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STRUCTURE AND STRATIGRAPHY ABOVE , BELOW , AND W I THIN 
THE TAC O N I C  UNCONFORM I TY , S O UTHEASTERN NEW Y O RK 

B y  

J a c k  B .  E p s t e in a n d  � e t e r T .  L y t t l e  

U . S .  G e o l o g i c a l  S urv e y  
Re s t o n ,  V i r g i n i a  

INTRODUCT I O N  

I n  t h e  e a r l y  P a l e o z o i c , c a r b o n a t e  banks l a y  a l ong t h e  e a s t  
c o a s t  o f  t h e  a n c i e n t  N o r t h  Ame r i c a n  c o n t i n e n t . I n  O r dov i c i a n  
t ime , p l a t e  c o nv e r g e n c e  c omme n c e d  t h e  c l o s ing of t h e  a n c i e n t  
p r o t o -A t l a n t i c  o c e a n  ( I a p e t u s ) a n d  a d e e p  b a s in dev e l o p e d  in t o  
wh i c h  t h i c k  m u d s  and d ir t y  s an d s  w e r e  d e p o s i t e d . Th e s e  w e r e  
l a t e r  t o  h a r d e n  a n d  b e c ome t h e  M a r t i n s burg Forma t io n .  L a t e r  
s t i l l ,  w i t h  c o nt i n u e d  compr e s s i o n ,  t h e  s e d imen t s  w e r e  f o l d e d  and 
f a u l t e d  dur ing t h e  c omp l e x d e f o rma t i o n  of t h e  T a c o n i c  O r o g e n y  . 
I n  t h e  f i e l d  t r ip a r e a  t h e  t r e n d  o f  t h e s e  f o l d s  and f a u l t s  i s  
a b o u t  N .  2 0 ° E .  T h e s e  s t ru c t u r e s  b e c ome l e s s  in t e n s e  w e s twa r d . 
F o l l ow ing T a c o n i c  d e f o rma t io n ,  moun t a in s  r o s e  t o  t h e  e a s t  and 
c o ar s e  s e dime n t s  w e r e  t r a n s p o r t e d  w e s tward and d e p o s i t ed .  as  
s a n d s t o n e s  a n d  c o n g l om e r a t e s  o f  the S h awang unk Forma t i o n  ac r o s s  
b ev e l e d  f o l d s  o f  t h e  M a r t i n s b u r g  F o r ma t i o n . Howev e r , a t h in 
d i ami c t i t e  w i t h  e xo t i c  p e b b l e s  r e c o r d s  a h er e t o f o r e  unr e p o r t e d  
g e o l o g i c  ep i s o d e  wh i c h  o c cur r e d  dur ing t h e  T a c o n i c  h i a t u s . A s  
t h e  mo u n t a i n s  w e r e  w o r n  down , f in e r  c l a s t i c  s e d imen t s  a n d  
c a r b o na t e s  w e r e  d e p o s i t e d  mo r e  o r  l e s s  c o n t inuous l y  t h r ough t h e  
M i d d l e  D ev o n i a n . C l a s t i c in f l ux dur ing t h e  M i d d l e D ev o n i a n  
r e c o r d s  a l a t e r  o r o g en y ,  t h e  A c a d i a n . I t  i s  p r o b a b l e  t h a t  t h e  
s t r u c t u r a l  e f f e c t s  o f  t h i s  o r o g e n y  d i d n o t  e x t e n d  a s  f a r  we s t  a s  
t h i s  f i e l d  t r ip ar e a ;  t h e  l im i t  o f  A c a d i an f o l d s , f a u l t s , a n d  
i g n e o u s  in t ru s i o n s  l i e s  t o  t h e  e a s t .  F in a l l y ,  n e a r  t h e  end o f  
t h e  P a l e o z o i c , c o n t i n e n t a l  c o l l i s i o n  d e f ormed a l l  r o c k s , down t o  
and b e l o w  t h e  M ar t i n s b ur g . T h e  t r e n d s  o f  t h e s e  l a t e r  
( A l l e g h a n i a n )  s t r u c t u r e s  a r e  mo r e  n o r t h e a s t e r l y . 

On t h i s  f i e l d  t r i p  w e  w i l l  d e v e l o p  new i n t e r p r e t a t i o n s  o f  
O r d o v i c ian a n d  S i l u r i a n  s t r a t i g r a p h y , d e mo n s t r a t e  s t r u c t u r a l  
z o n e s  a t  t h e  l im i t s  o f  T a c o n i c  d e f o r ma t i o n ,  inve s t ig a t e  t h e  
r e l a t iv e  e f f e c t s  o f  T a c o n i c , A c a d i a n , a n d  A l l e g h a n i a n  d e f orma t ion 
i n  s o u t h e a s t e r n  New Y o r k , a n d  d i s c u s s  the s t r a n g e  g o i n g s - o n  in a 
t h in e n igma t i c  un i t  a t  t h e  u n c o n f o rm i t y  b e tw e e n  t h e  Mar t i n s b u r g  
a n d  S hawangunk F o r ma t i o n s . We w i l l  s e e  a v a r i e t y  o f  c omp l e x  
s t r u c t ur e s  w i t h in t h r e e  T a c o n i c  t e c t o n i c  z on e s  ( S t o p s  1 ,  2 ,  5 ,  6 ,  
7 ,  a n d  8 ) , e x a m i n e  t h e  n a t u r e  o f , a n d  d e p o s i t s  a t , t h e  T a c o n i c  
u n c o n f o rm i t y  ( S t o p s  2 ,  5 ,  and 8 ) , r ev iew s ome o f  t h e  p r o p o s e d  
f a c i e s  r e l a t i o n s h i p s  i n  S i l ur i a n  r o c k s  ( S t o p s  3 ,  7 ,  and 8 ) , a n d , 
w e a t h e r  p e rm i t t in g , l o ok o u t  o v e r  t h e  r e g i o n a l  g e o l o g y  f r om h ig h  
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a t o p  t h e  S hawangunk Moun t a in s  dur ing l un ch ( S t op 4 ) . 
' 

In t h e  c a s e  o f  d i s a s t r o u s  w e a t h e r , a l t e r n a t e  S t o p s  lA an d / o r 
l B  may b e  s u b s t i t u t e d  f o r  S t o p  1 .  T h e s e  s t o p s  w o u l d  a l l ow a 
b r i e f  l o o k  a t  a me l a n g e  z o n e  of T a c o n i c  ag e ,  a l b e i t  n o t  a s  
s p e c t a c u l a r  a s  a t  S t o p 1 ,  and a t h ru s t  fau l t  z o n e  o f  Al l e g h a n i a n  
ag e ,  b o t h  i n  t h e  Mar t in s burg F o r ma t io n .  

S TRAT IGRAPHY 

A g e n e r a l i z e d  d e s c r ip t i o n  o f  t h e  s t r a t ig r a ph ic un i t s  in t h e  
f i e l d  t r ip a r e a  i s  g iv e n  i n  t a b l e  1 .  B e c au s e  we w i l l  c o n c e n t r � t e  
o n  r o c k s  j u s t  a b o v e  and b e l o w ,  a s  we l l  a s  ''w i t h in'' t h e  T a c o n i c  
u n c o n f o r m i t y , c e r t a in d e t a i l s  o f  t h e s e  r o c k s  a r e  d e s c r i b e d  b e l ow .  

Tab l e  1 .  
n o t e  t h a t  
L i me s t on e  
1 9 6 4 ) . 

Gene r a l i z ed s t r a t i g r aphy i n  f i e l d  t r i p  ar e a . P l e a s e  
s t r a t i g r aph i c  t erm i n o l ogy f o r  r oc k s  above the  Onondaga 
i s  n o t  we l l  e s t ab l i shed i n  t h i s  a r e a  ( s e e  R i ckar d ,  

PLATTEKILL FORMATION o f  F l e t c her ( 1 9 6 2 )  (M i dd l e  Devon i an ) : 
Red and g r ay s·h a l  e ,  s i l t s t on e  and s and s t one . 5 0 0 +  f e e t  
t h i ck .  

ASHOKAN FORMATION (Mi dd l e  Devon i an ) : 
o l i ve -g r ay s and s t on e , and m i nor 
7 0 0  f e e t  t h i ck .-

Th i n - t o  t h i ck - bedded , 
s i l t s t one and s h a l e .  5 0 0 -

MOUNT MARION FORMATION (Mi dd l e  Devon i an ) : Ol i ve-gray t o  dark
gray,  p l a t y ,  very f i ne - t o  med i um-gr a i ned , s and s t one , 
s i l t s t on e , and s ha l e .  Probab l y  mor e  t han 1 0 0 0  f e e t  t h i ck .  

BAKOVEN SHALE ( M i dd l e  Devon i an ) : Dark-gray s h a l e .  2 0 0 - 3 0 0  f e e t  
t h i c k .  

ONONDAGA LIMESTONE ( M i d d l e  Devon i an ) : Cher t y  f o s s i l i f e r ou s  
l imes t one . Fr om t op t o  b o t t om ,  Mo o r ehou s e , Ned r ow ,  and 
Edgec l i f f  Membe r s . 1 0 0  f ee t  t h i ck .  

SCHOHARI E  FORMATION ( Lowe r  Devon i an ) : Th i n- t o  med i um-bedded , 
c a l car eous mud s t one and l i mes t one ; mor e  c a l c a r e ous  
upwa r d s . Fr om t op to  b o t t om ,  Sauge r t i e s ,  Aqu e t uck , and 
Ca r l i s l e  Cen t er Member s as r ed e f i ned by Johnsen and Sou t h a r d  
( 1 9 6 2 ) . 1 8 0 - 2 1 5  f e e t  t h i ck .  

ESOPUS FORMATION ( Lowe r  Devon i an ) : Dar k ,  l am i na t ed and mas s i v e ; 
non- c a l car eous , s i l i c eous , a rg i l l ac e ous s i l t s t on e  and s i l t y 
sh a l e .  2 0 0  f e e t  t h i ck ;  t h i ckens  t o  s o u t hwe s t .  
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GLENERIE FORMATION o f  Chadw i c k ( 1 9 0 8 )  (Lowe r Devon i an ) : 
S i l i c e ous l i me s t one , cher t ,  and sh a l e ,  t h i n- t o  med i um
bedded . 5 0 - 8 0  f e e t  t h i ck .  

CONNELLY CONGLOMERATE ( Lower Devon i an ) : 
bedded pebb l e  congl omer a t e ,  quar t z  
c h e r t . 0 - 20 f e e t  t h i c k .  

Dar k ,  t h i n - t o  t h i ck 
aren i t e ,  s ha l e ,  and 

PORT EWEN FORMATION ( Lowe r Devon i an ) : Dark , f i ne- t o  med i um
g r a i ned , spar s e l y  f o s s i l i f e r ou s , c a l careous , par t l y  cher ty , 
i.r r egu l ar l y  bedded mud s t on e  and l i mes t one . 7 0 - 1 2 5 ?  f e e t  
t h i ck ;  1 8 0  f e e t  t h i ck near  Por t J e r v i s ,  N . Y .  

ALSEN L IMESTONE ( Lower Devon i an ) ·: F i n e - t o  c o a r s e - g r a i n ed , 
i r r egu l ar l y  bedded , t h i n- t o  med i um-bedded , arg i l l ac e ous and 
p ar t l y  cher t y  l i mes t on e . 20 f e e t  t h i c k . 

BECRAFT LIMESTONE ( Lowe r  Devon i an ) : Ma s s ive , very l· i g h t - t o  
d a r k - g r ay and p i nk , coar s e -gr a i ne d ,  c r i no i da l l i me s t on e ,  
w i t h  t h i n-bedded l i me s t one w i t h  s h a l y  par t i ng s  near  t h e  
b o t t om i n  p l a c e s . 3 0 - 5 0  f e e t  t h i c k ;  t h i ns t owar d s  H i gh 
Fa l l s ;  3 f e e t  t h i ck n e a r  Por t Jer v i s ,  N . Y .  

NEW SCOTLAND FORMATION ( Lower Devon i an ) : Ca l c ar eou s  mud s t on e  and 
s i l t y ,  f i ne - t o  med i um-g r a i ned , t h i n- t o  med i um-b edded 
l i mes t on e . May c o n t a i n  s ome cher t .  1 0 0  f e e t  t h i c k .  

KALKBERG LIMESTONE ( Lowe r  Devon i an ) :  Th i n- t o  med i um-bedd ed , 
mode r a t e l y  i r r egu l ar l y bedded l i mes t on e , f i ne r  gr a i ned t han 
Coeymans Forma t i on be l ow ,  wi t h  a bundan t beds and nodu l e s of 
cher t and i n t e r b edded c a l c a r e o u s  and a r g i l l ac e ous  sha l e s . 
7 0  f e e t  t h i ck . 

-

RAVENA LIMESTONE MEMBER OF THE COEYMANS FORMATION ( Lower 
Devon i an ) : Wavy bedded , f i ne - t o  med i um-gr a i ned and 
o c c a s i ona l l y  c o a r s e -g r a i ned , l i me s t one w i th  abundan t t h i n  
s h a l y  par t i ng s . 1 5 - 2 0  f e e t  t h i ck .  

THACHER MEMBER OF THE MANLI US LIMESTONE ( Lower Devon i an ) : 
Lam i na t ed t o  t h i n - bedded , f i ne - g r a i ned , c r o s s - l am i na t ed , 
g r aded , m i c r oc hann e l ed ,  mudc racked , l oc a l l y  b i o s t r oma l 
l i me s t on e  w i t h  s h a l e par t i ng s . 4 0 - 5 5 f e e t  t h i ck .  

RONDOUT FORMATION ( Lower Devon i an and Upper S i l u r i an ) : 
Fo s s i l i f e r ou s , f i ne - t o  c o a r s e - gr a i ned , t h i n- t o  t h i ck 
bedded l ime s t on e  and b a r r en , l am i na t ed , ar g i l l ac e ous 
do l om i t e :  L imes t on e  l en t i l s  c ome and g o , and the mor e  
p e r s i s t en t  ones  have b e e n  named ( f r om t op t o  b o t t om) : 
Wh i t epor t D o l om i t e ,  G l a s c o  L i me s t on e ,  and Rosenda l e  
Member s .  3 0 - 5 0  f e e t  t h i ck • 
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BINNEWATER SANDSTONE of  Har t nag e l  ( 1 9 0 5 ) (Upper S i l u r i an ) : F i ne 
g r a i ned , t h i n- t o  t h i ck -bedded , c r o s s b edded and p l anar 
bedded , r i pp l ed quar t z  a r en i t e  , wi t h  g r ay sha l e  and sha l y  
car bona t e .  Proba b l y  grades  s o u t hwe s twa r d l y  i n t o  t h e  Poxono 
I s l and Forma t i on .  0 - 3 5  f e e t  t h i ck .  

POXONO I SLAND FORMATION ( Upper S i l u r i an ) : Poor l y  exp o s ed g r ay 
and g r e en i sh do l om i t e  and sha l e ,  po s s i b l y  wi t h  red sha l e s i n  
t h e  l ower pa r t . 0 - 5 0 0  f e e t  t h i ck .  

HIGH FALLS SHALE ( Upper S i l u r i an ) : Red and g r e e n , l am i na t ed t o  
ma s s i v e , c a l car eous  s ha l e  and s i l t s t on e , o c c a s i ona l t h i n  
arg i l l ac eous  l imes t one and do l o s t one . R i pp l e  marks , 
d e s s i c a t i on c r acks . 0 - 8 0  f e e t  t h i ck .  

BLOOMSBURG RED BEDS ( Upper S i l ur i an ) :  
s h a l e ,  s i l t s t on e , and s a nd s t on e . 

Gray i s h - r e d  and g r ay 
0 - 7 0 0  f e e t  t h i ck .  

TONGUE OF THE BLOOMSBURG RED BEDS : Gray i sh - r ed s i l t s t on e  
a n d  sha l e  and s l i gh t l y  cong l omer a t i c ,  par t l y c r o s sbedded 
s ands t one w i t h  pebb l e s of m i l ky quar t z ,  j asper , and r o c k  
f r agmen t s ,  and g r ay s and s t on e . 0 - 3 0 0  f ee t  t h i ck .  

SHAWANGUNK FORMATION ( M i dd l e  S i l u r i a n ) : Cr o s s bedded and p l an ar 
bedded , chann e l ed ,  quar t z -pebb l e  cong l omer a t e  ( r o s e  quar t z  
c onsp i cuous i n  upper par t ) ,  quar t z i t e ,  m i nor g r ay , s ha l e  and 
s i l t s t on e ,  and l e s s e r  r e d  t o  g r e e n  s h a l e .  Lower c o n t ac t 
unconf ormab l e .  0 - 1 , 4 0 0  f e e t  t h i ck .  

TONGUE OF THE SHAWANGUNK FORMATION :  Cr o s sb edded , c r o s s 
l am i n a t ed ( d i s t i nc t i v e very - l i gh t  and med i um-da rk-gray 
l am i nae ) ,  and p l anar  bedded , t h i n- t o  t h i ck-b edded , med i um
g r a i ned quar t z i t e  and c ong l omer a t e  w i t h  quar t z  pebb l e s a s  
much a s  2 i n  l ong and g r e e n i s h - g r ay s i l t y sh a l e and 
s i l t s t one . 0 - 3 5 0 + f e e t  t h i c k .  

"WEIRD ROCKS " ( L ower S i l u r i an or Upper Ordov i c i an ) : D i am i c t i t e  
( c o l l uv i um and s ha l e - c h i p  grav e l  w i th  exot i c  pebb l e s )  and 
f au l t  gouge of s h e a r e d  c l ay and quar t z  ve i ns . Lower c on t ac t  
unconf ormab l e .  Le s s  t h an 1 f o o t  t h i ck .  

MARTINSBURG FORMATION ( Upper and M i dd l e  Or dov i c i an ) : Gr e a t e r 
t h an 1 0 , 0 0 0  f e e t  t h i ck .  

SHALE AND GRAYWACKE AT MAMAKATING :  Dom i n an t l y  t h i ck 
s e quences of  t h i n- t o  med i um- bedded , med i um dark gray sh a l e  
i n t e r b edded w i t h  very  t h i n  t o  t h i c k -bedded gr aywacke ( a s 
muc h  a s  6 f t t h i ck )  a l t er na t i ng w i t h  t h i nner s e quenc e s  of 
med j um-bedded gr aywacke i n t erb edded wi t h  l es s  t h i n- t o  
med i um- bedded sha l e .  Gr ades downward and l a t e r a l l y  i n t o  
t h e  s and s t one a t  P i ne Bu s h . 
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SANDSTONE AT PINE BUSH : Med i um-g r a i ned , med i um- to t h i ck 
bedded , med i um g r ay , speck l ed l i gh t - o l i v e -g r ay - and l i gh t 
o l i v e - b r own -wea t h e r i ng quar t z i t i �  s and s t one i n t e r b edded 
w i t h ,  and c o n t a i n i ng r i p -ups  of , t h i n - t o  med i um-bedded , 
med i um-d a r k - g r ay , g r e en i sh gr ay-we a t h e r i ng sha l e  and f i ne
g r a i ned s i l t s t on e . Lower c on t ac t  w i t h  Bushk i l l  Member i s  
i n t er pr e t ed t o  be  c on f o rmab l e ,  but  i n  many p l a c e s  i t  i s  
marked by a t h ru s t  f a u l t .  Gr ades  upwar d  and l a t e r a l l y i n  
t h e  sh a l e  and gr aywacke a t  Mamaka t i ng . 

BUSHKI LL MEMBER : Lam i n a t ed t o  t h i n - b edded sha l e and s l a t e  
c on t a i n i ng f i ne-g r a i ned gr aywacke s i l t s t one . Bed t h i ckness 
of sha l e s does not  exceed 2 i n  and bed t h i ckn e s s  of  
g r aywackes  r ar e l y  exc e e d s  1 2  i n .  Lower c o n t a c t  conformab l e  
w i t h  unde r l y i ng B a l mv i l l e L i mes t on e  of Ho l zwas s er ( 1 9 26 ) ,  
b u t  of t en d i s r up t ed by t h r u s t  f au l t i ng .  

O r d o v i c i a n  R o c k s  
( Ro c k s  b e l ow t h e  T a c o n i c  u n c o n f o r m i t y )  

T h e r e  h a s  b e e n ,  a n d  c o n t in u e s  t o  b e ,  a g r e a t  d e a l  o f  
c o n f u s i o n  w h e n  d e a l ing w i t h  t h e  O r d o v i c i a n  c l a s t i c  s e d im e n t s  of 
s o u t h e a s t e r n  New York S t a t e .  A br i e f  ( and by n o  m e a n s  
e x h a u s t iv e )  r ev i ew h ig h l i g h t ing s om e  o f  t h e  e a r l i e r  w o r k  in t h e s e  
r o ck s  i s  h e l p£ u l  t o  emph a s i z e  t h e  c omp l e x  h i s t o ry o f  name s ,  and 
e s t a b l i s h  p r o p e r  c o r r e l a t i o n  o f  un i t s .  T h e  r o c k s  t h a t  we 
c o n c e n t r a t e  on i n  t h i s  g u i d e b o o k , a l l  of wh i c h  a r e  c o n s i d e r e d  t o  
b e  memb e r s  o f  t h e  Mar t in s b u r g  F o r ma t i o n ,  u n d e r l i e t h e  Wa l l k i l l  
Va l l ey f r om s o u t h  o f  R o s e n d a l e , New Y o r k , t o  t h e  New J er s e y 
b o r d e r  ( f i g . 1 )  • 

I n  t h e  W a l l k i l l  V a l l e y , a t h i c k  s e c t i o n  o f  g l a c i a l  d e p o s i t s  
c o v e r s  m u c h  o f  t h e  b e dr o c k .  I n  s o  f a r  a s  t h i s  mak e s  s t r u c t u r a l  
a n a l y s i s  o f  t h e  r o c k s  i n  p l a c e s  d i f f i c u l t ,  i f  n o t  imp o s s ib l e , . 
t h i s  h a s  a d e f in i t e  i n f l u e n c e  o n  r e �o lv ing t h e  s t r a t i g r aphy . T h e  
t r a c in g  o f  f a u l t s  a n d  s om e t i m e s  f o l d s  in t h e  O r d ov i c i a n  r o c k s  i s  
e x t r e m e l y  d i f f i c u l t ,  wh i c h  exp l a in s  w h y  w e  and o t h e r  g e o l o g i s t s  
s u c h  a s  V o l l m e r  ( 1 9 8 1 ) a n d  K a l a k a  a n d  W a in e s  ( 1 9 86 )  h a v e  c h o s e n  
t o  d iv id e  map a r e a s  i n t o  s t r u c t ur a l  doma in s  t h a t  c a n  b e  d e f i n e d  
i n  g en e r a l  d e s cr i p t iv e  t e rm s . A d d e d  t o  t h i s  i s  t h e  c e n t ur y - o l d  
p r o b l em r e g a r d in g  w h i c h  O r dov i c i a n  c l a s t i c s  in t h e  Hud s o n  V a l l e y  
r e g i o n  a r e  p a r t  o f  t h e  f a r - t r av e l e d  T a c o n i c  a l l o c h t h o n  a n d  w h i c h 
a r e  p a r t  o f  t h e  p a r au t o ch t h o n o u s  f l y s c h t h a t  r e s t s  c o nf o rmab l y  o n  
M i d d l e  O r d o v i c i a n  c a r b o na t e s  o f  t h e  N o r t h  Ame r i c a n  s h e l f .  T h i s  
i s  a p r o b l em wh i c h  s e em s  t o  b e  s a t i s f a c t o r i l y  r e s o l v e d  t o  t h e  
s o ut hw e s t  i n  New J e r s ey a n d  P e n n s y l v a n i a  ( L a s h  and Dr ake , 1 9 8 4 ; 
L a s h ,  1 9 8 5 ; P er i s s o r a t i s  a n d  o t h e r s , 1 9 7 9 ;  L a s h ,  Ly t t l e , and 
E p s t e in ,  1 9 84 ) but r ema i n s  a c r i t i c a l  p r o b l em in p a r t s  of 
s ou t h e r n  New Y o r k  S t a t e ,  p a r t i c u l a r l y  a l ong t h e  Hud s o n  R i v e r . 
T h e r e  i s  an i r ony t o  t h i s , s in c e  t h e  e x i s t e n c e  o f  t h e  f a r 
t r av e l l e d r o c k s w a s  r e c o g n i z e d  m u c h  l a t e r  i n  P e n n s y l v a n i a  ( S t o s e ,  
1 9 46 ) t h a n  in New Y o r k . 
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Fi gure 1 .  General i zed geoloaic  map 
of part of southeastern New York 
showi ng fi eld trio stop numbers , 
l oca l i ties where the unconformabl e 
contact between the �1artinsburq and 
Shawangunk Formations have been 
studied ( smal l  l etters ) ,  l ocation 
of cross secti ons , and 7 . 5-minute
quadrang l e  coverage. 

a .  Trapps 
b. Napanoch 
c .  Mt. Meenahga 
d .  N . Y .  Route 1 7  
e .  Abandoned rai l road tunnel 
f .  Oti svi  1 1  e 
g .  Guymard prospect 
h .  Interstate 84 

D Rocks . of the Hami l ton Group 
( P l atteki l l ,  Ashokan,  Mount 
Mari on,  and Bakoven Forma
tions)  and younger 

DS Rocks between the Onondaga 
Limestone and Binnewater 
Sandstone-Poxono I s l and 
Formation 

S High  Fal l s  Shal e ,  Shawangunk 
Formation , Bl oomsburg Red 
Beds , and tongues of the 
Shawangunk and Bl oomsburg 

Om Martinsburg Formation 

J 

. l 

' I 
' 

. ' 

. j 

. J 

I 

l 
J 
l 



J 

c l 

c 1 
I 

c j 

c ! 

c J 

c ' 

C - 7  

Ma t h e r  ( 1 8 4 0 )  f ir s t  p r o p o s e d  t h e  name ''Hu d s o n  R iv e r  s l a t e  
g r o u p "  f o r  r o c ks t h a t  h e  h a d  p r ev i o u s l y  r e f e r r e d  t o  as 
" t r a n s i t i o n  a r g i l l i t e '' ( 1 8 3 9 ) . S u b s e � u e n t l y ,  t h i s name has s e en 
at l e a s t  7 v a r i a n t s i n c l u d in g  Hu d s o n  R i v e r  S e r i e s , Hud s o n R iv e r  
G r o up , a n d  Hud s o n  R iv e r  F o r ma t i o n . I n  add i t i o n  t o  t h e  v a r i a t ions  
i n  the  name , t h e  u s e  o f  t h e s e  nam e s  h a s  been e x t e n d e d  n o r t h  into  
C a n a d a  and a s  f a r  w e s t  a s  W i s c o n s in . Ho l z wa s s e r ( 1 9 2 6 )  g iv e s  a 
u s e f u l  ac c o u n t  o f  t h e  t o r t u r e d  h i s t o r y  o f  Hu d s o n  R iv e r  
n o m e n c l a t ur e ; un f o r t un a t e l y ,  s h e  a l s o  d e c i d e d  t o  u s e  t h e  name 
Hu d s o n  R iv e r  f o r ma t i o n  f o r  t h e  s h a l e s  and g r aywa c k e s  o f  t h e  
N e w b u r g h  Q u a d r a ng l e .  A l t h o u g h  t h e  name h a s  g e n e r a l l y b e e n  
a b a n d o n e d  s in c e  R u e d emann ' s  w o r k  in t h e  b e g inn ing o f  t h i s  
c e n t ur y ,  i t  i s  s t i l l  l o o s e l y u s e d  and m i s u s e d  i n  a v a r i e t y  o f  
p u b l i c a t i o n s  t o  t h i s  d a y .  R u e d emann ( 1 9 0 1 , p .  5 6 1 ) f ir s t  u s e d  
t h e  name No rman s k i l l  S h a l e  f o r  r o ck s  i n  t h e  g o r g e  o f  t h e  Normans 
K i l l  n e a r  Kenwo o d , New Y or k .  T h i s  t y p e  l o c a l i t y  t u r n s  out to be 
one o f  t h e  mo r e  s p e c t a c u l a r  e xp o s u r e s  of me l a n g e  in t h e  n o r t h e rn 
A p p a l a c h i an s , a s  a t t e s t e d  to b y  t h e  e x t r em e l y  d e t a i l e d  m a p p i n g  of 
t h e  s t r u c t ur e s  by Vo l lm e r  ( 1 9 8 1 ) . I t  s h o u l d  n o t  be t o o  
s u r p r i s ing , t h e r e f o r e , t h a t  t h e r e  h a s  a l s o  b e e n  c o n s i d e r a b l e  
c o nf u s i o n  in t h e  u s e  o f  t h i s  g e o l o g i c  name . L a t e r ,  when ma p p ing 
t h e  C a t s k i l l q u a d r ang l e ,  Ru e d emann ( 1 9 4 2 )  r e c o g n i z e d  two b e l t s  of 
r o c k t h a t  h e  i n c l u d e d  in t h e  N o rman s k i l l  S h a l e . T h e  w e s t e r n  
" g r i t  b e l t '' w a s  named t h e  A u s t in G l e n Memb e r  and t h e  e a s t e r n  
" c h e r t  b e l t '' w a s  nam e d  t h e  M o u n t  M e r i n o  Memb e r . M o s t  g e o l o g i s t s  
t o d a y  wou l d  a g r e e  t h a t  b o t h  o f  t h e  t y p e  l o c a l i t i e s  f o r  t h e s e  
memb e r s  a r e  w i t h in t h e  T a c o n i c  a l l o c h t h o n  ( s en s u  s t r i c t o ) ;  t h a t  
i s , t h e  r o c k s  a r e  p a r t  o f  t h e  f a r - t r av e l e d s l o p e - r i s e  s e q u e n c e .  
T h e  name S nake H i l l  S h a l e  wa s f ir s t  u s e d  by U l r i c h  ( 1 9 1 1 ) , 
a l t h o u g h  h e  b a s e d  h i s  d i s cu s s i o n  o n  t h e  work o f  R u e d emann who 
l a t e r  p ub l i s h e d  a numb e r  of p a p e r s  u s ing t h i s  name ( 1 9 1 2 ,  f o r  
examp l e ) . T h e  t y p e  l o c a l i t y  f o r  t h i s  u n i t  i s  o n  t h e  e a s t s i d e  of 
S a r a t o g a  Lake . B e r r y  ( 1 9 6 3 ) s u g g e s t e d  a b a n d o n ing t h e  name 
b e c au s e  r e s t u d y  of t h i s r e g i o n  s h ow e d  t h a t  w h a t  w a s  m a p p e d  a s  
S na k e  H i l l  c o n t a in s  t h r e e  d i f f e r en t  l i t h ic u n i t s a l l  o f  wh i c h  
c o nt a in e l em e n t s  o f  t h e  d i s t in c t i v e  f a u n a  wh i c h  Rued emann u s e d  a s  
t h e  u n i t ' s  d ia g no s t i c f e a t ur e .  T h i s  p o i n t s  t o  y e t  a n o t h e r  
p r o b l em i n  t h e  nomen c l a t u r e  o f  t h e  c l a s t i c s  o f  t h e  Hud s o n  V a l l e y  
r e g i o n . Rue demann a n d  o t h e r s  o f t e n f a i l ed t o  d i s c r im ina t e  
b e tw e e n  b io s t r a t ig r a p h i c  a n d  l i t h o s t r a t i g r a p h i c  un i t s ,  mak ing i t  
e x t r e m e l y  d i f f i c u l t  f o r  l a t e r  w o r k e r s  t o  f u l l y  a p pr e c i a t e  t h e  
p r o b l em s  inh e r e n t  i n  us ing a p a r t i c u l a r  name . 

M o r e  r e c e n t l y ,  F i s h e r  ( 1 9 6 2 )  and O f f i e l d  ( 1 9 6 7 ) have u s e d  
t h e  name s M o u n t  M e r i n o  S h a l e , Au s t in G l e n G r aywa c k e , and S nake 
H i l l  S h a l e  f o r  t h e  l o we r , m i d d l e  and u p p e r  u n i t s  of t h e  
p a r a u t o c h t h o n o u s  M i d d l e a n d  U p p e r  O r dov i c i a n  s h a l e s  and 
g r aywa c k e s t h a t  a r e  f o u n d  w e s t  o f  t h e  Hud s o n  R i v e r  in t h e  
W a l l k i l l  V a l l e y .  L a t e r , F i s h e r ( 1 9 6 9 ;  1 9 7 7 ; i n  F i s h e r  and 
o t h e r s ,  1 9 7 0 )  made a num b e r  of mo d i f i c a t i o n s  to t h e  map p ing and 
naming of O r d o v i c i a n  c l a s t i c  un i t s  i n  t h e  v i c in i t y  o f  t h e  Hud s on 
R i v e r  a t  t h e  l a t i t u d e  o f  our f i e l d  t r ip , b u t  v e r y  l i t t l e  new w o r k  
c l o s e r  t o  t h e  u n c o n f o r ma b l e  c o n t a c t  w i t h  t h e  S i lur i a n  S h awangunk 
to t h e  w e s t  h a s  b e e n  p u b l i s h e d . For a s umma ry o f  t h e  mo s t  r e c e n t 
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w o r k  n e a r  t h e  Hud s o n  R iv e r , p a r t i c u l a r l y  in t h e  r e g i o n  un d e r l y in g  - ]  Mar l b o r o  and I l l in o i s  Moun t a i n s , s e e W a i n e s  ( 1 9 8 6 ) . 

O f f i e l d  ( 1 9 6 7 )  p r o d u c e d  a w e a l t h  o f  new s t r a t i g r aph i c  and 
s t r u c t u r a l  inf o rma t i o n  in the G o s h en 1 5 -m in u t e q u a d r ang l e  
( M i d d l e t own , G o s h e n ,  Warw i c k , a n d  P in e  I s l a n d  7 . 5 -min u t e  
q u a d r a ng l e s ) and r e c o g n i z e d t h a t  h i s  un i t s  m ig h t  c o r r e l a t e  w i t h  
B e h r e ' s  ( 1 9 3 3 )  t r i p a r t i t e  s u b d iv i s i o n  o f  t h e  Ma r t in s burg 
F o rma t i o n  in P e n n s y l v an i a . Th i s  s u b d iv i s i o n  w a s  l a t e r  r e f i n e d  by 
Drake and E p s t e in ( 1 9 6 7 ) who r e c o gn i z e d  a l ow e r  t h in-b e d d e d  s l a t e  
u n i t  c a l l e d  t h e  B u s hk i l l  Memb e r , a m i d d l e g r aywac k e - r i c h  un i t  
c a l l e d  t h e  Rams e y b u r g  Memb e r , and a n  u p p e r  t h i c k - b e d d e d  s l a t e  
un i t  c a l l e d  t h e  P e n  Ar g y l  Memb e r . B e r r y  ( 1 9 7 0 )  w a s  o n e  o f  
s ev e r a l  p e o p l e  t o  r e c o g n i z e  s i g n i f i c a n t  s im i l a r i t i e s  b e tw e e n  t h e  
D e l aw a r e  V a l l e y  s e q u e n c e  o f  D r ake and E p s t e in a n d  t h e  s e q u e n c e  o f  
r o c k s  i n  t h e  W a l l k i l l  V a l l ey ( F i s h e r , 1 9 6 2 ;  O f f i e l d , 1 9 6 7 ) .  W e  
f e e l  t h a t  a l l  o f  t h e  n am e s  t h a t  O f f i e l d  ( 1 9 6 7 )  ch o s e  f o r  t h e  
un i t s  o f  wh a t  h e  r e f e r s  t o  a s  " t h e  s h a l e  s e que n c e '' i n  t h e  
Wa l l k i l l  V a l l e y  s ho u l d  b e  d i s c o n t inue d .  O n e  r e a s o n  t o  d o  t h i s  i s  
t o  •v o i d unn e c e s s a r y  c o n f u s i o n  w i t h  t h e  Norman s k i l l  S h a l e  a n d  i t s  
memb er s  t h a t  a r e  c l e a r l y  p a r t  o f  t h e  f a r - t r av e l e d  T a c o n i c  
a l l o c h t h o n .  An o t h e r  r e a s o n ,  wh i c h  i s  e v e n  m o r e  imp o r t a n t , i s  
t h a t  a b e t t e r c o r r e l a t i o n  c a n  b e  made w i t h  u n i t s map p e d  in 
P e n n s y l v a n i a  and New J e r s ey .  We have n o t  d o n e  a l l of t h e  
d e t a i l e d  ma p p ing t h a t  i s  n e c e s s a r y  t o  e s t ab l i s h  t h e s e  
c o r r e l a t i o n s  in d e t a i l ,  b u t  w e  f e e l  c o nf i d e n t  t h a t  t h e  
c o r r€ l a t i o n s  p r o p o s e d  h e r e in a r e  c o r r e c t  ov e r a l l .  

W e  b e l i ev e  t h a t  i t  i s  a p p r o pr i a t e  t o  r e f e r  t o  a l l  o f  t h e  
p a r a u t o ch t h o n o u s  O r d ov i c ia n  c l a s t i c s  i n  t h e  Wa l l k i l l  V a l l e y  a s  
t h e  Ma r t i n s b u r g  F o r ma t i o n  o f  M i d d l e t o  U p p e r  O r d o v i c ian ag e .  
V i r t u a l l y a l l o f  t h e  O r d o v i c i a n  c l a s t i c s  in t h e  G r e a t  V a l l e y  f r om 
e a s t e r n  P e n n s y l v a n i a  t h r ou g h  n o r t h e r n  New J e r s e y t o  t h e  New Y o r k  
S t a t e  b o r d e r  have b e e n  map p e d  i n  de t a i l  ( 1 : 2 4 , 0 0 0  s c a l e ) i n  t h e  
l a s t 2 0  y e a r s , a n d  much o f  i t  i n  t h e  l a s t  1 0  y e ar s . The 
p a r a u t o c h t h o n o u s  s e q u e n c e  w e s t  and s o u t hwe s t  o f  A l b any , New Y o r k , 
i s  n o t  c o n t i g u o u s  w i t h  t h e  r o c k s  o f  t h e  Wa l l k i l l V a l l e y ; n o r  h a s  
t h e  s t r a t i g r ap h y  o f  t h e  r o c k s  n e a r  A l b any b e e n  d o n e  in s u f f i c i e n t  
d e t a i l  t o  w a r r a n t  u s ing t h e  nam e s  e s t a b l i s h e d  f o r  t h a t  a r e a  in 
t h e  W a l lk i l l  V a l l e y . 

