westward as much as 10 
km from the  southeast (NcGrain, 
1983). 

The area has a diverse h i s t o r y  
o f  stream entrenchment and 
e x h i b i t s  water gaps and wind gaps 
represent ing the  e f f e c t  o f  
superposi t ion and stream piracy.  
As i n  the  Cumberland Plateau, the 
Miss iss ipp i  an 1 i mestones are 
over1 a i  n by Pennsylvanian shales, 
sandstones, conglomerates, and 
coal-bearing s t ra ta .  Some of the 
most product ive coal-mining i n  the  
S ta te  i s  on the  elevated s t r a t a  o f  
t he  Middlesboro Basin. This basin 
i s  s i m i l a r  i n  composition and 
topographic expression t o  t he  
1 ower Cumber 1 and P l  ateau. 

Because of the  overthrust ,  the 
reg ion presented a formidable 
obstacle t o  t ranspor ta t ion  and 
sett lement i n  pioneer days. 
S e t t l e r s  were forced t o  t raverse 
t h i s  area by crossing the  famous 
Cumberland Gap, a wind gap i n  
Cumberland Mountain. 4nother 
topographic obstacle i s  the  Breaks 
of t he  Sandy, where the  Russel 
Fork o f  t he  B ig  Sandy River cuts 
through the  northern end of Pine 
Mountain i n  a 300 m gash through 
the  Lee sandstones. This rugged 
landscape exempl i f ies the  
topographic obstacles t o  
development faced by the o r i g i n a l  
s e t t l e r s  (Fig. 7). 

Cave and kars t  development i s  
r e s t r i c t e d  t o  the  t h i n  exposures 
of l imestone t h a t  outcrop on the 
s teep ly  d ipping mountains. Because 
of the  great  r e l i e f  i n  the area, 
t he  deepest caves and the  la rges t  
p i t s  i n  Kentucky are found i n  t h i s  
d i s t r i c t .  

Mississippian Plateaus 

A1 though composed of  M i  ddl e t o  
Upper Miss iss ipp i  an outcrops, t h i s  

Figure 7 .  Topographic map of 
Pine Mountain and nearby 
Cumberland Pla teau  (from 
McGrain, 1983,  p .  33) . 

area i s  best characterized by i t s  
topographic expression. It i s  
d iv ided i n t o  two major par ts ,  the  
upper Mammoth Cave Plateau ad the  
lower Pennyroyal Plateau. The 
Pennyroyal Plateau i s  adjacent t o  
the  lower Blue Grass Region being 
separated from i t  by The Knobs 
Region and Mu1 draughs Hi 11. The 
l a t t e r  trends t o  the east and 
merges w i th  the P o t t s v i l l e  
Escarpment and pinches out  the 
Pennyroyal on the eastern s ide of 
the  Cinc innat i  Arch. The 
Pennyroyal extends on a westward 
arc, roughly fo l low ing  the 
Cumberland River through Kentucky 
and Tennessee. It then arcs 
northwestward t o  t he  junc t ion  o f  
the  Cumberland and Ohio r i v e r s .  On 
the  west and north, the  Pennyroyal 
i s  bounded by the Dr ipping Springs 
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Escarpment, which separates i t  
from the  Mammoth Cave Plateau. 

The Pennyroyal Plateau forms a 
co r r i do r  extending away from the 
Ohio River between the  Dr ipping 
Springs Escarpment and the  Knobs 
Region. The c o r r i d o r  continues as 
i t  swings back toward t he  Ohio 
River, s k i r t i n g  t h e  Western 
Kentucky Coal F i e l d  from which i t  
i s  separated by t h e  Mammoth Cave 
Plateau. It was through t h i s  
p la teau co r r i do r  t h a t  many of  the 
o r i g i n a l  s e t t l e r s  found an easy 
t ranspor ta t ion  route. The 
l imestone der ived s o i l s  are very 
f e r t i l e  and have been extremely 
product ive a g r i c u l t u r a l l y ,  
although they are l e s s  f e r t i l e  
than the  Blue Grass phosphatic 
s o i  1s. 

Much of  the  Pennyroyal Plateau 
e x h i b i t s  extreme k a r s t i f i c a t i o n ,  
w i t h  numerous s inkholes d o t t i n g  
t h e  landscape (Fig. 8). Sinkholes 
become l ess  not iceable  as one 
approaches the  a x i a l  sect ion o f  
t he  Cinc innat i  Arch, where t he  
karst-prone St. Lou is  and Ste. 
Genevieve formations have been 
s t r ipped  away revea l ing  the  less  
so lub le  Warsaw and s i m i l a r  
formations. On the  eastern s ide o f  
the  Cinc innat i  Arch, t he  kars t  
landscape i s  once again obvious; a  
1  arge number of s inkholes and 
k a r s t  features have developed on 
the  St. Louis formation. 

The Mammoth Cave Plateau i s  
bounded on the  outer  margin by t he  
Dr ipping Springs Escarpment. The 
escarpment i s  capped by sandstone 
over ly ing  the  S t .  Louis, Ste. 
Genevieve, and G i  r k i  n  f ormati  ons 
t h a t  comprise much of  t he  
cave-f orming l imestone i n  t he  
Mammoth Cave area. A t  t he  inner  
margin of t h i s  d i s t r i c t  i s  t he  
higher Western Kentucky Coal F i e l d  
of Fennsylvanian rock. I n  t h i s  
t e x t ,  the Mammoth Cave Plateau i s  
d iv ided i n t o  a  Mammoth Cave Region 
and a Western Kentucky Karst  
Region because of d i f fe rences  i n  
t h e  drainage basins responsib le 
f o r  the ka rs t  processes. An 
argument could a l so  be made f o r  
t he  i nc lus ion  of another d i s t r i c t  

Figure 8. Topographic map of 
the Park City Quadran~le of the 
Pennyroyal plateau showing its 
high density of sinkholes (from 
McGrain, 1983, p. 50) . 

between Elizabethtown and the  Ohio 
River, but  t h i s  i s  no t  being done 
i n  t h i s  volume. 

Mammoth Cave i s  unsurpassed i n  
length because o f  the  i d e a l  
condi t ions f o r  speleogenesis on 
t h e  Mammoth Cave Plateau. The 
permeable nature o f  t he  over l y ing  
sandstone permit ted maximum water 
penetrat ion of the  l imestone 
layers.  Meanwhile, caprock 
continued t o  provide a s tab le  
c e i l i n g  f o r  the  area (Fig. 9 ) .  
Gently d ipping toward the  Green 
River, which became entrenched 
f 01 1  owing the Pleistocene 
formation o f  the  Ohio River, the 
plateau developed several 1  evels 
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.I,.. MAMMOTH C A V E  
k , , L  , ULh lh l l l -  < n i t  P I . , * "  

Figure 9. Mammoth Cave Region 
cross sections showing multi- 
level development of the cave 
and the resistant protective 
sands tone caprock (from McGrain , 
1983, p. 5 4 ) .  

of  cave passages. The thickness o f  
the rock, the rock s t ruc ture ,  and 
the  f ac to rs  j u s t  i d e n t i f i e d  have 
resu l ted  i n  the  format ion o f  a  
cave system t h a t  may some day 
exceed 900 km i n  length. 

Knobs 

The Knobs Region i s  a  t h i n  b e l t  
of conical  knobs t h a t  surrounds 
the  Blue Grass. The Knobs are 
erosional  remnants o f  Mu1 draugh 
Escarpment t o  the  west and the  
P o t t s v i l l e  Escarpment t o  the  east. 
A s  the upland surfaces are eroded 
back, i n t e r f l u v e  areas, protected 
by caprock of sandstone and shale, 
remain as i so la ted  h i l l s  
surrounded by a  base l e v e l  a t  the 
e levat ion of the  Blue Grass. On 
the western s ide of the  Cinc innat i  
Arch the knobs are p r i m a r i l y  
S i  l u r i  an t o  Middle Devonian 
limestones, and on the  east they 
are predominentl y  shale. The 
reg ion i s ,  therefore,  sandwiched 
between the  Blue Grass Ordovician 
rocks and the younger 
Mississ ippian rocks o f  t he  
Pennyroyal Plateau. The Knobs 
Region reaches i t s  greatest  width 
south of L o u i s v i l l e ,  where there 

bottoms are o f ten  f l a t  and broad 
(Fig. 10). Regional s o i l s  are o f  
i n f e r i o r  qua l i t y .  The major 
resource of the area may be the  
o i  1  shales found i n  some of  the  
knobs. Caves may be found i n  the 
knobs, but  they are l i m i t e d  i n  
length. 

Western Kentucky Coal Field 

The Western Kentucky Coal F i e l d  
i s  a  la rge  s t r u c t u r a l  basin 
separated from the  lower Mammoth 
Cave Plateau by the P o t t s v i l l e  
Escarpment. The escarpment i s  
capped by the Pennsylvanian 
Caseyvi l le  Sandstone, forming a 
be1 t of  rugged h i 1  1s ra ther  than 

i s  a  gent le  d ip  and no fau l t i ng .  
I n  the southern Blue Grass, 

Figure 10. Topographic map of 

f a u l t i n g  i s  present and the  d ip  i s  
the Junction City Quadrangle 

steeper, r e s u l t i n g  i n  Knobs tha t  showing the residual hummocky 
are narrow i n  areal  extent. terrain and the broad lowlands - - 

~ l t h o u g h  both areas are rugged between the knobs (from McGrain, 
topographical ly ,  the stream 1983,  p .  47) .  
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an imposing c l i f f  face. This area 
i s  s t r u c t u r a l l y  a v i r t u a l  
dup l i ca te  o f  t he  Eastern Kentucky 
Coal F i e l d  o f  t he  Cumberland 
Plateau, although the  e leva t ion  i s  
lower and the  r e l i e f  i s  no t  as 
great .  The presence of sandstones 
and f a u l t i n g  has resu l t ed  i n  
several h i l l y  areas standing i n  
r e l i e f  against broad va l l eys  
f orrned from eroded shales. River 
va l l eys  such as those of  t he  Green 
and Tradewater r i v e r s  were eroded 
deeply p r i o r  t o  t h e  Pleistocene, 
and subsequently f i l l e d  i n  w i t h  
a l l u . v i a l  deposi ts dur ing ponding 
caused by i c e  blockage of  t he  Ohio 
River. The r e s u l t i n g  broad f l a t  
areas are r e a d i l y  amenable t o  
agr i cu l tu re .  The a g r i c u l t u r a l  
p r o d u c t i v i t y  o f  t he  area i s  i n  
sharp cont rast  t o  coal mining 
which r e s u l t s  i n  ru i na ton  of 
a g r i c u l t u r a l  land. Few caves are 
found i n  t h i s  area because of the  
lack of exposed l imestone on the  
predominently Pennsylvanian rocks. 
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Chapter 2 
CAVES OF KENTUCKY 

Angelo I .  George 
A. I.  George Consultants 

1869 Trevilian Way 
Louisville, Kentucky 40205 

The caves o f  Kentucky have been 
important i n  the  h i s t o r y  o f  set- 
t lement pat terns f o r  both the  
American Indians and the  pioneers. 
Many of  the  cave entrances served 
as l i v i n g  quarters t o  t he  Indians. 
The Indians explored some of these 
caves and exp lo i ted  the  mineral 
resources such as water, gypsum, 
epsomite, f l i n t ,  and c a l c i t e .  The 
best examples are Mammoth Cave, 
S a l t s  Cave (Edmondson County) and 
Great Wonderland Cavern (Hardin 
County). By t he  middle p a r t  of the 
18th century, pioneers were moving 
westward i n t o  a  land c a l l e d  Ken- 
tucky. L i ke  the  Indians. the  p io-  
neers used caves f o r  she l te r  (Cave 
Hut, Muhlenburg County); they too 
exp lo i ted  the  mineral resources 
found i n  the  caves, espec ia l l y  
water, epsomite, copperas, and 
sa l tpe te r .  Caves have been used as 
storehouses f o r  f oods tu f f s  
(Breeding Sal tpeter  Cave, ada i r  
County), mushroom farms 
(Constantine Sal tpeter  Cave, 
Hardin County), and l i ves tock  
quar ters  (Hidden River Cave, Hart 
County). During these ea r l y  times, 
few records of caves are known. 
What i s  known about t h i s  ea r l y  
per iod i s  based upon contemporary 
i nves t i ga t i ons  i n t o  t he  h i s t o r y  
and archeology of t he  s i t e .  

The f i r s t  inventory  o f  caves i n  
Kentucky sprang out o f  a  need t o  

e x p l o i t  t h e i r  economic worth i n  
the  ea r l y  1800s. This inventory  
was fo l lowed by academic i n q u i r i e s  
i n t o  t he  d i s t r i b u t i o n  of caves 
because of t h e i r  unique fauna, 
f l o r a ,  and archeological s i g n i f  i- 
cance. The contemporary inventory 
of caves i n  Kentucky began w i th  
e a r l y  e f f o r t s  by the  National 
Speleological Society, fo l lowed by 
l o c a l  g ro t t os  and i nd i v i dua l s  
c o l l e c t i n g  and mapping caves i n  
t h i s  state.  

I n  1806 a  Lexington sa l tpe te r -  
gunpowder entrepreneur by the  name 
of Samuel Brown wrote o f  6 caves, 
g i v i n g  t h e i r  name, locat ion,  some 
notes on each cave, and a  de ta i led  
descr ip t ion  of one of them. He 
knew of others, but  concentrated 
on the  ones t h a t  he owned i n  
present day Rockcastle, Jackson, 
and Hardin counties. 

I n  1817, Luke Munsell was h i r e d  
by t he  s t a t e  government as chief 
surveyor and d i rec ted  t o  produce a  
h igh qua l i t y ,  de ta i l ed  map of 
Kentucky. Ry using e x i s t i n g  maps 
and h i s  p r i o r  survey f i e l d  work, 
coupled w i th  new f i e l d  
inves t iga t ions ,  Munsell by 1818 
had published h i s  "Large Map of 
Kentucky." This was the  f i r s t  
r e a l l y  accurate map of t he  State 
which showed the  pos i t i ons  n f  
c u l t u r a l  and na tu ra l  features i n  
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t h e i r  t r u e  s p a t i a l  r e l a t i onsh ips  
w i t h  one another. Munsell took i t  
upon himself t o  inc lude  remarkable 
geographic places. The completed 
map thus shows a number o f  ka rs t  
features, s i nk ing  streams. 
springs, dry  stream channels, and 
cave entrances. No other s i ng le  
map i n  the  S ta te  was t o  inc lude 50 

many kars t  features up t o  the  t ime 
of  our modern topographic mapping 
program. The f i r s t  r e a l  catalog of 
caves and t h e i r  d i s t r i b u t i o n  was 
publ ished by Constantine S. 
Rafinesque i n  1832. This catalog 
i s  based upon h i s  tenure a t  
Transylvania Col lege (Lexington. 
Kentucky) between 1818 and 1826. 
He was the  f i r s t  t o  examine the 
caves' geological  and zoological  
content. He devised seven 
d i f f e r e n t  c l a s s i f  i ca tons  of caves: 
c l i f f  caves (rock cas t les  or  rock 
houses), f i s s u r e  caves, s ink ing  
caves, spr ing caves, c r a t e r  or  
funnel caves, s a l t p e t e r  caves, and 
s t a l a c t i c a l  caves. He gave names, 
locat ions,  and phys ica l  
descr ip t ions  of e i g h t  caves i n  
Kentucky. Four of t he  caves 
s tud ied occur i n  t he  Inner Blue 
Grass, two caves i n  t h e  Cumberland 
Plateau of Rockcastle County, and 
two caves i n  t h e  Wississippian 
Plateau of Edmonson County. 

Kentucky h i s t o r i a n s  have played 
a key r o l e  i n  t h e  preservat ion of 
accounts o f  e a r l y  cave 
exp lora t ions and discoveries. 
Lewis C o l l i n s  (1847), fo l lowed by 
h i s  son, Richard C o l l i n s  (1874), 
i n  t h e i r  "H is to ry  o f  Kentucky," 
recorded the  l o c a t i o n  and physical  
descr ip t ions  o f  caves by county. 
Data were gathered wi thout  c r e d i t  
from o l d  newspaper accounts. 
travelogues, and a smatter ing o f  
s c i e n t i f i c  pub l i ca t ions .  Cave 
descr ip t ions  selected were usua l l y  
of the  k ind  w i t h  bottomless p i t s  
(Frenchman Knob P i t ,  Har t  County) 
or  l o s t  Roman t reasure caves 
(Love11 Cave, Muhlenburg County). 
I f  t he  cave contained animal 
bones, espec ia l l y  mammoth bones, 
the  f i n d i n g  of such i n  a  cave was 
a f a v o r i t e  v i gne t te  of t he  
Co l l i ns ' .  A l l  succeeding 19th 

century h i s t o r i a n s  fo l lowed t h e i r  
o u t l i n e  of cave deacriptons. 

Throughout t he  19th century, the  
fame of  Mammoth Cave dominated the  
cave scene w i t h  a  host  of 
descr ip t ions  and maps publ ished on 
t h i s  famous wonder of t he  world. 
There would be sporadic references 
t o  nearby caves, such as Dixon, 
Long. Short, Hundred Domes, James, 
Diamond, Hidden River ,  and Mammoth 
Onyx caves. Occasional1 y, a  
travelogue would descr ibe other 
caves i n  t he  State. Alexander 
Wilson (1810) wrote of 
Rleedinghearts Cave (Warren 
County), and the  anonymous 
( a t t r i b u t e d  t o  Constantine S. 
Rafinesque, 1820) account of 
Russell Cave (Fayet te County) made 
f o r  a  f i n e  add i t i on  t o  t he  speleo 
h i s t o r y  of the  State. But, a l l  i n  
a l l ,  caves outs ide t h e  Mammoth 
Cave Region seem t o  have l i t t l e  t o  
o f f e r  i n  comparison. 

Between the  t ime o f  Rafinesque 
and Alpheus S. Packard there  i s  a  
h ia tus  w i t h  l i t t l e  reg iona l  
c o l l e c t i o n  of cave s i t es .  Packard 
conducted an extensive inventory  
o f  cave l i f e  from t h e  caves of 
Kentucky and publ ished h i s  
f i nd ings  i n  1888. He mentioned 
more than 50 caves from s i t e  data 
and c o l l e c t i o n s  by Nathaniel S. 
Shaler and h i s  Kentucky Geological 
Survey i n  1875. Ar thur  M. M i l l e r  
(19191, Sta te  Geologist,  l i s t e d  16 
representat ive caves and 5 areas 
where caves occur. Gerard Fowke 
(1922) describeed 39 caves i n  t he  
State as p a r t  o f  h i s  midwest 
archaeological inves t iga t ions .  

From 1923 t o  1957, Wi l l iam D. 
Funkhouser and Wi l l i am S. Webb 
explored, excavated, and cataloged 
caves as p a r t  of a  Statewide 
inventory  of archeological  s i t e s  
i n  Kentucky. 

The massive p u b l i c i t y  r e s u l t i n g  
from Floyd C o l l i n ' s  entrapment i n  
Sand Cave, Edmonson County. 
generated a  demand f o r  more 
newspaper a r t i c l e s  on caves, and 
not  j u s t  caves i n  t he  Mammoth Cave 
v i c i n i t y ,  but caves a l l  over 
Kentucky. There was a p le thora  of 
newspaper a r t i c l e s  publ ished 
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between 1925 and 1935. The maximum 
amount was i n  1925 dur ing  t h e  
C o l l i n s  i nc i den t  and j u s t  a f t e r  
h i s  death. 

I n  1943, t h e  f l e d g l i n g  Nat iona l  
Speleol og i ca l  Soc ie ty  undertook 
t h e  ca ta log ing  o f  a l l  known caves 
i n  t h e  Un i ted  s t a t e s  and t h e  
world; Robert Morgan began t h i s  
task and produced t h e  f i r s t  modern 
ca ta log  o f  caves. By 1944, he had 
i nven to r i ed  102 caves i n  t h e  S ta te  
and t h e  l i s t  was documented w i t h  
an ex tens ive  b ib l i og raphy .  From 
t h a t  t ime,  g ro t tos ,  surveys, and 
i n d i v i d u a l s  have maintained 
ex tens ive  ca ta logs  o f  caves i n  
Kentucky. 

C o l l e c t i o n  e f f o r t s  over t h e  
l a s t  20 years has y i e l ded  3,770 
caves and 1,057 cave maps spread 
ou t  i n  87 o f  t h e  120 count ies  i n  
Kentucky (F ig.  1, Table 1) .  The 
gr idwork d i sp l ay  i n  F igu re  1 was 
constructed by p l o t t i n g  cave 
entrances on 2.5 minute centers  of 
l a t i t u d e  and longi tude.  

GEOGRAPHIC DISTRIBUTION 
OF CAVES IN KENTUCKY 

Kentucky i s  conta ined i n  p a r t s  
o f  t h e  Coastal P la in ,  I n t e r i o r  Low 
Plateaus, and Appalachian Plateau 

Province i n  t h e  southeastern 
Un i ted  States. The S ta te  can be 
d i v i ded  i n t o  s i x  major geomorph.ic 
reg ions  t h a t  c l o s e l y  a l i g n  
themselves w i t h  prominent 
l i t h o l o g i c a l ,  s t r u c t u r a l .  
hyd ro log ica l ,  and geomorphological 
changes i n  t h e  topography (Fig. 
2 ) .  The geomorphic reg ions  a re  
( from east t o  west): Eastern 
Kentucky C o a l  Field, Knobs, Blue 
Grass, Miss iss ipp ian Plateaus, 
Western Kentucky Coal F i e l d ,  and 
Jackson Purchase. Caves a re  
developed i n  Paleozoic carbonates 
ranging i n  age from Middle 
Ordovician through La te  
Miss iss ippian.  We1 1 developed 
pseudocaves occur i n  Lower 
Pennsylvanian conglomerates and 
c l a s t i c s .  No caves hae been 
repor ted i n  anyth ing younger than 
Ea r l y  Pennsylvanian i n  age. 

