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GENERAL STRUCTURE AND O RDOV I C I AN STRAT I G RAPHY FROM THE 
MARLBORO MOUNTA I N  OUTL I ER TO THE SHAWANGUNK CUESTA 

ULSTER COUNTY , NEW YORK 

M I CHAEL J .  KALAKA 
1 1 84 Ocean Avenue,  Sea B r i gh t ,  New Je rsey , 07760 

RUSS E L L  H .  WA I NES 
Department of Geo l og i ca l  S c i ences 

State Un i vers i ty of New York 
Co l l ege at New P a l tz 

New Pa l tz ,  New York 1 25 6 1  

I NTRODUCT I ON 

The Lowe r Wal l k i l l  V a l l ey l i es w i th i n  the wes tern por t i on of the 
Appa l ach i an fo l d  be l t  and i s  approx i ma t e l y  70 m i l es ( 43 . 5  km) no rthwes t  of 
New Yor k  C i ty ( f i g .  1 ) .  

W i t h i n  the s tudy a rea the eastern s i de of the va] l ev i s  f l anked by 
O rdov i c i an f l ysch depos i ts form i ng the Ma r l boro· Sync l i ne (Wa i nes , 
1 986) . On  the wes tern s i de i s  the S hawangu n k  Moun ta i n  escaromen t  capped by 
the Uppe r S i l u r i an Shawangunk Cong l ome rate. 

The M i d d l e  to Late O rdovi c i an Ma r t i nsburg Forma t i on forms the bedrock 
of most of the Lowe r Wa l l k i l l  Va l l ey wh i l e the bedrock on the eastern s i de 
i s  unde r l a i n  by M i dd l e  to Late O rdovi c i an Quass a i c  a ren i tes . Mos t of t h i s  
i s  usua l l y  b l anketed by W i scons i nan t i l l  o r  a l l uv i a l  dePos i t s de r i ved f rom 
the Wa l l k i l l  R i ve r  (Conna l l y  and S i rk i n ,  1 967) . 

Because of s t ruct u ra l comp l ex i t i es ,  i n f requent fos s i l s ,  and l ack of 
s t ra t i g raph i c  ma rkers i t  i s  d i ff i cu l t  to estab l i s h  c l ose l i tho l og i c  
cor re l at i on w i t h i n  the M a r t i nsburg Forma t i o n .  

P rev i ous attempts to determ i ne and dep i ct the s t ructure and 
s t rat i g raphy of the area by Ho l zwasser  ( 1 926) , R i cka r d ( 1 973) , and  Wa i nes 
et a l . ( 1 983)  have not been e n t i re l y  successfu l .  An i ncrease i n  bedrock 
exposures as a res u l t  of recent road cons truct i on toge the r w i th geo l og i c  
data acq u i red from the Del aware Wes t  B ranch Aqueduct (.C i ty of New York Boa rd 
of Water Supp l y ,  1 938,  1 939) , Catski l l  Aqueduct ( Board of Water Supp l y ,  1 905-
1 9 1 8) , and  l ogs f rom th ree w i l d  cat  we l l s  (Sus i ,  Modena , M i nnewas ka )  have. 
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enab l ed the cons t ruct i on of a . compos i te no rtheast-sou thwest  s t ructure sect i o n  
(Ka l aka , 1 985 , f i g .  23) . Th i s  sect i on extends from t h e  center of the 
Mar l boro Mounta i ns near L l oyd , New York wes twa rd th rough the Ma r t i n s bu rg 
Forma t i on i n  the eas tern cen t ra l , cent ra l , and western port i ons of the val l ey 
cont i nu i ng under the Shawangunk Mounta i ns a l most to Wawars i ng ,  New York 
( f i gs .  2 and 3 ) . 

The sect i on revea l s  th ree maj o r  s t ructu ral  doma i ns (east to wes t ) : 
( I )  a monocl i na l , sou theast-d i pp i ng doma i n  i n  wh i ch an a ren i te fac i es s ha l es 
to the wes t  and sou thwes t (we s t  l i mb of the Ma r l boro Sync l i ne) ; ( 2 )  a comp l ex 
doma i n  i nvo l v i ng mos t l y  s ha l es ( cen t ra l  po rt i on of the Wa l l k i  1 1  V a l l ey) ; 
( 3 )  an open fo l d  doma i n  i nvo l v i ng mos t l y  s ha l es (western po r t i o n  j u s t  eas t of 
and under the Shawangunk Cues ta) ( Ka l aka , 1 98 5 ,  f i g .  24) , ( f i g .  2) . 

STRAT I GRAPHY 

The Lowe r Wa l l k i l l  Va l l ey i s  under l a i n  by . th ree ma i n  s t ra t i g raph i c  u n i ts 
(Kal aka , 1 985 , f i g .  1 4 ) . I n  the north-south t rend i ng M a r l boro Sync l i ne the 
1 0 , 000 foot (3048m) O rdov i c i an Quas s a i c  G roup outcrops as  med i um bedded s ub
g raywackes and qua rtz aren i tes (Wa i nes et a l . ,  1 983 ; Wa i nes , 1 986) . I n  the 
eastern cent ra l , cen t ra l , and wes te r n  po r t i o.n . of the va l l ey the Bushki l l  Sha l e  
( l owe r member of the Mart i ns b u rg Format i on )  crops out . I n  the wes tern port i o n ,  
pos s i b l e  s t rat i g raph i c  equ i va l ents  o f  the m i dd l e  and upper Ma r t i n s bu rg are 
over l a i n. by the Shawangunk Cong l omerate w i th angu l a r unconform i ty .  