Th e r e  h a s  b e e n d e b a t e  i n  e a s t e r n  P e nn s y lvan i a  o v e r  wh e t h e r  
t h e  M a r t i n s b u r g  i s  a t r i p a r t i t e  s e q u e n c e  w i t h  a l ow e r  s l a t e  
memb e r , a m i d d l e  g r aywa c k e  memb e r , a n d  a n  u p p e r  s l a t e  memb e r , o r  
a b i p ar t i t e  s e q u e n c e  w i t h  a n  u p p e r  g r aywacke memb e r  and a l o w e r  
s l a t e  memb e r  ( s e e  L a s h , L y t t l e , a n d  E p s t e in ,  1 9 8 4 , f o r  a s umma r y  
o f  t h i s  d e b a t e ) . W e  f e e l  s t r o n g l y  t h a t  t h e  p ub l i s h e d  d e t a i l e d  
m a p p ing , wh i c h  u l t im a t e l y  mu s t  a n s w e r  a l l  q u e s t i o n s  o f  t h i s  s o r t ,  
s u p p o r t s  t h e  t r ip a r t i t e  s u b d iv i s i o n  f i r s t  d i s c u s s e d by B eh r e 
( 1 93 3 )  and l a t e r named a l o n g  t h e  D e l aw a r e  V a l l e y  by D r ake and 
E p s t e in ( 1 9 6 7 ) .  The q u e s t i o n  t h a t  mu s t  now b e  a n s we r e d ,  is  how 
far aw ay f r om the D e l aw a r e  V a l l e y  c a n  t h e  t h r e e  memb e r s  o f  t h e  
Ma r t i n s b u r g  b e  ma p p e d ?  T h e  u p p e r  P e n  A r g y l  Memb e r , w h i c h  
c o n t a i n s  t h i c k - b e d d e d  s l a t e s  ( u p  t o  2 5 f t  t h i c k ) , h a s  b e e n 
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e x t e n s iv e l y  q u a r r i e d  in P e n n s y l v a n i a  f r om the N ev R i ng g o l d  7 . 5 -
minu t e  qua d r a n g l e  i n  t h e  w e s t  t o  t h e  S t r o u d s b urg 7 . 5 -m i n u t e  
qu a d r a n g l e  i n  t h e  e a s t  wh e r e  i t  d i s a p p e a r s  b e n e a t h  t h e  S i l ur i an 
Shawang unk F o r ma t i o n .  B a s e d  o n  o u r  ma p p in g  and t h a t  o f  o t h e r  
g• o l o g i s t s ,  i t  i s  n o t  f o u n d  i n  n o r t h e r n  New J e r s e y a n d  s o u t hern 
New Y o r k .  Howev e r , t h e  P en Ar g y l  c o r r e l a t e s  in p a r t  w i t h  r o cks 
t h a t  we have map p e d  i n  t h e  w e s t e r n  W a l l k i l l  V a l l e y  u n c o n f o rmably 
b e n e a t h  the S h awangunk , a n d  t h a t  we are her e in i n f o r ma l l y  nam ing 
t h e  s h a l e  and g r aywa c k e  a t  Mamaka t in g , s ub s e q u e n t l y  c a l l e d  t h e  
Mamaka t ing ( f ig .  2 ,  t a b l e  1 ,  a n d  t h e  d i s c u s s i o n  a t  S t o p 7 ) .  The 
Mamak a t ing r e p r e s e n t s  t h e  u p p e r  p a r t  of t h e  M a r t i n s b u r g  in t h e  
we s t e r n  Wa l l k i l l V a l l e y  a n d  i s  n a m e d  f o r  t h e  e x c e l l e n t  exp o s ur e  
s e e n  a t  S t o p 7 a l on g  R o u t e  1 7  ( j u s t  e a s t  o f  Wur t s b o r o  e x i t )  in 
t h e  e a s t e r n  p a r t  of t h e  Mamaka t ing T o wn s h ip . Th e  Mamaka t ing f i r s t  
a p p e a r s  f r om b e n e a t h t h e  S hawangunk i n  t h e  O t i s v i l l e 7 . 5 -m in u t e  
q u a d r a n g l e ,  New Y o r k  a n d  e x t e n d s  n o r t h e a s tw a r d . A l l  o f  t h e  
Ma r t in s b urg w e  s h a l l  b e  s e e ing o n  t h i s  f i e l d  t r ip i s  w i t h in t h e  
Mama k a t ing . T h e  Rams e y b u r g  Mem b e r  e x t e n d s  f r om t h e  N e w  Tr ip o l i ,  
7 . 5 -m in u t e  q u a d r ang l e , P e n n s y l v a n i a  t o  t h e  M i d d l e t own 7 . 5 -m in u t e  
q u a d r a ng l e ,  New Y o r k . T o  t h e  n o r t h e a s t  it  c o r r e l a t e s  f o r  t h e  
mo s t  p a r t  w i t h  a u n i t  t h a t  w e  a r e  h e r e in inf orma l l y c a l l ing t h e  
s an d s t on e  a t  P in e  B u s h , s u b s e q u en t l y  c a l l e d  t h e  P in e  B u s h  ( f ig .  
2 ,  t ab l e  1 ) .  The s a n d s t o n e  a t  P in e  B u s h  e x t e n d s  f r om t h e  H i g h  
P o in t  a r e a  o f  N e w  J e r s e y t h r ough t h e  M i d d l e t own a n d  P in e  B u s h  
7 . 5 -m i nu t e  q u a d r a ng l e s , N e w  Y or k ,  wh e r e  it i s  t h i c k e s t ,  and 
a p p e a r s to  d i e out  s om ewh e r �  i n  the v i c in i t y  of  the  s o u t hw e s t  
c o r n e r  o f  t h e  G a r d i n e r  7 . 5 -m i nu t e  q u a d r a ng l e . T h e r e  a r e  
e x c e l l en t  exp o s ur e s  o f  t h e  P in e  B u s h  a l ong R o u t e  1 7 K t h a t  
und e r l i e  t h e  unnamed h i l l s  1 . 6 m i l e s  w e s t  o f  M o n t g omery , New 
Y o r k , in the P in e  B u s h  7 . 5 -m i nu t e  q u a d r a ng l e .  S in c e  the d e t a i l s 
o f  t h e  f a c i e s  c h a ng e s  in t h e  m i d d l e  a n d  up p e r  Mar t in s b urg h a v e  
n o t  b e e n  s u f f i c i e n t l y  ma p p e d  in s o u t h e r n  N e w  Y o r k  S t a t e ,  i t  i s  
s a f e s t  t o  s a y  t h a t  t h e  c omb i n e d  Ram s ey burg a n d  P e n  Ar g y l  
c o r r e l a t e s  w i t h  t h e  comb i n e d  P in e  B u s h  and Mamaka t ing . I t  may 
e v e n t ua l l y  b e  d e t e r m in e d  t h a t  t h e  P e n  A r g y l  c o r r e l a t e s  w i t h  a l l  
o f  t h e  Mamaka t in g  and t h e  u p p e r mo s t  P in e  B u s h . The l ow e r  
B u s h k i l l  M emb e r  o f  t h e  M a r t in s b u r g  h a s , b y  f a r , t h e  g r e a t e s t  
a r e a l  e x t e n t  o f  t h e  t h r e e  memb e r s  o f  Dr ake a n d  E p s t e in ( 1 9 6 9 ) . 
I t  e x t e n d s  a s  f a r  s o u thwe s t  a s  R e a d ing , Penn s y l v a n i a  ( a nd 
p r o b a b l y  c o n s i d e r a b l y  f a r t h e r ) and n o r t h e a s t  at l e a s t  as f a r  a s  
t h e  Newburgh , New Y o r k  ar e a ,  W e  h a v e  n o t  d o n e  s uf f i c i e n t  
d e t a i l e d m a p p ing i n  t h e  c e n t r a l  p a r t  o f  t h e  Wa l lk i l l  V a l l e y  t o  
c o n f i d en t l y  w o r k  o u t  p r e c i s e  s t r a t i g r a p h ic r e l a t i o n s  o f  t h e  
Mama k a t ing a n d  t h e  P in e  B u s h ,  n o r  do w e  know in d e t a i l  how t h e s e  
un i t s  c o r r e l a t e  w i t h  t h e  P e n  Ar g y l  a n d  Rams e y b u r g  Memb e r s  o f  t h e  
Mar t in s b ur g .  F i gur e 2 p o r t r a y s  our c u r r e n t  s t a t e  o f  
u n d e r s t an d i ng . 

T h e  Mamak a t ing i s  e v e r y wh e r e  u n c o nf o rmab l y  ov e r l a in b y  t h e  
S hawang unk F o rma t i o n .  I t  g r a d e s  c o n f o rmab l y  downw a r d  and 
l a t e r a l l y i n t o  the P in e  B u s h ,  a n d  t h e  c o n t a c t  i s  a r b i t r a r i l y  p u t  
wh e r e  b e d s  o f  m e d ium-gr a in e d , c l e a n  p r o t o q u a r t z i t e  make u p  mo r e  
t h a n  5 %  a n d  a r e  t h i c k e r  t h a n  2 i n ch e s . In mo s t  p l a c e s  in t h e  
Wa l lk i l l  V a l l e y t h e  P in e  B u s h  g r a d e s upward i n t o  t h e  Mamaka t in g , 
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Figure 2 .  Prel imi nary correlation diagram showing members of the 
Marti nsburg Formation of Ordovician age from eastern Pennsyl vania 
to southern New York. The sha l e  and graywacke at  Mamakating and 
the sandstone at P i ne Bush are named i nformal ly  for the first 
time i n  th i s  guidebook .  Evi dence for the facies rel ations 
between the Pen Argyl and Ramseyburg Members to the southwest 
and the Mamakating and P i ne Bush to the northeast has been 
removed by erosion beneath the Taconi c  unconformi ty or may l ie 
beneath the Shawangunk Formation to the northwest of the outcrop 
area of the Martinsburg . These inferred rel ations are shown by 
dashed l i nes . 
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b u t  t o  t h e  s o u t hwe s t  n e a r  H i g h  P o in t , New J e r s ey ,  i t  i s  
u n c o n f o rmab l y  o v e r l a in by t h e  S h awang unk F o rma t i o n .  W e  have not 
d o n e  enough d e t a i l e d mapp ing i n  t h e  P in e  B u s h ,  Wa l d e n ,  and 
G a r d i n e r  7 . 5 - m i nu t e  q u a d r ang l e s , New Y o r k ,  to  r e s o l ve what  
h a p p e n s  t o  t h e  P ine B u s h  to  t h e  n o r t h e a s t . F r om r e c o nna i s s an c e ,  
i t  w o u l d  a p p e ar t o  p in c h  o u t  a n d  g r a d e  l a t e r a l l y in t o  t h e  
Mamak a t ing s omewh e r e  n e a r  t h e  n o r t h e a s t  c o r n e r  o f  t h e  P i ne B u s h  
q u a d r a n g l e .  

S ev e r a l  v e r y  g e n e r a l  p o in t s  c a n  b e  made a b o u t  t h e  
Mar t in s bu r g  F o r ma t i o n .  F r om e a s t e r n  P ennsy l v a n i a  t o  t h e  f i e l d  
t r ip a r e a  i n  s o u t h e r n  New Y o r k , t h e  comp o s i t e  t h i c kn e s s  o f  t h e  
Mar t i n s bu r g  a p p e a r s  t o  r em a in f a i r l y  c o n s t a n t  w i t h  r a ng e s  
e s t im a t ing f r om a b o u t  8 , 0 0 0  t o  1 2 , 8 0 0  f e e t . I t  i s  p o s s i b l e  t h a t  
t h e  t h i ckne s s  d e c r e a s e s  g o ing t ow a r d s  t h e  n o r t h e a s t ,  p e r h a p s by 
a s  m u c h  as 3 , 0 0 0  f e e t .  A l l  t h i ckne s s  e s t im a t e s  may be on t h e  
g e n e r o u s  s i d e , b e c a u s e  o f  t h e  l a r g e  num b er o f  t h r u s t  f a u l t s  t h a t  
dup l i c a t e  p o r t i o n s  o f  t h e  un i t , p a r t i c u l a r l y  t h e  l ow e r  B u s h k i l l  
Memb e r . 

T h e  s e d im e n t o l o gy o f  t h e  l ow e r  p a r t ,  o r  B u s hk i l l  Memb e r , o f  
t h e  M a r t in s b u r g  r em a i n s  r em a r k a b l y  c o n s t a n t  a l ong s t r ike f r om 
e a s t er n  P e nn s y lv a n i a  t h r ough s o u t h e r n  New Y o r k . Howev e r , t h e  
m i d d l e  p a r t  o f  t h e  Mar t in s b ur g  s h o w s  c o n s i de r a b l e  f a c i e s  
v a r i a t i o n  a l on g  s t r ike . T o  t h e  s o ut hwe s t  in P e nn s y lv an i a ,  t h e  
Ram s e y b u r g  Member r a r e l y  c o n t a in s  mo r e  t h an 2 0 %  med ium- t o  v e r y  
t h i c k  b e d d e d  g r a y w a c k e  b e d s . A l s o  g o ing up - s e c t i o n  in t h e  
Ram s e y b ur g , t h e  t h i c k n e s s  o f  s l a t e  b e d s  i n c r e a s e s  d r ama t i c a l l y 
n e a r  t h e  c o n t a c t  w i t h  t h e  P e n  A r g y l .  F r om H i g h  P o i n t , New J e r s ey 
n o r t hw a r d ,  t h e  P in e  B u s h  c ommo n l y  c o n t a i n s  up t o  5 0 %  c l e a n ,  
med ium- t o  v e r y  t h i c k  b e d d e d  s a n d s t o n e , and a s  b e s t  a s  we c a n  
t e l l  f r om r e c o nn a i s s a n c e ,  t h e  t h i c kn e s s  of s h a l e  b e d s  d o e s  n o t  
in c r e a s e  g o ing u p  i n  s e c t i o n .  B o t h  o f  t h e s e  f a c t or s  w o u l d  a p p e a r  
t o  s u g g e s t  t h a t  t h e  m i d d l e  p a r t  o f  t h e  Mar t in s burg i s  b e c om ing 
mo r e  p r o x im a l  t o  t h e  n o r t h e a s t .  The u p p e r  p a r t  of t h e  
Mar t in s bu r g  a l s o  s h ow s  d r ama t i c  f a c i e s  chang e s  a l on g  s t r ik e . 
A l t h o u g h  t h i s  p a r t  o f  t h e  s e c t i o n  i s  d o m in a t e d  by s h a l e s  o r  s l a t e  
e v e r y wh e r e ,  i n  e a s t e r n  P e nn s y l v a n i a ,  s l a t e  b e d s  i n  t h e  P e n  A r g y l  
Mem b e r  a r e  c ommo n l y  1 2  f e e t  t h i c k ,  a n d  c a n  b e  a s  t h i c k  a s  2 5  
f e e t . I n  N e w  Y o r k , t h e  s h a l e  b e d s  i n  t h e  Mamaka t ing r a r e l y  
e x c e e d  3 i n c h e s  i n  t h i c kn e s s .  

S i l u r i a n  R o c k s  
( R o c k s  a b o v e  t h e  T a c o n i c  u n c o n f o rm i t y ) 

T h e  s t r a t i g r ap h i c  r e l a t i o n s  o f  S i l u r i a n  r o c k s , e s p e c i a l l y in 
t h e  l ow e r  p a r t , in s ou t h e a s t e r n  N ew Y o r k , e s p e c i a l l y  in t h e  l ow e r  
p a r t , h a v e  b e e n  p o o r l y  u n d e r s t o o d  ( F i s h er , 1 9 5 9 ,  R i c ka r d , 
1 9 6 2 , ) .  T h e  p r e s e n t l y  a c c e p t e d  s e q u e n c e  i s , f r om t h e  b a s e  
upwar d s , t h e  S hawangunk F o r ma t i o n ,  H i g h  Fa l l s  S h a l e ,  B innewa t e r  
S a n d s t o ne o f  H a r t n a g e l  ( 1 9 0 5 ) , a n d  R o n d o u t  F o r ma t i o n  ( S e e  T a b l e  1 
f o r  a g e n e r a l  d e s c r ip t i o n  o f  t h e s e  r o c k s ) .  T h e  s t r a t ig r ap h i c  
i d e n t i f i c a t i o n  a n d  r e g i o n a l  r e l a t io n s  o f  r o c k s b e tw e e n  t h e  
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R o n d o u t  F o rma t i o n  and O n o n d a g a  L im e s t o n e  a r e  f a i r l y  w e l l  known . 
The s e qu e n c e  o f  . S h awangunk - H i g h  F a l l s - B innewa t e r i n  t h e  n o r t h e r n  
p a r t  o f  t h e  f i e l d  t r i p  a r e a  i s  f ir m l y  e s t a b l i s h e d . Howev e r , o u r  
r e c e n t  ma p p ing s u g g e s t s  t h a t  t h e  f a c i e s  mo s a i c  o f  mo s t  o f  t h e  
S i l u r i a n  r o c k s  i s  a b i t  mo r e  comp l e x  t h a n  p r ev i o u s l y e nv i s i o n e d , 
and a r ev i s i o n  o f  s ome s t r a t ig r a p h i c  i n t e r p r e t a t i o n s  i s  
n e c e s s a r y . F ig u r e  3 s h ows t h e  p r e s e n t  s t r a t ig r a p h i c  
int e r p r e t a t i o n .  Work i s  s t i l l  i n  p r og r e s s ,  s o  s ome d e t a i l s  w i l L  
mo s t  c e r t a i n l y  b e  c h a ng e d . 

R e g i o na l l y ,  t h e  S i l u r i a n  s e q u e n c e  t h in s  d r ama t i c a l l y  b e tw e e n  
e a s t e r n  P e n n s y l v a n i a  a n d  s o u t h e a s t e r n  New Y o r k , ( f ig .  4 ) . The 
Shawangunk F o r ma t i o n  o f  e a s t e r n  P e n n s y l v a n i a  c o n s i s t s  of  t h r e e  
qua r t z i t e - c o n g l om e r a t e  un i t s  ( We i d e r s ,  M i n s i ,  a n d  T ammany 
Memb e r s ) and a un i t  c o n t a in i n g  a p p r e c i a b l e  s h a l e  and s ome r e d  
b e d s  ( L i z � r d  C r e e k  Memb e r ) ( E p s t e in a n d  E p s t e in ,  1 9 7 2 ) . F a r t h e r  
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s o u t hw e s t ,  o n l y  a b a s a l  qua r t z i t e  ( Tu s c a r o r a  S an d s t o n e ) and 1 s h a l e - s an d s t o n e  s e qu e n c e  ( C l in t on Fomr a t i o n )  c a n  b e  r e c o g n i z e d J 
( Ly t t l e ,  La s h ,  a n d  E p s t e i n ,  1 9 8 6 ) . I n  New J e r s ey , t h e  s h a l e s  o f  
t h e  L i z a r d  C r e e k  b e come l e s s  a b u n d a n t  a n d  t h e  u n i t  c a n  no l o ng e r  
b e  map p e d  i n  t h e  m i d d l e  o f  t h e  s t a t e ,  b u t  s c a t t e r e d  b e d s  and 
i n t e rv a l s  o f  s h a l e  p e r s i s t  i n t o  s o u t h e a s t er n  New Y o r k . Th e s e  
s h a l e s  a r e  g e n e r a l l y n o t  map p a b l e  and a p p e a r  t o  b e  p r e s e n t  a t  
v a r i o u s  l ev e l s  w i t h in t h e  S h aw a n g u nk ( f ig .  3 ) .  R e c e nt map p in g  i n  
t h e  E l l e nv i l l e  a n d  N a p o n o c h  a r e a  h a s  a l l owed u s  t o  d iv id e  t h e  
q u ar t z i t e s  a n d  c o n g l om e r a t e s  o f  t h e  S h awangunk i n t o  l ow e r  a n d  
u p p e r  u n i t s , s e p a r a t e d  by a " s h a l e '' u n i t  a b o u t  1 0 0  f e e t  t h i c k . 
A c t ua l l y  t h i s  un i t  c o n t a i n s  mo r e  s a nd s t on e  and s i l t s t o n e  t h a n  
s h a l e ,  b u t  i t  i s  d i s t in c t i v e  a n d  ma p p a b l e . I t  t h i n s  t o  t h e  
n o r t h e a s t  t o  wh e r e i t  i s  g e n e r a l l y  unm a p p a b l e .  L o c a l l y i t  may 
c o n t a in r e d  b e d s , j u s t  as i n  t h e  L i z a r d  C r e e k  Memb e r  in e a s t e r n  
P e n n s y lvan i a .  Fr i edman ( 1 9 5 7 )  d iv id e d  t h e  S h awangunk i n  t h e  
E l l env i l l e  a r e a  i n t o  t h r e e  m emb e r s .  O u r  '' s h a l e " . u n i t  may b e  h i s  
M innewa s ka memb e r , s e p ar a t in g  h i s  M o h o n k  c o ng l om e r a t e  b e l ow f r om 
h i s  E l l e nv i l l e memb e r  a b ov e . Th e e x a c t  r e l a t i o n  b e t w e e n  h i s  a n d  
our un i t s  i s  un c e r t a i n ,  h o w ev e r . I t  i s  p o s s i b l �  t h a t  h i s 
E l l env i l l e  memb e r  may c o nt a i n s om e  r o c k s  t h a t  w e  p l a c e  in t h e  
t o n g u e  o f  t h e  B l o om s b u r g  a n d  t h e  t o ng u e  o f  t h e  S hawangunk . S om e  
s h a l e s  i n  t h e  S h aw a ngunk w e r e  b e l i e v e d  b y  Swa r t z  a n d  Swa r t z  
( 1 93 1 )  t o  b e  a bu n d a n t  e nough n e a r  O t i s v i l l e t h a t  t h e y  named t h e  
i n t e r v a l  t h e  " O t i s v i l l e  S h a l e " .  T h e  '' O t i s v i l l e  S h a l e " ,  howev e r , 
f a i l s  t h e  t e s t  o f  m a p p a b i l i t y .  I n  t h e  t y p e  a r e a ,  wh i c h  we s h a l l  
s e e n e a r  S t o p  5 , t h e  S hawangunk c o n s i s t s  pr e d om ina n t l y  o f  
qua r t z i t e s  a n d  c o ng l om e r a t e s  w i t h  s c a t t e r e d  in t e r b e d d e d  s h al e .  
Nowh e r e  a r e  t h e  s h a l e s  cD n c e n t r a t e d  e n o ugh t o  f o rm a s e p a r a t e  
map p a b l e  un i t . A s  a ma t t er o f  f a c t , C l a r ke ( 1 9 0 7 )  m e a s u r e d  t h e  
S h awangunk i n  g r e a t  d e t a i l  w e s t  o f  O t i s v i l l e , a n d  o f  t h e  4 2 0  f e e t  
m e a s ur e d ,  l e s s  t h an t h r e e  p e r c e n t  w e r e  s h a l e ,  a n d  t h e s e  b e d s  w e r e  
s c a t t e r e d  t h r o u g h o u t  t h e  s e q u e n c e . 

T h e  B l o o m s b u r g  R e d  B e d s  ov e r l i e s  t h e  S hawa ngunk i n  e a s t e r n  
P e nn s y l v a n i a  a n d  New J e r s ey ( f ig . 4 ) . T h e  c o n t a c t  i s  
t r an s i t i o na l ,  i n  p l a c e s  t h r ough a b o u t  7 0 0  f e e t  o f  r o c k ,  a s  a t  
De l aw a r e W a t e r  G a p  a t  t h e  New J e r s e y - P� n n s y l v a n i a  b o r d e r  
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( E p s t e i n ,  1 9 7 3 ) . The c o n t a c t  h a s  b e e n  t r a c e d  w i t h o u t  
comp l i c a t i o n  t o  Guyma r d , N . Y .  B e tw e e n  Wur t s b o r o  and E l l e nv i l l e  
r e d b e d s  f o l l ow e d  by g r ay s a nd s t o n e  a n d  s h a l e  o v e r l i e t h e  
S h awangunk . B e c a u s e o f  a s im i l a r  s e q u e n c e  o f  r e d  a n d  g r a y  r o c k s  

. a t  H i g h  F a l l s , s ev e r a l  wor k e r s  h a v e  i d e n t i f i e d  t h e s e  r o c k s  a s  t h e  
H i g h  F a l l s  • n d  B innewa t e r , r e s p e c t i v e l y  ( Dar t o n , 1 8 9 4 ;  S im s  and 
Ho t z ,  1 9 5 1 , Fr i e dman , 1 9 5 7 ,  Gray , 1 9 6 1 ,  Sm i t h ,  1 9 6 7 ) .  Y o u n g e r  
r o c k s  a r e  n o t  g en e r a l l y exp o s e d .  D e t a i l e d and r e c o n na i s s a n c e  
exam i n a t i o n  s u g g e s t s , o n  t h e  c o n t r a r y , t h a t  t h e  r e d  b e d  s e q u e n c e  
b e tw e e n  Wur t s b o r o  a n d  E l l e nv i l l e  i s  a t o ngue o f  t h e  B l o om s b ur g ,  
and n o t  t h e  H i g h  F a l l s , a n d  t h e  ov e r l y ing g r a y  s a nd s t o n e  a n d  
s h a l e  a r e  a t o ngue o f  t h e  S h awang unk , a n d  n o t  t h e  B innewa t e r . 
Th e H ig h  F a l l s , wh i c h  i s  v e r y  p o o r l y  exp o s e d , c r o p s  o u t  a b o v e  
b o t h  o f  t h e s e  u n i t s  n e a r  Wur t s b o r o  ( r o a d l og m i l a g e  9 9 . 0 ) . F u t ur e 
d e t a i l e d inve s t i g a t i o n s  w i l l  a l l o w  r ed e f i n i t i o n  o f  th e s e  m a p p a b l e  
u n i t s .  T h e  t o n g u e  o f  t h e  B l o oms b u r g  d i s a p p e a r s  n or t h e a s tw a r d  by 
g r a d u a l  c h a n g e  in c o l o r o f  t h e  r o c k s  f r om g r ay i s h  r e d ,  t h r o u gh 
o l iv e  g r a y , i n t o  g r a y . T h i s  l a t e r a l  c h a ng e  in c o l o r is s im i l a r  
t o  th e chang e s  s e e n  a l o n g  t h e  t r a n s i t i o n a l  c o n t a c t  a t  D e l awar e 
Wa t e r  G a p . The name "Guym a r d  Qua r t z i t e "  w a s  a p p l i e d  t o  a p o r t i o n  
o f  t h e  t o ngue o f  t h e  B l o om s b u r g  b e tw e e n  Guymard a n d  O t i s v i l l e b y  
v a n  I n g e n  ( B r y a n t , 1 9 2 6 , p .  2 5 9 ) . W e  f e e l  t h a t  t h i s  name , l ik e  
t h e  '' O t i s v i l l e  S h a l e '' ,  s h o u l d  n o t  b e  u s e d  t o  d e f ine t h e  
s t r a t i g r a phy o f  t h e s e  r o c k s . 

T h e  r o c k s  i n  t h e  t o ngue o f  t h e  S h awangunk a r e  s omewh a t  
d i f f e r en t  f r om t h o s e  i n  t h e  ma in p a r t  o f  t h e  f o r ma t i o n  i n  t h a t  
t h e y  c o n t a i n  q u a r t z i t e s  t h a t  a r e  mo r e  d i s t in c t l y  c r o s s b e d d e d  
( s e e n  a l ong U . S .  4 4 , r o a d l og m i l e a g e  3 3 . 8 ;  n o r t h  o f  E l l e nv i l l e ,  
m i l e a g e  4 1 . 5 ;  a n d  a l o n g  N . Y .  R t e  1 7  j u s t  s o u t h  o f  Wur t s b o r o , 
m i l e ag e  9 8 . 5 ) , and c o n t a in s  s c a t t e r e d  r e d  b e d s  a n d  p o l y m i c t i c  
c o ng l om e r a t e s . S ome o f  t h e  c o n g l om e r a t e s  a r e  s im i l a r  t o  t h o s e  in 
t he G r e e n  P o n d  C o ng l om e r a t e  of t h e  G r e e n  P o n d  o u t l i e r , a b o u t  2 5  
m i l e s  t o  t h e  s o u t h e a s t .  O n e  c a n  e a s i l y  env i s i o n  a s t r a t ig r aph i c  
s e c t i o n  b e tw e e n  t h e  m a i n  o u t c r o p  b e l t  a n d  t h e  o u t l i er t h a t  s h ow s 
t h e  S hawangunk t o ngue ' b e c om in g  t h i c k e r  and e n c omp a s s in g  mo r e  of 
t h e  l ow e r  p a r t  of t h e  s e c t i o n  g o ing e a s twa r d .  In t h e  o u t l i er 
mo s t  of the G r e e n  P o n d  C o ng l om e r a t e  w o u l d  b e  i n c l u d e d  in t h e  
t o n g u e . 

T h e  H i g h  F a l l s  S h a l e  a t  H i g h  F a l l s  n o t  o n l y  c o n t a i n s  r e d  
s h a l e s , s im i l a r  t o  t h o s e  o f  t h e  B l o om s b ur g ,  b u t  a l s o  a b u n d a n t  
d o l om i t e ,  f in e - g r a i n e d  l ime s t o n e , a n d  g r e e n s h a l e s . R ip p l e  m a r k s  
a n d  d e s i c c a t i o n  c r a c k s  a r e  a bunda n t . I n  the D e l aw a r e  Aq u e d u c t  
B i r d  ( 1 9 4 1 )  r e p o r t e d  9 5  f e e t  o f  g r a y  l im e s t o n e  b e tw e e n  t h e  
S h awangunk a n d  h i s  ''H i g h  F a l l s " .  H e  named t h i s  u n i t  t h e  
"Waw a r s ing w e d g e '' ,  a l l u d ing t o  t h e  f a c t  t h a t  t h e  l o ng i t u d in a l  
s h a p e  o f  t h e  u n i t  mu s t  b e  w e d g e - l ike - - i t  i s  n o t  s e e n i n  e xp o s ur e s  
t o  t h e  n o r t h e a s t  o r  s o u t hwe s t .  I n  a l l  l ik e l i h o o d , i t  i s  
p r e d om inan t l y  d o l om i t e ,  s im i l a r  t o  t h e  " p ow e rh o u s e l ime s t o n e '' 
w i t h in t h e  H ig h  F a l l s  S h a l e  a t  H i g h  F a l l s ( R i c ka r d ,  1 9 6 2 ,  p .  
1 2 9 ) . The d o l om i t e ,  g r e e n  a n d  r e d  s h a l e ,  l im e s t o n e , a n d  
s a n d s t o n e  w i t h i n  th e H igh F a l l s  i n t e r v a l  ar e v e r y  s im i l a r  t o  
r o c k s  w i t h in t h e  P o x o n o  I s l a n d  F o rma t i o n  of e a s t er n  
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P e n n s y l v an i a . A s  a m• t t e r o f  f a c t , i n  t h e  D e l aw a r e  A q u e d u c t  
F l uhr and T e r enz i o  ( 1 9 8 4 ,  p .  7 3 ) r e f e r r e d t o  t h e  Wawa r s ing w e d g e  
o f  B i r d  ( 1 9 4 1 ) a s  t h e  "Wawa r s ing Lime s t o ne i n  P o x i n o  I s l a n d  
Sh a l e s '' .  ( No t e  t h a t  '' P o x i n o '' h a s  b e e n  m i s s p e l l e d  by s ev e r a l  
a u t h o r s  e v e r  s in c e  t h e  o r ig i n a l  e r r o r  b y  W i lmar t h ,  1 9 5 7 , p .  
1 7 2 4 ) . F o r  t h i s ·  r e a s on t h e  P o x o n o  I s l a nd a n d  H i g h  F a l l s a r e  
s h own t o  g r a d e  in t o  e a c h  o t h e r  i n  f ig u r e  3 .  The s e  r o c k  un i t s  a r e  
g e n e r a l l y n o t  exp o s e d a n d  t h e  l o c a t i o n  o f  t h e  c o n t a c t  b e tw e e n  
t h em i s  s p e c u l a t iv e . T h i s  c o n t a c t  h a s  n o t  b e en d e f i n e d , b u t  a 
l o g i c a l  c h o i c e  f o r  i t s l o c a t i o n  w o u l d  b e  wh e r e  r e d b e d s  e x c e e d  a 
c e r t a in p e r c e n t a g e ,  p e r h a p s  5 0  p e r c e n t  ( H igh F a l l s ) ,  and wh e r e 
t h e y  a r e  l e s s  a bu n d a n t  ( P o xono I s l a nd ) . The B in n ewa t e r  
S a n d s t o ne , wh i c h  c o n s i s t s  p r e d o m in an t l y  o f  c r o s s b e d d e d  s a nd s t o n e , 
a t  a n d  n o r t h  o f  H i g h  F a l l s , l o s e s  i t s  c h ar a c t e r t o  t h e  s o u t hw e s t  
( R i cka r d ,  1 9 6 2 , Wa in e s , 1 9 7 6 ) , b e c om ing mo r e  d o l om i t i c  a n d  s h a l y ,  
s o  t h a t  a t  A c c o r d ,  F i s h e r  ( 1 9 5 9 )  n a m e d  t h e  i n t e r v a l  t h e  " A c c o r d  
S ha l e s '' .  Th i s  s h o w s  t h a t  ev e n  t h e . B in n ewa t e r  t a k e s  p a r t  i n  t h e  
c om p l ex c a r b o n a t e - c l a s t i c  f a c i e s  mo s a i c  o f  t h e  P o x o n o  I s l a n d - H i g h  
F a l l s  i n t erv a l . 

The comp l ex S i l u r i a n  s e q u e n c e  i n  s ou t h e a s t e r n  New Y o r k  
d e s cr i b e d  a b o v e  i s  c a p p e d  by t h e  B o s s a r dv i l l e  L ime s t o ne n e a r  
O t i s v i l l e  ( E p s t e in a n d  o t h e r s , 1 9 6 7 ) , b u t  s om ewh e r e  t o  t h e  
n o r t h e a s t  t h a t  u n i t  d i s a p p e a r s u n d e r  g l a c i a l  c o v e r  a n d  t h e  
B innewa t er i s  ov e r l a in by t h e  R o n d o u t  F o rma t i o n . 

The c o n s e q ue n c e  o f  t h e s e  s t u d i e s  h a s  b e e n  t o  b e t t e r de f in e  
t h e  s t r a t i g r a p h i c  v a r i a t i o n s  i n  S i l u r i a n  r o c k s  in s o u t h e a s t e r n  
New Y o r k . I t  demo n s t r a t e s  t h a t  t h e  name ''H i g h  Fa l l s  S h a l e " ,  
s h own o n  t h e  New J e r s ey S t a t e  g e o l o g i c  map ( L e w i s  a n d  Kumm e l  
( 1 9 1 2 ) , s h ou l d  n o t  b e  u s e d  f o r  r o c k s  t h a t  s h o u l d  b e  r e f e r r e d  t o  
a s  t h e  B l o om s b u r g  R e d  B e d s .  

W e i r d  R o c k s  
( Ro c k s  "w i t h in '' " t h e  T a c o n i c  un c o n f o rm i ty ) 

Th e u p p ermo s t  r o ck s  o f  t h e  M a r t i n s b u r g  Forma t i o n  a r e  n e a r  
t h e  M i d d l e a n d  L a t e  O r do v i c i a n  b o u n d a r y  in a g e ,  a n d  t h e  l ow e s t  
r o c k s  i n  t h e  S hawangunk F o rma t i o n  a r e  p r o b a b l y  M i d d l e  S i l ur i an in 
a g e . T h u s , t h e  T a c o n i c  h i a t u s  in s o u t h e a s t e r n  New Y o r k  is a b o u t  
2 0  t o  3 0  m i l l io n  y e a r s , n e a r l y  a s  l ong a s  t h e  e n t i r e  S i lur i an 
P er i o d  it s e l f .  An i n t e r e s t ing q u e s t i o n  is , wh a t  w e n t  o n  dur ing 
t h a t  l o ng p e r i o d  of  t im e ?  

A t  t h e  c o n t a c t  b e tw e e n  t h e  M a r t in s b urg a n d  S h awangunk 
F o rma t i o n s  i n  t h e  f i e l d  t r ip a r e a  t h e r e  is an i n t e r v a l , g e ne r a l l y 
l e s s  t h a n  o n e  f o o t  t h i c k ,  o f  d i am i c t i t e  ( n o n g e n e t i c t er m  f o r  a 
p o o r l y  s o r t e d  t e r r ig en o u s  d e p o s i t ) ,  c l ay ,  a n d  a t  o n e  l o c a l i t y , a 
d e p o s i t o f  M a r t in s b u r g  s h a l e  f r a g m e n t s ,  wh i c h  r e s emb l e s  a ma s s 
w a s t ing , t e r r e s t r i a l  d e p o s i t  ( s h a l e - c h ip g r a ve l ) .  The d i am i c t i t e  
i s  i n t e r p r e t e d  t o  b e  a c o l l u v i a l  d e p o s i t . The c l a y  w i t h  i t s  
s l i c k e n s i d e d  q ua r t z  v e in s  i s  b e l i e v e d  t o  b e .  t e c t o n i c  ( f a u l t  
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g o ug e ) . T h e  d e p o s i t o f  s h a l e  f r a g m e n �s r e s emb l e s  a ma s s-wa s t ing , 
t e r r e s t r i a l  d e p o s i t ( s h a l e - ch ip g r a v e l ) .  

S om e  a s p e c t s  o f  t h e s e  r o c k s  h av e  b e e n  d i s c u s s e d  b e f o r e  and 
a l t e r n a t iv e  i n t e r p r e t a t i o n s  m a d e . Wa i n e s and S a n d e r s  ( 1 9 6 8 )  
b e l i e v e d  t h a t  t h e  c l ay a t  t h e  c o n t a c t  i s  a p a l e o s o l . Luka s , 
Rut s t e in ,  and W a i n e s  ( 1 9 7 7 )  and W a i n e s  a n d  o t h e r s  ( 1 9 8 3 ) 
in t er p r e t e d  t h e  c l ay a s  a hy d r o t h e r ma l l y a l t e r e d S i l u r i a n  s h a l e  
a n d  c e r t a in s t r u c t ur e s  a t  t h e  b a s e  o f  t h e  S h awangunk a s  r u nn e l s  
p r o d u c e d  b y  b a c k f l ow o n  a b e a ch . A s  d i s cu s s e d b e l ow ,  w e  b e l i eve 
t h a t  t h e s e  s t r u c t ur e s  a r e  t e c t o n i c  in o r ig in .  In e a s t e r n  
P e nn s y l va n i a ,  a s im i l a r  c l ay l a y e r  i s  f o und b e tw e e n  t h e  
Mar t in s b urg and S h awangunk . L i e b l ing a n d  S c h e r p  ( 1 9 8 2 )  b e l i eve 
t h a t  t h i s  l a y e r  i n  P en n s y l v a n i a  is  a s e p a r a t e  s t r a t i g r a p h i c  unit , 
i n  c o n t r a d i c t i o n  t o  t h e  f au l t  g o u g e  hy p o t h e s i s  o f  E p s t e in a n d  
o t h e r s  ( 1 9 7 4 ) . 

Th e d i am i c t i t e  i s  d a r k  y e l l o w i s h  o r a nge and c o n s i s t s  o f  a 
v a r i e t y  o f  c l a s t s  i n  a s a n d - s i l t  ma t r i x .  Th e c l a s t s  c o n s i s t  o f  
f r a gme n t s  o f  t h e  u nd e r l y ing Mar t in s b ur g , quar t z  p e b b l e s  ( s im i lar 
to  t h o s e  f ou n d  in t h e  ov e r l y in g  S h awangunk ) , a n d  e xo t i c  r o u n d e d  
t o  s u b a n g u l a r  p e b b l e s  ( d i s s im i l a r  t o  r o c k  t y p e s  imme d i a t e l y  a b ove 
or b e l ow the u n c o n f o r m i t y ) .  S o r t ing i s  p o o r  ( f ig . S A ) . Th e r e is  
a s h a r p  c o n t a c t  w i t h  the S hawangunk a b o v e  a n d  a l s o  a s h a r p  
c o nt a c t  w i t h  t h e  Mar t in s b u r g  b e l ow .  I n  p l a c e s , s u c h  a s  a t  
O t i s v i l l e  ( S t o p  5 ) , i t  a p p e a r s  t h a t  p a r t s  o f  t h e  Mar t in s b urg have 
b e e n  b o d i l y  l i f t e d  f r om t h e  unde r l y ing b e d r o c k  and i n c o r p o r a t e d  
i n  t h i s  d iami c t i t e .  W e  d o  n o t  b e l i e v e  t h a t  t h i s  d e p o s i t i s  a 
f a u l t  b r e c c i a ,  b e c au s e  t h e r e  d o e s  n o t  a p p e a r  t o  b e  a f o l i a t io n  
i n  i t , a l t h ough i t  m a y  h a v e  b e e n  a f f e c t e d  by mov em e n t  t o  s om e  
d e g r e e . I t  l o o k s  mo r e  l ik e  a p r o d u c t  o f  ma s s  w a s t ing , t h a t  i s , a 
c o l l uv ium . Mo r e ov e r , i t  c o nt a i n s  a l a r g e  va r i e ty o f  p e b b l e s , 
w h i c h  c o u l d  have o n l y  b e e n  b r o u g h t  i n  a s  a s e d im e n t a r y  d e p o s i t . 

T h e  exo t i c  p e b b l e s  a r e  r o u n d e d  t o  s ub a n g u l a r  a n d  a s  much as 
4 i n ch e s  l on g . T h e y  c o n s i s t  of g r aywa c k e , o r t h o q u a r t z i t e ,  
f e l d s p a t h i c  and c h l o r i t i c  s a n d s t o n e , c r o s s - l am i n a t e d  f e l d s p a t h i c 
c o n g l ome r a t i c  qua r t z i t e ,  r e d  f in e - g r a in e d  s a n d s t o n e  a n d  
s i l t s t o n e , v e in q u ar t z ,  c o a r s e - g r a i n e d  quar t z i t e  w i t h  p y r i t e ,  
g r ay wa ck e , m e d ium- g r a y  s i l i c e o u s  s i l t s t o ne , lam in a t ed m i c a c e o u s  
s i l t s t o n e , a n d  m e d ium d a r k - g r a y  s h a l e . T h e  p e b b l e s  a r e  f o u n d  a t  
t h e  T a c o n i c  u n c o n f o r m i t y  n e a r  O t i s v i l l e  ( S t o p  5 ) ,  Wur t s b o r o  ( S t o p  
8 ) , a n d  O t i s v i l l e .  

Ma r t in s b u r g  f r agme n t s  a r e  a l s o  f o un d  w i t h in t h e  c o l l uv ium 
a n d  c o n s i s t  of ang u l a r  f r a gme n t s d e r i v e d  f r om t h e  imm e d i a t e  
un d e r l y ing b e dr o c k , a n d  r o u n d e d  c l a s t s  t h a t  w e r e  t r a n s p o r t e d  f o r  
s om e  d i s t a n c e . Angu l a r  M a r t in s bur g f r a gment s a r e  a l s o  f o und i n  
t h e  g o ug e , p r e s um a b l y  in c o r p o r a t e d  dur ing f a u l t movem e n t . 