S t r uc tu ra l  development of the  
C inc inna t i  Arch coupled w i t h  
sediment downloading of t h e  
Eastern and Western Kentucky Coal 
basins a t  t h e  c lose  of t h e  
Paleozoic Era se t  t h e  stage f o r  
t h e  present d i s t r i b u t i o n  of caves 
i n  Kentucky. Major landscapes as 
we see them today have been i n  
ex is tence s ince t h e  end o f  the  
Cretaceous Period. General ly ,  cave 

Figure 1. Distribution of caves in Kentucky, plotted on 2.5-minute 
centers of latitude and longitude. 
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Table 1 
L i s t i n g  o f  Caves i n  Kentucky by County 

T o t a l  No. Caves 3770 
Co. w i t h  Caves 87 
No. Mapped Caves 1057 

NO. NO. HAP NO. 
COUNTY CAVES CAVES COUNTY CAVES 

Ada i r  35 6 Laure l  1 

Anderson 18 Lee 43 
A l l e n  20 7 Letcher  27 
Barren 135 43 L i v i n g s t o n  14it 
R reck in r i dge  425 7 1 Log an 55* 
Be1 1 B - .-. Lyon 9+ 
Roone 8 Madison 27 
Bourbon 12 6 Magof f i n 2 
Boyde 1 Marion 9 
Roy 1 e 8 Mason 1 
R u l  l e t t  30 30+++ McCreary 14 
B ~ t t l  e r  10 Meade 212 
Cal dwe l l  39rc 25 Menif ee 4 
Car te r  187 36 Mercer 37 
C a r r o l l  1 Metca l f  e 19 
Casey 6 Monroe 22 
C h r i s t i a n  24 15 Morgan 1 
C l a r k  9 1 Montgomery 4 
C l i n t o n  B 3 Muhlenburg 3 - 
C r i  t t enden  25 B Nelson 2 1 
Cumberland 16 4 Nicho las  1 
Edmonson 173 44 Ohio 4 
E l l i o t t  2 1 Oldham 13 
E s t i l l  37 Owen 5 
F a y e t t e  72  2 1 P i k e  1 
F l o y d  2 Powel l 37 
Frank1 i n  28 1 P u l a s k i  148 
Garrard 10 Hockcast le  181 
Grayson 4 1 9 Russel 1 10 
Green 71 B Sco t t  12 
Greenup 1 She1 by 3 
Handcock 1 S i  mpson 48 
Hard in  297 62 Tayl o r  B 
Har lan  - 7 Todd 18 
Harr  i son 1 T r i g g  66 
Har t  207 74 Tr imble 10 
Henderson 2 Union 2 
Henry 23 3 Warren 198** 
Hopkins 2 Washington 1 
Jackson 134 10 Wayne 94 
Je f fe rson  109 32+xit Whi t ley  1 
Jessamine 50 12 Wolf 7 
t i no t t  1 Woodf o r d  40 
Larue 23 M i  sce l  1 aneous 3 

*John Mylroie, personal communication, 1984. 
**Central Kentucky Cave Survey, Bull. No. I. 

***Phillip Di81asi , personel communication. 

. - - - - - - - - - - - - 
NO. MAP 

CAVES 
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Figure 2 .  Six major geomorphic reg ions  of Kentucky. 

development sought out 
s t r u c t u r a l l y  favorable areas where 
there  was a maximum amount of 
r e l i e f  between the  po in t  of 
recharge and the  p o i n t  of 
discharge along base l e v e l  
streams. The great  caves of long 
extent  are a l l  found adjacent t o  
s t r u c t u r a l l y  induced Chesterian 
(Mammoth Cave System, Edmonson 
County) and P o t t s v i l l e  escarpments 
(Cave Creek System, Pulaski  
County) or  along the  c res t s  of 
a n t i c l i n e s  (Hayes Cave, Grayson 
County) and sync l ines (Big Bat 
Cave. Breckinr idge County). 
Frequency of cave entrance 
occurence, passage s ize,  and 
groundwater y i e l d  decreases i n  the  
d i r e c t i o n  of recharge boundaries. 
This genera l iza t ion can be seen i n  
t he  north-centra l  Kentucky kars t  
and i s  consistent  w i t h  
Swinnerton's (19.72) t heo re t i ca l  
speleogenesis model. 

Pennsylvanian cyclothemic 
sandstones, shales, coals, 
s i l t s t ones ,  and l imestones on the  
downdip s ide (Fig. 2 ) .  The basin 
can be subdivided i n t o  th ree  
sections: Cumberland Mountain, 
Kanawha, and Cumberland Plateau. 
Caves are found i n  a l l  th ree  
sections. The ma jo r i t y  of the 
caves are developed w i t h i n  the  
Cumberland Mountain and Cumberland 
Plateau sections. 

Curnberland Mountain Section 
Along the  southeastern boundary 

of the  Eastern Kentucky Coal F i e l d  
i s  t he  Pine Mountain Overthrust 
Faul t .  This f a u l t  has formed a 
sync l ina l  trough f lanked by two 
p a r a l l e l  mountains, Cumberland and 
Pine. The northwestern slope of 
Fine Mountain contains t he  
ma jo r i t y  of caves i n  t h i s  
l o c a l i t y .  Here, Mississ ippian 
carbonates have been over thrust  t o  
the  northwest out and on top of 

Eastern Kentucky Coal the  Kanawha sect ion of 
Field Region Fennsyl vanian c l as t i cs .  The 

The Eastern Kentucky Coal F i e l d  carbonates are extens ive ly  
Region i s  a sync l i na l  s t r u c t u r a l  f rac tured and caves have formed 
basin f i l l e d  w i t h  Niss iss ipp ian along the  s t r i k e  and Pine 
carbonates and c l a s t i c s  on the  Mountain. Pine Mountain s t re tches 
updip side, and ove r l a i n  w i th  f o r  more than 160 km through 
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Kentucky and contains over 91 m o f  
carbonates. Th is  k a r s t  area 
represents probably one of  the 
greatest  untapped caving 
l o c a l i t i e s  i n  t he  State. There i s  
much p o t e n t i a l  f o r  b i g  cave. deep 
p i t s ,  and systems t o  keep cavers 
busy f o r  years. The most famous 
caves are L ine fo rk  Cave, Icebox 
Cave, the  Payne Gap Cavern, Payne 
Gap Water Cave, and Angel Cave. 
The Colehole i s  a 73-m-deep p i t  
w i t h  no passage a t  t he  bottom. 
Sand Cave i s  a pseudokarst feature 
formed i n  t h e  Lee Sandstone. 
Carbonate cave passage 
conf igurat ion i s  s i m i l a r  t o  t h a t  
seen i n  the  Val ley and Ridge areas 
o f  V i rg in ia .  

Kanawha Section 
The Kanawha Section i s  the  

hear t land of the  Eastern Kentucky 
Coal F ie ld .  It i s  a paradise f o r  
t h e  coal and o i l  barons, and a 
bane f o r  t he  caver, w i t h  
impossible roads, rugged terrane, 
and few caves. Few caves are 
memorable, and the  geologic 
sect ion i s  f u l l  of Pennsylvanian 
c l a s t i c s ,  coals, shales, and t h i n  
carbonate un i t s .  There are l e s s  
than 20 caves indexed from t h i s  
sect ion i n  Kentucky. 

Cumberland Plateau Section 
St re tch ing f o r  more than 190 km 

across t he  east c e n t r a l  p a r t  of 
Kentucky i s  one of t he  paramount 
cave and kars t  l o c a l i t i e s  i n  the  
State. The l o c a l i t y  i s  bounded on 
the  west by t he  Highland R i m  
Escarpment and on the  east by the  
P o t t s v i l l e  Escarpment. More than 
840 caves are known from t h i s  
area. Caverns of every poss ib le  
desc r i p t i on  can be found i n  t h i s  
sect ion,  whether large,  d ry  
walking passage. or  wet and muddy 
s lush tube. Representative caves 
are: Sloans Val ley  System, Cave 
Creek System, Goochland-Smokehole 
Complex, Great Sa l t pe t re  Cave, 
T r i p l e  S Cave, and Eureka Cave. 

Ry r i g h t s ,  t he  Carter County 
ka rs t  should be i n  t he  Kanawha 
sect ion; ra ther ,  i t  e x i s t s  as a 
f i nge r  o f  H iss iss ipp ian  carbonates 

w i t h i n  t he  northwestern p o r t i o n  o f  
t he  Kanawha sect ion. Nearly 200 
caves are known from t h i s  area. 
Many of these caves are long 
braided networks o r  maze caves. 
Rest known are Bat Cave, Sa l tpeter  
Cave, Burchetts Cave, Carter C i t y  
Connection, I r o n  H i l l  System, and 
the  Cascade System. The highest  
dens i ty  of caves occur along the  
a x i s  o f  a syncl ine,  t runcated by 
deeply entrenched Tygarts Creek. 
This s t r u c t u r a l  s e t t i n g  provides 
f o r  maximum rock f r a c t u r i n g  along 
the  a x i s  of the  syncl ine,  g i v i ng  
r i s e  t o  network cave development. 
Cave entrance d i s t r i b u t i o n  i n  
Carter County shows a 
northeast-southwest s t i k e  
o r i en ta t i on  along the  P o t t s v i l l e  
Escarpment. Major streams fo l low 
t h i s  t rend  toward t he  Ohio River. 

Pseudokarst i n  t he  form of 
na tu ra l  br idges, rock she l te rs ,  
l ighthouses,  and do l ines  are we l l  
developed adjacent t o  va l l eys  
breaching the  P o t t s v i l l e  
Escarpment. These features have 
formed i n  t he  Lee Formation, a 
sandstone-conglomerate of Ear ly  
Pennsylvanian age. Best recognized 
are t he  na tu ra l  br idges and 
pseudokarst caves o f  the  Red River 
Gorge i n  Powell County and the  
Natural  Arch i n  McCreary County. 

Inspect ion of cave entrance 
dens i ty  reveals a dominant 
northeast-southwest t rend  p a r a l l e l  
t o  the  s t r i k e  of t he  P o t t s v i l l e  
Escarpment. Dominant cave passage 
t rends are t o  the  northeast  and 
northwest. This same p a t t e r n  i s  
repeated i n  most o f  t he  major 
caves throughout t he  State. 
S t ruc tu ra l  upwarping o f  the  
Cinc innat i  Arch and development of 
t h e  Appalachian Mountain System 
are responsib le f o r  f os te r i ng  the  
o r i g i n a l  f r ac tu re  pat tern ,  v i s i b l e  
today i n  t h i s  dominance of cave 
passage trends. 

Mississippian Plateaus Region 
The Miss iss ipp ian Plateaus 

Region (Fig. 3)  i s  t he  la rges t  
s i ng le  continuous sequence of 
exposed f rac tu red  karsted 
carbonate rocks i n  Kentucky. The 
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Figure 3. The Mississippian Plateaus Region, which contains 2,125 
known caves, including Mammoth Cave. 

region contains the largest 
compliment of caves with 2,125 
known: the largest cave system in 
the world, Mammoth Cave; and a 
collection of lesser systems that 
are among the great long caves in 
the world: Whigpistle, Hicks, Pig 
Pat, Lost River, Lisanby, Big 
Sulphur. and Gradys. 

There is a distinct regional 
clustering of cave entrances along 
the Chester Escarpment from 
Prandenburg in Meade County 
through Bowling Green in Warren 
County. Cave entrance density 
declines in both directions away 
from the escarpment. The largest 
of the cave systemsare all found 
beneath the Chester upland or 
below outliers from this landform. 

Large graded trunks and bedding 
plane tubes are the typical cave 
passages. These passages occur in 
the Middle Mississippian carbonate 
units. In contrast, the character 
of the cave passages in Chesterian 
rocks is joint determined maze. 

Just north of Mammoth Cave is a 
Pennsylvanian conglomerate and 
sandstone f i 1 led f ossi 1 river 
valley. Contained within the 
Prownsville Channel are 
pseudokarst caves, dolines, 
springs, and ponors. 
Representative are: Big Spring, 
Holley, and Lines caves. Deep 
shafts have formed as a result of 
initial pseudokarst development 
followed by interstratal 
karstification at 
clastic-carbonate contacts. Good 
examples can be seen at Frenchman 
Knob Pit and Lost Hound Pit, Hart 
County. 

In the far northwestern part of 
the region is the Western Kentucky 
Fluorspar District. The Rough 
Creek Fault Zone has intensively 
fractured this part of the State. 
It is the site of hydrothermal 
activity. Karstification has 
occurred along the faults, joints, 
and bedding planes. These features 
have been filled in with minerals 
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from the hydrothermal a c t i v i t y .  
Over 50 caves are known from t h i s  
l oca l  i ty.  The re1  a t i  onshi p  between 
hydrothermal a c t i v i t y ,  and cave 
development i s  a  subject  f o r  
f u r t h e r  inves t iga t ion .  

Western Kentucky Coal 
Field Region 

L i ke  the  Kanawha Section i n  the  
Eastern Kentucky Coal F i e l d  
Region, cave development i s  sparse 
i n  t h i s  reg ion of Kentucky. The 
few caves t h a t  are  found are 
mostly c lus tered along the  s t r i k e  
of the P o t t s v i l l e  Escarpment, and 
r a p i d l y  decrease i n  number 
westward i n t o  the  i n t e r i o r  o f  the 
s t r u c t u r a l  basin. More than 60 
caves are known from t h i s  region. 

Tectonic a c t i v i t y  along the  
Rough Creek Fau l t  Zone has 
fostered the  condi t ions f o r  cave 
development i n  cen t ra l  Grayson 
County. More than two t h i r d s  o f  
the  caves known i n  the  county 
occur on or  adjacent t o  f au l t s .  A 
l a rge  scale po l  je, c a l l e d  The 
Sink, i s  developed along the  Rough 
Creek Fau l t  Zone i n  M i  s s i  s s i  pp i  an 
carbonates. This po l  j e  i s  more 
than 40 km west o f  the  nearest 
surface outcrop o f  Middle 
Mississ ippian rocks. 

sub-regions: Inner Blue Grass, 
Eden Shale, and Outer Elue Grass 
(Fig. 4 ) .  The geomorphic 
subdiv is ions are def ined upon 
l i t h o l o g i c  and s t r u c t u r a l  con t ro ls  
o f  the  Cinc innat i  Arch and the  
upwarped Lexingtan Dome. The 
ove ra l l  p i c t u r e  i s  one o f  
concentr ic  bands o f  con t ras t ing  
rock types. The Inner Rlue Grass 
contains Middle Ordovician 
carbonates and shales; t he  Eden 
Shale Eel t contains Upper 
Ordovi c i  an shal es; the  Outer H l  ue 
Grass con t ins  Upper Ordovician and 
Silurian-Devonian carbonates and 
shales. 

Inner Blue Grass Subregion 
The cave and ka rs t  area of t he  

Inner Rlue Grass i s  a  t r i angu la r  
area centered i n  Fayet te County. 
I t s  base i s  j u s t  east o f  Lexington 
and i t s  apes extends i n t o  Woodford 
County. The highest  dens i ty  o f  
raves occurs i n  cen t ra l  Woodford, 
Fayet te and Jessamine counties. I n  
southern Fayette and i n  Jessamine 
counties, cave and p i t  entrances 
show good para1 l e l  a1 ignment along 
the  s t r i  ke of master streams. 

Few caves are developed east o f  
the Lexington Fau l t  System, which 
i s  the  eastern l i m i t s  o f  the  

Jackson Purchase Region 
The Jackson Purchase Region i n  

western Kentucky i s  p a r t  o f  the  
northern extension of the  
Mississ ippian Embayment. The 
embayment was f i l l e d  i n  w i t h  
cont inenta l  sediments a t  the  c lose 
o f  the  Cretaceous Period. These 
sediments have bur ied  the  western 
end of the  Mississ ippian Plateaus 
Region. There are no enterable 
caves i n  t h i s  sect ion of Kentucky: 
but,  wel l  d r i l l i n g  a c t i v i t y  has 
recorded karren topography w i th  15 
t o  30 m o f  r e l i e f ,  bur ied beneath 
more than 305 m o f  sediment. Karst  
c a v i t i e s  or  be t t e r  yet,  caves, 
occur below the karren zone of 
Faducah. 

Figure 4 .  Divis ions of t h e  Blue 
Blue Grass Region Grass Region, showing the  con- 

The Blue Grass Region can be c e n t r i c  bands o f  c o n t r a s t i n g  
div ided i n t o  three main rock types .  
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Lexington karst .  There i s  a 
recurrence of  caves i n  cen t ra l  
Bourbon and Clark counties. The 
caves and kars t  o f  Clark County 
are  i n  one of  t h e  few areas where 
t he  Eden Shale i s  t h i n ,  and caves 
have formed i n  t he  under ly ing 
carbonates adjacent t o  stream 
val leys.  This s i t u a t i o n  a lso  holds 
t r u e  f o r  the ka rs t  i n  the  v i c i n i t y  
of Harrodsburg, Mercer County. 

Representative caves i n  t h i s  
l o c a l i t y  are: Hryants, Russel l ,  
Phelps, and Foggs. Over 260 caves 
have been inven to r ied  i n  t h i s  
l o c a l i t y .  

Eden Shale Belt Subregion 
Generally, t h e  Eden Shale B e l t  

i s  devoid of cave development, 
except where t he  shale aqu i tard  i s  
t h i n  and the under ly ing carbonates 
are i n  c lose p rox im i ty  t o  base 
l eve l  drainage. 

Outer Blue Grass Subregion 
The Outer Blue Grass marks the  

recurrence of h i gh  densi ty cave 
and kars t  development. As i n  the 
Inner Blue Grass, cave entrances 
tend t o  c l us te r  near base l e v e l  
drainage and rap id1  y decrease 
toward drainage div ides.  There are 
two areas where most o f  the  caves 
occur. Several caves, such as 
Adams Sal tpeter  Cave i n  Madison 
County are found i n  the  southern 
p a r t  o f  the subregion. The 
ma jo r i t y  o f  t he  caves are re la ted  
t o  the  deep entrenchment of the  
Ohio River and i t s  t r i b u t a r i e s  
a1 ong the  f 01 1 owing counties: 
Henry, Oldham, Trimble, Shelby, 
Jefferson, B u l l i t t  and Nelson. 
About 280 caves are known and most 
are  small i n  l a t e r a l  extent,  
r a r e l y  exceeding 150 m i n  length. 
Caves tend t o  have b i g  entrances 
whose passages degrade i n t o  
crawl ways. 

Knobs Region 
The Knobs Region contains about 

15 caves. Most o f  the  knobs are 
made up of  s i  l t s t o n e  and shale, 
which are not  conducive t o  cave 
development. As Muldraughs 
(Highland R i m )  Escarpment i s  

BELT S U B R E G I O N  

approached, basal carbonates of 
Ear 1 y M iss iss ipp i  an age are 
present on top o f  t h e  knobs, and 
t h i s  i s  where t he  caves are 
1 ocated. 

CONCLUSION 

This d iscussion has on ly  been a 
b r i e f  overview o f  t h e  d i s t r i b u t i o n  
o f  caves i n  Kentucky. There are 
many caves known i n  add i t i on  t o  
t h e  ones used i n  t he  compi lat ion 
o f  t h i s  repor t .  Continuous e f f o r t  
dur ing t he  l a s t  20 years has 
allowed the  inventory  o f  3,770 
caves i n  Kentucky. I f  the  past i s  
any i n d i c a t i o n  of t h e  fu tu re ,  the  
next  20 years looks very b r i gh t .  
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Chapter 3 
THE INNER BLUE GRASS KARST REGION 

John Thrailkill 
Department of Geology 
University of Kentucky 

Lexington, Kentucky 40506 

Th is  d iscuss ion  o f  t h e  Inner  
B lue  Grass Region o f  c e n t r a l  Ken- 
t u c k y  has been e x t r a c t e d  from 
chapters  A and F o f  T h r a i l  k i l l  and 
o t h e r s  ( 1982) . On1 y m i  nor  changes 
have been made t o  c o r r e c t  typogra- 
p h i c  e r r o r s  and d e l e t e  re fe rences  
t o  o the r  chapters and omi t ted  por- 
t i o n s  o f  chapters A and F. 

The p r i n c i p a l  method used t o  
s tudy  t h e  area was water t rac ing ,  
and a d e s c r i p t i o n  o f  t h e  dyes and 
techniques used, as w e l l  as r e l a -  
t e d  l a b o r a t o r y  s t u d i e s  (Soc ie ty  o f  
Dyers and Co lou r ie t s ,  1971; 
Bu in lan  1977; Bu in lan  and Howe, 
1977: McCann, 1978; Byrd, 1981; 
Bu in lan  and Ewers, 1981; Spangler, 
1982; Spangler and o thers ,  submit- 
t e d  f o r  p u b l i c a t i o n )  a re  descr ibed 
i n  T h r a i l k i l l  and o the rs  (1982). 

The focus o f  work i n  t h e  reg ion  
has been on t h e  geol og i  c a l  , water 
supply,  and environmental  aspects 
o f  t h e  k a r s t  and i t s  a q u i f e r ,  and 
a1 though va luab le  i n fo rma t ion  on 
these s u b j e c t s  has been obta ined 
f rom s t u d i e s  i n  caves (as w i l l  be 
d iscussed) ,  such s t u d i e s  have been 
i n c i d e n t a l  t o  t h e  r e g i o n a l  study 
t o  date. No l i s t i n g  o r  cave loca- 
t i o n s  w i l l  be presented, both 
because such a l i s t i n g  would be 
incomplete and because o f  t h e  
s e n s i t i v e  1 andowner r e 1  a t i  onships 
t h a t  e x i s t  i n  many area5 i n  t h e  
reg ion .  

The i n f o r m a t i o n  t h a t  has served 
as t h e  b a s i s  o f  t h e  d iscuss ion  
t h a t  f o l l o w s  has l a rge1  y been 
de r i ved  from area s t u d i e s  i n  por- 
t i o n s  o f  t h e  r e g i o n  o u t l i n e d  on 
F i g u r e  1. The f i e l d  i n v e s t  i gat i on5 
i n  these areas were conducted by 
M. R. McCann (Nor theast  Woodford 
County a rea) ,  M. W. Hooper, J r .  
(Mercer County a rea ) ,  L. E. 
Spangler and J. W. Troester  
(no r the rn  Faye t te  and southern 

Sco t t  coun t ies  a rea ) ,  and D. R. 
Gouz i e (Walnut H i  11 area) . None 
o f  what f o l l o w s  would have been 
p o s s i b l e  w i thout  t h e i r  e f f o r t s .  A 
d e s c r i p t i o n  o f  each o f  these 
areas, as we1 1 as d e t a i l e d  i n f o r -  
mation on t h e  dye t r a c e s  made and 
s p r i n g  discharges determined, i s  
found i n  T h r a i l k i l l  and o the rs  
(1982). 

P o r t i o n s  o f  t h e  work descr ibed 
i n  t h e  present  r e p o r t  have a l ready  
appeared (McCann, 1978; T h r a i l k i l l  
and Troester  , 1978; Thra i  1  k i  11, 
1980: Thra i  1  k i  11 and o thers ,  
1980; Spang1 e r  and Thra i  1  ki 1 1 , 
1981; T h r a i l k i l l  and o thers ,  1981: 
Spangler, 1982) o r  have been 
accepted f o r  p u b l i c a t i o n  
T h r a i l k i l l  and o thers ,  accepted 
f o r  p u b l i c a t i o n ) .  

Major support  f o r  t h i s  work was 
prov ided by t h e  O f f i c e  o f  Water 
Research and Technology (now wi th -  
i n  t h e  Un i ted  S ta tes  Geologica l  
Survey),  Un i ted  S ta tes  Department 
o+ I n t e r i o r ,  as au thor ized by t h e  
Water Research and Development Act 
o f  1978, F'ublic Law 95-467. Addi- 
t i o n a l  funding was from t h e  
McFarlan Fund o f  t h e  Department of 
Geology, U n i v e r s i t y  o f  Kentucky; 
Dames and Moore: t h e  Georgetown 
Mun ic ipa l  Water and Sewer Service; 
t h e  Nat iona l  Speleologi  c a l  
Society ;  and t h e  I n s t i t u t e  f o r  
Min ing and Minera ls  Research, and 
t h e  Research Committee o f  t h e  
U n i v e r s i t y  o f  Kentucky. The 
support  o f  these agencies, as w e l l  
as t h e  landowners o f  t h e  reg ion  
and t h e  many o the rs  who have 
ass i s ted  t h e  research i s  g ra te-  
f u l  1  y  acknowl edged. 

