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INTRODUCTION  

The  g l ac ia l  h i story o f  the Wal l ki l l  Va l l ey of eastern New Yor k  first was 
descr i bed by Conna l l y  and S i r k i n  ( 1967 ) i n  the gu i debook for the 39th annual 
meeti ng  of NYSGA . Prior  to the i r  interes t ,  the area had rece i ved scant 
a ttenti on . I t  was �entio ned per i phera l l y  by Woodworth ( 1905)  and di scu ssed 
i n  abstract by Connal l y  ( 1 966 ) . The o n l y  prev ious  deta i l ed work  was a study 
of preg l acia l  l a kes  reported by Adams ( 1934 ) .  

Before commencing  the j o i nt study , Connal l y  and S i r k i n  estab l i s hed re­
str i ct i v e  criteria for l ocating the bogs that have become the standard 
secti on s :  1 )  some aspect of the peat bog mu s t  be d i rectly 1 i nked to some 
spec i fi c  geomorph i c  event , 2 )  the bog must have a h i gh ,  un breached rim with 
excl u s i ve l y  i nterna l  drai nage , and 3)  a deep section  must d i rectl y overl ie 
g l a c i al sed iments . We refer to thi s strategy a s  an  i ntegrated a pproach and 
co ntra s t  i t  with  the gra b-samp l e  approach of others . 

Fo l l owing  the tenets o f  the i ntegrated ap proa c h ,  Conna l l y  and S i rkin  
( 1970 ) refi ned i nterpretations . They d i scu ssed the val l ey aga i n  i n  the 
context of the ent i re Hudson-Champl a i n  Lobe ( Conna l l y  and S i r ki n ,  1973 ) and 
then Connal l y  ( 1983 )  and Con na l l y  and S i rk i n  ( 1986 )  di scus sed reg ional 
corre l a t i o n s .  

I n  t n e  summer o f  1988, Connal l y  compl eted a 25 -year pro ject , mapping  the 
ent i re Wal l ki l l Va l l ey at a scale o f  1 : 24 , 000 . The 7l-. ' ma ps that covet· the 
New York port i o n  are on ope n  fi l e  i n  the New York State Geol ogica l  Survey i n  
Al bany , New Yo r k .  NYSGS supported the l a ter phases o f  th i s project, from 
1983 through 1988 , under the aegi s o f  Don Cadwel l .  The ma ps are part of the 
da ta base  for the Lower Hudson s heet of the Surfi c ial  Geo l og ic  Ma p a f New 
Yor k .  During  NYSGS sponsorshi p ,  new l andforms have been recogni zed , new 
i deas have been generated i n  the fiel d o f  g l acial  geo l ogy ,  and new inter­
preta t i o ns have been app l i ed to the Wal l k i l l Val l ey 
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GEOLOGIC SETTING 

The Wal l k i l l  Val l ey is  a northea st-so uthwest trend i ng l owl and approx imately  
100 km l o ng and  30  km wide ,  as shown in  F i gure 1 .  It  narrows to the south . 
The western boundary i s  the scarp of the Shawangun k  Mounta i n  cuesta . The 
eastern boundary , separating the Wal l ki l l  Va 1 1  ey from the Hudson River trenc h, 
i s  the Marl boro Mounta i ns .  The crystal l i n e  rocks o f  the Hudson H i ghl ands,  and 
appended Schunnemunk  Mo unta i n ,  form the sou theastern boundary . 

Most o f  the val l ey i s  dra i n ed by the northerly  fl owing Wal l k i l l  Ri ver and 
its tri butar i es .  At Sussex , New Jersey the �ru n k  stream b i furcates . Pa pa­
ka ting  Cree k dra i n s  the physi ographic continuation o f  the va l l ey for 12  km , 
from Augusta north to the bi furcation at Sussex . However , the Wal l ki l l  
River r i s es a l most due south , i n  a val l ey that cl eaves the crystal l i ne upl ands . 
The southern end of the phys iograph i c  Wal l k i l l  Val l ey is  a pproximated by the 
Cul vers Gap Mora ine , 

The other major dra i nage sys tem i n  the Wal l ki l l  Val l ey i s  Moodna Creek . 
Th is  stream , and its tri butary Otter Cree k ,  fl ows eastward and empti es i nto 
the Hudson  R i ver between the southern end o f  the Marl boro Mounta 1ns  and the 
Hudso n H i ghl ands . Seel ey Brook i s  a sma l l so u thern tri butary to Moodna Creek .  

The l owest po int i n  the Wal l ki l l  Val l ey i s  140 ft at the confl uence with 
l ower Rondou t  Creek , north of Rosenda l e ,  New York .  The h i ghest po i nt is 
2289 ft at Sam ' s  Poi n t  on the crest of the S hawangunks . Tho ugh the total 
rel i e f  i s  more than 2000 ft, most of the val l ey bottom l i es between 200 and 
600 ft above sea l evel , exhi b it ing  l ow to moderate rel i e f .  

Bedrock 

The va l l ey is underl a.i n by rocks of the Ordovi c i a n  Marti nsburg Formation . 
Res i s tant sandstone and s i l tstone beds account for the prom i nent str i ke ri dges 
and ro.c hes  moutonees in . the val l ey bottom. · On the east,  the Marl boro Mounta ins  
resu l t  from very coarse and very res i s tent sandstones in  the  Quassa i c  Gro u p .  
On t he west,  the softer sedimentary rocks are buttressed by the overl ying , 
very competent,  Shawangunk Formation , producing  the spectacu lar  S hawangun k 
escarpment ( STOP 5 ) . On the south and ea s t ,  Schunemunk Mounta i n  i s  uphel d by 
res i s tant cl astic  sed imenta ry rocks o f  Devonian  age . 

Dri ft 

There i s  an a l most continuous bl anket o f  su pragl ac ia l  mel tout ti l l  
throughout  the val l ey .  Th is  til l i s  c l ogged by cl a sts and channers of 
Ma rti n sburg l i tho l ogies . It usual l y  occurs as c l ast-supported d iamict . 
Matri x-su pported d iam i ct has been observed on ly  i n  druml i n  cores where 
sedimentary structures · suggest that i t  has been d i stu rbed or resedimented . 
Un�qu i voca l subgl acia l  mel tout t i l l has  not been o bserved i n  the val l ey .  

Ice-contact strati fied drift i s  common .  It  i s  pr imari l y  s hal e-gravel and 
sand . However , promi nent white sandstone and qua rtz i te cl asts derived from 
the S hawangunk  Formation  are common i n  the Wal l ki l l Mora i ne and immed i atel y 
adjacent to the S hawangun k Mounta ins  south o f  that mora i ne . Lacustr i ne 
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F I GU R E  1 .  A gene ra l l oc a t i on map o f  t h e  Wa l l k i l  1 
V a l  l ey s h ow i n g t h e  moun t a i n o u s  b o r de r s  a n d  t h e  

i maj o r  d ra i n a g e  s y stems . The C u l ve rs G a p , 
Pe l l e t s  I s l an d ,  a n d  'tla l l k i l l  1-\o r a i n e s  

.· 1 a re s hown ; 1 )  d e s i gn a te s  F ra n c i s lake , 
2 )  i s  S a dd l e  Bog , 3 )  i s  New Hampton 
bog , a n d  4 )  i s  Ea g l e  H i l l  Camp bog . 
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GLAC IAL GEOLOGY 

Connal l y  and S i rk in  ( 1 967 ) descri bed 5 i ce margin  pos i ti ons , from o ldest to 
youngest , the Ogdensburg-Cul vers Ga p ,  Augusta , Pel l ets I s l an d ,  New Hampton , 
and Wal l k i l l Mora i nes . I n  1970,  they added a brief d i scu s s i o n  o f  the Rosenda l e  
readvanc e ,  descr ibed by Connal l y  ( 1968 ) , recogn i z i n g  i t  as the youngest de­
g l a c i al event i n  the va l l ey .  By 1 973 , they had real i zed that the " New Hampton 
Mora i n e '' was onl y a mi nor recessional  fe�ture c l o s e l y  rel ated to the Pel l ets 
I s l and  Mora ine and abandoned i t  as an i ndependent mora i ne or even as a d i sti nct 
i ce ma rgin  po s i t i on . Al so by 1973 , Conna l l y  had become susp icous  tha t the 
western Cul v ers Ga p Mora ine descr i bed by Sal is bury ( 1902 ) m i ght not correl a te 
with  the feature at Ogdensburg and thus Connal l y  and S i rk in  ( 1 973 )  dropped 
" Ogdensburg"  from the prev iousl y hyphenated name . Unfortunatel y ,  there was no 
d i scussion  of the reason for that change . Final l y ,  sti l l  i n  1973 , they added 
the '' S ussex Mora ine"  that was i nferred to be reces s ional to the "Augusta 
Mora i ne "  i n  northern New Jersey . 

Beca us e  o f  the new data and new i deas generated during the most  recent 
ma p p i n g  efforts , we here abandon both the Augus ta and Sussex "mora i nes " ,  no 
l onger recogn i z i n g · them as ice margin  pos i tions , and al so mod i fy prev ious 
v i ews about the Cul vers Gap Mora i n e .  We now recognize the Cul vers Ga p ,  
Pe l l ets I s l and,  and Wal l k i l l  Morai nes a s · the on ly  s i gn i ficant i ce margin  
po s i ti ons  in  the  Wal l ki l l  Va l l ey .  However , we  continue to recogn i ze the 
Rosenda l e  readvance , an event l acking  a def i n i t ive  i ce ma rg in  pos i tion , as 
the yo ungest event to affect the l ower Wal l ki l l  Va l l ey .  The evo l ution of 
term i no l ogy , from 1967 to the present , i s  summari zed i n  F i gure 2 .  

CONNALLY and S I R K I N  CONNALLY AND S I RK I N  CONNALLY AND S I R K I N  CONNALLY- S I R K I N-CADWELL 

( 1967)  ( 1 970) ( 1 973 )  {th i s  G u i debook) 

not reaognized ROSENDALE READVANCE ROSENDALE READVANCE ROSENDALE REAOVANCE 

WAL L K I LL WALLK I LL WALL K I L L WALL K I LL 

MORA I NE MORA I N E MORA I N E  MORA I N E 

NEW HAMPTON NEW HAMPTON alxmdonsd 
MORA I N E  MORA I NE 

PELLETS I SLAND PELLETS I SLAND PELLETS I SLAND PELLETS I SLAND 

MORA I N E  MORA I N E  MORA I N E  MORA I N E  

no t  recognized not recognized SUSSEX ab�d 
MORA I N E  

AUGUSTA AUGUSTA AUGUSTA abandoned 
MORA I N E  MORAl NE MORAl NE 

OGDENSBURG- OGDENSBURG-
CULVERS GAP CULVERS GAP 

CULVERS GAP CIILVF.RS GAP 
MORA I NE MORA I NE 

MORA I NE MORA I N E  

F I GURE 2.  I ce marg i n s  an d even t s  in  the Wal l k i l l  V a l l ey 
a s· they have been i n te rp reted · f rom 1 9 6 7  to the p resen t .  
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sands and  rhythm i ca l l y  bedded s i l t  and cl ay are common i n  bottom l a nds . 
Exten s i ve orga n i c

_
depo s i ts are present i n  the muckl ands o f  southern Orange 

County . These ev1 dentl y mark the final  phase  of  sedimenta tion in  once 
prom i nent l akes .  Organ i c  sed iments al so are present i n  many kettl e bog s ,  
i ncl u d i n g N ew Hampton bog where S i r k i n  ( Conna l l y  and S i r ki n ,  1967 ) establ i shed 
the po l l en strati graphic  standard section  for the val l ey .  

