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PREFACE 

The diversity of the geology of the Lower Hudson Valley and environs is 
reflected in the breadth of field trips contained in this guidebook for the 
6 1 s t  Annual Meeting of the New York State Geological Association . No where 
in New York can one view, in an area of comparable size , such a wide variety 
of rocks , structures , and sediments representing more than one billion years 
of Earth history . Evidence of major events in the Earth's history and devel
opment ranging from periods of extreme deformation, to times of extensive 
sedimentation, to the breakup of continent s ,  to the covering of the land by 
vast ice sheets are contained in the area's geologic sequences .  In addition , 
modern problems in applied geology such as seismic risk and slope stability 
are also of particular concern. 

Several of the field trips retrace the paths their authors led us on at  
previous meetings of the Association . H oward and Elizabeth Jaffe ; Gordon 
Connally, Les Sirkin, and Don Cadwell; and Bob Finks update information pre
sented at various. meet ings over the past twenty-nine years . It is with nos
talgia that I remember that these were the first trips of the Association 
that I attended as a student . Moreover ,  some of you may recognize the art 
work of Jack Fagan which adorns the cover the guidebook. New views are pre
sented by Pam Brock on the stratigraphy of the Manhattan Prong; by Tony 
Prave , Moses Alcala ,  and Jack Epstein on the nature of sedimentation in the 
middle and late Silurian; and by Alan Kafka , Margie Winslow, and Noel Barstow 
on the neotectonics of the Lower Hudson Valley region. Clearly, there is 
continuing interest in the Green Pond Out lier. Larry Malizzi and Alec Gates; 
Jim Mitchell and Randy Forsythe ; and Bob F inks and Michael Raffoni present 
their respective interpretations of that area's geologic development . Trias
sic/Jurassic intrusive and extrusive igneous activity is examined by Jeff 
Steiner and John Puffer, respectively. Over the years the area of the Lower 
Hudson Valley has been extensively developed and the surficial deposits of 
the area disturbed . Despite this added d ifficulty , Les Sirkin; Don Cadwell , 
and Gordon Connally have been able to complete new studies of the Pleistocene 
geology of eastern Putnam County and Westchester County. As growth and devel
opment of the region have continued , the expansion of its highways has been 
accompanied by problems of slope stability . Clay Bolton's field trip will 
examine this concern which, in recent years , has led to catastrophy in sev
eral instances . Looking back into prehistory ,  this region has been occupied 
by man for over 6 , 000 years . Phil La Porta's presentation on chert, relates 
its stratigraphic occurrence to regional archeologic studies . Finally, as 
our concerns for science education increase ,  Bill Tucci and Bob Kalin in 
their "Geologic Climb of Schunnemunk Mountain" present a useful "hands on" 
teaching exercise for Earth Science teachers . 

In closing, I would like to thank the authors of each trip for their 
effort and cooperation . Without them this guidebook would not be the profes
sional reference and source of information it is . In addition, my gratitude 
goes to Jack Fagan for finding the time to do the cover of the guidebook, Jim 
Olmstead and Fred Wolfe for their wisdom and guidance , Larry O'Brien for his 
uplifting and cheerful support during the editing proce s s ,  and finally to my 
wife Susan for patiently enduring the piles of manuscripts and edited texts 
left all over the house . 

Dennis Weiss , Editor 
October, 1 989  
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STR ATIGRAPHY OF THE NORTHEASTERN MANHATTAN PRO NG, 
PEACH LAKE QUADRANGLE, NEW YORK - CO NNECTICUT 

PAMELA CHASE BROCK 
Queens College and the Graduate Center of the C ity University of Ne � York 

I NTRODUCTION 

The purpose of  this trip is to consider the stratigraphy of the Manhattan 
Prong along the Ne � York-Connecticut border, in the Peach Lake quadrangle 
(Fig . 1 ) .  Recent mapp ing in this are a has suggested that a major stratigraph
ic rev�s �o n is necessary. Overlying the Grenvill ian rocks of the Fordham 
Gne iss and b e l a� the magnesian marbles of  the C ambro-Ordovic ian I n�ood Marble,  
a trac e able suite of  metasedimentary and metavolc anic rocks appe ars to  e xist.  
This suit e ,  here informally named the "Ned Mountain Formation" , includes the 
K-f e ldsp ar rich quart zites typical of the "Lo �erre Quart zit e "; but it also 
cont ains a variety of other lithologie s ,  all of �hich have previously been 
ass igned to e ither the Fordham Gne iss or to post-Lo �erre Paleo zoic units. 
Ways in �hich rocks of the "Ned Mountain Formation" c an be dist inguished from 
other units �ill be  pointed out on the trip and in the text .  

Recognit io n  of this ne�, expanded, Late Precambrian to Early C ambrian unit 
�il l have import ant imp l ications both for the rift-to-drift stage of geologi
c al history and ( by its map scale distribution) for Paleozo ic structures in 
the Manhatt an Pro ng . 

GEOLOGIC AL S ETTING 

Rocks of the Manhattan Prong consist of  Grenv ille basement gneisses and 
overlying Cambro-Ordovician strata. I n  the Croton F all-Pe ach Lake are a  of Ne � 
York, the Pro ng �as mult ip ly deforme d  and metamorphosed at K-feldspar
s il l imanite grade during the Taconian orogeny , Later, probably during the 
Carboniferous , it �as cut by shear zones and its K-feldsp ar-s ill imanite assem
b l ages local l y  retrograded (Brock and others, 1 9 85; Brock & Brock, 19 85a & b ). 

The generally accepted interpre t at ion of the Prong's stratigraphy , f amil iar 
f rom the �arks o f  Hall ( 1968, 1979 ) ,  Rat c l iffe and Kno �les ( 19 69 ) , and many 
others ,  consists of four major units ( T able 1) . The structurally lo�est unit , 
Fordham Gneiss, is generally interpreted as a Grenvillian basement comp lex. 
Overlying it , the C ambrian Lo�erre Quart zit e ,  C ambro-ordovic ian In�ood Marble,  
lo�e r  Middle Ordovic ian Walloomsac Schist (Manhatt an A of Hall ), and alloch
thonous C ambrian Manhattan Schist ( H al l ,  1968, 1 9 79 )  comprise the accepted 
post-Grenvil l e  success io n  of the Manhat t an Prong . C amero n's Line , �hich marks 
the boundary bet�e e n  the Manhattan Prong and overthrust Hartl and terrane , 
nicks the northeastern border of the Peach Lake quadrangle ( F ig . 2 ;  Table 1 ) .  

The most comp e l l ing l ines of  evidence for the existence of  the expanded 
Late Precambrian-Cambrian sequence of the " Ned Mount ain Formation" come from 
a) the pers is t e nc e  of distinct l ithologies in b e t�een the granulites of the 
Fordham Gneiss and the magnesian marbl es of the I n�ood (Fig. 2 ) ;  b) trace
abil ity of rock units �ithin this inte rvening sequence ( F ig .  4); and c) trun
c at io n  of  units of  the Fordham Gneiss against the base of this sequence 
(F ig . 2 ) .  
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DES CRIPTION OF ESTABLISHED UNITS : F ORDHAM GNEISS,  I NWOOD MARBLE, 

WALLOOMSAC SCHIST, MANHATTAN SCHIST , A ND HARTLAND FORMATION 

Fordham Gneiss . Each of the six units recognized in the Fordham Gneiss of  the 
Peach Lake quadrangle is at least locally in contact wi th the "Ned Mountain 
Formation". Mineralogies of these units reflect their history of Grenvil lian 
granulite-facies metamorphism, variably recrystallized at so mewhat lower grade 
during the Taconian orogeny. These six uni ts are: 

Yfi• Leuco- to mesocratic, medium-grained gneiss , wi th 3 mm- to 8 mm-
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thick dis continuous streaks and broader spaced ( 0 . 5-2 .0  m) co mpos itional 
layering . Meso cratic to le uco cratic layers are p lagio clase-quartz-hornblende
b io tite ± cl inop yroxene ; the amphibol ites are hornblende-rich. Minerals show 
l ittle planar parall e l is m. 

Yfrr• Le uco- to mesocratic q uartz-2-fel dspar-hornblende-bio tite±cl inopy
roxene s treaky gne iss , again with amphibolitic interlayers . This unit 
s trongl y  resembles Yfr and is dis ting uishe d  mainly by its K-f e l dspar content. 

Yfrrr• Interlayered coarse-graine d, orthopyroxene-bearing gneisses 
(Stop lA) ,  cons is ting of a) l ight-colored quartz-plagioclase-orthopyroxene
hornblende-bio tite±K-feldspar±garnet gne iss , with dark orthopyroxene
hornblende-plagioclase layers; b) meso cratic q uartz-plagioclase-orthop yrox
ene-cl inop yroxene-hornblende±bio tite gneiss; and amphibolite-facies eq uiva
lents ,  reme tamqrphosed during the Taconian orogeny. Relicts of orthop yroxene 
e mbayed by cumming tonite are often found in these rocks . The unit is recog
niz e d  at amphibol ite facies in part by its characteris tic co mpositional layer
ing , with layers 1 to 5 em thick . At amphibo l ite facies , these layers con
s is t  of a )  quartz-p lagio clase-hornblende-biotite-garnet±rel ict orthop yroxene , 
with amphibol ite and bio tite-rich interlayers , and b )  q uartz-plagioclase 
hornblende-bio tite ± cl inopyroxene layers . The amphibol ite-facies gneisses are 
"much be tter foliated than the granulite-facies ro cks , due to the increase in 
b io tite and decrease in p yroxene content. 

Yfrv• Amphibol ite and amphibole-plagioclase-quartz-bio tite gneisses , 
with minor p yroxene . This unit is wel l-layered b ut appears to be much more 
uniform and melano cratic than Yfrrr• These ro cks are medium-graine d and 
eq uigranular. 

Yfy. Melano cratic to le uco cratic, coarse-grained hornblende-garne t
p lagio clase-cl inop yroxene±orthopyroxene and quartz-plagioclase-hqrnblende
b io tite gneisses ( S top lB) . At peak me tamorphic grade ,  these ro cks often have 
a red-and-green appearance due to intergrowth o f  garne t and cl inop yroxene . 
Hornblende appears to be ( a t  leas t  in part) the pro duct of Taconian me tamor
phism. Asso ciate d with the garnet-cl inopyroxene gneiss in this unit is a 
r us ty-s taining , me dium-graine d, q uartz-plagioclase-biotite-garne t-graphite 
granofels .  A mphibol ites are also co mmon and the unit may in fact grade into 
Yfrv• Some coarse-textured hornblende-cl inop yro xene-bio tite-plagioclase
quartz gneisses are interpreted as amphibol ite-facies eq uivalents .  

Granites o f  probable Grenville and Taconian ages are found with all the 
above units . ·Some o f  the Grenvill ian granites are hornblende-bearing . One 
granite is large enough to be cons idered as a separate unit: 

Yfvr• Quartz-plagioclase-K-fe l dspar-biotite-magne tite±hornblende gran
itic gne�ss . The gneiss contains amphibolitic l a yers . This grey granitic 
gneiss is re markabl e  for its modal abundance ( up to 5%) of 1 to 3 mm clots of  
magne tite . 

Many of the Fordham units share certain features that help dis tinguish the m  
f ro m  pos t-Grenvill ian ro cks ; this is especia ll y  true where effe cts of 
Taconian deformation and me tamorphis m  are minima l . In s uch areas, Fordham 
rocks are typ ica l l y  me dium- to coarse-graine d ( mo s t  grains 2 mm to 1 5  mm in 
diame ter) and well-layered. They o ccasional l y  have a well-developed l inear 
fabric, but are poorly foliated. They have relativel y  l ittle b io tite and 
proportiona l l y  large amounts of p yroxene . Feldspars often appear waxy and 
so mewhat greenish. Equant and tab ular grain shapes pre do minate , sugges ting 
extensive grain growth after Grenvil l ian defo rmation. Post-Grenvil l ian rocks 
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of similar compositions , in contras t ,  are finer-graine d, better-foliated, 
contain more biotite , and have white , grey, or pink f e l ds par . A tendency 
towards mineral segregation and a high incidence of ribbon quartz ( as we ll 
as of  f lattened grains of minerals like garnet )  contributes to the prono unced 
fabric characteristic of  post-Grenvil lian rocks in the area. 