Work has, and i s ,  c o n t i n u i n g  i n  
t h e  3 years s ince  t h e  d iscuss ion  
t h a t  f o l l o w s  was w r i t t e n .  Some o f  
t h e  research i s  descr ibed i n  Eyrd 
and Thra i  1  k i  11 (198.:) , Hooper and 
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Figure  1. Map of Inner  Blue Grass Region. Coverage of l a r g e r  s c a l e  
maps i n  T h r a i l k i l l  and o t h e r s  (1982)  i s  a l s o  shown. 
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Thra i  1  k i  11 ( 1983) , Thra i  1 k i  11 
(1983) , Thra i  1  k i  11 (1984) , 
T h r a i l k i l l  and Gou i ie  (1984), and 
Thra i  1  k i  11 (accepted f o r  
pub1 i c a t i o n )  . 

INNER BLUE GRASS REGION 

The Inner  B lue  ~ r a s s  Region i s  
an area o f  5,600 km2 i n  
c e n t r a l  Kentucky. It i s  l a r g e l y  a  
g e n t l y  r o l l  i n g  upland a t  an 
a l t i t u d e  o f  250 m, w i t h  genera l l y  
l e s s  than 50 m o f  r e l i e f ,  t h a t  has 
been termed t h e  Lexington 
Peneplain ( J i l l s o n ,  1961). Most o f  
t h e  streams which d r a i n  t h e  area 
a re  on t h e  upland, b u t  t h e  
Kentucky River ,  t h a t  crosses the  
reg ion ,  has i n c i s e d  a  gorge more 
than 100 m deep. A l t i t u d e s  range 
from 350 m i n  t h e  southeastern 
p o r t i o n  o f  t h e  upland t o  130 m 
a long t h e  Kentucky R iver  where i t  
leaves t h e  reg ion  i n  t h e  
northwest. 

Although t h e  streams on t h e  
upland sur face appear t o  prov ide  
normal sur face drainage, numerous 
k a r s t  landforms ( e s p e c i a l l y  
s inkho les)  a re  present,  and 
p o r t i o n s  o f  t h e  region,  some w i t h  
areas i n  excess o f  10 km2, 
have no sur face drainage. The 
o u t l i n e s  o f  t h e  reg ion  (F ig.  1) 
were def ined by i n c l u d i n g  w i t h i n  
i t s  boundaries a l l  7.5-minute 
quadrangles (1:24,000) t h a t  dep ic t  
a t  l e a s t  one s inkho le  by 
topographic contours ( i n t e r v a l  3.0 
t o  6.1 m) i n  rocks  o f  Middle 
Ordovic ian age. The Inner  Blue 
Grass Region i s  bo th  
geograph ica l ly  and 
s t r a t i g r a p h i c a l l y  d i s t i n c t  from 
another extensive k a r s t  area (a  
p o r t i o n  o f  which has been termed 
t h e  Cent ra l  Kentucky Kars t )  i n  
M iss i ss ipp ian  rocks,  as we1 1  as 
f rom smal ler  k a r s t  areas i n  
Kentucky i n  Upper Ordovic ian and 
S i l u r i a n  rocks. 

The mean annual p r e c i p i t a t i o n  
i s  about 1,150 mm, f a i r l y  evenly 
d i s t r i b u t e d  throughout t h e  year. 
Mean J u l y  and January temperatures 
a re  about 25 and (I0, 
r e s p e c t i v e l y .  The r e g o l i t h  i s  
o f t e n  a  meter o r  more t h i c k  and i s  

genera l l y  considered t o  be 
res idua l .  The e n t i r e  r e g i o n  i s  
south o f  t h e  area modi f ied  by 
P le is tocene g l a c i a t i o n .  The 
present  populaton i s  i n  excess o f  
350,000, o f  which more than h a l f  
i s  concentrated a t  Lexington, t h e  
second l a r g e s t  c i t y  i n  Kentucky, 
which l i e s  near t h e  center  o f  t h e  
reg ion  (Fig.  1). 

Geologic Structure 
The reg ion  occupies t h e  area 

where carbonate rocks  o f  Middle 
Ordovic ian age have been exposed 
by eros ion  on t h e  c r e s t  o f  t h e  
C i n c i n n a t i  Arch, a  r e g i o n a l  
s t r u c t u r a l  f e a t u r e  o f  t h e  eastern 
Un i ted  States. Regional d i p  i s  
genera l l y  away from t h e  h ighest  
p o i n t  on t h e  arch i n  Jessamine 
County (Fig.  1) i n  a l l  d i r e c t i o n s  
except t o  t h e  southeast, where t h e  
rocks  have been down fau l ted .  
Regional d i p  i s  g e n t l e  (on t h e  
order o f  10 m/km), and t h e  beds 
seen i n  outcrops genera l l y  appear 
near1 y  h o r i z o n t a l .  

The southeastern boundary o f  
t h e  r e g i o n  f o l l o w s  the Lexington 
F a u l t  System i n  t h e  south and t h e  
i n t e r s e c t i n g  Kentucky River  F a u l t  
System t o  t h e  east (Black and 
others,  1977). The eastern and 
southern s ides  o f  these f a u l t  
systems a re  downdropped, and 
u n k a r s t i  f i ed Upper Ordovician 
l imestones and shales cover the  
Middle Ordovic ian carbonates. 

There a r e  a  few areas o f  
s u b s t a n t i a l  f a u l t i n g  w i t h i n  the  
reg ion ,  such as t h e  Switzer Graben 
i n  Sco t t  County and t h e  extension 
o f  t h e  Lexington F a u l t  System t o  
t h e  nor th .  There a re  a l so  a  number 
o f  sho r t ,  h i  gh-angl e  f a u l t s  and 
m ine ra l i zed  veins. 

Stratigraphy 
The boundary o f  t h e  reg ion  

approximately co inc ides  w i t h  t h e  
depos i t i ona l  o r  f a u l t  contact  o f  
r e l a t i v e 1  y  pure Middle Ordovic ian 
carbonates w i t h  t h e  over ly ing ,  
t h i n l y  interbedded Upper 
Ordovic ian l imestones and shales. 
The o v e r l y i n g  l imestone and shale 
sequence has been designated t h e  
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Clays Fer ry  Formation, and the 
under ly ing carbonates are, from 
h ighest  t o  lowest, the  Lexington 
Limestone, Tyrone Limestone, 
Oregon Formation, and Camp Nelson 
L i  mestone. 

A11 o f  t h e  area studied t o  date 
has been i n  t he  lower po r t i on  o f  
the  Clays Fer ry  Formation and t he  
upper two-th i rds of  t he  Lexington 
Limestone. The lower t h i r d  of  t he  
Lexington Limestone ( inc lud ing  t h e  
Logana and Cu rdsv i l l e  members) and 
t he  t h ree  formations below F t  are 
exposed on ly  i n  t he  gorge of  the  
Kentucky River  and t he  lower 
reaches o f  i t s  t r i b u t a r i e s ,  and 
unde r l i e  areas no t  yet  
invest igated.  Furthermore, i t  i s  
be l ieved t h e  subsurface 
c i r c u l a t i o n  o f  meteoric water 
w i t h i n  t h e  area studied does not  
extend i n t o  these un i t s ;  the re fo re  
these u n i t s  w i l l  no t  be f u r t he r  
considered. 

The p r i n c i p a l  l i t h o l o g i c  
c h a r a c t e r i s t i c  o f  hydrogeologic 
i n t e r e s t  i n  t he  Lexington 
Limestone and over l y ing  Clays 
Fer ry  Formation i s  t he  amount of  
i nso lub le  mate r ia l  i n  t he  l a t t e r  
and i n  u n i t s  of  t he  former. This 
f a c t o r  has been considered a major 
con t ro l  i n  t he  development of 
s o l u t i o n  openings by most e a r l i e r  
workers (Hamilton, 1948, 1950; 
Palmquist and H a l l ,  1961; Mul l ,  
1968; Faust, 1977). S t ra t ig raph ic  
descr ip t ions  of  t h e  Clays Ferry 
Formation and t he  var ious subunits 
o f  t h e  Lexington Limestone 
accompany t he  pub1 ished geological 
quadrangles of  t he  area studied ( 

Black, 1964, 1967; Cressman, 
1964, 1967, 1972: Kanizay and 
Cressman, 1967; M i l l e r ,  1967; 
MacRuown and Dobrovolney, 1968; 
Pomeroy, 1968, 1970; Cressman and 
Harbar, 1970; Allingham, 1972). 
These descr ip t ions  are  bel ieved t o  
be based genera l ly  on hand 
specimen examination and usual 1  y  
s t a t e  the  approximate percentage 
of  c lay ,  cher t ,  and other 
i nso lub le  components, as we1 1 as 
note the  occurrence of  minerals 
such as dolomite and apat i te .  

I n  a  study of  the  Lexington 
Limestone i n  F rank l i n  County, 
F isher (1968) found t h a t  the  
maximum inso lub le  content of the 
G r  i er  and Tang 1  ewood 1 i mestone 
members was 15 percent and 
averaged l e s s  than 5  percent. H is  
data a lso i n d i c a t e  t h a t  the  
maximum content of  i nso lub le  
minerals i n  u n i t s  general 1  y 
considered a rg i l l aceous  (Macedonia 
Eed and Brannon Member) was on1 y  
25 per rent ,  and t h a t  l i t h o l o g i e s  
usua l l y  described as shales are 
usua l l y  more than 50 percent 
c a l c i t e  and dolomite. 

Cressman 11973) ca lcu la ted 
normative mineral percentages 
based on chemical ana lys is  of 
15-cm core segments from the Clays 
Fer ry  Formation and t he  
Mi l l e rsburg ,  Erannon, Tanglewood 
Limestone, and Gr ier  Limestone 
members o f  the  Lexington 
Limestone. Analyses were performed 
on f i v e  core segments selected 
random1 y  from the  core avai l a b l e  
f o r  each o f  the f i v e  un i t s .  The 
mean quartz p l us  c l ay  content 
ca lcu la ted f o r  t he  Gr ier  and 
Tanglewood l imestone members was 8 
percent and 5 percent 
respect ive1 y. For t he  remaining 
th ree  u n i t s  (considered 
arg i l laceous)  these amounts were: 
Erannon Member, 38 percent; 
M i l l e rsburg  Member, 35 percent: 
and Clays Ferry Formation, 44 
percent. 

Although dolomite i s  present i n  
most of  t he  un i t s ,  espec ia l l y  t he  
more a r g i l l a c i o u s  ones, i t  
genera l ly  occurs as i so la ted  
rhombs. Fisher (1968) found the 
dolomi te -ca lc i  t e  r a t i o  t o  be 
general ly  l ess  than 0.2 and t o  
exceed u n i t y  on ly  i n  one t h i n  
( l ess  than 1  m)  bed i n  t he  Gr ier  
Limestone Member. The normative 
mineralogy ca lcu la ted by Cressman 
(1973) y i e l d s  mean values of  t h i s  
r a t i o  t o  be 0.1 and 0.17 f o r  the  
Gr ie r  and Tanglewood l imestone 
members, respect ive ly :  t he  three 
a r g i l l a c i o u s  u n i t s  he examined 
range from 0.23 t o  0.46 (above). 

The s t ra t i g raph i c  nomenclature 
used on t he  var ious geologic maps 
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i s  n o t  always cons i s ten t ,  and t h e  
terminology o f  Cressman ( 1973) 
w i l l  be used i n  t h i s  r e p o r t .  
Except f o r  t h e  Clays F e r r y  
Formation and N i l l e r s b u r g  Member, 
a l l  o f  t h e  a r g i l l a c e o u s  u n i t s  (11 
u n i t s  o f  t h e  Lexington Limestone 
except t h e  Clays F e r r y )  a r e  l e s s  
( a c t u a l 1  y  cons iderab ly  l e s s )  than 
6 m t h i c k .  The d e l i n e a t i o n  o f  t h e  
v a r i o u s  u n i t s  i s  based on 
l i t h o l o g y ,  and t h e  u n i t s  show 
complex g rada t iona l  and 
i n t e r t o n g u i n g  r e l a t i o n s h i p s ,  which 
o f t e n  r e s u l t  i n  m u l t i p l e  
occurrenres o f  a  u n i t  i n  t h e  
s t r a t i g r a p h i c  sec t ion .  

I n  t h e  nor theas tern  Woodford 
County, no r the rn  Faye t te  and 
southern Sco t t  count ies,  and 
Walnut H i l l  areas, t h e  r e l a t i v e l y  
pure  Tanglewood and G r i e r  
l imestone members make up most o f  
t h e  sec t ion .  The a r g i l l a c e o u s  
M i l l e r s b u r g  Member, Greendale 
L e n t i l ,  and Stamping Ground Member 
occur w i t h i n  t h e  Tanglewood, t h e  
Frannon, and Cane Hun members a t  
o r  near t h e  Tanglewood - G r i e r  
con tac t ,  and t h e  Macedonia Fed 
occurs w i t h i n  t h e  under1 y i n g  
Gr ie r .  I n  t h e  Mercer County area, 
two r e l a t i v e l y  pure  u n i t s  over l ' i e  
t h e  Tanglewood, and o n l y  two o f  
t h e  a r g i l l a c e o u s  u n i t s  w i t h i n  t h e  
Lex ing ton  Limestone a r e  present. 
These r e 1  a t i  onshi  ps, which are  
cons iderab ly  s i m p l i f i e d ,  a re  shown 

i n  Table 1. Subd iv is ions  o f  t h e  
P e r r y v i l l e  i n  t h e  Mercer County 
area ( i  .e., C o r n i s h v i l l e  and 
S a l v i s a  beds) and t h e  t h i n  pure 
D e v i l s  Hol low Member w i t h i n  t h e  
Tanglewood i n  t h e  nor theas tern  
Woodford County area have been 
omi t ted.  

Previous Hydrogeologic Investigations 

A number o f  hydrogeologic 
s t u d i e s  o f  t h e  Inner  B lue  Grass 
Region have been publ  ished. The 
e a r l i e s t  o f  these, by tlatson 
(19091, d e a l t  w i t h  t h e  l a r g e r  Blue 
Grass Region, which i nc ludes  
ex tens i ve  non-karst areas ou ts ide  
t h e  Inner  B lue  Grass Region. He 
presented da ta  on a number o f  
w e l l s  i n  t h e  present  s tudy area 
(e.g., 48 i n  Fayet te  County, 30 i n  
Sco t t  County, and 20 i n  Mercer 
County , b u t  w i t h  such general 
l o c a t i o n s  t h a t  they  cou ld  no t  be 
u t l i z e d  i n  t h i s  study. H i s  
d iscuss ions  o f  t h e  hydrogeology 
a r e  general  and l a c k  conclus ions 
reg rad ing  c o n t r o l s  o f  groundwater 
occurrence and movement i n  t h e  
Inner  F l u e  Grass Region. 4l though 
he mentioned a t r a c e  t o  a sp r ing  
w i t h  o i  1  and NaCl , and t h a t  NaCl 
was used i n  an examination oS 
Royal Spr ing  (Matson, 1909, p. 
80-81). he g i ves  no l o c a t i o n  
i n f  ormat i  on. The on1 y publ i shed 
information on water t r a c i n g  i n  

Table 1.--Stratigraphic Units in the Study Area. All (Except Clays 

Ferry Formation) are Units of the Lexington Limestone. * Indicates Unit 
Present Only in Mercer County Area: **Indicates Unit not Present in 
Mercer County Area. 

LIMESTONE UNITS flRGILLACEOUS LIMESTONE UNITS 

S u l  p h e r  We1 1 Member* 
P e r r y v i  1 l e  L imestone Member* 
Tanglewood L imes tone  Member 
G r i  e r  L imes tone  Member 

C l a y s  F e r r y  F o r m a t i o n  
Mi 1 1  e r s b u r g  Member*+ 
Greendal  e  L e n t i  l** 
Stamping Ground Member 
Erannon Member 
Cane Run Member** 
Macedonia Bed 
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I 
the  reg ion  p r i o r  t o  t he  present 
study was presented by J i  11 son 
! 19451, who establ ished f l ow  
connections i n  t h e  Roaring Spring 
ground water basin i n  Woodford 
County. 

Hami 1  t on  ( 1950) reported an 
inventory  of  964 we l l s  i n  a  four  
county area (Rourbon, Fayette, 
Jessamine, and Sco t t ) .  Although he 
l i s t s  t h e  t o t a l  depth of a l l  bu t  a  
few o f  these, he repo r t s  water 
l e v e l s  i n  on ly  56 and hence could 
no t  prepare a map of  the  
potent iometr ic  surface. He s ta tes  
t h a t  on ly  about one out o f  f i v e  
we l l s  d r i l l e d  i s  product ive 
(Hamilton, 1950, p. 47-48) and 
concluded (a l so  i n  Hamilton, 1948) 
t h a t  s o l u t i o n  p o r o s i t y  i s  l i m i t e d  
t o  a  depth o f  25 meters, t h a t  such 
po ros i t y  i s developed mai n l  y  a1 ong 
j o i n t s  and i s  greatest  i n  
topograph ica l ly  low areas. He 
s ta tes  t h a t  a rg i l l aceous  l imestone 
u n i t s  w i t h i n  t he  Lexington 
Limestone p lay  a  major r o l e  i n  
t h a t  they severely i n h i b i t  the 
downward c i r c u l a t i o n  of  meteroic 
water and hence r e t a r d  the  
development of  so l  u t  i on porosi  t y  
i n  t h e  rocks t h a t  unde r l i e  them. 
H i s  maps, which de l inea te  areas o f  
high, intermediate,  and low 
p r o b a b i l i t y  of  ob ta in ing  a  
s a t i s f a c t o r y  y i e l d  and q u a l i t y  o f  
groundwater, are apparent ly based 
mainly on s t ra t ig raphy.  

A se r i es  of hydrogeologic maps 
cover ing t he  Inner Blue Grass 
Region (Hal 1  and Pal mqui s t ,  
1960a-d; Palmqui s t  and Hal 1  , 
1960a-c) were issued as p a r t  of a  
statewide p ro jec t ,  and a 
d iscussion of  t he  hydrogeology of  
t he  l a rge r  Blue Grass Region 
(whose area i s  near l y  30,000 
km') was publ ished i n  
Pal mqui s t  and Hal 1  ( 1961 . The 
hydrogeologic maps i n d i c a t e  areas 
o f  high, intermediate,  and low 
p r o b a b i l i t y  of  s a t i s f a c t o r y  wel l  
y i e l d  and q u a l i t y .  Although t h i s  
approach i s  the  same as the  one 
used by Hamilton, t he  two 
assessments are o f t en  q u i t e  
d i f f e r e n t  f o r  t he  same area 
(Hami 1  ton, 1950: Palmquist and 

Hal 1  , 1960~1. Var i  a t  i ons between 
the  assessments are probably due 
t o  d i f f e r i n g  eva luat ion c r i t e r i a  
and the  dens i ty  o f  we l l  cont ro l .  
Palmqui s t  and Hal 1  ' s  map (1960~ )  , 
o+ t h e  same four  count ies studied 
by Hamilton (1950) i s  apprent ly 
based on 64 we l l s  and 31 springs, 
as opposed t o  t he  964 we l l s  l i s t e d  
by Hami 1  ton. Thei r summary s ta tes  
t h a t  35 we l l s  and spr ings were 
inven to r ied  i n  each county and 
t h a t  water l e v e l s  were measured i n  
most we1 1s (Palmquist and Hal 1, 
1961, p. 3, 151, bu t  they g ive 
ne i t he r  t he  water l e v e l  nor a  map 
o f  t h e  potent iometr ic  surface. 

The summary (Pal mqui s t  and 
H a l l ,  1961) covers t h e  e n t i r e  Blue 
Grass Region, and i t  i s  d i f f i c u l t  
t o  separate t h e i r  conclusions on 
the  Inner Elue Grass Region from 
the  l a r g e l y  unka rs t i f  i e d  areas 
t h a t  surround i t .  They appear t o  
ascr ibe d i f fe rences  i n  we l l  y i e l ds  
i n  t he  Inner Blue Grass Region 
more t o  topographic posi  t i o n  than 
t o  s t ra t ig raphy  ( r e f l e c t e d  i n  
t h e i r  hydrogeologic maps) , which 
i s  more or  l ess  the  reverse of 
Hami l ton 's (1950) c r i t e r i a .  They 
a l so  s t a t e  t h a t  l e s s  than ha l f  of  
t he  we l l s  d r i l l e d  i n  the  bedrock 
are  successful (Pal mqui s t  and 
H a l l ,  1961, p. 21).  

Henderson and K r  i eqer ( 1964) 
presented a  summary o f  the  
geochemistry of waters of  the  
e n t i r e  Elue Grass Region. A b r i e f  
r epo r t  and map on t he  hydrogeology 
of Fayet te County by Hopkins 
( 1966a) expl d ins  groundwater f low 
i n  terms of reg iona l  and l oca l  
p o t e n t i a l  gradients con t ro l l ed  
mainly by topographic fac tors ,  and 
evaluates areas along mapped 
surface streams as having the  best 
prosects f o r  groundwater 
development . 

A r epo r t  by Mul l  (1968) a lso 
dea l t  w i th  the  hydrogeology of 
Fayet te County, bu t  t h e  most 
de ta i l ed  groundwater i nves t i ga t i on  
was i n  the  Georgetown Buadrangle 
extending t o  North Elkhorn Creek 
i n  Scot t  County. Mull considered 
t h a t  the  d i r e c t i o n  of  groundwater 
movement was con t ro l l ed  by the d i p  
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of the  rocks and t h e  topography, 
and presented h i s  data on water 
l e v e l s  i n  54 we1 1s on the  
s t ruc tu re  contour map. 

A study of we l l s  i n  t he  
Cen te rv i l l e  Quadrangle i n  Bourbon, 
Fayette. and Scot t  count ies 
(Johnson, 1970; Johnson and 
T h r a i l k i l l ,  1973) was designed t o  
evaluate the  r e l a t i v e  importance 
of t he  var ious f a c t o r s  proposed by 
e a r l i e r  workers. Based on 
informat ion (much o f  i t  from 
Hamilton, 1950) from 82 we l l s  
c l a s s i f i e d  as adequate, su l f u r ,  
s a l t ,  or dry, nonparametric 
s t a t i s t i c a l  methods were used t o  
t e s t  t he  e f f e c t  of  a  number of 
topographic, s t r a t i g raph i c ,  or 
s t r u c t u r a l  var iables.  A1 though 
apparent1 y  s i g n i f i c a n t  
r e l a t i onsh ips  were found, the  
interdependence of topographic and 
s t r a t i g r a p h i c  va r iab les  i n  an area 
of  near l y  hor i zon ta l  beds made the  
r e s u l t s  d i f f i c u l t  t o  i n t e r p r e t .  

Faust (1977), i n  a  study of a  
six-county area (Bourbon, Clark, 
Fayette, Jessamine, Scott ,  and 
Woodford), prepared t he  f i r s t  
potent iometr ic  map i n  the  region. 
A t  t he  small scale of  the  map, i t  
appears t o  conform ra ther  c lose ly  
t o  topography. The map was based 
on data from more than 500 wel ls  
(Faust, 1977, p. 9 ) ,  bu t  the data 
are  no t  shown. Faust a lso ou t l i ned  
t he  recharge areas of  a  number of 
spr ings and we1 1  s, i nc lud ing  Royal 
Spring, Spring S ta t ion  Spring, and 
Ve rsa i l l es  Spring. L i k e  e a r l i e r  
workers, he be1 ieves the  y i e l d  of 
we l l s  i s  r e l a t e d  both t o  
topography and s t ra t ig raphy.  