SHAWANGUNK CON�LOMERATE O n  the western ma rg i n  o f  t he val l ey the Shawangunk 
Mounta i n  Cues ta i s  capped by a l a te S i l u r i a n ,  wh i te ,  ve i n  quartz cong l ome rate 
that i s  i n  angu l a r  unconform i ty w i th the upper por t i o n  of the Mart i nsburg 
Forma t i o n .  Th i ckness ranges pos s i b l y  between 600 and 300 feet (92m) i n  the 
s tudy a rea (Wa i nes and Sande r s , 1 968� . 

QUASSA I C  GROUP Th i s  group i s  l a te Med i a l  to med i a l  Late O rdov i c i a n  i n  aqe. 
I t  cons i s ts of a 1 0 , 000 foot ( 3048m) sequence of a ren i tes wh i ch have been s ub
d i v i ded i nto f i ve format i on s  wh i ch , top to bottom , a re :  C reekl ocks ( 1 4 1 0  fee t ,  
430m) , R i fton (2509 fee t ,  765m) , Shaupeneak ( 2 1 1 5  fee t .  645m) , S l abs i de ( 22 1 4  
fee t ,  675m) , and Chod i kee ( 1 640 feet , 500m) (Wa i nes , 1 986) . The q roup occurs 
as an out l i e r  occupy i ng the M a r l boro Sync l i ne w i th the east 1 i mb of ove rtu rned 
a ren i tes determ i n i ng the t race of the Ma r l bo ro Moun t a i ns (Wa i nes , 1 986) . To the 
wes t  and southwest the l owermos t th ree forma t i ons appear to g rade rapi d l y  i n to 
the Bushk i l l  Member of the M a r t i ns burg Format i on . 

· 

MART I NSBURG FORMAT I ON AND EQU I VALENTS The eastern cen t ra l , centra l  and 
wes te rn po rt i ons of theva l l ey a re under l a i n  by .Med i a l  to Late O rdov i c i a n  
Mart i nsburg Forma t i o n .  Th i s  un i t  ( c;omposed p r i ma r i l y  o f  d a r k  q ray s ha l es and 
s i l ts tones and l es s  frequent a ren i tes)  has an es t i mated max i mum th i ckness of 
about 1 2 ,000 feet (3659m) ( Ka l aka , 1 985) . To the eas t  i t  appears'  to g rade 
i n to the l owe r Quass a i c  a ren i tes and to the wes t  i t  appears to represent 
l atera l fac i es of the m i dd l e  and _upper un i ts of the Ma r t i nsburg ( Ramseyburg 
and Pen A rgyl ) .  

BUSH K I LL  SHALE The l owe r member of the Ma r t i nsburg Forma t i on ( D rake and 
Epste i n ,  1 967) cons i s ts of l am i nated to very th i n  bedded , dark b l u i sh to dark 
med i um g ray s h a l e  ( l ow grade s l a te) that  wea thers med i um to very l i ght gray to 
yel l owi sh b rown . The sha l e  con ta i ns mi n � te s i l ty l am i nae weathe r i ng ye l l owi s h  
b rown , Weathered l am i nae often con t ra s t  w i th the b l ue g ray o f  the mat r i x  and 
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a re frequent 1 y enhanced by weathe r i ng ·, Sed i men tary fea tu res mos t  common 1 y 
encountered a re g raded bedd i ng i n  s i l t  and c l ay cou p l ets , and cros s- l am i n a t i ons  
i n  the  s i l ty l am i nae , Th i cknesses  va ry from 2 , 000 feet p l us ( 6 1 0m o l us l  below 
the Quas sa i c  a ren i tes (Wa i nes et a l . ,  1 983)  a l though where the Ouassa i c  g rades 
to s ha l e  the t h i ckness may i nc rease by as  much as  6 , 560 feet ( 2000m) (Wa i nes , 
1 986) • 

Genera l l y the Bus hki l l  S ha l e  appea rs unfos s i l i fe rou s , but a l i m i ted number 
of foss i l  l oca t i ons h.ave been determ i ned , 

RAMSEYBURG EQU I VALENT What i s  thought to be a l ate ral  equ i va l ent of the 
m i dd l e  g raywacke-bea r i ng Ramseybu rg Member of the Ma rt i ns bu rg Forma t i on crops 
out j us t  wes t  of Montgome ry and cont i nues northeas twa rd t h rough the s t udy a rea 
where i t  s ha l es out and/or i s  termi nated by a reg i on a l  thrus t .  A l though the 
Ramseyburg equ i va l en t  appears to have been t raced by Of f i e l d  ( 1 967) across the 
Goshen 1 5  m i nute Quadrang l e  as  the Aus t i n  G l en no authors have t raced i t  
d i rect l y  to the Del aware Water Gap where the type l ocat i on c rops out ( D rake and 
Epste i n , 1 967) , Because of i ts rela t i ve pos i t i on between more sha l ey u n i ts 
above and b e l ow and i ts 200 foot p l us (6 1 m p l u s )  th i ckne s s  i n  the Goshen 
Quad rang l e  i t  i s  thought to be equ i va l en t  to the Ramseyburg . 