Metamorphic grade , as reflected by mineralogy, can help distinguish Fordham 
and younger rocks . Grenvi llian metamorphism attained higher grade than any 
known in the Paleo zoic rocks of the are a :  coexistence of  hypersthene and K
f e l dspar has been doc umented in the Fordham ( Brock and Brock , 1 983), and the 
garnet-clino pyroxene-plagioclase assemblages of Yfy are distinctive . For many 
b ulk compositions , however ,  mineralogies of  the Fordham and younger rocks can 
be similar, 

Taconian metamorphism was at least K-f e l dspar-sil limanite grade throughout 
the Peach Lake q ua drangl e .  But within the Peach Lake quadrangl e ,  an early 
Taconian metamorphic gradient has recentl y  become evident . Peak assemblages 
genera l l y  increase in grade towards the northeast; the highest grade was 
reached in the vicinity of Pierrepont Park, Connecticut (Fig . 1). For exam
ple ,  many mafic units of Paleozoic age contain c ummingtonite-hornblende
garnet-biotite (ortho pyroxene-absent ) assemblages in the so uthern Peach Lake 
q ua drangle . Hypersthene-hornblende-biotite is common in Paleozoic rocks in 
the northern area ,  where peak Taconian assemb lages do not appear to contain 
c ummingtonit e .  Hartland and Walloomsac lithologies incl ude two-pyroxene
bearing amphibolites in the northeastern Peach Lake q uadrangle (Sto p 4) . This 
distribution of mineral assemblages is consistent with a transition from 
bare l y  K-feldspar-sillimanite grade upwards into granulite facies (Hollocher, 

"''· 1 985). In the peak metamorphic zone , late Taconian K-fe l ds par-sillimanite 
assemblages ove rprint cordierite-garnet-sillimanite grade rocks (Stop�) , and 

.,, s parse periclase has been found in magnesian marbles ( S to p  lE) . Assemblages 
in marbles, pelites and mafic rocks a l l  apparentl y  reflect the early Taconian 
regional gradient . 

B ut even in the zone of Taconian metamorphism, Fordham and yo unger rocks 
remain texturally distinc t .  The orthopyroxene-bearing amphibo lites of Paleo 
zoic age are fine-graine d, wel l-foliated, and in hand specimen resemble 
their c ummingtonite-bearing counterparts much more than the ortho pyroxene 
gneisses of  the Fordham (Yfiii) • Petrographic characteristics , combined with 
stratigraphic relationships , permit Grenvil lian and yo unger rocks (inc luding 
the "Ned Mo untain Formation" ) to be confidentl y  distinguishe d in most cases. 

Paleozoic Strata: Inwoo d, Walloomsac , Manhattan, and Hartland. The distinc 
tive magnesian lithologies of  the Cambra-ordovician Inwo o d  Marble (Stop lE)  
form an inval uabl e  stratigraphic marker (Fig , 4 & Table 1 ) .  This unit is 
correlated with dolomites of the Wappinger Gro up and is inferred to have been 
deposite d  in a stable shelf environment . The marbl e  of the Inwoo d is often 
calcitic in the Peach Lake q uadrangl e ;  forsterite+calcite coexist,  and onl y 
l aw-silica Inwo o d  retains do lomite ( Fig . 3). The marb les are white-weathering 
where calc-silicate minerals are minor; calcite -c lino pyroxene-forsterite
phlogo pite marbles appear greenish and calcite-dolomite-forsterite-phlogopite 
marble weathers b uf f .  O paq ue minerals are general ly very minor (we l l  under 
1 %) ,  b ut ,  rarel y ,  graphite is abundant .  Phlogopite-rich and q uartzite inter
layers occ ur. The Inwood has not been subdivide d here , b ecause a relative 
scarcity of o utcrop makes it difficul t  to determine its internal stratigraphy. 
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CaO """'::._____ ,.::c__ _____ _.lofgO 
Calcite Dolomite ( Perlclase ) 

In the area of peak Taconian metamorphism, Mg-Al spine l  partl y  re place d b y  
phlogo pite is sometimes found; and dolo mite has begun t o  disso ciate accord
ing to the reaction 

CaMg(C03 l2 = MgO + CaC03 + C02 
do lo mite = periclase + calcite + carbon dio xide 

Deco mpos it ion of dolo mite requires extremely high te mperatures and is 
inhib ited by high partial pressures of  C02. The presence of periclase and 
s pine l  in the Inwood suggest Taconian peak temperatures >8QQOC and relativel y  
low pressures (Winkler , 1974). 

Unconformably overlying the Inwood, the lower Middle Ordovician Walloo msac 
S chist ( Table 1 )  contains a basal marble and cal c-sil icate unit (Owml• Owm 
can be dis t inguished from Inwood in a number of ways . Graphite is co mmon and 
the unit is s ulfidic and rusty-weathering . Walloomsac marbles are much less 
magne s ian than the Inwood ( F ig .  3 ); t ypical mineral assemblages incl ude 
cal cite-cl inopyroxene-q uartz -plagio clas e -K-fel ds par. In Owm, carbonate is 
less abundant and s il icates generall y  more abundant than in the Inwood Marb l e . 
The rocks often have a green-and-white s pe ckled appearance due to the ab un
dant green clinopyroxene grains . 

Walloomsac marbl e  ( Stop 2) is asso ciated with Wal loomsac granofelses and 
s chists ( Owl• Walloomsac granofelses are f ine-grained rocks containing 
q uartz-plagioclase-b io t ite -garnettgraph it e ,  and l ittle (1-2%) or no K-f e l ds par 
( Sto p 2) . The granof e lses tend to break in a slabby fashion. Walloomsac 
s chists usuall y  contain q uartz -plagio clase -K-f e l ds par-garnet-sillimanite-bio
t it e tgraphit e ,  though cordierite is present at peak metamorphic grade ( Stop 
3 ) ,  Minor cummingtonite-bearing amphibolites also o ccur in the formation . 
Be dding is wel l-defined in the cal careous and sandy parts of the Walloomsac, 
and poorly def ine d in the thicker-be dded schists . The s chists and grano 
f elses , l ike the cal c-silicates , are us uall y  sulf idic ( containing pyrrhotite 
and pyrit e )  and rusty-weathering . 

Manhattan S chist ( S to p  8) is do minantl y  quartz -plag io clase-K-feldspar-bio 
t ite-s il limanite-garnet s chist.  In contrast with the more sulfidic Wal lo o m
sac, il menite and magnetite are the major opaq ue Fe minerals . Hornblende 

-[ 
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TABLE I .  Stratigra�hic Corre1ation 
be�ween Peach Lake and Su rrounding Areas 

Structural 
Position. 
of 
Overthrust 
Units 

Drake (1969, 1984) 
Delaware 
Valley 
N.J,-PA. 

Martinsburg 
Formation 

Ordovician: .T:�r\4 � & 
Limestone-

Early 
Beekmantown H-.h,·, uudov, .i.<.!,iaaun Group 

Cambrian 

Prucha et al. This Report ( 1968) 
Northeastern Northeastern Manhattan 
Manhattan Prong 
Prong 

Inwood 
Marble 

Hartland Formation 
Manhattan Schist 

Walloomsac 
Schist 

Inwood Marble 

Hall (1968, 1979) 
Southeastern 
Manhattan 
Prong 

Manhattan 
Schist. 
Members B & C 

Inwood 

Marble 

E 
D 

c 

B 
A 

Fisher 0977) Knopf (1962) 
Dutchess 
County, N.Y. 

Fordham 
Gneiss 

Calc- \ Lowerre 
s

R

��s:ie � 
Q
uar

t z

it

:

•

:

J�I,iltie lil� "Ned Wacke �� 
Mountain V�i;:��� Member X]Joo 
Formation" 

MeiDb�i
c 

sasai'ile�ber i;��i�s-�1 
� 

Fordham Gneiss Fordham 
Gneiss 

Gneiss 

amphibolite is commonly interlayered with the pelites; garnet�rich granofel
sic layers up to 60 em thick are scattered throughout. This unit is thought 
to be of Cambrian age, a correlative of the Hoosac Formation (Rodgers, 1985 )  
allochthonously emplaced over the Middle Ordovician Walloomsac (Table 1 )  
(Hall, 1968). 

Hartland Formation (Stop 4), undivided here, consists of hornblende
orthopyroxene-plagioclase amphibolites, thick-bedded quartz-plagioclase
biotite granofelses, and rhythmically bedded schist-and-quartz-feldspar 
granofels. Cameron's Line marks the early (01 ) Taconian thrust along which 
the Cambro-Ordovician Hartland Formation was emplaced against the rocks of the 
Manhattan Prong (Fig. 2. & Table. 1). 

THE "NED MOUNTAIN FORMATION": LITHOLOGIES AND STRATIGRAPHY 

The lower limit of the "Ned Hountain Formation" is defined by" the post
Grenville unconformity along which the units of the Fordham Gneiss are 
truncated. The upper limit is set by the magnesian marbles of the Im<ood, 
which are succeeded at structurally higher positions by Walloomsac, Manhattan, 
and Hartland lithologies. Between these two limits, a complex suite of rocks 
with its o wn  distinctive stratigraphy can be traced (Figs. 2 & 4). 
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This intervening unit, "Ned Mountain Formation", contains a w.ide variety of 
lithologies. It appears to be the product of a highly variable and rapidly 
evolving depositional environment. Significant facies changes exist within 
the Peach Lake area (see Figs. 4 & 5) . The "Ned Mountain" has been provi
sionally subdivided into four members, each of which is lithically variable. 

"Ned Mountain Formation", Basal Member. The basal unit (ZEnb) contains sever
al rock types, some quartz-rich, others quartz-poor. One common lithology is 

a sulfidic, rusty-weathering, graphite-bearing, fissile, biotite-rich grano
fels (Stop lA). Plagioclase is the dominant feldspar in this lithology, 

though K-feldspar is locally important. The biotite-rich granofelses some

times contain minor cummingtonite (or orthopyroxene at higher grade), Graph

ite has been found with cummingtonite-garnet or orthopyroxene-garnet in sever

al localities. Cummingtonite-bearing amphibolites are also found locally in 

the Basal Member of the "Ned Mountain Formation"; they contain 5 %-10 %  quartz, 

in addition to plagioclase-hornblende-biotite-cummingtonite, The· quartz 

content of cummingtonite-bearing granofelses is variable, generally ranging 

from 2 0 %  to 60 % .  The graphitic, cummingtonite-bearing granofelses are tenta

tively interpreted as organic-rich lacustrine sediments derived from weathered 

basalts. 

The remaining lithologies of the Basal Member are K-feldspar-rich granofels, 
quartzite with minor garnetzK-feldsparzplagioclase, and distinctive, alumi-
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nous rocks low in quart z but rich in K-f eldspar. The K-f eldspar-rich grano
f elses contain quartz-K-f eldspar-biot ite-plagioc las e. They are similar t o  the 
K-f eldspar-ric h rocks of t he overlying Volcaniclast ic Member of the "Ned 
Mountain F ormat ion" , and are interpreted as somewhat weathered , rhyolitic as h. 
The low-quart z rocks contain assemblages of K-f eldspar-garnet -b iot it e-s illi
manitetquart ztp lagioclase. The low s ilica, high alumina , and high potas h 
c ont ent of thes e  rocks lead them t o  be interp ret ed as metasap rolites derived 
f rom and/ or mixed wit h K-f eldspar-rich volcanic lastic mat erial. Some metasa
p rolit es c ontain magnet it e, suggesting deposition in a relatively oxidizing 
(subaerial?) environment ; · others, which contain grap hit e and iron sulfides, 
may c onsist of material was hed into nearby , stagnant lakes . 

To s ummarize, the Basal Member is int erp reted as the p roduct of variably 
weathered rhyolit ic and basaltic rocks . Some unit s ,  part icularly the amphi
bolites , may have undergone little alteration at the surface; others , lik e  
the quart z-rich c ummingt onit e-b earing lithologies and quartz-f eldspar grano
f els ,  may have been arenaceous. s ediments derived f rom volcanic rocks . The 
sandy s ediments may have been dep os it ed in lakes , where t hey and sap rolit ic 
material was hed in from adjac ent highlands could mix wit h organic mat erial. 
At one locality a thin-b edded quart zit e (>80% quartz) c ontains thin laminae 
of b iotit e-garnet-c ummingtonite and a t hicker (>1 . 5  em) quart z-free layer of 
K-feldspar-biot ite-garnet -s illimanit e-magnetite. An amp hibolite adjacent t o  
t h e  quart zite may rep res ent the s ourc e  of the maf ic volcanic deb ris . The rock 
records dep os ition of quart z-ric h sands, saprolite, and maf ic volcanic 
d ebris at close-spaced int ervals . 