Invers ion  R i dges 

B e fore exam i n i ng the glacial  h i story of the Wal l ki l l  Val l ey ,  it i s  
necessary to cons i der a newl y recogn i zed l andform that  has i ncreased our 
understand i n g  o f  events in the val l ey .  Thi s l andform i s  named an i nversion  
r i dge . I nvers i on ridges , and i nvers ion  terrace s ,  are qu i te common fl anking  
the  S hawangunk  Mou nta i ns . Some of  these depos i ts were referred to as inwa sh  
and  were recogni zed by  Conna l l y  and  S i r k i n  in  1967 , a l though they were not 
fu l l y  understood at that time . 

The concept o f  i nverted topography certa i n l y  i s  not n ew to gl acial  geo l ogy 
( e . g . ,  see Lebec k ,  1939 , p .  3 1 2 ) . I t  has l ong been recogn i zed that depres s i ons , 
or  nega t i ve areas , on ke sheets col l ec t  and concentrate sediment . When the 
g l a c i er mel ts , the sediment i s  l et down to form topographic  h i ghs , or pos i t i ve 
topograph ic  area s .  As a corol l a ry , the po s i t ive  regi ons on a gl acier,  compris ing 
ma i n l y unmel ted g l a c i er i c e ,  become nagati ve topograp h ic  reg ions exh i b iting  
a m i n imum of  sediment when the  g l a c i er di sa ppears . The defi n i tion of the 
i nversion  r idge is rooted i n  t h i s  l ong  establ i s hed co ncept . 

An i nv ers ion  ri dge i s  a l i near accumu l at ion � f  dri ft that i s  l ocated i n  a 
depre s s i o n  or  val l ey bottom and i s  pa ra l l el or su bparal l e l  to an exi s t i ng 
s tream channel . I t  may be prom i nent or  s u bdued ; d i ss ec.ted or i ntact .  It  
heads at  a subareal dra i na ge channel , or at  a co l  or  upl and val l ey .  I t  i s  
composed o f  strat i f i ed dr ift and/or resedimented , cl ast-sup ported diamict .  
Matrix-supported d iam i ct a l so  may occur , but  at present it  i s  cons idered to  be 

.. a m i n o r  con s t i tuen t .  The down s l o pe ,  or downs tream , end o f  the i nvers ion  r idge 
may merge w i th another i nver s i on r idge , deve l o p  i nto an i nwash or o utwa sh fan 
( STOP 1 ) , or termi nate at what Fl ei sher ( 1 986 )  ca lled a dead ice s i n k .  An 

· 

invers i on  terrace i s  s im i l ar except that i t  i s  banked against  a val l ey wal l  
w i th the present s tream channel on the val l ey s i de .  · 

The recogn i tion  o f  i nver s i o n  ri dges as  separate l andforms restri cts the 
use  o f  the  term esker . I nvers ion  ri dges represent dra i nage that was i n i ti ated 
i n  dra i na ge systems above o r  beyond s tagnant ice masses . Es kers are res tr i cted 
to former dra i nage sys tems that were enti re l y  engl acia l  o r  s ubgl ac i al i n  o r i g i n  
and  w h i c h  therefore may b e  unrel ated t o  present dra inage systems . 

Becaus e  i nversion  r i dges are so .  wel l preserved , and because they often 
a re associated wi th dead ice s i n ks , they a l most certa i n l y  resu l ted from 
depo s i ti o n  i n  or on s tagnant ice . They a re i n ferred to document drai nage 
sys tems that functi oned much as they do today after the ice has di sappeared . 
The  o n l y  d i fference between modern dra i na geways and those reconstructed from 
the i nv erted topogra phy i s  that stagnant  ice  f i l l ed the depres s ions , or val l ey 
bottom s ,  or stream channel s and channel i zed sediments were confi ned by wal l s  . 
o f  i ce and  pres erved . Sedimentary s tructures i n  rare exposures impl y downs l o pe 
sediment trans port , e i ther by water currents or by mas s  movement .  
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Gul vers Gap Mora ine  

Sal i sbury ( 1902 , p .  270)  descr i bes 
" • • •  a fa i r l y  wel l  de f ined bel t o f  recess i on a l  mora ine from 
Ogden sb u rg ,  via Sal esv i l l e ,  to C u l ve r ' s  Gap . "  

and conti nues with a more deta i l ed descri ption on pages 350  to 35 5 .  I n  
s umma r i z i n g  the g lacia l  h i story o f  the Hudson-Champl a in  Lobe , Connal l y  and 
S i r k i n  ( 1 973 )  i n ferred that the Cul vers Gap Mora i n e ,  as i l l us trated i n  
Fi gure 3 ,  marked the maximum Woodfordi an  pos i ti o n .  Because o f  doubts tha t 
were expressed i n  an unpubl i s hed manusc r i pt by Conna l l y  i n  the l ate 1960 ' s , 
the Ogdens burg portion o f  Sal i s bury ' s  Ogdensburg-Cul ver ' s  Ga p Mora i ne was 
no t i nc l uded and the name was shortened to "Cu l vers Ga p Mora ine" . 

F I GURE 3 .  The C u l ve rs Gap Mora i ne f rom the K i ttat i n y  Moun t a i n s  o n  the 
west to the P i m p l e  H i !  l s  on the eas t .  An i nve rs i on r i dge at Ogdensburg 

i s  h e re con s i dered to be somewha t o l de r  than the mo ra i ne .  

Once Fl e i s her ( 1 984) i ntroduced t h e  concept o f  a dead i ce  s i n k ,  l ater 
refined by Fl e i sher ( 1 986 ) , i t  became obvious  that there was a dead i ce s i n k  
immed i atel y south o f  the mora i na l  segment southwest o f  Lafayette, New Jersey . 
The Lafayette segment exh i b i ts truncated foreset beds that were depo s i ted 
aga i ns t ,  or upon ,  a stagnant i ce ma ss 3 km l ong that occupied  the Paul ins K i l l  
val l ey from Lafayette south to Newto n .  I f  stagnant i ce was present as the 
mora i n e  was being  depos i ted , the mora i ne hardl y coul d have marked the maximum 
pos i t i on of the Hudson-Champl a i n  Lobe . I n  fact ,  at l east the h i gher parts o f  
t h e  mora i n e  probab l y  are better interpreted a s  i nvers ion  r i d ges than a s  end 
mora i n e .  Traced westward to the S hawangunk  Mounta i ns ( Ki tta t i ny Mounta i n  i n  
New Jersey) , i t  a ppears to be inverted topogra phy formed when dra i nage from 
the mounta i n  encountered stagnant ice  i n  the val l ey .  
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We st i l l con s ider the Cu l v ers Ga p Mora ine to be an end mora i n e ,  at l east 
i n  part . At La fayette , a l arge vol ume of sediment was fu rnis hed from a 
nort hern '' up-fee '' sourc e ,  presuma bly act i ve fee fn  the tradi tion of  ' 'the d i rt 
mac h i ne" o f  Koteff ( 1 974 ) .  From La fayette eastward,  the i ce  ma rgin pos i ti o n  
d i sa ppears i n  the pi tted outwa sh on the west s ide  o f  Germany Fl ats ( not shown 
on Fi g .  3 ) . The rel ations h i p  of Germany Flats outwash to the dri ft at 
Ogdensburg i s  probl emati c . 

The Ogdensbu rg segment proba bl y  represents a s i tuation simi l ar to that at 
La fayette . The upper Wa l l k i l l  Val l ey ,  sou thwest of  Ogdens burg , probably was 
a dead i c e  s i n k .  Dra i nage from Frankl i n  Creek was channel ed southwest onto 
stagnant i ce ,  u l timate ly  separati ng a stagnant i ce b lock  to the north from 
another to the south . The deta i l ed ma pp i ng by Conna l l y  su ggests that the 
outwash at Germany Fl ats,  cl earl y rel ated to the Cul vers Gap Mora ine , may be 
yo unger than the stagnant ice  that rema i ned north of the Ogdensburg i nvers i on  
r i d ge . Thus , the drift at Ogdensburg pro babl y i s  not a mora ine  segment and 
may wel l be o l der than the Cul vers Gap Mora i n e  at Lafayette . 

Dri ft At Augusta 

Sal i sbury ( 1 90 2 ,  p .  374 ) fi rst repo rted the "Augusta Mora i ne '' a s  fol l ows : 

"A sma l l  mora i n e  c rosses the va l l ey . . •  a m i l e  o r  so no rth of 
Augus ta . I n  front of the mo ra i n e  the s u rface i s  s t rewn w i th 

' l a rge cobb l e s ,  but the g rave l decreases notab l y  i n  s i ze to the 
southwa rd . • .  th i s  p l a in partakes of  an ove rwash p l a i n or a w i de 
v a l l ey t ra i n .  

The southe rn edge o f  t h i s  p l a in i s  con t i n uous  w i th i n te rrupted 
t e r races a l on g  Paul i n s k i l l  , . • • .  The l ac k  of con t i n u i ty here does 
not  appear to be due a l toge t h e r  to e ros i on . . .  the va l l ey was 
p a r t l y  occup i ed w i th i ce when the g rave.! was depos i te d .  S t ron g l y  
ma rked s tagnant i ce forms a re p resent  . • .  " 

The depos i ts descr i bed by Sal i s bury now are i nterpreted �s an i nvers ion  ri dge 
formed when Papakati ng Creek fl owed out onto stagnant ice  i n  the ma i n  val l ey .  
I n i ti a l  d ra i na ge probabl y. was graded to  ::!:520  ft , though  the  graded pla in 
referred to by Sal i s bury cl earl y is  graded to ::!:500 ft . More stagnant ice  
topogra phy , a l so prev i ousl y ment i oned by Sal i sbury, i s  present between Au gu sta 
and Sussex.  Most depo s i ts crest at  ::!:5 20  ft , suggesting  i n i t ia l  presence of  a 
thresho l d  to the south that impounded wa ters at that el evati o n .  