I n  the s tudy a rea the Ramseybu rg Equ i va l ent occurs as  a sequence of 
a l terna t i ng beds of dark  l ow g rade s l ates and s ha l es and l i ght  g ray , l i ght 
b rown to yel l ow i s h  b rown weathe r i ng ,  t h i n- to t h i ck�eedded s i l ty . s obgt:aywacke 
to quartz a ren i tes . The g raywacke occu rs i n  beds that range f rom l es s  than 
1 foot (O . l m) to 6 feet ( l . Bm) i n  th i cknes s (averag i ng about 3 feet ( 0 . 9m) ) ,  
and appea r to compr i se l es s  than 1 5% of the seq uence. 

A f l ow cas t- bea r i ng i n te rva l can be t raced i n  expo s u res from j us t  wes t  of 
Montgomery northeas twa rd i nto the Shawangunk K i l l .  I f  i t  were not for the 
i dent i f i ca t i o n  of th i s  i nterva l wh i ch can be p rojected i nto the Shawangunk K i l l  
l ocat i on from the southwes t ,  the l am i nated s ha l es and s i l ts tones 6f the 
Ramseyburg Equ i va l ent wou l d  be v i rtua l l y  i nd i s t i ng u i s h ab l e  f rom those of the 
Bushki l l  or Pen Argyl Equ i va l en t s . The contact w i t h  the ove r l y i ng Pen A rgyl  
Equ i va l en t  is  probab l y  g rada t i on a l  w i th the s i l t s tones and g raywacke bands 
t h i n n i ng upwa rd . No fos s i l s  we re observed i n  the Ramseyburg Equ i va l en t .  

The es t i mated th i ckness o f  the Ramseyburg Equ i va l en t  i n  the E l l en v i l l e  
Wel l i s  1 600 feet ( 488m) and 600 feet ( 1 83m) i n  the M i nnewaska We l l  ( Ka l a ka ,  
1 985 , Tab l e  I V ) , ( f i g ,  2) . 

The Shawangunk K i l l  may expose no more than 1 00 feet (30m) of g raywacke
bea r i ng s t rat a ,  but the un i t  appears to t h i cken to the -southwes t because 
Off i e l d  ( 1 967) es t i ma ted a t h i ckness of about 4000 feet ( 1 21 9 . 5m) south of 
the s tudy a rea , 

. PEN ARGYL EQU I VALENT 
burg Forma t i o n  cons i s ts 
wackes . 

I n  the wes tern port i on of the va l l ey the Mart i ns 
of l am i nated s h a l es and s i l t s tones and some subg ray-

S i l t stone l aye rs range f rom 1 / 8  i nch to 1 �2 feet ( 0 . 6m) , more common l y  
between 1 /8 i nch and .;, foot · (0 . 2m) . The sands and s i l t s tone typ i ca l l y  
weather a buff co l o r .  A fresh s ha l e  s u rface i s  med i um d a r k  gray w i th a 
b l u i sh cas t  weather i ng d a r k  g ray o r  b l ack.  Because of i nsuff i c i ent exposures 
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i t  i s  v i rtua l l y  i mpos s i b l e  to deve l op an accepta b l e  s t rat i g raph i c  co l umn at 
presen t .  No foss i l s were found i n  the observed outcrop s .  

An average t h i ckness es t i mated f rom the E l l envi l l e  and M i nnewaska Wel l s  
us i ng gamma l ogs i s  about 6500 feet ( 1 982m) fo r th i s  un i t  ( Ka l aka , 1 985 , 
Tab l e  I V) . Th i s  t h i ckness i s  compa rab l e  to the t h i ckness es t i ma ted by D ra ke 
and Epste i n  ( 1 967) for the Pen Argyl membe r .  

STRUCTURE 

Except for the s tud i e s  of Ho l zwas s e r  ( 1 926) wh i ch res u l ted i n  fou r  
s t ructure sect i ons across or· near the Lowe r Wa l l k i  1 1  V a l l ey ,  few subsequent 
s tud i es have been attempted , p resuma b l y  because of the assumed compl ex 
s tructu re w i th i n  the val l ey ( Ka l aka , 1 98 5 ,  f i g s .  5- 1 1 ) .  

Recent f i e l d  dat a ,  suppl emented w i th data from the Catsk i l l  and 
De l aware Aqueducts , have l ead to the recogn i t i on and d e l i neat i on of s t ructura l  
doma i ns and  new s t ructura l conc l us i ons i n  a s econd approx i ma t i on of  a 
geo l og i ca l l y  comp l ex reg i on . 