Many p e b b l e s  a r e  r o un d e d  a n d  h a v e  w e a t h e r ing r in d s  a f e w  
m i l l ime t e r s  t h i c k .. A f ew l a m in a t e d  s amp l e s  h a v e  sma l l  r i d g e s  
w e a t h e r e d  o u t  i n  r e l i e f . T h e  o b l a t e  s h a p e  o f  o t h e r s  a p p e a r s  t o  
h av e  f o r m e d  by er o s i o n  i n  r u n n ing wa t e r . C l e a r l y ,  t h e s e  c o b b l e s  
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w e r e  e xp o s e d t o  t h e  a i r ,  we a t h e r e d , a n d  i n c o p o r a t e d  in 
d i ami c t i t e ,  wh i c h  we b e l i ev e  t o  be a c o l luv ium . 

t h e  

W e  have c o l l e c t e d  s ampl e s  f o r  p e t r o g r ap h i c  anal y s i s  f r om 
s e d ime n t a r y  r o c k s  t h a t  may have b e e n  t h e  s o ur c e  f o r  t h e  exo t i c  
p e b b l e s . The work i s  s t i l l  in p r o g r e s s ,  b u t  w e  can make s ome 
g u e s s e s . The g r a y w a c k e  p e b b l e s  c o u l d  have b e e n d e r ived f r om t h e  
Mar t in s burg . T h e  p e b b l e s  o f  qua r t z i t e  a r e  s im i l a r  t o  qua r t z i t e s  
f a i r l y  h ig h  up in t h e  S h awangunk , b u t  obv i o u s l y  t h e  S hawangunk 
c o u l d  n o t  have b e e n  t h e  s o ur c e  of t h e  p e b b l e s .  The d i r t i e r 
s a nd s t o ne s , r e d  s a nd s t on e  a n d  s i l t s t on e , a s  w e l l  a s  t h e  qua r t z i t e  
p e b b l e s , may have come f r om t h e  Qua s s a i c  Forma t i o n  o f  W a i n e s  
( 1 9 8 6 ) o f  t h e  Ma r l b o r o  Moun t a i n s , p r e s e n t l y  5 - 1 5  m i l e s  e a s t  o f  
t h e  T a c o n i c  u n c o n f o rm i t y . T h e  a g e  o f  t h e  Q ua s s a i c i s  s omewh a t  
s p e c u l a t iv e , b u t  i t  p r o b a b l y  rang e s  f r om l ow e r  Ma r t in s b urg 
t h r o ugh t h e  Upper O r do v i c ia n  ( W a i n e s ,  1 9 8 6 ) ,  s o  s ome of  i t , at  
l e a s t ,  c o u l d  have s u p p l i e d  the p e b b l e s  and c o b b l e s  to  t h e  
c o l l uv ium . S im i l a r  r o c k s  a r e  f o u n d  i n  L i t t l e  Moun t a in i n  t h e  
Fr i e d e n s bu r g  q u a d r a n g l e  o f  e a s t er n  P e n n s y lvan i a ,  b e tw e en t h e  
S u s q u e h anna a n d  L eh ig h  R i v e r s ,  a s  w e l l  a s  p o s s ib l y  a t  t h e  
S p i t z e n b e r g  a b i t  f a r t h er n o r t h e a s t .  S ome o f  t h e  s a nd s t on e  c o u l d  
have b e e n  d e r lved f r om t h e  s a n d s t o n e  a t  P in e  B u s h  ( in f o r ma l l y  
named in t h l s  r e p o r t ) .  S ome p o s s ib l e  p r o b l em s  r ema L n :  ( 1 )  t h e  
s h a p e  o f  t h e  p e b b l e s  s u g ge s t s  s h o r t  t r a n s p or t ,  b u t  s im L l a r  r o c k s  
a r e  n o t  pr e s en t l y  f ou n d  i n  t h e  Mar t in s b u r g  imme d i a t e l y  b e l ow ;  ( 2 ) 
t h e  p o s s ib l e  s o u r c e  t e r r a n e  f o r  t h e s e  p e b b l e s  w a s  p r o b a b l y  n o t  
s im Ll a r  t o  t h e  o n e  wh i c h  s u p p l i e d  t h e  g r aywa c k e  s a n d s t on e  
p r e s• n t l y  i n  t h e  Mar t in s b ur g ; a n d  ( 3 ) f ew ( i f any ) o f  t h e  p eb b l e s  
l ik e  t h o s e  d e s c r ib e d  a r e  f o un d  i n  t h e  c o ng l om e r a t e s  o f  t h e  
imm e d i a t e l y  o v e r l y in g  S h awangunk F o r ma t i o n .  

T h e  o c c ur r e n c e  o f  ang u l a r  s l i c k e n s i d e d  v e in qua r t z  f r agment s 
t h a t  a r e  o r i e n t e d  in a l l  d i r e c t i o n s  w i t h Ln t h e  c o l luv i a l  
d i a m i c t i t e  p r e s e n t s a p r o b l em i n  i n t e r p r e t a t i o n .  T h e  f a c t  t h a t  
t h e  g o u g e  a n d  q u a r t z  v e i n s  a r e  f o u n d  u n i que l y  a t  t h e  Ma r t in s b ur g 
S h awang unk c o n t a c t  s u g g e s t s  t h a t  t h e  movement i s  p o s t -T a c o n i c , 
p r o b a b l y  A l l e g h an i a n , i n  a g e . Th e c o l luv ium w i t h  exo t i c  r o u n d e d  
p e b b l e s  u n c o n f o r ma b l y  o v e r l i e s  t h e  Mar t i n s b u r g  a n d  u n c o n f o rmab l y  
u n d e r l i e s  t h e  S h awangunk . I t  i s  t h e r e f o r e  p o s t - Ma r t in s b u r g  a n d  
p r e - S h awangunk in a g e ,  a p r o d u c t  o f  T a c o n i c  up l i t t .  T h e  pr o b l em 
i s  t h a t  a ng u l a r  f r agme n t s o f  v e in q ua r t z  ( A l l e g h a n i a n  ? )  i s  
i n c o r p o r a t e d  w i t h i n  t h e  c o l l uv ium o f  T a c o n i c  a g e . T h e  r e s o l u t i o n  
t o  t h L S  d i l ema may b e  t h a t  t h e r e  h a s  b e e n  m u l t ip l e  mov e m e n t  a l ong 
t h e  f au l t  at t h e  S hawangunk -Mar t i n s b u r g  c o nt a c t , a n d  t h a t  t h e  
"w e i r d  r o c k s " i s  a c o mp o s i t e  d e p o s i t , made u p  o f  b o t h T a c o n i c  
c o l l u v i um and f a u l t  b r e c c i a . T h er e f o r e ,  t h e  angu l a r f r agme n t s o f  
v e in q u a r t z  w e r e  i n c o r p o r a t e d  i n  t h e  c o l luv ium dur ing l a t er f a u l t  
m o v em e n t . A l t e r n a t iv e l y ,  t h e  f r agme n t s  o f  v e in quar t z  c o u l d  h av e  
b e e n  d e r Lv e d  f r o m  v e i n  q u a r t z  p r o d u c e d  dur ing T a c o n i c  f a u l t ing 
a n d  i n c o r p o r a t e d  i n  t h e  c o l l uv ium a s  s e d im e n t a r y  c l a s t s .  

T h e  c l ay w i t h in t h e  z o ne b e tw e e n  t h e  Mar t in s burg and 
S hawangunk o c c u r s  as d i s c o n t i n u o u s  l ig h t  b l u i s h - g r a y  l a y e r s  t h a t  
have b e e n  w e a t h e r e d  t o  mo d e r a t e  r e d  a n d  g r a y i s h  o r a ng e .  Th e c l ay 
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Fi gure 5 .  Hi stograms and cumul ati ve curves for depos i ts between the 
Marti nsburg and Shawangunk Formati ons . These deposits are i nteroreted 
to be col l uv i um (A ) , faul t gouge ( B ) , and shal e-ch io  gravel ( C ) .  A 
P le i stocene shal e-chi p  gravel i s  shown i n  Q for comoarison with �· 
So , coeffic i ent of sorting ; Ma, medi an diameter, i n  mm. 
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i s  i n t e r na l l y  f o l d e d  a n d  c o n t a i n s  b o t h  c o n t i n u o u s  a n d  d i s r u p t e d  
q u a r t z  v e in s . I n  p l a c e s ,  c l o s e l y  s p a c e d  f r a c t ur e s  e x t e n d  down 
f r om t h e  c l ay i n t o  t h e  und e r l y ing b e d r o c k .  In o t h e r  p l a c e s  t h e  
l o w e s t  f ew m i l l im e t er s o f  t h e  S h awangunk i s  s h e ar e d .  A t  S t o p  � 
t h e  u p p e r  f ew inch e s  o f  t h e  Ma r t i n s b u r g  i s  r o t a t e d .  T h e  c l ay. i s  
c l e a r l y  a f a u l t  g o ug e . T h e  v e in f r agme n t s  a r e  s l i c k e n s i d e d , 
i nd i c a t ing r e p e a t e d  m o v e m e n t  a l o n g  t h e  z o n e . 

O n e  que s t i o n  t h a t  n e e d s  t o  b e  a s ke d  i s  why t h e  c l ay in t h e  
f a u l t  g o u g e  h a s  r ema i n e d  a s t i c ky c l ay , wh e r e a s  s ur r o u n d i n g  r d c k s  
h a v e  b e e n  l i t h i f i e d ?  T h e  a n s w e r  m a y  b e  t h a t  t h e  c o n t a c t  i s  a 
z on e  o f  a l t e r a t i o n .  Th i s  a r e a  o f  t h e  S hawangunk Moun t a � n s  
c o n t a i n s  s e v e r a l  a b a n d o n e d  l e a d - z i n c  m in e s  a n d  t h e r e  a r e  many 
p r o s p e c t s  and m i n e r a l i z e d  l o c a l i t i e s  t h r o u g h o u t  t h e  ar e a .  T h e  
l ow e r  f e w  i n c h e s  o f  t h e  S h awangunk h e r e  a t  O t i s v i l l e i s  s im � l a r l y  
a l t e r e d .  

T h e  s h a l e - c h i p  g r a v e l  j u s t  b e l ow t h e  S h awangunk F orma t i o n  
a n d  a b o v e  s o l id Mar t in s b u r g  b e d r o c k  a t  E l l e nv i l l e  ( s e e  
d e s c r i p t i o n  f o r  S t o p 2 )  i s  r emarka b l y  s im � l a r  i n  a p p e ar a n c e  t o  
P l e i s t o c e n e  s h a l e - c h i p  g r av e l s  e l s ewh e r e  in t h e  n o r t h e r n  
Ap p a l a c h i a n s . F·igur e 5 c ompa r e s  a s i z e  d i s t r ib u t io n  a n a l y s i s  o f  
t h e  g r a v e l  a t  E l l e nv i l l e  ( f ig .  S C )  w i t h  a P l e i s t o c e n e  s h a l e - c h � p  
g r av e l  i n  e a s t e r n  P e n n s y l v a n i a  ( f ig .  S D ) . T h e  c o e f f �c i e n t  o f  
s o r t i n g , S o ,  o f  t h e  E l l e nv i l l e  g r av e l  i s  2 . 1 ,  ind i c a t ing a v e r y  
w e l l  s o r t e d s e d im e n t , s im i l a r  t o  s o r t ing f o un d  i n  a l luv i a l  
s an d� . Th i s  s u g g e s t s  w a t e r  w a s h ing o f  t h e  s e d im e n t . T h e  m e a n  
g r a i·n s i z e ,  Ma , i s  3 . 2  mm . T h e  P l e i s t o c e n e  s h a l e - c h i p  g r av e l  i s  
r emar k a b l y  s im � l a r , b o t h  i n  s o r t in g  a n d  mean g r a i n s i z e ,  
s u g g e s t ing a s im i l a r  o r ig in .  On t h e  o th e r  h a n d , c o l l u v i um 
b e tw e e n  t h e  Mar t in s b u r g  a n d  S h aw a n g u nk a t  O t i s v i l l e , New Y o r k  
( F i g . S A ) , wh i c h  we w i l l  s e e  a t  S t o p  5 ,  i s  m u c h  mo r e  p o o r l y  
s o r t e d . F a u l t  g o u g e  b e tw e e n  t h e  Mar t in s burg and S h awang unk , s u ch 
a s  at P o r t  J e rv i s , New Y o r k , i s  e v e n  mo r e  p o o r l y  s o r t e d  a n d  
c o n t a i n s  a m u c h  l a r g e r  p e r c e n t a g e  o f  s i l t  a n d  c l ay ( f ig . S B ) . 

Th e s e  d a t a  a d d  a n  i n t e r e s t ing h i t h er t o  unr e c o g n i z e d  c h a p t e r  
t o  L a t e  O r dov i c i a n  p a l e o g e og r a p h y  in t h e  c e n t r a L  A pp a l a ch i an s . 
I t  s e em s  l ik e l y  t h a t  f o l l ow i n g  t h e  d e p o s it i o n  o f  t h e  m a r i n e  
Mar t in s b u r g  s h a l e s  a n d  g r ay w a c k e s ,  t h e  Mar t in s b ur g  w a s  up l i t t e d  
dur ing t h e  T a c o n i c  o r o g e n y . B u t  l a t e r  a s  t h e  Mar t i n s b u r g  s u r f a c e  
w a s  s u b a er i a l l y  exp o s e d ,  d i am i c t i c  c o l l uv ium and s h a l e - ch ip 
g r av e l s  w e r e s p r e a d  o u t  o n  t h e  exp o s e d s ur f a c e s ,  a n d  e xo t i c  
p e b b l e s  a n d  c o b b l e s  w e r e  i n c o r p o r a t e d  i n  t h e  d i am� c t i t e .  Much o f  
t h i s  ma t e r i a l  wa s s u b s e q u e n t l y  r emov e d  d u r i n g  p r e - S h awangunk 
e r o s io n  and o n l y  s c a t t e r e d  o c c ur r en c e s  r ema i n .  The c l a s t s  w e r e  
d e r i v e d  f r om a s our c e  t h a t  i s  n o  l on g e r  exp o s e d n e ar b y . T h e  o n l y  
ev i d e n c e  f o r  t h a t  s o ur c e  i s  f r om t h e  f e w  p e b b l e s  t h a t  w e  h a v e  
f o u n d . I t  m i g h t  b e  s u g g e s t e d t h a t  t h ru s t s  b r o u g h t  t h e s e  exo t i c  
r o c k s  c l o s e  t o  t h e  s i t e  o f  d e p o s i t i o n ,  and t h a t  t h ru s t s  s h e e t s  
w e r e  s ub s e q u e n t l y  e r o d e d . I f  t h i s  i s  t r ue , t h e s e  t h ru s t s  mu s t  
h a v e  b e e n  T a c o n i c  i n  a g e . T h e s e  d e p o s i t s  w e r e  l a t er c o v e r e d  b y  
c o ng l om e r a t e s  a n d  s an d s t on e s  o f  t h e  S hawangunk F o r ma t i o n  dur ing . 
M i d d l e  S i l u r i a n  t ime . 
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T h e r e f o r e ,  t h e s e  "w e i r d  r o c k s '' in d i c a t e  • f a i r l y  c o mp l e x  
g e o l o g i c  h i s t ory t h a t  h a s  n o t  b e e n  p r ev i o u s l y  s u g g e s t e d . W e  
w e l c om e  your c ommen t s . 

Mul l i o n s  a t  t h e  b a s e  o f  t h e  S h awangunk 

" Mu l l i o n "  is a n  a r c h i t e c t u r a l  t e r m  b o r r ow e d  . bY s t r u c t ur a l  
g e o l o g i s t s  t o  d e i c r i b e  e l on g a t e  f o l d - l ike o r  p r 1 sm- l ike f o r m s  
d ev e l o p ed a t  t h e  b o u n d a r y  b e tw e e n  r o ck s  of d if t e r en t  m e c h a n i c a l  
p r o p e r t i e s . T h e y  may b e  v e r y  r e g u l a r  i n  s p a c ing a n d  g e om e t r y  and 
e x t e n d  f o r  c o n s i d e r a b l e  d i s t an c e s , o r  t h ey may b e  i r r e g u l a r  and 
s h o r t .  They may o r i g i n a t e  by d i f f e r e n t i a l  f o l d in g  o f  r o c k s  of  
c o n t r a s t ing p r o p e r t i e s  o r  by d i s r up t i o n  of comp e t en t  r o c k s  a l ong 
f o l i a t i o n  t h a t  i s  w e l l  d ev e l o p e d  in s ur r ou n d i n g  l e s s' c o mp e t e n t  
r o ck s . T h e y  m a y  b e  e i t h e r  p a r a l l e l  o r  p e r p e n d i c u l a r  t o  t h e  
s t r u c t u r a l  t r a n s p o r t  d i r e c t i o n .  T h e s e  char a c t e r 1 s t i c s  a r e  
d i s c u s s e d in many s t r u c t u r a l  g e o l og y  t e x t s . 

Mu l l i o n s  w e r e  s e e n  a t  t h e  b a s e  o f  Shawangunk F o rma t i o n  a t  
s ev e n  l o c a l i t i e s  i n  s o u t h e a s t e r n  New Y o r k . Th e s e  a r e  I n t e r s t a t e  
8 4  s o u t h  o f  P o r t  J erv i s , i n  a p r o s p e c t  n e a r  Guymar d ,  a t  t h e  
a b a n d o n e d  r a i lr o a d  c u t  in O t i s v i l l e  ( S t o p S ) , a l o ng N Y  R o u t e  1 7  
s o u t h  o f  Wur t s b o r o  ( S t o p . 8 ) , i n  t h e  a b a n d o n e d  r a i l r o a d  t u n n e l  
j u s t  s o u t h  o f  R o u t e  1 7 ,  a l on g  t h e  c r e ek j u s t e a s t  o f  t h e  pr i s o n  
a t  Wawa r s in g , and a f ew hund r e d  f e e t  s o u t h  o f  NY 5 5 -U S 4 6  ( t h e  
" T r a p p s " ,  W a i n e s  a n d  o t h e r s , 1 9 83 ) . 

T h e  mu l l i o n s  a r e  s t r a ig h t  t o  s l ig h t l y  i r r e g u l a r  downwa r d 
p r o j e c t ing s t r u c t u r e s  a t  t h e  b a s e  o f  t h e  S h aw a n g u nk ( f ig . 6 ) .  
T h e y  t en d  t o  have a n  a s ymme t r i c a l  wav e - l ike f o r m ,  a n d  e x t e n d  
a b o u t  t w o  i n c h e s  b e l ow t h e  S h aw a ngunk c o nt a c t . T h e  mu l l i o n s  
t r e n d  s ub p a r a l l e l  t o  t h e  s t r ik e  o f  t h e  S hawangunk . I n  a f ew 
p l a c e s  f a i n t  s l i c k en l i n e s  t r e n d  a b o u t  p e r p e n d i c u l a r  t o  t h e  t r end 
of t h e  mu l l i o n s . At t h e  c r e ek b e h 1 n d  t h e  pr 1 s o n  a t  N a p o n o c h ,  t h e  
mu l l i o n s  b ow d own t h e  sl i gh t l y  s h e a r e d  b e d d i n g  i n  t h e  u p p e r  f ew 
i n ch e s  o f  w e a t h e r e d  M a r t in s b ur g , s ug g e s t in g  t h a t  t h e y  w e r e  n o t  
e r o d e d  i n t o  t h e  und e r l y in g  s h a l e s ,  b u t  a r e  a t e c t on i c  l o a d ing 
f e a t ur e .  We d o  n o t  b e l i e v e  t h a t  t h e y  are " r un n e l s "  f o rm e d  o n  a 
b e a ch f a c e  ( Wa in e s  a n d  o t h e r s , 1 9 8 3 ) b e c a u s e  t h ey a r e  f o un d  o n l y  
a t  t h e  M a r t in s b ur g - S h aw a n g u n k  c o n t a c t , a boundary o f  e x t r eme 
m e c h a n i c a l  d i s h armony ( t h e y  a r e  n o t  s e e n  at t h e  b a s e s  of b e d s  
e l s ew h e r e i n  t h e  S hawangunk ) a n d  t h e i r  t r en d  i s  n o t  p a r a l l e l  t o  
c u r r e n t  . d i r e c t i o n s  i n d i c a t e d b y  t r ough c r o s s b e d d in g  ( s e e  f ig .  
1 5 } .  W e  i n t e r p r e t  t h e  S hawangunk a s  a f l u v i a l  ( b r a 1 d e d  s t r e am ) 
d e p o s i t , n o t  a b e a ch d e p o s i t . 
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Shawangunk 
Formation 

Mul l i  

Diamicti te 

Martinsburg 
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Figure 6 .  Mul l i ons at the base of the Shawangunk Formati on at 
Oti svi l le ,  Stop 5 (A ) , and the Guymard prospect ( B ) .  The mul l ions 
are 1-2 in deep and asymmetrical . They vary from straight ( l eft 
side of B) , to i rregu lar  (right s ide of B) . At Oti svi l l e ,  fragments 
of Martinsburg bedrock and exotic pebbl es can be seen i n  the 
diamicti te between the Shawangunk and Marti nsburg . 
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Figure 7 .  Cross section through Bonticou Crag showi ng l ocation of Taconic tectoni c 
zones .  See figure 1 for l ocati on.  

Q,  Quaternary surficia l  deposi ts ;  Dh,  Hami l ton Group ; Don , Onondaga L imestone ;  
De , Schoharie and Esopus Formations ; DSu , Gl enerie Formati on through Bi nnewater 
Sandstone ; Shf, H igh  Fal l s  Shal e ;  Ss , Shawangunk Formati on;  Om , Marti nsburg 
Formati on.  

From surface mapping and data modif ied from New York C ity �Jater Board , unpub l i shed 
data of the Cats ki l l  Aqueduct. Compare wi th Berkey ( 1 91 1 ,  fi g .  22 )  and Brown ( 1 91 4 ,  
fi g .  2 ) .  Dotted l i ne i s  the posi tion of the aqueduct tunnel , i n  pl aces projected 
i nto the l i ne of section. 
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STRUCTURAL GEOL OGY 

B o t h  O r d ov i c i a n  and y o un� e r  r o ck s  in t h e  f 1 e l d  t r 1p a r e a  a r e  
mor e h ig h l y  f au l t e d  a n d  t i g h t l y  f o l d e d  i n  t h e  e a s t e r n  p a r t  o f  t h e  
a r e a  t h a n  t o  t h e  we s t .  T im ing a n d  d e g r e e  o f  d e f o rm a t i o n  o f  th e s e  
r o c k s  h a s  b e e n  t h e  s ub j e c t  o f  c o n s i d e r a b l e  l on g - s t a n d ing 
d e b a t e . 

T h e  t h r e e  mo s t  imp o r t a n t  p r o b l ems a r e : ( 1 )  what i s  t h e  
g e o g r a p h i c  d i s t r ib u t i o n  o f  T a c o n i c  s t r u c t ur e s  i n  p r e- S i l ur 1 a n  
r o c k s ; ( 2 )  wh a t  a r e  t h e  i n t e n s i t i e s  o f  T a c o n i c  a n d  p o s t - T a c o n i c  
d e f orma t io n s  in p r e- S i l ur i a n  r o c k s  ( a n d  what i s  t h e  a g e  o f  the 
f o l d s , f au l t s ,  me l a ng e ,  a n d  c l e a v a g e  in th e s e  r o c k s ) ;  and ( 3 )  i s  
t h e  p o s t - T a c o n i c  d e f o rm a t i o n  A c a d i a n  o r  Al l e g h a n i a n ,  o r  b o t h ?  

O n  t h i s  f i e ld t r ip w e  w i l l s ug g e s t  t h a t  ( 1 )  z o n e s  o f  T a c o n i c  
d e f o rm a t i o n  c a n  b e  r e c o g n i z e d  w h i c h d e c r e a s e  i n  int e n s i ty f r om 
e a s t  t o  w e s t ;  ( 2 ) w e s t  o f  "Ruedeman n " s L in e '' t h e  O r d ov i c ia n  r o c k s  
wer e m o r e  s ev e r l y  af f e c t e d  b y  p o s t - T a c o n i c  d e f o rm a t i o n  t h a n  by 
T a c o n i c  d e f orma t i o n ;  ( 3 )  t h e  a g e  of t h e  l a t e r  d e f orma t i o n  i s  
A l l e g h a n i a n , ( 4 )  A l l e g h a n i a n  d e f o rm a t i o n  a l o n g  t h e  T a c o n i c  
u n c o n f o r m i t y  d e c r e a s e s  i n  int e n s i t y  f r om P e n n s y l v a n i a  i n t o  
s o u t h e a s t e r n  New Y o r k ,  5 )  t h e  r e g i o n a l  s l a t y  c l e a v a g e  i n  t h 1 s  
a r e a , wh e r e  pr e s en t , i s  A l l e g h a n i a n  i n  age , ( 6 )  mo r e  i n t e n s e ,  
l a t e r , A l l e g h a n i a n  d e f o r m a t i o n  ov e r l a p s  t h e  e a r l i e r  A l l eg h a n i a n  
d e f orma t i o n  in t h e  e a s t er n  p a r t  o f  t h e  a r e a , a n d  ( 7 ) t h e  s t r 1k e  
o f  T a c o n i c  s t r u c t u r e s  i s  m o r e  n o r t h e r l y  ( by a s  m u c h  a s  2 0 ° ) t h a n  
A l l e g ha n i a n  s t r u c t ur e s .  

T a c o n i c  T e c t o n i c  Z o n e s  

C o mp i l a t i o n  o f  g e o l o g y  in t h e  D e l aw a r e  and C a t s k i l l  a q u e d u c t  
t u n n e l s , a n d  c om p a r i s o n  w i t h  s u r f a c e  exp o s ur e s  i n  s o u th e a s t er n  
N e w  Y o r k , a l l o w s  u s  t o  i d e n t i f y  t e c t on i c  z o n e s  o f  T a c o n i c  a g e .  
( f i g s .  7 and 8 ) . Th e s e  z o n e s  s t r ik e  a b o u t  N .  1 0 - 2 0 ° E .  and 
p r o gr e s s iv e l y  emerg e to  the s o u thwe s t  a l ong the c o n t a c t  w i t h  t h e. 
ov e r l y ing S h aw a n g u nk F o rm a t i o n .  T h e  s t ru c t ur e  i s  mo r e  comp l ex t o  
t h e  e a s t .  T h e  z o n e s  a r e , f r om w e s t  t o  e a s t :  ( 1 ) z o n e  1 wh 1 c h  h a s  
b r o a d  o p e n  f o l d s  i n  s l ig h t  a ng u l a r  u n c o nf o r m i t y  w i t h  t h e  
ov e r l y ing S h aw a n gunk F o rm a t i o n ,  ( 2 ) z o n e  2 t h a t  i s  a b e l t  o f  l e s s  
s ev e r e  f o l d s  a n d  f au l t s  w i t h  b e d d i n g  in h ig h  angu l a r 1 t y  w i t h  
o v e r l y ing S i l u r i a n  r o c k s ; a n d  ( 3 )  z o n e  3 w i t h  t h r u s t s ,  s t e e p  
d i p s ,  o v e r t u r n e d  f o l d s , a n d  m e l a ng e . Many m e l a n g e s  have b e e n  
m a p p e d  in t h e  O r d o v i c ia n  r o ck s  o f  t h e  H u d s o n  V a l l e y , s u c h  a s  o n e  
o n  R o n d o u t  C r e e k  n e a r  R o s e n d a l e ,  N ew Y o r k .  T h e s e  s t ru c t ur e s  a r e  
d e f in i t e l y  T a c o n i c  b e c a u s e  i n  p l a c e s  t h e  S i l u r i a n  r o c k s  t ru n c a t e  
t h e  s c a l y c l e a v a g e  in t h em . T h e  T a c o n i c  thru s t  f a u l t s  t h a t  
p r o d u c e d  t h e s e  m e l ang e s  a r e  a b u n d a n t  t o  t h e  s o u t h e a s t  o f  t h e  
u n c o n f o r m i t y . an d  a p p e a r  t o  b e c om e  r a r er a s  t h e  u n c o n f o r m 1 t y  i s  
a p p r o a ch e d . T h e  c o n t a c t  b e tw e e n  z on e s  1 a n d  2 m a y  b e  t h e  
e x t e n s i o n  o f  R u e d em an n ' s L in e  wh i c h  t r e n d s  s o u t h e r l y  a n d  i s  
o v e r l a p p e d  by S i l u r i a n  r o ck s  s ou t hwe s t  o f  A l bany ( B o sw o r t h  a n d  
V o l l m e r , 1 9 8 f ) . T h i s  l in e  p a s s e s  u n d e r  t h e  C a t s k i l l  P l a t e a u  a n d  
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Fi gure 8 .  
Reservo ir ,  
l ocation ) ,  
El l envi 1 1  e 

Cross section along the Del aware Aqueduct from the Ashokan 
through \•lawars ing , to the Nal l ki l l  River ( see Fi gure 1 for 
showing l ocation of the Taconic tectonic zones and the 
arch . 

Dp ,  P l atteki l l  Formation ;  Da , As hokan Formation ; Om ,  1·1ount Marion 
Formation ; Dh ,  shales and s i l tstones of the Hami l ton Grou p ;  OS , 
Onondaga Limestone through the B innewater Sandstone ; S s ,  H igh  Fa·l l s  
Shal e ,  Shawangunk Formation , and tongues of the Shawangunk 
Formation and Bl oomsourg Red Beds ; Om , Martinsburg Formation . 

From surface mappi ng and underground data modi fi ed from the 
·Del aware Aqueduct ( New York C i ty Hater Board , unpub. data , 1 945 ) .  



1 

C - 2 6  

emer g e s  f r om b e n e a t h  t h e  S h aw a n gunk M o un t a in s  a b o u t  5 m 1 l e s  e a s t  
o f  E l l env i l l e  ( f ig . 9 ) . T o  t h e  ea s t  o f  z o n e  1 l 1 e t h e  comp l e x  
s t r u c t ur a l  t e r r a n e  o f  t h e  T a c o n i c  k l ip p e n .  T o  t h e  w e s t  o f  z o n e  
3 ,  s u c h  a s  i n  c e n t r a l  P e n n s y l v a n i a , a n g u l a r  u n c o n f o r m i t y  g iv e s  
way t o  a c o n f o r ma b l e  O r dov i c i a n- S i l ur i a n  s e q u e n c e , a n d  o r o g e n i c  
upl 1 f t  is  r e f l e c t e d o n l y  by t h e  T a c o n i c  c l a s t i c  w e d g e . 

I g n o r ing f o r  t h e  moment a l l  f a u l t s  and f o l d s  o f  T a c o n i c  a g e , 
t h e  s t r u c t u r e  o f  t h e  Ma r t i n s b u r g  b e l t  in e a s t er n  P e n n s y l v a n i a  c a n  
b e  cha r a c t e r i z e d  a s  a n o r t hw e s t - d ip p ing s e q u e n c e . T h e  o l d e s t  
memb e r  i s  a l w a y s  o n  t h e  s ou t h  s i d e  o f  t h e  G r e a t  V a l l e y  and t h e  
youn g e s t on t h e  n o r t h  s i d e . Ly t t l e  a n d  Ep s t e in ( 1 9 8 7 )  s h ow t h a t  
t h i s  m o n o c l in a l  s e qu e n c e  i s  a c t u a l l y  t h e  nor t h  l imb o f  a v e r y  
b r o a d  a n t i c l in e  t h a t  inv o l v e s  r o c k s  a s  f a r  s ou t h  a s  t h e  
P e nn s y lv a n i a  P i e d m o n t  a n d  t h a t  t h 1 s  s t r u c t u r e  i s  p r o b a b l y  
Al l e g h a n i a n  i n  a g e . G o in g  n o r t h� a s tw a r d  int o New J er s ey t h e  
m id d l e  memb er o f  t h e  Mar t in s b u r g  i s  f o u n d  i n  t h e  t r ough o f  
s e v e r a l  s ma l l e r  s c a l e  s y n c l in e s , b u t  s t i l l  t h e  v e r y  b r o a d  a n d  
g e n e r a l s t r u c t u r e  i s  one o f  a n o r t hw e s twar d - d i p p i n g  mono c l in e . 
In s o ut h e r n  New Y o r k  S t a t e ,  t h e  W a l l k i l l  V a l l e y  h a s  l on g  b e e n  
r e c o g n i z e d  a s  a v e r y  b r o a d  o p e n  a n t i c l ine ( e . g . , O f f 1 e l d , 1 9 6 7 ; 
K a l ak a  and W a 1 n e s , 1 9 8 6 ) . T h i s  a n t i c l i n e  is  h ig h l y  f a u l t e d  in 
t h e  Mohonk L a k e  a r e a  ( f ig s . 1 a n d  7 ) . Many of th e s e  f a u l t s  c u t  
S i l u r i an r o ck s  a n d  w e  i n t e r pr e t  t h em t o  b e  A l l e g h a n i an in a g e . 

P o s t -Ta c o n i c  s t r u c t ur e s  
R e l a t iv e  e f f e c t s  o f  A l l egh a n i a n  a n d  T a c o n i c  d e f o rma t io n  

T h e  t e c t o n i c  e f f e c t s  i n  r o c k s  a b o v e  and b e l ow t h e  T a c o n i c  
un c o n f o r m i t y  i n  t h e  c e n t r a l  A p p a l a c h i a n s  h a s  b e e n  t h e  s u b j e c t  o f  
c o n s i d e r a b l e  d i s c u s s i o n  a n d  d e b a t e  ev e r  s in c e  t h e  u n c o n f o r m 1 t y  
w a s  r e c o g n i z e d  b y  H .  D .  R o g e r s  in 1 83 8 .  We h a v e  b e e n  mapp ing 
s e l e c t e d  a r e a s  a l o n g  1 2 0 m i l e s  ( 2 0 0  km) o f  the u n c o n f o r m 1 t y  f r o m  
e a s t e r n  P e n n s y l v a n i a  t h r ough New J e r s ey , and i n t o  s ou t h e a s t e r n  
N e w  Y o r k  ( f i g . 1 0 ) . W e  have c h o s e n  a r e a s  wher e e xp o s ur e s  a r e  
a b u n d a n t  e n o u g h  t o  b e  a b l e  t o  d e t e r m i n e  s t r u c t ur a l  r e l a t i o n s  in 
r o ck s  o n  b o t h  s i d e s  of the c o n t a c t . In g e n e r a l ,  g o i n g  f r om 
P e n n s y l v a n i a  t o  New Y o r k , s tr u c t u r e s  b e c ome s imp l er , f r o m  h ig h l y  
f au l t e d a n d  f o l d e d  a t  Hawk M o un t a i n ,  w h e r e  t h e  T u s c a r o r a  
F o rma t i o n  r e s t s  o n  b o t h  t h e  M a r t in s b u r g  Forma t i o n  a n d  r o ck s  o f  
t h e  H a m b u r g  k l i p p e , t o  ov e r t ur n e d  a n d  f a u l t e d  r o ck s  a t  L eh ig h  
G a p , t o  o v er s t e e p e n e d  f o l d s  a t  D e l aw a r e  W a t e r  G a p , a n d  upr i g h t  t o  
s l ig h t l y  o v e r t ur n e d  f o l d s a t  H i g h  P o in t , New J e r s ey , and f in a l l y  
i n t o  a f a i r l y  s imp l e  a r c h  a t  E l l e nv i l l e ,  New Y or k .  S l a ty 
c l ea v a g e  in b o t h  O r d o v i c i a n  a n d  y o ung e r  r o c k s  i s  c ommon ,  
p a r t i c u l a r l y  i n  t h e  s o u t hw e s t e r n  p a r t  o f  the s t udy a r e a . 

T h e  g e o l o g y  o f  t h e  a r e a  n e a r  E l l e nv i l l e , wh e r e  A l l e g h a n i a n  
a n d  T a c o n i c  s t r u c t ur e s  a r e  r e l a t iv e l y  s imp l e ,  i s  a n  e x c e l l e n t  
p l a c e  t o  d i s t i ng u i s h  t h e  e f f e c t s  o f  T a c o n i c a n d  l a t er 
d e f orma t i o n s . T h e  E l l env i l l e  a r c h  i s  a nor t h e a s t - p l ung ing f o l d  
w i t h  a h a l f  w av e l e n g t h  o f  a b o u t  4 . 2  m 1 l e s  ( 6 . 8  km ) .  F o l d e d  r o c ks 
i n c l u d e  t h e  M a r t i n s b u r g  i n  t h e  G r e a t  V a l l ey ,  t h e  S h awangunk in 
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DEVONIAN AND 

SI LURIAN ROCKS 

ORDOVICIAN ROCKS 

N.J. 

20 MILES 
40 KILOMETERS 

Figure 9 .  r�ap of southeastern New York showi ng the Taconic  
tectoni c  zones wi thi n  the parautochthonous flysch ,  the 
boundary of overl apping Devonian and Si l urian rocks , and the 
approximate western l imi t of a l l ochthonous rocks of the 
Taconi c  a l l ochthon. The zone boundaries are dotted beneath 
the Devonian and S i l uri an rocks . ZONE 1 ,  broad open folds ;  
ZONE 2 ,  tight fol ds and thrust fau l ts ;  ZONE 3 ,  overturned 
fol d s ,  thrust fau l t s ,  and mel anges . Faul ts and some 
overturned fol ds are found i n  zone 1 ,  and some areas of open 
fol ds are found i n  zone 3. Zones i n  the Al bany area are from 
Vol lmer ( 1 981 ) and Bosworth and Vol lmer ( 1 98·1 ) .  
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t h e  S hawangunk M o u nt a in s , a n d  r o ck s  o f  S i l u r i a n  and D ev o n i a n  a g e  
i n  the R o n d o u t  V a l l ey and C a t s k i l l  P l a t e au ( f ig .  8 ) . T h e  b r o a d  
a r c h  i s  p r o m i n e n t  i n  exp o s e d  c l i f f s  o f  t h e  S h awangunk F o r ma t i o n  
i n  t h e  E l l env i l l e  ar e a .  The s h a l e s  a n d  g r a yw a c k e s  o f  t h e  
M a r t i n s burg a r e  f a i r l y  we l l  exp o s e d i n  t h L s  a r e a . T h e  
M a r t i n s burg r a r e l y  exh i b i t s  s l a t y c l e a v a g e  in t h 1 s  ar e a .  W e  a r e  
t h e r e f o r e  a b l e  t o  d r aw a n  a c cu r a t e  c r o s s  s e c t i o n  wh L c h  s h o w s  t h a t  
t h e  c r e s t  o f  t h e  a r c h  d i f f e r s  i n  p o s i t i o n  i n  t h e  M a r t i n s b u r g  a n d  
i n  t h e  Shawangunk { f ig .  1 1 ) . I t  i s  c l e ar t h a t  t h L s  g e om e t r y  i s  
t h e  r e s u l t  o f  t h e  f o l d in g  o f ' a n  un c o n f o rmab l e  s e q u e n c e . I f  we 
unf o l d  the f o l d s  in t h e  S hawangunk , we c a n  r e c o n s t r u c t  t h e  p r e 
A l l e g h a n i a n  f o l d s  i n  t h e  Mar t in s b u r g  o n  t h e  b o t t om o f  t h e  
d i a g r am . N o t e  t h a t  t h e  E l l e nv i l l e  a r c h  h a s  b e e n  e l imina t e d a n d  
w e  a r e  l e f t  w i t h  o n l y  a b r o a d  s y n c l in e ,  T a c o n i c  i n , ag e .  

W e  have a l s o  d o n e  a s im i l a r  r e c o n s t r u c t i o n  b y  r o t a t ing 
b e d d ing in the S hawangunk b a c k  to h o r i z on t a l  u s ing a s t e r e o  n e t  
a n d  d e t e r m i n i n g  t h e  r e t r o d e f o r m e d  T a c o n i c  a t t i t u d e s  i n  t h e  
M a r t i n s b urg . F i g u r e  1 2  s h o w s  t h e  p o s i t io n  o f  the A l l e g h a n i a n  
E l l env i l l e  a r c h . T h e  h e avy l in e s  a r e  i s o g o n s  s h o w i n g  ang l e s  o f  
d i p  a n d  d ip d i r e c t i o n s  i n  t h e  S hawangunk . Th e s e  i s o g o n s  wer e 
u s e d  t o  d e t e r m i n e  t h e  amount o f  r o t a t i o n  n e c e s s a r y  f o r  t h e  
M a r t i n s burg s t r u c t u r a l  r e a d i ng s . T h e  d ip s  s h own i n  t h e  
M a r t i n s burg a r e  t h e s e  r e t r o d e f o rmed d ip s , t h a t  i s , t h e  
A l l e g h a n i a n  f o l d i ng h a s  b e e n  e l im i na t e d . Th e r e f o r e ,  t h L s  i s  a 
c o mp o s i t e  map , s ho w i n g  A l l e g h a n i a n  s t r u c t u r e  in t h e  S hawangunk 
and T a c o n i c  s t r u c t u r e  i n  the Mar t i n s b ur g .  N o t e  t h a t  t h e  r o t a t e d  
b e d s  in the M a r t i n s b u r g  d ip c o n s i s t en t l y  and g e n t l y  t o  t h e  
s o u t he a s t  i n  t h e  we s t e r n  p a r t  o f  t h e  a r e a  a n d  t h a t  t h e  E l l e nv i l l e 
a r c h  h a s  d i s a p p e ar e d . T h e  f o l d  a x e s  i n  t h e  Mar t in s b ur g  a r e  t h u s  
T a c o n i c  in a g e . A l s o  n o t e  t h a t  e a s t  o f  the L ake Awo s t ing 
d e f o r m e d  z o n e , b e d s  i n  the S hawangunk , s hown by the i s o g o n s , 
s t r ik e  ENE ( av e r a g e  N .  7 6 ° E . ) ,  b u t  t h a t  t h e  M a r t i n s burg 
u n d e r n e a t h  s t r ik e s  m o r e  n o r t h e r l y  b y  about 1 6 ° ( av e r a g e s  N .  6 0 ° 
E • ) • 

U s ing t h e  d a t a  s h own in t h e  map , a c r o s s  s e c t i o n  t h a t  i s  
s im i l a r  t o  t h e  o n e  s h own i n  f ig u r e  1 1  w a s  c o n s t r u c t e d  ( s e c t i o n  A
A ' , f ig .  1 2 ) . T h e  s o l i d l in e  is a c r o s s  s e c t i o n  s h ow i n g  b e d d i n g  
d e r iv e d  f r o m  o u r  s t e r e o g r a p h i c a l l y  r o t a t e d Mar t in s b ur g .  N o t e  
t h a t  i t  a g r e e s  a lmo s t  p e r f e c t l y  w i t h  t h e  p a t t e r n  d e r Lved f r om t h e  
s im p l e  u n f o l d ing o f  t h e · c r o s s  s e c t i o n  s h own i n  f ig u r e  1 1 ,  t h e  
d a s h e d  l in e .  I t  s e ems c l e a r  t h a t  T a c o n i c  f o l d s  i n  t h L s  a r e a  a r e  
b r o a d  a n d  o p e n , a n d  t h e  E l l env i l l e  a r c h  i s  a l a t e r s t r u c t u r e  
s u p e r i mp o s e d o n  t h e  T a c o n i c  f o l d s . 