The " Au gusta Mora i ne'' i s  here abandoned bo th a s  a mora i ne and as an i ce 
marg i n  pos i tion . 

Dr i ft At Sus sex 

Sal i sbu ry ( 1902 , p .  423) descr i bed "The Sussex Del ta " as fol l ows : 

"A 1 i t t l e  east of  Sus sex i s  an e l evated sand and g rave l p l a in 
. • •  I ts e l evat i on about 5 3 5  feet • .  , i t  r i ses by a s teep s l ope 
e i gh ty to 1 00 fee t above the l ow l an d  at i ts bo rde r . . .  On the 
top , the de l ta form i s  l es s  d i st i n ct . I n s tead o f  be i ng f l at or  
gen t l y  s l op i n g ,  i t  i s  p i t te d  by s i nks , twenty-f i ve to forty feet 
deep , and  one kno l l r i se s  ten feet above the gen e ra l  l eve l . . .  
n o  expos u res reveal the s t ructu re . . .  " 
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Conna l l y a n d  S i rk i n  ( 1 973 ) re interpreted th is  featu re , l ocated on the west 
s i d e  of the Wal l ki l l  Val l ey ,  as an end mora i ne and renamed i t  the ' 'Sus sex 
Mora i ne" . I t  was i nferred to be reces s i onal  to the "mora i ne" · at. Augusta . 
Th i s  feature ( STOP 1 )  now i s  consi dered to be an i nvers ion  r i dge depo si ted by 
C l ove Broo k dra i nage fl owing  out onto stagnant ice i n  the val l ey .  It cl earl y 
i s  not graded to ei ther the 520 ft or 500 ft water l evel s that ex isted to the 
south during  deg l aciation . This inver s ion  ri dge must have preceded the ice 
ma rgi n that impounded the l a kes to the south . Younger depo s i t s  on the east 
s ide  of the Wal l k i l l R iver are graded to ±520 ft , with an eros iona l terra ce 
at ±500 ft . The eastern depo s i t s  ( STO P 1 )  are in an invers i o n  r i dge from an · 
u pl a nd drai nage ba s in  and ev i dentl y formed a fter the western inversion ridge ,  
as  the stagnant i ce surface l owered to the water pl anes . 

The '' Sussex Mora i ne "  i s  here abandoned , both a s  a mora i n e  and as  an ice  
ma rgin  po s i tion . 

Though there are no true recessional mora i nes between the Cul vers Gap 
Mo raine  and the Pel l ets Island Mora i ne 42 km to the northeast , there are 
three promi nent stagnant ice  compl exes , one west and two east of the muc kl ands 
surrounding  the Wal l ki l l  River . To the wes t ,  i n  the  val l ey o f  Rutgers Cree k ,  
i ce-contact strati fi ed drift and i nvers i o n  r i d ges south of Westtown document a 
dead ice s i n k . As the ice retreated , o r  mel ted , water was impounded first at  
±540 ft and  l ater at ±500 ft . To  the  ea st , adjacent to the val l ey of  Po chuck 
Cree k ,  there is ma ssive  ice-contact dr i ft just north of the New Jersey border . 
Northeast o f  Warw i c k ,  New York , the�e is . a huge dead ice s i n k  o f  about 20 km2 
that i s  a l mo st  compl etel y col l ared with outwa s h  and/or inwa sh gravel . The 
val l ey bottom i s  a bove 520 ft , prec l u d i n g  evidence of a 500 ft l a ke l evel . 
However ,  there i s  abundant evi dence that as  the stagnant ice  mel ted i t  was 
repl aced by a l a ke with a l evel o f  ±530 ft i n  the south and ±580 ft at the 
Pel l ets I s l and Mora ine . The onl y d i st i nctive depo s i ts in the ma i n  Wal l ki l l  
Val l ey are i n  a remnant esker system at  B reeze H i l l ,  4 km south of Pel l ets 
I sl and  and adjacent to the muckl ands . 

Pel l ets I s l an d  Mora ine 

T he Pel l ets I s l and Mora i n e ,  i l l u strated in  F igure 4 ,  was descri bed or­
i g i na l l y  by Connal l y  and S i rk i n  ( 1 967 ) as a ma s s i v e  ridge of ti l l  and strat­
i fi ed d r i ft .  I t  was named for expo sures o f  sand and gravel i n  a gravel p i t  
a t  Pel l ets I s l and . The type l ocal i ty i s  bad l y  sl umped but several newer 
expo sures are present ( STOP 2 )  about 3 km southwest of Goshen . The moraine 
is  traced cont i nuou s l y  eastward at the head o f  the muckl ands to the mas s ive 
e s ker-fed mora ine  at Chester ; then to the western fl ank of Schunnemunk Mounta i n ;  
and thence northeast to the Hudson H i g h l a n d s  west o f  the Hudson R i ver . Co nna ll y  
and S i rki n ( 1 986 ) correlated the Pel l ets I s l and Mora i ne wi th the Shenandoa h 
Mora i ne ,  ban ked against  the Hudson H i gh l ands  eas t  o f  the Hudson Ri ver . 

T he Pel l ets I s l and Mora ine  cannot be traced west of the Wal l ki l l  Ri ver 
channel . There a re es ker-fed mora i na l  remnants about 3 km northwest of 
Pel l ets I s l a n d ,  i n  the val l ey of Catl i n  Cre�k ,  that are ·undou bted equ ival en ts . 
Howev er , there i s  l i ttl e i ce-contact materi a l  present between Catl in  Cree k 
and  the Shawangunk  Mounta i n s . Does thi s  s uggest a genera l absence of mel twater 
i n  the v i c i n i ty of the Shawangunks d u r i n g  degl aciation?  Perhaps the mel twater , 
l argel y sed iment-free , was channel ed east to the Wal l ki l l  River es kers v ia  
engl a c i al drai nage . 

I 
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F I GU R E  4 .  The Pe l l ets  I s l an d  Mo ra i ne from Rutgers  C reek , southwest o f  
M i dd l e town , to Moun ta i nv i l l e i n  the Hudson H i gh l an-d s . Ar rows i n d i cate 

the maj o r  e s ke r  sys tems that fed sed i men t to the i ce ma rg i n . 

For 22 km northeast of the Pel l ets I s l and Mo ra i n e ,  the Wal l ki l l  Val l ey i s  
congested with esker remnants ( STOP 3 )  a n d  attendant ice-contact depo s i ts . I t  
a ppears that most sed iment was fed t o  t h e  i c e  ma rg i n  by subgl acia l  drai nage 
that fu nneled  i n to the Wal l k i l l  R i ver channel s .  Outwa sh and l acustrine 
depo s i ts fl ank  the i ce-contact dri ft ,  attesting  to a northward-expand i n g  
pre g l a c i a l  l a ke i n  the l owl ands that fo l l owed the reced i ng ice  margin  back to 
the  Wa l l k i l l  Mora i n e .  

Gl acia l  Lake Fa i rch i l d 

When the Woodfordi an ice marg i n  began to retreat from the Lafayette segment 
of the  Cul vers Gap Mora i n e ,  mel twater wa s impounded between the i ce margin  and 
the  mora i ne .  Evi dence between Augusta and Sussex suggests that the i n i t i a l  
impoundment was a t  t520 ft, but l ater l owered to t S OO ft . The outl et for 
these waters was westward to Paul i n s  K i l l , e i ther through  a cha nnel at Augusta 
or t hrough an a l ternate channel 1 km south . Because the southern channel l acks 
ero s i onal  features and i s  f i l l ed w ith  sediment that i s  smoothl y graded to the 
500 ft l evel , we i nfer that it handl ed the i n i t i a l  effl uent at  t 5 20 ft . Then , 
much l a ter , the norther ly  channel at  Augusta became the master outl et ,  the l ake 
l eve l  dra ped to t500 ft , and the sou thern channel aggraded . 
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At f i rst , the impou ndment was confi ned to the l ower Papa kating Cree k 
val l ey .  Then , when the ice marg i n  retreated north of  the b i furcation at 
Sussex , one  of two thi ngs happened .  E i ther the waters at ±520 ft expanded 
southward sown the lda.l l ki l l  R i ver channel , or a l oca l l a ke at a superior 
el evat i on  l owered and merged with the expanding  520 ft l a ke .  S im i l arl y ,  when 
the ice  ma rg in  l ater retreated north of Pochuck Mounta i n  ( Fi g .  1 ) ,  the 520 ft 
l a ke expanded east and south , u p  the Poc huck  Cree k val l ey to the v i c i n ity of  
Sand H i l l s  i n  the tri butary B l ac k  Cree k val l ey .  

When the Woodford ian g lacier  stood at the Pel l ets Is l and Mora i ne ,  the l a ke 
f i l l ed the enti re Wal l ki l l  Val l ey ,  i ncl u d i n g  l ower Papakating Cree k and Poc huc k 
Cree k ,  at  an  el evation  of  ±520 ft . It  f i l l ed the va l l ey o f  Rutgers Creek­
Catl i n  Creek southwest of Middl etown at an el evation of ±540 ft . The l a ke 
extended ea stward a l ong the mora i ne to Chester , where i t  was bl oc ked at first 
by the crystal l i ne h i ghl ands . I n  the center o f  the Wal l ki l l  Val l ey ,  foreset 
beds from the mora i ne document i n i t i a l  depos i t ion  at ±580 ft . To the ea st 
and wes t ,  a l ong the mora i n e ,  the el eva tion  was ±560 ft . The l a ke expanded 
south from Chester to occupy the dead ice  s i n k  at Warw i c k  at ±540 ft . The 
rel at ionsh i p  of this  l a ke and the Pel l ets I s l and Mora ine  i s  shown in Fi gure 5 .  
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F I GURE 5 .  G l a c i a l  Lake Fa i rch i l d  when dammed 

by the i ce ma r g i n  a t  the P e l l et s  I s l an d  Mo ra i n e .  
Outwash de l ta s  a n d  fl uv i a l  del tas that were ma rg i n a l  

to the l a ke a re i l l ustrated.  l sobases s uggest 1 i ne s  of 
equal  reboun d .  An ove rhead p rojecto r t ranspa rency o f  th i s  

f i g u re makes an exce l l en t  ove r l ay for a 1 : 2 50 , 000 map .  
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I n  1 9 7 0 ,  Connal l y  submi tted a manuscr i pt report to NYSGS and requested that 
i t  be cons idered for publ ication i n  expanded form . S i nce he has had no sub­
sequent word , ev i dentl y it st i l l  i s  under consi deration . In  that manuscr i pt ,  
he pro posed the name Lake Fa i rc hi l d  i n  honor o f  the l a te Herman LeRoy Fa irc h i l d ,  
p i o neer i n g  g lac ia l  geol ogist  i n  New York and  former cha i r  o f  the Department o f  
Geo l o gy a t  the Uni vers i ty o f  Rochester . Al though the name has been used o n  an 
i n fo rmal bas is  s i nce that time , we here propose the name Gl acial  Lake Fa i rc h i l d  
for t h e  l a ke impounded by the Woodfo rd i a n  gl ac ier a s  i t  stood a t  the Pel l ets 
I s l an d  Mora ine and i s  i l l ustrated i n  Fi gure 5 and descri bed bel ow. 