The a rea , centered on the Wa l l k i l l  Ant i c l i no r i um ( ' Neel ytown ' of 
R i cka rd , 1 973) , can be d i v i ded i nto th ree maj o r  s t ructu ral  doma i ns f rom east 
to wes t :  ( 1 )  Mcneel i ne ( Southeas t D i p) , ( 2 )  Cen t r a l  Comp l ex ,  (3)  Open Fo l d  
( Ka l aka , 1 98 5 ,  f i g .  24) . 

Monoc l i na l  ( Southeast  D i p) Doma i n  The eastern l i mb of the- Wa l l k i l l  Ant i -
cl i no r i um i s  rep resented by east-d i pp i ng s t rata  wh i ch project i n to the wes tern 
l i mb of the M a r l boro Sync l i ne and i nvo l ve a pos s i b l e  compos i te 1 7 , 000 feet 
( 5 1 83m) (but more l i ke l y  1 2 , 000 feet ( 3660m) ) of Bushk i l l  and O_uassa i c  sed i 
ments . 

Th i s  doma i n  i s  genera l l y  l ocated between t he Mar l boro Mou n ta i ns and 
I nterstate 87 from the Rosenda l e-Dashv i l l e reg i on to the southern t i p  of the 
Ma r l boro Moun ta i ns j us t  north of Newbu rgh ( f i g .  2A) . 

Exposu res rep resenta t i ve of t h i s  doma i n  occur a l ong and i n  the v i c i n i ty 
of Route 299 east of New Pa l tz .  

Cent ra l Comp l ex Doma i n  The ax i s  o f  the Wa l l k i l l  Ant i c l i no r i um wh i ch i s  
masked by a comp l ex of i mb r i cate,  ea st-d i pp i ng s l i ces i s  l ocated 
approx i mate l y  a l ong the cou rse of the Wa l l k i l l  R i ve r .  The i mb r i cate doma i n  
occu rs a l ong the c rest  of the ant i cl i no r i um and extends f rom I n terstate 87 
wes t  to a majo r  northeas t-southwes t  t rend i ng thrust  ( f i g s .  2�, 2B) . Th ree 
k i nds of s ubdoma i ns occu r w i th i n  th i s  reg i o n :  ( 1 )  h i g h l y  comp l ex ,  
(2)  east-d i pp i ng i mb r i cated , ( 3 )  open fol ded . 

Deta i l ed mapp i ng w i th i n  the comp l ex doma i n  req u i res a l a rqe sca l e  approach 
because the s i ze of the s ubdoma i n  i nfe r red w i th i n  the Wa l l k i l l  S i phon a re 
e s t i mated to va ry f rom 400 feet to 2800 feet ( 1 2m to 853 . 7m) i n  w i d t h  ( Ka l aka , 
1 985m f i g .  20 ; Ka l a ka and Wa i nes , 1 985) . Deta i l ed s u rface mapp i ng i s  
i nh i b i ted by g l ac i a l  cover wh i ch masks a maj o r  por t i on of the bedrock w i th i n  
the Lower Wa l l k i l l  Va l l ey .  I t  i s  u n l i ke l y  that an ent i re subdoma i n  i s  exposed 
anywhere w i t h i n  the val l ey ( Ka l aka , 1 985) . 
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The comp l ex doma i n  i s  a b r u pt l y  t e rm i na ted on  i t s wes t e r n  marg i n  b y  a 
major no r t heast to southwes t  t rend i ng ,  e a s t - d i pp i ng t h rus t .  Th i s  t h r u s t  may 
rep rese n t  a so l e  fau l t  p roj ect i ng upwa rd and wes tward off the su rface of the 
Wa p p i ngers C a r bonates on  the east  I i mb of  the Wa l l k i  I I  A n t i c !  i no r i um ( f i g .  3 ) . 
Th i s  t h ru s t  may have formed du r i ng Acad i a n  o r  l a t e r  t i me i n  response to 
t h rus t i ng of the compe tent Quassa i c  a ren i te mass i n  the core of the M a r l boro 
Sync l i ne wes tward i n to the t h i ck ,  l es s  competent B u s hk i l l  Sha l es a l ong the 
crest  o f  the Wa l l k i l l  Ant i c l i nor i um .  Fu r t h e r  ev i dence o f  the maj o r  t h ru s t  i s  
a 2000 foot ( 6 1 0m) sequence of southeas t - d i pp i ng ,  ove r t u rned s t rata i n  the 
l owe r reaches of the Shawangun k i l l  near Tut h i l l town . These s t ra ta ,  rema rkab l e  
i n  the i r  th i ckne s s  and a t t i t u d e ,  appea r to have been ove r t u rned i n  res pon se 
to ove r r i d i ng a l ong the maj o r  thrus t .  Expo s u res of upper p l a t e  mate r i a l  occu r 
nea rby on Route 44-5 5 ,  

N o  a t tempt has been made t o  determ i ne the extent and  n a t u re o f  offset 
a l ong the t h ru s t  because of l ack o f  s t ra t i g ra ph i c  ma rke r s . 