The ZEnb member has b een f ound overlying ea·c h of the F ordham lithologies 
rec ognized in the Peach Lake area (Figs . 2 & 4). Possib le disc ontinuity of 
the unit can be exp lained by t op ograp hic relief on the post-Grenvillian ero
s ional surface (Fig. 5). The ZEnb unit is generally reminiscent of the Ches t 
nut Hill F ormation of Drake (1984) in t h e  Reading Prong of Pennsylvania. The 
C hest nut Hill F ormation occup ies the same strat igraphic p os ition as the "Ned 
Mountain F ormat ion" (Table 1 ): it overlies the Grenvillian 

·
basement , and 

underlies the Camb ro-O rdovician dolomite s equence, It c onsists of arkose, 
f erruginous quart zit e,  metarhyolit e, and metasap rolit e (Drake, 1984), Drake 
(1969) identified the metasaprolite on t he bas is of its c hemistry. C ompos ed 
of only 42 . 7% Si02 and 0 . 1 6% GaO , in c ontrast to 20.2% Al203 and 7.9% K20, its 
comp osition is . similar t o  t hat of sap rolit e derived f rom volcanic rocks of 
t he Catoctin F or mation in the Blue Ridge (Reed , 1955). The " low-quart z" , K
f eldspar-rich aluminous rocks of ZEnb p robably have a similar origin. 

Rocks immediately overlying the Basal Member of the "Ned Mountain Formation" 
are divided int o two units: the Volcaniclastic Member (ZEnvl in the south, 
and Wacke Member (ZEnwl in the northern Peach Lake quadrangle. Lithologies in 
these two members s eems to rep resent environments changing f rom subaerial 
volcaniclastic t o  a distal, basinal s et t ing (Figs . 4 & 5). 

"Ned Mountain F ormation" , Volcanic las t ic Member (ZEnvl• The Volcanic last ic 
Member is comp os ed of K-f eldspar-p lagioclase-quartz-b iotite granitic gneis s ,  
f eldspathic granof els es and hornb lendetc linopyroxene amphibolit es . The 
granit ic gneiss is coars e- to f ine-grained, highly f eldspathic (K
f eldspar+plagioclase -70 %), and very leucocratic ; mafic minerals , principa lly 
biot it e ,  are usually <5% of its modal comp osition. Rocks of this descrip t ion 
are interp ret ed as metarhyolites . The granof elses are medium- to f ine-

-{ 
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g rained , richer in quartz ( ranging up to -60 % ) , and c ontain bi otite-rich beds , 
C omposi tional layering , which ranges f rom a f ew mm to a c ouple of em thick, is 
c harac teristic of the granofel s .  This layering is not c ompatible with a 
s tric tly igneous p rotolith. K-feldspar c ontent of the g ranof els varies , 
often being -55% . Thes e  rocks are thoug ht to be volcaniclas tic, with their 
relative quartz and bi otite enrichment due to weathering of rhyolitic material 
or mixture with other s ediments . The granof els es are hornbl ende!c linopyrox
ene bearing near the top of the ZEnv , and c ontain lens es and beds of calc
silicate ( S top 6) . At Wes t  Mountain, the Volcaniclastic Memb er grades up
wards i nto the c li nopyroxene-bearing arkos es , marble, and bi otite granofelses 
of the Calc-silicate Member. 

G ranitic g neiss is thickes t at Ward P ound Ridge County Park ( Figs. 1 & 4) 
in the s outhern Peach Lake quadrang le. This is the "Pound Ridge Granitic 
Gneiss " of Sc otf ord ( 19 56) , I n  the s outhern Wes t Mountain area, on the other 
hand , the Volcaniclas tic Member is dominated by gra nof elses and amphibolite. 
On the north side of Wes t  Mountain,  ZEnv c ontains hornbl ende amp hib olites , 
g rap hi te-bearing metasap rolite (similar to that in ZEnb ), and quartz-ric h 
quartz-plagioclase-bi otite-K-f eldspar g ranof elses . Rhyolitic volcaniclas tic 
material appears to be l ess abundant and/or more al tered in this region. A 
dike of one-f eldspar, mesop erthitic , hyp ers olvus granite that lies within the 
mic rocli ne-rich g ranitic gneiss of Pound Ridge is interp reted as a f eeder to a 
volcanic vent. P ound Ridge is inf erred to have been the regional center of 
rhyolitic volcanic activity . North of P ound Ridge, granof elses of the Volca
niclastic Member appear to refl ec t  inc reasing deg rees of weathering and trans
p ortation. 

The Yonkers g neiss of southern Westches ter C ou nty ( Table 1) is 'lithically 
similar to the "Pound Ridge g ranitic gneiss" and occupies a similar strati-

·''' g raphic p ositi on. Hall ( 19 79 )  noted truncation of units of the F ordham 
under the Yonkers , and sugges ted that the Yonkers might rep resent f elsic 
volcanics or arkos es lying over an unc onf ormity, Geochronological studies on 
both g ranitic g neiss es support their assignment to Late Precamb rian-Early 
Cambrian time. The P ound Ridge has a Rb-S r whole-rock age of 579 !21 Ma ( Mos e 
and Hayes , 1 9 75) 1 , Rb-S r whol e-rock s tudies on the Yonkers Granitic Gneiss 
have yielded ages of 563!30 Ma ( L ong , 1969) and 530t43 Ma ( Mos e, 1981 ) .  
Zi rc on from the Yonkers gives a nearly c oncordant U-Pb age around 515 Ma 
(Grauert and Hall, 1974) . Grauert and Hall ( 1974) f ound Middle Proteroz oic 
i nherited c omponents in zirc ons f rom the F ordham, Manhattan, and L owerre. 
O nly zirc ons f rom the Yonkers were f ree of Grenvil lian contaminati on. This 
indicates an igneous origin f or the Yonkers Gneiss during Late Precamb rian to 
Cambrian time. 

"Ned Mountain F ormation", Calc-silicate Member. The Volcaniclastic Member 
g rades upwards into the Calc-silicate Member of the " Ned Mountain F ormation" 
( S tops 5 & 7) ( ZEnc , Fig. 4) . This unit c ontains a mostly thin-bedded ( 0 , 5  to 
10 em) s equence of clinopyroxene-beari ng granof elses and c alc -silicates , 
calca reous marb l e ,  K-f eldspar-rich granofels ,  quartz -plagioclase-biotitetK
f eldspartgarnettgrap hite g ranof elses , occasi onal hornblende and cumntingtonite 

1. All Rb-Sr ages have been recalcul ated using a decay c onstant of 
1. 42 x lo-ll yr-1. 
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amp hibolites, a few saprolitic ( low-quart z, K-feldspar-rich, sillimanite
bearing ) layers , and mi no r  quart z-plagioclase-biotite-garnet-sillimanite±K
f eldspar metawackes .  The K-feldspar-rich granofelses are indistinguis hab le 
f ro m  the g ranofelses of the underl ying Volcaniclastic Member, and are thought 
to have a similar origin. Lithologies s eem to grade continuously from rhyo 
litic towards calc-silicate (K-f eldspar-ric h, variable carbonate and clinopy
roxene content ) ,  f ro m  rhyolite towards wacke (with inc reasing quart z and 
biotite, dec reasing K-feldspar, ± g raphite, garnet , and sillimanite) and f ro m  
rhyo lite towards sapro lite. Thick calcite, low-Mg marbl es (Fig. 4) lie near 
the top of  this unit i n  the West Mountain area. Tourmaline is an occasional 
accessory in the grano f elses, calc-silicates, and low-quartz rocks of ZEnc , 
and is rare in every other stratigraphic unit in the region. 

The Calc-silicate Member is thickest at West Mountain ( possibly over 3 0 0  
met ers ); it thins dramatically to t he no rth and app ears t o  be l ess than 3 0  
meters thick where it overlies the Wacke Member ( ZEnw) o f  the "Ned Mountai n 
Fo rmatio n" ( Fig . 4). In the sout hernmost area, at Pound Ridge, ZEnc seems to 
contains o nly the K-f eldspar-rich and quart z-plagioclas e-biotit e-garnet
graphite granofels es ,  amphibolite, and metawacke lithologies .  Calc-silicate 
there appears limited to clinop yro xene-rich amp hibolites . In the central 
area, at West Mountain, all lithologies are pres ent and most are intimatel y 
interb edded . In the northern Peach Lake quadrang l e, the thin ZEnc member 
contains K-feldspar-rich quartzite interlayered with clinop yro xene-K-f eld
spar calc-silicate. Rocks identical to the sillimanit e-bearing metawacke, 
quart z-plagioclase-biotit e-garnet granofels and amphibolite s een in ZEnc at 
West Mountain and Pound Ridge are res t ricted to the underlying Wacke Member in 
the nort hern Peach Lake quadrangl e. Thus , the Wacke Memb er of the "Ned Moun
tain Fo rmatio n" appears to be co rrelative with both the Vo lcaniclastic and 
muc h  o f  the Calc -silicate Members of the sout hern Peach Lake quadrangle ( Figs . 
4 & 5 ) . 

" Ned Mountai n Fo rmation", Wacke Member ( ZEnw). The Wacke Member of the " Ned 
Mountain Fo rmatio n" (Stop lC ) overlies t he Basal Member ( ZEnb ) in the no rthern 
P each Lake quadrangl e  ( Figs. 2 & 4), It contains metawackes of quartz
p lagioclas e-K-f eldspar-biotite-garnet -sillimanite, quart z-plagioclase-biotite
garnet±K-feldspar g ranofelses ,  and both hornblende and cummingtonite ( +horn
b l ende±ort hop yroxene) amp hibolites .  It is locall y  graphitic near the base, 
where it overlies g raphitic granofelses and metasap ro lite of ZEnb ( Stop lC ) .  
Alt hough it app ears to be part l y  co rrelative with the Volcaniclastic Member of 
the " Ned Mountain" , it s eems to contain relativel y litt l e  rhyolitic material . 
K-feldspar is mino r o r  abs ent in most g ranofels layers , t hough some beds are 
K-feldspar rich. This is consist ent with the no rt hward dec rease in unweath
ered rhyolitic material al ready obs erved within the Volcaniclastic Memb er. 

Whi l e  the Calc-silicate Member and t he Wacke Member co ntain similar meta
wackes a nd granofelses ,  p roportions of t hes e rock typ es are very diff erent . 
Grano f elses are far more abundant in the Calc-silicat e Memb er than 
metawackes , whi l e  the revers e is true in the Wacke Memb er. The two units 
appear to be s hallow- and deep er-water equivalents: the shallow-water to 
subaerial ZEnc contains int erbedded calc-silicates , grano f els , and sapro lit e, 
whi l e  t he ZEnw consists of basin-typ e s ediments . Onl y  after a deep basin had 
been f i l l ed ,  perhap s ,  could a shallow-water envi ronment b e  establis hed in the 
northern Peac h Lake quadrangle and the thin calc-silicates of ZEnc be 
deposited. The muc h  higher volcanic i nput in the "Ned Mountain Fo rmation" of  
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the southern Peach Lake area may account for the lo nger p eriod of s hallow
water depositio n t here. 

The Manhattan Schist and the Wacke Member may in fact be similar in age and 
analo gous in o rigin. Hall (1968, 1979) long held that the Manhattan (units B 
and C )  was a Cambrian unit allochtho nous ly emp laced over Ordovician Walloomsac 
Formatio n (Hall's Manhattan A). The Manhattan has been correlated with the 
Cambrian Hoosac Formation (Rodgers, 1985), and the Hoosac, in turn, has been 
interp reted as rif t -related deposits over Grenville bas ement ( Stanley and 
Ratcli f f e, 1985). The Wacke Memb er appears to have had a similar o rlgln 
( Figs .  4 & 5). The Wacke Memb er, like portions of t he Hoosac and unlike the 
Manhattan, is autochthonous: it is still in place over the bas ement on which 
it ( a nd t he Basal Member) were originally deposited. 