There are  a lso a number of  
Statewide repo r t s  t h a t  f u rn i sh  
s p e c i f i c  hydrogeological 
informaton w i t h i n  the  region. 
These repo r t s  inc lude Van 
Convering (1962) on l a rge  springs, 
Hopkins (1966b) on the  e levat ion 
o f  t he  f resh-sal ine water 
i n te r f ace ,  Whi tes ides (1971) on 
s p e c i f i c  capac i t i es  o f  we1 1  s, and 
a  se r i es  o f  annual water resources 
repo r t s  contain ing d a i l y  water 
l e v e l  data i n  ( cu r ren t l y )  four  
we l l s  i n  t he  Inner Blue Grass 

Region (United States Geological 
Survey, 1983, i s  the most recent) .  

Other pub l i ca t ions  deal ing 
p r i m a r i l y  w i th  other aspects of he 
geology o f  t he  reg ion have 
inc luded data and discussions of 
t he  hydrogeology. MacBuown (1967) 
located 16 spr ings and 2 wel ls  i n  
a  study of  the  Curdsv i l l e  
Limestone Member, the  basal u n i t  
of  the  Lexington Limestone. He 
found t h a t  some of  the  springs 
emerged a t  o r  near the  contact of  
l imestone beds and t h i n  bentoni tes 
and other shale un i t s ,  and t ha t  
the v e r t i c a l  in tergranu lar  
po ros i t y  and permab i l i t y  of  the 
Cu rdsv i l l e  was q u i t e  low. Another 
aspect o f  h i s  i nves t i ga t i on  showed 
t h a t  t rends of s inkhole and stream 
a1 1  ignments were s i m i l a r  t o  j o i n t  
o r i en ta t i ons  i n  the Eryan tsv i l  l e  
Quadrangle i n  the  southern par t  of  
t he  region. An expanded discusson 
o f  t h i s  r e l a t i onsh ip  can be found 
i n  Hi  ne ( 1970) , who a1 so showed 
t h a t  j o i n t s  and f r a c t u r e  t races 
( i d e n t i f i e d  by s o i l  tone on a e r i a l  
photographs) tended t o  be p a r a l l e l  
as we1 1  , and who located 5 we1 1  s  
i n  t he  B ryan tsv i l l e  Quadrangle, a t  
l e a s t  one o f  which was on s inkhole 
trend. 

GROUNDWATER BASINS 

The present day study has shown 
t h a t  t he  major f l ow  of  subsurface 
water i n  those po r t i ons  of  the 
Inner Blue Grass Region 
inves t iga ted  i s  i n  a t  l eas t  38 
i nd i v i dua l  basins. The term 
"groundwater" i s  usua l l y  reserved 
f o r  potable water i n  saturated 
voids which i s  beneath the  
potent iometr ic  sur face and hence 
a t  pressures greater  than 
atmospheric. Because these basins 
contain such water, they w i l l  be 
re fe r red  t o  as "groundwater 
basins" although much of t h e i r  
f low i s  unsaturated and above the  
potent iometr ic  sur face i n  what i s  
termed the  "vadose zone." These 
concepts w i  11 be d i  scursed 1  ater .  

Flow w i t h i n  each bas in  i s  
d e n t r i t i c ,  i n  t h a t  recharge from 
swal le ts ,  sinkholes, and elsewhere 
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successi ve l  y coalesces t o  emerge 
a t  a spr ing  t h a t  d ra ins  the  basin. 
A few such springs, such as 
Roaring Spring, Burgin Spring, and 
Cove Spring have m u l t i p l e  ou t le ts ,  
usua l l y  w i t h i n  a few tens of 
meters o f  each other; i n  two o r  
more o f  t he  o u t l e t s  dye was 
detected dur ing some traces. I n  no 
instance, however, d i d  dye 
detect ion i n d i c a t e  f l ow  between 
adjacent basins. I n  a few basins 
(Roaring Spring, D i s t i l l e r y  
Spring, Slacks Spring, and 
Vaughans Spr ing),  major f low 
appears a t  the  surface a t  the 
bottom of  deep s inks  !karst 
windows), and discharge from 
Spring Lake Spring feeds a surface 
stream t h a t  f lows i n t o  a swal l e t  
of the  Lindsay Spring Basin. 

Although groundwater basins are 
a fundamental element of the 
hydrogeology of t h e  region, there 
has been l i t t l e  d iscussion by 
previous workers. Palmquist and 
H a l l  (1761, p. 14) considered 
groundwater i n  the  e n t i r e  Elue 
Grass Region ( i nc lud ing  the Inner 
Blue Grass Region) t o  occur i n  
small ,  s e l f  -contained u n i t s  tha t ,  
w i t h  few exceptions, coincide w i t h  
sur f  ace watersheds. Faust ( 1977, 
p. 12-13), ou t l i ned  the  recharge 
areas of selected po in ts ,  
inc lud ing  Royal, Spring Stat ion,  
and Versa i l l es  springs. He states 
t h a t  such recharge areas general 1 y 
co inc ide w i th  sur f  ace drainage 
basins, and apparent1 y based h i s  
de l inea t ion  of recharge both on 
topography and h i s  potent iometr ic  
surface map. 

Basin Identification, Size, 

and Location 
Outl ines of t he  38 basins were 

drawn t o  enclose swa l le ts  from 
which dye t races were made t o  
major springs. hl though subsurface 
drainage from untraced swal l e t s  
w i t h i n  the basins as ou t l i ned  
probably a lso discharges a t  the 
spring, d e t a i l s  of basin shape are 
l a r g e l y  unknown, espec ia l l y  f o r  
basins i d e n t i f i e d  by on ly  a s ing le  
dye trace. 

The area of each basin (Table 
2) was estimated from the area 
ou t l i ned  and ranges from less  than 
0.5 km2 up t o  15 kmz f o r  
the  two largest .  I t  should be 
emphasized t h a t  t he  areas given 
are those tha t  are bel ieved t o  be 
under la in by an in tegra ted  conduit 
system? and tha t  t he  catchment 
area of the  spr ing i s  usual 1 y much 
la rger ,  since i t  inc ludes areas o f  
s h a l l  ow subsurf ace o r  su r f  ace f low 
outs ide the basin boundaries. The 
areas given i n  t h i s  repo r t  
(Table 2 )  are thus general ly  much 
small er  than ea r l  i er estimates 
(Spangler and Thrai l k i l l ,  1981; 
T h r a i l k i l l  and others, 1981: 
Spangler , 1982) , which were based 
on the catchment area. These 
re la t i onsh ips  are shown i n  Figure 
7 -. 

I n  one l oca t i on  where surface 
f low was observed between a spr ing 
(Spring Lake Spring) and a swal le t  
( i n  the  Lindsay Spring Basin),  the 
length of the surface f low path 
suggests t h a t  the  two basins 
should be i d e n t i f i e d  separate1 y. 
Other instances where such f low i s  
seen, are i n  the bottom of  a deep 
s inkhole or  b l i n d  va l ley ,  and the 
feature i s  considered a kars t  
window w i th i n  t he  basin. 
Groundwater basins were not  
def ined f o r  the shor t  dye t races 
t o  Bai ley  and Paxton Springs 
because of lack o f  evidence of the  
existence of deep in tegra ted  f low 
condui ts considered cha rac te r i s t i c  
of groundwater basins. 

Some of  the small er  groundwater 
basins appear t o  under l ie  surface 
drainage basins (e. g. , Baker Cave, 
Gano Spring, and Santen Spring), 
wh i le  others do not  (e.g., Cove 
Spring, Elkhorn Spring, and Sharp 
Swall e t  ) . A t  l eas t  some f 1 ow 
ind ica ted  by dye t races i n  a l l  of 
the  l a rge r  basins (5 kmz or 
more i n  area) passes beneath 
surface div ides,  and the  shape of  
most l a rge r  basins shows l i t t l e  
correspondence t o  present or  
i n f e r r e d  former sur f  ace drainage 
(e.g., Roaring Spring, Slacks 
Spring, Russel Cave, and Rurgin 
Spring basins) .  I n  a few basins 
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Table 2.-- Springs and Groundwater Basins in the Study Area. 
--------------------------------------------------------.--------------- 

SPH I NG GHOUNDWfiTER BASIN 
Name flagni tude Name EIrea (kma) 

Bai 1 ey Spring 
Baker Cave Spring 
B ig  Spring 
Blue Spring 
Boggs Spring 

same 
same 
same 
same 

D i s t i l l e r y  Spring 
- 

same 
- 

B o ~ n e  Spring 
Bryan S ta t i on  Spring 
Burgin Spring 
Cougar Spring 
Cornet t  Spr ing same 

C o v e  Spr ing 
D i s t i l l a r y  Spring 
E l  khorn Spring 
Eureka Spring 
Gano Spring 

same 
same 
same 
same 
same 

Gay Sink Spring 
Hartman Spr i  nq 
Hol 1 and Spr i nq 
Humane Spring 
1-75 Pond Spring 

Roar i nq Spr i ng 
same 
same 
same 
same 

Jennings Spring 
Lindsay Spring 
McGee Sink 
Nance Spring 
Pax t on  Spring 

same 
same 

Vaughan Spring 
same 
- 

P i n  Oak Spring 
Hai l r o a d  Spring 
R o a r  i ng Spr i  ng 
Royal Sprinq 
Russel 1 Cave Spring 

same 
same 
same 
same 
same 

Santen Spring 
Shawnee Copper. Spr ing 
Shawnee Hef e r  Spr i  ng 
Shawnee Hun Sprinq 
S i l v e r  Springs 

same 
same 
- 

same 
same 

Slacks Spring 
Slacks Cave 
S l  oans Spring 
Spring Lake Spring 
Spring S ta t ion  Spring 

same 
Slacks Spring 
Slacks Spring 

same 
Royal Spr inq 
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41. Stee les  Spring 
42. Swopes Spring 
43. Tevi 5 Spring 
44. Spring 13 
45. Spring 13B 

46. Vaughans Spring 
47. V e r s a i l l e s  Spring 
48. Votah Spring 
49. Wests Spring 

Table 2.-- Continued. 

- same 
- Roar i ng Spr i ng 

5- same 
4- same 
4- - 

same 
same 
same 
- 

Sharp Swal 1  e t  1 
Duval Cave 1  

Rnsl ey Swal 1  et 1 

(e. g. , Lindsay Spr ing an'd Vaughans 
Spr ing ) ,  underground f l o w  i s  known 
t o  pass beneath perenn ia l  sur face 
streams. 

lnterbasin Areas and Basin Shape 
R e l a t i v e 1  y few dye t races  were 

conducted i n  t h e  nor theast  
Woodf o r d  County and Walnut H i  11 
areas, and f u r t h e r  work would 
probab ly  r e s u l t  i n  t h e  enlargement 
o f  t h e  known groundwater basins 
and t h e  d iscovery  o f  new basins. 
While s i m i l a r  r e s u l t s  would be 
l i k e l y  near t h e  margins o f  t h e  
Mercer County area and t h e  
no r the rn  Faye t te  and southern 
Sco t t  coun t ies  area, i n t e n s i v e  
reconnaissance i n  t h e  c e n t r a l  
p o r t i o n  o f  these areas ( e s p e c i a l l y  
t h e  l a t t e r )  has shown t h a t  s w a l l e t  
a re  much l e s s  common between t h e  
o u t l i n e d  basins. Furthermore, dye 
in t roduced i n  each s w a l l e t s  
emerged a t  smal l  sp r ings  a  sho r t  
d is tance down s lope a f t e r  
f o l l o w i n g  shal low f l o w  paths. 
Examples o f  such t r a c e s  (none over 
500 m long o r  w i t h  a  v e r t i c a l  drop 
o f  more than 3 m)  were those t o  
Paxton Spr ing and t o  B a i l e y  
Spring. 

Th is  absence o f  deep, 
i n teg ra ted ,  subsurface drainage 
between bas ins  i s  more marked than 
t h e  s imple reduc t ion  i n  s i t e  o f  
condu i ts  t h a t  might be expected as 
t h e  d i v i d e  between bas ins  i s  

approached, and t h e  term 
" i n t e r b a s i n  areas" w i  11 be used 
f o r  these p o r t i o n s  o f  t h e  region. 

Wi th in  i n t e r b a s i n  areas, 
i n f i l t r a t i n q  water f rom slopes and 
shal low s inkho les  i s  be1 ieved t o  
f l o w  i n  smal l  condu i ts  a t  o r  j u s t  
below t h e  i n t e r f a c e  between the  
bedrock and o v e r l y i n g  r e g o l i t h .  
Flow i s  general1 y  down t h e  
topographic s lope and emerges a t  
smal l ,  o f t e n  ephemeral, h igh- leve l  
spr ings.  Streams f e d  by such 
sp ings  genera l l y  f l o w  on t h e  
sur face b u t  may be d i v e r t e d  i n t o  
shal low subsurface condu i ts  
adjacent t o  t h e  stream channel f o r  
s h o r t  d is tances.  I f  and when such 
a  stream en te rs  a  groundwater 
bas in ,  i t s  f l o w  i s  d i v e r t e d  
underground by a  s w a l l e t  t o  emerge 
a t  a  major spr ing,  o f t e n  several  
k i l omete rs  d i s t a n t .  

The bottoms o f  most o f  t he  
major stream v a l l e y s  (e.g., South 
E l  khorn Creek, Nor th  E l  khorn 
Creek, Town Branch, Lower Cane 
Run, and t h e  S a l t  R i v e r )  appear t o  
l i e  i n  i n t e r b a s i n  areas. Faust 
(1777, p. 12 and p l a t e  3 )  
described l o s i n g  reaches on both 
Nor th  and South E lkhorn  Creeks, 
and gaging s t a t i o n s  on these 
creeks n o t  uncommonly r e p o r t  no 
sur face f l o w  (U.S. Geological  
Sui rvey,  1983). I t  i s  l i k e l y ,  
t he re f  ore, t h a t  a p o r t i o n  o f  t h e  
f l o w  o f  t h e  major sur face streams 
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F i g u r e  2 .  Map showing r e l a t i o n -  
s h i p  of  groundwater b a s i n s  
(dashed o u t l i n e s )  t o  s u r f a c e  
s t reams  ( s o l i d  l i n e s )  and s u r -  
f a c e  d i v i d e s  ( d o t t e d  l i n e s ) .  
Catchment a r e a  o f  s p r i n g  C shown 
by d o t t e d  p a t t e r n .  Although d i a -  
grammatic,  map approximates t h e  
e a s t e r n  p o r t i o n  o f  t h e  n o r t h e r n  
F a y e t t e  and sou the rn  S c o t t  coun- 
t i e s  a r e a ,  where A through E a r e  
t h e  S i l v e r  S p r i n g ,  S l acks  
S p r i n g ,  Royal S p r i n g ,  Vaughans 
S p r i n g ,  and R u s s e l l  Cave Spr ing  
b a s i n s ,  r e s p e c t i v e l y .  Long 
dashes  i n d i c a t e  l i n e  of s e c t i o n  
o f  F i g u r e  3 .  

i s  d i v e r t e d  i n t o  condu i ts  through 
s w a l l e t s  i n  t h e  channel and 
r e t u r n s  i n  inconspicuuus spr ings  
i n  t h e  stream bed. Such condui ts  
a re  probably shal low, as a r e  t h e  
condu i t s  i n  i n t e r b a s i n  areas a t  
h igher  e leva t ions ,  b u t  may be o f  
cons iderab le  s i z e  because o f  t h e  
l a r g e r  f l o w  volumes. They are  
probably present  main ly  i n  t h e  
v i c i n i t y  o f  t h e  channel, b u t  may 
c u t  across bends and meander 
1 oops. 

Thus w h i l e  t h e r e  i s  on ly  
sha l low subsurface f l o w  i n  
i n t e r b a s i n  areas, t h e  i n t e r b a s i n  
areas form p a r t  o f  t h e  catchment 
area o f  major sp r ings  d r a i n i n g  

groundwater basins; t h e  boundaries 
between adjacent catchment areas 
w i t h i n  an i n t e r b a s i n  area probably 
conf orm c lose1 y t o  s u r f  ace 
d iv ides .  

Although t h e  shal low subsurface 
f l o w  descr ibed above i s  
c h a r a c t e r i s t i c  o f  i n t e r b a s i n  
areas, i t  a l s o  occurs w i t h i n  t h e  
bas ins  as out1 ined. As an example, 
t h e  t raced s w a l l e t s  i n  t h e  Shawnee 
Run Spr ing Basin a r e  f e d  by f l o w  
from h igh  l e v e l  sp r ings  w i t h i n  t h e  
basin, and the re  appear t o  be 
ex tens ive  and numerous areas of 
such s h a l l  ow subsurf ace f 1 ow 
w i t h i n  many o f  t h e  basins. An 
a l t e r n a t i v e  way o f  d e p i c t i n g  such 
bas ins  would be as narrow s t r i p s  
adjacent t o  t h e  major f l o w  
condui ts ,  b u t  s ince  t h e  l o c a t i o n  
o f  these condui ts  i s  g e n e r a l l y  
unknown, and because t h e r e  i s  some 
evidence from w e l l s  t h a t  a t  l e a s t  
t h e  Slacks Spr ing Basin i s  
developed over a cons iderab le  
area, as discussed below, t h i s  was 
n o t  done. 

Qttempts t o  more c l o s e l y  de f ine  
t h e  boundaries between bas ins  and 
i n t e r b a s i n  areas were a l s o  
compl i c a t e d  by evidence t h a t  such 
boundaries cannot be s imply  ' 

dep ic ted  i n  two dimensions, 
because bas in  f l o w  condu i t s  appear 
t o  be developed beneath what 
appear t o  be i n t e r b a s i n  areas i n  a 
few cases. Th is  s i t u a t i o n  i s  
i l l u s t r a t e d  by t h e  Lindsay Spring 
and S i l v e r  Springs basins,  i n  
which t h e  major f 1 ow condu i t  
passes beneath streams ( f e d  by 
h igh- leve l  spr ings)  t h a t  remain 
e n t i r e l y  on t h e  sur face.  

I n  con t ras t  t o  t h e  condu i ts  
i n  upland i n t e r b a s i n  areas t h a t  
a re  j u s t  beneath and rough ly  
para1 l e l  t o  t h e  land s u r f  ace, t h e  
major f l o w  condui ts  i n  groundwater 
bas ins  appear t o  have grad ien ts  
s i m i l a r  t o  s u r f  ace streams and 
thus  a re  near l y  h o r i z o n t a l  and 
o n l y  s l i g h t l y  above t h e  l e v e l  o f  
t h e  d ischarg ing  spr ing.  Although 
t h e  pa th  fo l lowed by water 
immediately a f t e r  i t  e n t e r s  a 
s w a l l e t  i s  u s u a l l y  unknown, i n  a 
few ins tances where i t  can be 



T H E  I N N E R  B L U E  G R A S S  K A R S T  R E G I O N  

o b s ~ r v e d  i n  caves and p i t s  i t  i s  
usual 1  y  steep and of ten near1 y  
v e r t i c a l .  Such h igh gradients were 
observed as o f ten  near the  margins 
and upstream por t ions  o f  basins as 
i n  the  center and downstream 
por t ions.  

The ev i  dence avai 1 ab l  e , 
theref  ore, suggests t h a t  the base 
of  the zone of ac t i ve  meteoric 
water c i r c u l a t i o n  i s  near ly  f l a t  
i n  groundwater basins (and as much 
as 30 m deep beneath 
topographical ly  h igh areas), r i s e s  
abrup t l y  a t  basin margins, and i s  
w i t h i n  a  few meters o f  the  surface 
i n  i n te rbas in  areas. Thus 
groundwater basins i n  the  Inner 
Elue Grass Region are bel ieved t o  
resemble U-shaped va l leys,  as 
shown i n  Figure 3. 

GROUNDWATER BASINS AND 
KARST LANDFORMS 

d i  scussed i n  some deta i  l be1 ow; 
" b l i n d  va l leys"  which terminate 
downstream as the e n t i r e  f low of a  
surface stream i s  d ive r ted  
underground; "pocket va l leys, "  
which begin abrupt ly  upstream a t  a 
major spring: and "kars t  windows, " 
depressions i n  which a  major 
underground f low emerges a t  the 
surface as a  spr ing and i s  then 
d ive r ted  underground ( the  1  ength 
o f  the  surface f low var ies  from 
what appears t o  be a  pool i n  the 
bottom of  a  deep s inkhole (e.g., 
McGee Sink) t o  a  stream several 
hundred meters long f low ing  i n  
what may be described as a  
combination o f  a  pocket va l l ey  and 
a b l i n d  va l  l e y  (e. g. , the  channel 
below Spring S ta t ion  Spr ing).  The 
f low i n  these landforms i s  major 
subsurface f low a t  o r  very near 
the  potent iometr ic  surface. The 
numerous sinkholes i n  t he  reg ion 

The Inner Blue Grass Region i s  t h a t  contain a small stream fed by 
character ized by  landforms such as a  h igh- level  spr ing which s inks i n  
"sinkholes, " the d i s t r i b u t i o n  o+ the  bottom of the  s inkhole are not  
which was used t o  def ine the area kars t  windows) : and "paleoval leys"  
of the  region, and which w i l l  be 

L u r f a c e  watershed-[ 

6 - 5 m  - - I  km 
cn- Basin C +I 

spring catchment 

/ 

I* Basin A -I b ~ a s i n  c*I Ic- asi in E +I 

Figure 3 .  Cross sec t ion  of groundwater bas ins  and in t e rbas in  areas  
along l i n e  on Figure 2 ,  showing aquifer  ( l ined  pa t t e rn )  and base of 
zone of meteoric water c i r cu l a t i on  (lower l i m i t  of l i ned  pa t t e rn  and 
dashed l i n e ) .  Note port ions of basins A and E with in te rbas in  area  
c h a r a c t e r i s t i c s  (penetrated by deep flow i n  bas in  A). The r e l a t i onsh ip  
of bas in  C t o  the  catchment a rea  of the  draining spr ing and the surface  
watershed of the stream tha t  over l i es  i t  i s  a l so  shown. Sinkholes i n -  
d icated by S .  Ver t i ca l  exaggeration approximately 100X. 



S I N K H O L E  ORIGIN 

which appear t o  be normal sur face  
v a l l e y s  b u t  c o n t a i n  no sur face  
stream channel. Pal  eoval l e y s  
u s u a l l y  c o n t a i n  a  s e r i e s  o f  
s inkho les  i n  t h e i r  bottom, and 
apparent ly  formed when t h e i r  
surf ace 'stream was d i v e r t e d  
underground a t  severa l  p o i n t s  
a long i t s  course, fo rming a  s e r i e s  
o f  b l i n d  v a l l e y s ,  f 01 lowed by 
complete abandonment o f  sur face  
f l o w  except p o s s i b l y  d u r i n g  h i g h  
d ischarge events. 

Except f o r  some s inkho les ,  a l l  
f i v e  o f  these landforms a r e  t h e  
r e s u l t  o f  deep c i r c u l a t i o n  o f  
subsurface water, and t h e i r  
presence i n  an area should 
i n d i c a t e  t h e  ex is tence o f  a 
groundwater bas in,  a l l o w i n g  t h e  
l o c a t i o n  and ex ten t  o f  bas ins  t o  
be a t  l e a s t  est imated from an 
examinat ion o f  t h e  topographic 
maps. Al though some c o r r e l a t i o n  
appears t o  e x i s t ,  i t  has n o t  been 
p o s s i b l e  t o  r e l y  h e a v i l y  on i t  
because o f  s inkho le  m o d i f i c a t i o n s  
and t h e  inadequacy o f  a v a i l a b l e  
maps. Eef o r e  exami n i  nq these 
f a c t o r s  f u r t h e r ,  a  d i scuss ion  o f  
t h e  o r i g i n  o f  s inkho les  i n  t h e  
r e g i o n  i s  appropr ia te .  