Gl a c i a l  Lake Fa i rc h i l d fil l ed parts of fou r  paral l el , sou thwest-trend i n g  
val l eys . The majo r  porti o n  occu p i ed the Wal l ki l l /Papa kat ing  val l ey with a 
southern outl et to New Jersey ' s  K i ttat i ny Val l ey .  It occu pied the  Rutgers 
Creek v a l l ey to the northwest,  the upper Waywayanda Creek val l ey between 
Chester and Warw i c k ,  and the Seel ey Brook val l ey on the east . 

The 5 2 0  ft Frankford Pl a i ns del ta near Augusta a nd the al l uv i a l  pl a i n  
from Arms trong to Pel l ets town , o n  t h e  east s i de o f  the Papa kati ng  val l ey,  
mark the  ·southern end of Lake Fa i rchi l d .  Another del ta 8 km north at McCoys 
Corners a l so cres ts at :!:520 ft . Wes t o f  Sussex ,  two i ce-contact del tas crest 
at  :!:540 ft in the tri butary val l ey o f  C l ove Creek , and two. mo re , farther north 
at Owens and Quarryv i l l e ,  are s im i l a r .  The onl y del ta no rth of Sussex i s  at 
:!:560 ft southwest of Fl o r i da , New York , though  a :!:500 ft del ta north of  Fl o r i da 
proba bl y represents the l owered , post-rebo und , 500 ft phase . 

I n  the  Rutgers Creek va l l ey ,  ma ny l acustr i ne fea tures are presen t .  Del ta s  
at  :!:540 f t  a t  Water l o o  M i l l s ,  :!:560 f t  and  :!:500 ft a t  Westtown ; i nwash at 
:!:570 ft and a del ta at  :!:500 ft at M i l l sburg ; a s p i t( ? )  at :t560 ft west o f  
S l ate H i l l ; and fl at-topped outwash at  :!:580. ft a t  the Pel l ets I s l and Mora in e  
suggest  a northerl y rebound of  40 ft  i n  1 6  km . A simi l ar gradi ent i s  evi dent 
between Chester and Warw i c k .  South o f  Warwi c k ,  at  New Mi l ford , del ta i c  depo s i ts 
devel oped w ith i n  stagna nt ice topogra phy at  :t530 ft ; north o f  Warwick  several 
s ummi ts a re graded to :!:560 ft ; south of Durl and H i l l ,  and at Smith ' s  Cl ove o n  
the mora i ne ,  there a re 580 ft del tas . However , the stra i ght connecting  the 
dead i c e  s i n k  at Warw i c k  w ith the ma i n  l a ke must have been qu i te narrow . 

As the  Woodfordian  i ce marg i n  retrea ted north , down the Wal l ki l l Val l ey ,  
o utwa sh graded to :!:580 ft was depo s i ted east and west o f  New Hampton and 
farther no rth at  P hi l l i psburg . Thus , L a ke Fa i rc h i l d  conti nued to expand 
northward dur ing  degl ac iati o n . Fol l owi n g  depo s i ti o n  o f  the Phi l l i psburg 
o u twa s h , the new master channel at Augusta appears to have l owered the l a ke 
l evel  to a u n i form ( ? )  :!:500 ft . Becau se 500  ft features are u b i q u i tous , l ocal 
rebound must have fol l owed very cl osel y the removal  of i c e  and the dra i n i n g  of 
several m i l l i o n  l i tres of pregl acia l  mel twater . Fi gure 5 shows suggested 
i s o l i nes  o f  equal rebound  ( i sobases ) fol l ow i ng dra i n i ng of Lake Fa irch i l d .  

Gl acia l  L a ke Woodworth 

S hawangunk  K i l l i s  a mid-el eva t i o n  t r i b u tary of the Wal l ki l l  River . I t  
dra i n s  the  western Wal l ki l l  Val l ey a t  the  base o f  the S hawangunk Mounta i n s . 
South o f  the Wa l l k i l l  Mora i n e ,  the Wal l k i l l River a nd S hawangunk  K i l l c hannel s 
a re sepa rated by a h igh  bedrock stri ke r i dge . As the g lac ier was retreat in g  
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from the Pel l ets I s l an d  Moraine to the Wa l l ki l l Mora i n e ,  i t  impounded water 
i n  the val l ey of Shawangunk Ki l l  at ±600 ft . That l a ke ,  con fi ned to the · 

val l ey of  Shawangunk  K i l l by the g l a c i er and the bedrock r idge , i s  here named 
G lac i a l  La ke Woodworth i n  honor of the l ate John Brai nard Woodworth , the first 
gl ac ia l  geo l o g i st to report on the Hudson Val l ey reg ion . 

At i t s  max imum extent ,  Lake Woodworth was just  1 4  km l ong , from 11ii nterton 
to the sou thwest to near Ul sterv i l l e  on the northea s t .  As the ice ma rg in  
retreated down val l ey ,  the l evel a ppears to  have l owered first to ±520 ft , 
then to ±440 ft , and f i na l l y  to the regiona l  l evel of  ±400 ft . The l a ke 
probabl y was penecontempora neous w i t h  La ke Dyson ,  descri bed on fol l ow i ng 
pa ges , a nd i s  i l l ustrated with tha t l a ke i n  Fi gure 7 .  

Wal l k i l l Mora i ne 

The Wal l ki l l  Mora i ne was named and  descri bed by Connal l y  and S i r k i n  ( 1 967 ) . 
However , deta i l ed ma pping  has confirmed ne i ther the orig i nal descr iption  nor 
the o r i g i nal trac i n g  of  the i ce marg i n s .  On ly  two ice margins  are recognized 
and i l l u strated i n  Fi gure 6 ,  rather than the three that were pro posed i n  1967 . 
The o u ter mora i ne crosses the Wal l k i l l R i v er at the  v i l l age of  Wal den . It was 
traced westward to P i ne Bush  as a ser i es o f  c l osel y s paced ice-contact depo s i ts , 
outwa sh del tas , o r  outwash fans , most fed by eskers . The mo ra i ne does not 
extend south to B l oom i n gburg as or ig i na l l y  sugges ted . Rather , outwa sh  fans  
suggest a marg i n  near Wal ker Val l ey at  the  base of  the  Shawangunk Mounta i n s , 
8 km north o f  Bl oomi ngburg . A rece s s i onal  po s i t ion  exists 2 to 3 km northeast 
of the outer marg i n ,  tracab le  from Al l ards Corners to Red M i l l s .  The outer 
pos i ti o n  i s  traced east and north from Wal den to Modena us i ng outwash  apron s .  
From Modena , the marg i n  turns eastward to Ba i l eys Ga p ,  a col i n  the Ma rl boro 
Mou nta i n s ,  and then southeast to the M i l ton del ta o f  Lake Al bany at the Hudson 
R i ver trenc h .  The reces s ional po s i t i o n  is traced no rthward to Cl i ntonda l e  
Stat io n ,  then to Ll oyd , and then to a notch at the north end of  I l l i n o i s  
Mounta i n .  The recess i o na l  marg i n  a ppears to correl a te w i t h  the Poughkeepsie  
Mora i n e  east  o f  the  Hudson , as  pro posed by Connal l y  and  S i r ki n  ( 1 986 ) .  However , 
the outer Wal l ki l l  Mora i n� at M i l to n  may predate the Poughkeeps i e  ice  marg i n  
by a s ho rt s pan o f  time . ·  

The Wa l l k i l l Mora i ne ,  l i ke the Pel l ets I s l and Mora i n e ,  seems to have 
deri ved i ts sed iment from an es ker system a l ong the Wal l ki l l  Ri ver channel 
( STOP 5 ) .  Swarms of feeder eskers head at  or near the base of the s pectacul ar 
Shawangunk  cl imbi n g  cl i ffs . It  i s  proba bl e that the fresh roc k face of the 
northern Shawangunks wa s created by hydraul i c  pl u c k i n g  i n  a bergschrund-l i ke 
s i tuation  that deve l o ped between the Woodford ian gl ac ier and the mounta i n ,  
a s  i t  stood at the Wal l k i l l  Mora i n e .  Many of  these feeder eskers were con­
s tructed of huge bl ocks  of  Shawangun k congl omerate that were frozen in time 
a s  they were mov i n g  down the mounta i n  s i d e  ( STOP 6 ) . 

Gl acia l  Lake Dyson 

As the i ce  mar g i n  retreated from the Pel l ets I s l and  Mora ine ,  Lake Fa i rch i l d  
expa nded northward i n  contact with the gl a c i er at ±580 ft . After the glac i er 
had retreated north o f  Ph i l l i psburg i n  the ma in  val l ey,  the l evel of  Lake 
Fa i r ch i l d  l owered to ±500 ft. When the i ce marg i n  retreated north of  the 
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F I GURE 6 .  The Wal l k i l l  Mora i ne f rom P i ne  Bush  on the wes t  to the M i l ton 
de l ta of Lake A l bany on the e a s t . A r rows i n d i cate e s ke rs that fed 

sed i me n t  to both  the outer i ce ma r g i n  an d a l so t he recess· ion a l  pos i t i on .  

Otter Creek c hannel  ( Fi g .  1 ) ,  i t  opened a n ew eastward drai nageway i nto Lake 
Al bany i n  the Hudson Ri ver trench , v i a  Moodna Cree k .  A new l a ke l evel of  
t400 ft wa s esta b l i s hed . The thresho l d must  have been control l ed by the 
druml i n i zed topography 3 km west of the v i l l age of Burn s i de . Both upstream 
and downstream o f  Burns ide , there are exten s i ve fl uvia l  remnants aggraded to 
±360 ft , thus prec l ud ing  the obv ious bedrock thres hol d at  Burnside  as a 
sp i l l way for the h i gher 400 ft l a ke . 