STATUS OF THE LOWERRE QUARTZITE 

The " Lowerre Quartzite" is the o nly unit of the Manhattan Prong previous ly 
reco gni zed b etween Fo rdham Gneiss and I nwood Marb le. Most litho lo gies of t he 
" Ned Mountain", ( e. g. ,  t he amphib o lites ,  calc-silicates , quart z-p lagio clas e
bioti t e- garnet granof elses , metasap rolites ,  and metawackes ) ,  have all been 
previous ly assigned to either Fordham, Manhattan o r  I nwood ( P ruc ha and ot hers, 
1968). Usually o nly the f eldspathic sandsto nes o r  rare quart zit e  have been 
designa t ed " Lowerre" , although Hall and his students ( fo r  examp le, Jackso n  and 
Hall, 1982) i ncluded some schistose rocks . The spo radic nature, K-f eldspar 
richnes s ,  and co nformity of the "Lowerre" quart zit es wit h  underlying "Fordham" 
litholo gies have been sources of confusion, and caus ed many wo rkers in past 
years to deny t he exist enc e  of a post-Fo rdham, p re-I nwood strati grap .hic unit 
in t he Manhattan Prong. F luhr and Bird (1939) found t hat a pebbly quart zite 
s eemed to grade into a s heared granite. Berkey (190 7), P rucha (1956) and 
Scot f o rd (1956) argued t hat the " Lowerre" was merely a s heared o r  quart z-rich 
portion of t he F o rdham. Prucha (1956), working i n  t he P each Lake region, 
co nclud ed that t he Fo rdham and I nwood were stratigrap hically co ntinuous . On 
the o t her hand, many wo rkers ( e. g. , No rto n  and Giese, 1957; No rton, 1959; 
Hall, 1968; Alavi, 1976) found o ccasional outcrops of  quart z-rich sandstone 
b elow t he I nwood Marble. 

Reco gnition that , at least in the Peach Lake area, the "Lowerre Quartzite" 
is not a basal' sandsto ne unco nformably overlying Grenvillian Fo rdham allows a 
res o lution o f  t his cont roversy . The diversity of rock typ es that belong to 
the " N ed Mountain Formation", and the fact that many at least superficially 
res emb le other stratigrap hic units, suggests that t he unit very likely has 
gone unrecognized in o t her parts of t he Manhattan Prong. 

Placing t he rocks of t he " Lowerre Quart zite" within t he expanded co nt ext of 
t he "Ned Mountain Formation" makes their K-f eldspar richness understandab le. 
Previous wo rkers have remarked on t he enigmatic abundanc e of K-feldspar in 
co rrelative Camb rian sandstones like t he Cheshire and Poughquag Quart zit es . 
I n  t he Linc o ln area of Vermo nt, Tauvers (1982) found that while o lder rift 
deposits ( Pi nnacle Formation) contain abundant p lagio clas e and appear to be 
derived f ro m  local b as ement , the overlying Ches hire Quart zite co ntains K
f eldspar.  H e  sugges t ed a change to a "crato nal" source for these sedi ments . 
Aaron ( 1969) not ed t hat the (unmetamorp hosed) Hardyston Qua rt zite of New 
Jers ey-Pennsylvania is rich in f resh K-f eldspar and surprisingly poo r  in 
plagioclase. Plagio clas e predominates over K-feldspar i n  Grenville gneisses 
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of t he Reading Prong ( Aaron, 1969), as it does in the Manhattan Prong. The 
erosion of K-feldspar ric h ( c rystal?) tuffs and associated felsic volcanic 
edific es of t he Volcanic lastic Member of t he " Ned Mountain F or mati on" 
p rovides a sou rc e for the K-feldspar so c haract eristic of the quartzites 
underlying t he passive margin dolomite s equence. 

I NF ERENCES FROM THE "NED MOUNT AI N  FORMATION" :  
RIFT-STAGE GEOLOGIC AL DEVELOPMENT OF THE NORTHEASTERN MANHATTAN PRONG 

The varied lit hologies of t he "Ned Mountain F ormati on" pres ent a picture of 
a dynamic and rapidly evolving depositional environment. Together with t he 
bi modal nature of its volcanic rocks, t he abundanc e of c lastic mat erial, 
abrupt ness of fac i es c hanges , and its stratigrap hic p osition (underlying t he 
stable shelf deposits of t he I nwood Marble), t he "Ned Mountain F ormati on" 
app ears to b e  t he p roduct of a rift environment ( Fig. 5). The " Ned Mountain" 
resemb les the lat e  Proteroz oic t o  Early Cambrian C hilhowee Group of Virginia 
in c ontaining bot h rhyolitic volcanic lastics and basalt flows ( S i mpson and 
Eriksson, 1 9 89).  But t he " Ned Mountain" , like t he Hoosac and Pinnacle F orma
tions of New England , ( Stanley and Ratcliffe, 1 9 85) als o  contains marb le, 
particularly near the t op of the rift s equenc e. 

The p ost-Grenvillian dep ositional hist ory of t he nort hern Manhattan Prong 
can b e  summari z ed t his way: 

� As rifting is initiated, a Late Precambrian erosional surfac e forms over 
t he F ordham Gneiss. Volcanic activity begins . Thin rhyolitic and basaltic 
b eds are laid down. Aluminous saprolite develops in higher elevations ; 
weat hered volcanic d eb ris and sap rolite is washed into stagnant lakes ( ZEnb)• 

2. A relatively deep basin develops in t he northern Peach Lake region. It 
rec eives immature s ediments from eroded F ordham basement and basaltic flows . 
An acid volcanic c enter is estab lished at Pound Ridge, resu�ting in thick 
rhyolite deposits . I n  t he int ervening area, shallow-water weat hered volcani
c lastic s ediments are deposited (ZEnv and ZEnwl· 

3.  While deep-wat er dep osition continu es in the northern Peac h Lake quadran
gle, in t he s outh episodic s hallow-water deposition and subaerial exp osure 
occurs . An int erbedded sequenc e c onsisting of limestone, arkos e ,  volcanic 
as h, and minor wacke ( ZEnc l is laid down on top of ZEnv• Eventually, the 
deep -water basin is filled , and t he shallow-wat er calc -silicates and arkoses 
of ZEnc overlie ZEnw in the nort h as well. 

4. A stable s helf environment is established .  Algal dolomites (whic h, when 
metamorp hosed , p roduc e magnesian marbles) are ( c onformably?) dep osited over 
t he ZEnc member. 
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I -84 
y ou 
need 
reac h 

ROAD LOG FOR THE STRATI GR APHY OF THE NORTHEASTERN MANHATTAN PRONG, 
PEACH LAKE QUADR ANGLE, NEW YORK - CONNECTICUT 

Starting Point for the 
l ocated 4 mil es east of 

are app roaching from the 
to overshoot and to do 
the Rest Area . 

field trip is t he Rest Area on east -b ound Route 
the int ers ection of I-84 and I -684 (Fig . 1). I f  
east (on the west-bound lane of I -84), then you 
a U-turn at the Sawmi l l  Road exit in order t o  

The l ocati ons of t h e  stops are shown on s everal maps (Figs . l ,  2 ,  6 ,  & 7) 
and t he sc hematic c ross s ection (Fig . 4). 

Cumulative 
Mil eag e 

o . o  

2 . 3  
2 . 7  
3. 1 

3 . 8  
4 . 2  
4 . 7  

6. 0 

6 . 9  

7 . 7  
7 . 9  

8 , 0  

8. 1 
8. 3 

Mileage from Route Desc ription 
last p oint 

0 , 0  Start from Rest Area. L og starts from t he entrance to 
the s ervice road . Take s ervice road ont o east-bound 
rout e I -84. 

2 . 3  
0 . 4  
0 . 4  

0 . 7  
0 . 4  
0 . 5  

1 . 3  

0 . 9  

0 . 8  
0 . 2  

0 , 1  

0 . 1  
0 . 2  

Turn off right ont o Rout e 7 s outh. 
Turn off right to Park Ave. exit .  
Turn l eft (southwest )  at t raffic light ont o Backus 
Ave. 
Traffic light. C ontinue straight . 
Stop sig n. Turn right (west )  ont o Miry Brook Road . 
C omp l ex int ersection. Go straight ahead -- bearing 
slightly LEFT ont o George Washington Highway. 
Stop sign. Turn l eft (south) ont o continuation of 
George Washington . Highway . 
Bear l eft at Y-junction onto Old Stagec oach Road . 
Road becomes Bennetts Farm Road . S harp turns . 
Bear left (east )  on Bennetts Farm Road . 
Turn l eft (north) on I NCONSPICUOUS littl e  road call ed 
Sky T op Drive into a housi ng development . 
Turn l eft at Y on a namel ess road . 
C ontinue past " No Outl et "  sign. 
Turn right (east )  ont o North S hore D rive. 
Park at the end of the road on the north s hore of Lake 
Windwing . 

STOP 1 .  STRATI GR APHIC SECTION FROM FORDHAM GNEIS S ,  THROUGH " NED MOUNTAIN 
FORMATION" (ZEnb , ZE!!w, AND ZEnc ), AND I NTO I NWOOD MARBLE 

This stop entails a 
fairly steep s l op es .  
s ome hours . 

1 , 6  kil ometer hike, only part of it on t rails, and some 
There are several stations , s o  the stop wil l  requi re 

Travers e nort hwards (Fig . 6) up the hil l ,  over t he crest , and down ont o t he 
east-west t rail (passing metawackes and granofels es of the ZEnw member as y ou 
c limb). Turn and g o  east on the t rail until y ou encounter a T-junction with 
a nort h-south t rai l .  F ol l ow t his trail north for 0 . 6  km t o  a b ridg e over a 
northeast fl owi ng steam. Turn west . Go 30 met ers off the t rail t o  the base 
o f  the hill  s l ope. Station l A. 
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Fig ure 6.  
Stops 1 and 2. 
Traverse Is shown by heavy line. 
Roods ore dashed. 
Streams and Jokes 
ore dotted. Other 
symbols ore as ln 
Figure 2. 

Statio n lA. F ordham Gneiss and overlying Basal Me mb er of the "Ned Mountai n 
F ormatio n" 

The Yfrrr member of the Fordham Gneiss is exposed on this hil l .  It  c onsists 
of well-layered and compositionally heterogeneous· c oarse-grained, 
orthopyroxene-bearing g neisses .  The scale of c ompositional layering ranges 
from about 2 e m  to a meter. Some layers are highly l eucocratic , quartz
plagioclase-orthopyroxene-biotit e-clinopyroxenetK-feldspar; dark layers are 
generally hornb l ende-rich. On c l os e  inspectio n, pitt ed and rust-stained 
orthopyroxenes can b e  s een o n  the weathered s urface of the outcrop .  

Here the Fordham largely retains its charact eristic, p oorly foliated Gren
vil lian texture. Locally, lineation defined by mafic minerals is evident . 
The effects of  Taconian metamorp hism can be seen i n  thin s ection: many ortho
pyroxenes are surrou nd ed and embayed by c ummingtonite and/or hornbl ende. S ome 
pyroxene-bearing granite is present along the hill s l ope. 

A number of s ma l l  s hear zo nes cut disc ontinuously across the gneisses. 
Thes e seem to b e  related to an episode of post-Taco nian shearing seen else
where in the northern Manhattan Prong . Age constraints fro m  these areas 
suggest a Carbonif erous age for the post-Taconian deformation (Brock and 
others , 1985; Brock and Brock, 1 9 85 a & b ) .  

Aft er examining the Fo rdham, f o l l ow south al ong t he cliff base f or 60 t o  1 00 
meters t o  s ee the Basal Member of the "Ned Mountain Formation" . 

Here the Basal Member of the "Ned Mountai n Formati on" is a fissile , rusty-

r 
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staining, graphitic granofels. The rocks are medium- to fine-grained, and 
contain quartz-K-feldspar-plagioclase-biotite-graphite:!:garnet. The tough 
Fordham gneisses form the crown of the hill , and the softer granofelses lie 
along its southern flank. 

Biotite in the graphitic granofelses is concentrated into close-spaced 
(though discontinuous) streaks ; as a result , the rocks tend to break into 
thin folia. This habit , and their K-feldspar-richness, distinguish the "Ned 
Mountain" granofelses from similar rocks in the Fordham and the Walloomsac. 
The graphitic, rusty-weathering granofels of the Fordham unit Yfv contains no 
K-feldspar and little biotite. Walloomsac granofelses are typically quartz
plagioclase-biotite-graphite rocks containing little if any K-feldspar and 
breaking in a slabby fashion. 

Fordham lithologies are truncated against the "Ned Mountain Formation". 
Where ZEnb is first seen, it is in contact with heterogeneous , layered 
gneisses ; following the unconformity -30 meters southwest, largely 
leucocratic, homogeneous Fordham gneisses are against it ; after another 
hundred meters large amphibolites lie at the unconformity ; still further 
southwest, leuco- to mesocratic gneisses are in contact with the graphitic 
granofelses of ZEnb. Fordham gneisses adjacent to the unconformity tend to 
show the effects of Taconian metamorphism and deformation more than they do 
elsewhere. They are richer in biotite and have a better-developed foliation. 