O pen Fo l d  Doma i n  Wes t  of the maj o r  t h ru s t  there ex i s t s  a doma i n  of open 
fo l ds and re l a t i ve l y  m i no r  fau l t s wh i ch can be d i v i ded i n to two subdoma i ns :  
one wh i ch i s  exposed to the east o f  t h e  Shawanqunk C u e s ta , and one exi s t i ng 
beneat h  S i  J u r i  an cove r .  S t ructure of the l a t t e r  was revea l ed mos t l y  i n  the 
De l awa re Wes t  B ranch ( C i ty of New York Boa rd of Wa ter  Supp l y ,  1 93 8 ,  1 939)  
and C a t s k i  I I  Aqueduct Tunne l s  ( Board o f  Wa t e r  Supp l y  1 90 5- 1 9 1 8) ( Ka l aka , 
1 98 5 ,  f i gs .  1 8 , 20 ) . 

F i e l d  observa t i on s  i n  the Trapps reg i o n  (Route 44-55)  i n  add i t i on to t he 
De l awa re �queduct tunnel  d a t a  i nd i cate t h a t  the fo l d  amp l i tudes and wave 
l engths to t he eas t  of the cues ta decrease wes tward bene a t h  S i l u r i an cover 
( Ka l aka , 1 98 5 ,  f i g s .  1 0 ,  2 1 ) .  A l though the deta i l ed s t ructure of t he S i l u r i an 
s t rata was not worked out  the gene r a l  a t t i tudes of the bed s a ppea r to be 
ref l ected i n  the gene ra l s l ope of the l and su rface . Consequent l y ,  t he 
O rdov i c i an s t ruc t u re benea t h  S i l u r i an cove r a ppears to have much g reater 
d i mens i on than the S i l u r i an fo l ds a n d  fau l ts gene rated i n  the Acad i an o r  l a t e r  
o rogeny , Though va r i a b l e ,  wave l engths  i n  t he O rdov i c i an fo l ds a r e  abou t 
2 000 feet ( 6 1 0m) o r  sma l l e r i n  the Rondout P res s u re Tunne l and  averaqe 
1 400 feet ( 42 7m) to 6000 feet ( 1 829m) or l a rg e r  i n  the De l aware Wes t  B ra nch 
Tunnel  ( Board of Wa ter  Supp l y ,  1 905- 1 9 1 8 ;  C i ty of New York Boa rd of Wa t e r  
S u pp l y ,  1 938m 1 939) . F o r  these reasons i t  appears t h e  O rdov i c i a n  s t ructure 
i s  l a rge l y  Tacon i a n  i n  o r i g i n  w i th rel a t i ve l y  m i nor  ' Acad i an '  mod i f i ca t i on 
i n  the open fo l d  doma i n .  

Wa i nes and Sanders , 1 96 8  ( f i gs .  1 ,  2 and Tab l es 1 ,  2 )  may have ant i c i pated 
the open fo l d  doma i n  i n  determ i n i ng Pre- S i l u r i an O rdov i c i an bedd i ng a t t i tudes 
i n  l oca t i on s  1 1  t h rough 1 5  of the i r pape r .  Pa l eod i ps ( 1 6  deg rees o r  l es s )  
a n d  d i p  d i rect i on va r i a t i ons (southwes t ,  northwes t ,  northea s t , wes t  a n d  eas t )  
i nd i cate a reg i on o f  b road , ope n ,  gen t l y  p l ung i ng fo l ds i n  the open fo l d  
doma i n .  Th i s  doma i n  or i g i na l l y  may have extended to the e a s t  o r  northeas t i n  
Wa i nes and Sanders l ocat ions 8 ,  9A , 9 B , and 1 0  whe re O rdov i c i an pa l eod i ps d i d  
not exceed 30  deg rees and  were i nc l i ned to the northwes t ,  southwes t ,  and south
e a s t ,  i nd i ca t i ng somewhat t i ghter  fol d i ng . -- The l a t t e r � l oc�t i ons  l i� .w i th t n -· t he 
i mb r i cate doma i n  b u t  P re-S i l u r i an a t t i tudes a t  the u n conform i ty do not appear 
to have been a ffected by i mb r i cat i o n .  I t  may we l l  be that p r i or to the 
d evel opment of the i mb r i cate doma i n  the O rdov i c i an open fo l d  doma i n  extended 
f u r t her e a s t  o n to a l es s  comp l ex an t i c l i no r i um .  
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A l t hough pos t- S i l u r i an fau l t i ng has been recog n i zed i n  the open fo l d  
doma i n ,  espec i a l l y  i n  the Del awa re Aqueduct ( B i r d ,  1 94 3 ,  f i g . 8) , i ts nature  
i s  not  we l l  unde r s tood and  the d i s p l acement appea rs to  be  re l a t i ve l y  m i no r .  
Pre-S i l u r i an fau l ts p robab l y  occu r a l so ,  but  aga i n  appea r to · have had 
re l a t i ve l y  m i no r  effects . 