Sediments that have been i nterpreted as del ta s and aggraded al l uv ia l  
p l a i n s  are present at  t400 ft  from Sussex , New Jersey to the Pel l ets Is l and 
Mo rai ne i n  the ma i n  W a l lk i l l  Val l ey .  At the Wal l k i l l  Mora i ne , the l a ke spread 
westwa rd  i n to S hawangunk .Ki l l  and eastward i nto the headwaters of Otter Creek 
( F i g .  1 ) .  Outwas h  graded to t400 ft compri ses a l a rge portion  of the Wal l ki l l  
Mora i ne . Exten s i ve outwa s h  aprons devel oped between the gl ac ier and the 
ea stern s i de o f  the Wal l ki l l  R iver val l ey ( STOP 4 )  as far no rth as Cl intonv i l l e  
S tat i o n  and  Oh i ov i l l e .  At i ts max imum exten t ,  the l a ke was 70 km l on g ,  
though i t  mi ght be i nterpreted as a 40  km l ong southern l a ke and a 30 km l ong 
northern l a ke separated by a narrow stra i ght  at the Pel l ets I s l and Mora i ne ,  
a s  s hown i n  Fi gure 7 .  
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In the unpubl i shed 1 9 7 0  manuscri pt report , Conna l l y  pro posed the name La ke 
Dyso n for th i s  l a ke . We here pro pose formal l y  the name G lac ia l  La ke Dyson i n  
honor o f  the l ate James L i ndsey Dyso n ,  em i nent gl ac ia l  geo l o g i s t  and cha i r  
o f  the Department o f  Geo l ogy a t  Lafayette Col l ege , for the pregl ac ial l a ke 
impou nded by the Woodford ian  gl ac i er as  i t  stood at the Wal l ki l l  Mora i ne ,  as 
i l l u strated in Fi gure 7 .  
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F I GURE 7 .  G l ac i a l  Lake Dyson when dammed 
by the i ce ma rg i n  as the Wa l l k i l l  Mora i n e .  

Outwash depo s i ts a n d  f l uv i a l  del tas a re shown , 
as w e l l a s  s uggested reboun d i sobases . To the 

northwe s t ,  Lake Woodworth appears , as ol de r  l ake a t  
:t 600 ft . Th i s  f i gu re , I i ke F i g .  5 ,  may b e  p repa red a s  

an ove r l ay fo r a 1 : 2 50 , 000 topogra ph i c  map .  
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Except for outwa sh  at Montgomery, Campbel l Hal l ,  and Col denham that i s  
graded to t420 ft , a l l  peri pheral features appear to be graded to el evations 
between 400  and 407 ft . These central features suggest a sl i ght l ocal rebound 
i n  the center o f  the Wal l k i l l  Val l ey fol l owing  the dem i s e  o f  Lake Dyso n .  A 
south-to-north grad i ent of  l es s  than 20 ft can be i n ferred for the 70 km 
between Sus sex and Cl i n tonv i l l e  Station . 

There are three po s s i b i l i ti e s  that m i ght accou nt for the cons i stent 400 ft 
el evat ion  over a di stance o f  70 km . Per haps mo st rebo und , l ocal and reg iona l , 
had taken pl ace prior  to depo s i t i o n  o f  the Wal l ki l l  Mora i ne and only the very 
center o f  the val l ey rema ined out  o f  adj ustmen t .  I n  this  ca s e ,  rebound i n  the 
Wal l k i l l  Va l l ey. wa s i n dependent of that i n  the Huds on, Val l ey to the ea st . 
Perha ps reg i o na l  rebound had an ea st-to-west gra d i ent and Lake Dyson devel oped 
pa ral l el to the i so -adj ustment l i nes . Both o f  the first two po ss i b i l it ies are 
con s i s tent  wi th the model devel o ped for Lake Fa i rc h i l d .  The t h i rd poss i b i l i ty 
i s  that there was l i ttl e or no rebound i n  the Wal l k i l l Val l ey and that the 
depo s i t s  and el evations  ass i gned to Lake Fa i rch i l d  are m i s i nterpreted . 

Once the  g lac ier  retreated from the i nner Wa l l k i l l  Mora i n e ,  Lake Dyson 
evident l y  drai ned northward through decaying  i ce . An esker-fed outwash  apron 
at ±340 ft , 1 km west of L i bertyvi l l e ,  m i ght  represent a l owering  l a ke l evel , 
but  i t  i s  isol ated and may just  as wel l be attri bu ted to subgl acia l  depo s i t i o n .  
We suggest  that La ke Dyson dra i ned qu i c k l y  and compl etel y ,  l eav i ng the l a nd­
sca pe c l ear for the Rosendal e readvance and rel ated events in the l ower 
Wa l l  k i l l Va l l ey .  

LATE-GLACIAL AND POSTGLAC IAL ENV I RONMENTS 

I n  1 964 , Conna l l y  and S irk i n commenced a cooperative study that eventual l y 
encompa ssed a l l  o f  the Hudson and Champl a i n  Val l eys , as  wel l as adjacent 
port i o n s  o f  New Jersey and eastern Penn syl va n ia . They empl oyed the integrated 
strat i graph ic  and geomorphic a pproach  that had proven successful in l ocal 
areas . The research pl an wa s ba sed on the pol l en-strati graphic work  of  S i rki n ,  
u l t imatel y pu bl i s hed a s  S i r k i n  ( 1 967a , 1 96 7 b ,  and 1971 ) . Cadwel l , began worki ng 
i n  New J ersey in 1974  and jo i ned the l ower Hudson Val l ey work i n  1983 . 

Research Strategy 

Connal l y  and S i r k i n  chose to study and report on ly  on cl osed peat bo gs . 
U s i n g  the  criter ia  mentioned ea rl i e r ,  they restr i cted their stud ies  to produce 
a set o f  strictly  control l ed ,  radiocarbon dated , strati graphic  standard 
sect i o n s  throughout  the l ength o f  the Hudson and C hampl a i n  l owl and s .  The 
three restrictive c r i teria assured them a priori o f  the mo st compl ete , rel iabl e 
strat i gra phic  records pos s i b l e as  standard sect io ns . In  each cas e ,  the strat­
i gra p h i c  record commenced very s hort l y  a fter degl a c iation . Two bog s i tes i n  
t h e  Wal l ki l l  Val l ey ( New Hampton ,  Sadd l e ) , one adjacent to the Del aware River 
va l l ey ( W i gwam Ru n ) , and two in the Hudson Val l ey ( Pi ne Log Camp ,  Eagl e H i l l  
Camp)  a l l  contri bute to our understanding o f  the u pper Wa l l ki l l  Val l ey . .  

After prel imi nary probing  to l ocate the t h i c kest sect ion  o f  pol l en-bearing 
sed imen t ,  eac h bog wa s sampl ed with  sequential  core segments ( S�OP 4)  u�t i l  
coarse c l astic  sed iment was encountered a t  the base . Each sect1on  cons1 sted 
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o f  an  upper , domi nantl y organ ic  ( orga n i c- r i c h )  port ion  and a l ower , domi nantly 
inorgan ic  ( su borga n i c )  porti o n .  

The terms orga n i c-rich  and suborgan i c  are a ppl i ed to bog and l acustrine 
depo s i ts rang i n g  from pure peat to fine-grai ned cl astics that i ncorporate 
vary i n g  amounts of organic  materia l . Orga n i c - r i c h  depos i ts range from 
90 perc ent orga n i c  matter i n  peat , to 1 0  percent for gradationa l  sed iments 
such  as c l ay gyttj a .  Suborgan ic  depo s i ts genera l l y  contain  t5 percent 
orga n i c  matter as shown by i gn it ion  stud ies . 

Oat i n g  

After compl eting  sequential cori ng  fo r each section , we retr i eved between 
5 and 12 additional  care segments from the deepest organ ic-rich  sed iments . 
These sampl es were pool ed and submi tted to a l a bora tory for rad ioca rbon 
dati ng . They yiel ded a bsol ute dates for spec i fi c  depths at or near the base 
of  each orga n i c-r ich  portion . The dates are l i sted i n  F i gure 8 .  

U s i n g  l i tho l og ic  rel ation s h i ps i n  each core , we establ i s hed correl a t ions 
with spec i fi c  geomorphic  events near eac h s i te .  We assi gned a ges to the herb 
( T ) , spruce ( A ) , p i ne ( B ) , and oak ( C )  pol l en zones based on po l l en zone 
corre l ations  with establ i shed , dated sections . The radiocarbon date from the 
base of each orga n i c-rich  portion  prov i ded a ba �i s for abso l ute age ass i gnmen t .  

To es tima te the age o f  the base o f  each secti on , i t  i s  necessary to have 
a cal cul ated sed imentation rate for suborgan i c  sed iments . Dav i s  and Deevey 
( 1 964 ,  p .  1293 ) cal cul a ted an average accumu l a t ion  rate of . 036  cm/yr for 
the basal 2 m of suborga n i c  sediment from the south basin  o f  Rogers Lake i n  
south-central Connecticut .  Connal l y  a n d  S i r k i n  ( 1986 ,  p .  68 ) establ i s hed a n  
i ndependent rate for P i ne Log Camp bog near Gl ens Fal l s ,  New Yor k .  I n  1 9 68 , 
they obta i ned a da te of  12 ,400 yrs B P  from the spruce zone between -8 . 00 and 
-7 . 8 5  m .  I n  1970 , they obtai ned a date o f  1 3 , 1 50 yrs B P  from the base o f  
the herb zone between -8 . 07 and - 8 . 1 0  m .  Thus , i t  too k  7 5 0  years to accumu l ate 
the l owest 25 em o f  suborgan ic  herb zon e  sediment at Pine Log Camp bog . This  
yiel ds a n  accumul a t ion  rate of  . 03 3  em/yr . I n  estimating the basal age of  
each  section , we now use .036  cm/yr to estimate the  m i n imum time necessary to 
accumul ate suborga n i c  sediment and . 0 3 3  cm/yr to es timate the maximum . 

BOG S E C T I ON RAD I O CARBON DATE LAB NO . D E PTH POLLEN AGE AT BAS E 
i n  yrs B P  i n  m ZONE in yrs BP 

P i ne  Log Camp 1 2 , 400 t 200 1 - 3 1 99 7 . 85 A1 -2 
1 3 ,  1 50 t 200 1 -49 86 8 .  1 0  T 1 3 ,  1 50 

Eag l e  H i l l  Camp 1 3 , 6 70 t 1 70 s 1 -4082 1 0 . 2 5  T 1 6 , 020 

New Hampton 1 2 , 850 ± 250 L- 1 1 5 7A 7 . 00 A3 1 7 , 2 1 0  

W i gwam Run 1 1  , 4 30 t 300 W-289 3 5 . 25 A4 1 7 , 675 

S a dd l e  Bog 1 2 , 300 ± 300 W-2562 5 . 65 A4 1 8 , 360 

F I GU R E  8 .  Dates and cal cul a ted ages for po l . l en - s t ra t i graph i c  
stand a r d  sect i on s .  
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Ro l l en-S trati gra p h i c  S tan dard Sections 

Fo l l ow i n g  i s  a brief descr i pt i o n  o f  each of the bog secti ons  that has 
been used to help understand l a te-gl acial and  postgl ac ia l  envi ronments in  
the Wal l ki l l  Val l ey .  The  data was summar i zed i n  Figure 8 .  