After finishing with this station, cross back to the east over the old dam. 
(The dam stands above the stream and swamp to the south of the hill. ) Retrace 
your steps along the trail southwards for approximately 1 0 0  meters to the 
j unction with a branch trail that climbs up to the east. Follow it ' east for 
- 3 0  meters (Fig. 6). Then turn south off it to the outcrops of Station lB. 

Station lB. Fordham Gneiss, Unit Yfv 

Here Unit Yfv of the Fordham consists of well-layered, medium to coarse
grained, melanocratic to leucocratic gneisses. Plagioclase-quartz-hornblende
biotite-pyroxene:!:cummingtonite gneisses and amphibolite are present in the 
first outcrop. Rocks still showing the distinctive assemblage of YFy, 
gar-net-clinopyroxene-plagioclase:!:orthopyroxene, can be seen in the outcrop 
further from the path, Partial replacement of this assemblage by hornblende 
(and of orthopyroxene by cummingtonite) is thought to have occurred during 
Taconian metamorphism. The assemblage has not been found in any rocks of 
post-Grenville age. 

Next, proceed southeastwards through the bush looking for outcrops. When you 
reach the north-south trail marked with yellow dots, follow it southwards to 
the crest of the scarp overlooking Lake Windwing. En route you will see a 
good section through the metawackes, pelites, hornblende amphibolites and 
cummingtonite amphibolites of the ZEnw member of the "Ned Mountain Formation" , 

Station l C .  Wacke Member of the "Ned Mountain Formation" 

As you walk , you will first pass outcrops of coarse-grained K-feldspar
plagioclase-sillimanite-garnet-biotite-quartz:!:graphite schist of the Basal 
Member .  The rocks are garnet-rich and contain prominent sillimanite trains ; 
the contrast between the sillimanite-biotite-garnet and feldspathic segre-
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gations produces a pin-striped appearance. Metawackes of the Wacke Member, 
s lightly higher in the s ection, have a similar pin-striped appearanc e but 
c o ntain more quartz and l ess K-feldspar than the Basal Member. 

A number of medium-grained grano f elsic layers are present along the t rai l .  
These range from about 1 0  to 60 em thick, and contain quart z-plagioclas e
biotite-garnettK-feldspar. Fine layering is often visible on close inspec
tion. 

Near the scarp s everal amphibolites are interlayered with the metawackes 
and granofelses .  These include slightly greyish hornblende-cummingtonite
o rthopyro xene b eari ng amphibolites and blacker o rthopyroxene-free hornbl ende 
amphibolites .  

The thick "pinstriped "  metawackes ,  thin granofel s es and hornblende amphibo
lites of the " Ned Mountain Formation" Wacke Member at this locality make it 
strongly res embl e  the Manhattan Schist. But in addition to the distinctive 
s t ratigraphic position of the " Ned Mountain" , it can be distinguished from the 
Manhattan in s everal ways: a) while granofelses of the Manhattan co ntain 
little o r  no K-feldspar, thos e in the " Ned Mountain" in some places have 
substantial amounts ;  b )  the Wacke Member is locally g raphitic near its bas e, 
while the Manhattan contains no g raphite; c) cummingtonite-bearing amphibo
lites have not yet been found in the Manhattan Schis t ;  and d) bedding of the 
granofelsic layers i n  the Wacke Member thins towards the north, whil e  no 
geographical variatio n is apparent in Manhattan Schist . At this locality , 
grano f elses in the Wacke Membe r  have similar thicknesses to those in Manhattan 
Schis t ,  mostly between 5 em and 1 meter. But about three kilometers t o  the 
no rth ,  g ranofels a nd hornbl ende-orthopyroxene amphibolite beds are both typi
cally 1. 5 em to 8 em thick, and 4. 5 km to the north, many beds are -1 em 
thick. This thinning is interpreted to reflect a southerly provenance for 
the sediments o f  the Wacke Membe r  ( Figs . 4 and 5) • 

. Getting down the scarp is somewhat t ricky . Good e xposures of migmatized 
metawackes of ZEnw are prese nt in the cliffs below, but for safety, it is 
better to follow the trail along the c rest until it turns down. F rom the 
bottom of the slope , go to the spil lway of Lake Windwing (at the lake ' s  east
e rn  end). 

Station l D .  Calc-silicates, Arkosic Sandsto nes , and Pelite of the "Ned Moun
tain Fo rmation, ZEnc member 

K-f eldspar-rich quartzite and clinopyroxene-K-feldspar bearing calc-silicate 
are interbedded o n  the south side of the spillway . Beds range f rom 5 to 50 em 
thick. A biotite-rich pelite is pres ent o n  either side of the spillway . This 
outcrop displays the thin no rthern variant of the Calc-silicate Member, which 
overlies the Wacke Member of the "Ned Mountain Formation". Shearing and 
pegmatite intrusion thought to be of  Carbo niferous age has resulted in local 
developme nt of muscovite in the pelites and tremolite in the calc -silicate . 

Go 15 met ers south. Scatt ered outcrops of  white marble:  Station lE (Fig. 6) . 
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S tation 1E.  Inwood Marble 

The Inwood here consists of well-bedded , white and buff weathering calcitic 
marble . The outcrop at the lakeside contains a bed of clean quartzite . 
Buff-weathering marbles contain the assemblage calcite-forsterite-do lomite
phlogopite±periclase whereas white marbles contain calcite-dolomite
phlogopite±periclase .  Although quite rich in calcite , these are magnesian 
marbles typical of the Inwood . 

The Inwood contains more carbonate and less silica and K2o than does the 
Calc-Silicate Member.  I t  is also much less diverse litho logically . Marbles 
of the Calc-silicate Member of "Ned Mountain Formation" and Inwood Marble can 
b e  distinguished by their mineral assemblages ( Fig . 3). Forsterite and 
phlogopite ( occasionally spinel) , ± c linopyroxene are typical constituents of 
the more magnesian, originally dolomitic Inwood . Clinopyroxene and K-feld
spar are charact e ristic of both the low-magnesium Calc-silicate Member and 
Walloomsac marble . 

Walk west 0 . 3  km on the trail along the north shore of  Lake Windwing to the 
s tarting point of the travers e .  

8 . 3  0 . 0  Leave Lake Windwing . Retrace route .  
8. 5 0 . 2  Stop sign. Bear right . 
8. 7 0 . 2  Turn right (wes t )  onto Bennetts Farm Road . 
8. 8 0 .  1 Turn lef t  ( south) onto Old Stagecoach Road. 
9 . 1  0 . 3 Pull off to right and park. 

STOP 2 .  OUTCROPS OF WALLOOMS AC SCHIST AND MARBLE 

Here ( Fig .  6) we see Walloomsac marble that was unconformably laid down 
over the Inwood (Tab le 1 ) . Small outcrops of Walloomsac marble lie on either 
side of the road . These consist of well-bedded, rusty-stained ,  graphitic 
marble ; they contain calcite-quartz-plagioclase-K-fe ldspar-clinopyroxene 
±phlogopit e .  Some coars e ,  late tremolite is present . Walloomsac marbles 
somewhat resemble calc-silicate rocks of the "Ned Mountain Formation" , but 
differ from "Ned Mountain" in their distinctive rusty staining and in the 
abundance of graphite . 

A few meters south on the west side of the road is a small outcrop of 
Walloomsac Schis t .  The Walloomsac here consists of a rusty-weathering , gra
phitic , quartz-plagioclase-biotite-garnet schistose granofels .  K-fe ldspar
rich granofelses,  typical of the Calc-silicate Member of the "Ned Mountain 
Formation" , are never found in the Walloomsac . 

9 . 1  0 . 0  

9 . 8  0 . 7  

Continue south. The road swings round to the east and 
becomes Aspen Ledges . 
Park on Fox Drive on right. Walk east round the curve 
to see road cut of Walloomsac Schis t .  
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STOP 3, CORDIERITE-BEARING WALLOOMSAC SCHIST 

S l abby-breaking , rusty-staining , quartz-plagioclase-garnet-K-feldspar-
sillimanite-cordierite graphitic schistose gneiss of the Walloomsac Schist 
outcrops her e .  More pelitic than at previous stop , the Walloomsac contains 
cordierite-sil limanite-garnet assemblages overprinted by K-fe ldspar-silliman
ite-biotite.  In thin section , garnets are rimmed by sil limanite against 
cordierite . The cordierites are rust-stained and obviously relict.  

9 . 8  
1 0 . 1  

1 0 . 4  

o . o 
0 . 3  

0 , 3  

Continue east on Aspen Ledges. 
Turn right ( south) onto Bob Lane . The road swings 
to the eas t .  ( In Hartland Fm. ) 
Pull off on left beside road cut . 

STOP 4 .  HARTLAND FORMATION AMPHIBOLITE AND GRANOFELS 

Between Stop 3 and here , you have crossed Cameron ' s  Line , the boundary 
between the rocks of the Manhattan Prong and the Hartland terrane ( Fig . 2 ). 
Manhattan Schis t ,  which e lsewhere structurally overlies the Walloomsac , was 
cut out along this part of Cameron ' s  Line . The Hartland was emp laced over the 
rocks of the Manhattan Prong early in the Taconian orogeny , and was later 
deformed along with them. At this outcrop , quartz-plagioclase-biotite grano
fels of the Hartland Formation is interlayered with hornblende
orthopyroxene:!:clinopyroxene amphibolite. Bedding ranges from 5 em to 50 em in 
thicknes s .  The Hartland is distinguished from the Manhattan by its abundant 

· amphibolites , its non-rus ty ,  relatively garnet-poor granofelses , and its 
rhythmically inte rbedded schist and granofels sequences (meta-turbidites ) not 
seen here . 

A granite showing graphic intergrowth of quartz and K-fe ldspar and large 
books of biotite is also present at this outcrop . It contains no p rimary 
muscovite and is undeformed. It  is thought to be late Taconi�n in age . 

This comp letes a section from the Fordham Gneiss to the structurally highest 
rocks in the northern Peach Lake quadrangl e .  Next , we wil l  examine a section 
in the southern part of the quadrangle . 

1 0  . 4  
1 0 . 5  
1 0 . 7  
1 0 . 9  

1 1 . 5  

1 1 . 9  

1 2 . 2  
1 3. 8  
1 4 . 4  
1 4 . 8 
1 5 . 0  
1 5. 2  

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

0 . 6  

0 . 4  

0 . 3  
1 . 6  
0 . 6  
0 . 4 
0 . 2  
0 . 2  

Continuing east 
Turn right ( south) onto Knollwood Drive . 
Forced right/bear right onto Twixt Hills Road . 
Turn left ( south) onto Pierrepont Drive . Down around 
hairpin bends . Road swings west past Lake Naraneka 
and is here called Barlow Mountain Road. 
Turn left ( south) at stop sign , Still on Barlow Mt . 
Road. ( Right branch is Ledges Road. )  
Turn right (wes t )  at T-Junction. Still on Barlow Mt . 
Road. ( Left branch is North Street . )  
Turn left ( south) onto Route 1 16. Tackora Trail . 
Turn right (west) onto Saw Mil l  Hill  Road. 
Bear right (west)  onto Rampoo Road. 
Bear right (west) onto Oreneca Road. 
Turn right (northeast) onto Sharp Hil l  Road. 
Park at end of road. 
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Figure 7. Stops 5 to 7. Streams are dotted; roads are dashed. Other sym bols as 
In F'lgure 2. 

STOP 5. C ALC-SI L I C ATE MEMBER OF THE "NED MOUNTAIN FORMATION", SOUTHERN 
SECTION 

These outcrops are on p rivate p rope rty, If  you come by yoursel f ,  ask p e r
mission f rom the owners before looking .  Outc rops are located at the e nd of 
the road and on the road ' s  north s ide , by the driveway g oing no rth up the 
h il l .  Beware of p oiso n  ivy . 