CONCLU S I ON S  

O n  t h e  bas i s  of f i e l d  obs e rvat ions augmented b y  d a t a  from t he C a t s k i l l  
a n d  De l awa re Aqueducts and data from fou r  deep w i l d c a t  we l l s  ( E l l en v i l l e  # 1 , 
H i gh Ba rney , M i nnewaska # 1 , and Sus i # 1 ) a new s t r u ct u r a l  and s t r a t i graph i c  
i n terpre t a t ion Df the M i dd l e  O rdov i c i a n  sha l es and s a n d s tones of t he Lower 
Wa l l k i l l  V a l l ey has been deve l oped . Ra ther  than a reg i on of gene r a l  i socl i na l  
fo l d i ng a s  env i s i oned by Hol zwas s e r  ( 1 92 6 ,  P l ate 1 )  and d e p i cted b y  Sandborn 
a f t e r  Berkey ( 1 950) , the a rea a ppears to be s u bd i v i de d  i n to th ree maj o r  
no r thea s t -sou thwes t  t rend i ng s t ructu r a l  doma i ns wh i ch i nvo l ve t h e  M a r t i nsburg 
Forma t i on and Quas s a i c  G ro u p .  

The eas te rnmost doma i n  i s  represent ed b y  monocl i na l  southeas t-d i pp i ng 
s t ra ta ( s ha l es and a re n i tes)  of the wes tern  l i mb of the M a r l boro Sync l i ne .  
Th i s  doma i n  i nc l udes B u s hk i l l  s ha l es wh i ch i n t e r f i ng e r  w i th Quas s a i c  
a ren i tes (Wa i nes , 1 986) , ( f i g .  3 ) . 

A cen t ra l  comp l ex doma i n  cons i s t i ng of i mb r i cated e a s t - d i pp i ng t h r u s t  
s l i ces w i th h i g h l y  d i s t u rbed to open fo l ded s ubdoma i ns i s  l ocated a l ong the 
Wa l l k i l l  Ant i c l i no r i um ax i s  ( Ka l aka , 1 985 , f i g .  2 4 ;  Ka l aka and Wa i nes , 1 986) . 

A maj o r  thrust appea rs to bo rder the wes tern  ma rg i n  of the comp l ex 
doma i n .  The t h r u s t  extends southwa rd t h rough the study  a rea transect i ng 
t h e  C a t s k i l l  and De l awa re Aq ueduct s .  The mot i on a l ong the t h r u s t  appears to 
be ' Acad i a n '  because the t h r u s t  cuts t h rough the S i l u r i an a n d  Devon i a n 
s t rata l ocated on the northwestern  border of the Lower Wa l l k i l l  Va l l ey .  

The doma. i n wes t  of the t h ru s t  i s  characte r i zed by open fol d s  and m i no r  
fau l ts .  Tunne l a n d  f i e l d  data w i th i n  th i s  doma i n  i nd i cate that fol d 
amp l i tude s  genera l l y  decrease and wave l engths  i nc rease wes tward beneath 
Shawangunk Cong l omerate cover .  

Conc l us i ons  wou l d  be i ncomp l e te w i thout refe rence to the Wa l l k i l l  S i phon 
l ocated w i th i n  t h e  comp l ex l y i mb r i ca ted doma i n .  Data s uggest subdoma i na l  
en t i t i es wh i ch range f rom 800 feet ( 244m) to 2700 feet ( 8 2 3m )  i n  w i dth  and 
i nd i cate the s i ze of the subdoma i ns wh i ch can be expected w i th i n  the v a l l ey 
( Ka l aka ,  1 98 5 ,  f i g .  20 ; Ka l aka and Wa i ne s , 1 985) , 

I f  t he present s t ru c t u r a l  i nterpreta t i on o f  t he Wa l l k i 1 1  S i phon i s  
cor rect , mapp i ng of subdoma i n s w i t h i n  t he i m b r i cate zone us i ng present 
geo l og i ca l  tech n i ques may be fut i l e because o f  exten s i ve g l a c i a l  cove r �nd 
t he comp l ex s t ructu re w i th i n  the subdoma i ns thems e l ve s ,  Were i t  not for 
the Catski l l  and Del awa re Aqueduct data and t he w i l dcat we l l i nforma t i on ,  
t he s t ru c t u r a l  and st rat i g raph i c  i n t e r p retat i ons p resented he re ( f i g .  3 )  
wou l d  have been much more d i ff i cu l t ,  i f  not i mpos s i b l e ,  t o  deve l op .  
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ROAD LOG AND STOP DESCRI PTIONS 

Cumu l ative 
Mileage 

Miles Between 
Points Remarks 

4 . 0 

4 . 1 5  

4 . 4 
4 . 5 
4. 7 

0 

4 . 0  

0. 1 5  

0 . 25 
0 . 1 
0 . 2 

Enter NY 299 bearing right £ram NYS 
Thruway Exit 18 at New Paltz and 
proceed east . 
Turn le£t < north > onto North Riverside 
Road. 
Turn right onto Janewood Road and 
proceed to NY 299. Shale near 
telephone pole on le£t side a£ road i s  
probably a l l ochthonous Narmanskiil o n  
the east side a £  the Esopus Thrust . 
Turn right < west > onto NY 299. 
Crossing buried Esopus Thrust . 
Pull a££ highway and park next to 
eli££ an right. 

