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INTRODUCTION 

A p reliminary understanding o f  the style of glacial retreat , in 
the e a stern lower Hudson Va l ley , has been gained through mapping 
the sur ficial deposits between the Long I s land-Staten Is land end 
moraine s and the Hudson Hi ghland s .  The pre sent mode l of late 
P l e i stocene glaciation for the region include s 1 )  a lobate ice 
front , 2 )  two di stinct glaciations separated by a warm interva l ,  
a nd 3 )  final deglaciation with the s equential deve lopment o f  
rec e s s iona l moraines at some ice margins and extensive proglacial 
l ake and val ley fi l l  deposits . This model i s  used in conj unction 
with field evidence to reconstruct the glacial history of the 
r eg ion . This field guide provide s the basic framework for the 
glacial hi story and il lustrates typical depo sits and morpho logic 
feature s .  Th i s  article comp lements that of Connally , Si rkin , and 
Cadwel l  ( this volume ) .  For convenienc e ,  certain sections and 
d e scriptions are not repeated in both article s ,  but are cro s s 
re ferenced.  

PREVIOUS WORK 

Thi s model of late P l e istocene glaciation and deglaciation was 
developed during fi eld examination of glacial deposits of the Lower 
Hudson Valley,  Long I s land , and B lock Is land , Rhode Island ( Sirki n , 
1 9 8 2 ,  1 9 8 6 ) . A Late Wiscons inan Hudson Lobe probably exi sted 
during advance and retreat through thi s region ( Sirkin,  1 9 8 2 ) . Two 
d i st inct drifts are represented in end moraines o f  western Long 
I s land , ( Sirkin and Mil l s , 1 9 7 5 ;  S irkin , 1 9 8 2 , 1 9 8 6 ) . 
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The chronology of late Pleis tocene glaciat ion and rate o f  
deglac iation o f  the Hudson Lobe i s  derived from glacial ic e-margin 
pos itions , radiocarbon ages and pollen stratigraphy ( Connally and 
S i r kin , 1 9 8 6 ) . Connal ly and Sirkin,  1 9 8 6 ,  also trace the northward 
wasting of the glaci er margin in the mid-Hudson Va lley u s ing 
moraines north of the Eudson Highlands in Dutches s and Columb i a  
Countie s .  The degl acial chronology and pollen stratigraphy for the 
mid-Hudson Valley , we st of the Hudson Rive r ,  i s  summarized in 
Connally and others ( 1 9 8 9 ; thi s vo lume ) . 

BEDROCK GEOLOGY 

Manhattan , Bronx , and We stche ster Counties are underlain by rock 
formations of the Appalachian Fold Be l t .  Here the structure i s  
s imilar t o  that of the Appalachian B lue Ridge with northe ast
southwest trends and fold·s recumbently overturned to the northwe s t .  
Roc k  units include the Fordham Gne i s s  (generally as sociated with 
Grenville age tectonic s  and metamorphi sm) , and the Lowerre 
Quartz ite , Inwood Marble and Manhattan Schist of Cambro-Ordovician 
age . These unit s ,  the New York Group , were de formed and 
metamorphosed during the Taconic Or ogeny . In southern Westchester 
County and adj acent Connecticut an additional sequence of early 
P aleozoic metamorphics , the Hartl and Formation and the Harrison 
Gne is s , represent an accretionary faci e s .  The Fordham and Hartland 
units exhibit structures of partial me lting which give the i r  
outcrops a dramatically swir led appearanc e .  The Fordham Gneiss i s  
t h e  most resi stant rock unit in We stchester County and forms the 
highest ridge s .  The younger metamorphics o f  the New York Group are 
less resi stant and support low ridg e s ,  or as the Inwood Marb l e ,  
unde r l i e  the valleys . The Inwood i s  occasional ly found folded 
against the resistant Fordham ridges and may directly underl i e  
glacial deposits along the val l ey walls . The Lowerre Quart z it e ,  
o rigina l ly a coarse clastic unit o f  fluvial orJ.g J.n,  i s  
d i scontinuously preserved a long the trend o f  the Fordham. Vei n  
quartz and pegmatite dik e s  o f  varying thicknes s  cross-cut the 
Lowerre Quartz ite and Fordham Gne is s .  

In northern Westche ster County ( near Peekski l l )  the New York 
Group is intruded by an ear ly Paleozoic basic rock unit known as 
the Cortlandt Complex . 