Sinkhole Origin 
Contrary t o  w ide l y  h e l d  and 

s t a t e d  op in ion ,  t h e  c o l l a p s e  o f  
t h e  r o o f s  o f  caves i s  no t  t h e  
p r i n c i p a l  cause o f  s inkho les  i n  
t h e  r e g i o n  (nor,  f o r  t h a t  mat ter ,  
i n  any o the r  k a r s t  area w i t h  which 
t h e  author  i s  f ami 1  i a r )  . O f  t h e  
many s inkho les  examined i n  t h e  
reg ion ,  cave r o o f  c o l l a p s e  i s  n o t  
be l i eved  t o  be a  major f a c t o r  i n  
t h e  o r i g i n  o f  any. Rather, they  
a r e  produced by s o l u t i o n  o f  t h e  
l imestone bedrock a t  t h e  contac t  
w i t h  t h e  o v e r l y i n g  r e g o l i t h  by 
water t h a t  has i n f i l t r a t e d  from 
t h e  sur face,  t h e  same process t h a t  
occurs n e a r l y  everywhere i n  t h e  
r e g i o n  and has probab ly  been t h e  
p r i n c i p a l  agent i n  t h e  lower ing  o f  
t h e  bedrock su r face  through t ime. 

Although t h e r e  w i l l  be some 
p e n e t r a t i o n  o f  t h e  bedrock under a  
h i l l  s lope through many c l o s e l y  
spaced, very smal l  d i  ameter 

condui ts ,  s o l u t i o n  a t  t h e  base o f  
t h e  bedrock w i l l  be acce lera ted  i n  
t h e  v i c i n i t y  o f  t h e  l a r g e r  
condui ts ,  and t h e  more r a p i d  
lower ing  o f  t h e  bedrock i n t e r f a c e  
nearby w i l l  cause t h e  capture  o f  
more f l o w  from adjacent  condui ts ,  
and hence increased bedrock 
s o l u t i o n .  When t h e  r e s u l t i n g  
subsidence o f  t h e  over1 y i n g  
r e g o l i t h  (which i n i t i a l l y  i s  
r e f l e c t e d  by a  s imp le  f l a t t e n i n g  
i n  t h e  sur face  s lope)  i s  
s u f f i c i e n t  t o  reve rse  t h e  downh i l l  
s lope, a  topographic depression i s  
formed and a  t ype  one s inkho le  
r e s u l t s .  

The ex is tence o f  a  topographic 
depression w i  11 f u r t h e r  acce le ra te  
t h e  enlargement o f  t h e  condu i t ,  
s i n c e  most o f  t h e  water t h a t  
i n f i l t r a t e s  t h e  su r face  w i t h i n  t h e  
depression w i l l  f l ow  through i t  
(a l though some o f  t h e  f l o w  w i l l  
p robably  s t i l l  be c a r r i e d  by 
smal ler  condu i t s ) .  Major deepening 
and widening o f  t h e  s i n k h o l e  w i l l  
p robably  n o t  occur, however, u n t i l  
t h e  condu i t  becomes enlarged by 
s o l u t i o n  throughout i t s  l e n g t h  t o  
t h e  degree t h a t  t h e  water f l ow ing  
through i t  can t r a n s p o r t  p a r t i c l e s  
o f  r e g o l i t h ,  a f t e r  which t ime  t h e  
i ep ress ion  becomes a  t y p e  two 
s inkho le .  The volume o f  r e g o l i t h  
removed may now exceed t h e  amount 
o/ l imestone d isso lved,  t o  t h e  
ex ten t  t h a t  bedrock i s  exposed on 
i t s  s ides  o r  bottom. Although i t  
seems l i k e l y  t h a t  a  topographic  
depression i s general  1  y  formed 
p r i o r  t o  t h e  onset o f  reg01 i t h  
removal (i . e., t y p e  one precedes 
t ype  two) , t h i s  may n o t  always be 
t h e  case, e s p e c i a l l y  s ince  t h e  
general  downslope movement o f  
r e g o l i t h  on h i 1  l s l o p e s  w i  11 tend 
t o  f i l l  t ype  one depressions o r  
prevent  them from forming. 

A Aype t h r e e  s i n k h o l e  i s  formed 
when t h e  condu i t  i s  l a r g e  enough 
and f l o w  v e l o c i t i e s  a r e  h i g h  
enough f o r  i n s o l u b l e  o r  o therw ise  
r e s i s t e n t  beds t h a t  tend t o  perch 
t h e  condu i t  t o  be eroded through. 
Type t h r e e  s inkho les  have steep o r  
near v e r t i c a l  d r a i n s  t o  depth and 
t h e i r  f l o w  i s  i n t e g r a t e d  i n t o  t h e  
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d e n d r i t i c  system o f  a groudwater 
basin. The va r ious  types  o f  
s inkho les  a r e  shown i n  F ig.  4. 

Conduits d r a i n i n g  t y p e  one and 
t y p e  two s inkholes,  as w e l l  as 
those d r a i n i n g  pre-type one areas 
( i n c i p i e n t  s inkho les)  , a r e  usual 1 y 
n e a r l y  h o r i z o n t a l ,  as would be 
expected from t h e i r  being perched 
on r e s i s t e n t  beds. They emerge on 
nearby h i l l s l o p e s  o r  t h e  heads of 
smal l  va l  l e y s  as smal l  , o f  t e n  
ephemeral, h igh - leve l  spr inqs,  
some o f  which become t u r b i d  dur ing  
h i g h  discharges, i n d i c a t i n g  t h e  
s inkho les  they  d r a i n  have reached 
t h e i r  type two stage. 

Type one and t ype  two s inkho les  
a r e  found throughout t h e  reg ion ,  
bo th  i n  groundwater bas ins  and 
i n t e r b a s i n  areas, and imp ly  no 
deep c i r c u l a t i o n  o f  subsurf  ace 
f low.  Type t h r e e  s inkholes,  on t h e  
o the r  hand, do charac te r i ze  
groundwater basins. 

The tendency o f  s inkho les  t o  
occur along former l i n e s  o f  
su r face  drainage i s  due main ly  t o  
t h e i r  development be ing  favored by 
t h e  increased i n f i l t r a t i o n  and 
s u b r e g o l i t h  f l o w  i n  such areas. I n  

Incipient 
no depression 

bedrock 

no r e g o l i t h  removal  

Type Two 
h o r i z o n t a l  d r a i n  

Type Three 
vert ical  d r a i n  

Figure 4. Types of sinkholes 

some cases, however, t h e  l o c a t i o n  
o f  such drainage l i n e s  was 
c o n t r o l l e d  by reduced res i s tence  
t o  eros ion  o f  t h e  bedrock, due t o  
j o i n t i n g  o r  other  f a c t o r s ,  which 
would a l s o  promote more r a p i d  
condu i t  enlargement. 

Return ing t o  t h e  idea t h a t  
s inkho les  a re  due t o  t h e  co l l apse  
of cave roo f  5 :  t h e  growth, and 
e s p e c i a l l y  t h e  deepening, o f  a  
t ype  t h r e e  s inkho le  obvious1 y i s  
h i g h l y  dependent on t h e  e f f i c i e n c y  
w i t h  which r e g o l i t h  and o ther  
i e b r i s  can be removed through i t s  
near v e r t i c a l  d ra in .  S inkholes 
l oca ted  above condu i ts  i n  t h e  
under1 yi ng groundwater bas in  
system need re1  a t i  v e l  y  s h o r t  
d r a i n s  t o  discharge sediment i n t o  
t h e  e f f e c t i v e  t r a n s p o r t  
environment o f  t h e  1 arger  condu i t  , 
and a re  more l i k e l y  than o ther  
s inkho les  t o  deepen r a p i d l y ,  
p o s s i b l y  t o  t h e  p o i n t  where they  
break through i n t o  t h e  under l y ing  
condui t .  A r e l a t i v e l y  minor f a c t o r  
i n  t h i s  process (which i s  be l ieved 
t o  be respons ib le  f o r  t h e  formaton 
of k a r s t  windows i n  t h e  reg ion )  
may be some co l l apse  o f  t h e  r o o f  
o f  t h e  under l y ing  condu i t  i n  
response t o  t h e  deepening o f  t h e  
over1 y i  ng s inkho le  and enlargement 
o f  i t s  d ra in .  

F i n a l l y ,  i t  should be noted 
t h a t  i n  every ins tance o f  co l l apse  
a t  t h e  su r face  i n  s inkho les  known 
t o  t h e  w r i t e r ,  t h e  co l l apse  has 
been caused by t h e  r a p i d  
subsidence due t o  t r a n s p o r t  of 
r e g o l i t h  by i n f i l t r a t i n g  water 
w i t h i n  a t ype  two o r  more commonly 
a t ype  t h r e e  s inkhole,  and no 
c o l  1 apse o f  bedrock i s involved.  
The balance between water and 
r e g o l i t h  t r a n s p o r t  through t h e  
s inkho le  d r a i n  suggests t h a t  such 
events should be common, b u t  t h e i r  
occurrence has been g r e a t l y  
i n f l uenced  by t h e  p r a c t i c e  o f  
s inkho le  f i l l i n g ,  discussed below. 
R e g o l i t h  c o l l a p s e  ou ts ide  o f  
s inkho les  ( i .e . ,  n o t  i n  
topographic depressions) i s  n o t  
uncommon as we l l .  A l l  such 
c o l  lapses t h e  w r i t e r  has examined 
were due t o  t h e  f a i l u r e  o f  t h e  
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r oo f  of  a s h a l l  ow conduit  
developed a t  or  above the  
reg01 i th-bedrock in ter face.  

Sinkhole Filling and Map Inadequacy 
I n  some cases, type th ree  

sinkholes, which i nd i ca te  the  
presence of a groundwater basin, 
can be i d e n t i f i e d  ra ther  e a s i l y  on 
t h e  1: 24,000 topographic map 
lcontour i n t e r v a l  3.0 or  6.1 m)  o f  
t h e  region. The method used i s  t o  
determine t h e  minimum length  
necessary f o r  t he  bottom of  the  
s inkho le  t o  be drained by a near 
ho r i zon ta l  conduit .  If t h i s  length  
i s  greater  than two or  th ree  
hundred meters i t  i s  q u i t e  
u n l i k e l y  t h a t  such a hor i zon ta l  
s inkho le  d ra in  e x i s t s  and the 
s inkho le  i s  judged t o  be a type 
three. Unfor tunately,  t he  depth of  
s i  n khol es , especi a1 1 y the  deeper 
ones of  small areas, i s  almost 
always several meters greater  than 
t he  depth depicted on the  map by 
topograhic contours, s ince shadows 
and dense vegetat ion obscure t h e i r  
bottoms on a e r i  a1 photographs. 
Deep s inkholes l ess  than 50 m 
across are seldom shown a t  a l l  on 
t h e  topograhic maps. Many type 
three s inkholes can be i d e n t i f i e d  
as such on ly  by f i e l d  
reconnaissance. 

A second f a c t o r  h inders the 
i d e n t i f i c a t i o n  of t h e  type three 
sinkholes, and hence groundwater 
basins, even a f t e r  f i e l d  
reconnaissance. Deep sinkholes 
w i th  steep wa l l s  prov ide 
convenient s i t e s  f o r  r u r a l  waste 
d i  sposal ; of ten t he  1 ong-term goal 
i s  t o  near l y  f i l l  them and render 
them su i t ab le  f o r  pasture or even 
row crops. This e f f o r t  by farmers 
has presumably been underway f o r  
much of  t he  2 cen tu r ies  of  
a g r i c u l t u r e  i n  the  region,  w i th  
t he  r e s u l t  t h a t  many sinkholes 
t h a t  are a c t u a l l y  type three now 
have a shallow saucer shape more 
cha rac te r i s t i c  of type one or type 
two. 

The topographic maps of  the 
reg ion  do not  accurate ly  depict  
many of  the  other ka rs t  landforms 

t h a t  i nd i ca te  the  presence of  a 
groundwater basin. Few of  the  
streams i n  pocket va l l eys  and 
kars t  windows are shown, probably 
because they are so shor t  and 
hidden by vegetat ion and shadows. 
Many b l i n d  va l leys  and 
paleoval leys are shown as normal 
sur face va l leys ,  espec ia l l y  when 
the reversed slope below swal le ts  
i s  gent le  and short .  F i n a l l y ,  
swa l le ts  are too  small t o  be 
termed landforms o r  t o  be shown 
even by accurate maps, although 
t h e i r  presence i s  ind ica ted  i n  
some b l i n d  val leys.  Swal lets along 
sur f  ace streams and i n  sinkholes 
(many sinkholes do not  contain 
open swa l le ts )  can on ly  be located 
i n  the  f i e l d .  

GEOLOGIC AND OTHER FACTORS 
INFLUENCING SUBSURFACE FLOW AND 
GROUNDWATER BASIN DEVELOPMENT 

A major ob jec t i ve  of  t he  study 
on which t h i s  chapter was based 
was t o  evaluate the  degree t o  
which subsurface f low and the  
l oca t i on  of  groundwater basins 
del ineated by dye t r a c i n g  dur ing 
t h i s  study could be explained by 
geologic and other fac tors .  Such 
an explanation would no t  on1 y 
con t r ibu te  subs tan t i a l l y  t o  an 
understanding of  t h e  nature of  
subsurface f low i n  t he  reqion. but  - 
would a l low the p red i c t i on  of  f low 
d i r ec t i ons  and l oca t i on  of  
groundwater basins i n  por t ions  o f  
the  reg ion where dye- t r ac i ng  has 
no t  been done. 

A p a r t i c u l a r  emphasis was 
placed on the  relevance t o  
subsurface f low of the geological 
in format ion contained on t he  U.S. 
Geological Survey geologic maps o f  
t he  area invest igated ( Black, 
1964, 1967: Cressman, 1964, 1967, 
1972; Kanizay and Cressman, 1967; 
M i  1  l e r  , 1967; MacQuown and 
Dobrovolny, 1968; Pomeroy, 1968, 
1970: Cressman and Harber, 1970; 
and Allingham, 19721, inasmuch as 
s i  m i  1  ar  1 arge-scal e ( 1  : 24,000) 
maps are ava i lab le  f o r  t he  e n t i r e  
Inner Blue Grass Region. 

Previous hydrogeologic 
inves t iga t ions  of  t he  reg ion have 
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dea l t  main1 y w i th  t he  a v a i l a b i l i t y  
of subsurface water, and have 
reached vary ing conclusions as t o  
the importance of var ious factors.  
Hamilton (1950) bel ieved the 
arg i l laceous u n i t s  i n  the  
Lexington Limestone were the most 
important con t ro l  of so lu t i on  
devel opment , and Mu1 1 ( 1968 
considered them a major fac tor .  
Palmquist and Hal 1 (1961 ) , Hopki ns 
( 1966a) , and Faust ( 1977) , on the 
other hand, d i d  no t  emphasize the 
r o l e  o f  1 i thology, and considered 
topography t o  be t he  major fac tor .  
Mu1 1 (1968) ascribed such an 
important r o l e  t o  the  d i p  of the 
rocks t h a t  he presented h i s  wel l  
data f o r  the  Georgetown Quadrangle 
on a s t ruc tu re  contour map. 
Hami 1 ton ( 1950) , Pal mqui s t  and 
H a l l  (19611, Hopkins (1966a), and 
espec ia l l y  Faust (1977) bel ieved 
j o i n t s  and f a u l t s  played a 
s i g n i f i c a n t  r o l e  i n  subsurf ace 
f 1 ow and so lu t ion  devel opment . The 
on ly  previaus work u t i l i z i n g  
t raced f low paths was by J i l l s o n  
(19451, who emphasized the 
geomorphic development o f  the  f low 
t o  Royal Spring and ind ica ted  
i n d i r e c t l y  t h a t  downdip f low was a 
f a c t o r  i n  i t s  development 
( J i l l s o n ,  1945, p. 25-27). 

Lithology of Stratigraphic Units 

dra in ing  groundwater basins i n  t he  
study area, two are in te rp re ted  as 
being perched on a rg i l l aceous  
u n i t s  i n  t h e  Lexington Limestone. 
I n  one, the  perching i s  observable 
and seeming1 y c lear  cut;  Shawnee 
Hefer Spring i n  the  Mercer County 
area f lows from a number of 
h i l l s i d e  o u t l e t s  over a distance 
of 60 m along the  outcrop of the 
Macedonia Bed. Although no dye 
in t roduc t ions  were detected a t  t he  
spring, i t s  groundwater basin 
probably l i e s  t o  the  southeast, 
updip from the spring. The 
i n t e r p r e t a t i o n  i s  only s l i g h t l y  
l ess  c e r t a i n  f o r  Spring Lake 
Spring i n  the  northern Fayette and 
southern Scot t  counties area, 
which emerges a t  about the 
s t ra t i g raph i c  pos i t i on  of the Cane 

Run Bed, wel l  above the l eve l  of 
major streams, and i s  downdip from 
i t s  t raced groundwater basin. 

None of the other 37 major 
spr ings dra in ing groundwater 
basins i n  the  study area i nd i ca te  
con t ro l  by s t ra t i g raph i c  u n i t s  i n  
the Lexington Limestone. It would 
seem reasonable t h a t  the few t h a t  
emerge somewhat above the l e v e l  of 
major surface streams (e.g., Gano 
and Steeles spr ings) are perched 
on arg i 1 1 aceous or  otherwi se 
r e s i s t a n t  beds, but  such beds, i f  
present (such as. the  Macedonia Bed 
a t  Gano Spring) are not  ind icated 
on the  geologic maps o r  
accompanying l i t h o l o g i c  
descr ip t ions,  and were not  
observed i n  the f i e l d .  

The con t ro l  of shallow 
subsurf ace f low i n  in te rbas in  
areas ( inc lud ing  such areas w i t h i n  
groundwater basins) by mapped o r  
unmapped arg i l laceous limestones 
appear t o  be more common. Not 
in f requent l y ,  two or  more 
high- level  springs w i l l  emerge a t  
t he  same s t ra t i g raph i c  l eve l ,  and 
i n  the Sinkhole P la in  paleoval leys 
a number of such springs emerge a t  
the  top o f  Macedonia Bed. 

There may be occasional 
perching of surface streams f o r  
shor t  distances on a rg i  11 aceous 
u n i t s  (e. g. , the middle reaches o f  
Cane Run on the Cane Hun Red and 
the  stream i n  the Joyland Cave 
b l i n d  va l l ey  on the Brannon 
Member), but  such instances are 
no t  obvious nor widespread. 

Because of the general 
para1 1 e l  ism between bedding and 
the ove ra l l  topographic surface i n  
t he  areas studied, most o f  the 
major f low condui ts and spr ings 
are i n  the  lower exposed u n i t s  of 
the  Lexington Limestone, 
especial 1 y the  Gr ier  Limestone, 
bu t  the  s t ra t i g raph i c  pos i t i on  of 
spr ings emerging from t h i s  u n i t  
va r ies  over more than 12 m, and 
there  i s  no evidence of  1 i t h o l o g i c  , 

cont ro l .  S im i l a r l y ,  those smaller 
groundwater basins t h a t  
approx i mate1 y co inc ide w i t h  
surface drainages have t h e i r  
margins beneath surface d iv ides 
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t h a t  a r e  o f t e n  u n d e r l a i n  by h igher  
a r g i l l a c e o u s  u n i t s  such as t h e  
M i l  l e r s b u r g  Member and t h e  Clays 
F e r r y  Formati  on. The numerous 
examples f rom bo th  smal l  and l a r g e  
bas ins  which do n o t  show t h i s  
accord w i t h  topography, however, 
i n d i c a t e  l i t h o l o g i c  v a r i a t i o n s  i n  
t h e  Lex ing ton  Limestone a re  of  
l i t t l e  o r  no importance i n  
c o n t r o l  1 i n g  t h e  development of  
major f l o w  condu i t s  o r  t h e  
l o c a t i o n  o f  groundwatr basins. 
Subsurface f l o w  i n  major condu i ts  
occurs beneath a l l  seven o f  t he  
a r g i l l a c e o u s  u n i t s  mapped i n  t h e  
area (Table 1 ) .  as f o l l o w s  ( t h e  
l o c a t i o n  o f  an example i s  i n  
parentheses):  Maced~n ia  Bed 
(Burg in  Spr ings Bas in ) ,  Cane Run 
Member (Royal Spr ing  Basin)  , 
Greendale L e n t i  1 ( S i l v e r  Spings 
Basi  n  , M i  1 1  ersburg Member 
('Russel 1  Cave Spr i ng Basin)  , and 
t h e  lower p a r t  o f  t h e  Clays Fe r ry  
Format i o n  (Cove Spr ings  Basin) . 

Bedding Attitude 
The para1 1 e l  ism between bedding 

and t h e  o v e r a l l  topographic  
su r face  mentioned above a l s o  
compl icates t h e  e v a l u a t i o n  o f  t h e  
importance o f  t h e  d i p  o f  t h e  rocks  
i n  de termin ing  f l o w  d i r e c t i o n s  i n  
groundwater basins. There i s  no 
evidence, however, o f  any use fu l  
r e l a t i o n s h i p  between f l o w  
d i r e c t i o n s  as i n d i c a t e d  by dye 
t r a c e s  and t h e  d i p  as shown by 
s t r u c t u r e  contours  on t h e  geologic  
maps. Al though f l o w  i n  some of t h e  
smal l e r  bas ins  i s  approx imate ly  
downdip (e.g., V e r s a i l l e s  Spring, 
Votah Spr ing,  Jenning Spr ing  
bas ins ) ,  i n  o the rs  i t  i s  n e a r l y  
updip (e.g., D i s t i l l e r y  Spring, 
Duva l l  Cave, Gano Spr ing  bas ins) .  
Flow d i r e c t i o n s  i n  t h e  l a r g e r  
bas ins  appear t o  be s i  m i  1  a r l  y  
u n r e l a t e d  t o  l o c a l  d ip .  I n  t h e  
L indsay Spr ing and S i l v e r  Springs 
bas ins ,  f l o w  condu i ts  c ross  mapped 
a n t i c l i n e s  and sync l i nes  a t  r i g h t  
angles, and i n  t h e  Russel l  Cave 
Spr ing  bas in  t h e  d ischarg ing  
s p r i n g  and dye i n p u t  p o i n t s  a re  on 
oppos i te  1  imbs o f  an a n t i c 1  i n e  

t h a t  appears t o  represent  t h e  
c r e s t  o f  t h e  C i n c i n n a t i  Qrch. 