STOP # 1 .  Here we are i n  middle third a£ Chodikee Formation 
< Strater, 1983 ) the uppermost unit a£ the Quassaic Group. 
We are located in the east l imb a£ the Marlboro Syncline.  
The age a£ these autochthonous strata is Late Ordovici a n .  
Beds are vertical to slightly overturned to the west. 
Continue west on NY 299. 
4 . 8 0. 1 Bridge over Black Creek £ault where 

east limb a£ Marlboro Syncline has 
thrust westward over west l i mb a£ 
syncline. 

5 . 05 0 . 25 Park a l ong roadside next to outcrop. 

STOP #2. Here i s  a more shaley version a£ the Chadikee 
Formation. Fossil s  include brachiopods and highly de£armed 
cryptolithids. Strata typically d i p  east. Continue west on 
NY 299. 

We w i l l  be 
the normally 
Chodikee are 
5 . 60 

6. 65 

8 . 1 0  

8 . 2 

8 . 5 

moving dawn section £or the next 2. 1 miles and 
arenitic £ormatians in the Quassaic beneath the 
shaling aut to the southwest. 

0 . 55 Outcrop a£ S l abside Formation < 1 >  on 
right. 

1 . 05 Shaupeneak or Ri£ton Formation i n  road 
cut . This is the l ast exposure in the 
east-dipping domain an NY 299. 
Continue .west. 

1 . 45 

0 . 1 

0 . 3 

Bridge over NYS Thruway. Entering 
eastern margi n  a£ complex domain . 
Turn right < north > onto North Putt 
Corners Road at tra££ic l ight. 
Turn le£t onto Henry Dubois Drive and 
proceed west . 



9. 35 0. 85 
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Stop on the right as near this point as 
is saxe and return an £oot. 

STOP #3. Here is a typical example o£ complex domain strata 
in the road cut on the north side with a good east -west 
sectional view. The strata are Medi al Ordovici an Bushki l l  
shales and siltstones. Continue west downhi l l .  
9. 7 0. 35 Stop ; turn lext onto NY 32. Proceed 

to second tra££ic l ight. 
10. 05 0. 35 Turn right at l ight onto M a i n  Street 

< NY 299 ) and proceed west. 
1 0 . 25 0. 2 Turn lext ( south > onto Water Street 

j ust bexore bridge over Wallkill 
River. 

10. 35 0. 1 

10. 5 0. 1 5  
10. 6 0. 1 

Axter stop, bear r i ght onto Plains 
Road. 
Bushkill outcrop on lext. 
Park in area on right and walk back 
over small bridge to outcrop on east 
side a£ road. 

STOP #4 . Here, beneath the poison ivy, are dexormed sha l es 
and siltstones with east -dipping cleavage. Again, these 
appear to be Bushkill and the exposure occurs near the 
center .ox the complex domai n .  Return to cars and drive back 
to NY 299. 
1 0 . 95 

1 1 . 3 

1 1 . 9 

1 9 . 25 

1 9 . 8 
1 9 . 9 

20 . 0  

STOP #5.  
river. 
i n  some 
covered 
complex 
£ossil s  
20. 05 

20. 7 
20. 95 

0. 35 

0 . 35 

0. 6 

7 . 35 

0. 55 
0 . 1 

0 . 1 

Turn lext onto NY 299 across bridge 
over Wallkill River and head west 
across W a l l k i l l  River £laodplai

·n .  
View o £  Shawangunk Cuesta a t  1 2  
o ' clock. 

· 

Bear lext onto Libertyville Road and 
proceed. Roadcuts observed over next 
2. 6 miles are in the complex domai n .  
Stay o n  Albany Past Road. 
Stop and turn le£t ( east ) onto Rt. 4 4 -
55. 
Bridge over W a l l k i l l  River. 
Turn hard right onto Farmers ' Turnpike 
and proceed. 
Park on right next to l arge blocks o£ 
Shawangunk conglomerate. 

Extensive outcrop occurs at base o£ h i l l  along 
Predominantly east -dipping arg i l l i tes are involved 
£olding and £aulting. A £oundation o£ an old 
bridge i s  observable .  Here . i s  another aspect o £  the 
domain. The strata are apparently Bush k i l l .  No 
have been xaund. Return to Rt. 44-55. 

0. 05 Turn l e£t at stop sign onto Rt. 44-55 
and proceed west. 

0. 65 Turn lext onto A l bany Past Road . 
0 . 25 Bridge over Shawangunk K i l l . Park i n  
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op•n ar•a on l•£t sid• o£ road beyond 
bridge. Walk back over bridge to 
Tuthi lltown Gristm i l l  and assemble 
outside Gristmil l  store. 

STOP #6. This is a hiking stop and we h ave been given 
special permission by the owner a£ the m i l l  to walk across 
the property along the north bank a£ the Shawangunk K i l l .  
Please stay with your leader and d o  not wander. 

The £irst phase a£ the hike is about 1 1 00 £eet to a 
concrete dam across the Shawangunk K i l l . On the £ar side a£ 
the stream and on the near side, when water is law, one can see 
an overturned section a£ east - d i pping i nterlaminated 
siltstones and arg i l lites which aggregate some 2000 to 2500 
stratigraphic £eet. 