F ig u r e  1 3  s h ows equa l a r e a  p l o t s  o f  b e d d in g  in t h e  
Shawang unk , i n  t h e  M a r t i n s b ur g , a n d  i n  the s t e r e o g r a p h i c a l l y  
r o t a t e d  M a r t i p s b u r g . T h e  g ir d l e  i n  t h e  Shawangunk d e f i n e s  a f o l d  
wh o s e  a x i s  p l ung e s  5 ° N .  3 2 ° E .  T h e  M a r t i n s b urg t r en d s , a s  w e  0 s e e  t h em now , a r e  m o r e  n o r t h e r l y ,  by a b o u t  1 0  , t h a n  t r en d s  in 
t h e  S hawangunk . I n t e r e s t ing l y ,  wh e n  t h e  r e t r o de f o rm e d  
Mar t in s bu r g  b e d d ing i s  p l o t t e d , t h e  T a c o n i c  f o l d s  p l u n g e  t o  t h e  
s o u t hw e s t . Th e r e f o r e ,  w e  c o n c l u d e  t h a t  T a c o n i c  f o l d s  t r e nd m o r e 
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Figure 1 0 .  Taconic unconformi ty study area between Hawk Mountai n ,  Pennsyl vania ,  and Napanoch ,  
New York ,  showing decreas ing All eghanian deformation i n  the Shawangunk Formation and younger 
rocks (dark area ) from southwest to northeast,  and refol d i ng of open Taconic fol ds ( zone 1 )  i n  
the Marti nsburg Formation ( l i ght area ) .  
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SHAW AN GUNK -MARTINSBURG UNCONFORMITY, 
ELLENVILLE ARCH, SOUTHEASTERN NEW YORK 

-----------�----------
PRE-ALLEGHANIAN {TACONIC) FOLDS 

A' 

2000 feet 

SEA LEVEL 

·2000 feet 

Figure 1 1 .  Cross section through the El l envi l l e  arch east of E l l envi l l e ,  
showing the angul ar unconformi ty between the Shawangunk Formation (dotted ) 
and the Martinsburg Formati on (shaded } , and the different pos i tion of the 
fol d  crest i n  the two units .  By measuring the orthogonal di stance between 
the base of the Shawangunk and a marker bed i n  the Martinsburg (near vertical 
l i nes } , we can reconstruct the confi guration of Taconic fol ds in the 
Martinsburg , shown on the l ower part of the diagram. See fi gure 1 for 
l ocation of cross section .  
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74°1 5' 
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ELLENVILLE QUAD NAPANOCH QUAD 

2 
N 

Ss 

A A' 
.SHAWANGUNK FORMATION 

Fi gure 1 2 .  Geol ogic map of parts of the E l l envi l l e  and Napanoch 
7 . 5-minute quadrangl es showing the unconformabl e contact between the 
Shawangunk Formati on ( Ss )  and the ·Martinsburg Formation (Om) , l i nes 
of equal dip ( d ip  i sogons )  i n  the S hawangunk (sol id l i nes ) ,  and areas 
where the Shawangunk has been removed by eros ion (dashed l i nes ) ,  dips 
in the Martinsburg that have been rotated to el iminate Al l eghani an 
fol di ng shown by the d ip  i sogons , and the position of the reconstructed 
Taconic fol ds i n  the Martinsburg . The cross section .0.-A '  compares 
the retrodeformed Taconic structures derived from the construction from 
the map ( sol id  l i ne) and from the exercise i n  fi gure 1 1  (dashed l i ne) . 
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BEDDING (LOWER HEMISPHERE), ELLENVILLE ARCH, N.Y. 

n·247 

Ct•12% 

N 

SHAW ANGUNK FORMATION· 

nr139 

Cl·24% 

N 

• 

MARTINSBURG· FORMATION 

n-94 

a·24% 

N 

MARTINSBURG FORMATION 
(ROTATED) 

Figure 1 3 .  Equal -area projections ( l ower hemi sphere) of the present 
atti tudes of bedding i n  the Shawangunk and Martinsburg Formations i n  
the area shown i n  fi gure 1 2 ,  and the bedding in the Martinsburg that 
has been rotated s.o as to el iminate the effects of the E l l envi l l e arch. 

n o r t h e r l y  t h a n  A l l e g h a n i a n  f o l d s  in t h � s  a r e a , a n d  p l unge in t h e  
o p p o s i t e  d ir e c t i o n . T hu s , i n  t h e  E l l env i l l e  a r e a , w e  have b e e n  
a b l e  t o  d i s t ingu i s h  T a c o n i c  f r om A l l e g h a n i a n  f o l d s , b o t h  i n  
amp l i t ud e  a n d  t r e n d . 

F r om t h e  d a t a  pr e s e n t e d a b ov e , a n d  f r om o t h e r  c o n s i d e r a t i o n s  
( Ep s t e in a n d  L y t t l e ,  1 9 8 6 ) , w e  draw t h e  f o l l ow in g  c o n c l u s i o n s  f o r  
t h e  a r e a  f r om E l l e nv i l l e  t o  n o r t h e a s t e r n  P enn s y l v a n i a  n e a r  t h e  
T a c o n i c  u n c o n f o r m i ty : 

1 .  W i t h  o n l y  a f ew e x c e p t io n s , t h e  S h awang unk a n d  
e q u iv a l en t  Tus c a r o r a  Forma t i o n  ov e r l i e  the M a r t i n s b u r g  Forma t i o n  
w i t h  a n  a n g u l a r  u n c o n f o r m i t y  t h a t  r a n g e s  b e tw e e n  a n  ang l e  t h a t  i s  
b a r e l y  d i s c er n ib l e , t o  a b o u t  1 5 ° . 

2 .  T h e  d o m i n a n t  r e g i o n a l  fo l d i n g  i n  a l l r o cks a l ong t h e  
c o n t a c t  i s  A l l e g h a n i a n  i n  a g e .  
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3 .  T h e  r e g i o n a l  s l a t y  c l e ava g e  i s  A l l e g h a n i an i n  a g e . 

4 .  T a c o n i c  f o l d s  in t h e  M a r t in s b u r g  Forma t i o n  b e l ow t h e  
u n c o n f o r m i t y  a r e  mo s t l y  b r o a d  a n d  o p e n  a l on g  t h e  e n t i r e  1 2 U m 1 l e  
l e n g t h  o f  t h e  c o n t a c t  t h a t  w e  have s t u d i e d  s o u t hw e s t  o f  
E l l env i l l e .  T o  t h e  n o r t h  i n  z o n e s  2 a n d  3 t h e  s t r u c t ur e s  b e c ome 
mor e int e n s e and the a n g u l a r  d i s p a r i t y  b e tw e e n  b e d s  a b o v e  and 
b e l ow the u n c o n f o r m i t y  is  g r e a t e r . 

5 .  T h e  s t r ik e  o f  T � c o n i c  s t r u c t ur e s  t r e n d  a b i t  mo r e  
n o r t h e r l y  ( by a b o u t  3 - 2 0  ) t h a n  l a t e r  s t r u c t ur e s . 

Age o f  po s t -T a c o n i c  d e f orma t i o n  

W a s  t h e  e n t i r e  s e q u e n c e  o f  r o c k s  e xp o s e d  i n  t h e  f i e l d  t r ip 
a r e a  a f f e c t e d b y  A c a d i a n  o r  A l l e g h a n i a n  d e f o rma t io n ,  o r  b o t h ?  
Mar s h a k  ( 1 9 8 6 , p .  3 6 6 )  g iv e s  a s u c c in c �  s umma r y  o f  t h e  
c o n t r ov e r s y . A n  A c a d i a n  a g e  w a s  f a vo r e d  b y  W o o dw a r d  ( 1 9 5 7 ) ,  
R a t c l i f f e  a n d  o t h e r s  ( 1 9 7 5 ) ,  a n d  Murphy and o t h e r s  ( 1 9 � 0 ) , b a s e d  
o n  t h e  a g e  o f  t h e  y oung e s t  r o c k  t h a t  h a s  b e e n  d e f o r m e d . 
S t r u c t u r e s  in Ear l y  D e v o n i an a n d  U p p e r  S i l u r i a n  r o ck s  w e r e  
b e l i e v e d  t o  b e  A c a d i a n  in a g e  b y  C h a dw i c k  ( 1 9 4 4 )  a n d  W o o d w a r d  
( 1 9 5 7 )  b e c au s e  t h e s e  s t r u c t u r e s  w e r e  t ho ug h t  t o  b e  d i f t e r e n t  in 
s t y l e  and t r e n d  f r o m  s t r u c t ur e s  known to b e  A l l e g h a n i a n  in age in 
P e n n s y l v a n i a . On t h e  o t h e r  h a n d , S ch u c h a r t  ( 1 93 0 ) , S a n d e r s  
( 1 9 6 9 ) , a n d  G e i s e r  a n d  E ng e l d e r  ( 1 9 83 ) a r g u e d  t h a t  s e c o nd a r y  
s t r u c t u r e s  c o u l d  b e  t r a c e d  f r om P e n n s y l va n i a  in t o  New Y o r k , a n d  
t h e  s t r u c t u r e s  i n  t h e  H u d s o n  V a l l e y  a r e a  a r e  A l l eg h a n i a n  i n  
a g e .  An A c a d i a n  a g e  w a s  in f e r r e d  b y  R a t c l i f f e  a n d  ot h e r s  ( 1 9 7 5 )  
a n d  S u t t e r  and o t h er s ( 1 9 � 5 )  f r om d a t ing of c l e av a g e s  e a s t  o f  t h e  
Hud s o n  R i v e r . We f av o r  a n  A l l e g h a n i a n  a g e  f o r  t h e  f o l l ow in g  
r e a s o n s : 

1 .  T h e  E l l e nv i l l e  a r ch i s  a s t r u c t u r e  a t  t h e  n o r t h e a s t  e n d  
o f  a s e r i e s  o f  s t r u c t ur e s  t h a t  e x t en d  f r om t i ght f o l d s  w i t h  
a b u n d a n t  f a u l t s  in e a s t - c e n t r a l  P en n s y l v a n i a , t hr o ugh t ig h t  f o l d s 
w i t h  l e s s - a b u n d a n t  f au l t s  in e a s t e r nmo s t  P e n n s y l v a n i a ,  t h r o ugh 
up r i g h t  f o l d s in New J e r s ey , a n d  i n t o  s imp l e  f o l d s  and mono c l i n a l  
d i p �  in s o u t h e a s t e r n  N e w  Y o r k  ( f ig .  1 0 ) . S in c e  t h e s e  f o l d s  i n  
P e n n s y l v a n i a  inv o lv e  r o c k s  o f  P e n n s y l v a n i an a g e , t h e  E l l env i l l e  
a r ch i s  t h e r e f o r e  b e l i e v e d  t o  b e  A l l e g h a n ia n  in ag e .  I n  New Y o r k  
r o c k s  a t  l e a s t  a s  y ou n g  a s  t h e  P l a t t ek i l l  F o r ma t io n  o f  M i d d l e  
D e v o n i a n  a g e  a r e  a f t e c t e d  b y  t h e  a r ch . P o s s ib l y  e v e n  y o ung e r  
r o c k s , n o w  e r o d e d  awa y , w e r e  inv o l v e d  i n  t h e  f o l d ing . T o  t h e  
e a s t  i n  N e w  E n g l a n d  t h e  a g e  o f  A c a d i a n  int r u s i o n  a n d  d e f o rm a t i o n  
i s  g e n e r a l l y  b e l i ev e d  t o  b e  M i d d l e  D e v o n i an in a g e  ( Na y l o r , 
1 9 7 1 ) .  C l e a r l y  t h e  E l l env i l l e  ar c h  is  a p o s t -A c a d i a n  s t r u c t ur e .  

2 .  The .  s t r u c t ur e s  o f  t h e  Hud s o n  V a l l e y  t r end in t h e  
S i l u r i a n  a n d  D e v o n i a n  r o ck s  i n  t h e  K ing s t on a r e a  ( Ma r s h ak , 1 9 � 6 ) 
m a y  e x t e n d  s o u t hw e s t  i n t o  s t r u c t ur e s  t h a t  w e  have m a p p e d  in t h e  
S h awangunk M o un t a in s  o f  t h e  f i e l d  t r ip a r e a . W e  b e l i e v e  t h a t  
t h e s e  s t r u c t ur e s  c r o s s  c u t  a n d  p o s t - d a t e  t h e  A l l e g h a n i a n  
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E l l e nv i l l e  a r c h , a n d  t h e r e f o r e  f o rmed dur ing a l a t e r  A l l e g h a n i a n  
e v e n t . A p o s s ib l e  e xamp l e  o f  one o f  t h e s e  l a t er s t r u c t ur e s  i n  
t h e  f i e l d  t r 1 p a r e a  i s  t h e  B on t i c o u  t h ru s t  ( f ig .  7 ) .  

3 .  Many w o r k e r s have s u g g e s t e d t h a t  t h e  y o u ng e s t  r o c k s  t h a t  
h a v e  b e e n  f o l d e d  o r  f au l t e d a r e  i n  t h e  H am 1 l t on G r o u p , t h u s  
l im i t i n g  t h e  t ime o f  d e f o rma t i o n  t o  M i d d l e  D e v o n i a n  ( t h e  A c a d i a n  
o r o g e ny ) . Two s u ch f au l t  z o n e s , o n e  i n  t h e  B ak o v e n  S h a l e  a n d  o n e  
i n  s l ig h t l y  younger r o c k s  o f  t h e  Mount Mar i o n  F o rma t i o n ,  a r e  
d i s c u s s e d a t  r o a d l og m i l e a g e  0 . 3 .  S l i c k e n l i n e s  a n d  v e r g ing o f  
f o l d s  a t  t h e s e  l o c a l i t i e s  in d i c a t e s  n o r t hw e s t w a r d  t r a n s l a t i o n  
a l o n g  t h e s e  f a u l t s .  S im i l a r  f au l t s  have b e e n  r e p o r t e d  in 
e q u iv a l e n t  r o c k s  in c e nt r a l  New Y o r k  as much as 1 0 0 m 1 l e s  we s t  o f  
A l b any ( S c h n e i d e r , 1 9 0 5 ; L o n g , 1 9 2 2 , R i c ka r d , 1 9 ; 2 ,  B o s wor t h ,  
1 9 8 4 a , b ) . T h u s , t h e r e  i s  ev i d e n c e  f o r  d e t a chment w i t h 1n M i d d l e  
D ev o n i an s h a l e s  u n d e r  t h e  r o ck s  o f  t h e  C a t s k i l l  P l a t e a u . 
B o sw o r t h  ( 1 9 84b ) s u g g e s t e d  t h a t  t h 1 s  movement may b e  l in k e d  t o  
d e t a chment i n  S a l ina s a l t  u n d e r  t h e  Ap p a l a c h i a n  P l a t e a u  o f  
c en t r a l  N e w  Y o r k  a n d  P e n n s y l va n i a , d e s c r i b e d  ear l i e r  by P r u c h a  
( 1 9 6 8 )  and F r e y  ( 1 9 7 3 ) .  B o sw o r t h  p l a c e d  n o  a g e  c o n s t r a i n t s o n  
t h e  a g e  o f  t h i s  moveme n t , e x c e p t  t o  s a y  t h a t  i t  i s  p o s t -Mi d d l e  
D e v o n ia n , a n d  c o u l d  b e  A c a d i a n  o r  A l l e g h a n i a n . I f  i t  i s  l in k e d  
t o  t h e  S a l in a  h o r i z o n , a n d  a l l  t h e  r o c k s  o f  t h e  C a t s k i l l P l a t e a u  
h a v e  m o v e d  o n  t h 1 s  d e c o l l em e n t , t h e n  a n  A l l e g h a n i a n  a g e  w o u l d  b e  
ind i c a t e d . 

S im i l a r  f a u l t  h o r i z o n s  a r e  f o un d  i n  r o c k s  ev e n  h igher t h a n  
t h e  M i d d l e  D e v o n i a n  s h a l e  in t e rv a l . F o r  examp l e ,  o n e  s u c h  f au l t  
w a s  d i s cu s s e d by P e d e r s e n  and o t h e r s  ( 19 7 6 ,  p .  B - 4 - 1 6 ) , I t  is  in 
t h e  P l a t t e k i l l  F o rma t io n ,  l o c a t e d  in the Wo o d s t o ck 7 . 5 -m i nu t e  
q u a d r a ng l e ,  a l ong N Y  R ou t e  2 8 ,  7 m i l e s  w e s t  o f  K i ng s t on .  The 
f a u l t  z o n e  is  a dup l e x  a b o u t  t w o  f e e t  t h 1 c k  in wh 1 e h  
s l i c k en l in e s , t h e  v e r g ing o f  f o l d s , a n d  ov e r l a p p in g  o f  s t r u c t u r a l  
b l o c k s  ind i c a t e s  t r an s l a t i o n  o f  t h e  ov e r l y in g  b e d s  t ow a r d s  N ,  2 3 ° 
W .  W e l l - d ev e l op e d c l e av a g e  i s  f o u n d  j u s t  b e l ow t h e  f au l t . A l l  
t h e s e  d a t a  s u g g e s t t h a t  t h e r e  h a s  b e e n  movement o f  r o c k s  o f  t h e  
C a t s k i l l  P l a t e a u  a b o v e  t h e  H am i l t on s h a l e  h o r i z o n  a s  w e l l  a s  
w i t h in y o u n g e r  r o ck s . P e r h a p s  many mo r e  s im 1 l a r  f au l t s  z o n e s  a r e  
w a i t ing t o  b e  d i s c ov er e d .  I f  t h e  s t r u c t ur e s  w i t h 1 n  t h e  H am 1 l t o n  
s h a l e s  r e a l l y  mark t h e  l im i t  o f  A c a d i an d e f o rma t io n ,  a s  a numb e r  
o f  g e o l o g i s t s  have s u g g e s t e d ,  t h e n  y o u n g e r  r o c k s  s h o u l d  l i e  o n  
t h e  H am i l t on w i t h  a ng u l a r  u n c o n f o r m i t y . S o  f a r  a s  we know , n o  
e v i d e n c e  f o r  s u c h  a n  u n c o n f o r m i t y  h a s  e v e r  b e e n  p r e s e n t e d . I f  
o n e  r e c o g n i z e s  s t ru c t u r e s  s u ch a s  sma l l  thru s t  z o n e s  o r  
d e t a chment h o r i z o n s  w i t h in t h e  H am i l t on sh a l e s , and d o e s  n o t  s e e  
t h i s  s o r t  o f  s t ru c t ur e  i n  any over l y ing un i t , i t  i s  m e a n in g l e s s  
t o  s a y  t h a t  t h e  H am i l t o n  i s  t h e  y o u n g e s t  u n i t  a f f e c t e d  b y  t h e s e  
s t r u c t ur e s .  Ther e i s  p l e n t y  o f  ev i d e n c e  t o  s u g g e s t  t h a t  t h e s e  
s t r u c t u r e s  f or m e d  when t h e  r o c k s  w e r e  a t  l e a s t  p a r t i a l l y 
l i t h i f i e d . T h e r e f o r e ,  s om e  r o ck s  y o u n g e r  t h a n  t h e  af f e c t e d b e d s  
mu s t  h a v e  b e en p r e s e n t  a n d  w e r e  t r a n s p o r t e d  t o  t h e  we s t  in t h e  
o v e r l y ing b l o c k  o r  t h r u s t  s h e e t . T h e r e f o r e ,  w e  f e e l  i t  i s  v e r y  
imp o r t an t  t o  e x am i n e  t h e  t y p e  o f  s t r u c t u r e  b e ing d i s cu s s e d when 
imp o r t a n t  g e n e r a l i z a t i o n s  a b o u t  the  a g e s  o f  r e g i o n a l  d e f o rma t i o n s  
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a r e  b e ing m a d e . 

4 .  L in e a m en t s , wh i c h  have a t r e n d  o f  a b o u t  N .  2 0 ° E . ,  a r e  
v e r y  a p p a r e n t  o n  r a d a r  ima g e r y  a n d  t o p o gr a p h i c  ma p s .  They e x t end 
n o r t hw a r d  in t o  r o c k s  a s  y o ung a s  t h e  P l a t t e k i l l  F o r m a t i o n  o f  
M i d d l e  D �v o n i an a g e  a n d  p r o b i b l y  e x t e n d  i n t o  t h e  O n e o n t a  
F o r ma t i o n  o f  L a t e  D e v o n i a n  a g e . T h e y  a l s o  p a r a l l e l  f a u l t s  t h a t  
we h a v e  m a p p e d  i n  t h e  S h aw a ngunk M ou n t a in s  t o  t h e  s o u t h .  I n  t h e  
C a t s k i l l  P l a t e a u , t h e y  a r e  a l i g n e d  a l o n g  v a l l e y s  ( s e e n  f r om 
m i l e a g e  1 . 3 a n d  S t o p 3 ) , wh i c h  p r e l iminary inv e s t i g a t i o n s  s u g g e s t  
a r e  c o n t r o l l e d b y  m i n o r  f au l t i n g  a n d  v e r y  c l o s e l y  s p a c e d  
j o in t s .  The s t r u c t ur e s  t h a t  c a u s e  t h e s e  l in e am e n t s a r e  p o s t 
A c a d ia n  in a g e , s in c e  t h e y  c u t  U p p e r  D ev o n i a n  r o c k s . The 
p a r a l l e l i s m  w i t h  t h e  f au l t s  in the S hawangunk Moun t a 1n s  s u g g e s t s ,  
b u t  d o e s  n o t  p r ov e , a n  a g e  e q u iv a l e n c e . 

5 .  F i n a l l y , t h e  A c a d i a n  o r o g eny in New Eng l an d  inv o l v e d  
d e f o r m a t i o n , m e t amorph i s m , p l u t o n  emp l a c em e n t , a n d  up l i t t . 
D a t i n g  o f  t h e  l a t e  o r o g e n i c  p l u t o n s  p l a c e s  a m in imum d a t e  o f  3 8 0 
m i l l io n  y e a r s  ( m i d d l e  M i d d l e  D e v o n i a n )  f o r  t h e  o r o g eny ( Na y l or , 
1 9 7 1 ) . T h e r e f or e ,  A c a d i a n  d e f o rm a t i o n  c e a s e d  b y  a t  l e a s t  t h e  
t im e  t h a t  t h e  b a s a l  p a r t  o f  t h e  H am i l t o n G r o up ( B ak o v e n  S ha l e )  
w a s  b e i n g  d e p o s i t e d ,  i f  n o t  s o o n e r . T hu s , t h e  r e s p o n s e  in t h e  
f i e l d  t r i p  a r e a  t o  A c a d i a n  d e f o r ma t i o n  g o in g  o n  t o  t h e  e a s t  w a s  
s u b s i d e n c e  t o  f o r m  a b a s i n  in wh i c h  Ham i l t o n  s e d im e n t s w e r e  
d e p o s i t e d .  T h i s  w a s  f o l l ow e d  by s h o a l ing a n d  f in a l l y  t e r r e s t r i a l  
d e p o s i t io n  ( " C a t s k i l l  F o r ma t i o n '' ) a s  t h e  A c a d i a n  mount a in s  t o  t h e  
e a s t  w e r e  up l i f t e d . A c a d i a n  f o l d i ng m a y  never h a v e  e x t e n d e d  a s  
f a r  w e s t  a s  t h e  f i e l d  t r ip a r e a l F a i l l  ( 1 98 5 )  l ikew i s e  s ug g e s t e d  
t h a t  ev i d e n c e  f o r  A c a d ia n  d e f o r m a t i o n  o f  r o c k s  in t h e  C a t s k i l l  
d e p o s i t i o n a l  b a s in a r e  e i t h e r  a b s en t  o r  amb igu o u s , a t  b e s t . 
C a t s k i l l s e d im e n t s a r e  t h e  r e s u l t  o f  A c a d i a n  o r o g e n i c  up l i t t ,  and 
w e r e n o t  d e f o r m e d  dur ing A c a d i a n  t e c t o n i s m .  Fau l t i ng in t h e  
P l a t t e k i l l a n d  H am i l t o n mu s t  t h e r e f o r e  b e  t h e  r e s u l t  o f  l a t e r  
( A l l e g h a n i a n )  d e f o r ma t i o n .  T h i s  s u g g e s t s  t h a t  t h e  f l a t - l y in g  and 
g e n t l y  d ipp ing r o c k s  o f  t h e  C a t s k i l l  P l a t e a u  may l i e  w i t h  f a u l t  
c o n t a c t  o n  t h e  h ig h l y  d e f o r m e d  U p p e r  S i l ur i a n  a n d  l ower M id d l e  
D e v o n i a n  r o ck s  o f  t h e  Hud s o n  V a l l ey . A l t e r na t iv e l y , t h e  s ev e r e  
d e f o r m a t i o n  o f  t h e s e  S i l u r i a n  a n d  D e v o n i a n  r o c k s  m a y  n o t  have 
e x t e n d e d  a s  far  w e s t  a s  t h e  p r e s e n t  C a t s k i l l  f r o n t  ( M a r s h a k , 
1 9 8 6 , P •  3 6 6 ) .  
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F o rm a t i o n  ( Up p e r  O r d ov i c ia n ( ? )  t o  M i d d l e S i l u r i a n )  in 
e a s t e r n  P en n s y l v an i a : U . S .  G e o l o g i c a l  S ur v e y  P r o f e •s io n a l  
P a p e r  7 44 ,  4 5  p .  

E p s t e in ,  J .  B . , S ev e n , W .  D . , a n d  G l a e s s er ,  J .  D . , 1 9 7 4 ,  Geo l o gy 
a n d  m i n e r a l  r e s our c e s  of t h e  L e h i g h t o n  a n d  P a l m e r t on 7 1 / 2 -
m i nut e q u a d r a n g l e s , P e n n s y l v an i a : P e n n s y l v a n i a  G e o l o g i c a l  
S urv e y , 4 t h  s e r i e s , A t l a s  1 9 5 c d ,  4 6 0 p .  

Ep s t e in ,  J .  B . , and L y t t l e , P .  T . , 1 9 8 6 , Chr o n o l o g y  o f  
d e f orma t i o n  a l on g  t h e  T a c o n i c  u n c o n f o r m 1 t y  f r om e a s t e r n  
P enn s y l v a n i a  t o  s o u t h e r n  New Y o r k  C a bs ) :  G e o l o g i c a l  S o c i e ty 
o f  Ame r i c a , P r o g r am s  w i t h  A b s t r a c t s ,  N o r t h e a s t  S e c t i o n ,  
K i am e s h a  L a k e , N . Y . , p .  1 5 .  

Fa i l l ,  R .  T . , 1 9 8 5 , T h e  A c a d i a n  o r o g eny and t h e  C a t s k i l l  d e l t a ,  
in , W o o d r ow , D .  L . ,  a n d  S e v e n , W .  D . ,  e d s . ,  T h e  C a t s k i l l  
D e l t a : G e o l o g i c a l  S o c i e t y  o f  Ame r i c a  S p e c i a l  P a p e r  2 0 1 , p .  
1 5 -3 7 . 

F i n k , S idney , a n d  S chu b e r t h ,  C .  J . , 1 9 6 2 ,  T h e  s t r u c t u r e  and 
s t r a t i g r a phy o f  t h e  P o r t  J e r v i s  S ou t h - O t i s v i l l e  q u a d r a ng l e s ,  
in , V a l en t in e ,  W .  G . , e d . ,  G u i d e b o o k  t o  F i e l d  E x c ur s i o n s , 
3 4 t h  New Y o r k  S t a t e  G e o l o g i c a l  A s s o c i a t io n  Annual Mee t ing , 
P o r t  J er v i s , N . Y . , p .  C - 1  t o  C - 1 0 .  

F i s h e r , D .  W . , 1 9 5 9 ,  C o r r e l a t i o n  o f  t h e  S i l u r i a n  r o ck s  in New 
Y o r k  S t a t e :  N ew Y o r k  S t a t e  M u s e um and S c i e n c e  S e rv 1 c e , 
G e o l og i c a l  S ur v e y  Map a n d  C h a r t  S e r i e s ,  n o . 1 [ 1 9 6 0 ) . 
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F i s h e r , D .  · w . , 1 9 6 2 , C o r r e l a t i o n  o f  th e O r d o v i c ian R o c k s  i n  New 
York S t a t e :  New York S t a t e  Mu s e um and S c i e n c e  S e rv 1 c e , Map 
and Chart S e r i e s  Number 3 .  

F i s h e r , D .  W . , 1 9 6 9 ,  Q u i n q u a l l o c h t h o n o u s  s u c c e s s i o n  and a new 
mo l a s s e  in t h e  s o u t h e r n  Hu d s o n  V a l l e y  and t h e ir b e a r 1ng o n  
N e w  Y o r k  t e c t o n i c  h i s t o ry ( a b s . ) :  G e o l o g i c a l  S o c i e t y  o f  
Amer i c a  Ab s t r a c t s  w i t h  P r o g r am s , A t l a n t i c  C i t y  me e t ing , p .  
6 6 .  

F i s h e r , D .  W . , 1 9 7 7 , C o r r e l a t i o n  o f  t h e  H a d r yn i an , Camb r i a n , 
and O r d ov i c ian R o c k s  in New Y o r k  S t a t e :  New Y o r k  S t a t e  
Mu s e um Map and Char t S e r i e s  Numb e r  2 5 , 6 4  p . , 5 p l a t e s .  

F i s h er , D .  W . , I s a ch s e n ,  Y .  W . , a n d  R i c kar d ,  L .  V , , 1 9 7 0 ,  
G e o l o g i c  Map o f  New Y o r k  S t a t e , 1 9 7 0 ,  Lower Hu d s o n  S h e e t : 
New Y o r k  S t a t e  Mus e um Map and Char t S e r i e s ,  no . 1 ) ,  

F l e t c h e r , F .  W . , 1 9 6 2 ,  S t r a t i g r aphy and s t r u c t ur e  o f  t h e  
" C a t s k i l l  G r o u p '' i n  s o u t h e a s t e r n  N e w  Y o r k : N e w  Y o r k  S t a t e  
G e o l o g i c a l  A s s o c i a t i o n  G u i d e b o o k , 3 4 t h  annual m e e t ing , 
p .  D-4 . 

F l uh r , T ,  W . , a n d  T e r e n z i o , U .  G . , 1 9 8 4 , Eng i n e e r ing g e o l o gy o f  
t h e  N e w  Y o r k  C i t y  W a t • r  S u p p l y  S y s t ems : New Y o r k  S t a t e  
G e o l o g i c a l  S ur v e y  O p e n  F i l e  R e p o r t  0 5 . 0 8 . 0 0 1 , 1 83 p .  

F r e y , M . G . , 1 9 7 3 , I n f l u e n c e  o f  S a l i n a  s a l t  on s t r u c t ur e  in New 
Y o r k - P e n n s y l v a n i a  p a r t  of Ap p a l a c h i an p l a t e a u : Am er 1 c a n  
As s o c i a t i o n  o f  P e t r o l e um G e o l o g i s t s  B u l l e t in ,  V •  5 7 , p .  
1 0 2 7 - 1 0 3 7 .  

F r i e dma n ,  J .  D . , 1 9 5 7 , B e d r o c k  g e o l o g y  o f  t h e  E l l e nv i l l e  ar e a ,  
New Y o r k : N e w  Hav e n , C o nn . , Y a l e  U n i v e r s i t y , D e p a r tm e n t  o f  
G e o l o g y , unpub . P h . D .  t h e s i s , 2 7 1  p .  

G e i s e r , P e t e r , a n d  E ng e l d e r , T e r r y , 1 9 83 ,  T h e  d i s t r ib u t i o n  o f  
l a y e r  pa r a l l e l  s h o r t e n ing f a b r i c s  i n  t h e  Ap p a l a c h i a n  
f o r e l an d  o f  N e w  Y o r k  and P e n n s y l v a n i a : E v i d e n c e  f o r  two n o n 
c o a x i a l  p h a s e s  o f  t h e  A l l e g h a n i a n  o r o g e ny : i n , Ha t ch e r , R .  
D . , W i l l iams , Har o l d ,  a n d  Z e i t z , I s i do r e ,  e d s . , 
C o n t r ib u t i o n s  t o  t h e  T e c t o n i c s  a n d  G e o p hy s i c s  o f  Moun t a 1n 
C h a in s , G e o l o g i c a l  S o c i e t y  o f  Ame r i c a , Memo i r  1 5 8 ,  p .  l o ! -
1 7 5  

G r a y , C a r l y l e , 1 9 6 1 , Z i n c  a n d  l e a d  d e p o s i t s  o f  Sh awang unk 
M o u n t a i n s , New Y o r k : New Y o r k  A c a d emy of S c i e n c e s ,  v .  2 3 , p .  
3 1 5 - 3 3 1 .  

Ha r t na g e l , C .  A . , 1 9 0 5 , No t e s  o n  t h e  S i l ur i c  o r  O n t a r i o  s e c t i o n  
o f  e a s t e r n  New Y o r k : N e w  Y o r k  S t a t e  Mu's e um B u l l e t in 8 0 ,  
p .  3 4 2 -3 5 8 .  
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Her oy , W .  B . , 1 9 7 4 ,  H i s t o r y  o f  L a k e  Wawa r s i ng : i n  C o a t e s ,  D .  R . ,  
e d . ,  G l a c i a l  G e omo r p h o l o g y : S t a t e  U n iv e r s i t y  o f  New Y o r k  at 
B i nghamt on , S p e c i a l  P ub l i c a t i o n s  in G e om o r ph o l o g y ,  p .  2 7 7 -
2 9 2 . 

H o l z wa s s e r , F . , 1 9 2 6 ,  G e o l ogy o f  N e w b u r g h  and v i c in i t y : New 
Y o r k  S t a t e  Mus e um B u l l e t in 2 7 0 .  

H s u , K .  J . , 1_9 6 8 , T h e  pr i n c i p l e s  o f  m e l ang e s  and t h e i r  b e a r ing 
o n  t h e  F r an c i s c a n-Kno xv i l l e  p a r a do x : G � o l o g i c a l  S o c i e ty of 
Am e r i c a  B u l l e t i n ,  v .  7 9 ,  p .  1 0 6 3 - 1 0 7 4 .  

Ingham , A .  I . , 1 9 4 0 , The 
M o u n t a i n ,  New Y o r k : 

z in c  a n d  l e a d  d e p o s i t s  o f  S h awang unk 
E c o n o m i c  G e o l o g y ,  v � 3 5 ,  p .  7 5 1 - 7 6 0 .  

J o hn s e n , J .  H . , a n d  S o u t ha r d ,  J .  B . , 1 9 6 2 ,  T h e  S� h o h ar 1 e  
F o rma t i o n  i n  s o u t h e a s t e r n  New Y o r k : New Y o r k  S t a t e  
G e o l o g i c a l  A s s o c i a t io n  G u i d e b o o k , 3 4 t h  annual m e e t ing , 
p .  A- 1 3 .  

Ka l ak a , M .  J . , a n d  W a in e s , R .  H . ,  1 9 8 6 ,  The O r d o v i c i a n  s h a l e  
b e l t , l ow e r  W a l lk i l l  V a l l ey , s o u t h e r n  U l s t er and n o r t h e r n  
O r a n g e  C o u n t i e s , s o u t h e a s t er n  N e w  Y o r k - - a  n e w  s t r u c t u r a l  and 
s t r a t i g r a p h i c  i� t e r p r e t a t i o n :  G e o l og i c a l  S o c i e t y o f  Ame r 1 c a  
Ab s t r a c t s  w i t h  P r o g r am s , v .  1 8 ,  p .  2 5 . 

La s h ,  G .  G , , 1 9 8 5 , G e o l o g i c  map a n d  s e c t i o n s  
7 1 / 2  m i n u t e  quadr a n g l e ,  P e n n s y l v a n i a :  
S ur v e y  G e o l o g i c  Q u a d r an g l e  M a p  G Q- 1 5 7 7 ,  

o f  t h e  K u t z t own 
U .  S .  G e o l o g i c a l  
s c a l e  1 : 2 4 , 0 0 0 .  

L a s h , G .  G , ,  a n d  D r ak e , A .  A . , J r . ,  1 9 8 4 ,  T h e  R i chmo n d  and 
G r e enw i c h  s l i c e s  o f  t h e  Hamb u r g  k l i p p e  in e a s t e r n  
P en n s y l v a n i a : S t r a t i g r a p h y , s t r u c t ur e ,  and p l a t e  t e c t o n i c  
imp l i c a t i o n s : U .  S .  G e o l o g i c a l  S urvey P r o f e s s i o na l P a p e r  
1 3 1 2 ,  4 0  P •  

L a s h , G .  G . , L y t t l e , P .  T . , a n d  E p s t e i n ,  J .  B . , 1 9 8 4 , G e o l o g y  o f  
a n  a c c r e t e d  t e r r an e : t h e  e a s t e r n  Hamb u r g  k l i p p e  a n d  
s ur r o u n d i n g  r o ck s , e a s t e r n  P e n n s y l v an i a :  Gu i d e b o o k  f o r  t h e  
4 9 th Annu a l  F i e l d  C o n f e r e n c e  o f  P e n n s y l v a n i a  G e o l o g i s t s :  
H a r r i s bu r g , P e n n s y l v a n i a , P en n s y l v a n i a  G e o l o g i c a l  S urv e y , 
1 5 1  p .  a n d  f o l d e d  map . 

L e w i s , J .  V , , a n d  Kumme l ,  H .  B . , 1 9 1 0- 1 9 1 2 ,  G e o l o g i c  Map o f  New 
J e r s e y ; R ev i s e d by M .  E .  J o hn s o n ,  1 9 5 0 ,  S c a l e :  1 : 2 5 0 , 00 0 .  

L i e b l ing , R .  S . ,  a n d  S ch e r p , H .  S . ,  1 9 8 2 , L a t e - O r d ov i c i a n / Ear l y 
S i l u r i a n  h i a t u s  a t  t h e  O r d o v i c ian- S i l ur i a n  b o u n d a r y  in 
e a s t er n  P en n s y lvan i a : N o r t h e a s t e r n  G e o l ogy , v .  4 ,  p .  1 7 - 1 9 .  

L o n g , E .  T , ,  1 9 2 2 , M i n o r  f a u l t i n g  in t h e  C ayuga Lake r e g i o n : 
Ame r i c a n  J o u r n a l  o f  S c i e n c e , v .  3 ,  p .  2 2 9 - 2 4 8 .  
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i s  i n t erna l l y f o l d e d  and c o n t a in s  b o t h  c o n t i n u o u s  a n d  d i s r u p t e d  
qua r t z  ve i n s . I n  p l a c e s ,  c l o s e l y  s p a c e d  f r a c t u r e s  e x t e n d  down 
from t h e  c l ay i n t o  t h e  und e r l y ing b e d r o c k .  In o t h e r  p l a c e s  t h e  
l ow e s t  f ew m i l l im e t e r s  o f  t h e  S hawangunk i s  s h e a r e d .  A t  S t o p  8 
t h e  u p p e r  f ew in c h e s  o f  t h e  M a r t i n s b ur g  i s  r o t a t e d , T h e  c l ay i s  
c l ea r l y  a fa u l t  g o ug e . T h e  v e in f r a gm e n t s  a r e  s l i c k e n s i d e d , 
ind i c a t ing r e p e a t e d  movement a l ong t h e  z o ne . 