GLACIAL DEPOSITS 

Lower Til l .  In general the drumlin-shaped hills that form the 
uplands of southeastern New York are capped by a layer of glac ia l  
t i l l  u p  t o  10  m thic k .  This appears to be a b a s a l  t i l l  depo s ited 
during the earlier of two glaciation s .  Thi s  lower till forms the 
north-south trending drumlins in Westchester County . It i s  
u sually medium to dark brown , blocky and oxidi z ed on the blocky 
surfac e s .  Uplands formed on the resistant ridge s of Fordham Gne i s s  
and Cortlandt Complex have only thin patchy deposits o f  til l .  The 
l ower till may be corre lative with the " drum lin t i l l "  of southern 
New England . 
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Uppe r  T i l l .  The upper t i l l  appears poorly sorted , with 
occas ional crude stratification and i s  interpreted to be a 
reces sional deposit,  such as ablation or meltout til l .  Thi s  unit 
i s  generally 1 - 3  m thic k  and may overlie the lower till.  It may 
a l s o  occur as a meltout or flow t i l l  in ic e-contact deposit s .  The 
upper till represents wa sting of the Woodfordian glacier . 

Many glacial erratics i n  the study area were quarried by the 
g l acier from the rectangularly j ointed bedrock units . Some 
erratics retain a rectangular shape and pre sumably were not 
transported far . Striations on bedrock surfaces generally trend 
north-northwest to south- southea s t .  Glacier flow from the north
northwest would account for Pa lisades basalt and Brunswick 
sandstone erratics of Hudson Lobe deposits in southern Westchester 
and we stern Long I s land . 

S t ratified Dr i ft . Outwas h  deposits are generally concentrated 
i n  main val ley s , although occasionally found on the uplands too . 
Kame terraces occur in the Saw Mill , Gra s sy Sprain and Bronx River 
valley s , as wel l  as in south-trending valleys in the Mamaroneck 
Quadrangle .  A small kame i s  located against bedrock in the K ings 
B r idge area of the south Bronx . 

An e ast-southeast trending va l ley w ith sand and gravel kame 
depos i t s  extends from Tarrytown to Elmsford and White P lain s .  The 
White P lains part of thi s  valley is the con fluence of three north
south valleys intersecting the eas t-we st val ley and forming three 
d i stinct umlaufbergs . 

Outwash and kame terraces fi l l  many o f  the valleys in mid- and 
northern Westchester County , particular ly in the Mianus River and 
Chappaqua Brook valley s . Kame deltas protrude laterally and 
southward into the Mount Kisco-Bedford Hill s-Katonah valley . 

The more prominent man-made lake s in We stchester County b elong 
to the New York City reservo i r  system . · The water bodie s in the 
�mawalk and Titicus Cr eeks have drowned heads of outwash, kame and 
de lta deposits , while active s and mining for new housing and 
industrial park sites have eliminated other s .  A kame delta located 
in apparent sa fety at Memori a l  Park in Bedford Hil l s  vanished to 
the drag line in preparation for a condominium site , leaving only 
a smear of lake c lays . Some heads of outwash are located east o f  
B e d ford , east of Jay High Schoo l , southeast of Somers , at Granite 
Spring s , j ust north of Yorktown Height s , north of Katonah , and 
north o f  New Croton Re servoir . 

The Croton Re servoir masks a possib l e  stillstand of the ice 
marg i n .  I f  rea l , thi s s t i l l stand occurred when the retreating 
g l a c i er formed the Croton Po int Moraine { n ew name ) , and the Croton 
Point D e lta {Figure 1 ,  STOP 1 )  . S imi lar ly , the east-west valley 
t rends at Yorktown Height s ,  Crompond , Je fferson 'Talley, Mohegan 
Lak e , Lake Peekskill and Peekski l l  may denote ice margin 
position s .  The val ley of Peeks k i l l  Hollow Creek , has numerous ice 
contact kame depo sits , one is a kame delta capped with coarse 
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F i gure 1 .  Portion o f  the Haver s traw 7 . 5  minute U . S . G . S .  
topographic quadrangle illustrating STOP 1 ,  Croton 
Point Park and vicinity . 
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grav e l  ( F igure 2 ;  and Fi eldtrip Stop 3 )  . 