As £ar as we can tel l ,  there is l ittle £aulting other than 
bedding plane dislocations and the sequence does not 
appear to belong i n  the complex doma i n .  The di££erences 
between these strata and those at the next stop are 
noteworthy . 

No samples i n  the dam area, please. 
Proceed upstream £rom the dam along the berm o£ an 

abandoned cana l .  Watch out £or woodchuck holes in the berm. 
They can be treacherous ( the holes - not th• woodchucks ) .  

Proceed about 1 , 000 £e•t upstream £rom the dam to a point 
where a l arge h i l l  on th• north sid• o£ the stream closes to 
the stream. Here are numerous arenite layers i n  the shales, 
some up to a £oat or so i n  thickness. These ar•nites are 
also overturned, dipping east as can be seen by £low 
structures on the basal bedding pl anes. This sequence seems 
to occur at the top a£ the arg i l lite and silt sequence. The 
arenites can be traced southwestward into an ever-thickening 
aren i te-shale sequence which seems to approximate the 
position a£ the Ramseyburg member in the Martinsburg 
Formation much £urther south. The aug i l l i te-silt sequence 
is mast likel y  upper Bushk i l l  i£ the £oregoing is correct. 
This sequence i n  the Shawangunk K i l l  was £ i rst noted by Paul 
Kopsick ( 1977 ) .  Return to vehicle ( s ) .  Turn right aut o£ 
parking area and return on A lbany Post Road to Rt. 4 4 - 55 .  
20. 3 0.  3 Turn. le£t onto Rt. 4 4 -55 and park 

immedi ately in a v a i l able space on 
righ t .  

STOP #7 • Walk uph i l l  ( west > along one side o£ h ighway and 
return , walking down other side. This extensive road cut 
is in the Bushkill sha l e  and strata gener a l l y  are right side 
up and dip east, but £aulting and some drag £olding suggest 
imbricate thrusting. This exposure is thought to represent 
a portion a£ the upper plate thrust over the lower pl ate 
exposed at Stop #6.  A chance rock£all in this cut yielded 
an extensive £auna including bivalvi a ,  articulate and 
i narticulate brachiopods, cryptolithid trilobites, 
graptolites, gastropods and burrows. Weathering rapidly 
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reduces the shale to £ine rubble. Return ta veh i c l e ( s l . 

BE EXTREMELY CAREFUL CROSSING THE H I GHWAY ! 

24. 4 4 .  1 Proceed west an Rt. 4 4 - 5 5 .  
a n  r i g h t  a t  hairpin curve. 

Turn c.ut 

STOP #8 : Here Martinsburg strata, 

Bush k i l l ,  may ectu11y be Pen Argyl 

nat resembl e  the latter. Here end 

wh ich appear to be 

Equ i va l �nt though they 

at STOP #9, a short 

do 

d istance away, the strata occur in the open £a1d domain and 
in the immediate v i cinity the overlying Shawangunk 

congl omerate may re£1ect Acadian or l ater de£armation which 

was superposed on a predominantly Taconian structur-e-� 
Proceed ' west ' on Rt. 4 4 - 55. 

24. 9 0 . 5 Turn 1e£t VERY CAREFULLY an BLIND 

CURVE into parking area at Laakaut. 
Park i £  poss i bl e .  I t  may be very 
crowded with c l imbers and tourists 

an good weather days. 

STOP #9 : Facing northwest we see the relative attitudes a£ 

the underl ying Martinsburg <Pen Argyl Equivalent ? ) and the 

overlying Shawungunk conglomerate. Although the angular 

uncan£armity between the twa can be pro j ected, the actual 

contact can be seen j ust south o£ Rt. 44-55 at the base o£ 

the Shawungunk <Waines and Sanders, 1968 ) .  The study a£ the 

relative structure o£ the Shawangunk and Martinsburg in th i s  

immediate v icinity was canduc.ted l:ty Persico ( 1 984 ) .  He 
concluded that some Taconic structures were £urther de£ormed 

at a l ater time. 

Next, a view to the southeast and east stretches beyond 

the immed iate Wal l k i l l  Valley to the Hudson H i g h l ands and 

the Hudson River Gap ( southeast ) and the Housatonic. Ridge 

along the Connecticut border to the east. C l oser at hand, 

to the east, we can retrace o u r  general progress a£ the day 
£rom the irregular ridge a£ the Marlboro Mountains 

( overturned east l imb a£ the Marlboro Syncline ) .  S l i ghtly 
c l oser we drop i n  elevation across the east dipping 

manoc1ina1 domain which cannot be recognized £ram this 

viewpoint. We know that the complex domain centers an the 
lower elevati ons a£ the Wal l k i l l  Valley, but again the 

domain cannot be recognized �ram here. Simi larly, the open 

£old domain and its eastern boundary £au1t g i ve no 

indi cation a£ their presence. It must be concluded that 

only extensive e:>tpasure data ( borings, t.unnels ) are: 

necessary ta augment meager or £artuitaus exposures as i n  

Stops 6 and 7 .  

END OF TRIP. 

Return to Kingston Ramada Inn by way a£ Rt. 44-55, NY 299 

and NYS Thruway. 
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