O n e  q ue s t i o n  t h a t  n e e d s  t o  b e  a s k e d  i s  why t h e  c l ay in t h e  
f a u l t g o u g e  h a s  r em a i n e d  a s t i c ky c l a y , wh e r e a s  s u r r o u n d i ng r o c k s  
h a v e  b e e n  l i t h i f i e d ?  The a n s w e r  m a y  b e  t h a t  t h e  c o n t a c t  i s  a 
z o n e  o f  a l t er a t i o n .  Th i s  a r e a  o f  t h e  S h awangunk M o un t a 1n s  
c o n t a i n s  s e v e r a l  a b a n d o n e d  l e a d - z i n c  m i n e s  a n d  t h e r e  a r e  many 
p r o s p e c t s  and m i ne r a l i z e d  l o c a l i t i e s  t h r ou g h o u t  t h e  a r e a .  T h e  
l ow e r  f ew in c h e s  o f  t h e  S hawa n g unk h e r e  at O t i s v i l l e  i s  s im 1 l a r l y  
a l t e r e d . 

T h e  s h a l e - c h i p  g r a v e l  j u s t  b e l ow t h e  S h awangunk F o r ma t i o n  
and a b o v e  s o l id Ma r t i n s b u r g  b e d r o c k  a t  E l l env i l l e ( s e e 
d e s c r ip t i o n  f o r  S t op 2 )  i s  r em a r ka b l y  s im 1 l a r  in a p p e a r a n c e  t o  
P l e i s t o c e n e  s h a l e - ch ip g r av e l s  e l s ewh e r e  in t h e  n o r t h er n  
Ap p a l a c h i a n s . F i g ur e 5 c o mp a r e s  a s i z e  d i s t r i b u t i o n  a n a l y s i s  o f  
t h e  g r a v e l  a t  E l l env i l l e  ( f i g . 5 C )  w i t h  a P l e i s t o c e n e  s h a l e - c h 1 p  
g r av e l  i n  e a s t er n  P e n n s y l v a n i a  ( f ig .  S D ) , The c o e f f 1 c i e n t  o f  
s o r t ing , S o ,  o f  t h e  E l l env i l l e g r av e l  i s  2 . 1 , i n d i c a t ing a v e r y  
we l l  s o r t e d  s e d im e n t , s im i l a r  t o  s o r t ing f ound in a l luv i a l  
s a nd s . T h i s  s u g g e s t s  w a t e r  w a s h ing o f  t h e  s e d im e n t . T h e  m e a n  
g r a�n s i z e , Ma , i s  3 , 2  mm . T h e  P l e i s t o c e n e  s h a l e - c h i p  g r a v e l  i s  
r emark a b l y  s im 1 l a r , b o t h i n  s o r t ing a n d  me an g r a in s i z e , 
s u g g e s t ing a s im i l a r  o r ig in .  On t h e  o th e r  h a n d , c o l luv ium 
b e tw e e n  t h e  M a r t i n s b u r g  and S h awangunk a t  O t i s v i l l e ,  New Y o r k  
( F i g . S A ) , wh i c h  w e  w i l l  s e e  a t  S t o p  5 ,  i s  m u c h  mo r e  p o o r l y  
s o r t e d . F a u l t  g o u g e  b e t w e e n  t h e  Mar t in s burg a n d  S hawang unk , s u ch 
a s  a t  P o r t  J e rv i s , New Y o r k , i s  e v e n  mo r e  p o o r l y  s o r t e d  and 
c o n t a i n s  a much l a r g e r  p e r c e n t ag e  o f  s i l t and c l ay ( f ig . 5 B ) . 

Th e s e  d a t a  a d d  an i n t e r e s t ing h i t h er t o  unr e c o gn i z ed c h a p t e r 
t o  L a t e  O r d o v i c i a n  p a l e o g e o gr a p h y  in t h e  c e n t r a l  A p p a l a c h i a n s . 
I t  s e ems l ik e l y  t h a t  f o l l ow ing t h e  d e p o s i t i o n  o f  t h e  mar i n e  
Mar t in s b u r g  s h a l e s  a n d  g r a yw a c ke s , t h e  Mar t in s b u r g  w a s  u p l it t e d  
dur ing t h e  T a c o n i c  o r o g eny . B u t  l a t er a s  t h e  M a r t i n s b urg s ur f a c e  
w a s  s u b a e r i a l l y  e xp o s e d , d i am i c t i c  c o l l uv ium and s h a l e - c h i p  
g r av e l s w e r e  s p r e a d  o u t  o n  t h e  exp o s e d s u r f a c e s , a n d  e xo t i c  
p e b b l e s  a n d  c o b b l e s  wer e i n c o r p o r a t e d  i n  t h e  d i a m 1 c t i t e .  M u c h  of 
t h i s  ma t e r i a l  wa s s u b s e q u e n t l y  r em ov e d  dur ing p r e - S h awangunk 
e r o s i o n  a n d  o n l y  s c a t t e r e d  o c c u r r en c e s  r ema i n . T h e  c l a s t s  w e r e 
d e r iv e d  f r om a s o u r c e  t h a t  i s  no l on g e r  exp o s e d n e a rb y .  T h e  o n l y  
ev i d e n c e  f o r  t h a t  s o u r c e  i s  f r om t h e  f ew p e b b l e s  t h a t  w e  h a v e  
f o und . I t  m i g h t  b e  s u g g e s t e d t h a t  t h ru s t s  b r o u g h t  t h e s e  exo t i c  
r o c k s  c l o s e  t o  t h e  s i t e  o f  d e p o s i t i o n ,  and t h a t  t h ru s t s  s h e e t s  
w e r e  s u b s e q u e n t l y  e r o d e d . I f  t h i s  i s  t r u e , t h e s e  t h ru s t s  mu s t  
h a v e  b e e n  T a c o n i c  in ag e .  Th e s e  d e p o s i t s  w e r e  l a t e r  c o v e r e d  b y  
c o ng l om e r a t e s  a n d  s a nd s t on e s  o f  t h e  S hawangunk F o r ma t i o n  dur i n g  
M i d d l e  S i l u r i an t im e . 
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Ra t c l i f f e ,  N .  M . ,  B ir d ,  J .  M . , a n d  B a h r am i ,  B . , 1 9 7 5 ,  S t r u c t ur a l  
and s t r a t i g r a p h i c  � h r o n o l o g y  of t h e  T a c o n i d e  a n d  A c a d ian 
p o l y d e f orma t i o n a l  b e l t  of the c e n t r a l  T a c o n i c s  of New Y o r k  
S t a t e  a n d  M a s s a c hu s e t t s , i n , R a t c l i f f e , N .  M . , e d . ,  New 
Eng l an d  I n t-er c o l l e g i a t e  G e o l o g y  C o n f e r e n c e ,  6 7 t h m e e t ing 
g u i d e b o o k , New Y o r k , p .  5 5 - 8 6 . 

R i c h ,  J .  L . , 1 9 3 4 ,  G l a c i a l  g e o l o g y  o f  t h e  C a t s k i l l s : New Y o r k  
S t a t e  Mus e um B u l l e t in 2 9 9 , 1 8 0 p .  

R i ckar d ,  L ,  V . , 1 9 5 2 ,  T h e  M i d d l e  D e v o n i a n  C h e r r y  Va l l e y  L i m e s t one 
of e a s t e r n  N e w  Y o r k : Ame r i c a n  J o u r n a l  of S c i e n c e ,  v .  2 5 U , p .  
5 1 1 - 5 2 2 . 

R i cka r d , L .  v . , 1 9 6 2 ,  L a t e  C ay u g a n  ( Up p e r  S i l u r i a n )  a n d  
H e l d er b e r g i a n  ( Lower D e v o n i a n ) s t r a t i g r ap hy o f  New Y o r k : 
New Y o r k  S t a t e  Mus e um B u l l e t in 3 86 , 1 5 7  p • 

R i ckar d ,  L .  v . , r96 4 ,  C o r r e l a t i o n  o f  t h e  D e v o n i a n  r o c k s  i n  N ew 
Y o r k  S t a t e :  New Y o r k  S t a t e  M u s e um and S c i e n c e  S e rv i c e , 
G e o l o g i c  S u r v e y  Map a n d  Char t S er i e s ,  n o .  4 .  

R i ckar d ,  L .  V . , 1 9 7 3 , S t r a t i g r a phy a n d  S t r u c t u r e  o f  t h e  
S u b s u r f a c e  Camb r i a n  a n d  O r dov i c i a n  C a r b o na t e s  o f  N e w  Y o r k : 
New Y o r k  S t a t e  Mus eum a n d  S c i e n c e  S er v L c e  M a p  a n d  C h ar t 
S e r i e s  Num b e r  1 8 ,  2 3  p . ,  1 9  p l a t e s .  

R i c k a r d ,  L .  V .  a n d  F i sh e r , D .  W . , 1 9 7 3 , M i d d l e  O r d ov i c i a n  
Norman s k i l l  F o r ma t i o n ,  e a s t er n  N e w  Yor k ,  a g e , s t r a t i g r a p h i c , 
a n d  s t r u c t u r a l  p o s i t i o n : Ame r i c a n  J o u r n a l  o f  S c i e n c e ,  v .  
2 7 3 , p .  5 8 0- 5 9 0 . 

R o d g e r s ,  John , 1 9 6 7 , Chr o n o l o g y  o f  t e c t on i c  mov eme n t s  i n  t h e  
Ap p a l a c h i an r e g i o n  o f  e a s t er n  N o r t h  Ame r L c a : Ame r L c an 
J o ur n a l  of S c i e n c e , v .  2 6 5 , p .  4 0 8 - 42 7 , 

R o g er s , H .  D . , 1 83 8 ,  S e c o n d  a n n u a l  r e p o r t  o n  t h e  ( 1 s t )  g e o l o g i c a l  
exp l o r a t i o n  o f  t h e  S t a t e  o f  P e nn s y lvan i a :  H a r r i s b ur g , 9 3  p .  

Ru e d emann , R . ,  1 9 0 1 , Hud s o n  R iv e r  b e d s  n e a r  A l b any and t h e Lr 
t ax o n o m i c  e q u iv a l e nt s : N e w  Y o r k  S t a t e  Mus e um B u l l e t in 42 . 

Ru e d emann , R . ,  1 9 1 2 ,  T h e  L ow e r  S i l u r i c  s h a l e s  o f  t h e  Moh awk 
V a l l ey : N e w  Y o r k  S t a t e  Mus e um B u l l e t in 1 6 2 ,  1 5 1  p .  

Ru e demann , R . , 1 9 3 0 ,  G e o l o g y  o f  t h e  C a p i t a l  D i s t r i c t  ( Al b any , 
C o h o e s , T r o y  and S ch e n e c t a d y  q u a d r a ng l e s ) :  New Y o r k  S t a t e  
Mu s e um B u l l e t i n 2 8 5 , 2 1 8  p .  

R u e d emann , R . , 1 9 4 2 ,  C amb r i a n  a n d ' O r d o v i c i a n  g e o l o gy o f  t h e  
C a t s k i l l  q ua dr a n g l e ,  i n  'p t , 1 Qf G e o l o g y  o f  t h e  C a t s k i l l  and 
K a a t e r s k i l l  q u a d r a ng l e s : New York S t a t e  Mu s e um B u l l e t in 
3 3 1 , p .  7 - 1 8 8 .  
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Ru t s t e i n ,  M .  S . ,  1 9 8 7 , M i n e r a l o g y  o f  t h e  E l l e nv i l l e -Ac c o r d  ar e a , 
i n  O ' Br i en ,  L .  E .  a n d  Ma t s o n , L .  R . , e d s . ,  F i e l d  T r i p 
G u i d e b o o k  f o r  t h e  Na t i o n a l  A s s o c i a t io n  g f  G e o l o g y  T e a c h e r s , 
E a s t er n  S e c t i o n , S t on e  R i d g e ,  New York , p . .  1 1 0 - 1 2 4 .  

S c h n e i d e r , P .  F . ,  1 9 0 5 , P r e l i m i n a r y  no t e  o n  s om e  ov e r t hr u s t 
f a u l t s  i n  c e n t r a l  New Y o r k : Ame r i c a n  J o urna l of S c i e n c e ,  v .  
2 0 ,  p .  3 0 8-3 1 2 .  

S c h u c h e r t , C h a r l e s , 1 9 1 6 ,  S i l u r i a n  F o rma t i o n s  o f  s o u t h e a s t e r n  New 
Y or k ,  New J e r s ey , and P e n n s y l v an i a : G e o l o g i c a l  S o c i e t y o f  
Amer i c a , B u l l e t in , v .  2 7 , p .  5 3 1 - 5 5 4 . 

S im s , P .  K . , a n d  H o t z ,  P .  E . , 1 9 5 1 , Z in c - l e a d d e p o s i t  a t  
S hawangunk m i n e , S u l l ivan C o un t y , New Yo r k :  U . S .  G e o l o g i c a l  
S u r v e y  B u l l e t in 9 7 8 - D , C o n t r i b u t i o n s  t o  E c o n o m i c  G e o l o g y , 
1 9 5 1 , p .  1 0 1 - 1 2 0 .  

Sm i t h ,  N .  D . , 1 9 6 7 , A s t r a t ig r a p h i c  a n d  s e d iment o l o g i c  a na l y s i s  
o f  s ome L o w e r  a n d  M i d d l e  S i l u r i a n  c l a s t i c  r o c k s  o f  t h e  
n o r t h- c en t r a l  Ap p a l a c h i a n s : P r o v i d e n c e ,  R . I . , B r own 
U n i v e r s i t y ,  D e p a r t m e n t  of G e o l o g y , unp u b . Ph . D .  t h e s i s , 1 9 5 
p .  

S t o s e ,  G ,  W . , 1 9 4 6 , T h e  T a c o n i c  s e q u e n c e  in P e n ns y l v a n i a :  
Amer i c an J o u r n a l  o f  S c i e n c e , v .  2 4 4 , p .  6 6 5 - 6 9 6 . 

S u t t elo J . 3 1 · •  R a t c l i f f e ,  N .  M . , a n d  Muka s a ,  S .  B . , 1 9 6 5 , 
· Ar / Ar and K -Ar d a t a  b e a r ing o n  t h e  me t am o r p h i c  and 

t e c t o n i c  h i s t o r y  of  w e s t e r n  New Eng l a n d : G e o l o g i c a l  S o c i e t y  
o f  Ame r i c a  B u l l e t in , v .  96 , p .  1 23 - 1 3 6 . 

Swar t z , C .  K . , a n d  Swa r t z , F .  M . , 1 9 3 1 ,  E a r l y  S i l u r i an F o rma t i o n s  
o f  s o u t h e a s t e r n  P e n n s y l v a n i a : G e o l o g i c a l  S o c i e t y o f  
Ame r i c a , B u l l e t i n , v .  4 2 ,  p .  6 2 1 � 6 6 2 . 

U l r i c h , E .  0 . , 1 9 1 1 ,  Rev i s i o n  o f  t h e  P a l e o z o i c  sy s t ems , p a r t s  
1 -3 : G e o l o g i c a l  S o c i e t y  o f  Ame r i c a Bu l l e t Ln ,  v .  2 2 ,  p a r t  3 .  

V o l l m e r , F .  W . , 1 9 8 1 , S t r u c t u r a l  s t u d i e s  o f  t h e  O r dov i c i a n  
f l y s c h  a n d  me l an g e  i n  A l b a ny C o un t y , New Y o r k : unpub l i s h e d  
M . S .  Th e s i s , S U NY a t  A l b a ny , 1 5 1  p .  

W a i n e s , R .  H . , 1 9 7 6 ,  S t r a t i g r a p hy and p a l e o n t o l o g y  o f  t h e  
B innew a t e r  S an d s t on e  f r om A c c o r d  t o  W i l bur , New Y o r k : i n , 
J oh n s o n ,  J .  H . , e d . ,  Gu i d e b o o k  t o  F i e l d  E x c ur s i o n s , 4 8 t h  New 
York S t a t e  G e o l o g i c a l  A s s o c i a t i o n  Ann u a l  M e e t ing , 
P o u ghke e p s i e ,  N . Y . , p .  B-3 -1 t o  B - 3 - 1 5 .  

W a i ne s , R .  H . ,  a n d  S a n d e r s , B . , 1 9 6 8 ,  T h e  S i l u r i an-Ordov i c i a n  
a n gu l a r  un c o n f o rm i t y , s o u t h e a s t e r n  N e w  Y o r k : i n ,  Gu i d e b o o k  
f o r  F i e l d  T r ip s , N a t i o n a l  A s s o c i a t i o n  o f  G e o l o gy T e a c h er s , 
E a s t e r n  S e c t i o n ,  p .  D l - D 2 8 . 
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W a i n e s , R .  H . , S h y e r , E •. B . , R u t s t e in ,  M . S . ,  1 9 83 ,  M i d d l e  and 
U p p e r  O r do v i c i a n  s a n d s t o n e - s h a l e  s e qu e n c e s  of t h e  M i d-Hu d s o n  
r e g i o n , we s t  o f  t h e  Hud s o n  R iv e r : G u i d e b o o k , f k e l d  t r kp 2 :  
Nor t h e a s t e r n  S e c t i o n ,  G e o l o g i c a l  S o c i e ty o f  Ame r i c a , 
K i ame s h a  L ak e , 46 p .  

Wa i n e s ,  R .  H . , 1 9 8 6 , Th e Qua s s a i c  G r o u p , a M e d i a l  t o  L a t e  
O r dov i c ia n  a r e n i t e  s e q u e n c e  i n  t h e  Mar l b o r o  M o un t a k n s  
O u t l i er , m i d - Hu d s o n  V a l l ey , N ew Y o r k , U . S . A . : G e o l o g i c a l  
J ou r na l , v .  2 1 , p .  3 3 / - 3 5 1 . 

W a l c o t t , C .  D . , 1 8 9 0 , T h e  v a l u e  o f  t h e  t er� ''Hu d s on R iv e r  G r o up '' 
i n  g e o l o g i c  nome n c l a t ur e :  G e o l o g i c a l  S o c i e t y  o f  Am e r i c a  
B u l l e t in ,  v .  1 ,  p .  3 3 5 -3 5 6 .  

W i l ma r t h , M . G . , 1 9 5 7 , L e x i c o n  o f  g e o l o g i c  names o f  t h e  U n i t e d  
S t a t e s  ( in c l u d in g  A l a s ka ) :  U . S .  G e o l o g i c a l  S ur v e y  B u l l e t in 
8 9 6 , 2 3 9 6  p .  

W o l f f , M .  P . , 1 9 7 7 , T e c t on i c  o r i g i n  a n d  r e d e f kn i t i o n  f o r  t h e  t y p e  
s e c t i o n  o f  a M i d d l e  D e v o n i a n  c o ng l om e r a t e  w i t h k n  t h e  
Mar c e l l u s  Fm . ( Ham i l t o n  G r o u p ) o f  s o u t h er n  New Y o r k : T h e  
A l c o v e  C o n g l ome r a t e - a s a ndy d e b r i s  f l ow ( a b s ) :  G e o l o g i c a l  
S o c i e t y  o f  Ame r i c a , P r o g r am s  w i t h  A b s t r a c t s ,  Nor t h e a s t  
S e c t i o n , B in g h am t on , N .  Y . , p .  3 3 1  • 

W o o dw a r d ,  H .  P . , 1 9 5 7 , S t r u c t u r a l  e l e� e n t s  o f  n or t h e a s t e r n  
Ap p a l a ch i an s : B u l l e t in o f  t h e  Ame r i c a n  A s s o c i a t i o n  o f  
P e t r o l eum G e o l o g i s t s , v .  4 1 , p .  1 4 2 9- 1 4 4 0 . 

Z e n , E - an , 1 9 7 2 ,  T h e  T a c o n i d e  Z on e  a n d  t h e  T a c o n i c  O r o g eny i n  
t h e  w e s t e r n  p a r t  o f  t h e  N o r t h e r n  A p p a l a c h i a n  O r o g e n : 
G e o l o g i c a l  S o c i e ty o f  Ame r i c a  S p e c i a l  P a p e r  1 3 5 , 7 2  p .  
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ROAD L O G  AND S T O P  D E S C R I P T I O N S  

L e a v e  p ar k ing l o t  o f  Ramada Inn Mo t e l . L o c a l i t y  
i s  on b l a c k t o p  o f  H o l o c e n e  ag e ,  u n c o n f o r ma b l y  
o v e r l y in g  s t r eam a n d  l a k e - b e d  d e p o s i t s  o f  
P l e i s t o c e n e  ( W o o d f o r d i a n )  a g e , u n c o n f o rma b l y  
o v e r l y in g  e i t h e r  t h e  O n o n d a g a  L im e s t o n e  o r  
B a k o v e n  S ha l e  o f  M i d d l e  D e v o n i a n  ag e .  Turn 
r i g h t  at t r a f f i c  l ig h t  h e a d ing w e s t  on NY 2 8 .  

Turn r ig h t  o n t o U S  2 0 9  S o u t h  t ow ar d s  
E l l e nv i l l e . A b o u t  o n e - t h 1 r d  m i l e  s t r a i g h t  a h e a d  
on t h e  n o r t h  s i d e  o f  N Y  2 8  i s  a f a u l t  i n  t h e  
B a k o v e n  S h a l e  ( n o t e d  b y  P e d e r s en and o t h e r s ,  
1 9 7 6 ,  p .  B - 4 - 2 1 ) .  T h e  fau l t  z o n e  i s  a b o u t  5 
f e e t  t h 1 c k  a n d  c o n s i s t s  o f  c rump l e d  and 
s l i c k e n s i d e d  b l a c k s h a l e  w i t h  abundant quar t z  
v e i n s . The s l i c k e n l i n e s  and v e r g ing o f  t h e  
f o l d s  i n d i c a t e  t h a t  t h e  ov e r r i d ing b e d s  mov e d  t o  
t h e  n o r t hwe s t .  

S om e  w o r k e r s  b e l i e v e  t h a t  t h e s e  a r e  t h e  young e s t  
r o c k s  d e f o rm e d  i n  t h e  a r e a  and t h e r e f o r e  da t e  
t h e  f o l d ing in S i l ur i a n  and Lower D e v o n i a n  r o c k s  
a s  A c a d ia n . Howev e r , we b e l i e v e  t h a t  t h e r e  i s  
e v i d e n c e  t o  s u g g e s t  t h a t  t h 1 s  d e f o rma t i o n  i s  
A l l e g h a n i a n  ( s e e  s e c t i o n  on A g e  o f  D e f o rma t i o n ) . 

2 . 1  m i l e s  n o r t h e a s t o f  t h e  f a u l t  in t h e  B a k o v e n  
i s  a f a u l t  dup l e x  a b o u t  5 f e e t  t h 1 c k ,  s l i g h t l y  
h ig h e r  i n  t h e  s e c t i o n  i n  t h e  Mount M a r i o n  
F o r ma t io n . S l i c k en s i d e s  i n  t h e  dup l e x i n d i c a t e  
t h a t  t h e  o v er r i d ing b e d s  mov e d  N .  7 0 ° W .  
P e d e r s en and o t h e r s  ( 1 9 7 6 ,  p .  B-4-6 , 7 ,  2 2 , 2 3 )  
c o n s i d e r  t h e s e  s t r u c t u r e s  t o  b e  s o f t -r o ck " p u l l 
a p a r t s " .  Howev e r , a 1 - f o o t - t h i c k  s a n d s t o n e  b e d  
i s  d e f o rm e d  i n t o  mu l l i o n s  and i s  s ur r o u n d e d  b y  
s l i c k e n s i d e d  s u r f a c e s  and s h e a r e d  s h a l e . 
T e c t o n i c  s h o r t e n ing i s  e s t ima t e d  t o  b e  5 0 - 6 0  
p e r c e n t , j u d g i n g  f r om t h e  o v e r l a p p ing o f  t h e  
mu l l i o n s . 

F a u l t  i n  B a k o v e n  S h a l e  d e s cr i b e d  a b o v e  c a n  b e  
s e en t o  r ig h t . F o r  t h e  next 8 m i l e s  w e  w i l l  b e  
r i d in g  a l o n g  a f l a t  p l a in und e r l a in by 
f l o o d p l a in and s t r e am- t e r r a c e  d e p o s i t s  of E s o p u s 
C r e e k  a n d  g l a c ia l  l a k e - b e d  s e d imen t s  o f  
P l e i s t o c e n e  L a k e  S t o n e  R i d g e  ( D i n e e n  a n d  D u s k i n ,  
1 9 8 7 ) . 
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T h e  h i l l s  i n  f o r e g r o u n d  t o  r i g h t  a r e  u n d e r l a in 
b y  s h a l e s  a n d  s an d S t o n e s  o f  t h e  M o u n t  Mar 1 o n  
F o rma t io n .  I n  t h e  h i l l s  a b o v e  a r e  s a n d s t o n e s  o f  
t h e  A s h o k a n  F o rma t io n .  Val l e y s  wh 1 c h  t r e n d  N .  
2 0 ° E .  a r e  p a r a l l e l  t o  l in e ame n t s  t h a t  a r e  very 
a p p a r e n t  on r a d a r  ima g e r y  a n d  t o p o g r a p h i c  
map s .  T h e  va l l e y s , s e e n  f o r  t h e  n e x t  two m i l e s ,  
a r e  c o n t r o l l e d  by v e ry c l o s e l y  s p a c e d  j o i n t s and 
m i n o r  f au l t in g . T h e  l in e am e n t s  e x t e n d  n o r t hward 
up i n t o  r o c k s  as y o u n g  as t h e  P l a t t ek i l l  
F o r ma t i o n  o f  M i d d l e  D e v o n i a n  a g e  a n d  may e x t e n d  
i n t o  t h e  On e o n t a  F o rma t io n  o f  La t e  D e v o n i a n  
ag e .  S o u t hwa r d , t h e s e  l in e amen t s  p a r a l l e l  
f au l t s  t h a t  h a v e  b e e n  map p e d  in t h e  S hawang unk 
F or ma t i o n  o f  S i l u r i a n  age . T h i s  is o n e  o f  the  
r ea s on s  f o r  s u g g e s t ing t h a t  t h e  d e f orma t i o n  in 
the a r e a  i s  A l l e g ha n i a n , r a t h e r  t h a n  A c a d ia n , in  
a g e . 

C r o s s  E s o p u s  C r e e k . F o r  t h e  n e x t  s ev e r a l  m i l e s  
w e  w i l l  s e e  s c a t t e r e d  e xp o s ur e s  o f  t h e  Onondaga 
L im e s t o n e  p ok ing t h r o ugh g l a c i a l  c o v e r . 

E n t e r i ng M ar b l e t own • 

Tra f f i c  l i g h t . 
S o u t h . 

C o n t i n u e  s t r a ig h t  on U S  2 0 9  

J un c t i o n  w i t h  NY 2 1 3  W e s t .  C o n t inue s t r a ig h t  on 
U S  2 0 9  S o u t h  and NY 2 1 3  Ea s t .  

Turn re f t  on NY 2 1 3  E a s t .  

V i e w  o f  M o h o n k  Lake t ower o n  S h awangunk Moun t a 1n 
a t  2 o ' c l o c k . T h e  t ow e r  a f t o r d s  an e x c e l l e n t  
v i ew o f  t h e  C a t s k i l l  M o un t a i n s , Wa l k i l l V a l l e y , 
and s u r r o u n d ing r e g i o n .  I t  o v e r l o o k s  a g o r g e o u s  
l a k e  a t  t h e  M o h o n k  M o un t a i n  Ho u s e  wh i c h  is 
s i t ua t e d  a t  t h e  c r e s t  o f  a f a u l t e d  an t i c l in e . 

E n t e r  t own o f  H i g h  F a l l s .  

O u t c r o p s  o f  t h e  S c h o h a r i e  F o r ma t i o n , 

T r a f f i c  l ig h t . C o n t i n u e  s t r a i g h t . 

C r o s s  R o n d o u t  C r e e k .  C l a s s i c  s e c t i o n  o f  H i gh 
F a l l s  S ha l e , B innewa t er S an d s t o n e , and R o n d o u t  
F o r ma t i o n  t o  l e f t . 

E xp o s ur e s  o f  u p p e r mo s t  Shawangunk F o rma t i o n  in 
l o w  c l i f f  o n e  b l o c k  a h e a d . Turn r i g h t  o n t o 
B r u c ev i l l e  R o a d  ( U l s t e r  C ou n t y  6 A )  b e tw e e n  
a n t i q u e  s t o r e  a n d  p i z z e r i a . 
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Cana l Mus e um on l e f t . 

C o n t inue s t r a ig h t  on H i l l  Ro a d .  

" Y "  i n  r o a d . B e a r  l e f t . 

C r o s s  C ox ing K i l l .  

" Y "  i n  r o a d .  C on t inue r ight o n  U l s t e r C o .  6 A .  

Exp o s u r e  o f  H i g h  Fa l l s  Sh a l e , B inn ewa t e r  
S a n d s t on e , and Rondout Forma t io n  in s t e e p  s l o p e  
t o  l e f t . 

In t e r s e c t i o n  w i t h  C l ov e  R o a d . 
s t r a ig h t . 

C o n t inue 

Mo s s y B r o o k  Road on r ight . If you h ike a b o u t  
0 . 5  m i l e  d own t h 1 s  r o a d , wh 1ch i s  o n  p r iv a t e  
l a n d  b e l ong ing t o  t h e  Mohonk Mount a i n Ho u s e , you 
w i l l  f ind an o l d  log c a b i n . Nea r b y , t h e  Mohonk 
Lake thr u s t  f a u l t  i s  b e a ut i f u l l y  expo s e d in 
Mo s s y  B r o ok . T h i s  g e n t l y  s o u t h e a s t  d ip p ing 
f a u l t  c a r r i e s  O r d o v i c ian Mart ins b urg Forma t ion 
n o r t hwe s tward over the S i l u r i a n  Shawang unk . 

Exp o s u r e  o f  r e d  b e d s  o f  High Fa l l s Sha l e  on 
r ig h t . 

Exp o s ur e  o f  Sh awangunk on r i ght . 

C r o s s  M o h o nk Lake thr u s t  f a u l t , wh 1 c h  c a r r i e s  
sh a l e s  o f  t h e  Mar t in s burg Forma t i o n ,  h e r e  
d ip p ing mo d e r a t e l y  t o  s t e e p l y  t ow a r d s  t h e  
s o u t h e a s t , n� r t hwe s tward o v e r  qua r t z i t e s  and 
c o n g l ome r a t e s  o f  the  mo re g e n t l y  s o u t h e a s t  
d i p p ing S hawangunk Forma t i on . T h i s  f a u l t  i s  not 
exp o s e d where it cr o s s e s  the h ighway . 

F o r  t h e  n e x t  0 . 7  m i l e  we p a s s  o u t c r o p s  o f  t h e  
Mar t i n s b ur g , c o ns i s t ing o f  th 1n-b e d d e d  sh a l e ,  
m i n o r  s i l t s t one , and very r u s t y  w e a t h e r ing , 
f o s s i l 1 f e r ous , f in e - g r a l n e d  graywacke in b e d s  up 
to 3 i n c h e s  t h 1 c k . C l eava g e  i s  p o o r l y  
d ev e l o p e d . 

P a s s  t h r o ugh on e - l a ne und e r p a s s ,  then 
imme d i a t e l y t urn t o  r i ght a t  g a t e ho u s e . 

S t o p  s i g n  a t  g a t e  hous e .  

_ ]  
- 1 I 

l 
] 



l 
l 
c l 
' 1 J 

l 

' 1  
l J 

' j 

i 
c J 

• J 

' J 

C- 4 7  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

ROUTE T O  ALTERNATE S T O P  l A  ( I f i t  i s  r a i n ing h a r d , we may c h o o s e  
t o  t a k e  t h e  b u s  t o  t h i s  s t op i n s t e a d  o f  wa l k ing t o  S t o p 1 . ) :  

o . o  0 . 0  

0 . 1  0 . 1  

0 .  8 0 . 7  

0 . 9  0 . 1  

1 . 0 0 . 1  

S t o p s ig n  a t  g a t e  h o u s e .  Turn r ig h t  on Huguenot 
Dr i v e  h e a d ing t o wa r d s  ma in e n t r a n c e  o f  M o h o nk 
Moun t a in H ou s e .  

E xp o s u r e s  o f  s l um p e d  M a r t in s bur g  on l e f t . V i ew 
o f  C a t s k i l l M o un t a in s  o n  r i g h t .  

Ro a d  in t e r s e c t i o n  a t  W o o d l a n d  B r i dg e .  S t r a ight 
ah e a d , and f o l l o w ing the s t r e am v a l l e y , is  the  
K l e in e  K i l l  t h ru s t  f au l t . T o  the r ig h t  a r e  
exp o s ur e s  o f  d e f o r m e d  S hawangunk a n d  t h e  s l o p e  
t o  t h e  l e f t  i s  u n d e r l a in b y  d e f o rm e d  
M a r t in s b ur g . 

Make a b r u p t  l e f t  t u r n  o n  T e r r a c e  R o a d  h e a d ing 
b a c k  t o w a r d s  g a t e  h o u s e .  

Mar t i n s b ur g  in b ank o n  r i gh t . F o r  mo s t  o f  t h � s 
o u t c r o p  t h e  s o u t h e a s t  d ip p ing s h a l e s  and 
g r a yw a c k e s  a r e  r ig h t  s i d e  up ; h ow ev e r , t h e r e  are 
s e v e r a l  z o n e s a b o u t  3 f e e t  w i d e  t h a t  a r e  v e r y  
t ig h t l y f o l d e d . T h e  a z imu t h  o f  t h e s e  f o l d s  vary 0 f r o m  N - S  t o  N .  1 0  E .  a n d  t h e y  p l u n g e  g e n t l y  t o  
b o t h  t h e  n o r t h  and s o u t h .  

T u r n  r i g h t  i n t o  s h a l e  p i t .  

ALTERNATE S T O P  l A .  

FAULT Z O N E  I N  F O S S I L I F EROUS MAR T I N S B URG 

The M a r t i n s b u r g  i n  t h � s  o u t c r o p  i s  dominan t l y  m e d ium d a r k 
g r ay s h a l e  int e r b e d d e d  w i t h  f in e  g r a i n e d  g r aywa c k e . T h e  
g r a y w a c k e  b e d s  a r e  c ommo n l y  l e s s  t h a n  5 in c h e s  t h � c k , a n d  exh ib i t 
g r a d e d  b e d d ing , a n d  p a r a l l e l  a n d  c r o s s  l am i na t i o n s . The 
g r aywa c k e s  are  f o s s i l i f e r o u s  ( mo s t l y  b r a ch i o p o d s  a n d  c r ino id s ) 
a n d  c o n t a in a f a ir a m o u n t  o f  p yr i t e .  T h e  f o s s i l s  a r e  mo s t  e a s i l y  
s e en i n  t h e  v e r y  r u s t y  w e a t h er ing p y r i t e - b e a r ing g r a yw a c k e  
b e d s . A c l e av a g e  i s  p o o r l y  t o  mo d e r a t e ly w e l l  d ev e l o p e d  i n  t h e  
s h a l e s , a l t h ou g h  n o t  e n o u gh t o  c a l l t h e s e  r o ck s  s l a t e s . 

T h e  M a r t in s b ur g  i n  t h � s  s h a l e  p i t c o n t a ins f a u l t -r e l a t e d 
s t r u c t ur e s  i n t e rp r e t e d  t o  b e  o f  two d i f t e r e n t  a g e s . A m e l a n g e  or 
b r o k e n  f o r ma t i o n ,  b e s t s e e n  at t h e  f a r  n o r t h  end of t h e  p i t  ( a t  
l e a s t  a t  t h e  t ime o f  t h i s  wr i t ing ) , i s  p a r t  o f  t h e  s ame me l a n g e  
z o n e  s e en a t  S t op 1 .  T h e  m e l a n g e  z o n e  is  T a c o n i c  i n  a g e  and h a s  
a s t r ik e  o f  N .  5 - 1 0 ° E .  I t  h a s  b e en c a r r i e d  w e s tw a r d  o v e r  t h e  
S i l u r i a n  S h awangunk i n  t h e  h a n g ing w a l l  o f  t h e  y o u n g e r  K l e in e  
K i l l t h ru s t  ( f i g .  1 4 ) . M o s t  o f  t h e  sma l l  f au l t s  a n d  s l i c ken s id e d  
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Figure 1 4 . Prel imi nary geolog i c  map of the Mohonk Lake area , N . Y .  

Sr, Rondout Formati on;  S b ,  Binnewater Sandstone; Shf, H igh Fal l s  
Sha l e ;  Ss , Shawangunk Formati on ;  Om, Marti nsburg Formation. X marks 
exposures of mel ange. 
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s ur f a c e s  t h a t  a r e  c ommon i n  t h i s  p i t a r e  p r o b a b l y  r e l a t e d t o  t h 1 s  
y o u n g e r  t h r u s t  f au l t . T h e  t r a c e  o f  t h e  K l e in e  K i l l  t h ru s t  n e arby 
h a s  a s t r ik e  o f  N .  1 5 ° E . , a n d  i s  i n t e r pr e t e d  to be A l l e gh a n ian 
i n  a g e .  

B a s e d o n  our map p in g , s ev e r a l  g e n e r a l i z a t i o n s  c a n  b e  made 
a b o u t  T a c o n i c  and A l l e g h a n i a n  f a u l t -r e l a t e d s t r u c t ur e s . The 
f a u l t  z o n e s  in the M a r t i n s b u r g  wh i c h  c l e a r l y  do  not  cut  S i l ur ian 
and y ou n g e r  r o c k s  g en e r a l l y  h a v e : a )  a t r e n d . mo r e  n o r t h er l y  than 
t h e  n o r t h e a s t -t r en d i n g  f o l d s  and f a u l t s  in the S i l ur i a n  r o c k s , b )  
a d ia g no s t i c  s c a l y  c l e a v a g e  ( s e e  S t o p  1 f o r  a f u l l e r  d i s c u s s i o n ) , 
c )  t ig h t l y  f o l d e d  " f l o a t in g " kno c k e r s  o f  g r a yw a c k e  wh o s e  a x e s  
p l un g e  p r e d o m i n an t l y t o  t h e  n o r t h e a s t  w i t h  v a r i a b l e  a z imu t h ,  and 
4) v e r y  l i t t l e , if any , v e in q u ar t z . The f a u l t s  t h a t  d e f 1n i t e l y 
c u t  b o t h  t h e  O r d ov i c i a n  M a r t i n s b u r g  and t h e  S i l ur i a n  Shawang unk , 
a n d  w h i c h  we in t e r p r e t  t o  b e  A l l e g h a n i a n  in a g e , g e n e r a l l y 
h av e : a )  a s l ig h t l y  mo r e  e a s t e r ly s t r ik e ,  b )  w e l l - d ev e l o p e d  
" p e n c i l s "  i n  t h e  s ha l e s  f o r m e d  b y  t h e  i n t er s e c t i o n  o f  b e d d ing and 
c l e a v ag e ,  a n d  c )  v e in q ua r t z  p a r a l l e l  t o  b e d d ing an d / o r  c l e avage 
t h a t  c ommo n l y  c on t a i n s  s h a l e  f r a gmen t s .  

An examp l e  o f  a g o o d  T a c o n i c  me l a n g e  c a n  b e  s e en a t  S t op 1 ,  
a n d  a n  examp l e  o f  a n  exc e l l en t  A l l e g h a n i a n  f a u l t  z o n e  c a n  b e  s e e n  
a t  A l t e r n a t e  S t op l b .  

1 . 4 0 . 4  

1 . 8  0 . 4  

1 7 . 0  0 . 1  

1 7 • 9 0 . 9  

1 8 . 2  0 . 3  

R e b o a r d  b u s . ,  l e a v e  s h a l e  p i t , t u r n  r ig h t  t oward 
g a t e  h o u s e  • 

V i ew o f  W a l l k i l l  V a l l e y t o  r ig h t  ( s o u t h e a s t ) . 

R e j o in r o a d l o g  a t  M i l a g e  1 7 . 0 .  

S t op s i g n  a t  g a t e  h o u s e .  ( NO T E : .  T H I S  I S  P R I VATE 
P R O P E RT Y ;  A C C E S S  CAN ONLY B E  GAINED BY 
C O NTAC T I NG DAN S M ILEY AT THE MOHONK MOUNTA I N  
HOUS E ) . D r i v e  a f ew f e e t  p a s t  t h e  g a t eh o u s e and 
turn l e f t  down L e n a p e  Lane ( a d i r t  r o a d ) p a s t  
t h e  " D o  N o t  E n t e r '' s ig n . 

Ex c e l l en t  e x p o s u r e s  o f  Mar t in s b u r g  sh a l e s  t o  
r ig h t  a n d  a t  b e n d  i n  r o a d . T h i n -b e d d e d , 
g r a p h i t i c  s h a l e  i n t e r b e d d e d  w i t h  t h 1n- t o  
m e d ium-b e d d e d , p a r a l l e l - l am i na t e d , f in e - gr a ln e d , 
p y r i t i f e r o u s  g r aywa c k e . C l e av a g e  i s  p o o r l y  t o  
m o d e r a t e l y  we l l  d e v e l o p e d a n d  o r i e n t e d  n e a r l y  
p a r a l l e l  t o  b e d d in g . 