Because o f  t h e  problems 
associated w i t h  d e t a i  l e d  
s t r u c t u r a l  mapping o f  
s t r a t i g r a p h i c  u n i t s  t h a t  o f t e n  
show r a p i d  l a t e r a l  changes i n  
th i ckness  and l i t h o l o g y ,  and whose 
esposures may be sub jec t  t o  
slumping and r o t a t i o n  on 
h i  1  l s l opes ,  t h e  s t r u c t u r e  contours 
shown on t h e  geologic  maps may n o t  
accu ra te l y  r e f l e c t  l o c a l  bedding 
a t t i t u d e  everywhere. I f  such l o c a l  
s t r u c t u r e  i s  ignored and t h e  
o r i e n t a t i o n  o f  f l o w  d i r e c t i o n s  t o  
t h e  o r i g i n a l  d i p  i s  examined, no 
more cons i s ten t  r e l a t i o n s h i p  i s  
found. I n  t h e  nor thern  Fayet te and 
southern Sco t t  Counties area, 
w h i l e  f l o w  i n  the  Royal Spring, 
S lacks Spring, and Nance Spring 
bas ins  i s  t o  t h e  north-northwest 
and down t h e  reg iona l  d i p ,  f l ow  i n  
t h e  adjacent  S i l v e r  Spr ings and 
L indsay Springs bas in  i s  t o  t h e  
southwest along r e g i o n a l  s t r i k e .  
I n  t h e  Mercer County area t h e  
r e g i o n a l  d i p  i s  t o  t h e  west, as i s  
t h e  general  f l o w  d i r e c t i o n s  i n  
bas ins  d r a i n i n g  t o  t h e  S a l t  R iver  
Ie.g., B i g  Spring and Eureka 
Spr ing bas ins) .  I n  bas ins d r a i n i n g  
t o  t h e  D i x  and Kentucky R ive rs  
(e.g., Purg in Spr ing and Shawnee 
Run Spr i  ng basins)  , however, f 1  ow 
i s  genera l l y  t o  t h e  east  and hence 
up t h e  reg iona l  d ip .  

Faults, Joints, Sinkhole Trends, 
and Similar Features 

& number o f  s teep ly  d ipp ing  o r  
v e r t i c a l  p lanar  s t r u c t u r a l  
f ea tu res ,  i n c l u d i n g  f a u l t s ,  
m ine ra l i zed  ,veins, and j o i n t s ,  a r e  
shown on t h e  geologic  maps o f  t h e  
areas studied.  I n  a d d i t i o n ,  l i n e a r  
t r e n d s  o f  s inkho les  a r e  shown by 
topographic contours and o the rs  
a r e  v i s i b l e  on a e r i a l  photographs 
i T h r a i l k i l 1  and others,  1983). 

Four o f  t h e  39 major spr ings  
d r a i n i n g  groundwater bas ins  emerge 
a t  o r  w i t h i n  a  few tens  o f  meters 
o f  a  mapped f a u l t .  I n  two o f  
these, 1-73 Spr ing and Nance 
Spring, t h e  dye i n t r o d u c t i o n  
p o i n t s  ( o n l y  one f o r  1-75 Spr ing)  



T H E  I N N E R  B L U E  G R A S S  K A R S T  R E G I O N  

were along the  f a u l t  o r  an 
apparent (but  unmapped) extension, 
and the  major f l ow conduit  f o r  the 
basin i s  probably along. o r  very 
near the  f a u l t .  I n  the  Shawnee Run 
Spring Basin, the  spr ing i s  on the  
downthrown (about 2 m)  s ide of a 
small f a u l t  t h a t  t rends a t  near ly  
r i g h t  angles t o  the  l i n e  of f low 
from dye in t roduc t ions  on the 
upthrown side. A more complex 
r e l a t i o n s h i p  e x i s t s  i n  the  Shawnee 
Copperhead Spring Basin, where a 
major f l ow  conduit  i n te r sec t s  an 
unmapped f a u l t  and may fo l l ow  i t  
t o  i t s  i n t e r s e c t i o n  w i t h  a mapped 
f a u l t  near which the  discharging 
spr ing  i s  located. 

Dye in t roduc t ions  were made i n  
swa l le ts  located on mapped f a u l t s  
i n  three other groundwater basins. 
I n  the Sharp Swal let  Basin, f low 
appears t o  f o l l o w  the  f a u l t ,  and 
the  discharging spr ing i s  probably 
on an unmapped extension. I n  the 
Boggs Spring Basin, however, the 
f low was away from the f a u l t  (par t  
o f  the same system as the 1-73 
Spring Basin Fau l t )  a t  a h igh 
angle t o  t h e  spr ing located some 
distance away from i t s  t race.  
S im i l a r l y ,  i n  the  S i l v e r  Springs 
Basin, f l ow  from several swal le ts  
located along a ser ies  of p a r a l l e l  
mapped f a u l t s  i s  a t  r i g h t  angles 
t o  t h e i r  trend, as was f low from a 
swal l e t  on t he  opposite s ide of 
the  f a u l t s  from the  spring. 

The northern Fayet te and 
southern Scot t  count ies area i s  
bounded on the southeast by the 
northeast-trending Lexington Faul t  
System, a ser ies  of p a r a l l e l  
f a u l t s  w i t h  up t o  150 m o f  mapped 
displacement. The s ing le  dye t race  
made t o  Ba i ley  Spring, which l i e s  
on the  southeast (downthrown) s ide 
o f  a major mapped f a u l t  i n  the 
system, was from a swa l le t  on the 
northwestern s ide of the  f a u l t .  
The l i n e  of the t race,  which was 
so shor t  and apparently 
represented such swallow f low tha t  
no groundwater basin was defined, 
crossed the  f a ~ ~ l t  a t  near1 y r i g h t  
angles. 

I I t was poss ib le  t o  examine the 

re la t i onsh ip  o f  a f low conduit t o  

an unmapped mineral ized vein i n  a 
cave i n  t he  Shawnee Copperhead 
Spring Basin. The conduit  
i n t e r s e c t s  t he  b a r i t e  ve in  i n  
several places a t  var ious angles 
and appears t o  be unaffected by 
i t s  trend. I n  the  S i l v e r  Spring 
Basin the major f l ow  conduit  
appears t o  cross a mapped b a r i t e  
ve in  a t  about a 450 angle. 

No general r e l a t i onsh ip  was 
evident between t raced f low l i n e s  
and j o i n t  d i r ec t i qns ,  although i n  
a few cases, as i n  the  S i l ve r  
Spring Basin near the  b a r i t e  vein 
discussed above, the o r ien ta t ions  
o f  +low l i n e s  and mapped j o i n t s  
are s i m i l a r .  It should be noted, 
however, t h a t  except i n  a few 
places where a condui t  i s  
accessible and has been mapped, 
the only i n d i c a t i o n  o f  the 
o r i e n t a t i o n  o f  f low l i n e  i s  the 
r e l a t i v e  pos i t i ons  of the  dye 
inpu t  and detect ion po in ts .  

Linear t rends o f  sinkholes are 
no t  uncommon i n  the  Inner Blue 
Grass Region. Eased on a sample, 
there  are about 1,000 such trends 
i d e n t i f i a b l e  on topographic maps 
i n  t he  reg ion  ( T h r a i l k i l l  and 
others, 1983), and hence 
approximately 120 i n  the area 
studied assuming uniform 
d i s t r i b u t i o n .  Most are less  than 1 
km long, and more t rend between 
northwest and nor th  than i n  any 
other d i r ec t i on .  Faust (1977, 
p l a t e  2, p. 16) gave the  loca t ion  
o f  40 such t rends and s ta ted t ha t  
they were probabl y favorably 
placed t o  obta in  goundwater. 

Aligned sinkholes are present 
along the mapped f a u l t s  i n  the 
1-75 Spring, Boggs Spring, Sharp 
Swallet, Nance Spring, and S i l ve r  
Springs basins discussed above. 
Traces from swa l le ts  on opposite 
ends of a l i n e a r  t rend i n  the 
northwestern Woodford County area 
showed t h a t  the t rend extends from 
the  Roaring Spring t o  t he  P in  Oak 
Spring basins. Inves t iga t ions  i n  
the  Royal Spring, Slacks Spring, 
Cornett  Spring, and lower Roaring 
Spring basins s t rong ly  suggest 
t h a t  the major conduit  i n  each of 
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these basins f o l l ows  sub-paral lel  
1 inear  s inkhole trends. 
Furthermore, the  p r i n c i p a l  conduit 
i n  the  adjacent Sharp Swallet and 
Nance Spr i  ng basi ns f 01 1 ows mapped 
f a u l t s  (as discussed above) tha t  
are roughly p a r a l l e l  t o  these 
1 i near s inkhole trends. These 
re la t ionsh ips  are shown i n  Table 
3, where the basins are l i s t e d  
from west t o  east. 

The a1 i gned sinkholes , 
s i m i l a r i t y  of o r i en ta t i on ,  and 
occurrence of mapped f a u l t s  i n  two 
o f  t he  basins suggests t he  
existence of a f r a c t u r e  set  of 
reg iona l  dimensions, w i t h  the 
p o s s i b i l i t y  t ha t  the  f r ac tu re  may 
be regu la r l y  spaced a t  i n t e r v a l s  
o f  2 t o  3 km. Th is  hypothesis 
would suggest an add i t iona l  
f r a c t u r e  between the  Royal Springs 
and Slacks Springs basins and two 
between the Cornett  Spring and 
Roaring Spring basins. The f i r s t  
i n t e r v a l  was in tens ive1 y 
invest igated but  no groundwater 
basin was discovered i n  t h i s  area, 
which i s  on the northeastern side 
o f  the  va l l ey  o f  Cane Run. The 
i n t e r v a l  between the  Cornett  
Spring and Roaring Spring basins 
has not  yet  been invest igated.  

Note tha t ,  except f o r  the 
Roaring Spring Easin (which has 
the  l eas t  wel l  def ined sinkhole 
t r end ) ,  the o r i en ta t i on  of the 
hypothesized f r ac tu res  var ies  
ra ther  smoothly from N 10" W 

i n  the west (Cornett Spring Basin) 
t o  N 4S0 W i n  the east (Sharp 
Swallet Basin). The pa t te rn  does 
not  extend fa r t he r  t o  the  east, 
since the major basin i s  the  
Vaughans Spring Basin, whose f low 
appears t o  fo l low a very wel l  
developed 1 i ne of s inkholes which 
t rends N 20 E. Flow i n  a l l  of the 
basins i s  down the reg iona l  d ip  t o  
the  northwest, except i n  the  
Cornett Spring Basin, where f low 
i s  updip t o  the southeast. 

The presence of major 
subsurface f low conduits beneath 
l i n e r  s inkhole trends was 
discovered ear l y  i n  the  study, but  
the  nature o f  the features 
responsi b l  e was unknown. They were 
i n i t i a l l y  re fe r red  t o  as diaclases 
( T h r a i l k i l l  and others, i n  press), 
a term which includes major 
("master") j o i n t s ,  a set  of 
c lose ly  spaced j o i n t s ,  or  unmapped 
fau l t s .  

Late i n  the study, the 
oppor tun i ty  arose t o  examine one 
of these features underground i n  
the  major downstream conduit of 
the Slacks Spring Basin. The 
conduit ,  which i s  near ly  s t ra i gh t ,  
i s  t y p i c a l l y  about 6 m wide and 5 
m high. It i s  developed i n  the 
Gr ier  Limestone Member, and the 
t h i n ,  i rregu l  a r l  y bedded 1 i mestone 
t y p i c a l  of t h i s  u n i t  i s  exposed i n  
the  s ides of the conduit. 
Ind iv idua l  beds are seldom th icker  
than 30 cm and general ly  cannot be 

Table 3.-- Sub-Paralled Groundwater Basins. 

BASIN ORIENTQTION INTERVAL FLOW DIRECTION 

Roar ing Sp r i ng  N 25 W 

C o r n e t t  Sp r i ng  N 10 W 

Nance Sp r i ng  N 15 W 

Slacks Spr ing  N 25 W 

Royal Sp r i ng  N 25 b! 

Sharp S w a l  1 e t  N 45 W 

N t o  So. E l  khorn Cr. 

S t o  So. E lkho rn  Cr. 

N t o  No. E l kho rn  Cr. 

N t o  No. E l kho rn  C r .  

N t o  No. E l kho rn  C r .  

N t o  No. E l kho rn  C r .  
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t raced l a t e r a l l y  more than a few 
tens o f  meters. V i s i b l e  j o i n t s  can 
seldom be t raced more than a meter 
o r  so v e r t i c a l  1 y, and those 
para1 1 e l  t o  the conduit  seldom 
extend f o r  more than 10 meters. 

Over most of t he  1-km 
accessible length o f  the conduit, 
the c e i l i n g  i s  the  near ly f l a t  
underside o f  an unusual 1 y 
continuous tabu la r  l imestone bed, 
a l i t h o l o g y  more cha rac te r i s t i c  o f  
the Tanglewood Limestone Member. 
The t race  o f  a j o i n t ,  apparently 
l i t t l e  enlarged by so lu t ion,  i s  
v i s i b l e  i n  t he  c e i l i n g  i n  many 
places. This j o i n t  p a r a l l e l s  the 
condui t  and can be observed i n  
several places t o  be continuous 
f o r  a t  l e a s t  50 meters. The f l a t  
ce i  1 i n g  (o f  ten  several meters 
wide) i s  due t o  col lapse of  weaker 
beds up t o  a more r e s i s t a n t  and 
continuous bed, which i s  a common 
process i n  the  near ly  hor i zon ta l  
beds of t he  region. 

Thus, i t  i s  beleved t h a t  
a1 i gnment o f  s i  nkhol es and 
l o c a l i z a t i o n  o f  major conduits i n  
t he  absence of  f a u l t s  i s  
con t ro l l ed  by t he  presence o i  a 
j o i n t  t ha t ,  u n l i k e  most of the 
j o i n t s  i n  the  region,  i s  
continuous both h o r i z o n t a l l y  and 
v e r t i c a l l y  ( a t  l eas t  30 m i n  the 
one observed, judging by the  depth 
of the  condui t  beneath the 
sur f  ace). The presence of such a 
j o i n t  w i l l  promote the  development 
o f  deep s inkhole  dra ins  near the 
surface, and hence type three 
s inkholes (as discussed e a r l  i er )  . 
&t depth i t  w i l l  f u rn i sh  a 
favorab le  path f o r  i n i t i a l  conduit  
development i f  i t  trends a t  a 
small  angle t o  the  ea r l y  po ten t i a l  
gradient  (as w i  11 be discussed 
below). Such condui ts w i l l  more 
l i k e l y  form i n  t h i n  bedded 
1 imestones w i t h  c lose1 y spaced 
j o i n t s ,  and l i t t l e  enlargement of 
t he  j o i n t  i n  massive and 
h o r i z o n t a l l y  extensive beds (such 
as forms t h e  c e i l i n g  o f  the  
condui t  as described above) would 
be expected w i t h  t he  exception of 
occasional near-vert i  c a l  s inkhole 
drains. 

This i n t e r p r e t a t i o n  may 
exp la in  the ra ther  anomalous 
s i t u a t i o n  i n  the lower Vaughans 
Spring Basin, where the  path of 
the  major conduit  down f low from a 
ka rs t  window i s  along a l i n e a r  
t rend of  sinkholes, bu t  then 
passes beneath North Elkhorn Creek 
t o  the  spr ing on the  opposite 
side. I t  i s  presumed t h a t  the 
condui t  i s  developed along a 
f r a c t u r e  t h a t  has l oca l i zed  the 
s inkhole t rend but  i s  beneath a 
r e s i s t a n t  bed a t  t he  creek, r i s i n g  
through i t  on the  f a r  bank a t  the 
margin of the bed or  a t  one of the 
few po in t s  i t  i s  penetrated by a 
s o l u t i o n  opening. It would seem 
l i k e l y  t ha t  the  spring, which i s  
on t he  i ns ide  o f  a meander loop, 
was once on the opposite 
(southern) s ide o f  t he  creek, and 
t h a t  t he  creek channel has 
migrated l a t e r a l l y  on the  
r e s i s t a n t  bed. 

Topography 

There appears t o  be no 
consistent  co r re l  a t i o n  between 
groundwater basins and surface 
drainage basins. Several of the 
smal l e r  groundwater basins (e. g. , 
Baker Cave Spring, Humane Spring, 
Gano Spring, Santan Spring, and 
Tevis Spring basins) appear t o  a t  
1 east approx i matel y under1 i e 
sur f  ace drainage basins. I n  other 
small basins, however (e.g., P in  
Oak Spring, Cove Spring, Hartman 
Spring , Sharp Swal 1 e t  , and E l  khorn 
Spring) , subsurf ace f 1 ow 1 ines 
cro5s surf  ace div ides.  A1 1 of the 
la rger  groundwater basins extend 
beneath surface div ides.  Examples 
inc lude (surface d i v i de  i s  i n  
parentheses) : Big Spring Basin 
(Sa l t  River-Kentucky R iver ) ,  Nance 
Spring Basin (North Elkhorn-South 
E l  khorn creeks) , Si  l v e r  Springs 
Basin (North E l  khorn Creek-Cane 
fiun). I n  add i t ion,  i n  no instance 
were t he  boundaries o f  groundwater 
basins re la ted  t o  t he  d iv ides  of 
paleoval leys, such as the  Lees 
Branch pa l  eoval l e y  i n  the 
northeastern Woodford County area 
or  the  Sinkhole P l a i n  paleoval ley 
i n  t he  Mercer County area. I n  
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con t ras t ,  t h e  f l o w  d i r e c t i o n  o f  
t h e  shal low subsurf ace f l o w  i n  
i n t e r b a s i n  areas i s  be l i eved  t o  be 
g e n e r a l l y  accordant w i t h  sur face 
dra inage as discussed e a r l i e r .  

A 1  though t h e  f l o w  d i r e c t i o n  i n  
groundwater bas ins  appears t o  bear 
no cons is ten t  r e l a t i o n s h i p  t o  t h e  
d e t a i l s  of present  topography, 
t h e r e  does seem t o  be a tendency 
f o r  such f l o w  t o  be toward t h e  
nearest  major s u r f  ace stream. I n  
t h e  Mercer County area, 
groundwater bas ins  apper t o  be 
developed on e i t h e r  s i d e  o f  a 1  i n e  
drawn midway between t h e  S a l t  
R iver  t o  t h e  west and Her r ing ton 
Lake (Dix R ive r )  and t h e  Kentucky 
R iver  t o  t h e  east.  S i m i l a r l y ,  i n  
t h e  no r the rn  Fayet te  and southern 
Sco t t  count ies  area, groundwater 
bas in  f l o w  i s  general  1  y  away from 
a  l i n e  midway between South 
E lkharn  Creek and Town Branch on 

d i r e c t o n s  o r  groundwater bas in  
boundaries t h a t  a re  d i f f e r e n t  f rom 
those now ac t ive .  

P r i o r  t o  t h e  Mercer County area 
study, i t  was hypothesized t h a t  
t h e  degree o f  groundwater bas in  
development would be l e s s  near t h e  
margins o f  t h e  reg ion  and i n  o ther  
areas where t h e  Lexington 
Limestone has more recent1  y  l o s t  
i t s  cover o f  t h e  o v e r l y i n g  
a r g i l l a c e o u s  Clays F e r r y  
Formation. Such a  r e l a t i o n s h i p ,  
which was discussed b r i e f  1 y  i n  
T h r a i l k i l l  and o the rs  ( i n  press) ,  
was n o t  born ou t  by t h e  Mercer 
County area study, where w e l l  
developed groundwater bas ins  
(e. g. , Baker Cave Spr ing and Cove 
Springs bas ins)  a re  adjacent t o  
and even beneath outcrops o f  t h e  
Clays F e r r y  Formation. 

Conclusions and Utility of 
t h e  southwest and Nor th  Elkhorn Geologic Maps 
Creek t o  t h e  n o r t h  and east. These 

The preceding anal y s i  5 
f l o w  d i r e c t i o n s  would correspond 

i n d i c a t e s  t h a t  no s i n g l e  f a c t o r  o r  
t o  t h e  s lope o f  t h e  po ten t iomet r i c  

s imple combination o f  f a c t o r s  
s u r f  ace o f  a  r e g i o n a l  a q u i f e r  

appears t o  c o n t r o l  t h e  l o c a t i o n  o f  
(which does n o t  now e x i s t )  

groundwater basins o r  d i r e c t i o n  o f  
d ischarg ing  along these major 

subsurface f l o w  w i t h i n  them. The 
s t r  eams. 

bes t  p r e d i c t o r  o f  general  f l ow  

Geomorphology 
There have been e a s i l y  

i n t e r p r e t e d  changes i n  t h e  
landscape r e 1  ated t o  t h e  
development o f  underground 
drainage. The upper p o r t i o n s  of a  
number o f  s u r f  ace v a l  1  eys have 
been converted i n t o  b l i n d  v a l l e y s  
and i n  a  few cases pa leova l l eys  
have been created by the  d i v e r s i o n  
underground o f  essent i  a1 1  y  a1 1 
su r face  drainage. S i m i l a r l y ,  i n  
severa l  o+ t h e  caves o f  t h e  reg ion  
passages t h a t  a re  n o t  now c a r r y i n g  
subsurface f l o w  a re  found a few 
meters above t h e  a c t i v e  f l o w  
condui ts ,  and t h e r e  a re  h igh- leve l  
openings near a  few of t h e  major 
sp r ings  (e.g., Roaring Spring, 
Lindsay Spr ing)  t h a t  probably 
represent  abandoned condu i ts  
(a l though most o f  these a re  
u t i l i z e d  du r ing  h i g h  f l o w ) .  None 
o f  these h igher  l e v e l  condui ts ,  
however, i n d i c a t e  e a r l i e r  f l o w  

d i r e c t i o n  would seem t o  be 
p r o x i m i t y  t o  a  major sur face 
stream, i n  t h a t  most o f  t h e  f l o w  
i n  most o f  t h e  bas ins  i n  t h e  areas 
i n v e s t i g a t e d  was genera l l y  toward 
such streams, prabably i n  response 
t o  a  po ten t iomet r i c  g rad ien t  i n  
ex is tence e a r l y  i n  t h e  development 
o f  t h e  subsurface f l o w  systems. 

Groundwater bas ins  w i l l  be 
found beneath deep s inkholes,  
b l  i nd va l  1  eys, and p a l  eoval 1 eys, 
b u t  t h e  l a c k  o f  such landforms 
does n o t  necessar i l y  i n d i c a t e  t h e  
presence o f  i n t e r b a s i n  areas. 
Where t h e  t r e n d  o f  a l igned deep 
s inkho les  does no t  dev ia te  from 
t h e  d i r e c t i o n  o f  t h e  e a r l y  
po ten t iomet r i c  g rad ien t  by a  l a r g e  
angle, i t  i s  l i k e l y  t h a t  major 
bas in  condu i ts  a re  developed 
beneath such an al ignment. 

A11 o f  t h e  above fea tu res  are 
shown, w i t h  va ry ing  degrees of 
accuracy, on t h e  topographic maps 
o f  t h e  reg ion .  The p r i n c i p a l  
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in format ion presented on geologic 
maps, t he  area l  ex tent  and 
l i t h o l o g i c  nature o f  s t ra t i g raph i c  
u n i t s  i n '  t he  Lexington Limestone, 
i s  o f  l i t t l e  o r  no u t i l i t y  i n  
l oca t i ng  t h e  boundries of and f low 
d i r e c t i o n s  w i t h i n  groundwater 
basins, nor does bedding a t t i t u d e  
as shown by s t r u c t u r e  contours 
prov ide usef u l  i n f  ormation. About 
the  on ly  features del ineated on 
geologic maps (and not  on 
topographic maps) t h a t  may be of 
i n t e r e s t  are f a u l t s  along which 
al igned sinkholes are not  present, 
although no condui ts were shown t o  
f o l l o w  such f a u l t s  i n  t h e  area 
studied. I t  i s  poss ib le  t h a t  there 
i s  a s l i g h t  tendency f o r  basins i n  
which the f low i s  down the  
reg iona l  d i p  t o  be enlarged 
r e l a t i v e  of those i n  which f low i s  
updip, but  no r e a l  evidence of 
t h i s  was seen dur ing the  study. 