I nwood Marb l e  l ies in the bottom of the valley you have just driven ac ross 
( F ig .  7). You are on the east l imb of an F z  ant if orm, and will co ntinue g oing 
down s t ratigraphically as you p roceed wes t .  Here in the s outhern portion of 
the Peach Lake quadrang l e  ( F ig .  1 ) ,  the Calc-silicate Member of the "Ned 
Mountain F ormation" is much thicke r than at Lake Windwing . At this localit y ,  
white-and-g ree n  c linopyroxene-bearing calc-sil icates and marbles are int e r
layered with g reyish, laminated, quartz-K-feldspar-plagioclase-b iot ite grano
f e lses and hornb l e nde amphib ol ites , Ret rogressive tremolite and epidote is 
l ocally p rese nt in calc-silicate layers .  The characte rist ic ribb ing o n  the 
weathered surface of the calc-s il icates reflects variations in bed-by-bed 
carbonate content . S ome granof e l s ic layers are clinopyroxene-hornb l e nde
bearing , but rich in K-fe ldspar whereas others are plagioclase- and biotite
rich. Modal K-fe l dspar in the granof e lses varies from 20% to 70% ,  while 
quart z ranges up to about 60 % .  The granofelses show a faintly developed 
l inear fab ric, 
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STRUCTURE AND PETROLOGY OF THE PRECAMBRIAN ALLOCHTHON , AUT9CHTHON 
AND PALEOZOIC SEDIMENTS OF THE MONROE ARE A ,  NEW YORK 

HO\.fARD l.f . JAFFE 
University of Massachusetts 

Amherst ,  Massachusetts 

ELIZABETH B .  JAFFE 
Amherst,  Massachusetts 

INTRODUCTION 

The area covered by this trip lies in the northern part of the Monroe 7 . 5  
minute quadrangle , New York, and consists of a folded and faulted complex of 
autochthonous Precambrian gneisse s ,  Lower Cambrian through Middle Devonian 
sediments and allochthonous Precambrian gneisses . Geologic maps covering the 
trip area have been published by Ries ( 1 89 7 ) ,  Fisher , e t .  al . ( 1 96 1 ) ,  and 
Jaffe and Jaffe ( 1 962 and 1 97 3 ) . Unpublished maps prepare�by Colony and by 
Kothe ( Ph . D .  thesis , Cornell Univ . )  undoubtedly contain valuable information 
but are not available for study . Recent workers in adjacent areas include 
Dodd ( 1 965 ) ,  Helenek ( 1 97 1 ) and Frimpter ( 1 9 67 ) ,  all in the Precambrian 
autochthon, and Boucot ( 1 95 9 )  and Southard ( 1 960 ) in the stratigraphy and 
paleontology of the Paleozoic sediments .  The work of Colony ( 1 933 ) ,  largely 
unpublished, is impressive . 

An attempt to unravel the complex structural history of the region has sug
gested the following sequence of events : 

1 )  Deposition in the Precambrian of a series of calcareou s ,  siliceous , and 
pelitic sediments and basic volcanics of the flysch facies in a eugeosyn
clina l ;  folding and metamorphism involving complete recrystallization to 
granulite facies gneiss assemblages which characterize the Precambrian 
autochthon ( Jaffe and Jaffe , 1 962 ; Dodd , 1 965 ) . Foliation in the autoch
thon trends northeast and is generally vertical or dips steeply to the 
eas t ,  with overturning west ; fold axes most often p lunge gently north
east . The metamorphic foliation appears essentially Precambrian in ori
gin .  TI1e present Precambrian allochton was deposited and recrystallized 
at about the same time as the autochthon; recrystallization took place 
about 1 1 00  million years ago . Tile sediments of the allochthon are graph
itic , s iliceou s ,  calcareous and pelitic and appear to represent a clas
tic wedge ( molasse ) deposited in a reducing environment , possibly to the 
east . Graphitic gneisses are absent from the autochthon of the Monroe 
quadrangle ,  although they do occur in the Popolopen Lake quadrangle to 
the east ( Dodd , 1 965 ) . 

2 )  After extensive erosion , the Lower Cambrian Poughquag conglomerate, 
arkos e ,  and quartzite were deposited unconformably on the Precambrian 
autochthon. As in most of the Hudson Highlands ,  the Poughquag has been 
sporadically preserved and here occurs only in the buttressed area north
east of Block 2 ( Fig . 2 ) .  The Poughquag dips gently to the north . 

1
This article is reproduced ( with minor editorial changes ) from the New 
York State Geological Association Guidebooks of 1 962 and 1 9 6 7 .  The log 
has been modified to reflect road changes in the last 22 years . 
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3 )  Deposition of the Cambro-Ordovician Wappinger Forma t ion , which in this 
area consists entirely of dolomite . In Block 2 ( Fi g .  2 ) ,  it also dips 
gently to the north. In Block 3 it is moderately to strongly folded 
along a northeast trend . In Block 5 it outcrops between the Ordovician 
shales and the Precambrian of the Goose Pond klippe in a northeast strik
ing band that dips wes t .  In about this same attitude it underlies the 
Precambrian Museum Village klippe in Block 9 .  

4 )  Intrusion of lamprophyre dikes into the northwest-trending tension frac
tures in Precambrian and overlying Cambro-Ordovician rocks ( Jaffe and 
Jaffe, 1 962 ) .  These dikes have been found only in Blocks 1 ,  2 ,  and 3 .  

5 )  Deposition o f  the Hudson River shales (Middle? Ordovician) over the 
entire area . This was followed by either : 

a )  gentle folding, followed by erosion, or 

b )  upfaulting of the Wappinger dolomite against the shales . 

6 )  Overthrusting of the Precambrian allochton as a nappe from the east , 
most probably during the Taconic orogeny. Evidence for thrusting is : 

a )  GEOMAGNETIC . The Precambrian autochthon everywhere shows a strong 
positive anomaly, whereas the klippen show none and can therefore be 
no more than 500 - 600 feet thick ( R . W .  Bromery, personal communica
tion) . The relief of Goose Pond Mountain is of this magnitude . Bull 
Mine Mountain, which contains magnetite deposit s ,  does show a posi
tive anomaly . 

b )  GEOLOGIC .  The Precambrian of Bull Mine Mountain is perched on Ordovi
cian shale ; the Museum Village klippe can be seen to rest on Wappin
ger dolomite . At the base of Goose Pond Mountain is a fault breccia ; 
such a zone also exists on Bul l  Mine Mountain at the contact of the 
shales and the gneiss .  

Near the klippen., the Ordovician shales are always more strongly 
folded than elsewhere in the are a ,  and are often overturned . 

c )  PETROGRAPHIC . Quartz pebbles and grains , commonly optically 
uous except for strain , have length-width ratios up to 1 7 : 1 .  
texture of the klippe gneisses is consistently more deformed 
cataclastic than that of the Precambrian autochthon . 

con t in
The 

and 

7 )  Folding of the nappe along a northeast axi s ,  followed by erosion, leav
ing ( a )  synclinal remnant ( s )  along the fold axis , extending from Goose 
Pond Mountain to Snake Hil l ,  near Newburgh , and beyond , to just west of 
Balmville. The klippen must once have formed such a single line as 
would be left by an eroded downfol d ;  the alignment from Bull Mine to 
Snake Hill is too perfect to be a coincidence , and Goose Pond Mountain 
is on strike with a klippe west of Balmville , a town just north of 
Newburgh . 

8) N 75 W cross-faulting along the Quickway ( N . Y .  1 7 )  with the north block 
moving eas t .  This accounts for the present d i splacement o f  the Bull 
Mine - Snake Hill line of klippen from the Goose Pond klippe ( The Museum 
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Village klippe has been rotated from this line by a later fault pre
sumably Triassic . )  Apparent disp lacement is about one mile . The 
upper calcareous feldspathic quartzite member of the Hudson River 
shales , which outcrops on Lazy Hill, is essentially absent north of 
the Quickway fault . If its displacement north of the fault is the 
same as that of the klippen, its present position north of the fault 
is somewhere under the western talus slope of Schunemunk Mountai n .  
Except for rotated Blocks 8 and 9 ,  Silurian and younger formations 
line up on strike across the Quickway fault . The major lateral 
movement along this fault must therefore have been pre-Silurian . 

After an erosion interval , the Shawangunk conglomerate and ortho
quartzite ( Lower to Middle Silurian) were deposited unconformably 
on the older rocks . 

Deposition of Lower Devonian sed iments . 

Convincing evidence for the Acadian orogeny in the area is lacking . 
Such an event might account for pebble-stretching in the Shawangunk 
conglomerat e ,  and for slight additional east-west movement along the 
Quickway cross-fault . 

1 2 )  Deposition o f  the Cornwall shales and Bellvale graywackes in the Mid
dle Devonian . 

1 3 )  Appalachian folding. In the course of this folding, the relatively 
thin and brittle Shawangunk beds broke into detached plates which 
were thrust over the more yielding shales above and below. 'This 
thrusting produced .the fluting parallel to the dip of the beds and 
the marked stretching of the Shawangunk pebbles in both the a and b 
fabric axes . Pebble beds in the thicker and more massive Bellvale 
graywackes show far less shattering and stretching of �heir pebbles . 

1 4 )  Following the Appalachian revolution, the area was uplifted and has 
remained posit ive . During the Triassic orogeny, faulting, partly 
with and partly across the grain of the country , reactivated old 
faults and produced a complicated pattern of tilted and rotated , 
up-faulted and downfaulted blocks ( Figs 2 and 2A ) :  

a )  Block 1 ( Fig . 2 )  was uplifted along a N 3 3  E fault to form the Ramapo 
Mountains . 

b )  Block 2 ,  which includes Poughquag quartzite and Wappinger dolomite 
nestled in the curve of the Precambrian massif and dipping gently 
north , was up lifted . Block 2 is truncated to the north by an eas t 
ward continuation o f  the Quickway fault , as i s  shown by geomagnetic 
evidence ( R . W .  Bromery , personal communication; Henderson, 1 962 ) .  
Block 2 is in fault contact with the younger sediments of Blocks 3 
and 4 .  

c )  Block 3 is a graben about 1 500 feet wide at the south end of the map , 
and perhaps one or two miles wide at the north end of Block 2.  In 
this graben, the l>appinger dolomite is moderately to steeply folded 
on a northeast axis . 
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d )  Block 4 was downfaulted relative to Blocks 2 and 5 ,  and upfaulted 
relative to Blocks 6 ,  8 ,  and 9 .  Anomalous northeast dips at the 
north end of Block 4 may be the result of drag during faulting . 

e )  Block 5 was uplifted relative to Block 4 ,  but downthrown relative to 
the klippen north of the Thruway fault . The Precambrian of Goose 
Pond Mountain outcrops from an elevation of 480 rt upward ; the Museum 
Village klippe rests on dolomite at about 600 ft . The shale-gneiss 
contact on Bull Mine Mountain was observed at about 840 ft . 

f)  The main mass of Schunemunk Mountain, Block 6,  is downthrown along 
northeast-southwest faults on both side s .  It must also be consider
ably downthrown relative to its continuation to the south ( Block 4 ) ,  
which has a moderate positive geomagnetic anomaly indicating that the 
basement is not very far down. The syncline ' s  east limb is truncated 
to the south. 

g) Block 7 ,  in which the Esopus dips about 25° N and under which the 
basement anomaly is absent , probably was tilted to the north during 
the uplift of Block 2 and the sinking of Block 6 .  

h )  Block 8 ,  where the synclinal axis of Schunemunk swings to the north
south, has been rotated counterclockwise . 

i )  The Museum Village klippe and Bul l  Mine Mountain ( B lock 9 ) ,  with the 
dolomite beneath, have also been rotated counterclockwise as a single 
block. 

j )  The Shawangunk sliver, Block 1 0  between Blocks 8 and 9 has been 
ground, thrust ,  rotated and crumpled during the rotation of the 
blocks . 

Interrelations of the faults are highly problematic, partly owing to the 
masking effects of Pleistocene glaciation. 
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ROAD LOG FOR 
STRUCTURE AND PETROLOGY OF THE PRECAMBRIAN ALLOCHTHON 
AND PALEOZOIC SEDIMENTS OF THE MONROE AREA, NEW YORK 

MILES FROM 
LAST POINT 

0 . 0  

0 . 6  
1 . 3  
0 . 5  
1 . 0 

ROUTE DESCRIPTION 

This trip starts at intersection ( traffic light ) 
of NY 1 7 ,  3 2  and US 6 in Central Valley, NY . 
Proceed west on Niniger Road . 
Niniger Road becomes Dunderberg Road . 
Left at T-intersection with County Route 1 05 
Bear right at fork to Spring Stree t .  
Bear right onto North Main Street . 
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4 .  1 0 . 7  Bear right onto to Oreco Terrace at the intersec
tion of N . Y .  2 0 8 ,  Orange and Rockland Road , and 
Oreco Terrace . Park on right side of road . 