S T O P  1 .  P a r k  on r ig h t  and d i s embark . C l imb 
h i l l  a l o n g  d i r t  r o a d  w i�h sw i t c h b a c k . A f t e r  
w a l k ing a p p r ox ima t e l y  1 , 0 0 0  f e e t  y o u  w i l l  r e a c h  
t h e  i n t e r s e c t i o n  o f  F or e s t  Dr i v e  a n d  Oakw o o d  
D r iv e ; c o n t i n u e  s t r a ig h t  ah e a d  on Oakw o o d  
Dr i v e .  B e tw e e n  h e r e  a n d  S t op 1 Oakw o o d  Dr i v e  
m a r k s  t h e  b o u n d a r y  b e tw e e n  t h e  l a n d s  o f  t h e  
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Mohonk M o un t a i n  H o u s e  and t h e  M o h o nk P r e s e r v e , 
w h i c h  i s  a l s o  a hunt ing b o u n d a r y . 

P L E A S E  B E  AWARE THAT BOW 
B E  LURKING IN THE W O O D S . 
ALLOWE D . 

AND ARROW HUNTERS MAY 
NO DEER IMITAT I O NS 

l 

Af t e r a b o u t  1 , 8 0 0  f e e t  you w i l l  c r o s s  K l e in e  
c ]  

K i l l  R o a d . C o n t inue ano t h e r  5 0  f e e t  o n  Oakw o o d  
D r i v e  a n d  f o l l ow i t  ar ound a s h a r p  b e n d  t o  t h e  
r ig h t  ( n o r t hw e s t ) .  F o r  t h e  n e x t  7 5 0  f e e t  u n t i l  
we r e a c h  S t o p  1 ,  p a y  a t t e n t i o n  t o  t h e  o u t c r o p s  
o f  Ma r t i n s b ur g  o n  t h e  r igh t . Y o u  s h o u l d  b e  ab l e  
t o  f in d  t i g h t  f o l d s , o v e r t ur n e d  b e d d ing , · l 
s l i c k e n s i d e d  f a u l t  s u r f a c e s  w i t h  a n d  w i t h o u t  J 
v e in q u a r t z , a n d  t e n s i o n  g a s h e s  i n  s a nd s t o n e  
b e d s . W e  w i l l  n o t  s p e n d  mu ch t ime d i s c u s s ing 
t h e s e  r o ck s  u n t i l  we r e a c h S t o p  1 .  

S T O P  1 

MAR T I N S B URG MELANGE 

At t h i s  s t o p w e  w i l l  s e e  a g o o d  examp l e  of a t e c t o n i c  
m e l a n g e  w i t h in t h e  Mar t in s b u r g  F o r ma t io n .  A s  t h e r e  a r e  no 
id e n t i f i e d  " e x o t i c "  b l o c k s  i n  t h i s  m e l a n g e , i t  p e r h a p s  s h o u l d  b e  
c a l l• d  a b r o ken f o r ma t i o n  ( H s u , 1 9 6 8 ) . A s  y o u  c a n  s e e  b y  i o o k i n g  
t o  t h e  n o r t h e a s t ,  w e  a r e  v e r y  c l o s e  t o  t h e  S h awangunk c l i t t s  
b e n e a t h  S k y t o p  T o we r . A l t h o u g h  t h e r e  a r e  n o  e xp o s e d c o n t a c t s  
s h o w i n g  unf a u l t e d  S hawangunk r e s t in g  u n c o n f o rmab l y  o n  Mar t in s b ur g  
me l an g e  i n  t h e  f i e l d  t r i p  ar e a , t h e r e  a r e  s ev e r a l  l o c a l i t i e s  i n  
t h e  R o s e n d a l e q u a d r ang l e  t o  t h e  e a s t  wh e r e  S i l u r i a n  r o c k s  
d i r e c t l y .  o n  s t r ik e  w i t h  M a r t i n s b ur g  m e l a n g e  z o n e s  s h ow no 
c omp a r ab l e  d e f o rma t i o n  or o f f s e t . I n  a d d i t i o n ,  m a p p ing b y  
Vo l l m e r  ( 1 9 8 1 ) j u •t s o u t hw e s t  o f  A l b a ny , New Y o r k  ( f ig . 9 ) . 
d o c ume n t s  a b e a u t i fu l  exp o s ur e  o f  unf au l t e d R o n d o u t  F o rma t i o n  
r e s t ing u n c o nf o rma b l y  o n  t o p  o f  T a c o n i c  me l a n g e  i n  t h e  
Norman s k i l l  S h a l e . F o r  t h e s e  r e a s on s  w e  f e e l  t h a t  t h 1 s  m e l a n g e  
z o n e , a s  w e l l  a s  s im i l a r  o n e s  n e a r b y  i n  t h e  Mar t in s burg , mu s t  b e  
T a c o n i c  i n  a g e . I n  t h e  K l e in e  K i l l  v a l l e y  down t h e  h i l l  and l e s s  
t h a n  1 , 0 0 0  f e e t  t o  t h e  w e s t  o f  S t o p  1 ,  i s  t h e  m a 1 n  t r a c e  o f  t h e  
K l e i n e  K i l l  thr u s t  f a u l t , wh i c h  a s h o r t  d i s t a n c e  t o  t h e  n o r t h  
o f f s e t s  a n d  f o l d s  t h e  S h awangunk . T h i s  fau l t  i s  p a r t  o f  an 
imb r i c a t e  s p l a y , or p e r h a p s  a d u p l ex ( f ig . 1 4 ) . I t  wou l d  a p p e a r  
t h a t  t h e  m e l a n g e  z o n e  s e en a t  S t op 1 a n d  s ev e r a l  o t h e r  p l a c e s  
a l o n g  s t r ik e  i s  a l w a y s  c o n t a i n e d  i n  t h e  hang ing wa l l  o f  t h e  
K 1 e i n  e K i 1 1  t h r u s t  f a  u 1 t • S in c e  t h e r e  a r e  t.h r u s t f a  u 1 t s t h a t  
p o s t d a t e  a n d  t r a n s p o r t  t h e s e  me l a n g e  z o ne s ,  i t  i s  p a r t i c u l a r l y  
imp o r t a n t  t o  d o cument s t r u c t u r e s  t h a t  a p p ear t o  b e  d ia gn o s t i c f o r  
t h e  me l an g e s . T h e  mo s t  imp o r t a n t  f e a t ur e  wh i c h  c a n  b e  s e e n  a t  
t h i s  s t op i s  a s c a l y , a na s t o mo s ing , p h a c o i d a l  c l e avag e t h a t  
c ommon l y  exh i b i t s  s h i n y  a n d  s m e a r e d  s ur f a c e s . I n  ad d i t i o n , 
b e d d i n g  i s  v e r y  d i s r up t e d  a n d  many t i g h t  f o l d s  a r e  r o o t l e s s  a n d  
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' 'f l o a t i n g "  i n  t h e  p h a c o i d a l l y  c l e a v e d  s h a l e  and s i l t s t o n e . B o t h 
o f  t h e s e  f e a t ur e s  a r e  mo s t  e a s i l y  s e e n  b y  e x a m 1 n i n g  t h e  two t o  
s ix i n c h  g r a y w a c k e  b e d s .  A s  o n e  m i g h t  exp e c t ,  t h e  h in g e  l in e s  of 
t h e  r o o t l e s s  f o l d s  s h ow a s i g n i f 1 c a n t  r an g e  in o r i en t a t i o n ; 
h ow e v e r , t h e y  g en e r a l l y  p l un g e  mo d e r a t e l y  t o  s t e e p l y  t o  t h e  
NNE . B y  c a r e f u l l y  e x a m i n i n g  s ma l l  s c a l e  s t r u c t u r e s  s u c h  a s  
a s ymme t r i c  f o l d s , m 1 n o r  o f f s e t s , a n d  s l i ck e n s i d e s ,  i t  i s  p o s s ib l e  
t o  d e t e r m i n e  t h e  s e n s e  o f  mov e m e n t  on s ome o f  t h e  f au l t s . What 
is d i f t i c u l t ,  if n o t  imp o s s i b l e , t o  p r o v e  is wh e t h e r  an 
i n d i v i d u a l  f au l t  f o r m e d  dur ing t h e  T a c o n i c m e l a n g e - f o rm ing 
e p i s o d e  or i s  r e l a t e d to t h e  l a t er , p r o b a b l y  A l l e g h a n i a n  t h r u s t  
s y s t em .  I t  i s  p o s s ib l e , h o w ev e r , t o  show t h a t  a l t h o ugh mo s t  
sma l l - s c a l e  s t r u c t u r e s  s h ow an e a s t - o v e r -w e s t  s e n s e  o f  r o t a t ion 
a n d  a w e s t -n o r t hw e s t  t r a n s p o r t  d ir e c t i o n , t h e r e  a r e  qu i t e  a f ew 
examp l e s  o f  t h r u s t s  w i t h  t h e  o p p o s i t e  s e ns e o f  mov emen t . 

T h e r e  a r e  two g o o d  e xp o s u r e s  o f  t h e  K l e in e  K i l l  t h r u s t  
f au l t  i n  t h e  b e d  o f  t h e  K l e in e  K i l l  j u s t  we s t  o f  t h 1 s  s t o p . 
Th e s e  o u t c r o p s  a r e  r em a r k a b l y  d if t e r e n t  f r om t h e  m e l a n g e  s e en 
h e r e .  They s h ow s h a r p , p l a n a r , k n i f e - e d ge f a u l t s  w i t h  minor 
br e c c i a t i o n  but no who l e s a l e  b e d d ing d i s r u p t i o n .  They a l s o  
c o n t a in many qua r t z  s l i ck e n s i d e d  s ur f a c e s .  Mo s t  o f  t h e s e  
s l i c k en s id e s  s how an e a s t - o v e r -w e s t  t h r u s t  s en s e ;  howev e r , a 
numb e r  o f  s l i c k e n l i n e s  a r e  s u b h o r i z o n t a l  and s u g g e s t  t h a t  t h e r e  
i s  a comp o n e n t  o f  s t r ik e - s l ip d i s p l a c ement . T h e  s e n s e  o f  
movement  i s  amb i g u o u s ,  b u t  a p p e a r s  t o  b e  l e f t  l a t e r a l . T h e  
s h a l e s  n e a r  t h e  f a u l t  c ommo n l y  s h ow an ex c e l l e n t  c l e a v a g e  ( t h e y  
a r e  a lm o s t  s l a t e s )  and a r e  b e a u t i f u l l y  p en c i l l e d . 

2 0 . 3  2 . 1  

2 0 . 6  0 . 3 

2 1 . 6  1 . 0 

2 2 . 0  0 . 4  

2 2 . 4  0 . 4  

R e t ur n  t o  b u s , c o n t inue s t r a ig h t  on L enap e Lane . 

Turn r i g h t  on B u t t e r v i l l e  R o a d . E x c e l l e nt v i ew 
t o  r ig h t  o f  c l i f f s  o f  the  S hawangunk F o rma t i o n  
a n d  t h e  Moh onk T o w e r . Th e h i l l s  in t h e  
m i d d l e g r ound a r e  und e r l a in b y  s h a l e s  and 
g r a yw a c k e s  of t h e  Mar t i n s b u r g  Forma t i o n ,  
t r e n d ing n o r t h e r l y  w i t h  ang u l a r  d i s c o r d a n c e  
u n d e r  t h e  S hawangunk . 

Turn r ig h t  on NY 2 9 9  h e a d ing w e s t .  

O v e r t ur n e d  s h a l e s  a n d  t h 1 n  g r aywa c k e s  o f  t h e  
Mar t in s bu r g  F o r ma t i o n  on r ig h t . T h e r e  a r e  a 
num b e r  o f  n a r r ow f a u l t  z o n e s  w i t h  v e in qua r t z . 
T h i s  ou t c r o p  i s  r o u g h l y  on s t r ik e  w i t h  A l t e r n a t e  
S t o p  l B . 

W o r l d - r e nown e d  New Y o r k  S t a t e  or c har d s .  

S t e e p l y  d ip p i n g  a n d  o v e r t u r n e d  Ma r t i n s b u r g  
s h a l e s  a n d  t h 1 n  g r aywa cke s on r 1 g h t . V i ew o f  
t h e  S h awangunk c l i f f s  a t  t h e  T r a p p s  s t r a 1g h t  
ah e a d . 



2 2 . 9  0 . 5  

2 4 . 2  1 . 3 

C- 5 2  

Mart i n s b u r g  w i t h  2 . 5  f t  g r a ywa c k e s  o n  r ig h t . 
B e d d in g  a p p e a r s  t o  b e  r ig h t - s i d e - u p , how e v e r , 
t he p o o r l y  d ev e l o p e d  c l e a v a g e  in t h e  s h a l e s  d i p s  
s t e e p l y  t o  t h e  we s t  s ug g e s t ing t h a t  b o t h  b e d d i ng 
and c l e av a g e  h a v e  b e e n  r o t a t e d  by f au l t ing . 

S t o p  s i gn . I n t e r s e c t i o n  w i t h  US 4 4 - NY 5 5 .  Turn 
r i gh t , h e a d ing w e s t .  

R O U T E  TO ALTERNATE S T O P  l B  

0 . 0  

2 . 2  

3 . 2 

3 . 4 

0 . 0  

2 . 2  

1 . 0 

0 . 2  

S t o p  s i g n . Turn l e f t  o n  U S  44- NY 5 5  h e a d ing 
e a s t . 

B e n t on C o r n e r s .  I n t e r s e c t i o n  w i t h  L ib er t yv 1 l l e  
Ro a d .  C o n t inue s t r a ig h t  o n  U S 44-NY5 5 .  

Exp o s ur e s  o f  Ma r t i n s b u r g  F o rma t i o n  o f  A l t e r na t e  
S t o p  l B  t o  l e f t . 

P a r k  o n  s h o u l d e r  a t  i n t er s e c t i o n . W a l k  w e s t ,  
b a c k  t o  o u t c r � p  o f  Ma r t i n s b ur g  Forma t i o n .  

ALTERNATE S T O P  l B  

FAULT Z O N E  AT GANAHG O T E - -MART I N S B URG F ORMA T I O N  

T h e  s h a l e s  a n d  g r a yw a c k e s  o f  t h e  Mar t in s burg i n  t h 1 s  l o ng 
r o a d c u t  h a v e  b e e n  s ev e r e l y  f a u l t e d . Th i s  l o c a l i t y  wa s c h o s e n  a s  
an a l t e r n a t e  s t o p  in o r d e r  t o  s h ow t h e  sma l l - s c a l e  s t r u c tur e s  
r e l a t e d  t o  w h a t  w e  a n d  o t h e r s ( K a l aka a n d  Wa i n e s , 1 9 8 6 ) i n t e r p r e t  
a s  a ma j o r  t h r u s t  f au l t  o f  A l l e g h a n i a n  ag e .  S e v e r a l  d i f t i c u l t i e s  
a r i s e  w h e n  t r y ing t o  d o c um e n t  t h 1 s  a g e : 1 )  The e x t e n t  and 
t h i c kn e s s  o f  g l a c ia l  ma t e r i a l s  i n  the Wa l lk i l l  Va l l ey p r ev e n t s  
t h e  r e l i ab l e  t r a c ing o f  s t r u c tu r e s  o v e r  g r e a t  d i s t a n c e s . 2 )  T h i s  
l o c a l i t y  c o n t a in s  n o  r o c k s  y o u n g e r  t h a n  t h e  Mar t in s b u r g  o f  
O r d o v i c i a n  a g e . T h e r e f o r e ,  a t  t h i s  s p e c i f 1 c  l o c a l i t y  i t  i s  
imp o s s ib l e  t o  p r o v e  t h e  f a u l t  i s  y o ung e r  t h a n  T a c o n i c . Th 1 s  
f a u l t  w a s  f i r s t  r e f e r r e d  t o  b y  K a l a k a  a n d  W a in e s  ( 1 9 8 6 )  a n d  t h e y  
w i l l  p r o b a b l y  v i s i t th i s  l o c a l i t y  o n  T r i p  H ( t h 1 S  g u i d e b o o k ) . 

T h e r e  a r e  a t  l e a s t  two ag e s  o f  q u a r t z  s l i c k e n s i d e s  a t  t h 1 s  
s t o p . T h e  o l d e s t  s l i c k e n s i d e s  a r e  p a r a l l e l  t o  b e d d ing , s h ow 
movement  t o  t h e  n o r thwe s t ,  a n d  w e r e  l a t er f o l d e d  b y  t h e  t i ght 
f o l d s  p r o d u c e d  dur ing f a u l t i n g . Unf o l d ed s l i c k e n s id e s  a l s o  
f o rm e d  a l o n g  t h e s e  l a t e  f a u l t s  a n d  a g a in show e a s t - o v e r -we s t  
movem e n t . I n  a d d i t io n ,  v e in q ua r t z  f o u n d  a l ong f au l t s  c a n  
c o n t a i n b r o k e n  p i e c e s  o f  s h a l e . T h e  f a u l t s  v a r y  i n  s t r ik e  f r o m  
N .  1 0 ° E .  t o  N .  5 0 ° E .  a n d  d i p  g e n t l y  t o  mo d e r a t e l y  t o  t h e  
s o u t h e a s t . C l e av ag e ,  t h o u g h  p r e s en t  t h r o u gh o u t  t h e  o u t c r o p , i s  
m o r e  i n t en s e l y  d e v e l o p e d  n e a r  t h e  N E - t r end ing thr u s t  f a u l t s . I t  
i s  i n  t h e s e  l o c a l i t i e s  t h a t  t h e  r o c k  i s  int e n s e l y  p e n c i l l e d . 

l 
l J 

l 
l 
I 

l 



J 
, I J 

'I 

: l 

'- j 

, l 

, ! . j 

l 
J 

c J 

C- 5 3  

B a s e d  o n  our ma p p ing i n  t h 1 s  r e g i o n , t h e  b e s t  ex amp l e s  o f  p e n c i l  
s h a l e s  o c cur n e a r  t h e  y o u n g e r  f au l t s  t h a t  c u t  b o t h  O r d o v i c ian and 
S i l u � i a n  r o c k s . At t h i s  o u t c r o p  it is c ommo n to f in d  b e d d ing and 
f o l d s  a b ru p t l y  t r un c a t e d  by f a u l t s , b u t  t h e  t o t a l  d i s r u p t i o n  
c ommon t o  t h e  m e l a n g e  s e e n  a t  S t o p  1 i s  m i s s in�. Wh i l e  o n e  can 
f in d  s m e a r ing a l o n g  c l e av a g e  p l a n e s  and s ome ·a n a s t omo s ing f ab r 1 c s  
a t  t h i s  o u t c r o p , t h e  p e r v a s i v e  s c a l y  c l e av a g e  s o  b e a u t i f u l l y 
d ev e l o p e d a t  S t o p  1 i s  a l s o  m i s s in g . 

A b o u t  0 . 5  m i l e  s o u t hw e s t  o f  S t o p  l B  a l o n g  t h e  S hawangunk 
K i l l a r e  a s e r i e s  of exc e l l e n t  e xp o s u r e s  o f  t h e  m i d d l e  p a r t  of 
t h e  M a r t i n s b u r g  t h a t  w e  a r e  i n f o rma l l y  c a l l ing t h e  s an d s t o n e  at 
P in e  B u s h  ( s e e s e c t i o n  o n  O r d o v i c i a n  s t r a t i g r a p hy ) . For a 
d i s t a n c e  o f  a t  l e a s t  2 , 0 0 0  f e e t  a l o n g  S hawangunk K i l l  t h e  e n t ire 
s e c t i o n  i s  o v e r t ur n e d . T h e s e  o u t c r o p s  a p p e a r  to be i n  t h e  
f o o tw a l l  o f  t h e  t h r u s t f a u l t  s e e n  a t  t h 1 s  s t o p . How ev e r , t h e  
t o t a l  w i d t h  o f  t h e  f a u l t  z o n e  i s  n o t  known a n d  t h e r e  a p p e ar s t o  
b e  s o m e  f a u l t i n g  a t  t h e .  w e s t  e n d  o f  t h e  Shawangunk K i l l  
exp o s u r e s . I n  a d d i t i o n ,  d a t a  f r om t h e  n e a r b y  D e l aw a r e  a q u e d u c t  
s u g g e s t s  t h a t  t h e  2 , 0 0 0  f e e t  o f  ov e r t ur n e d  P in e  B u s h  m i g h t  b e  a 
s l iv e r  c a u g h t  i n  t h e  f a u l t  z o n e  ( s e e  f ig .  7 ) .  A b o u t  3 . 2  m 1 l e s  t o  
t h e  n o r t h  o f  S t op l B  o n  R o u t e  2 9 9  ( Ro a d l og m i l e a g e  2 1 . 6  t o  2 2 . 4 ) 
a m i n imum o f  4 , 0 0 0  f e e t  ( p e r h a p s  a s  m u c h  a s  6 , 0 0 0  f e e t ) o f  
M a r t i n s b u r g  i s  o v e r t ur n e d  o r  c l o s e  t o  v e r t i c a l . A l s o ,  i t  wou l d  
a p p e a r  t h a t  t h e  t h ru s t  i s  c u t t ing u p  s e c t i o n  t owa r d s  t h e  n o r t h  
s in c e  i t  i s  a p p r o a ch ing t h e  c o n t a c t  w i t h  t h e  o v e r l y in g  S h aw a ng unk 
F o rm a t i o n . I t  is mo s t  l ik e l y  t h a t  t h 1 s  f au l t  is t h e  s ame as the  
M o h o nk L a k e  t h r u s t f a u l t  ( s e e  f ig s . 7 a n d  1 4 ) . They b o t h  have 
m i n imum o f f s e t s  of  s e v e r a l  t h o u s a n d  f e e t . I n  the M o h o nk Lake 
a r e a , t h e  s t i f f  a n d  t h i c k - b e d d e d  P in e  Bush i s  v ir t u a l l y  a b s e n t  
a n d  t h e  t h 1 n n e r  b e d d e d  s h a l e s  a n d  g r ayw a c k e s o f  t h e  u p p e r  
Mar t in s b u r g  ( Mamaka t in g ) d o  n o.t a p p e a r  t o  b e  r e g i o na l l y 
o v e r t ur n e d . L o c a l l y ,  f o r  d i s t a n c e s  o f  a f ew t e n s  o f  f e e t  t h e  
r o ck s  m a y  b e  t i g h t l y  f o l d e d  a n d  ov e r t ur n e d . 

5 • 5 2 . 1 

6 .  7 1 . 2  

R e t ur n  t o  b u s , r ev e r s e  d i r e c t i o n  h e a d ing w e s t  o n  
U S 4 4 - NY 5 5 . 

V i ew o f  S h aw a n g u nk F o rmat i o n  o n  c l i f f  f a c e  
s t r a i g h t  a h e a d .  

I n t e r s e c t i o n  w i t h  NY 2 9 9 .  P i c k  u p  r o a d  l o g  a t  
2 4 . 2  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - · - - - - - -

2 4 . 2  1 . 3 

2 4 . 4  0 . 2  

S t op s i g n . I n t e r s e c t i o n  w i t h  U S  44-NY 5 5 . Turn 
r i gh t , h e a d ing w e s t .  For the  next  mi l e  we w i l l  
b e  c l imb ing t o  t h e  t o p  of t h e  S h awangunk 
M o un t a i n s . 

M a r t i n s b u r g  o n  l e f t  



24 . 8  0 . 4  

2 5 . 2  0 . 4  

2 5 . 3  0 . 1  

2 5 . 4  0 . 1 

26 • 6 1 . 2  

2 7 . 1  0 . 5  

2 7 . 4  0 • 3 

2 8 . 0  0 . 6  
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F r om h e r e  t o  t h e  u n c o n f ormab l e  c o n t a c t  w i t h  t h e  
Sh awangunk n e a r  t h e  t o p  o f  t h e  mount � in t h e  
Mar t in s b u r g  i s  we l l  exp o s e d . T h e  r o c k s  a r e  
p r e d o m i n a n t l y  s h a l e  i n t e r b e d d e d  w i t h  t h 1n-b e d d e d  
( up t o  5 i n ) , c r o s s b e d d e d  t o  p l a n a r  l am 1 n a t e d  · 
s i l t s t o n e , a n d  m i n o r  f in e - g r a 1 n e d  s a n d s t o n e . 
S o f t - s e d im e n t  s l ump f o l d s  a r e  c ommon in t h e  
s i l t s t o ne s . C l e a v a g e  i s  a b s e n t  o r  v e r y  p o o r l y  
d ev e l o p e d , e x c e p t  n e a r  t i g h t  f o l d s  a n d  n a r r ow 
f a u l t  z o n e s .  Mo s t  o f  t h e s e  f o l d s  and f a u l t s  d o  
n o t  a f t e c t  t h e  o v e r l y ing Shawangunk and mus t b e  
T a c o n i c  i n  a g e . T h e y  t r e n d  f r om N .  5 ° E .  t o  N .  
2 0 ° E . , wh i l e  s t r u c t u r e s  in t h e  ov e r l y in g  
Shawangunk t r e n d  mo r e e a s t e r l y .  

T o  t h e  l e f t  i s  a t u r n  o f f  w i t h  a n i c e  v i ew o f  
Wa l l k i l l  V a l l e y .  

Bu r i e d  c o n t a c t  o f  M a r t i n s b u r g  a n d  S hawangunk . 
Th i s  a r e a  o f  t h e  " g u nk s "  i s  v e r y  p o p u l a r  w i t h  
r o c k  c l im b e r s ,  o f t e n a s  " t h i c k  a s  p i g e o n s '' ( R .  
W a i ne s , o r a l  c ommun . ,  1 9 83 ) . T h e  c o nt a c t  i s  
e xp o s e d  a t  two s p o t s  a b o u t  4 0 0  f e e t  s o u t hwe s t  of 
the r o a d  a t  the b a s e of the c l if f s . F a i r l y  
r e g u l ar a n d  l in e a r  mu l l i o n s  a r e  s e e n  i n  t h e  
b a s a l  S h awangunk a t  t h e  c o n t a c t . 

P a s s  und e r  T r a p p s  br i d g e .  C o n g l ome r a t e s  and 
q u a r t z i t e s  of  the  S h awang unk d i p p ing m o d e r a t e l y  
t o  t h e  we s t .  

C r o s s  C o x i n g  K i l l .  H e r e  t h e  C o x ing K i l l v a l l ey 
c o i n c i d e s  w i t h  the t r o ugh o f  a b r o a d  o p e n  
s y n c l i n e  t h a t  p l ung e s  g e n t l y  t o  t h e  n o r t h e a s t .  
I t  i s  a l s o  t h e  s i t e  o f  mu ch nude b a t h 1ng . F o r  
t h e  n e x t  0 . 5 m i l e  w e  w i l l  b e g in t o  cr o s s  a b r o a d 
o p e n  a n t i c l i n e  t h a t  e xp o s e s  a w in d ow o f  
Mar t in s b ur g  t h a t  i s  a p p r ox ima t e l y  2 m i l e s  l o n g . 

P o o r  exp o s u r e  o f  Ma r t i n s b u r g  t o  l e f t . 

E x p o s u r e  o f  b a s a l S h aw a ngunk t o  r i g h t  w i t h  
u n c o n f o rmab l y  und e r l y ing s h a l e s  o f  t h e  
Mar t in s b u r g  e xp o s e d  a b o u t  4 0  f e e t  aw ay . D i p s  in 
b o t h  un i t s  a r e  v e r y  g e n t l e  and t h e  ang l e  o f  
u n c o n f o r m i t y  i s  a s  l i t t l e  a s  2 ° . Howev e r , t h e  
d iv er g en c e  i n  s t r ik e  i s  a s  much a s  3 8 ° , w i t h  t h e  
s t r ik e  i n  t h e  Mar t in s burg b e ing mo r e  
n o r t h e r l y . The M a r t i n s burg h e r e  i s  i n  t h e  b r o a d 
o p en - f o l d  T a c o n i c  t e c t o n i c  z o n e  ( z o n e  3 ,  f i g .  
9 )  • 

C r o s s  P e t e r s  K i l l .  

. l 
I 



J 
' l  

r l  
�l 
: l 
l 

� j 

r 1 
r J 

c 1 ! 
c J 

r l I 
'r J 

r l 

i 
c J 

I 

c J 

' J 

c J 

2 8 . 5  

2 8 . 7  

2 9 . 4  

3 0 . 4  

3 0 . 5  

3 1 . 5  

3 3 . 8  

3 4 . 2  

3 4 .  3 

3 6 . 5  

3 7 . 1  

3 7 . 4  

0 . 5  

0 • 2 

0 . 7  

1 . 0 

0 . 1  

1 . 0 

2 . 3 

0 . 4  

0 . 1  

2 . 2  

0 . 6  

0 . 3  

C - 5 5  

E n t r a n c e  t o  L a k e  M in n e w a s ka S t a t e  P a r k  on l e f t . 

P a r k in g  l o t  o n  l e f t ; e n t r a n c e  t o  t r a i l  l e a d ing 
t o  L a k e  Awo s t ing . 

C r o s s  S a n d e r s  K i l l .  

U p t ur n e d  b e d s  i n  S h aw a ngunk mark a f a u l t  h er e .  

O v e r v i ew on r ig h t  o f  R o n d o u t  V a l l e y , u n d e r l a in 
b y  U p p e r  S i l u r i a n  t h r ough M i d d l e  D e v o n i a n  r o cks 
wh i c h  a r e  bur i e d  by a v a r 1 e t y of g l a c i a l  
s e d im e n t s ,  a n d  t h e  C at s k i l l M o u n t a 1n s , u n d e r l a in 
b y  M i d d l e  a n d  U p p e r  D e v o n i a n  c l a s t i c  r o c k s  o f  
t h e  " C a t s k i l l  F o r ma t i o n " . M o d e r a t e l y  d ip p in g  
q u a r t z i t e s  a n d  c o ng l om e r a t e s  o f  t h e  u p p e r  p a r t  
o f  t h e  S h aw a n g u nk o n  l e f t . 

C r o s s  S t on y  K i l l  

R o a d c u t  i n  t o n g u e  o f  t h e  S h awangunk ( f ig s . 3 and 
4) c on s i s t ing of d i s t in c t i v e  l i g h t - and d a r k 
g r a y , c r o s s b e d d e d , s l i g h t l y  c on g l om e r a t i c 
q u ar t z i t e . 

C r o s s  R o n d o u t  C r e e k .  

S t o p s ig n .  I n t e r s e c t i o n  w i t h  U S  2 0 9 . Turn 
l e f t . U . S .  2 0 9  f o l l ow s  the R o n d o u t  V a l l e y , h e r e  
u n d e r l a in b y  r o ck s  f r o m  t h e  upp e rmo s t  p a r t  o f  
t h e  S h awangunk F o r ma t i o n ,  t h e n  t hr o u g h  a 
s e qu e n c e  o f  U p p e r  S i l u r ian thr ough M i d d l e  
D e v o n i a n  l ime s t on e s , s h a l e s , s an d s t o n e s ,  and 
s i l t s t on e s . Exp o s u r e s  are  p o o r  b e c au s e  of cover 
b y  g l a c i a l  d r i t t .  

E n t e r  Town o f  W aw a r s i n g . 

C r o s s  V e r n o o y  K i l l .  

G r av e l  p i t s  in g l a c i a l  de l t a  t o  r 1g h t  a n d  l ake 
c l ay s  o f  g l a c i a l  L a k e  Wawa r s in g  und e r  f l a t  p l a in 
t o  l e f t  ( R i c h , 1 93 4 ;  H e r o y , 1 9 7 4 ) . G l a c i a l  Lake 
Wawar s i n g  was damm e d  i n  the R o n d o u t  V a l l ey 
b e t w e e n  t h e  r e c e s s i o n a l  mo r a in e  a t  P h i l l 1p s p o r t  
( m i l e a g e  6 5 . 2 )  a n d  t h e  r e t r e a t ing i c e  f r on t . 
Th e t o p  o f  t h e  d e l t a 1 c  de p o s i t s  a r e  a t  
a p p r o x ima t e l y 6 0 0  f e e t  al t i t u d e , s h o w i n g  t h a t  
t h e  l a k e  w a s  a b o u t  3 0 0  f e e t  d e e p h e r e .  The l a k e  
e n l a r g e d  dur ing r e c e s s i o n ,  i t  dr o p p e d  a s  l ow e r  
o u t l e t s  w e r e  u n c ov e r e d ,  a n d  f i na l ly d r a 1n e d  a s  
t h e  i c e  r e t r e a t e d  p a s t  t h e  n o rt h ea s t  e n d  o f  t h e  
S hawangunk M o u n t a in s  n e ar R o s e n da l e . 
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S a n d  and g r av e l  p i t  t o  r i g h t . 

E a s t e r n  New Y o r k  C o r r e c t i o n  F a c i l L t y , a max imum 
s e c u r i t y  p r i s o n ,  s e r v i c ing many g e n t l emen f r om 
t h e  New York C i t y  a r e a ,  t o  l e f t .  T h e r e i s  an 
e x c e l l en t  e x p o s u r e  of the Mar t in s b u r g - S hawangunk 
c o nt a c t , a b o u t  20 f e e t  l o n g , at an a l t i t u d e  o f  
6 0 0  f e e t . The angu l a r  d i s c o r d a n c e  b e t w e e n  t h e  
t w o  f or ma t i o n s  i s  4 ° ; t h e  Mar t i n s b u r g  h e r e  i s  in 
T a c o n i c  t e c t o n i c  z o n e  3 ( f ig . 9 ) . The 
Shawangunk d i p s  2 2 ° NW . i n  t h e  no r t hwe s t  l imb o f  
t h e  E l l env i l l e  a r c h . Mu l l i o n s  a r e  p r om i n e n t  o n  
t h e  b a s a l  Shawangunk s u r f a c e ,  a n d  t h e r e  i s  a 
s h e a r  f a b r i c  in b o t h  t h e  Mar t i n s b u r g  and 
Shawangunk . 

V i e w  o f  t h e  S h awangunk Moun t a L n s  in t h e  
n o r t hw e s t - d i p p ing l imb o f  t h e  E l l e nv i l l e  a r c h  t o  
l e f t . 

C r o s s  R o n d o u t  C r e e k . 

Exp o s u r e s  o f  s h a l y  s i l t s t o n e  t o  v e r y  f in e 
g r a i n e d  s a n d s t o n e  o f  t h e  Mount Ma r L o n  F o r ma t i o n ,  
d i p p ing 5 6 ° NW . ,  t o  r ig h t . F i e l d  t o  l e f t  
c o v e r e d  b y  g l a c ia l  d e p o s i t s  e x c e p t  f o r  o n e  
e xp o s ur e o f  O n o n d a g a  a t  a i r f i e l d .  

E n t e r  V i l l a g e  o f  E l l e nv i l l e .  

C r o s s  B e e r  K i l l .  A f i n e  examp l e  o f  a s l ump 
d e p o s i t w i t h  d i s r up t e d  b e d d in g  in t h e  Mount 
Ma r i o n  F o rma t i o n  i s  e xp o s e d  SOU f e e t  up t h e  
c r e e k  t o  t h e  r ig h t . T h i s  o u t c r o p  may b e  w i t h i n  
t h e  A l c ov e  C o n g l om e r a t e  o f  Wo l f t  ( 1 9 7 7 ) . 

T u r n  l e f t  on L i b e r t y  S t r e e t . V i e w  o f  N o r t h  
Gu l l ey i n  S h aw a n g u nk M o un t a i n  s t r a Lg h t  a h e a d .  

S t op s i g n .  T u r n  l e f t  on Cana l S t r e e t . 

C r o s s  S an d b u r g  C r e e k .  

P a s s  B e rme R o a d . T h e  E l l e nv i l l e  z in c - l e a d  m i n e  
a n d  a r o ck q u a r r y  i n  t h e  t o n g u e  o f  t h e  
Shawang unk a r e l o c a t e d  a t  t h e  b a s e  o f  t h e  
moun t a i n  t o  t h e  l e f t . S e e  S im s  and H o t z  ( 1 9 5 1 )  
a n d  R u t s t e in ( 1 9 8 7 ,  p .  1 1 6 )  f o r  d e s c r i p t i o n s . 

C r o s s  N o r t h  G u l l y ,  j o in i ng NY 5 2 .  Exp o s u r e s  o f  
t h e  t o n g u e  o f  t h e  S h awangunk i n  r o a d c u t s  a n d  
t o n g u e  o f  t h e  B l o o m s b u r g  in t h e  c r e e k  b e d  o f  
Nor t h  G u l l y  t o  t h e  l e f t  ( f ig .  3 ) .  
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Turn l e f t  o n  b l a c k t o p  r o a d  t ow a r d s  Mt . Me enahga . 

Red b e d s  o f  t o n g u e  o f  t h e  B l o oms b u r g  t o  l e f t . 
T i l l  and mo d e r a t e l y  NW- d i p p ing S h awangunk h i g h e r  
a l o n g  r o a d  t owa r d s  M t . M e e nahg a .  

V i ew t o  r ig h t  o f  t h e  v a l l e y  o f  S an d b u r g  C r e ek , 
t h e  N ev e l e  C o u n t r y  C l u b , a n d  t h e  C a t s k i l l 
M o un t a i n s . 

T u r n  l e ft . C o ng l om e r a t e s  o f  b a s a l  S h awangunk on 
l e f t . ( B u s  w i l l  r e t ur n  t o  t h 1 s  s p o t  a f t e r 
l e t t ing g r o u p  o f t  a t  t o p ) .  

U p p e rm o s t  M a r t i n s b u r g  o n  l e f t . 

C o n t a c t  b e tw e e n  Mar t in s b u r g  and S hawangunk a t  
b a s e  o f  l ow c l i t f  o n  l e f t . 

P u l l  i n t o  p a r k in g  a r e a  of a b a n d o n e d  s k i  s l o p e .  
D i s emb a r k . B u s  w i l l  r e t ur n  t o  m i l e a g e  4 Z . 6 .  

S T O P  2 

C O NTACT O F  MAR T I N S B URG AND SHAWANGUNK ; 
S H AL E - C H I P  GRAVEL AT TACO N I C  UN CONFORM I TY ; 

UPPERMO S T  MAR T I N S B URG IN TAC O N I C  O P E N-FOLD FRO NTAL Z O N E ;  
C L EAVAGE I N  S HAWANGUNK 

T ak e  a p e ek t o  t h e  n o r t hw e s t  t h r o u gh t h e  b u s h e s  a t  t h e  
b r o a d  g l a c i a l  v a l l ey o f  S a n d b u r g  C r e e k  and t h e  C a t s k i l l M o un t a 1n s  
b e y o n d . T h e  v a l l ey i s  und e r l a in by g l a c ia l  l a k e  s e d im e n t s ,  
d e p o s i t e d  i n  g l a c i a l  l a k e  W aw a r s i n g  b e tw e e n  t h e  mo r a 1 n a l  dam a t  
P h i l l ip s p o r t ,  5 m i l e s  t o  t h e  s o u t hw e s t , a n d  t h e  r e c e e d ing i c e  
f r o n t . A l s o  n o t e  t h e  g r a f f i t i - c o v e r e d , u n e v e n l y  and p l a n a r  
b e d d e d  c o n g l ome r a t e s  w i t h  l ow-amp l i t u d e  c h a n n e l s  i n  t h e  l ow e r  
S h aw a n g unk F o r ma t io n .  T h e  c o n t a c t  w i t h  t h e  unde r l y in g  
Ma r t i n s b u r g  F orma t i o n  i s  n e a r  t h e  b a s e  o f  t h e  l ow c l i f f . I n  t h 1 s  
a r e a  t h e  s t r ik e  o f  t h e  two f o rm a t i o n s  i s  s im 1 l ar , b u t  t h e  
Mar t i n s b u r g  d i p s  1 0  t o  1 5  d e g r e e s  l e s s  t h a n  t h e  S hawangunk . 

L o c a l i ty A :  

W a l k  3 0 0 f e e t  down t h e  r o a d  t o  t h e  e xp o s e d  c ont a c t  o f  th e 
M a r t i n s b u r g  a n d  S hawangunk . 