NATURE AND DEVELOPMENT OF THE 
HYDROGEOLOGIC SYSTEM 

The fo l low ing  discussion may be 
premature, inasmuch as no studies 
i n  the reg ion o f  important top ics  
such as water budget or  carbonate 
geochemistry have ye t  been 
compl eted. The re1  a t  i onshi ps 
establ ished dur ing the  present 
study, however, prov ide a  
framework f o r  an explanat ion of 
t he  nature and development of the 
hydrogeology of t he  system tha t  i s  
s u f f i c i e n t l y  d i f f e r e n t  from the 
views of e a r l i e r  workers t o  
j u s t i f y  i t s  presentat ion. 

The ideas t h a t  w i l l  be 
presented are based on arguments 
t h a t  are ra ther  h i g h l y  deductive. 
The on ly  por t ions  o f  the  
subsurface system t h a t  can be 
d i r e c t l y  observed i n  any d e t a i l  
are conduits t h a t  are l a rge  enough 
t o  enter and are no t  completely 
water f i 1 led. Although consistent 
w i t h  observations made dur ing the 
study, the p roper t ies  o f ,  and 
processes occurr ing w i th in ,  the 
smaller conduits must maini y  be 
deduced from physical  p r inc ip les .  

The d i f ferences between the 
hydrogeology of the  reg ion and 
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t h a t  o f  areas under la in  by 
granular mater ia l  are  so 
substant ia l  t h a t  v i r t u a l  1  y  the 
only feature the two systems have 
i n  common i s  the presence, f low, 
and avai 1  abi  1 i t y  o f  water beneath 
the  surface t o  wel ls.  Because a 
fundamental s t a r t i n g  po in t  f o r  the 
descr ip t ion  of the  hydrogeology of 
granular aqui fers,  and the  
over ly ing vadose and r e g o l i t h  
zones, i s  t h a t  t he  type o f  f low i s  
such tha t  Darcy's Law i s  followed, 
an examination o f  t he  types of 
subsurface f low i n  the  Inner Flue 
Grass Karst Region i s  appropriate. 

Types of Flow 
Subsurface f low i n  an area 

under la in  by granular mater ia l  i s  
l a r g e l y  through pores of such 
small diameter t h a t  t he  f l ow  
v e l o c i t y  i s  l i n e a r l y  re l a ted  t o  
the po ten t i a l  gradient  by the 
hydrau l ic  conduct iv i ty ,  a 
re l a t i onsh ip  described by Darcy's 
Law. I n  add i t ion,  f l ow i n  small 
planar f r ac tu res  (e-g., j o i n t s  and 
bedding sur f  ace) w i  11 a1 so obey 
t h i s  re l a t i onsh ip  i f  the width of 
t he  f r a c t u r e  i s  s u f f i c i e n t l y  
small. The term " c a p i l l a r y  s ize"  
w i l l  be used here, although 
c a p i l l a r y  e f f e c t s  are per t inen t  
on ly  i n  unsaturated f low. I f  the 
pores (and f rac tu res )  are not  
saturated w i th  water, the  f low 
w i l l  be termed "unsaturated 
in te rg ranu la r  f low"  (and the 
degree of saturat ion i s  an added 
parameter i n  f low re la t i onsh ips ) :  
otherwise the f low w i l l  be termed 
"saturated in te rg ranu la r  f low. " 
Although other types of f l ow  may 
occur, as i n  la rge  s o i l  f rac tu res  
and i n  areas of h igh p o t e n t i a l  
grad i ent near pumpi ng we1 1 s  , they 
may usual 1  y  be sa fe l y  neglected i n  
descr ib ing the hydrogeologic 
system. The body of saturated 
granular mater ia l  a t  depth i n  
which saturated in te rg ranu la r  f l ow 
occurs, and i n  which the  water 
pressure i s  greater than one 
atmosphere, i s  considered the 
"aqu i fe r "  (and i t s  contents 
"groundwater") i f  i t s  hydrau l ic  
conduc t i v i t y  i s  h igh enough f o r  
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water t o  be y ie lded t o  wel ls.  
Above the "potent iometr ic  surface" 
(termed the  "water t ab le "  i f  the 
aqui fer  i 5 unconfined) , a t  which 
t he  pressure i s  atmospheric, most 
of the f low i s  unsaturated 
in te rg ranu la r  f low although a 
reg ion of saturated in tergranular  
f low (lower po r t i on  o f  the  
c a p i l l a y  f r i n g e )  i s  usua l l y  
present j u s t  above the 
potent iometr ic  surface i n  the  
"vadose zone" and, l o c a l l y  and 
temporari ly,  i n  por t ions  of the 
r e g o l i t h  as a r e s u l t  o f  h igh 
recharge. 

I n  contrast ,  subsurface 
meteoric water i n  the  Inner Flue 
Grass Region i s  transported by six 
d i f f e r e n t  types of f low, a l l  of 
which are s i g n i f i c a n t  i n  
descr ib ing the  nature and 
development o f  the  hydrogeol ogi c 
system. I n  the r e g o l i t h ,  f low i s  
s i m i l a r  t o  t h a t  i n  the r e g o l i t h  
over1 y ing  granular mater ia l ,  and 
water i s  t ransported l a r g e l y  by 
unsaturated in te rg ranu la r  f low, 
w i  t h  areas of saturated 
in te rg ranu la r  f l ow beneath ponds 
and surface streams as wel l  as 
e l  sewhere f 01 lowing heavy r a i n s  o r  
snow melt. Un l ike  many areas of 
granular rocks w i t h  appreciable 
hydrau l ic  conduct iv i ty ,  however. a 
zone of saturated in tergranular  
f low i s  o f t en  present above the 
regol i th-bedrock i n t e r f a c e  due t o  
the  very low hydrau l ic  
conduc t i v i t y  of the  bedrock i f  no 
conduits are developed. I n  
add i t ion,  one or  more o f  the four 
types of conduit  f 1 ows discussed 
below may occur i n  t he  r e g o l i t h  
(espec ia l ly  i t s  lower p a r t )  i n  
condui ts excavated by p ip i ng  and 
other non-solution processes. 

Flow i n  the bedrock outs ide of 
conduits w i l l  be by saturated 
in te rg ranu la r  f l ow as we1 1. 
e l  though t h i s  i s  overwhelming1 y 
the  l a rges t  reg ion i n  the 
subsurface, in te rg ranu la r  
hydrau l ic  conduc t i v i t i es  i n  the 
bedrock are so low t h a t  t h i s  f low 
i s  o f  no i n t e r e s t  on a short  t ime 
scale as a source of water t o  
we l l s  nor on an intermediate t ime 

scale of a few weeks t o  a few 
years i n  considering the water 
budget of the region. As w i l l  be 
d i  scussed , however. such f 1 ow i 5 

important on a long ( i .e. ,  
geological  t ime scale i n  
understanding the development of 
the hydrogeologic system of  the 
region. Note t h a t  the two types of 
in tergranular  f low inc lude f low 
along narrow fractures,  as wel l  as 
t h a t  between grains. 

The other four  types o f  f low 
are i n  conduits, which are 
s o l u t i o n a l l  y  enlarged openings 
la rger  than the  c a p i l l a r y  s i ze  
openings so f a r  discussed. 
Although many conduits are tubes 
ra ther  than regu lar  cross sect ions 
t h a t  change l i t t l e  along the  
length o f  the  conduit, t he  term 
w i l l  a lso  be appl ied t o  a l l  l a rge  
openings i n  the rock regardless o f  
t h e i r  shape. 

"Pipe f low" occurs when the 
condui t i s  completely f i 11 ed wi th  
water and (since there are no 
c a p i l l a r y  e f f e c t s  and the  ventur i  
e f f ec t  of h igh v e l o c i t i e s  i s  
neg l i g i b l e )  the pressure i s  
greater than atmospheric. The 
other types of conduit  f low are 
unsaturated (i . e. , the  conduit  
contains both water and a i r ) .  I n  
"bedrock channel f low",  f low i s  on 
bedrock beneath a f r e e  surface, 
and hence the width, depth, and 
gradient  are f i x e d  f o r  a given 
discharge except f o r  so lu t i on  and 
abrasion of the bedrock on a long 
t ime scale. "Gravity f l ow"  d i f f e r s  
from bedrock channel f low i n  
having a very h igh gradient,  
lack ing a wel l  def ined 
cross-sectional area, and having 
poor ly  defined contact (or  none i n  
the case of water f a1 1 i n g  f ree)  
w i t h  the bedrock, which precludes 
the appl icat ion of open channel 
f low re la t ionsh ips  (e.g., 
Chezy-Manning) used f o r  other 
types of unsaturated conduit  
f lows. F ina l l y ,  "equ i l i b r ium 
channel f low" i s  s i m i l a r  t o  
bedrock channel f low (and i s  
describable by open channel f low 
re la t ionsh ips )  except t h a t  the 
bottom and sides o f  the  channel 
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are large1 y on sediment, main1 y 
transported r e g o l i t h  and bedrock 
fragments, and i t s  width, depth, 
and gradients on a long and 
poss ib ly  intermediate t ime scale 
are determined by an equ i l i b r ium 
between water and sediment 
t ransport .  Such f low has been 
ex tens i  vel  y discussed (under a 
v a r i e t y  of names) by many authors 
f o r  surface streams (e.g., Leopold 
and others, 1964; Hammer and 
MacKichan, 1981 ) . 

filthough other types of 
subsurface f low may occur i n  the 
region. such as i n  saturated or  
unsaturated conduits i n  areas of 
ponding or  i n  saturated conduits 
p a r t l y  f i i l e d  w i th  sediment, i t  
may be assumed, a t  l eas t  
i n i t i a l l y ,  t h a t  such f l ow  may 
adequate1 y be described as one of 
the  types described above. The 
p rop r t i es  of the s i x  types of f low 
considered are summarized i n  Table 
4. 

Table 4.-- Types of Subsurface Flow in the Inner Blue Grass Region. 

PREDOMI- POTENTIAL 
PRESSURE TANT VELOCITY 

TYPE OF SATURATED OR TYPE OF REL. TO FLOW RELATION- 
FLOW UNSATURATED OPEN I NG CITM. MODE SHIPS 

Saturated Saturated C a p i l l a r y  Greater 1 ami nar Darcy 
in te rg ran-  (occ. about 
u l a r  f l ow  equal or  

1 ess) 

Unsatur- Unsaturated Capi 11 ary  Less 1 aminar Darcy 
ated (modif ied) 

i n te rg ran-  
u l a r  +low 

G r a v i t y  Unsaturated Conduit About turbu- Gravi ta- 
F l  o w  equal l e n t  t i  onal 

acce l  era- 
t i o n  
v e r t i c a l  
f i l m ,  etc.  

Pipe Saturated Conduit Greater turbu- Turbulent 
Flow l e n t  p i pe  f l ow  

Bedrock Unsaturated Conduit about turbu- , Chezy- 
channel equal 1 ent  Manni ng , 
f l ow  etc.  

Equi 1 i - Unsaturated Conduit about turbu- Chezy- 
br ium equal l e n t  Manni ng , 
channel Leopol d , 
f l ow  e tc .  
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The Non-Meteoric System Conduit Initiation 

Before  proceeding f u r t h e r  w i t h  
a  d iscuss ion  o f  t h e  n a t u r e  and 
development o f  t h e  subsurf  ace 
meteor ic  water f low system, some 
ment ion o f  what w i l l  be termed t h e  
non-meteoric system i s  i n  order.  
As discussed e a r l i e r  i n  t h e  
s e c t i o n  on water supply, many 
w e l l s  d r i l l e d  i n  t h e  r e g i o n  
encounter water o f  u n s a t i s f a c t o r y  
q u a l i t y ,  i n  some cases a t  depths 
o f  l e s s  than 25 m. Th i s  water i s  
v a r i o u s l y  r h a r a c t e r i  zed as 
con ta in ing  s u l f u r ,  s a l t ,  i r o n ,  
e tc . ,  and may be present  i n  
apprec iab le  q u a n t i t i e s  i n  some 
we l l s .  

Although l i t t l e  i s  known o f  
t h i s  subsurface water, severa l  
observa t ions  can be made. F i r s t ,  
a t  l e a s t  some o f  t h e  water i s  i n  
condu i t s  (and presumably by p i p e  
f l o w  a t  these depths) ,  inasmuch as 
t h e  i n t e r g r a n u l a r  h y d r a u l i c  
c o n d u c t i v i t y  i s  t o o  low t o  
t r a n s m i t  t h e  amounts o f  water t h a t  
have been encountered. Second, t h e  
chemist ry  o f  t h e  water i n d i c a t e s  
t h a t  i t  i s  i s o l a t e d  from t h e  
meteor ic  water system. Th i rd ,  t h e  
absence o f  such water i n  many deep 
d r y  ho les  and underground quar r i es  
suggest t h t  t h i s  system does no t  
complete ly  permeate t h e  bedrock. 
Four th,  t h e  apparent d i f f e r e n c e  i n  
chemist ry  o f  t h i s  water suggest 
t h a t  i t  may be i n  smal l ,  
r e l a t i v e l y  i s o l  ated bodies, and 
t h a t  a  cont inuous system does no t  
e x i s t .  F i n a l  1  y, t h e  f a c t  t h a t  some 
w e l l s  t h a t  i n i t i a l l y  y i e l d  water 
o f  u n s a t i s f a c t o r y  qua1 i t y  l a t e r  
produce meteor ic water, suggests 
t h a t  pressure communication 
between t h e  non-meteoric and 
meteor ic  systems may e x i s t ,  and 
cont inued pumping of t h e  former 
a l l ows  t h e  l a t t e r  t o  invade t h e  
condu i t s  and f l u s h  them out .  
A1 t e r n a t i  v e l  y, these cases may be 
exp la ined by t h e  w e l l  i n i t i a l l y  
producing from bo th  systems which 
then exhausts t h e  non-meteoric 
system, suppor t ing t h e  suggest ion 
t h a t  these a r e  a c t u a l l y  a  s e r i e s  
o f  i s o l a t e d  systems. 

V i r t u a l l y  by d e f i n i t i o n ,  t h e  
f l o w  i n  bedrock t o  condu i t  
development i s  by sa tura ted  
i n t e r q r a n u l a r  f low,  and such f l o w  
1s  now o c c u r r i n g  i n  bedrock where 
condu i t s  a r e  n o t  present.  An 
examinat ion o f  t h e  t r a n s i t i o n  from 
i n t e r g r a n u l a r  t o  condu i t  f l o w  
would t h u s  seem t o  be an e s s e n t i a l  
p a r t  o f  t h e  development o f  t h e  
f l o w  system, b u t  as t h e  f o l l o w i n g  
w i l l  show, no very  s a t i s f a c t o r y  
conc lus ion  can be reached 
regard ing  t h i s  phase o f  t h e  
hydrogeo lg ic  h i s t o r y  o f  t h e  
reg ion .  

The p r i n c i p a l  mechanism 
resoonsi  b l e  f o r  t h e  i n i t i a t i o n  o f  
condu i t s  i s  s o l u t i o n  o f  t h e  
minera l  c a l c i t e ,  and p r i n c i p a l  
c o n s t i t u e n t  o f  l imestone, and 
a l though va r ious  at tempts have 
been made t o  q u a n t i f y  t h e  
r e l a t i o n s h i p s  between s o l u t i o n  and 
f l o w  (e.g., White, 1977), much 
work remains i n  t h i s  area. It i s  
ev ident ,  however, t h a t  convers ion 
o f  an i n t e r g r a n u l a r  f l o w  path  t o  a 
condu i t  f l o w  pa th  r e q u i r e s  t h e  
passage o f  l a r g e  amounts o f  water 
s imply t o  remove t h e  s o l u t i o n  
products,  rega rd less  o f  t h e  
d e t a i l s  o f  t h e  so lu ton  k i n e t i c s  o r  
degree o f  chemical undersaturaton 
o f  t h e  water as i t  en te rs  t h e  f l o w  
path. Assuming a  h i g h  and constant 
carbon d i o x i d e  p a r t i a l  pressure, 
no d i sso l ved  c a l c i t e  i n  t h e  water 
as i t  e n t e r s  t h e  f l o w  path,  and 
complete s a t u r a t i o n  w i t h  respect  
t o  c a l c i t e  as i t  leaves t h e  f l o w  
pa th  (a1 1  unrea l  i 5 t i  c a l l  y  generous 
s p e c i f i c a t i o n s ) ,  a  volume o f  water 
a t  1  east  1,000 t imes t h e  volume o f  
t h e  i n i t i a l  condu i t  (neg lec t i ng  
t h e  volume o f  t h e  i n t e r g r a n u l a r  
f 1  ow path  ' i s  needed dcrri ng t h e  
p e r i o d  o f  i n t e r g r a n u l a r  f low.  

Assumi ng a  p o t e n t i a l  g rad ien t  
o f  0.01 (based on t h e  r e g i o n ' s  
topography) , a  f l o w  pa th  l e n g t h  o f  
C km, and a  minimum t ime  f o r  water 
t o  t r a v e r s e  t h e  f l o w  pa th  o f  10 
years ! thus  p r o v i d i n g  t h e  above 
volume i n  10,000 years) ,  an 
a p p l i c a t i o n  o f  Darcy 's  Law y i e l d s  
a  minimum h y d r a u l i c  c o n d u c t i v i t y  
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a long t h e  f l o w  l i n e  o f  a  l i t t l e  
more than 10-s m/s. 

I n t e r g r a n u l  a r  hydrau l  i c 
c o n d u c t i v i t i e s  o f  t h e  l imestones 
and t h i n  sha les  o f  t h e  Lexington 
Limestones a r e  1 ow. MacQuown 
(1967, p. 68), presents  a  
de terminat ion  equ iva len t  t o  about 
lo-' m/s f o r  a specimen o f  
t h e  C u r d s v i l l e  Member, which i s  
l i t h o l o g i c a l l y  s i m i l a r  t o  t h e  
Tanglewood Limestone Member. 
Freeze and Cherry (1979, p. 29) 
i n d i c a t e  t h a t  a  h y d r a u l i c  
c o n d u c t i v i t y  o f  la-' m/s i s  
about t h e  lower l i m i t  f o r  
l imestone, and hence t h i s  probably 
represents  i n t e r g r a n u l a r ,  as 
opposed t o  f r a c t u r e ,  h y d r a u l i c  
conduct i v i  t y .  

The ac tua l  f l o w  v e l o c i t y  along 
a  f l ow  path  w i l l  be i n v e r s e l y  
r e l a t e d  t o  t h e  b u l k  v e l o c i t y  
(suggested by t h e  h y d r a u l i c  
c o n d u c t i v i t y )  by t h e  v o i d  r a t i o ,  
assuming t h e  f l o w  pa th  i s  
s t r a i g h t .  A v o i d  r a t i o  o f  
la-=, and a  degree o f  
tor tuousness o f  t h e  f l o w  pa th  such 
t h a t  i t  i s  10 t imes t h e  s t r a i g h t  
1  i n e  d is tance,  y i e l d s  a  f l o w  
v e l o c i t y  o f  lW7 m/s, two 
o rde rs  o f  magnitude t o o  low f o r  
condu i t  i n i t i a t i o n  under t h e  
c o n d i t i o n s  assumed. 

Because t h e  Lexington Limestone 
i s  thin-bedded and t h e  i n d i v i d u a l  
beds a re  j o in ted ,  pre-condui t  f l o w  
a1 ong bedding and j o i n t  s u r f  ace, 
which w i  11 c o l l e c t i v e 1  y  be c a l l e d  
"+rac tures , "  would seem l i k e l y .  
Such f l ow  i n  a  system o f  narrow 
f r a c t u r e s  (assuming c e r t a i n  
c o n d i t i o n s  o f  t h e i r  
i n te rconnec t ion  and spacing are  
met) w i l l  obey Darcy 's  Law and i s  
here considered sa tu ra ted  
i n t e r g r a n u l a r  f low,  even though 
t h e  f l ow  paths a re  n o t  between 
gra ins.  

MacBuown (1967, p. 47) found 
t h e  average spacing o f  bedding 
sur faces t o  be 0.05 m and t h e  
average j o i n t  spacing t o  be 0.24 rn 
i n  t h e  C u r d s v i l l e  Member, which 
y i e l d s  a value o f  24.2 
fractures/mz. Assuming a  
w id th  of 0.1 mm ( lob4 m )  +o r  

a  f r a c t u r e  t h a t  has n o t  been 
s o l u t i o n a l  l y  widened, a  h y d r a u l i c  
c o n d u c t i v i t y  o f  about 10-l1 
m / s  i s  obta ined us ing  methods 
descr ibed i n  Freeze and Cherry 
(1979, p. 74),  and t h e  v o i d  r a t i o  
(assuming a l l  f r a c t u r e s  a r e  
p a r a l l e l  t o  f l o w )  i s  about 2.5 x 
lW3 .  Even i f  no path  
lengthening due t o  t o r t u o u s i  t y  i s  
considered, a  f l o w  v e l o c i t y  w i t h i n  
a  f r a c t u r e  o f  4 x lV9 
r e s u l t s ,  one and a  h a l f  o rders  o f  
magnitude l e s s  than t h a t  o f  an 
in te rg ranuar  path. 

Although t h i s  admi t ted ly  crude 
a n a l y s i s  suggests t h e  
i n t e r g r a n u l a r  f l ow  paths should be 
favored over f r a c t u r e  f l o w  paths 
du r ing  t h e  pre-conduit  f l o w  stage, 
t h e  reverse  i s  probably t r u e ,  
s ince  smal l  condu i ts  observed i n  
outcrop a re  usua l l y ,  b u t  n o t  
i n v a r i a b l y ,  l o c a l i z e d  a long a  
j o i n t  o r  bedding surface. Thus, 
t h e r e  may be e r r o r s  and 
incons is tenc ies  i n  t h e  
assumptions, most no tab ly  i n  t h e  
s p e c i f i c a t i o n  o f  f r a c t u r e  width. 
Since h y d r a u l i c  c o n d u c t i v i t y  along 
a  f r a c t u r e  i s  d i r e c t l y  r e l a t e d  t o  
t h e  t h i r d  power o f  t h e  f r a c t u r e  
w id th  !Freeze and Cherry, 1979, p. 
741, i f  t h e  w id th  i s  1  mm 
( lo -=)  r a t h e r  than 0.1 mm. 
t h e  h y d r a u l i c  c o n d u c t i v i t y  i s  
increased by 3 orders  o f  
magnitude, f a v o r i n g  f r a c t u r e  paths 
over i n t e r g r a n u l a r  paths. Such a  
w id th  f o r  non-solut ional  1 y  widened 
f r a c t u r e s  a t  depth seems t o o  g rea t  
(0.1 mm is probably t o o  generous), 
b u t  i t  i s  l i k e l y  t h a t  some 
s o l u t i o n a l  widening (and even 
condu i t  development) has occurred 
i n  a t  l e a s t  some f r a c t u r e s  p r i o r  
t o  t h e  i n i t i a l  e n t r y  o f  meteoric 
water. Openings l a r g e  enough t o  
t ransmi t  t h e  non-meteoric system 
discussed e a r l  i e r  a re  c e r t a i n 1  y  
present i n  some p laces  i n  t h e  
rock.  