N ew Hampton Bog . The s tandard sect i o n  for the Wal l k il l Val l ey i s  New Hampton 
bog No . 1 (Conna l l y  and S i rk i n ,  1 97 0 ,  p .  3300-3303 ) .  Accumul ation  began when 
t he Woodfordian  gl ac ier retreated north o f  Ph i l l i psburg , Lake Fa i rch i l d  
dra ined , and  the Lake Dyson l evel was establ i s hed below the rim o f  the bog.  
The Wal l k i l l  Mora i ne i s  s l i ghtl y younger . 

The s u borga n i c  port i o n ,  from -8 . 5 0  to - 7 . 00 m compr ises the herb zone and 
the base of the spruce zone . The orga n i c-r ich  portion , from - 7 . 00 m to the 
top , compr i ses the upper spruce zone through  the oak  zone . The rad iocarbon 
date at the base of the orga n i c-rich  port i o n  is 1 2 ,850 yrs B P .  We est imate a 
m i n imum age o f  1 7 ,020 and a ma ximum o f  1 7 , 400 yrs B P  for the base of the 
s u borgan i c  port i o n . We pos i t  an average a ge of 1 7 ,2 10  yrs BP for the 
establ i s hment of the Wal l k i l l  Mora ine  and  Gl aci a l  Lake Dyson . 

Saddl e Bog . I n  1971 , ·we extended our stra t i grap h i c  stud ies westward to Sadd l e 
Bog  ( S i r k i n  and M i nard , 1972 ,. p .  D53 ) .  Th i s  i s  an upl and bo g o n  t he s i de of 
K i ttatiny Mounta i n ,  about 400 ft above the Wal l k i l l  Va l l ey .  I t  i s  bordered by 
a r i dge that represents ei ther a minor  readvance or the first s i gns  of up land 
dra i nage onto newl y s ta gna ting  i c e .  Accumu l at ion  began after the gl acier 
had receded from the Cul vers Gap Mora i ne ,  or  had begun downwas t i n g  there . 

The s u borga n i c  porti o n ,  fr9m - 7 . 65 to -5 . 6 5  m ,  compri ses the undi ffer­
e n t i a ted herb zone and  the base o f  the s pruce zone . The organ ic-rich portion , 
from - 5 . 65 m to the top ,  compri ses the u pper s pruce zone through the oak zo ne . 
The rad iocarbon date a t  the ba s e  o f  the orga n i c- r i c h  portion i s  1 2 ,300 yrs B P .  
We estima te a min imum age o f  1 7 , 860 and a max i mum o f  1 8 , 360 yrs B P  for the 
base  o f  the suborga n i c  po rt i on . Because  o f  the h i g h  quan t i ty o f  non-arboreal 
pol l en ( NA P )  throughout the core , and  the corresponding  l ac k  of forest po l l en 
( A P ) , duri ng accumul at ion  of .the suborga n i c  port i o n , we po s i t  an age near the 
max imum 1 8 , 360 yrs BP for reces s i o n  from the Culvers  Gap Mora i n e .  

W i gwam R u n  Bog . I n  1974 , the three o f  us  extended our stu d i es farther west 
to W i gwam Run bog ( S i r ki n ,  1 97 7 ,  p .  210-21 2 ) . The bog is i n  a kettl e that i s  
i so l a ted  b y  an i nvers i o n  ridge west  o f  the  Del aware Ri ver and north of the 
Pennsyl van ia  equ i va l ent  of Ki tta t i ny Mounta i n .  Accumu l ation  began when the 
i ce had receded from the termi nal pos i ti o n  of the Del aware-M i n i s i nk Lobe . 
Conna l l y  and  others ( 1 979 )  suggested that t h i s  was a post-Cul vers Ga p ,  but 
pre-Pel l ets  I s l a n d ,  depo s i t .  

The s uborga n i c  port i o n , from -7 . 40 t o  -5 . 25  m ,  compri ses the herb zone and 
mo s t  o f  the s pruce zone . The organ i c -r i c h  po rti o n ,  from -5 .25  m to the to p ,  
compr i ses the top o f  the spruce zone through  the oak  zone . The radi ocarbon 
date at the base o f  the orga n i c- r i ch por t i o n  i s  1 1 , 430 yrs B P .  We estimate 
a m i n imum age o f  1 7 ,400 and a maximum of 1 7 ,950  yrs B P  for the base of the 
s u borga n i c  porti o n . We pos i t  an avera ge age of 1 7 ,675  yrs BP for degl aciati on . 

Eagl e H i l l Camp Bog . The standard sect i o n  for the m id-Hudson Val l ey i s  Eagl e 
H i l l Camp bog ( Connal l y  and S i rk i n ,  1986 , p .  64-69 ) .  Accumul ation  bega n 
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when the Woodfordian  g l ac i er receded from the Red Hoo k Mora i ne that was 
empl aced east of t he Hudson R i ver dur i ng the Rosendal e readvance . 

The suborgan ic  porti o n ,  from - 1 1 . 15 to - 1 0 . 40 m ,  compri ses on ly  the herb 
zone . The organ i c-r ich  port i o n ,  from - 1 0 . 40 to -1 . 00 m compri ses the her b 
t hrough oak  zo nes . The u pper 1 . 00 m wa s too wet to sampl e .  The rad iocarbon 
date at - 1 0 . 2 5 m i s  1 3 , 670 yrs B P .  We estimate an age of 1 3 ,890 yrs BP  for 
the base of the orga n i c-rich  port i o n .  We est imate a m i n imum age of 1 5 , 670 and 
a max imum of 1 6 , 070 yr s BP for the base of the s u bo rgan ic  port ion . We pos i t  
a n  av erage age o f  1 6 ,020 yrs B P  for rece s s i o n  from the Rosendal e readvance . 

P i ne Log Camp Bog . The standard sect ion  for the u pper Hudson Val l ey is P i ne 
Log Camp bog (Connal l y  and S i r ki n ,  1 971 , p .  998-1 003 ) .  Accumu l ation  began 
when kettl e ice in outwa sh  from the Luzerne readvance had mel ted . 

The suborga n i c  port i o n ,  from - 8 . 1 0  to -7 .85  m ,  compr i ses the undi ffer­
entiated her b zon e .  The o rganic-r i c h  portion ,  from -7 .85 m to the to p ,  
compri ses the spruce through oak  zones . The radi ocarbon date at the base 
o f  the orga n i c-rich porti o n  i s  1 2 ,400 yrs B P .  The radioca rbon date at the 
base of the suborga n i c  porti on i s  1 3 , 1 5 0  yrs B P ,  c l osely  approximat i ng 
degl aciation  i n  the u pper Hudson Val l ey .  

OthetRadiocarbon Dates I n  The reg ion  

Accord i ng to  S i r k i n  ( 1 977 ) , the  Woodfo rd i a n  gl a c i er reac hed a max imum 
stand on Long I s l and about 21 ,750  yrs B P  and  had begu n reced i ng nort h ,  up 
the Hudson Val l ey ,  by 2 1 , 200 yrs B P .  Howev er , t he o l dest fi n ite radi ocarbon 
dates for pol l en strat i gra phy are repo rted by Cotter ( 1983 )  for Franc i s  La ke . 
The l a ke ,  whi l e  not conforming  to our restr i ct i v e  c r i teri a ,  i s  l o cated i n  
nort hwestern New Jersey , a bout  20 km south o f  the Cu l vers Gap Mora i ne .  Its  
rel at ionshi p w ith  t he mora i ne is  pro bl emat i c  becau s e  it is  l ocated between 
val l ey tra i ns ] n  Pau l i ns Ki l l  to the west and the Pequest R i ver to the ea st ,  
b ut  c l earl y rel ated to  ne ither . Accumul at ion  began fol l owing  depos i t ion of  
outwa s h  that pro babl y predates the Cul vers  Gap  outwa sh  i n  the other val l eys 
by one  ' 'event'' . Dates o f  18 ,570  and 1 8 , 390  yrs B P  document the o l dest herb 
po l l en-bearing  sed iments i n  the northeastern U . S .  a nd confirm the presence 
of tundra vegetation  d u r i ng Woodford i a n  degl a c i a t i o n . The herb pol l en zone 
i s  dated between 1 8 , 5 7 0  and 1 4 , 250  yrs B P  and  t he s pruce po l l en zone between 
1 4 , 2 5 0  and 1 1 , 25 0  yrs B P  ( Cotter and other s ,  1 98 6 ,  p .  42-47 ) .  

Cadwel l obtai ned a date i n  the 1 9 , 000 year range from the base of a peat 
bog o n  Jenny Jump Mounta i n ,  near The Term i na l  Mora i ne ,  i n  north-central New 
Jersey . However , the pol l en strat i gra phy was not cons i stent w ith the 19 ,000 
year age and the depos i t  rema i n s  under i nvestiga t i o n . An earl y l ate-gl acial 
date o f  1 7 , 95 0  yrs B P  wa s reported by We i s s  ( 1 97 1 ,  Tabl e 4 ) . The dated 
sampl e was from " varved" s i l t  and cl ay i n  the l ower Hudson R i ver channel , 
t ho u g h  the sediments are desc r i be d  a s  pol l en-free . 

SUMMARY 

D u r i n g  l ate W i scon s i na n  time , t he Wood fordian  gl acier reached a max imum 
stand  o n  Long I sl and  about 2 1 , 75 0  yrs B P . Recess i o n  was underway by 
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2 1 , 000 yrs B P .  I n  the Wal l k i l l  Val l ey ,  the g l ac ier  advance farther south 
t han  Newto n ,  New Jersey , and perha ps as fa r south as The Term i na l  Mora i n e .  
By  1 8 , 5 70 yrs B P  the g l a c i er had establ i s hed a po s i t ion  south of  Newto n ,  
s hedd i n g  outwa sh  past Fran c i s  Lake . Subsequentl y ,  the Cul vers Gap Mora i ne 
was depo s i ted . By 1 8 , 3 6 0  yrs B P ,  the ice  o f  K i ttat iny Mounta i n  had retreated 
o r  downwa sted and  sediment began to accumul a te i n  Sadd l e Bog . Thus , the age 
o f  the Cul vers Gap Mora ine  probably i s  c l ose  to 1 8 , 500 yrs B P .  By 1 8 , 360 yrs 
B P ,  tundra vegetat i o n  was establ i s hed i n  the va l l ey bottom and on  the upl and s .  