Th e S h awangunk c o n s i s t s  o f  p l a n a r  b e d d e d , q ua r t z - p e b b l e  
c o n g l omer a t e  w i t h  r o u n d e d  t o  s u b a n g u l a r  ve i n  quar t z  p e b b l e s  a s  
m u c h  a s  2 . 5  i n ch e s  l on g , a n d  p l a n a r  b e d d ed a n d  c r o s s b e d d e d ,  
c o ng l ome r a t i c , m e d ium- t o  c o a r s e-gr a i n e d ,  f e l d s p a t h 1 c  
q u ar t z i t e .  C h e r t  p e b b l e s  a r e  r a r e .  T h e r e  a r e  n o  p e b b l e s  d e r 1 v e d  
f r om t h e  und e r l y ing s h a l e s  a n d  g r aywa c k e s  o f  t h e  M a r t in s b ur g  
F o r ma t i o n .  
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The S h awangunk f o rms a two - f o o t  ov e r n a n g  a b o v e  t h e  
un d e r l y ing r o c k , wh 1 c h  i s  a t  l e a s t  1 . 5 f e e t  t h 1 c k  a n d  c o n s i s t s  o f  
a mas s o f  sh a l e  c h i p s  w i t h  a n  o p e nw o r k  t e x t ur e .  T h e  c h i p s a r e  up 
t o  a b o u t  1 i n c h  l on g  and f o r m  a c r u d e  f o l i a t io n  a p p r o x ima t e l y 
pa r a l l e l  t o  t h e  o v e r l y in g  c o n t a ct w i th t h e  S h awangunk , a l t h ough 
t h i s  f o l i a t i o n  i s  int e r r u p t e d  in p l a c e s . I t  m i g h t  be s u g g e s t e d  
t h a t  t h e s e  r o c k s  w e r e  j ammed b y  man un d e r  t h e  S h awa n g unk , b u t  t h e  
un i t  b e l ow t h e  S h aw a n g unk i s  c l e a r l y  i n  p l a c e . Th e o n l y  
e xp l a n a t i o n  f o r  t h 1 s  un i t  t h a t  we c a n  t h 1nk o f  i s  t h a t  i t  i s  a 
s h a l e - c h i p  g r a v e l , d e p o s i t e d o n  a n d  d e r 1 v e d  f r om a s l o p ing 
Mar t in s bu r g  su r f a c e . T h e  s h a l e  c h i p s  a r e  f l a t  and g en e r a l l y  
e q u i d im e n s i o n a l  o n  t h e i r  f l a t  s u r f a c e .  Th e r e  i s  no s e c o n d a r y  
c l e a v a g e  in t h e  c h ip s , a s  f a r  a s  w e  c a n  t e l l .  T h i s  s ug g e s t s  t h a t  
c l e a va g e  w a s  n o t  imp o s e d up o n  t h e  Mar t in s b u r g  pr i o r  t o  t h e  
d e p o s i t i o n  o f  t h e  g r av e l . Thu s , s l a t y  c l e a v a g e  a t  t h 1 s  l o c a l i t y  
d i d  n o t  f or m  dur ing T a c o n i c  d e f o rma t io n .  

The g r av e l s  i n  t h e  M a r t i n s b u r g  a r e  r emarka b l y  s im 1 l a r  t o  
P l e i s t o c en e  s h a l e - c h ip g r av e l s  d e r i v e d  f r om P a l e o z o i c  s h a l e s  i n  
t h e  c e n t r a l  Ap p a l a c h i an s , b o t h  i n  p hy s i c a l  a p p e a r a n c e  a n d  s i z e 
d i s t r ibu t i o n  cha r a c t e r i s t i c s  ( s e e  s e c t i o n  o n  ''W e i r d  r o c k s " a n d  
f ig .  5 C ,  D )  • 

I f  t h i s  i s  i n d e e d  a c o l l u v i a l  d e p o s i t , t h e  g e o l o g i c 
r e l a t i o n s  i n  t h 1 s  a r e a  i n d i c a t e  t h a t  t h e  M a r t i n s bur g w a s  g e n t l y  
f o l d e d  dur ing T a c o n i c  d e f o rma t i o n ,  i t  w a s  up l i t t e d  a n d  e xp o s e d 
w i t h  a s t e e p  e n o u g h  s l o p e  t o  d ev e l o p a c o l l u v i a l  s h a l e - c h ip 
g r av e l , a n d  w a s  l a t e r  c o v e r e d  b y  c o ng l om e r a t e s  ( b e l i e v e d  t o  b e  
f l u v i a l )  o f  t h e  S h awangunk F o r ma t i o n .  

L o c a l i ty B 

W a l k  an o t h e r  7 0 0  f e e t  down t h e  r o a d  t o  e xp o s u r e s  o f  
u p p ermo s t  Mar t in s b u r g  b e dr o c k .  

T h e  Mar t i n s b u r g  h e r e  c o n s i s t s  o f  t h 1n-b e d d e d  g r a y i s h  
b l a c k  s h a l e  w i t h  s ome t h 1n b e d s  o f  o l iv e -g r a y , v e r y  f in e  g r a 1n e d , 
c r o s s b e d d e d  g raywa c k e , c a p p e d  b y  t h 1n P l e i s t o c e n e  t i l l .  N o t e  t h e  
l a c k  o f  c l e a v a g e  i n  t h e  sh a l e s . T h e  S h awang unk 4 0  f e e t  a b o v e  h a s  
t h e  s am e  s t r ik e ,  b u t  d i p s  1 0 ° m o r e  s t e e p l y .  Th i s  g e n t l e  ang u l a r  
d i s c o r da n c e  b e tw e e n  t h e  two un i t s  i s  t y p i c a l  n o t  o n l y  f o r  t h e  
E l l e nv i l l e  a r e a ,  b u t  f o r  many m i l e s  t o  t h e  n o r t h e a s t ( t o 
Ru e d emann ' s  L in e , f ig .  9 )  and t o  t h e  s o u t hw e s t  t h r o ugh New J e r s ey 
i n t o  eas t e r n  P e n n s y l v a n i a  ( Ep s t e in a n d  L y t t l e ,  1 9 � 7 ) .  Th i s  
r e l a t i o n s h i p  i s  t y p i c a l  o f  t h e  o p e n- f o l d  T a c o n i c  f r o n t a l  z o n e  
( f ig .  9 ) .  

L o c a l i ty C 

W a l k  a n o t h e r  6 0 0  f e e t  d ownh i l l  t o  t h e  r o a d  i n t e r s e c t i o n  
a n d  t h e  S hawangunk o u t c r o p . 

B e d d ing i n  t h e  S h awangunk d i p s  4 0 ° NW h e r e ,  g e t t ing 
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s t e e p e r  a s  w e  h e a d  f a r t h e r  n o r t hw e s tw a r d  in t o  t h e  s t e e p  l imb of 
t h e  E l l env i l l e  a r ch . The c o n g l ome r a t e s  in S h awangunk c o n t a in s  
c l o s e l y s p a c e d  f r a c t ur e s  c u t t ing t h r o u gh t h e  q u a r t z  p e b b l e s  and 
s a n d  ma t r ix .  I n  p l a c e s  a r e s i d u a l  t h i n  f i l m  o f  m i c a  and o p a q ue 
m i n e r a l s  a l o n g  t h e  c l e av a g e  f o l ia s h o w s  t h a t  it i s  a p r e s s u r e 
s o l u t i o n  ph enomeno n .  Th i s  t y p e  o f  c l e av a g e  i s  c ommo n  i n  t h e  
S h awang unk i n  N e w  J e r s ey a n d  N e w  Y o r k . B e c au s e  b e d d in g - p l a n e  
s l i c k e n s id e s  a r e n o t  c ommon i n  t h �s a r e a ,  i t  i s  hy p o t h e s i z e d  that 
s h o r t e n ing dur ing f o l d in g  o f  the S h awangunk was taken up by 
d e v e l o pm e n t  of c l e av ag e .  I n  e a s t er n  P e n n s y l v a n i a ,  wh e r e  f o l d ing 
i s  t ig h t er a n d  t h e r e  h a s  b e e n  m u c h  a c c om o d a t i o n  by b e d d i n g - p l a n e  
s l ip p a g e ,  t h e r e  i s  l i t t l e  c l e a v a g e  i n  t h e  c o ng l om e r a t e s  a n d  
q u a r t z i t e s .  

4 3 . 4  0 . 4 

4 4 . 2  0 . 8  

44 . 3  0 . 1  

44 . 8  o . s  

4 4 . 9  0 . 1  

4 5 . 6  0 . 7  

4 5 . 7  0 . 1  

R e b o a r d  b u s  and r e t r a c e  r o u t e  b a c k  t o  NY 5 2 .  

S t o p s i g n . T u r n  l e f t  o n  NY 5 2 .  

T o n g u e  o f  t h e  B l ooms b u r g  R e d b e d s  on l e f t . The 
r o a d  f o l l ow s  t h 1 s  u n i t  for  s ev e r a l  hundr e d  f e e t . 

O u t c r o p s  o f  upp e rmo s t  S hawangunk in f l a t i r o n s  on 
n o r t hw e s t  l imb of E l l e nv i l l e  a r c h . 

C r o s s  S o u t h  G u l l y  • .  

S i t e  o f  S t o p 3 o n  l e f t . 

Pu l l  o f f  o n  s h o u l d e r  t o  r i g h t . C r o s s  r o ad a n d  
w a l k  0 . 1 m i l e  down t o  S t o p  3 .  

C AU T I O N - -WALK O NL Y  ON S HOULDE R . T H I S  ROAD I S  
HEAV ILY TRAVELLED ! NO REFUNDS I F  YOU ARE H I T . 

S T O P  3 

S TRAT I G R AP HY AND S ED I ME NTAT I O N  OF 
THE S RAWANGUNK FORMA T I O N  

T h e  u p p e r  h a l f  o f  t h e  S h aw a n g u nk F or ma t io n  i s  e xp o s e d  
h e r e  a n d  c o n s i s t s  o f  c r o s s b e d d e d  a n d  p l a na r - b e d d e d  c o n g l om e r a t i c 
q u a r t z i t e  a n d  p e a - g r av e l  c o ng l om er a t e s ,  w i t h  m 1n o r  t h 1n , 
l en t i c u l ar l ig h t - o l iv e - g r ay s h a l e . C h anne l s  a r e  a b u n d a n t  a n d  
m a ny b e d s  p in c h  o u t  a l o n g  s t r ik e . S h a l e  d r ap e s  in c r o s s b e d s  a r e  
c omm o n . F l a t t e n e d  s i l t y  s h a l e  b a l l s  u p  t o  8 i n ch e s  l on g  a r e  s e e n  
o n  t h e  l ow e r  e xp o s e d b e d d in g  s u r f a c e .  C r o s s b e d  t r e n d s  t h r o u g h o u t  
t h e  a r e a  o f  t h 1 s  f i e l d  t r ip a r e  t o  t h e  n o r t hwe s t  ( f i g .  1 5 ) . The 
s e d im e n t a r y  s t r u c t ur e s , c u r r e n t  t r e nd s , a n d  p e t r o g r a p h i c  
c h ar a c t er i s t i c s  s u g g e s t  a f l uv i a l ,  b r a i d e d  s t r e am env i r o nm e n t  o f  
d e p o s i t i o n , s im i l a r  t o  t h e  i n t e r pr e t a t io n  f o r  t h e  S hawangunk i n  
e a s t e r n  P en n s y l v an i a  ( Ep s t e in a n d  E p s t e in ,  1 9 7 2 ) . 

W e  w i l l  d i s cu s s  s om e  o f  t h e  r e g i o n a l  s t r a t ig r a ph i c 
c o r r e l a t i o n  s h own i n  f i g .  3 .  
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Me.an trend: N. 71 °W. 

� 1 0  

Figure 1 5 .  H istogram showi ng current trends from axes 
of trough crossbedding  i n  the Shawangunk Formation , 
southeastern New York .  Grouped i n  20 percent i nterva l s .  
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T h e  b e d s  d ip a b o u t  4 5 ° NW . T h e y  a r e  i n t e r u p t e d  b y  a k ink 
f o l d  w h o s e  a x i s  t r e n d s  1 8 ° S .  5 6 ° W . , a mo r e  e a s t e r l y  t r e n d  t h an 
t h e  r e g i o n a l  s t r ik e  o f  t h e  b e d s . T h i s  f o l d ,  a n d  s c a t t er e d  o t h e r s  
i n  t h i s  p a r t  o f  t h e  Ap p a l a c h i an s , m a y  r e p r e s en t  a l a ter s t a g e  of 
A l l e gh a n i a n  f o l d ing . 

I f  t h e  l e a v e s  a r e  o f f  t h e  t r e e s , y o u  may b e  a b l e  t o  s e e 
t h e  l in e a r . v a l l e y s  i n  t h e  C a t s k i l l M o u n t a in s  t o  t h e  n o r t h . T h e s e  
a r e  d i s c u s s e d u n d e r  " A g e  o f  p o s t - T a c o n i c  D e f orma t i o n " . 

I f  p a r k ing o f  t h e  b u s  f o r  t h i s  s t o p d o e s  n o t  work a t  t h � s  
l o c a l i t y , p r o c e e d  t o  m i l e a g e  4 6 . 8  f o r  a l t e r n a t e  S t o p 3 .  

4 5 . 9  

4 6 . 2  

4 6 . 5  

4 6 . 6  

' 4 6 . 8  

R e t u r n  t o  b u s  a n d  c o n t inue uph i l l  o n  NY 5 2 .  

0 . 2  

0 . 3  

0 . 3  

0 . 1  

0 . 2  

S ma l l  t h ru s t s  in S hawa n g u nk t o  l e f t .  Th e s e  have 
a s t r ik e  s im � l a r  t o  t h e  k ink a x i s  a t  S t o p 3 and 
may a l s o  be l a t e r  s t r u c t ur e s . 

U p p e r  q u a r t z i t e  memb e r  o f  S h awangunk . L a u n c h  
s i t e  f o r  hang g l i d e r s  s t r a � g h t  a h e a d . 

S ha l e  u n i t  o f  Shawangunk o n  l e f t . 

B a c k  i n t o  ov e r l y i n g  qua r t z i t e  un i t . 

S ha l e  u n i t  o f  S hawa ngunk t o  l e f t ,  n i c e  v i ew a t  
t u r n  o f f  t o  r ig ht . P u l l  o f f  f o r  A l t er n a t e  S t op 
3 • 

ALTERNATE S T O P  3 

T o  t h e  r i g h t  ( no r t h we s t )  i s  t h e  f l a t - f l o o r e d  v a l l ey o f  
S a n d b u r g  C r e e k  u n d e r l a in b y  g l a c i a l  l a k e  c l a y s . I n  t h e  f ar 
d i s t an c e  t o  t h e  n o r t h  t h e  h i l l s  a r e  unde r l a �n by s a n d s t on e s  o f  
t h e  A s h okan F o r ma t i o n ,  a n d  i n  t h e  f a r  d i s t a n c e  t o  t h e  n o r t h  a r e  
t h e  h ig h e r  C a t s k i l l M o u n t a in s  und e r l a in b y  M i d d l e  a n d  U p p e r  
D e v o n i a n  r o c k s  o f  t h e  " C a t s k i l l F orma t i o n " . T h e  v a l l ey s  i n  t h e  
C a t s k i l l s  a r e  a l i g n e d  a l on g  l in e a r s  t h a t  a r e  p r e s umab l y  
c o nt r o l l e d  b y  s t r u c t u r a l  w e a kn e s s  ( s e e  s e c t i o n  o n  a g e  o f  
d e f or ma t i o n ) . 

CAREFULLY CR O S S  THE ROAD 

I n  t h i s  a r e a  w e  have b e e n  a b l e  to d iv � d e  t h e  S hawangunk 
i n t o  l ow e r  and u p p e r  un i t s  ( f ig .  3 ) ,  s ep a r a t e d  b y  a s h a l e -b e ar ing 
s e qu e n c e  a b o u t  1 0 0  f e e t  t h � c k . T h e  s h a l e  u n i t  u n d e r l i e s  
t o p o gr a p h i c  l ows , g e n e r a l l y a l l ow in g  f o r  e a s y  map p in g . T h i s  u n i t  
c a n  b e  s e e n  a t  t h e  b a s e  o f  t h e  e xp o s e d  s e c t i o n ,  a n d  c o n s i s t s  o f  
m o r i  t h a n  8 0  f e e t  o f  i n t e r b e d d e d , l a m i na t e d , r ip p l e  l am � n a t e d ,  
o l iv e- g r a y  s i l t y s h a l e  a n d  mo d e r a t e - b r own a n d  l ig h t - o l i v e - g r a y  
v e r y  f in e  t o  m e d ium- g r a i n e d ,  c r o s s b e d d e d ,  l en t i c u l a r  s a nd s t o n e , 
s l 1 g h t l y  c o ng l om e r a t i c i n  p l a c e s .  Many o f  t h e  s a nd s t on e s  h a v e  
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s h a r p  chann e l e d  b a s e s  and s om e  a r e  r ip p l e- t o p p e d . 

The s h a l e  un i t  i s  ov e r l a in by s ev e r a l  hun d r e d  f e e t  o f  
t h in- t o  m e d ium- b e d d e d , m e d i um- g r a 1n e d , p a r t l y  c o n g l om e r a t i c ,  
p a r t l y f e l d s p a t h i c , c r o s s b e d d e d , channe l e d  qua r t z i t e  w i t h  
s c a t t e r e d  t h i n a n d  l en t i c u l a r  o l iv e  g r a y  s h a l e .  T h e  q u a r t z i t e s  
a p p e ar t o  b e  e v e n l y  b ed d e d  f r om a d i s t a n c e , b u t  c l o s er s c r u t iny 
s h ows that  t h ey are  chann e l e d , l e n t i cu l a r , a n d  unevenly b e d d e d . 

4 7 . 9  

4 8 . 3  

4 8 . 4  

4 8 . 6  

4 8 . 7  

4 9 . 7  

4 9 . 8  

5 0 . 0  

5 0 . 5  

R e t ur n  t o  b u s e s  a n d  c o n t inue uph i l l  a l ong N Y  5 2 .  

1 . 1 

0 . 4  

0 . 1  

0 . 2  

0 . 1  

1 . 0 

0 . 1  

0 .  2 

0 . 5  

Turn l e f t  
Mount a i n .  
r o a d  w i l l  
s c a t t er e d  

on r o a d  t o  C r a g s m o o r  a n d  I c e  C a v e s  
B e tw e e n  h e r e  a n d  t h e  n e x t  s t o p , t h e  

b e  mo s t l y o n  g l a c i a l  t i l l ,  w i t h  a f ew 
exp o s u r e s  o f  t h e  Mar t i n s burg . 

V i l l a g e  o f  C r a g smo o r . 
O f f i c e . 

B e a r  r i g h t  a t  P o s t  

Turn r i g h t  o n  S am s  P o i n t  R o a d  f o l l ow ing s i g n s  t o  
I c e  C av e s  Mount a in .  

C r a g s m o o r  F i r e  D e p t . o n  r ig h t . Ma r t i n s b u r g  
e x p o s u r e  o n  l e f t .  Th i s  exp o s u r e  a n d  a f ew mo r e  
up t h e  r o a d  a r e i n  t h e  T a c o n i c  t e c t on i c  z o n e  o f  
b r o a d  o p e n  f o l d s . V i ews o f  c o n t inuous  c l i f t s  o f  
t h e  S h awang unk F o rma t i o n  i n  t h e  b r o a d  t o p  o f  t h e  
E l l e nv i l l e  a r c h  may b e  s e e n  a t  s ev e r a l  p l a c e s  
a l ong t h 1 s  r o a d . 

B o r r ow p i t  o n  r ig h t  in Mar t in s b ur g .  

E n t r a n c e  t o  I c e C av e s  Moun t a 1 n Na t io n a l  
L a n dma r k . S t o p s ig n .  C o n t inue s t r a 1g h t  ah e a d  
o n  l o op r o a d  t o  l e f t . I f  y o u  a r e  q u i c k y o u  
m i g h t  r e a d  t h e  e d u c a t i o n a l  ( ? ? )  s i g n s  a s  t h e  b u s  
p r o c e e d s .  

I t  i s  p o s s ib l e  t h a t  we w i l l  n o t  d r i v e  t o  t h e  t o p  
o f  t h e  m o un t a in a t  S am ' s  P o i n t . I f  s o ,  p i c k  up 
a l u n c h  and t ak e  a l i e s u r l y  1 5 -m i nu t e  s t r o l l  t o  
S am ' s P o i n t  a l on g  t h e  r o a d  t o  t h e  r i g h t . T h e  
b a s a l  S h awang unk i s  n i c e l y  e xp o s e d  n e a r  t h e  e n d  
o f  t h e  j ou r n e y . 

S l o t  R o c k , a c r eva s s e  in t h e  S hawangunk , o n  y o ur 
r i g h t . 

Ma r t i n s b u r g  o n  r ig h t . At t h 1 s  l o c a l i t y  t h e  
Ma r t i n s b u r g  d i p s  5 ° mo r e  s t e e p l y  t o  t h e  
s o u t h e a s t  t h a n  t h e  S h awangunk e xp o s e d i n  t h e  l ow 
c l i f f s  a b o v e . 

C r o s s  M ar t in s b ur g - S h aw a ngunk c o n t a c t . 
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5 0 . 7  0 .  2 

5 1 . 1  0 . 4  

5 1 . 3  0 . 2  

5 1 . 7  0 . 4 

5 2 . 1  0 . 4 

5 2 . 2  0 . 1  
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M i c r ow a v e  t o w e r  on l e f t .  L a k e  M a r e n t a n z a  on 
r ig h t . Many o f  t h e  S hawangunk s ur f a c e s  c o nt a Ln 
g l a c i a l  s t r i a e . 

L a k e  M a r a t a n z a ,  p a r t l y  dammed by t i l l  i n  a 
s t r u c t u r a l  d e p r e s s i o n ,  on r ig h t . 

S i g n : ' 'Th e r e  a r e  n o  f i s h  i n  t h 1 s  l a k e . Th i s  is 
L a k e  M a r e n t a nz a .  I t  is the w a t e r  s u p p l y  f o r  
E l l e nv i l l e . T h e r e  a r e  n o  f 1 s h  b e c a u s e  t h e  r o cky 
b o t t om d o e s  n o t  g r ow p l a n t  l it e  t o  g iv e  o f f  
e n o ugh o xy g en t o  s u p p o r t  f i s h  l i t e .  I t  i s  a 
my s t e r y  wh e r e  t h e  wa t er c om e s  f r om s in c e  t h e  
l ak e  i s  o n  a mo u n t a i n t o p . W h a t  d o  y o u  t h 1nk ? '' 

R o a d  t o  I c e  c av e s  o n  l e f t . C o n t i n u e  s t r a Lg h t . 

Turn r i g h t  t o  S am ' s  P o i n t . 

P a r k  i n  l o t  and w a l k  o u t  t o  S am ' s P o i nt . 

S T O P  4 

S A M ' S PO I NT 
R E G I O NAL OVERV I EW 

BASAL S HAWANGUNK ; TROUGH CROS S B E D D I NG 
. G L A C I AL STK IAE 

I C E  C AV E S  AND J O I NTS 
LUNCH 

T h e  h ig h e s t  p o i n t  i n  t h e  S hawa ng unk Moun t a i n s  ( 2 , 2 � �  f t )  
l i e s  2 , 0 0 0  f e e t  n o r t h  o f  t h 1 s  p o in t . F r om s o u t h e a s t  ( l e f t )  t o  
n o r t h  ( r ig h t ) , y o u  c a n  s e e  ( i f t h e  d a y  i s  c l e ar ) ,  t h e  New Y o r k  
H i g h l a n d s  un d e r l a in b y  P r e c amb r i a n  r o c k s  t h ru s t  o n  t o p  o f  
Camb r i a n  and O r d o v i c i a n  c a r b o na t e s  a n d  s h a l e s  o f  t h e  Wa l lk i l l  
V a l l e y .  I n  f r o n t  o f  t h e  H ig h l a n d s  a r e  S c hunn emunk and B e l l v a l e  
M o un t a i n s  und e r l a in b y  c o ng l om e r a t e s  a n d  s an d s t on e s  o f  t h e  M i d d l e  
D ev o n i an S chunnemunk C o ng l om e r a t e i n  t h e  G r e e n  P o n d  o u t l i e r . T h e  
r o c k s  o f  t h e  o u t l i e r  a r e  i n  f a u l t  a n d  s e d im e n t a r y  c o n t a c t  w i t h  
t h e  P r e camb r i a n . T h e  d e t a i l s  o f  t h e s e  s t r u c t ur e s  a r e  f a r  f r om 
f u l l y  k nown . S h awangunk a n d  K i t t a t inny Moun t a i n s , h e l d  up b y  t h e  
S hawangunk F or ma t i o n , u p o n  wh 1 c h  w e  s t a n d , n e x t  w i g g l e  t o  t h e  
s o u t hw e s t  w i t h  T r i s t a t e s  M on um e n t  m a r k i n g  t h e  h i gh e s t  e l ev a t i o n  
i n  N e w  J e r s e y  a t  H i g h  P o i n t  ( 1 , 8 0 3  f t ) . W e  a l r e a d y  know a b o u t  
t h e  g l a c ia t e d  v a l l ey n o r thwe s t  o f  t h e  mount a in .  T h e  l a r g e  wh i t e  
b u i l d in g s  1 7  m i l e s  d u e  w e s t  n e a r  M o n t i c e l l o  make u p  t h e  C o n c o r d  
H o t e l ,  t h e  s i t e  o f  s ev e r a l  p a s t  G S A  me e t ing s . B e y o n d  t h a t  a r e  
t h e  P o c on o  M o un t a i n s  o f  P e n n s y l v a n i a  t h a t  b l e n d  i n t o  t h e  C a t s k i l l  
M o un t a i n s  o f  N e w  Y o r k  t o  t h e  n o r t h e a s t , und e r l a in by f l a t - l y ing 
r o c k s  of t h e  '' C a t s k i l l F o r ma t i o n " . 

T h e  S haw angunk a t  S am ' s P o in t  d i p s  v e r y  g e n t l y  t o  t h e  
n o r t h e a s t , n e a r  t h e  b r o a d  c r e s t  o f  t h e  E l l e nv i l l e A r ch . T r o ug h  



C - 6 4  

c r o s s b e d d e d  i s  we l l  e xp o s e d .  Th e s e  ind i c a t e  c u r r e n t  t r e n d s  
r a n g � n g  b e t w e e n  S . 8 0 °W .  a n d  N . 7 0 °W .  G l a c i a l  s t r i a e  w i t h  ch a t t e r 
marks on t h e  b e d d i ng s ur f a c e s  s h ow t h a t  t h e  W i s c o n s in a n  g l a c i e r  
f l ow e d  o v e r  t h e  moun t a in mov ing S .  1 6 ° W .  

The l ow e r  8 0  f e e t  o f  t h e  S hawangunk h e r e  c o n s i s t s  o f  
m e d ium- t o  t h i c k-b e d d e d  c o ng l om e r a t e  w i t h  q ua r t z  p e b b l e s  a s  much 
as 2 i n c h e s  l o ng . C h a nn e l e d  b a s e s  a r e  c omm o n . Nowh e r e  d o  w e  s e e  
any p e b b l e s  f r om t h e  und e r l y in g  Mar t in s b ur g , a p e c u l i a r � ty t h a t  
e x i s t s  t h r o u gh o u t  N e w  Y o r k , N e w  J er s ey ,  a n d  e a s t e r n  P en n s y l v an i a , 
and o n e  wh i c h  e l u d e s  a g o o d  s e d im en t o l o g i c  e xp l an a t i o n .  

The S hawangunk i s  s e p a r a t e d  i n t o  huge  b l o ck s  t e n s  o f  f e e t  
w i d e . Th e s e  have mov e d  a p a r t  a l on g  t h e  s o f t  s h a l e s  o f  t h e  
und e r l y ing Mar t in s b ur g , p r o b a b l y  f o r c e d  a p a r t  b y  f r o s t  a c t i o n  a n d  
w e d g i n g  o f  b o u l d e r s  t h a t  f a l l  i n t o  t h e  c r a c k s , p r o d u c ing a 
"mov e o u t i t e '' .  Th i s  p r o c e s s  h a s  g o n e  t o  a j o y o u s  e x t r eme a t  t h e  
I c e  C av e s , o n e -h a l f  m i l e  t o  t h e  e a s t ,  wh e r e  t h e  j o in t s  p a r a l l e l  
t h e  c l i f f  f a c e  o f  t h e  mount a in .  C o l d  a i r  i s  t r a p p e d  i n  t h e  ma z e  
o f  b l o c k s , a n d  s n ow may p e r s i s t  t h r o u gh o u t  t h e  s ummer , h e n c e  
t h e i r  name . 

5 2 . 4  0 . 2  

5 2 . 8  0 . 4 

5 4 . 2  1 . 4 

5 5 . 7  1 . 5  

5 7 . 2  1 . 5 

5 9 . 7  2 . 5  

6 0 . 5  0 . 8  

6 1 . 3  0 . 8  

' 

R e t u r n  t o  b u s . T u r n  r ig h t  o u t  o f  p a r k ing l o t  
and p r o c e e d  down ov e r  c l i f f  o f  S h awang unk 
c o n g l ome r a t e s , c r o s s ing bur i e d  c o n t a c t  w i t h  
Mar t in s b u r g  F o rma t i o n .  

N o t e  t h e  b r e ak in g  away o f  l a r g e  b l o c ks o f  t h e  
S h awang unk a l on g  j o i n t s .  

E n t r a n c e  t o  p a r k . 
E l l e nv i l l e . 

R e t r a c e  r o u t e  b a c k  t o  

P o s t  O f f i c e  in C r ag s mo o r .  B e a r  l e f t  d ownh i l l .  

S t o p  s ig n . T u r n  r ig h t  on NY 5 2  t owa r d s  
E l l env i l l e . 

At 1 1  o ' c l o c k  a r e  l in e a r  va l l e y s  in t h e  C a t s k i l l  
Moun t a in s  t h a t  m a r k  l in eame n t s s e e n  o n  r a d a r  
ima g e r y  a n d  d e s c r ib e d  u n d e r  m � l e a g e  1 . 3 .  

B e a r  l e f t  o n  C e n t e r  S t r e e t . 

S t op l i g h t . 
l e f t . 

I n t e r s e c t i o n  w i t h  U S  2 0 9 .  Turn 

M o d e r a t e l y  n o r thwe s t  d ip p ing g r ay s h a l e , 
s i l t s t o n e , a n d  s a nd s t o n e  of t h e  Mount Mar � o n  
F o r ma t i o n .  W e  w i l l  b e  pa r a l l e l ing t h e s e  r o c k s  
f o r  t h e ' n e x t  1 8  m i l e s . O n  t h e  l e f t  a r e  l a k e  
d e p o s i t s  o f  L a k e  Wawar s ing . Th � s  l a k e  w a s  
d ammed b y  t h e  mo r a in e  a t  P h i l l ip s p or t , f o u r  
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m i l e s  t o  t h e  s ou t hwe s t .  

B e a r  H i l l t o  l e f t  in E l l e nv i l l e  a r c h . 

C r o s s  S an d b u r g  C r e ek . 

C r o s s  H omowa c k  K i l l .  L e a v e  U l s t er C o u nt y ;  e n c e r  
S u l l iv a n  C o u n t y .  

Mor a i n e  a t  P h i l l ip s p o r t  o n  l e f t  • 

L e a v e  mo r a i n e . 

P a r k i n g  a r e a  o n  r i g h t  f r o m  wh L c h  t o  s e e g l i d e r s  
o n  l a zy s ummer d a y s  • 

Wur t s b o r o  a ir p o r t  o n  l e f t . S h awang unk m i n e  
( z in c - l e a d )  o n  t o p  o f  Moun t a in t o  l e f t  ( I ngham , 
1 9 4 0 ; G r a y , 1 9 6 1 ) .  

E n t e r  V i l l a g e  o f  W ur t s b or o .  

S t o p  l i g h t . D a nny ' s  R e s t au r a n t  o n  l e f t  i s  
e xc e l l en t  p l a c e  f o r  p a s t r am i  a n d  c o r ne d  b e e f  
s a n dw i c h e s .  C on t inue s t r a ig h t  o n  U S  2 0 9 . 

O v er p a s s  w i t h  NY 1 7 .  C o n t inue s t r a Lg h t  o n  U S  
2 0 9 . E xp o s ur e s  o f  M o u n t  M a r L o n  t o  r i g h t . 

E n t e r ing V i l l a g e  o f  W e s t b r o o kv i l l e  • 

T u r n  l e f t  o n  O t i s v i l l e  Ro a d  ( S u l l iv a n  C o . R t  
1 6 3 ) .  

E n t e r  O r a n g e  C o  ( Or a n g e  C o . R t  6 1 ) .  

C r o s s  B a s h e r  K·i 1 1 .  

L ar g e  e r r a t i c s  o f  C a t s k i l l  s a n d s t o n e  o n  l e f t . 

Q u a r r y  i n  New S c o t l a n d  F o r ma t i o n  o n  l e f t . 

B e g in n in g  o f  exp o s ur e s  o f  Shawang unk F o rma t i o n  
o n  l e f t . 

S t o p s ig n . I n t e r s e c t i o n  w i t h  NY 2 1 1 . Turn 
l e f t . N o r t hw e s t  d ip p ing S h awang unk s t r a ig h t  
a h e a d .  I n  q u a r r y  t o  l e f t  a r e  t h Ln s h a l e s  
i n t e r b e d d e d  w i t h  t y p i c a l  S hawangunk q u a r t z i t e s  
and c o n g l om e r a t e s . T h e s e  a r e  o n  l Ln e  w i t h  
exp o s u r e s  1 . 2  m i l e s  t o  t h e  s o u thwe s t  t o  wh L c h  
S w a r t z  a n d  Swa r t z  ( 1 93 ! )  a p p l i e d  t h e  name 
" O t i s v i l l e  S ha l e  Memb e r  o f  the S h aw a n g unk 
F o r ma t i o n '' . T h i s  u n i t · i s o u t  to l un c h , t h a t  i s , 
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i t  i s  p o o r l y  d e f in e d , i t  i s  unma p p a b l e ,  a n d  
s h o u l d  b e  d i s c a r d e d . C l a rk e  ( 1 9 0 / )  m e a s ur ed t h e  
r o c k s  in t h e  q u a r r y  a n d  s h owed t h a t  s h a l e  mak e s  
up l e s s  t h a n  3 p e r c e n t  o f  t h e  s e c t i on . 

Turn imme d ia t e l y  r i g h t  o n t o  d i r t  r o a d  o f  
a b a n d o n e d  r a 1 l r o a d  t r a c k .  W a l k  t o  s t o p 5 .  

S T O P  5 

TACO N I C  U N C ONFORMITY AT OT i S V I L L E  

T h i s  i s  a c l a s s i c e xp o s ur e ,  d i s c u s s e d by many g e o l o g i s t s  
i n  t h e  p a s t  ( C l a r k e , 1 9 0 7 , S ch u c h e r t ,  1 9 1 6 , o t h e r s ) ,  and v 1 s i t e d  
b y  t h e  3 4 t h  M e e t ing o f  t h e  NY S GA ( F ink and o t h e r s ,  1 9 6 2 ) . A l l 
h a v e  r e c o g n i z e d  t h e  angu l a r  d i s c o r d a n c e  in b e d d ing b e tw e e n  t h e  
Mar t in s b u r g  ( N . 1 6 ° E . , 44 ° N . W . ) a n d  S h awang unk ( N . 3 b 0 E . , 
2 8 ° N . W . ) .  I n  t h i s  a r e a  we a r e  i n  t h e  b r o a d  o p e n- f o l d  z o n e  o f  
T a c o n i c  d e f o rma t io n ,  a l t h o u g h  t h e s e  g e n t l e  s t r u c t u r e s  a r e  
i n t e r r up t e d  l o c a l l y by a f a u l t e d  o v e r t ur n e d  f o l d , s e en a t  t h e  
n e x t  s t op ( f i g .  1 6 ) . 

T h e  b a s a l  S h aw a n g u nk c o n g l om e r a t e s c o n t a in q u a r t z  p e b b l e s  
a s  mu c h  a s  2 i n c h e s  l o n g . N o  p e b b l e s  f r om t h e  under l y ing 
Ma r t i n s b u r g  w e r e  s e e n .  The l o we s t  f ew inch e s  is p y r i t i z e d . T h e  
Mar t in s bu r g  comp r i s e s  s h a l e  w i t h  m i n o r  t h 1 n  g r aywa c k e  s i l t s t o n e s  
and c o n t a in s  n o  o b v i o u s  s e c o n d a r y  c l e av ag e .  

T h e  b a s a l  s u r f a c e  o f  t h e  S hawangunk i s  i r r e g u l a r , w i t h  
downw a r d -p r o j e c t in g  mul l i o n s  t h a t  have a r e l i e f  o f  a b o u t  o n e  i n c h  
a n d  a r e  a b o u t  3 i n c h e s  t o  t w o  f e e t  a p a r t .  T h e s e  h a v e  a g e n e r a l  
t r e n d  o f  N .  3 2 ° E . , a b o u t  p a r a l l e l  t o  t h e  s t r ik e  o f  t h e  b e d s  a n d  
p e r p e n d i c u l a r  t o  t h e  r e g i o n a l  t r an s p o r t  d i r e c t i o n .  N o t e  t h a t  
t h e s e  mu l l i o n s  a r e f o u n d  o n l y  a t  t h e  M ar t in s b u r g - S hawangunk 
c o n t a c t  and a r e  n o t  f o u n d  on any sur f a c e  h ig h e r  up in t h e  
s e c t io n . S ome o f  t h e  l o we s t  S hawang unk is s h e a r e d  p a r a l l e l  t o  
b e d d i n g . 

B e tw e e n  t h e  s o l i d  M a r t i n s b u r g  b e d r o c k  a n d  t h e  S hawangunk 
t h e r e  i s  a n  unu s u a l  z o n e , a s  mu c h  as o n e  f o o t  t h 1 c k , c o n t a i n i n g  
l ig h t - g r a y  t o  l ig h t - b l u i s h  g r ay c l a y  g o u g e  w i t h  s l i c ke n s i d e d  
q u a r t z  v e in s . T h i s  g o ug e , a n d  t h e  a s s o c ia t e d  mu l l i o n s  i n  t h e  
o v e r l y ing c o ng l om e r a t e s , a r e  t y p i c a l  o f  mo s t  Mar t i n s b u r g - 
S h aw a n gunk c o nt a c t s  e xp o s e d i n  s o u t h e a s t er n  N e w  Y o r k  ( f ig . 1 )  a n d  
s hows t h a t  t h e  u n c o n f o r m i t y  i s  a l s o  a p l ane o f  movemen t , t h e  
d i s p l a c em e n t  a l on g  w h i c h  i s  n o t  known . 

A l s o  i n  t h 1 s  z o n e  i s  a p o o r l y  s o r t e d  a n d  v a g u e l y  b ed d e d  
d ia m i c t i t e  ( a  n o n g e n e t i c t e r m  r e f e r r ing t o  a p o o r l y  s o r t e d 
s e d im e n t a r y  r o c k  w i t h  a w i d e  r a n g e  o f  p a r t i c l e  s i z e s )  c o n t a 1 n i n g  
angu l a r  t o  r o u n d e d  p e b b l e s  o f  e x o t i c  t yp e s , a s  w e l l  a s  c l a s t s  
f r om t h e  M a r t in s b u r g , i n  a c l a y- s i l t  ma t r ix . B e d d ing i s  
g en e r a l l y  p o o r , b u t  s om e  s a mp l e s  c o l l e c t e d f r om t h e  n o r t h e a s t  
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1 MILE 

A' 
2000' 

2 KILOMETERS 

Figure 1 6 .  Prel imi nary geol ogic  map and section of the Oti svi l l e ,  N . Y .  
area showing the angu l ar unconformi ty between the Shawangunk and 
Martinsburg Formations , the overturned syncl i ne overlapped by the 
Taconic unconformity, and l ocation of stops 5 and 6 :  Standard structure 
symbol s used for bedding,  cl eavage, and axial trace of sync l i ne .  
OS , Schoharie Formation through Bossardvi 1 1  e Limestone ; Sbp , Poxono 
Isl and Formation and Bl oomsburg Red Beds ; Ss , Shawangunk  Formation ; 
Om, Marti nsburg Formati on . Base from U . S .  Geol ooical Survey 
topographic quadrangle :  Oti svi l l e ,  N . Y . , 1 969 .  
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s i d e  o f  t h e  c u t  s h ow r e a s o n a b l y  d e c e n t  b e d d ing . Th e r e  i s  a s h a r p  ··1 con t a c t  w i t h  t h e  S hawangunk a b o v e  and a l s o  a s h a r p  c o n t a c t  w i t h  
t h e  Mar t i n s b u r g  b e l ow ; b o t h  a r e  u n c o n f o rmab l e .  I n  p l a c e s  i t  
app e a r s t h a t  p a r t s  o f  t h e  M a r t i n s b u r g  have b e e n  b o d i l y  l i f t e d 
f r om t h e  unde r l y ing b e d r o c k  a n d  i n c o r p o r a t e d  in t h � s  
d i a m i c t i t e .  T h e r e a r e  s ev e r a l  p o s s ib i l i t i e s  f o r  t h e  o r � g i n  o f  
t h i s  u n i t . W e  d o  no t b e l i e v e  t h a t  i t  i s  f a u l t  r e l a t e d , b e c a u s e  
t h e r e i s  n o  f o l i a t i o n  i n  i t . I t  l o o k s  mo r e  l ik e  a pr o d u c t  o f  
ma s s  w a s t ing , a n d  i s  in t �r p r e t e d t o  b e  a c o l l uv i a l  a r a v e l .  

The p e b b l e s  in c l u d e  t y p e s  f o r e ig n  t o  t h e  imme d i a t e l y  -� und e r l y ing b e dr o c k .  T h e y  a r e c omp o s e d o f  f a i r l y  c l e an q u a r t z i t e , 
s ome o f  wh i c h  a r e py r i t i c ,  f in e - g r a �ned p r o t o qu a r t z i t e  a n d  
s u b g r aywa c k e , r e d  s i l t s t o n e , m e d i um- g r a y  s i l i c e ou s  s i l t s t o n e , 
l am in a t e d  m i c a c e o u s  s i l t s t on e , m e d i um dark-gr ay s h a l e ,  g r aywa c k e , 
and v e in q u a r t z . Many a r e  r o u n d e d , s ome have a t h �n w e a t h e r ing 
r in d , and o t h e r s have s ur f a c e s  t h a t  a r e  w e a t h e r e d  i n  r e l i e f . 
C l e a r l y ,  t h e s e  c o b b l e s  w e r e  exp o s e d  t o  t h e  a i r , w e a t h e r e d , a n d  
i n c o p o r a t e d  in t h e  d ia m i c t i t e .  