STOP 1 .  ORECO TERRAC E :  BELLVALE GRAYWACKE 

The outcrop is on the right side of Oreco Terrace just above the intersec
tion of N . Y . 208,  Orange and Rockland Road, and Oreco Terrac e .  Here , the Bell
vale graywacke of the Hamilton Group ( Middle Devonian) is exposed in a sec
tion approximately 220 feet thick. It consists of 20 - 40 foot beds of dark 
blue-gray, green-gray , or gray, fine- to medium-grained ( 0 . 08 - 0 . 25mm aver
age grain size ) lithic arenite or graywacke , rhythmically interbedded with 
thin beds of dark green-gray to blue-gray shale . A representative modal com
position of the graywacke follows : 

Mode Of Bellvale Graywacke 

Detrital s :  
quartz . . . . . . . . . . . . . . . . . . .  . 
oligoclase . . . . . . . . . . . . . . .  . 
shale 
phyllite • • • • • • • • • 

· 
• 

• 
• • • • • • 

siltstone 
chert • • • • • •  0 • • •  0 • • • • •  0 
greenstone . . . • . . . • • . • • • • • . 

Matrix: 

20% 
2 

44? 

1 5  

clay, sericit e ,  
chlorite, Mn oxide 

Metamorphi c :  

. . . . . . . .  1 5 ?  

chlorite . . . . . . . . . . . . . . . . . . 2 
muscovite . . . . . . . . . . . . . . . . . 1 

1 00 %  

Texturally, the rock consists of angular, elongated s livers of detrital 
quartz and predominantly phyllitic rock fragments ( 0 . 0 8  - 0 . 25mm) set in a 
fine matrix of sericitic muscovite , clay, and chlorite . It is often diffi
cult to distinguish smeared-out phyllitic fragments from balled-up micaceous 
matrix , both of which frequently blend or flow togethe r .  Depending upon the 
uncertainty of the matrix content , or the classification used, the Bellvale 
is either a low-rank graywacke ( Krynine ,  1 948 ) ,  a subgraywacke or a lithic 
graywacke ( Pettijohn, 1 957 ) or a graywacke ( Folk, 1 9 54 ) .  Larger bent grains 
of chlorite and muscovite in the matrix, are here interpreted to have grown 
from fine matrix material marking the beginning o f  the chlorite zone -
greenschist facies of regional metamorphism imprinted during the Appalachian 
orogeny . 

In general,  the Bellvale graywackes tend to show rhythmic interbedding with 
shale , with graded bedding low in the section and strong current crossbedding 
higher in the section . Occasional brachiopods are found low in the section; 
p lant fossils are found higher up . Both features suggest gradation from 
marine to non-marine depositional environment . The provenance was a low-rank 
metamorphic or sedimentary terrane . 

The shattered outcrop at Oreco Terrace is at the southwest corner of 
Rotated Block 8 ( F i g .  2 )  and lies near the intersection of four directions o f  
faulting. Attitudes of prominent structures at the outcrop are tabulated : 
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Drive north about 1 . 2 mi on N . Y .  208 and turn 
left at Golf Range sign onto a small road for 
about 300 feet . Park at the !-intersection and 
walk 300 feet along dirt road to  the left to 
outcrops on the left side of the road . 

STOP 2 :  GOLF RANGE : SHAWANGUNK CONGLOMERATE 

The Shawangunk conglomerate and quartzite ( Greenpond conglomerate unit ) of 
Lower to Middle Silurian age occurs in a series of small outcrops extending 
northeastward along the western edge of Schunemunk Mountain syncline. At 
this stop the Shawangunk forms a small,  relat ively inconspicuous topographic 
knob as contrasted with its occurrence near Stop 5 ,  where the same unit forms 
the spine of the steep, southeast-facing escarpment of Lazy Hill. At the 
present stop the Shawangunk consists of about 75% buff pebble conglomerate 
intercalated with 2 5 %  fine-grained green-gray quartzite . 

The conglomerate consists of white pebbles of milky vein quartz ( averaging 
1 5  - 40mm in length ) in a matrix of finer pebbles and grains of rounded 
quar t z ,  all cemented by secondary silica and buff-orange-red ferric oxides . 
Occasional pebbles of white orthoclase are present as are black pebbles con
sisting of green tourmaline and quartz .  The color of the weathered surface 
o f  the outcrop varies from pink (hematite ) to yellow-brown (goethite ) or 
black ( manganese oxide dendrite s )  with some green contributed by lichens . 

The pebble s ,  obviously well-rounded when deposited on the Late Ordovician 
erosion surface , have taken on a secondary angularity and elongation due to 
s tretching, crowding, rotation, and slippage in the bedding p lanes produced 
during Paleozoic orogenies . Most of the pebbles show maximum e longation par
allel to  the fold axis ( b-fabric axis ) .  Many of the pebbles have been corru
gated and a large number are cracked and sliced parallel to the b-e fabric 
p lane . Bedding surfaces are slickensided , fluted , and warped parallel to the 
a-axis ( down-dip ) .  The fine-grained , gray-green interbedded quartzite is com
posed of quartz and minor orthoclase cemented by authigenic quart z ,  muscovite 
and chlorite , and Fe-oxides . 

The elongation and shattering of the pebbles here at Lazy Hill to the 
south-west greatly exceeds that observed in pebble beds in Lower and Middle 
Devonian rocks ( Connelly conglomerate of Oriskany age, and Bellvale gray
wacke , respectively ) in this area, suggesting that the Shawangunk was in
volved in an additional deformation episode of possible pre-Oriskany age . 

A pre -Acadian, Silurian deformation period in New York was reported by 
Megathlin ( 1 93 9 )  and discussed by Kay ( 1 942 ) .  The sporadic outcrops of Sha
wangunk quartzite to the north along the western limb of the Schunemunk 
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Mountain syncline are all heavily silicified and sheared ,  again much more so 
than quartzites of Oriskany and Bellvale age . 

The conglomerate and quartzite outcrop is S-shaped , with the attitudes of 
the bedding and a cross-fault as follows : 

STRIKE DIP 
Bedding, Cgl . '  North end of hill N 8 E 77E 
Bedding, Cgl . '  North center of hill N 59  w 70NE 
Bedding, Cgl . ,  Center of hill N 27 w 50NE 
Cross-fault N 77 w 9 0  
Bedding , Qtz . ,  South end of hill N 2 w 60E 

The cross-fault disp laces the stratigraphically higher Shawangunk quartzite 
member to the west , putting it on strike with the lower conglomerate member 
of the Shawangunk Formation. On first viewing the outcrop , the alternating 
pebble beds and fine feldspathic quartzites lead one to suspect that the beds 
are overturned .  On close inspection this does not appear to be the case . 

5 . 6  0 . 3  Return south on N . Y .  208 for 0 . 3  mi turning right 
on to Museum Village Road . 

6 .  1 0 . 5  After 0 . 5  mi turn right on Old Mansion Road and 
drive to the far edge of the outcrop . 

6 . 3  0 . 2  Park near the house on the right . 

STOP 3 .  MUSEUM VILLAGE KLIPPE: ALLOCHTHONOUS PRECAMBRIAN LEUCOGNEISS RESTING 
ON CAMBRO-ORDOVICIAN WAPPINGER DOhOMI'I'E 

From the Old Mansion Road cut in the Precambrian Museum Village klippe , 
look south across the N 75°W-trending Quickway crossfault . The ridge due 
south is the Bellvale synclinal extension of Schunemunk Mountain . The next 
ridge to the west is Lazy Hill, held up by Shawangunk conglomerate , and off
s e t  from the Golf Range Shawangunk conglomerate of Stop 2 .  To the west of 
Lazy Hill, the next prominent ridge is the Goose Pond Precambrian klippe , for
merly continuous with the Museum Village klippe and now offset about 2 miles 
along the Quickway cross fault . 

Museum Village klippe is a thin , synclina l ,  saucer-shaped slice of gray
white albite-quartz-microperthite leucogneiss that has survived five or six 
orogenies . The rock of the allochthon were deposited as a clastic wedge 
( molasse ) in a reducing environment, perhaps as long as 1 500 million years 
ago ; they were folded and metamorphosed to the sillimanite-almandine-ortho
clase metamorphic grade about 1 1 00 million years ago; thrust from the east in 
Taconic or Late Ordovician time ; refolded and faulted in Taconic time ; possi
bly again in Acadian time ; refolded and faulted in Appalachian time ; and 
finally shattered by Triassic block faulting and associated block rotation . 
In outcrop, the leucogneiss is heavily shattered and slickensided with linea
t i ons often running in three directions at a given place . Quartz grains and 
pebbles are stre tched into thin corrugated tongues and sheets showing elonga
tions of 1 5 : 1  and 20 : 1  parallel to the b - and a- fabric axes . Over most of 
the outcrop , biotite and garnet are extensively retrograded to chlorite ,  and 
abundant calcite veinlets cross at all angles . 

Towards the central and western part of the cut there occur occasional thin 
layers rich in fresh biotite and uncommonly coarse laths ( not needle s )  of 
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fresh blue-gray sillimanite that have survived the complex orogenic history . 
As none of the Cambro-Ordovician or younger rocks in the area show any meta
morphic grade higher than chlorite zone metamorphism, the sillimanite is 
assumed Precambrian in age , and its preservation in large fresh grains in an 
otherwise extensively retrograded outcrop is remarkable . 

Modal analyses of samples collected along an east-west traverse across the 
Museum Village klippe follows : 

East Side 
Mineral 3 6  

Microperthite 4 9 . 5% 
Albite ( An 0-5 ) 20 . 2  
Andesine ( An 32 ) 
Quartz 22 . 2  
Chlorite 5 . 8  
Biotite 
Almandine-pyrope 0 .  1 
Graphite 
Sericite 0 . 7  
Sillimanite 
Tourmaline 
Calcite + 

Apatite 0 . 7  
Zircon 0 .  1 
Ilmenite 0 . 7  
Pyrite + 

Sphene + 

1 00 . 0% 

Sample Number 
Center 

769-Si 769-N 

3 7 . 0% 22 . 5% 

3 6 . 0  32 . 4  
2 . 0  35 . 1 

8 . 0  6 . 0  
2 . 0  
3 . 0  

0 . 3  
- 1 2 .lJ 3 . 7  

+ + 

+ + 

+ + 

+ 

1 00 . 0 %  1 00 . 0% 

West Side 
769-W 

6 8 . 8% 
3 . 3  

2 1 . 5  
2 . 5  

3 . 4  
+ 

+ 

+ 

0 . 5  

The presence o f  albite in the most retrograded gneisses o f  this and the 
other allochthonous Precambrian blocks studied, fairly consistently suggests 
that i t  may be a retrograded mineral after an originally more calcic plagio
clase . The K-feldspar in all of these rocks is microperthite (usually micro
cline microperthite ) and is indicative of a temperature of Precambrian meta
morphism of the order of 600°C .  The presence of two plagioclases, one as 
free grains and the other exsolved in microcline microperthite , is character
istic of many of the granitic gneisses of both the autochthon and the alloch
thons . In some of the allochthonous leucogneisses , the microperthite and the 
albite tend to occur in separate bands which may reflect original composi
tional differences . 

Return to the cars and cautiously descend the hill 
to the left to the Quickway ( N . Y .  1 7-West/U . S .  6 ) .  
Beware of high speed traffic and stay close to the 
outcrop which parallels the highway . Walk to the 
extreme west edge of the readout where the Precam
brian leucogneiss rests in overthrust contact on 
the light gray Cambro-Ordovician Wappinger dolo
mite . Note the occasional flat-lying, slippery 
fracture planes of the contact . 

The metamorphic layering in the allochthon dips to the east whereas the 
dolomite bedding dips predominantly west . 
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The average foliation of the leuco§neiss is N33°E ,  20°S E .  The average 
attitude of the dolomite beds is N22 W ,  35°W .  Prominent faults in the 
klippe parallel the metamorphic layering and trend N22°E ,  20°SE . The 
fault contact of the dolomite and the klippe is irregular and has the same 
general attitude . Both the dolomite and the klippe are cut by vertical 
faults trending N27°W. 

7.  1 0 . 8  

7 . 6  0 . 5  
8 . 5  0 . 9  
9 . 6  1 • 1 

9 . 9  0 . 3  

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

Drive west along Old Mansion Road observing the 
flat topography superposed on the Hudson River 
pelites . These are more gently folded with 
increasing distance from the Precambrian 
allochthon . 
At T-intersection turn right on to Oxford Road 
( County Route 5 1 ) .  
Turn left onto Greycourt Road .  
Greycourt Road becomes Oxford Road . 
Bear left to stop sign and turn left onto 
Greycourt Road. 
Greycourt Road becomes Leigh Avenue and continues 
past Hudson River pelites to intersection with 
NY 1 7M ( stop light ) .  
Make hard left turn onto NY 1 7M east . 
Pull off N . Y .  1 7M just west of the ridge of Goose 
Pond Mountain ( Goose Pond west ) into parking area 
on right just beyond entrance to NY 6 / 1 7 East . 