LACUSTRINE DEPOS ITS 

Lake-sand depo sits are located adj acent to the Hudson River 
between Spuyten Duyvil and Irvington at an elevation of 1 0 0  f t .  
Ar t i f i ci al fi ll masks these depos i ts i n  Manhattan to the south and 
between Irvington and Ossining to the north. Lake sands are a l so 
preserved in Van Co rtl andt Par k , and the Saw Mill and Bronx River 
val l ey s .  The Van Cortlandt Park deposits were formed during the 
development of Lake Hudson , whi l e  the Bronx River valley depo s its 
may have formed during a northward extension o f  Lake Flushing . 
G la c i a l  Lake Hudson developed b e tween the Terminal Moraine and the 
retreating Hood fordian glacier margin and Lake F lushing formed in 
the pos ition of the present Long Is land Sound behind the end 
moraine s on Long I s land . 

The best evidence o f  Lake Hudson in northern Hestchester County 
i s  Croton Point , a large delta that juts into Haverstraw Bay 
( F i gu r e  1 . )  Th is bay , j ust south of the Hudson Highlands , is a 

widened and overdeepened part o f  the Hudson estuary . Some o f  the 
g l a c i a l  deposits can still b e  s ee n  even though much o f  the d e lta 
has been eroded , mined for the brick-making industry , or covered 
by a landfi l l .  Stratified d r i ft i s  exposed lo cally on the 
h i l l s lope s adj acent to the railroad .  Grain s i z e  ana lyses of these 
depo s i ts show fining toward the delta and the s ediments may 
represent the topsets of the d e l t a .  The west end of Croton Point 
is c omposed of ablation till ove r ly ing strati fied drift . He r e ,  
e r o s i o n  o f  these depo sits has l e ft a lag o f  boulders , dominantly 
comp o s ed o f  Cortlandt , P a l i s ade s , Brunswick , and Highlands 
litho logies as a beac h .  Lake c lays are a l so exposed in the c l i f f s  
a long the west side o f  the Po i nt a few feet above river level and 
over lying glacia l dri ft .  The c lays appear to b e  rhythmites 
p o s s ibly de formed during ini t i a l  glacial retreat from the ·cr oton 
Point ice margi n .  Exposures o f  lake c lay occur in the valley we s t  
o f  Harmon , near the mouth of Fu rnace Brook south of Crugers and i n  
t h e  valley j ust to the northea s t  o f  Cruger s .  

ICE MARGINS 

The Sands Point Moraine o f  northwestern Long Is land extends 
westward from the Sands Point De lta to the Co llege Point De lta in 
northern Queens between F lushing Bay and the East Rive r .  Thi s i c e  
margi n  may continue westward a long the e ast-we st va lley south o f  
S t e i nway and then c ro s s  the East River to Manhattan.  Lack o f  
exposures o f  ice contact depos i ts in Manhattan ' s  concrete mas s i f ,  
however ,  makes tracing this margin westward a mute e ffort . On ly 
a sma l l  patch o f  outwash in northwestern Central Park and another 
a t  Mount Morris Park , both somewhat north o f  the proj e cted 
Manhattan landfa l l ,  could mark the ice stand . 
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Figure 2 .  Portion of the Peek s k i l l  7 . 5  minute u . s . G . S .  topographic 
quadrangle i l lu strating STOP 3 ,  Peekskill Ho llow Creek 
and vicinity . 
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Similarly , the City Is land Moraine , including Hart Is land to 
the east , may extend westward to the south Bronx where thick till 
was exposed in a construction site on Cas tle Hill l>.venue in 
Uni o nport . Whi le thi s  til l could not be differentiated from lower 
t il l ,  the moraine might extend we s tward across the south Bronx and 
b e  corre lated with two small t i l l  exposures in cemeteries near 
Trinity Church in northern Manhattan. It is apparent that the 
evidence for the se ice margins west of the nominative moraines 
b ecomes highly speculative in the " high rise" terrane of New York 
C i ty .  

North of the C i ty Is land Moraine , there are no continuous 
features that permit the identi fication o f  moraine s .  Heads o f  
outwash , kame terrac e s  and kame deltas offe r ,  however ,  tanta liz ing 
lure s  for speculation of ice margins in the Elms ford-White P lains 
V a ll ey ; the Bedford Hills-Mount Ki sco Valley ; and the Bedford
M i a nu s  River Valley . 

I n  the region of thi s  fi eld trip the most prominent ice margin 
i s  the Croton Point Moraine at Croton Point (Figure 1 ) . Thi s  
moraine d enotes a position within the Hudson Valley and may 
p o s s i b ly be extended eastward into the Croton Reservoir Valley . 
The Cr oton Point and Peekski l l  d e ltas substantiate the existence 
of Lake Hudson with a water plane e l evation of 1 0 0  ft. The valley 
a t  Yorktown Heights forms another tempting location for an margin , 
but with only an outwash head a s  contro l .  The ice contact kames 
in Peekskill Hollow possibly mark an ice margin in northern 
We stchester . 