As the Woodfordian  g l ac ier  retreated northward , down the Wal l k i l l  Val l ey ,  
Gl a c i a l  La ke Fa i rc h i l d  was impounded between the Cul vers Ga p Mora i ne and the 
retrea t i n g  ice marg i n ,  w i th an  outl et at ± 5 2 0 ft . By 1 7 , 675  yrs BP , the i ce 
ma rg i n  wa s wel l north o f  the Cul v ers  Gap Mora i ne and by about 1 7 , 500 yrs B P ,  
t he Pel l ets I s l and Mora ine  was depo s i ted . B y  17 , 2 1 0  yrs B P ,  the g l acier had 
retreated north of the Pel l ets I s l and Mora i n e ,  an eastward out let  dra in ed the 
va l l ey ,  and G l a c i a l  Lake Dyso n wa s establ i s hed at  ±400 ft . Sho rtl y therea fter , 
perha ps about  1 7 , 200 yrs B P ,  the Wa l l k i l l  Mora ine  was depo s i ted . When the i c e 
marg i n  resumed northwa rd reces s i o n , La ke Dyso n  dra i ned north i n to the wa st in g  
i ce ,  l ea v i ng a l arge undrai ned depress ion  to the  south t hat f i l l ed wi th 
o rgan i c-rich  sediment to become the Orange Co unty muckl ands . 

The f ina l  event to a ffect the Wal l ki l l  Val l ey wa s the Rosendal e readva nce . 
That event was compl eted pr ior  to 1 6 , 020 yrs B P  and  the entire val l ey wa s 
i ce-free . Tundra vegeta t i o n  occu p i ed the val l ey throughout thi s interval . 
S pruce trees began to encroach i n  no rthern New Jersey by 14 , 250  yrs S P .  The 
s pruce forest mi grated to the Pel l ets I s l and Mora i n e  perha ps 1 3 , 700 years ago , 
to the m id-Hudson Val l ey about 1 3 , 00 0  years ago , and to the u pper Hudson 
Val l ey by 1 2 ,400 yrs B P .  I nterest i ng l y ,  pol l en strati graphy from Saddl e Bog  
and W i gwam Run  bog  i nd i cate that  tundra vegetat ion  sti l l  dom i na ted the  upl ands 
u n t i l  about  1 2 , 500 years  a go ,  l ong  a fter the s pruce forest had mi grated up the 
va l l ey bottom . These rel a t i on s h i ps are summa ri zed in F igure 9 ,  bel ow. 
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CUMU LAT I VE 
M I LAG E  

0 . 0  
0 .  1 
1 . 1  
1 . 8 
2 .  1 

3 . 9  

5 . 7  

9 . 9  

1 1 .  1 
1 4 . 2  
1 4 . 8  

1 5 . 9 

2 0 . 6  

ROAD LOG FOR DEGLAC I A L  H I STORY A N D  ENV I RONMENTS 
OF THE UPPER  WALLK.I LL VALLEY 

M I LE S  FROM 
LAST PO I NT 

o . o  
0 .  1 
1 . 0 
0 . 7  
0 . 3  

1 . 8 

1 . 8  

4 . 2  

1 . 2 
3 .  1 
0 . 6  

1 . 1  

4 . 7  

ROUTE D E S C R I PT I ON 

Beg i n  t r i p ,  O C C C  Pa rk i n g  Lot 
Turn l e ft (we s t  on to G randv i ew Roa d )  
STOP S I GN ,  Turn l eft  ( so uth o n t o  Waywayanda Aven ue) 
Turn l e ft ( e a s t  o n to Co . Route 78)  
TRAFF I C  L I GH T ,  Turn r i gh t  (south onto Route 1 7M )  
TRAFF I C  L I GHT , Turn r i gh t  (we s t . onto Route 6 )  

E s ke r  comp l ex o n  l e ft  ma r k i n g  the Pe l l ets I s l an d  
Mo ra i ne i n  the Rutgers C reek val l ey 

Turn l eft ( s outh  onto Route 2 8 4 )  

Dead i ce s i n k  on r i gh t ;  i nwash i s  m i ned for 
san d and g rave l 

V i l l age of  We s ttown 
Con t i n ue l ef t  on Route 2 84 ; V i l l age of Un i onv i l l e  
New Je r sey S t a te l i ne 

Lake Fa i rch i l d/Lake Dyson l ake bot tom at l ef t ,  now 
the Wa l l k i l l  R i ve r  f l oodp l a i n  

The i n ve r s ion r i dge forme r l y  i den t i f i ed a s  the 
"Sus sex Mora i ne" is  v i s i b l e  a t  1 1 :00  o ' c l ock 



22 . 0  
2 2 . 6  
2 3 .  4 
2 4 .  1 
2 4 . 9  
2 5 . 4  

1 . 4 
0 . 6  
0 . 8  
0 . 7  
0 . 8  
0 . 5  

TRAFF I C  L I GHT , Turn l e ft ( east onto Route 2 3 )  
B r i dge across Papakat i n g  C reek 
TRAFF I C  L I GHT , Turn l e ft ( north onto NJ Route 5 6 5 )  
B r i dge a c ros s uppe r  Wa l l k i l l R i ve r 
Stay l e ft (n o rth on NJ  Route 565 ) 
STOP 1 a t  Lan drud Road , RA J A  I ndus t r i e s  p i t  

STOP 1 .  I NTERNAL STRUCTURE OF AN I NV E R S I ON R I DG E  

NOTE ! Perm i s s i on to enter th i s  p rope rty has  been obta i ned for th i s  t r i p  
ONLY ! RA J A  I n dust r i es , i n  Hamb u rg , New Je rsey , p roba b l y  w i l l  NOT grant 
p e rm i s s ion to i n d i v i dua l s .  

Wa l k  down the i n vers ion r i dge to the expos ures i n  the act i ve sand and 
g rave l p i t .  Th i s  fea tu re forme r l y  was des c r i bed as the " S us sex Mora i ne " .  
Wha t  type o f  depos i t i on a l  env i ronment can you i n fer from the sed i mentary 
s t ructures ? What and where was the sou rce fo r th i s  s e d i men t ?  Where '"as the 
g l ac i e r ?  I n  what con d i t ion was the i ce ?  

A s  you t rave l to S top 2 ,  you w i l l cro s s  the u p l an d  d ra i nage sys tem 
tha t fed onto the i ce to form th i s  feat u re . Keep your eye pee l ed fo r th i s  
a t  m i l e 2 6 . 1 .  

2 6 . 0  

2 6 .  1 

2 7 . 7  

2 8 .  1 
2 9 . 2  
3 0 . 2  
30 . 5  
3 1 . 2  

3 3 . 7  

3 3 . 9  
34 . 2  
34 . 7  

3 8 .  7 

39 . 6  

4 1 . 2  

0 . 0  
0 . 6  

0 .  1 

1 .  6 

0 . 4  
1 . 1  

. l .  0 
0 . 3  
0 . 7  

2 . 5  

0 . 2  
0 . 3  
0 . 5  

4 . 0 

0 . 9  

1 • 6 

Con t i n ue north  on NJ Route 565 
Bear l e ft (north onto NJ Route 6 6 7 )  

The head o f  t h e  i n ve r s i on r i dge d ra i nage channe l ; 
up l an d  d ra i n a ge sys tem s t rewn w i th boul ders to the 
r i ght , dead i ce and i nvers i on r i dges ( then , s t ream 
channe l s  i n  the i ce ) to the l eft . 

Lake Fa i rch i l d/Lake Dyson l ake bot tom ahead , on l e ft . 

Stay l e ft 
Stay l e ft 
Con t i n ue s t ra i gh t  ahead 
Con t i n ue s t ra i gh t  ahead 
New York S tate I i ne ( Phew ! ) 

Pochuck C reek va l l ey to r i ght at  2 : 00 o ' c l ock 

I NTERSECT I ON ,  con t i n ue s t ra i gh t  
B r i dge across Pochuck C reek 
Turn l e ft ( north  on to C .  Route 6 ) ; V i l l age of 
P i ne I s l and  

Orange Coun ty muck l a n d s  on both s i des of the road 
for next 5 m i . Th i s  i s  the l ast  remnant of 
G l a c i a l  Lakes Fa i rch i l d  and Dyson . 

A c l uster  o f  5 d rum l i n s  forms "B i g  I s l an d " .  

The Pel l e ts I s l and  Mo ra i ne crosses  the O range 
Count y  muck l ands . 

Turn l e ft (wes t  on to C o .  Route 42 , " C ross  Road" ) 
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42 . 4  
42 . 6  

STOP 2 .  

0 . 5  D r i ve up the d i s ta l  s l ope of the Pel l ets I s l an d  
Mo ra i ne 

0 . 7  Turn l e ft (we s t  on to Co . Route 3 7 ,  "Ma p l e  Roa d " )  
0 , 2  S top 2 at Ceda r Swamp Road , G urda Ga rdens p i t  

I NTERNAL STRU CTURE O F  THE PELLETS I SLAND MORA I NE 

NOTE ! You mus t obta i n  p e rm i s s i o n  from G u rda Ga rden s , Ltd . to enter th i s  
s a n d  a n d  g rave l p i t .  

Wa l k  i n to the s a n d  p i t  on the we s t  s i de of  Ceda r Swamp Road . Th i s  p i t  i s  
about 5 km east of  the type l oca l i ty for the Pe l l e t s  I s l an d  Mora i n e  at Pel l e ts 
I s l an d .  The o l d  p i t ,  v i s i t i e d  i n  1 9 6 7 ,  i s  b ad l y  s l umped today . Wha t type o f  
depos i t ion a l  en v i ronment can you i n fer from the sed i mentary st ruct ure s ?  What 
a n d  where was the source fo r the sed i me n t ?  Whe re was the g l a c i e r ?  I n  what 
con d i t i on was the i ce ?  How does th i s  depos i t  con trast  w i th that at  Stop 1 ?  

45 . 3 
4 6 . 0  
46 . 5  
46 . 8  
4 7 . 6 

5 0 . 0  
5 1 . 3  
5 1 . 4  
5 2 . 3  
5 2 . 9  
5 3 . 4  
5 3 . 7  
54 . 3  

STO P 3 .  