One q u e s t i o n  t h a t  n e e d s  t o  b e  a s k e d  i s  why t h e  c l ay h a s  
r ema i n e d  a s t i c ky c l a y ,  wh e r e a s  s u r r o u n d ing r o c k s  h a v e  b e e n  
l i t h i f i e d ?  T h e  a n s w e r  may b e  t h a t  t h e  c o n t a c t  i s  a z o n e  o f  
a l t e r a t i o n .  Th i s  a r e a  o f  t h e  S h awangunk Moun t a �n s  c o nt a �n s  
s ev e r a l  a b a n d o n e d  l e a d - z i n c  m i n e s  and t h e r e  a r e  many p r o s p e c t s  
and m i n er a l i z e d  l o c a l i t i e s  t h r o u g h o u t  t h e  a r e a . The l ow e r  f ew 
i n c h e s  o f  t h e  S hawangunk h e r e  a t  O t i s v i l le i s  s im � l a r l y  a l t e r e d . 

Ano t h e r  p u z z l em e n t  i s  t h a t  t h e  c o l l uv ium c o n t a �n s  many 
d i s o r i e n t e d  c l a s t s  of s l i c k e n s i d e d  v e in qu a r t z .  T h i s  i n d i c a t e s  
f a u l t  mo v e m e n t  p r i o r  t o  i n c o r p o r a t i o n  i n  t h e  c o l l uv ium . P o s s i b l y  
t h e  M a r t in s b u r g  n e a r b y  wa s f au l t e d a n d  s l i c k e n s i d e d  dur ing 
T a c o n i c  d e f o r ma t i o n  and t h e  s l i c k e n s i d e d  f r a g me n t s w e r e  l a t e r  
i n c o r p o r a t e d  i n  t h e  c o l l u v ium . Ano t h e r  p o s s ib i l � t y  i s  t h a t  t h e  
d i a m i c t i t e  i s  a f a u l t  g o u g e  and n o t  a c o l luv i um ,  and t h e r e  h a s  
b e e n  s ev e r a l  p e r i o d s  o f  m o v em e n t , t h e  l a t e s t  o n e  o f  wh � c h  
f r a c t u r e d  e a r l i e r  s l i c k en s i d e d  r o c k s . The p r o b l em w i t h  t h � s  
i n t e r p r e t a t i o n  i s  t h a t  i t  d o e s  n o t  a c c o unt f o r  t h e  ex o t i c  p e b b l e s  
n o r  d o e s  i t  exp l a in t h e  l a c k  o f  f o l i a t i on i n  t h e  d i a m i c t i t e .  

8 1 . 4  

8 1 . 5  

8 1 . 8  

8 2 . 2  

WHAT D O  YOU THI NK ? 

0 . 2  

0 . 1  

0 . 3  

0 . 4 

R e t ur n  t o  b u s , t u r n  r ight , a n d  c o n t inue e a s t  o n  
N Y  2 1 1  t ow a r d s  O t i s v i l l e .  

E n t e r  V i l l a g e  o f  O t i s v i l l e .  

C ov e r e d  c o n t a c t  o f  M a r t in s b u r g  and S h awangunk . 

Exp o s u r e s  o f  Mar t i n s b u r g  s h a l e  and g r aywa cke on 
l e f t , d � p p ing m o d e r a t e l y  n o r thwe s t .  

T u r n  r ig h t  o n  K e l l y  H i l l  R o a d . F o l l ow r o a d  t o  
l e f t  p a r a l l e l ing r a i l r o ad t r a c ks • •  
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S t o p  o n  r i g h t  s h o u l d e r . C r o s s  ov e r  t o  r a 1 l r o a d  � 

t r a c k s  a n d  w a l k  w e s twa r d  t o  S t o p 6 .  

S T O P  6 

OVERTURNED T A C O N I C  FOLD I N  MAR T I NSB URG F O RMAT I O N  

The M a r t i n s b u r g  i n  t h e  O t i s v i l l e  a r e a  i s  g e n e r a l l y w i t h 1n 
t h e  o p e n - f o l d  T a c o n i c  f r o n t a l  z on e .  Howev e r , t h 1 s  l o c a l i t y  i s  
c omp l 1 c a t e d  b y  a f au l t e d o v e r t u r n e d  f o l d  ( f ig .  1 7 ) . T h e  
Mar t i n s b ur g  h e r e  c o n s i s t s  o f  s h a l e  a n d  i n t e r b e d d e d  t h 1n- t o  
t h i c k - b e d d e d  g r aywa c k e . S o l e  m a r k s  ( g r o o ve s ,  f l u t e s , a n d  l o ad s )  
a r e p r om in e n t  o n  t h e  u n d e r s ur f a c e s  o f  b e d d i ng i n  t h e  o v e r t u r n e d  
l imb . C l e a v a g e  i s  w e l l  d ev e l o p e d  a n d  i s  ax i a l - p l an a r  t o  t h e  
f o l d . T h e  a x i s  o f  t h e  f o l d  t r e n d s  a b o u t  N . l 0 ° E .  a n d  i s  
o v e r l a p p e d  by t h e  S hawangunk a b o u t  1 . 3 m i l e s  t o  t h e  n o r t h .  
B e a c u s e t h e  S hawangunk do e s  n o t  a p p e a r  t o  b e  f o l d e d  a t  t h e  
un c o n f o rm i t y , t h e  f o l d , f a u l t s , a n d  c l e av a g e  i n  t h e  M a r t in s burg 
at  t h 1 s  l o c a l i t y  mus t be  T a c o n i c  i n  a g e . Out s id e  t h e  area  o f  
t h i s  f o l d ,  c l e av a g e  i s  g e n er a l l y n o t  d ev e l op e d . Wh i l e  t h e  m a p  is 
b e l i e v e d  to be a c cur a t e ,  c r i t i c a l  p ar t s  l i e w i th 1n t h e  b o unda r 1 e s  
o f  b o t h  a S t a t e  and a F e d e r a l  m a x i mum s e c ur i t y  p r i s o n .  Th e s e  
a r e a s  h a v e  n o t  a s  y e t  b e e n  mapp e d .  T h e  c r im 1 n a l  i n s t in c t s  o f  the 
s en io r  a u t h o r  of t h 1 s  g u i d e b o o k  may a l l ow ' h im t o  s e t  up r e s i d e n c e  
h e r e  i n  t h e  n e a r  f u t u r e  i n  o r d e r  t o  c omp l e t e  t h e  m a p p ing • 

......__ Fault 
---- --- Bedding 

\ \ ' ,\\ Cleavage \ ' ' ' 

100 FEET 

F i gure 1 7 .  Field sketch ( l ooking  north ) of fau l ted overturned 
syncl i ne a long Eri e-Lackawanna Rai l road , Oti svi  1 1  e ,  New York. 
Stop 6 .  
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R e b o a r d  b u s  a n d  c o n t inue s t r a 1g h t  a h e a d . 

S t o p  s ig n .  Turn l e f t  on N . Y .  2 1 1 ,  p a s s ing unaer 
r a i l r o a d  b r i d g e . 

S t o p s i g n .  Turn r ig h t  on S a n i t o r 1um Av e n u e  
( Or a n g e  C o . R t  9 0 ) . 

R o a d  t o  F e d e r a l  C o r r e c t i o n a l  I n s t i t u t i o n  t o  
l e f t . 

O t i s v i l l e  C o r r e c t i o n a l  F a c i l i t y  o f  t h e  New Y o r k  
S t a t e  D e p a r t m e n t  o f  C o r r e c t i o n a l  . S e rv i c e s  t o  
l e f t . A t  t h 1 s  p o in t , a l l  t h o s e  who have 
d i s a g r e e d  w i t h  the in t e r p r e t a t i o n s  p r e s en t e d  on 
t h i s  f i e l d  t r i p  w i l l b e  d i s p a t ch e d .  

Graywa c k e s  o f  t h e  M a r t i n s b ur g  F o rma t i o n  on l e f t . 

E n t e r ing S u l l iv a n  C ou nt y .  C o n t inue s t r a 1 g h t  o n  
S u l l iv a n  C o .  R t  6 5 .  

C o n t inue s t r a ig h t  o n  S u l l 1v a n  C o .  R t  6 5 . 

C o n t inue s t r a ig h t  on S an i t o r ium R o a d  t owa r d s  
H i g h  V i ew .  

B e a r  l e f t  a t  ''Y "  o n  M o un t a i n  R o a d . 

L a k e  A l t em o n t  o n  l e f t ; g en t l y  d ip p ing 
Mar t in s b u r g  s h a l e s  on r igh t . 

S t op s i g n .  T u r n  l e f t  on R t  1 7 K .  

Th i c k  b e d d e d  g r aywa c k e  and s h a l e  o f  t h e  
Mar t in s b u r g  o n  l e f t . 

Turn l e f t  j u s t  b e f o r e  o v e r p a s s  o f  R t  1 7  t owa r d s  
H i g h  V i e w  T e r r a c e . 

M a r t i n s b ur g  g r a y w a c k e  and s h a l e  on r ig h t . 

S t o p  s i g n . T u r n  r ig h t . 

D o  n o t  t u r n  l e f t ; p u l l in t o  p a r k ing a r e a  
s t r a ig h t  a h e a d . 

W a l k  o u t  t o  o v e r l o ok a b o v e  NY R t  1 7 .  
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S T O P  7 

ROUTE 1 7  ROADCUT : S T RA T IGRAPHY AND STRUCTURE 
OF THE U P P E RMO S T  MAR T I N S B URG , THE TAC O N I C  

U N C O NFORMITY . AND LOWERMO S T  SHAWANG UNK . 

CAUT I O N .  D O  N O T  FALL O F F  ROADCUT . 
DEATH W I L L  R E S U L T  

A f in e  v i ew m a y  b e  s e e n  f r om t h � s  p o in t .  F a r  t o  t h e  e a s t  
( r ig h t )  a r e  t h e  S chunn emunk a n d  B e l l va l e  Moun t a �n s , u n d e r l a in by 
t h e  S c hunnemunk C o ng l ome r a t e  o f  M i d d l e D e v o n i a n  a g e  in t h e  G r e e n  
P o n d  ou t l i e r . T h e  l ow l an d  imm e d ia t e l y  t o  t h e  e a s t  i s  t h e  W a l k i l ! 
Va l l ey , u n d e r l a in by c a r b o n a t e  r o c k s  o f  C amb r ian a n d  O r d o v i c i a n  
a g e ,  a s  w e l l  a s  t h e  M a r t in s b u r g  F o r m a t i o n . D i r e c t l y  u n d e r  u s  i s  
a m a rv e l l o u s  3 0 0 0 - f o o t - l on g  e xp o s u r e  d em o n s t r a t ing t h e  
s t r a t i g r a phy a n d  s t ru c t ur e  w i t h in t h e  M a r t i n s burg . T o  t h e  w e s t  
( l e f t ) you c a n  s e e  t h e  ov e r l y ing S h aw a n g unk c o ng l om er a t e  ( S T O P  
8 ) , a s  w e l l  a s  t h e  t o n g u e  o f  t h e  B l o o m s b urg and ov e r l y ing t o n g u e  
o f  t h e  S hawangunk . B e y o n d  t h e  b e n d  i n  t h e  r o a d , a n d  n o t  s e e n ,  i s  
t h e  H i g h  F a l l s  S h a l e . O f f  i n  t h e  d i s t an c e  a r e  t h e  C a t s k i l ! 
M o u n t a in s  w i t h  r o ck s  a s  y o u n g  a s  t h e  P l a t t ek i l l  F o r ma t i o n  o f  
M i dd l e  D e v o n i a n  a g e .  

Th i s  o u t c r o p  o f f e r s  t h e  b e s t  l o o k  a t  t h e  u p p ermo s t  6 0 u  f e e t  
o f  t h e  s h a l e  a n d  g r ay w a c k e  a t  Mama k a t ing o f  t h e  M a r t i n s b u r g  
e x p o s e d  anywh e r e  i n  t h e  W a l l k i l l  V a l l ey . S ome o f  t h e  mo r e  
i n t e r e s t in g  s e d im e nt o l o g i c  a n d  s t r u c t u r a l  f e a t u r e s  a r e  d e s c r i b e d  
b e l o w  a n d  l o c a t e d  o n  f ig u r e  1 8 ,  s o  t h a t  a t  s ome f u t u r e  d a t e  t h e  
f i e l d  t r � p p e r  c a n  r e t ur n  and l o o k  a t  t h e  o u t c r op a t  h i s  o r  h e r  
l e i s ur e .  A s  me n t i o n e d  in t h e  s e c t i o n  o n  O r d ov i c i a n  s t r a t i g r a p hy , 
t h e  Mamak a t ing i n  s ou t h e r n  New Y o r k  d i f t e r s  f r o m  b o t h  t h e  
Rams e yb u r g  and P e n  A r g y l  Memb e r s  o f  t h e  Mar t in s b ur g  t h a t  have 
b e en ma p p e d  in e a s t e r n  P e n n s y l v a n i a  a n d  n o r t � e r n  New J e r s e y . The 
Mama k a t ing c o n s i s t s  dom inan t l y of  t h � c k  s e q u e n c e s  ( hundr e d s  o f  
f e e t )  o f  m e d i um d a rk-gr ay , t h �n-b e d d e d  s h a l e  in t er b e d d e d  w i t h  
w i t h  v e r y  t h i n  t o  m e d ium- b e d d e d  ( 1 / 4  t o  1 5  i n ) ,  v e r y  f in e  t o  
f in e - g r a i n e d , g r aywa c k e . T h e s e  t h � c k  s e que n c e s  a l t er n a t e  w i t h  
t h inn�r s e q u en c e s  ( g e n er a l l y  l e s s  t h a n  1 0 0 f e e t ) o f  t h �n- b e d d e d  
s h a l e  i n t e r b e d d e d  w i t h  m e d ium- t o  t h � c k- b e d d e d  ( u p  t o  6 f t ) , 
f in e - g r a i n e d  g r a yw a c k e . L o c a l l y  i n  b o t h  s e q u e n c e s ,  g r aywa c k e  
m a k e s  u p  mo r e  t h an 5 0  p e r c e n t  o f  t h e  o u t c r o p , b u t  a mo r e  c ommon 
a v e r a g e  wou l d  be l e s s  t h a n  25 p e r c e n t . O n l y  s e e n  at t h � s  
o u t c r o p , b u t  p r o b a b l y  p r e s e n t  e l s ewh e r e  in t h e  Mamaka t in g , i s  a 
40 f o o t  t h 1 c k  o l i s t o s t r ome ( f ig .  1 9 ,  n e a r  l o c a t i o n  B ,  
s p e c if i c a l l y  a l l  r o ck s  a t  g r o u n d  l ev e l  b e t w e e n  s t a t i o n  5 0  a n d  
3 0 0 ; f i g .  1 8 )  w i t h  s l ump f o l d s ,  f l u t e  c a s t s , r a n d o m l y  o r 1 e n t e d  
f i s s i l e  s h a l e  c h ip s , a n d  imb r i c a t e l y s t a c ked t h 1n g r a yw a c k e  b e d s  
i n  a d o m i n a n t l y  s h a l e  ma t r ix ,  a l l  o f  wh i c h  s ug g e s t w e s t w a r d  
f l o w i n g  cur r e n t s .  T h e  o l i s t o s t r ome i s  domina n t l y  s h a l e , b u t  
c o n t a i n s  s ome c o h e r e nt g r aywa c k e  b e d s  wh i c h  have . i n c o r p o r a t e d  
s ome f o l d e d  s h a l e  r ip - up s . P er h a p s  e ar t h q u a k e s  t r 1g g e r e d  
s l urr i e s  o f  s l ump d e p o s i t s  w.h 1 c h  w e r e  t h e n  imme d i a t e l y  f o l l ow e d  
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SHAWANGUNK FORMATION MARTINSBURG FORMATION 
Stop 8 
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Fi gure 18 .  F ie ld  s ketch from photographs of the 3 , 000 foot l ong roadcut 
a long N . Y .  Route 1 7  seen at Stop 7 .  Numbers beneath s ketch i ndi cate 
d istance i n  feet. Pac i ng was arbi trarily begun d irectly beneath the west 
s i de of the Route 1 7K overpass ; a l l  d i stances to the east are shown as 
negetive numbers and to the west as pos i ti ve numbers . See Stop 7 for 
deta i l ed descri ptions of structures marked by l etters A-E. Thi s  · l ong 
roadcut exposes the uppermost Marti nsburg Formation exposed i n  southeastern 
New York State and the unconformable  contact wi th the overlyi ng 
Shawangunk Formation (Stop 8 ) .  
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Fi gure 1 9. Ol i stostromal depo s i ts wi thin the shales and 
graywackes at Mamakati ng of the Marti nsburg Formati on at 
Stop 7. Pi cture l ocati on is di rectly under the west s ide 
of the Route 1 7 K  overpass on the south s i de of Route 17  
roadcut ( see fi g .  18,  l ocal i ty B ) .  To the right of the 
hammer handl e  i s  a good example  of ti ghtly sl ump-fol ded 
graywacke i n  a shal e matrix.  To the l eft of the hammer 
and above the foot-thick graywacke l ens are imbricately 
stacked and broken thin  graywackes . At the top of the 
picture i s  a thick  graywacke turbi di te wh ich  contains 
folded shal e rip-ups near i ts base. Not vi s i b l e  are 
randomly oriented fi ssi l e  shale  i ntracl asts i n  the sha le  
matrix.  
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b y  t ur b i d i t e s  wh i c h  r i p p e d  up t h e  s h a l e . T h i s  o l i s t o s t r ome 
a p p e a r s  to b e  i n  t h e  hang ing w a l l  of a b a c k  thr u s t  o f  unknown 
d i s p l a c ement . A r e t urn t o  t h i s  e x p o s u r e  at a l a t er d a t e  wo u l d  b e  
w e l l  w o r t h  t h e  e f t o r t .  

N e a r  l o c a l i t y  A o n  F i g u r e  1 8  i s  a m in o r  2 i n c h  .t h 1 c k  b e d d ing 

" l j 
l 

p l a n e  f a u l t  a t  t h e  b a s e  o f  a f o o t  t h 1 c k  g r a yw a c k e  b e d . Ano t h e r  " l 6 0  f e e t  e a s t  ( a t  s t a t i o n  4 8 0  o n  f ig .  1 8 )  i s  a g r a y w a c k e  b e d  w i t h  
br e c c i a  a t  i t s  b a s e .  T h e  b r e c c i a c o n t a i n s  q u a r t z  and c a l c i t e  
c ry s t a l s  and s l i c ke n s id e s  a t  i t s b a s e .  T h e  up p e r  b l o c k  a p p e a r s  
t o  h a v e  mov e d  t o  t h e  s o u t h e a s t .  

The mo s t  obv i o u s  f e a t ur e s  s e en f r om t h 1 s  v a n t a g e  p o in t  a r e  a 
numb er o f  f au l t s  ( f ig .  1 8 ,  l o c a t i o n  C )  d i r e c t l y  a c r o s s  t h e  " ]  h i g hway . A l l  o f  th e s e  s t r u c t u r e s  t r en d  in a m o r e  n o r t h e r l y  
d i r e c t i o n  t h a n  b e d d ing i n  t h e  ov e r l y in g  Sh awangunk , a n d  
c omp a r a b l e  d i s r up t io n  i s  n o t  s e en i n  t h e  S hawangunk . T h er e f o r e ,  
i t  s e em s  mo s t  p r o b ab l e  t h a t  t h e s e  s t r u c t ur e s a r e  T a c o n i c in 
a g e .  The t h r u s t  f a u l t  on t h e  e a s t  ( r ig h t ) s i d e  of t h 1 s  t e p e e-
l ik e  s t r u c t u r e  has an e a s t -o v e r -w e s t  s en s e  o f  mo t i o n , and h a s  
p r o d u c e d  a n  e xc e l l en t  c l e a v a g e  i n  t h e  g e n t l y  a r c h e d  a d j a c e n t  
r o c k s  o f  t h e  hang ing w a l l .  T h i s  i s  a l l  t h e  mo r e  ev i d e n t  b e c a u s e  
c l e a v a g e  i s  n o t  w e l l  d ev e l o p e d , i f  a t  a l l ,  a t  S t o p 7 ,  e x c e p t  n e ar 
f a u l t s .  I t  i s  d i f f i c u l t t o  p r ov e , b u t  t h 1 s  f a u l t  i s  p r o b a b l y  t h e  
o n e  w i t h  t h e  g r e a t e s t  d i s p l a c em e n t . F r am ing t h e  we s t  s i d e  o f  
t h i s  t e p e e - l ik e  s t r u c t u r e  i s  a b a c k  t h r u s t  w i t h  unknown , b u t  
p r o b a b l y  l e s s , d i s p l a c em e n t . T h i s  b a c k  t h r u s t  cu t s  a b e d d ing 
p l ana f a u l t  that  p r o b a b l y  has  had minor mo v em e n t  w i t h  mo s t  o f  t h e  
s t r a in t a k e n  u p  i n  l i t t l e  b u c k l e  f o l d s , nar r ow b r e c c i a  z o n e s , a n d  
f r a c t u r e s .  I n  b e tw e e n  t h e  two" a r e  a h o s t  o f  a c c ommo d a t i o n  
f a u l t s ,  wh i c h  a r e  t r y in g  h e r o i c a l l y  t o  s o l v e  t h e  r o o m  p r o b l em .  
W i t h  a l i t t l e  p a t i e n c e  i t  i s  p o s s i b l e  f o r  t h e  f i e l d  t r 1p p e r  t o  
w o r k  o u t  a c h r o n o l o g y  o f  mo v em e n t  among t h e  many l i t t l e  f a u l t s  in 
t h i s  ar e a . 

A b o u t  2 5 0  f e e t  t o  t h e  w e s t  ( f i g . 1 8 ,  l o c a t i o n  D )  i s  a 
c o mp l e x a r e a  w i t h  f a u l t s  o f  t h r e e  d i f t e r e n t  ag e s . F r om o u r  
v a n t a g e  p o i n t  a c r o s s  t h e  r o ad i t  i s  impo s s ib l e  t o  s e e  t h e s e  
d e t a i l s , b u t  i t  i s  w o r t h  d i s c u s s ing . T h e  e a r l i e s t  mov em e n t  i s  
p a r a l l e l  t o  b e d d in g  a n d  p r o d u c e s  q u a r t z  s l i c k e n s i d e s .  T h e s e  
s l 1 c k en l i n e s  p l u n g e  N .  6 0 ° W .  a n d  s h ow t h a t  t h e  u p p e r  b l o c k  m o v e d  
n o r t hw e s t .  T h e  b e d d in g  p l a n e  f au l t s  a r e  c u t  b y  a v e ry s t e e p  
f a u l t  o r i e n t e d  N .  8 3 ° E . , 8 0 ° S E .  wh i c h  h a s  a 6 - 1 2  i n c h  g o ug e .  
D o wn - d i p  s l i c k e n l i n e s  s h ow t h a t  t h e  s o u t h  b l o c k  mov e d  up in t h 1 s  
c a s e .  T h i s  s t e e p  f a u l t  i s  i n  t u r n  c u t  b y  a t h 1 r d  f a u l t  o r 1 e n t e d  
a p p r o x ima t e l y  N .  7 0 ° E . , 5 0 ° NW . T h i s  c r o s s  s t r u c t u r e  may b e  a 
m u c h  l a t er A l l e g h a n i a n  f e a t ur e  s im i l ar t o  t h e  l a t e  k inks s e e n a t  
S t o p 3 .  M o v e m e n t  o n  t h 1 s  young e s t  f a u l t  f o l d s  t h e  s e c o n d  s t e e p  
f a u l t  and s h o w s  down- t o - t h e -nor thwe s t  moveme n t . 

A t  t h e  1 , 1 7 5  f o o t  m a r k e r  o n  F ig u r e  1 8  ( ne a r  l o c a t i o n  E )  a r e  
b e au t i fu l  f r a c t ur e s  f i l l e d  w i t h  c a l c i t e ,  b r e c c i a t e d s h a l e  
f r a g m e n t s ,  qua r t z , a n d  a b r own i s h - o r a n g e  c a r b o n a t e  m i n e r a l  
( p r o b a b l y  a n k e r 1 t e l . T h e s e  v e r t i c a l  f r a c t ur e s , s e e n  a t  r o a d  
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l ev e l ,  a r e  o r i e n t e d  N .  1 1 ° E .  and a p p e a r  t o  b e  c a u g h t  up i n  a 
f au l t  z o n e  a b o u t  2 0  t o  · 2 5  f e e t  a b o v e  r o a d  l ev e l . Th i s  f a u l t  
r e a c h e s  r o a d  l ev e l a t  s t a t i o n  1 , 3 0 0  o n  F i gur e 1 8 .  W e  i n t e r p r e t  
t h i s  t h r u s t f a u l t  a s  a b a c k t h r u s t , b a s e d  o n  f o l d ing o f  b e d d ing in 
t h e  up p e r  b l o c k ( p r e s um e d  hang ing w a l l )  a n d  t h e  s en s e  o f  r o t a t i on 
o f  t h e  v e r t i c a l  f r a c t ur e s . S om e  of t h e s e  f r a c t ur e s  w e r e  t h e  
l o cu s  o f  l a t e r  m o v e m e n t  a s  e v i n c e d  by s l i c k en l i n e s  o r i e n t e d  1 1 ° 
N .  1 1 ° E .  

F r om s t a t i o n  1 3 0 0 ( f ig .  1 8 )  w e s t  t o  t h e  c o n t a c t  w i t h  t h e  
u n c o n f o rmab l e  c o nt a c t  w i t h  t h e  ov e r l y in g  S h awang unk a t  S t o p 8 ,  
t h e  Mamak a t ing d ip s  g e n t l y· n o r t hw e s t  a n d  i s  d e v o i d  o f  any c om p l e x  
s t r u c t ur e s . 

D .  W .  F i s h e r  m a d e  t h r e e  c o l l e c t i o n s  o f  g r a p t o l i t e s  f r om the 
M a r t i n s b u r g  s h a l e s  of  t h L s  o u t c r o p , wh L c h  w e r e  r e p o r t e d  o n  b y  W • 

B .  N .  B e r r y  ( 1 9 7 0 ) . T h e  s p e c i e s  r e p o r t e d b y  B er r y  a r e :  
C l ima c og r ap t u s  s p i n i f er u s  R u e d emann a n d  C l im a c ogr apt u s  t ypi c a l i s 
H a l l  f r om 1 6  f e e t  b e l ow t h e  c o n t a c t  w i t h  t h e  S hawangunk ; 
C l Lma c og r ap t u s  s p . ,  D i c r a n og r a p t u s  n i c h o l s o n i  v a r . m Ln o r  B u lman , 
a n d  O r t h ogr apt u s  g ua d r imu cr o n a t u s  v a r . appr o x ima t u s  ( R u e d emann ) 
f r om 4 9  f e e t  b e l ow t h e  c o n t a c t  w i t h  t h e  S h aw a ngunk ; and 
D i c r a n o g r a p t u s  n i c h o l s on i  v a r . m L n o r  B u lman f r om 1 3 8  f e e t  b e l ow 
t h e  c o n t a c t  w i t h  t h e  S hawangunk . T h e s e  fo s s i l s  a r e  o f  c r i t i c a l  
imp o r t a n c e  t o  t h e  d a t ing o f  T a c o n i c  ev e n t s  ( s e e s e c t io n  o n  
O r d ov i c i a n  s t r a t i g r a p h y  i n  t e x t ) a n d  i n  e s t a b l i s h ing t h e  l en g t h  
o f  t h e  h i a t u s  r e p r e s e n t e d  b y  t h e  T a c o n i c  un c o n f o rm i t y  i n  s o u t h e r n  
N e w  Y o r k  S t a t e .  B e r r y  p u t s  t h e s e  g r a p t o l i t e s  i n  h i s  u p p e r  
s u b z o n e  o f  z o n e  1 3 , wh L c h  s u g g e s t s  t h e  r o c k s  a r e  l a t e  M i d d l e  
O r d ov i c i a n  t o  e a r l y  L a t e  O r dov i c i a n  i n  a g e . 

J u s t  � o  t h e  s o u t h  o f  wh e r e  w e  a r e s t a n d ing a n d  a p p r o x ima t e l y  
2 4 0  f e e t  b e n e a t h  u s  i s  a n . o l d  a b a n d o n e d  r a L l r o a d  t u n n e l t h a t  
Rus s e l l  W a in e s  k in d l y  s u g g e s t e d  w e  v i s i t . T h e  s o u t h e a s t e r n  3 , 40 U  
f e e t  o f  t h L s  t u n n e l  i s  i n  t h e  Mar t i n s b ur g , wh i l e  t h e  n o r t hw e s t e r n  
4 0 0  f e e t  o f f e r s  e x c e l l e n t  exp o s ur e s  o f  S hawangunk . T h e  
m i n e r a l i z e d  un c on f o rma b l e  c o n t a c t  i s  e s p e c i a l l y  we l l  e xp o s e d ( f o r  
d e t a i l s  s e e  S t o p 8 ) . I n t e r e s t ing l y ,  a l on g  s e c t i o n  o f  t h e  t u n n e l  
t h a t  i s  b r i c k e d  ov e r  s o  t h a t  n o  r o ck s  c a n  b e  s e e n  c o i n c i d e s  w i t h  
t h e  mo s t  f a u l t e d  s e c t i o n  o f  t h e  M a r t i n s burg ( f i g . 1 8 ,  b e tw e e n  
l o c a l i t i e s  C a n d  E ) . A t h L r t y  f o o t  w i d e  t h ru s t  f a u l t  z o n e  
( l o c a t e d  a b o u t  4 0 0  f e e t  i n  f r om t h e  s ou t he a s t er n  e n d  o f  t h e  
t u nn e l )  wh i c h , i f  p r o j e c t e d a l on g  s t r ik e , wou l d  b e  l o c a t e d  a b o u t  
1 , 0 0 0  f e e t  e a s t  o f  t h e  l on g  r o a d c u t  o f  S t o p  7 .  F o r  a n y o n e  
e n t e r p r i s ing e n o u g h  t o  v i s i t t h i s  t u nn e l , we w o u l d  h L g h l y  
r e c ommend a h a r d  h a t , a n d  e v e n  mo r e  impor t a n t l y , a p a i r  o f  ch e s t  
w a d e r s  a t  l e a s t  5 f e e t  t a l l ;  t h e r e  i s  a lways  a g r e a t  d e a l  o f  
w a t e r  i n  t h e  n o r t h  e n d  o f  t h e  t u n ne l  • 

R e b o a r d  b u s e s  a n d  r e t r a c e  r o u t e b a c k  t o  NY 1 7 K .  

9 2 . 8  0 . 2  T u r n  r i g h t  o n  NY 1 7 K .  
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E n t e r i ng B l o om in g b ur g .  

S t o p l i g h t . C o n t inue s t r a ig h t . 

Turn l e f t  on NY 1 7 K t owar d s  Newbur gh . 

Turn l e f t  on NY 1 7  E a s t  t owa r d s  Wur t s b o r o . 

B e g i n n ing o f  l o n g  M a r t i n s b u r g  exp o s u r e  d e s c r i b e d  
a t  S t o p  7 on r ig h t . 

Exc e l l e n t  exp o s u r e  o f  o l i s t o s t r ome s h ow ing s l ump 
f o l d s  i n  t h i c k  g r aywa c ke on l e f t  b e n e a t h  
o v e r p a s s .  

P u l l  o f f  o n  s h o u l d e r  t o  r i g h t . 

S T O P  8 

MAR T I N S BURG-SHAWANGUNK CONTACT ' 

STRATIGRAPHY OF THE S HAWANGUNK-BLOOMSBURG INT ERVAL 

B E  VERY CAREFUL OF H I G H - S P E E D  TRAF F I C .  

Th i s  i s  ano t h e r  f in e  exp o s u r e  o f  t h e  T a c o n i c  u n c o n f o r m 1 t y  in 
s o u t h e a s t e r n  New Y o r k . T h e  r o c k s  o f  t h e  Mar t i n s b ur g  and 
S h awangunk are s im 1 l a r  to  t h o s e  w e  have s e en e l s ewher e .  The 
b a s a l  f o o t  of the S hawangunk c o nt a in s  much p y r i t e .  The 
Mar t in s bu r g  a t  the c o n t a c t  d i p s  1 6 ° t o  3 1 ° NW . ,  wh e r e a s  t h e  
S hawang unk d i p s  2 5 ° NW . T h e  a ng u l a r  d i s c o r d a n c e  a t  e y e  l ev e l  i s  
1 5 ° . N o  s e c o n d a r y  c l e a v a g e i s  s e e n  i n  t h e  M a r t i n s burg a t  t h 1 s  
s p o t .  G r ap t o l i t e s  o f  Z o n e  1 3  a g e  ( l a t e  M i d d l e  t o  e a r l y  L a t e  
O r d ov i c i a n )  w e r e  i d en t i f i e d  b y  B e r r y  i n  t h e  Mar t i n s burg w i t h 1 n  
1 3 5  f e e t  o f  t h e  ov e r l y ing S h awangunk ( O f f 1 e l d , 1 9 6 7 , p .  5 3 ; B e r r y  
1 9 7 0 ;  s e e  S t o p 7 ) .  

T h e  ch a r a c t er o f  t h e  z o n e  b e t w e e n  t h e  M a r t i n s bu r g  and 
S h aw a ng unk v a r i e s  f r om p l a c e  to  p l a c e . Near r o a d  l ev e l ,  the z o n e  
c o n t a i n s  r o t a t e d  s h a l e  f r a g m e n t s w i t h  s ome q u a r t z  v e i n s . T h i s  i s  
p r o b a b l y  a s h e a r  z o n e . A l s o  i n c l u d e d  i n  t h i s  z o n e  a r e  d i s r up t e d 
s h a l e  f r agme n t s  a n d  a med ium d a r k - g r a y  s t icky c l ay ,  a f a u l t  
g o ug e . T o  t h e  s o u t h e a s t ,  wh e r e  t h e  c o n t a c t  r i s e s  t o  a b o u t  2 0  
f e e t  a b o v e  r o a d  l e v e l ,  w e  f o und r o u n d e d  t o  s ub a ng u l ar p e b b l e s  a n d  
c o b b l e s  u p  t o  4 i n c h e s  l on g  o f  g r aywa c k e , c h l o r 1 t i c s a nd s t o n e , 
c r o s s l am i n a t e d  f e l d s p a t h i c  c o ng l om e r a t i c  q u a r t z i t e ,  a n d  r e d v e r y  
f in e - g r a i n e d  s a n d s t on e .  S ma l l  r ib s  o n  t h e  s u r f a c e  o f  o n e  p eb b l e  
p r o v e  t h a t  t h e  c l a s t  wa s  w e a t h e r e d  p r i o r  t o  emp l a c ement , a n d  i s  
n o t  a f a u l t - b r e c c i a  f r ag m e n t . S ev e r a l  p e b b l e s  a l s o  have d i s t in c t  
w e a t h e r ing r in d s . T h e  s h a p e  o f  t h e  p e b b l e s  s u g g e s t  t r a n s p o r t  o f  
s h o r t d i s t an c e s . 

A s  ind i c a t e d  i n  t h e  s e c t i o n  o n  s t r a t ig r aphy a t  t h e  b e g i n n i n g  
o f  t h i s  g u i d e b o o k , t h e s e  f in d i n g s  s u g g e s t  t h a t  t h e r e  w e r e  a 
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s e r i e s  o f  U p p e r  O r d o v i c ia n  a n d  p o s s i b l y  L o w e r  S i l u r i a n  r o c k s  t h a t  
w e r e  d e p o s i t e d  up o n  t h e  M a r t in s b u r g  f o l l ow i ng T a c o n i c  u p l i t t  and 
f o l d in g . Th e s e  w e r e  d e r 1v e d  f r om s ou r c e  r o c k s  t h a t  a r e  now 
g on e .  T h e  p o t e n t i a l  s o u r c e  a r e a s  a r e  p r e s e n t l y  u n d e r  
inve s t ig a t i o n .  

A b o u t  1 , 0 0 0  f e e t  t o  t h e  w e s t  w e  c a n  s e e  f in e  e xp o s ur e s  o f  
t h e  t o ng u e  o f  t h e  B l o om s b u r g  ( c a l l e d  H i g h  F a l l s  b y  G r a y , 1 9 6 1 ,  
a n d  O t 1 s v i l l e  S h a l e  a n d  H i g h  F a l l s  by S m i t h , 1 9 6 7 ) ,  o ve r l a in by 
t h e  t o ng u e  of t h e  Shawangu n k  ( c a l l e d  B in newa t er by b o t h  G r ay , 
1 9 6 1 , a n d  S m i t h , 1 9 6 7 ) .  A b o u t  2 , 0 0 0  f e e t  f a r t h e r  we s t  a r e  r o c k s 
w h i c h  we b e l i ev e  t o  b e  p a r t  o f  t h e  H i g h  Fa l l s S h a l e .  S e e  t h e  
s e c t i o n  o n  s t r a t i g r a phy f o r  a n  und e r s t a n d ing o f  t h e s e  
i n t e r p r e t a t i o n s . T h e  c o n c l u s i o n s  w e r e  b a s e d  o n  t r a c ing t h e  
v a r i o u s  f a c i e s  i n  t h e  S hawangunk a n d  B l o om s b u r g  e a s t w a r d  f r o m  New 
J er s e y . 

9 8 . 3  0 . 3  

9 8 . 5  0 . 2  

9 9 . 0  0 . 5  

1 0 0 . 2  1 . 2 

1 0 0 . 6  0 . 4  

1 0 1 . 9  2 . 0  

1 0 3 . 7  1 . 8 

1 1 1 . 2  7 . 5  

1 1 3 .  8 2 . 6  

1 1 5 . 1  1 . 3 

1 1 5 . 7  0 . 6  

1 1 6 . 2  0 .  5 

1 1 6 .  9 0 . 7  

1 2 0 . 0  3 . 1  

R e t ur n  t o  b u s e s  a n d  c o n t inue n o r t h  o n  NY 1 7  

U p p e rmo s t  S h awang unk o n  l e f t . 

C o n t a c t  b e tw e e n  t o n g u e  of t h e  B l o oms b u r g  R e d b e d s  
a n d  t on g u e  o f  t h e  S hawangunk o n  r i gh t . 

Hjgh F a l l s  S h a l e  d i pp ing m o d e r a t e l y  n o r t hwe s t . 

Turn o f f  a t  E x i t  1 1 3 t owa r d s  U S  2 U 9 .  

S t op s ig n . T u r n  r ig h t  on U S  2 U 9  N or t h .  

S t o p l ig h t . Danny ' s  R e s t a u r a n t  o n  r i gh t . G o o d  
p l a c e  f o r  p a s t r a m i  a n d  c o r n e d  b e e f  s a n dw i ch e s .  
C o n t i n u e  s t r a ig h t  o n  U S  2 0 9  a n d  r e t r a c e  r o u t e  
b a c k  t o  K in g s t o n .  

S h awang unk M i n e  h ig h  o n  n o r t hwe s t  s l op e  o f  
S h aw a n g u nk M ou n t a in t o  r i gh t . 

V i ew o f  E l l e nv i l l e  A r c h  s t r a ig h t  a h e a d .  

J u n c t i o n  w i t h  NY 5 2  a t  t r a f f i c l ig h t  i n  
E l l env i l l e .  C o n t i n u e  s t r a i g h t  o n  U S  2 U Y  Nor t h .  

E n t e r  N a p an o ch . 

V i ew o f  e r o d e d  E l l e nv i l l e a r c h  p r o d u c ing 
f l a t i r o n s  in n o r t hwe s t  l imb of  f o l d  o n  r igh t . 

E a s t e r n  New Y o r k  C o r r e c t i o n a l  F a c i l 1 t y  t o  r i gh t . 

E n t e r i n g  Wawa r s ing . 

J un c t i o n  w i t h  U S  44 a n d  NY 5 5 .  C o n t inue 
s t r a ig h t  o n  U S  2 U 9 . 
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Tr a f f i c  l ig h t  i n  K� r h o nks o n .  

G r a n i t  Ho t e l  t o  r ig h t  and w a t e r  t ow e r  a t  
M i n n ewa s k a  a t  t o p  o f  Sh awangunk . 

T own o f  A c c o r d . 

D a r k  g r a y  s h a l e s  o f  Bakov e n  S h a l e  on l e f t . 

S c h o h a r i e  o n  l e f t . 

E n t e r ing S t o n e  R i dg e .  

Turn r i g h t  o n t o  NY 2 8  E a s t  h e a d ing t owa r d s  
K i ng s t o n .  

Turn l e f t  in t o  Ramada Inn P ar k in g  l o t . 

END O F  T R I P . 

HAVE A SAFE JOURNEY HOME . 
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