The Woodfordian glacier continued its retreat and deposited the 
Shenandoah Moraine on the north flank of the Hudson Highland s .  
Much o f  the glaci al meltwater flowed directly into the expanding 
G l a c i a l  Lake Hudson,  but during the ear ly stages some meltwater 
f lowed across the High lands whe re sediments completely fi lled the 
upper Clove Creek valley ( STOP 4 ) . 
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ROAD LOG FOR THE PLEISTOCENE GEOLOGY 
OF THE EASTERN, LOWER HUDSON VALLEY , NEW YORK 

The Road log for this trip begins 
s ide of the Bear Mountain Bridg e .  
street map with the locations o f  

i n  Westchester County at the east 
Figure 3 i s  a generalized County 

Fieldtrip STOPS 1 and 3 .  

CUMULATIVE MILES FROM 
MILEAGE LAST POINT 

o . o  0 .  0 

3 . 8  3 . 8  

1 2 . 4  8 . 6  

1 2 . 5  0 . 1  

1 2 . 6  0 . 1  

1 3 . 8  1 . 2  

ROUTE DESCRIPTION 

East side of the Bear Mountain Bridg e ,  
Route 6 and 2 0 2 ;  proceed south . 

Junction Route 9 south , proceed on Route 
9 .  

Exit Rt . 9 to Croton Po int Avenue 

Right on Croton Point Avenue 

Traffic light , proceed straight onto 
one- lane bridge 

Stay r ight a ft er bridge to Croton Point 
Par k ; park at the west end o f  the large 
parking lot.  

STOP 1 .  CROTON POINT PARK . Walk westward a long the beach 
about 0 . 5 mi . to exposures of t i l l  and clay bed s .  D iscussion wi l l  
c enter on the evidence for the Croton Moraine and the Croton Point 
Delta ( see Figure 1 in .tex t ) . Note the lithologies of the 
b oulders . 

Return to car s .  

1 5 . 3  1 . 5  Return t o  Rt . 9 north bound ramp . 
Proceed north on Rt . 9  
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Figure 3 .  Generali zed street map o f  northern We stchester County 
with the location o f  Fieldtrip STOPS 1 and 3 .  
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1 8 . 7  

1 9 . 2  

3 . 4  

0 . 5  

Exit Rt . 9 t o  9A at Montrose exit 

Fol low 9A southbound to the south side o f  
the bridge over the rai lroad . 

STOP 2 .  PEEKSKILL HOLLOW CREEK : CLAY BEDS . Park at the 
entranc e to the new railroad station construction site . Walk 
northeastward to stream bed . Examination and discu s s ion of c lay 
beds exposed in the stream bank s . 

Return to the cars . 

1 9 . 7  

2 4 . 8  

2 6 . 4  

2 8 . 0  

0 . 5  

5 . 1  

1 . 6  

1 . 6  

Return t o  Rt . 9 north 

Follow Rt 9 to the Bear Mountain Parkway , 
ex it to eastbound lane . 

Exit at D ivi sion Road1 turn left on Oregon 
Road , the northeast continuation o f  
Division Rd . 

Entrance t o  Dam-Fino Construction Company 
on left . 

STOP 3 .  PEEKSKILL HOLLOW CREEK : OUTWASH AND KAME DEPOSITS . 
Walk along the northbound lane in the yard , bear right at fork 

between trailer home and concrete building , follow lane to gravel 
p i t .  This pit has been excavated into one of the many outwash and 
kame depo sits in Peekskill Hol l ow . Some kames show ice contact 
feature s .  At thi s  site a kame delta has been overtopped by flood 
gravel s  suggesting a change from de ltaic to high energy fluvial 
dep o s i tion. Return to cars and p ro ceed south on Division S t .  

Return to car s . 

2 9 . 6  1 . 6  Junction Bear Mountain Parkway , turn 
right , proceed wes t .  

2 9 . 8  0 . 2  Bear right toward Route 9 

3 0 . 5  0 . 7  Junction Route 9 ' proceed north 

3 2 . 0  1 . 5  Enter Putnam Co. 

4 2 . 1  1 0 . 1  Enter Dutchess Co . 

4 2 . 4  0 . 3  Enter s and and gravel operation on left 

STOP 4 .  KAME DELTA. Proceed into grave l p i t .  This i s  a 
large kame delta comp l ex constructed by meltwater flow through the 
Highlands during development of the Shenandoah Moraine.  

End o f  fi eld trip . Return to Route 9 .  
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