0 . 0  
2 . 7 
0 . 7  
0 . 5  
0 . 3  
0 . 8  

2 . 4 
1 . 3 
0 .  1 
0 . 9  
0 . 6  
0 . 5  
0 . 4  
0 . 6  

Return e a s t  on Co . Route 37 
Bear r i gh t  onto Map l e  Avenue Exten s i on 
Tu rn r i gh t  ( e a s t  on to Route 1 7 ) 
EX I T  1 24B  (no rth on to Route 207)  
Turn r i.ght  ( cen t i n ue north on Ro ute 2 07) 
TRAFF I C  L I GHT ( con t i n ue north on Route 207) ; V i l l age 
of Goshen 
Turn l e ft (we s t  onto Eve re tt Road 
STOP S I GN , Turn l e ft ( s o uth on to H i l l  Road) 
STOP S I G N ,  T u rn r i gh t  (we s t  on to Scotchtown Roa d )  
B r i dge acros s Wa l l k i l l  R i ve r 
Turn r i ght (no rth onto Stony Ford Road) 
Bea r r i gh t  on Stony Ford Road 
Turn l e ft (we s t  onto S tage Road )  
STOP 3 a t  the Sm i l ey Fa rm,, d i rt fa rm. l ane 

SM I LEY . FARM E S KER ( ? )  

NOTE ! DO NOT EVEN ASK !  Th i s  popu l a r  s top w a s  i n c l uded on the 1 9 67 t r i p .  
S i n ce then , the Sm i l ev ' s  have been de l uged w i th v i s i to r s - mos t  of whom have 
not even esked p e rm i s s i on .  For many reason s ,  the Smi l ey ' s  DO  NOT WANT PEOPLE  
V I S I T I NG THE I R  WORK I NG FARM . D O  NOT EVEN BOTHER TO ASK P ERM I SS I O N !  We have 
obta i n e d  pe rm i s s i o n  for t h i s  t r i p  on l y - - a n d  on l y  beca use of our l ong  assoc i a t i on 
w i th the Sm i l ey s  and w i th th i s  s top . 

· 

C l i mb the h i l l  on the east  s i de of  the d i rt a ccess roa d .  Gather at the 
top of the h i l l ,  that i s  l ocated about m i dway between the Pe l l e ts I s l and a n d  
Wa l l k i l l  Mora i nes . See i f  you can come up w i th an  exp l anat ion bette r  than 
1 9 6 7 ' s  when the t e rm "maul  i n  kame" was b an d i ed about . 

5 4 . 9  
56 . 0  
5 6 . 3 

0 . 0  
0 . 6  
1 • 1 
0 . 3  

Return on S tage Road 
Turn l e ft ( no rth on to S tony Ford Road 
Turn r i gh t  ( fo l l ow i ng Stony Fo rd Road east)  
B r i dge a c ros s Wa l l k i l l R i ve r  
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5 7 .  3 
5 8 . 0  

59 . 4  

1 . 0 
0 . 7  

1 .  4 

STOP S I GN , Turn l e ft (north onto Route 207)  
Bear l e ft i mmed i a te l y  a fter un de rpas s (north 
on to Route 4 1 6 )  
LUNCH STOP a t  O ra n ge County P i cn i c Area . 

LUNCH S TO P .  THOMAS BULL MEMOR I AL PARK 

Th i s  i s  the same l un ch s top used i n  1 9 6 7 . I n  May of 1 9 6 7  i t  was so  co l d  
( i t  s n owed i n  the Catsk i l l s )  that O range County thought we wo ul d can ce l  l un ch 
and  d i dn ' t  even have the re st rooms open for us . They a re up the h i l l ,  on the 
l ef t .  I f  the weather i s  bad ,  we have rese rved the p i cn i c  pav i l l ion . 

6 2 . 3  
6 3 . 7 

65 . 6  
6 8 . 3 

6 8 . 4  
7 1 . 8  

72 . 1 

72 . 7  

73 . 6  

7 3 . 9  

STOP 4 .  

0 . 0  
2 .9 
1 • 4 

1 . 9 
2 . 7  

0 .  1 
3 . 4  

0 . 3  

0 . 6  

0 . 9  

0 . 3  

A ROADS I DE BOG 

Con t i n ue north on Route 4 1 6  
Bea r  r i gh t  ( no rth on to Route 2 1 1 )  
STOP S I GN ,  Tu rn r i gh t  ( e a s t  on to Route 1 7K) ; V i l l age 
o f  Montgomery 
TRAFF I C  L I GHT , Turn l e ft ( nort h  on to Route 208)  
STOP S I GN ,  ( co n t i n ue n o rth on Route 208) ; V i l l age 
of  Wa l den 
TRAFF I C  L I GH T ,  T u rn r i g h t  (north  w i th Route 208)  
Y I ELD S I GN ,  Bear r i ght  (north  w i th Ro ute 208) ; 
V i l l age o f  Wa l dk i l l  

Wa l l k i l l  Mo ra i ne v i s i b l e  on r i gh t  f rom 1 : 00  
o ' c l oc k  to 4 : 00  o ' c l oc k .  

Turn r i gh t  ( e a s t  onto Route 300) ; con t i n ue u p  the 
p rox i ma l  s l ope of  the Wa l l k i l l  Mora i n e  

Wa l l k i l l  Mora i n e  outwash ap ron depos i ted at  the 
edge o f  G l a c i a l  Lake Dyson at ±400 ft . 

STOP 4 a t  boggy a rea- on the r i gh t  s i de of  the roa d  

A t  th i s  stop we w i l l  demons t rate the tech n i q ue used i n  ret r i ev i ng a core 
f rom a s ub s u rface organ i c  depos i t .  A l though th i s  s i te does not meet the 
re s t r i ct i ve c r i te r i a  estab l i shed by  Conna l l y  and S i rk i n ,  i t  i s  conven i en t l y  
c l ose t o  the road as a demon s t ra t i on s i te .  F i rs t  we w i l l  p robe the depth o f  
the o rgan i c  sed i ment  a n d  then ret r i eve a sequen t i a l  core u s i n g  a Dav i s  P i s ton 
Core r .  We a l so w i l l  d i s cus s s u r face vegetat i on and the s u b s u rface pol l en 
s t ra t i g raphy of the Wa l l k i l l  Va l l ey . 

74 . 0  
74 . 7  

75 . 3  

7 5 . 5  
7 5 . 9  

77 . 0  
7 7 . 3  
7 7 . 7  

0 . 0  
0 .  1 
0 . 7  

0 . 6  

0 . 2  
0 . 4  

1 . 1  
0 . 3  
0 . 4  

Con t i n ue eas t on Route 300 
Turn l e ft (north  on to St . And re•.vs Roa d )  
Turn le ft (we s t  onto Rese rvo i r  Roa d )  

C l i mb the d i s ta l  s l ope of  the Wa l l k i l l  Mora i n e  

STOP S I GN ,  Turn r i gh t  ( n o rth on to Route 208)  
Turn l e ft  (we s t  onto B i rch Road ) ; the road c l i mb s  
the d i s t a l  s l ope o f  the " i nner" Wal l k i l l  Mora i ne 
S t ra g h t  ahead onto paved road 
S tay r i gh t  a t  fork 
STOP 5 a t  abandoned s a n d  and g rave l p i t  
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STOP 5 .  E S KER FEEDER FOR THE WALLK I LL MORA I NE 

CAUT I ON !  You a re on the p rope rty o f  the Wa l l k i l l  Sta te P r i son . I f  you 
do n o t  obta in  pe rm i s s ion befo re v i s i t i n g  t h i s  p i t  you may expect a v i s i t  f rom 
one o r  more a rmed o ff i ce r s . 

The re i s  1 i t t l e  expos u re l e ft a t  th i s  s i te that i s  about 4 km north o f  
the i nn e r  Wa l l k i l l  Mo ra i n e .  Look about for c l as ts that you can i dent i �y as 
wh i te Shawangunk con g l omerate or o rthoqua rtz i te s a n dstone . Take in the 
s p l en d i d  v i ew o f  the b a re . rock cl i ffs o f  Shawangunk  con g l omerate -- these a re 
made fameous by  moun ta i n  c l i mbe rs from a l l ove r the northeast . Why a re these 
c l i ffs so  fre s h ?  Why i s  the e s ca rpmen t to the south cove red by a b l anket of 
t a l us ?  Wha t  is  the sou rce of the sed i me n t  for t h i s  huge esker that f l a n ks 
the b ottom l and  chan n e l  of  the Wa l l k i l l  R i ve r ?  

Look fo r e v i dence of  Shawan gunk con g l ome rate a s  you t rave l  to Stop 6 .  

8 1 . 6  

82 . 7  
84 . 4  

85 . 4  

86 . 5  

S T O P  6 .  

0 . 0  
3 . 9  

1 . 1  
1 . 7 

1 . 0 

1 • 1 

Turn r i gh t  ( no rth onto Sand H i l l  Road )  
STOP S I G N ,  V i l l age o f  Ga rdne r ;  take a F.ULL l e ft 
t u rn (we s t  onto Ma i n  S t reet ; Routes 44 & 5 5 )  
B r i dge a c ro s s  Wa l l k i l l R i ve r  
Con t i n ue s t ra i gh t  (we s t  on Routes 4 4  & 5 5 )  

The foot o f  a feeder eske r  appears on the l e ft ; 
t he road p a ra l l e l s  th i s  e s ke r  up the h i l l  to the 
base of the Shawangunk cl  i f fs 

STOP 6 p a r k i n g  l ot of restauratn t 

HEAD O F  FEEDER E S KER AND V I: EW O F  SHAWANGUNK C L I FFS 

Th i s . stop enab l es you to v i ew the h uge , b l ock-s i zed c l asts  of Shawangunk 
con g l ome rate that  were frozen in  t i me a s  they we re mov i n g  down i n to o r  onto 
the Wood fo rd i an g l a c i e r .  E v i den t l y  the h y d r a u l i c  s i tuat ion a l ong the c l i ff 
wa s s i m i l a r to a be rgs c h rund on a c i r q ue headwa l l .  The p l uck i n g o f  these 
h uge b l ocks res u l ted i n  a c l e an l y  expos e d  rock face (or free face) once the 
g l ac i e r  recede d .  Why don ' t  you see these l a rge b l ocks down in the val l ey ?  
Why a re these c l i ffs not cove red w i th t a l us a s  a re those to the south ? 

As you d r i ve . down i n to the v a ll ey ,  you w i l l  pass a second mas s i ve esker 
on  y o u r  l e ft . Look at  the change i n  the s i ze of  the Shawangunk con gl ome rate 
l as t s  a s  you con t i n ue down to the v a l l ey f l oo r .  

0 . 0  
9 2 . 4  5 . 9  
9 2 . 6  0 .2 

9 3 .  1 0 . 5  

9 3 . 9  0 . 8  
94 . 0  0 .  1 

Turn r i gh t  ( e a s t  on to Route 299 ) 
B r i dge a c ro s s  Wa l l k i l l  R i ve r 
TRAF F I C  L I G HT ( con tue s t ra i gh t  up h i l l on Route 
299 ; Route 2 0 8 jo i n s  from the r i ght) ; V i l l age o f  
New P a  1 tz 
TRAF F I C  L I GHT ( con t i n ue east of  Route 299 ; Route 
32 l eaves to r i gh t )  
Ove rpass ove r NYS Th ruway 
New York S ta te Th ru�<ay ,  New Pa 1 tz I nterchange 

END OF TR I P  
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