The apparent near-comparable 
e f f i c i e n c y  o f  i n t e r g r a n u l a r  paths 
suggests t h a t  pre-conduit  f l o w  
along such paths cannot be 
ignored, however. I f  a  steep 
p o t e n t i  a1 g rad ien t  were present a t  
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an angle t o  bedding where no f a m i l i a r  second type (branching 
j o i n t s  were present, enlargement upf low). 
bf in tergranblar  paths para1 l e l  t o  
the  gradient  would be expected. 
Such paths would probably even 
cross shale interbeds up t o  
several m i  11 imeters t h i c k  (which 
probably inc ludes most such 
interbeds i n  the Lexington 
Limestone) , inasmuch as the shales 
general ly  contain more than 50 
percent c a l c i t e  (and dolomite) and 
less  than 25 percent c l ay  minerals 
(Fisher, 1968, p. 780) , and hence 
even t h e i r  v e r t i c a l  hydrau l ic  
conduc t i v i t y  may be comparable t o  
the hydrau l ic  conduc t i v i t y  of the 
limestones. Conduit development i n  
such shales would be i n h i b i t e d  by 
t he  accumulation of inso lub le  
residue, however. 

Ewers and Quinlan (1981) have 
presented the  most persuasive 
explanat ion f o r  the  i n i t i a l  
development of conduits from 
saturated in te rg ranu l  ar  f low a1 ong 
a f rac ture .  Ewer's (1981) 
experiments ( u t i l i z i n g  s a l t  and 
p l a s t e r )  i nd i ca te  conduit  
development begins a t  the input  
po in t  and extends down the  f low as 
a complexly branching dend r i t i c  
pa t t e rn  o f  small conduits. Because 
p o t e n t i a l  l oss  i n  the  conduits, i s  
much l e s s  than i n  the 
in te rg ranu la r  f l ow region, the 
steepest po ten t i a l  gradient  i s  
between the  o u t l e t  and the end of 
the condui t  nearest the  o u t l e t  
r e s u l t i n g  i n  increased f low and 
accelerated conduit  growth a1 ong 
t h i s  l i n e .  Once the  f i r s t  conduit 
reaches the ou t l e t ,  po ten t i a l  
f a l l s  i n  a l l  the  conduits and f low 
w i t h i n  the  growth of the other 
condui ts i n  the dend r i t i c  pa t te rn  
v i r t u a l  1 y ceases. I f  dend r i t i c  
pa t te rns  o f  conduits are growing 
from other input  po in ts ,  a steep 
p o t e n t i a l  gradient  develops i n  the 
in te rg ranu la r  f low region between 
these conduits and those of the 
pa t t e rn  t h a t  f i r s t  reached the 
o u t l e t ,  causing conduits i n  the 
pa t t e rn  t h a t  f i r s t  reached the 
o u t l e t .  Thus, the f i r s t  type of 
d e n d r i t i c  pa t te rn  (branching 
downflow) i s  converted t o  a more 

Stages of Conduit Growth 
Further so lu t iona l  (and 

abrasion) enlargement of the 
conduits and i n teg ra t i on  of the 
conduit  system has l e d  t o  the 
present hydrogeologic System o+ 
the  region. During t h i s  
enlargement and in tegra t ion ,  
i nd i v i dua l  conduits have passed 
through a number of s i g n i f i c a n t  
stages. The t r a n s i t i o n  t o  the 
f i r s t  stage occurs when the 
cross-sect ional area of a conduit  
becomes s u f f i c i e n t l y  large,  and 
the  f low v e l o c i t i e s  (due t o  
i n teg ra t i on  of the conduit  system) 
s u f f i c i e n t l y  high, f o r  the f low t o  
become p ipe f low, and hence'no 
longer described by Darcy's Law. 
P r i o r  t o  t h i s  t r ans i t i on ,  the  f low 
would be saturated (usual 1 y)  
in tergranular  f low, even though i t  
was i n  the embryo conduits 
described i n  the preceding 
sect ion. Because both the  plan and 
cross-section of the  conduits a r e ,  
probably qu i t e  i r r e g u l a r ,  the 
t r a n s i t i o n  t o  the f i r s t  stage 
probably occurs wel l  before the 
f l ow  becomes turbu lent .  

The t r a n s i t i o n  t o  the  second 
stage occurs when conduit  s i ze  
throughout i t s  length i s  great 
enough f o r  sediment (both reg01 i t h  
ad the  inso lub le  residue from the 
so l  u t i  onal en1 argement of the 
conduits) t o  be transported 
through t e  system. The t h i r d  stage 
i s  reached when the s i z e  o f  the 
conduit  and the f low v e l o c i t i e s  
are s u f f i c i e n t l y  h igh f o r  conduits 
on bedding surf  aces above t h i n  
shales or otherwise r e s i s t a n t  beds 
t o  erode through t o  the underlying 
less  res i s tan t  limestone. The 
conduit  s i ze  and f low ve loc i t y  
necessary i s  obviously a func t ion  
o f  the extent,  thickness, and 
degree of resistance of the  
under 1 y i  ng bed. 

It seems u n l i k e l y  t h a t  
s i g n i f i c a n t  sediment t ranspor t  can 
occur unless the f 1 ow i s  
turbu lent ,  and conduits t h a t  are 
able t o  erode shales (probably 
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mainly by so lu t ion,  inasmuch as 
the  "shales" are dominantly 
carbonates, as discussed e a r l i e r )  
must be able t o  t ranspor t  the  
inso lub le  residue out o f  t he  
conduit. Thus, the three stages 
would seem t o  be sequential .  There 
i s  another t r a n s i t i o n  t h a t  occurs 
a t  some po in t  dur ing the  
enlargement of a condui t  and 
i n teg ra t i on  of t he  system whose 
pos i t i on  i n  the  sequence may vary, 
a1 though i t  probably occurs most 
o+ten dur ing the  second stage. 
Th is  t r a n s i t i o n  occurs when the 
s i z e  of the  condui ts and 
i n teg ra t i on  of the  system reaches 
the po in t  where t he  amount of 
water being suppl ied t o  t he  
conduit  i s  i n s u f f i c i e n t  t o  f i l l  
i t ,  a t  l e a s t  dur ing t imes of low 
recharge, and the  f l ow  becomes 
unsaturated, e i t h e r  bedrock 
channel f low, i f  t he  gradient  i s  
low, g rav i t y  f low, i f  t h e  gradient  
i s  h igh  (most common i n  a t h i r d  
stage condui t )  , or  equi 1 i b r i  um 
channel f 1 ow i n  l a rge r  and deeper 
conduits. 

Where t he  conduit  serves as a 
s inkhole  drain,  t h i s  
c l a s s i f i c a t i o n  corresponds t o  the 
c l a s s i f i c a t i o n  o f  s inkhole types 
ou t l i ned  e a r l i e r ,  i n  t h a t  
i n c i p i e n t  and type one sinkholes 
are drained by f i r s t  stage 
conduits, type two s inkholes by 
second stage conduits, and type 
th ree  sinkholes by t h i r d  stage 
conduits. 

As s ta ted e a r l i e r ,  geochemical 
s tud ies  of t he  a b i l i t y  o f  
recharging meteoric water t o  
accomplish the  condui t  enlargement 
have no t  yet  been completed i n  the  
region. A considerable body of 
l i t e r a t u r e  e x i s t s  on t h i s  question 
based on s tud ies i n  other areas, 
however (e.g., T h r a i l k i l l  and 
Robl, 1981), and i t  i s  bel ieved 
t h a t  t h i s  model of condui t  
i n i t i a t i o n  and development i s  
consistent  w i t h  the  geochemistry. 

Groundwater Basins, lnterbasin 
Areas, and the Aquifer 

Groundwater basins have been 
i d e n t i f i e d  as areas w i t h i n  which 

dye t r a c i n g  has ind ica ted  t ha t  the 
subsurface conduit  system appears 
t o  be deep, extensive, and wel l  
in tegrated,  whi le  there  i s  no 
evidence t h a t  the  subsurface 
conduit  system i n  i n te rbas in  areas 
has any o f  these charac te r i s t i cs .  
I n  groundwater basins, a t  l e a s t  
t he  major f 1 ow of meteoric water 
i n f i l t r a t i n g  the  surface descends 
steeply through stage three 
conduits from stream swa l le ts  or 
as type three s inkhole drains. 

I n  two of the  qroundwater 
basins i d e n t i f i e d  (Shawnee Hef er 
and Spring Lake Spring basins) ,  
the  major basin condui ts are 
bel ieved t o  be perched on a 
r e s i s t a n t  bed, and thus have not 
reached the  t h i r d  stage of  
development r e l a t i v e  t o  t h i s  bed 
(although t h i r d  stage conduits are 
probably developed through th inner 
r e s i s t a n t  beds above i t ) .  

I n  the  remaining 36 groundwater 
basins, f l ow  w i t h i n  them appears 
t o  be i n  large,  near ly  hor izonta l  
conduits, whose e leva t ion  i s  
unre la ted t o  l i t h o l o g y .  Where 
major condui ts can be entered and 
examined, they cons is t  o f  open 
passages traversed by a stream 
f 1 owing over sediment , wi th  
a c c e s s i b i l i t y  terminat ing both 
upstream and downstream when the 
conduit  becomes complete1 y f i l l e d  
w i t h  water. The near ly  hor izonta l  
gradient  o f  these major conduits 
i s  bel ieved t o  be con t ro l led  by 
the equ i l i b r ium f low occurr ing i n  
t he  unsaturated por t ions  of t he  
major conduits. 

PIS discussed e a r l i e r ,  the  width 
of t he  zone of near hor i zon ta l  
f l ow a t  depth i n  underground 
basins i s  uncertain. Although 
potent iometr ic  surface e levat ions 
i n  the  middle Slacks Spring Basin 
suggest t h a t  i t  may be extensive, 
other evidence would seem t o  
i nd i ca te  t h a t  conduit  development 
between major f low l i n e s  w i t h i n  
the basin i s  minor o r  absent, and 
t h a t  t he  basin f low i s  l a rge l y  
through a s i ng le  conduit  or,  i n  a 
few cases, condui ts p a r a l l e l  t o  
and very near the major conduit. 
Such ev i  dence i n c l  udes we1 1 data 
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+,om t h e  lower Slacks Spr ing  Basin 
and o t h e r  bas ins  i n  t h e  Georgetown 
Quadrangle, t h e  f a c t  t h a t  most o f  
t h e  s p r i n g s  e i t h e r  have a  s i n g l e  
o u t l e t  o r  m u l t i p l e  o u t l e t s  very 
c l o s e  t o  each o the r ,  and t h e  f a c t  
t h a t  impoundment o f  sp r ings  has 
n o t  l e d  t o  t h e i r  abandonment and a  
major d i v e r s i o n  o f  f l o w  as t h e  
p o t e n t i a l  i s  increased. 

Subsurface f l o w  w i t h i n  t h e  
groundwatr bas ins  (neg lec t i ng  t h e  
sa tu ra ted  and unsat ra ted  
i n t e r g r a n u l a r  f l o w  i n  t h e  r e g o l i t h  
and sa tu ra ted  i n t e r g r a n u l a r  f l o w  
i n  t h e  bedrock o u t s i d e  o f  
condu i t s )  i s  t hus  d i f f e r e n t  i n  
d i f f e r e n t  p a r t s  o f  t h e  basin. 
Water e n t e r i n g  t h e  bas in  from 
stream s w a l l e t s  and t ype  t h r e e  
s i n k h o l e  d ra ins ,  i n i t i a l l y  
descends s t e e p l y  by g r a v i t y  f l ow  
and s h o r t  reaches of bedrock 
channel f l o w  t o  t h e  f l o o r  o f  t h e  
basin.  It then i s  t ranspor ted  t o  
t h e  d ischarg ing  s p r i n g  main ly  by 
e q u i l i b r i u m  channel f l o w  and p i p e  
f l ow ,  a l though reaches o f  low 
g r a d i e n t  bedrock channel f l o w  
severa l  hundred meters long have 
been observed i n  t h e  upstream 
p o r t i o n  o f  smal l  e r  condui ts .  

Although i t  i s  r a t h e r  easy t o  
e x p l a i n  t h e  near h o r i z o n t a l  f l ow  
i n  t h e  groundwater bas ins  as being 
due t o  e q u i l i b r i u m  channel f l ow  i n  
a t  l e a s t  major p o r t i o n s  o f  t he  
l a r g e r  condu i ts ,  i t  should be 
noted t h a t  o ther ,  and unknown, 
f a c t o r s  promoting t h i s  h o r i z o n t a l  
f l o w  may be operat ing.  Fy i t s  very 
n a t u r e  e q u i l i b r i u m  channel f l ow  
r e q u i r e s  t h a t  l a r g e  amounts of  
sediment a r e  be ing  t ranspor ted  i n  
t h e  subsurf  ace. Whi le t h i s  i s  
c e r t a i n l y  t r u e  i n  t h e  Inner  F lue  
Grass Region, i t  may n o t  be i n  
o the r  k a r s t  areas where 
near -hor izonta l  f l o w  a1 so occurs. 
T h i s  equi 1  i br ium f 1  ow exp lanat ion  
i s  no t ,  t he re fo re ,  necessa r i l y  a  
general  exp lanat ion  o f  t h e  causes 
o f  shal low versus deep p h r e a t i c  
f l o w  t h a t  has been ex tens i ve l y  
debated i n  t h e  l i t e r a t u r e  ( e . g . ,  
Thra i  1  k i  11, 1968). 

I n  hydrogeologic  systems, an 
a q u i f e r  i s  considerd t o  be a  body 

o f  rock  t h a t  conta ins  water t h a t  
i s  a v a i l a b l e  t o  w e l l s  i n  use fu l  
q u a n t i t i e s  and t h a t  i s  under a  
pressure grea ter  than atmospheric. 
I n  a d d i t i o n ,  t h e  water should be 
o f  usable q u a l i t y .  The term has 
been avoided so f a r  i n  t h i s  r e p o r t  
because t h e  na tu re  o f  t h e  
subsurface f l o w  system i n  t h e  
r e g i o n  i s  so d i f f e r e n t  f rom t h a t  
i n  g ranu lar  m a t e r i a l s  t h a t  t h e  
term i s  e s s e n t i a l l y  meaningless 
un less  c a r e f u l l y  character ized.  
S i m i l a r l y ,  s i nce  t h e  term 
"groundwater" i s  bes t  reserved f o r  
water i n  t h e  aqu i fe r ,  t h e  term 
"subsurf  ace water " has been 
emp 1  oyed . 

I n  t h e  Inner  F l u e  Grass Region, 
t he re fo re ,  t h e  a q u i f e r  cons i s t s  
o n l y  o f  rock  i n  which condu i ts  a r e  
developed (s ince  i n t e r g r a n u l a r  
f l o w  does n o t  s a t i s f y  t h e  y i e l d  
c r i t e r i o n )  t h a t  c o n t a i n  meteor ic 
water ( t h e  non-meteoric system 
f a i l s  t h e  q u a l i t y  c r i t e r i o n )  a t  
g rea te r  than 1 atmosphere 
pressure. Because shal low bedrock 
channel f 1  ow and equi 1  i b r i  u m  
channel f low,  as w e l l  as g r a v i t y  
f l ow ,  a r e  a t  atmospheric pressure, 
o n l y  rock  w i t h  condu i t s  w i t h  p i p e  
f l o w  and t h e  deeper water f i l l e d  
p o r t i o n s  o f  l a r g e r  condu i t s  i n  
which bedrock channel f l o w  and 
e q u i l i b r i u m  channel f l o w  occurs 
a r e  inc luded.  

W i th in  groundwater bas ins,  t h e  
po ten t i omet r i c  s u r f  ace i s  
represented by t h e  water sur face  
i n  t h e  l a r g e r  condu i ts  i n  which 
e q i l i b r i u m  channel f l o w  i s  
occur r ing .  Adjacent condu i ts  are 
complete ly  water f i l l e d  i f  they 
a r e  below t h i s  l e v e l ,  w i t h  t h e  
water pressure determined by t h e  
depth below t h e  po ten t i omet r i c  
surface. Flow i n  o ther  condu i ts  
t h a t  a re  p a r t l y  above t h i s  l e v e l  
w i l l  be main1 y  by bedrock channel 
f l ow ,  w i t h  e q u i l i b r i u m  channel 
f l o w  i n  those c a r r y i n g  l a r g e  
amounts o f  sediment f rom t h e  
surface. Well data from t h e  middle 
Slacks Spr ing Basin shows t h a t  a t  
l e a s t  i n  one bas in  t h e  
communication between these 
va r ious  condu i ts  i s  s u f f i c i e n t  t o  
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produce t h e  expected near1 y f l a t  
po ten t iomet r i c  su r face  over a wide 
area . 

It should be noted t h a t  f a i r l y  
h i g h  g rad ien t  bedrock channel f l ow  
occurs i n  many p laces  and a t  many 
e l e v a t i o n s  i n  t h e  groundwater 
basins. Since t h e  g rad ien t  i s  
h igh,  t h e  f- low i s  r a p i d  and 
shal low. Th is  water was excluded 
from t h e  a q u i f e r  i n  t h e  above 
d e f i n i t i o n  because i t  i s  
e s s e n t i a l l y  a t  atmospheric 
pressure and, s ince  i t  i s  u n l i k e l y  
t h a t  t h e  sur face o f  such f l ows  i s  
r e f l e c t e d  i n  t h e  su r face  o f  nearby 
unsaturated f l o w s  o r  t h e  pressure 
i n  p i p e  f l o w  condui ts ;  i t  i s  
meaningless as a po ten t iomet r i c  
s u r f  ace. 

I n  t h e  smal le r  condu i t s  i n  t h e  
i n t e r b a s i n  areas, p i p e  f l o w  and 
occasional 1 y l a r g e  channel f l ows  
may be encountered near t h e  
sur face,  and a cons is ten t  
p o t e n t i o m e t r i c  su r face  may be 
d e f i n a b l e  over a smal l  area. Along 
major streams, 1 arger  f 1 ows 
beneath a more cont inuous 
p o t e n t i o m e t r i c  su r face  a t  or j u s t  
above t h e  stream l e v e l  would be 
expected. The margins of 
groundwater bas ins  i n  
t o p o g r a p h i c a l l y  h i g h  areas are 
probably so steep t h a t  no aqu i fe r  
e x i s t s .  

Thus t h e  Inner  Blue Grass 
a q u i f e r  i s  d iscont inuous on two 
scales. Since i t  e x i s t s  on ly  where 
condu i t s  a r e  developed, i t  can be 
tapped by o n l y  a f r a c t i o n  o f  t h e  
w e l l s  t h a t  a r e  d r i l l e d .  I n  
a d d i t i o n ,  s i n c e  i t  can be def ined 
o n l y  when p i p e  f l o w  and low 
g rad ien t  channel f l o w  a re  
occu r r i ng ,  i t  may be charac ter ized 
as being es tens i  ve i n  groundwater" 
bas ins  and a long major sur+ace 
streams, d iscont inuous and l o c a l  
i n  t o p o g r a p h i c a l l y  h i g h  p o r t i o n s  
o f  i n t e r b a s i n  areas, and may be 
absent a t  bas in  boundaries. 

Influence of Human Activities 
Some mention should be made of 

t h e  e f f e c t s  o f  underground f l ow  i n  
t h e  r e g i o n  as a r e s u l t  o f  human 
a c t i v i t i e s .  The widespread 

p r a c t i c e  o f  f i l l i n g  s inkho les  
mentioned e a r l i e r  has probably 
decreased subsurf  ace f low,  s ince 
p r e c i p i t a t i o n  t h a t  fo rmer l y  
entered t h e  subsurface r a p i d l y  
through s w a l l e t s  i n  deep s inkho les  
i s  n o t  r e t a i n e d  i n  t h e  r e g o l i t h  
(and occasional  1 y i n  ponds 
es tab l i shed  i n  s inkho les)  and 
evapotranspired. On t h e  o ther  
hand, su r face  r u n o f f  i n t o  small 
streams and i n t o  s w a l l e t s  t h a t  
d i v e r t  t h e i r  f l o w  underground, has 
been increased by land c l e a r i n g  
and u rban iza t ion .  Although the  n e t  
e f f e c t  ( t o  e i t h e r  increase or  
decrease recharge) may have been 
s u b s t a n t i a l ,  i t  cannot be 
evaluated w i t h  t h e  present  data. 
Because o f  t h e  h i g h  hydraul  i c  
c o n d u c t i v i t y  and low s p e c i f i c  
s to rage o f  t h e  a q u i f e r ,  however, 
such changes i n  recharge r a t e  have 
a smal l  e f f e c t  r e l a t i v e  t o  what 
would be expected i n  a granular  
aqui f e r  . 

Human a c t i v i t i e s  have a l s o  
modi f ied t h e  f l o w  i n  condu i ts  by 
causing subsurface sedimentation. 
The i mpoundment o f  major spr i ngs 
such as Russel l  Cave and Royal 
Spr ing has apparent1 y produced 
ex tens ive  depos i t i on  i n  t h e  
downstream p o r t i o n  o f  t h e  main 
condui t ,  and i t  i s  l i k e l y  t h a t  t h e  
s e r i e s  o f  low dams t h a t  have been 
const ruc ted on Nor th  and South 
E lkhorn  creeks has had a s i m i l a r  
e f f e c t  on some o f  t h e  sp r ings  
f l o w i n g  i n t o  these streams. I n  
a d d i t i o n ,  t h e r e  a re  extensive 
f i l l s  o f  t ranspor ted  r e g o l i t h  i n  
severa l  o f  t h e  access ib le  condu i ts  
i n  t h e  region.  I n  some cases these 
a re  i n  upper l e v e l  condu i ts  
(main ly  s inkho le  d ra ins )  i n  which 
t h e  water t r a n s p o r t  i s  by bedrock 
channel f l o w  and g r a v i t y  f low.  
Although some sediment would be 
expected t o  be t ranspor ted  through 
such condu i ts  (and e q u i l i b r i u m  
channel f l o w  might develop 
l o c a l l y ) ,  t h e  observed f i l l  i s  f a r  
i n  excess o f  t h e  amount expected 
and does n o t  appear t o  be 
t ranspor ted  by even t h e  h ighest  
recharge events. S i m i l a r l y ,  the  
access ib le  p o r t i o n s  o f  t h e  major 
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conduit  i n  the  Slacks Spring Basin 
(whose spr ing i s  no t  impounded) 
conta in  l a rge  amounts of  
t ransported r e g o l i t h  on e i t he r  
s ide  of t h e  a c t i v e  equi 1 i brium 
channel f low, and dates scratched 
i n t o  t he  f i l l  i nd ica ted  t h a t  much 
o f  i t  i s  no t  inundated, o r  
t ransported dur ing h igh f lows i n  
t h e  conduit .  It i s  bel ieved, 
therefore,  t h a t  much of  t h i s  
excess sediment may have been 
introduced i n t o  the  subsurface as 
a r e s u l t  of  i n i t i a l  land c lear ing  
operat ions, probably i n  t he  ear l y  
p a r t  of  t he  19th century. 

F i n a l l y ,  i t  may be noted t ha t  
underground basins e x i s t  w i t h i n  
p a r t s  of  t he  c i t y  of  Lexington, as 
evidenced by t h e  presence of major 
springs, deep sinkholes, ka rs t  
windows, and b l i n d  val leys.  No dye 
t r a c i n g  has yet  been attempted 
w i t h i n  t h i s  heav i l y  urbanized 
area, however, due t o  the  
d i f f i c u l t y  of  c l e a r l y  
d i s t i ngu i sh ing  na tu ra l ,  subsurf ace 
f l ow  from t h a t  i n  storm drains. 
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