STOP 4 .  GREEN POND MOUNTAIN : PRECAMBRIAN ALLOCHTHON OVER OVERTURNED HUDSON 
RIVER PELITE . 

Observe black, fissile Hudson River shales ( Middle? Ordovician) in the road 
cut at the northwest edge of the Precambrian allochthon Careful observation 
will show that the attitude of the bedding and cleavage is N78°E ;  the bed
ding dips 70°S and the cleavage 40°S .  This indicates that the · outcrop is 
on the limb of an overturned fold with the synclinal axis north. The shales 
both here and at Bull Mine Mountain klippe to the north are all wildly folded 
and overturned close to the overriding Precambrian allochthons . 

Many of the Hudson River black shales are calcareous , and consist of fine 
laminae ( 0 . 05 � 0 . 1 mm )  of dolomitic silt or mud ( marl ) intercalated rhythmi
cally ( occasionally cross-bedde d )  with carbonaceous shale . An estimated 
thin-section mode of a representative Hudson River "shale" follows : 

Mineral 

Detritals and matrix 
dolomit e ,  calcite 
quartz 
plagioclase , microcline 
mica , clay, chlorite 
carbonaceous matter, graphite 
pyrite 

Metamorphi c :  
chlorite , muscovite , biotite 

Calcareous 
laminae 

3 0 %  
4 5  
1 0  
1 5  

Carbonaceous 
laminae 

5% 
25 
+ 

50 
1 5  
+ 
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Walk about 1 00 - 1 50 fee t into the woods southwest 
of the shale outc�op on N . Y . 1 7M .  

A moss -cove�ed �ubble o f  shale , dolomite , and "limoni tized" fault breccia 
indicate where the covered contact has been crossed . The edge of the Precam
brian allochthon of Goose Pond Mountain is found about 1 30 feet south from 
the road, and the first rock found in p lace is a graphitic calcareous quartz
ite of which sample No . 527 is representative . 

1 2 . 0  0 . 4  Return to the cars and drive 0 . 4  mi east on N . Y .  
1 7M, stopping a t  a white albite-quartz-microcline 
microperthite leucogneiss ( sample No . 20 ) ,  in 
places graphi t i c ,  biotitic or rarely, garneti
ferous . 

Note the extreme elongation and smearing out of quartz pebbles and grains 
similar to that seen at the Museum Village outcrop of Stop 3 .  Furthe� to the 
eas t , the �ocks become increasingly calcareous ( sample No . 788 ) .  At the 
extreme eastern edge , prehnitized calc-silicate leucogneiss is interlayered 
with some amphibolite , the latter of- probable basic volcanic origin. Modes 
of �epresentative �ock types of the Goose Pond allochthon follow : 

Modes Of Gneisses Of The Goose Pond Mountain Allochthon 

East Side 
Sample No . 529 

Mineral 

microperthite - % 
albite ( An 0-5 ) 65 . 6  
oligoclase ( An 20 ) 
quartz 1 6 . 8  
biotite 
chlorite 1 • 7 
sericite 7 . 2  
graphite 
a c t inolite 0 . 2  
brown hornblende 0 . 2  
diopside 1 . 3 
sphene 
apatite + 

ilmenite 
prehnite 7 . 0  
z i rcon + 

1 00 . 0% 

788 

1 0 . 0% 

49 . 0  
5 . 0  
2 . 5  

33 . 0  
+ 

0 . 3  
0 . 2  

+ 

1 00 . 0% 

Center 
20 

42 . 2 %  
2 7 . 7  

29 . 0  

0 . 8  
+ 

0 • 1 
0 . 2  

+ 

1 00 . 0% 

West Side 
527 

2 . 6% 

8 1 . 7  
. -

0 . 3  

4 . 2  
3 . 0  

8 . 0  
0 . 2  

Here , as in the Museum Village klippe o f  Stop 2 ,  the greatest amount of �et
rograding occurs at the eas ter·n and western margins of the allochthon with 
some fresh rocks occurring near the cente r .  I f  the klippen are indeed syncli
nal saucers the presently exposed centers of the masses would lie at a fur
ther distance from the sole of the tl1rust and would be expected to show less 
a lteration. It should be emphasized that the Precambrian autochthonous 
gneisses in the southern part of the Monroe quadrangle ( Jaffe and Jaft'e , 
1 96 2 ) are not comparably retrograded except near Triassic border fault s .  
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1 3 . 6  1 . 6 Continue east 
right ( south ) 
miles . 

1 3 . 8  0 . 2  Turn right at 

STOP 5 .  LAZY HILL - SHAWANGUNK QUARTZITE 

on N . Y .  1 7M about 1 . 6 
on Bull Mill Road for 

dirt road and park. 

mi . and turn 
about 0 . 2  

Walk 0 . 2  miles west crossing buried northeast-trending fault contact 
between the Shawangunk ridge of Lazy Hill rising s teeply ahead and the Bell
vale ridge of Durland Hill to the rear . Walk to the north nose of Lazy Hill 
( permission of the owners , the Durlands ,  is necessary) where a large outcrop 
of Shawangunk quartzite is exposed . The rock is a thin-bedded, pink, buff 
and white orthoquartzite consisting of: 

Mode of Shawangunk Orthoquartzite , Durland Property 

Quartz 93% 
Chert 5 
Sericite, Chlorite 2 
Zircon + 

Hematite + 

Goethite + 

Pyrite + 

Green tourmaline + 

1 00 %  

The quartz grains are well-rounded, moderately elongated , well-sorted ( aver
age diameter, 0 . 75mm) , and the rock is very tightly cemented . Each grain of 
quartz is cemented to another by authigenic quartz overgrown in optical conti
nuity with the detrital cores . Undulatory extinction due to deformation 
passes through the core and overgrowth of each grain. The Lazy Hill ridge
top to the south ( not visited ) is formed of a coarse white pebble conglom
erate interbedded with white orthoquartzite ( occasionally ripple-marked ) and 
grades eastward to a red arkosic conglomerate below the ridge-top . Quartz 
pebbles and orthoclase. pebbles are strongly elongated ( 3 :  1 and 4 : 1 )  and 
heavily shattered and veined in both the red arkosic and the white 
conglomerat e .  

1 4 . 0  
1 5 . 9  

0 . 2  
1 . 9 

Return to N . Y .  1 7M and turn right ( south ) . 
Drive south t o  the Monroe Bowl-0-Fun parking lot . 

STOP 6 .  MONROE BOWL-0-FUN: CONNELLY ( ORISKANY ) - ESOPUS CONTACT ) 
The outcrop at Monroe Bowl-0-Fun originally was. described by Jaffe and 

Jaffe , ( 1 96 7 )  to consist of about 300 feet of the Esopus Formation underlain 
at the rear of the cut by red and white pebble conglomerate , the Connelly Con
glomerate of Oriskany age . Most of the exposure has been covered by a rail
road tie retaining wal l .  Here , a small outcrop o f  the Connelly is still 
exposed to  the far right near the gasoline service station, and was described 
by Jaffe and Jaffe ( 1 967 ) to consist weathered yellow , "limonitic" conglom
erate ( 3  ft or more ) ,  succeeded by white to buff, pebble-bearing orthoquartz
ite ( 5  ft ) ,  which is in turn overlain by bright red hematitic quartzite ( 1 0  
ft ) .  The pebbles in the Connelly conglomerate are of white , round to 
s lightly elongated quartz,  averaging 1 -2 mm in maximum dimension. The 
Connelly is disconformably overlain by a lowermost member of the Esopus 
Formation, recognized by Southard ( 1 960 ) .  A small exposure of the Esopus 
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Formation is exposed at the far left of the retaining wall . The· attitude of 
both the Connelly and the Esopus at their contact was described to be 
N 6 8°E ,  45°N .  A heavily slickensided fault surface, trending N53° , 
60°SE cuts across the Connelly beds and presumably also cuts the overlying 
Esopus Formation. 

The lowermost member of the Esopus , at its bas e ,  consists of fissile , blue
gray s iltstones which weather to brown and orange on cleavage surfaces . Many 
o f  the rocks are marked with Taonurus cauda-galli on bedding planes . At this 
outcrop the authors have collected a remarkable fauna including a specimen of 
the giant trilobite, Coronura myrmecophorus, not previously reported from the 
Esopus Formation . According to D . W .  Fisher, New York State paleontologist 
who identified the specimen, it has previously been reported from the 
Schoharie and Onondaga Formations . The specimen was donated to the N . Y .  
State Museum collection . 

The lowermost member is also relatively rich in conulariids, none of which 
have yet been identi fied . Other fauna include the brachiopods : Leptocaelia 
flabellites , Schuchertella sp . ,  Acrospirifer macrothyris as well as some cho
net id and orbiculoid genera. Platystomid and loxonemid gastropod s ,  rugose 
corals and a dalmanitid trilobite were also collected by the authors . 

The lowermost member grades into the black , poorly fossiliferous Lower Mud
stone member which in turn grades into a purple sandstone at the north end of 
the 3 5 0  foot exposure . The sandstone is presumably the lower part of the 
Highland Mills member of the Esopus Formation . Tbe fauna of the lowermost 
member at the Bowl-0-Fun appears to ·differ significantly from that of the 
Highland Mills member of the Esopus Formation found at Bakertown and Highland 
Mills ( described by Boucot , 1 959 ) .  The fauna should receive some serious 
study by specialists before the outcrop is demolished by new construction . 

1 6 . 6  

1 7 . 4  
1 8 . 0  

0 . 7  

0 . 8  
0 . 6  

Drive south on N . Y .  1 7M to the second traffic 
light and turn onto Stage Road . 
Bear right a t  stop s ign on to  the Orange Turnp ike 
Park on the side of the road opposite development . 

STOP 7 .  ORANGE TURNPIKE : POUGHQUAG QUARTZITE ( LOWER CAMBRIAN) 

Walk 0 . 1 6 miles due west over hilltop to the edge of a cliff formed by a 1 0  
foot section o f  the Poughquag Formation ( Lower Cambrian) . The section 
consists of alternating 2 inch to 2 foot thick beds of ferruginous ortho
quartzite , conglomerate , and arkose , s triking N75 °W and dipping 8 °N ,  
overlying the vertically dipping Precambrian autochthon with marked angular 
unconformity. Tbis represents original sedimentary onlap with gentle warping 
or folding in subsequent geologic time . 

Apparently the Precambrian Monroe Massif ( Block 2 )  was sufficiently rigid 
throughout the Paleozoic to prevent the deformat ion of the overlapping embay
ment o f  Poughquag quartzite and Wappinger dolomit e .  This is indicated by 
both the gentle warping observed and also by the relative sphericity of the 
quartz pebbles in various Poughquag bed s .  
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Several of the beds are feldspathic ,  a feature uncommon in the Poughquag of 
the Poughkeepsie Quadrangle ( Gordon, 1911 ) .  One such bed at the Monroe out
crop is a conglomeratic arkose which is a true high rank arkose in the sense 
of Krynine ( 1 948 ) . A remarkable textural feature of this rock is the abun
dance of authigenic feldspar ( microcline ? )  which is the principal cementing 
medium in sample No . 466 . The specimen consists of 1-2m quartz and micro
cline pebbles ( al l  very round) lying in a matrix o f  authigenic microcline ( ? )  
cement which is clear in appearance . Some sawtooth or hacksaw terminations 
on the detrital microcline cores ( Edelman and Doeglas , 1 931 ) indicate that 
interstratal solution has taken place after deposition, presumable in situ . 
The authigenic feldspar overgrowths show only weak twinning when grown around 
detrital cores showing strongly developed microcline twinning . A mode of 
such rock is as follows : 

Mode Of Lower Cambrian Poughquag Conglomerate Arkose 
Specimen No . 466 

Microcline 
Microcline microperthite 
Quartz 
Albite-oligoclase 
Muscovite 

47 . 4% 
+ 

48. 6 
+ 
+ 

Rutile , Anatase , Tourmaline ( green + brown) 0 . 5  
Zircon 0 . 5  
Hematite } 

} 3 . 0  
Mn oxides } 

100 . 0 % 

The mineralogical composition of the Poughquag at Monroe leaves little doubt 
that it was derived from erosion of the granitic gneisses it overlies . 

On the return walk to the road, stops may be made at exposures of post
Wappinger lamprophyre dikes which the authors believe to be of late Ordovi
cian age ( Jaffe and Jaffe , 1962 ) . The authors have studied the dikes in con
siderable detail and would suggest a possible age of intrusion similar to 
that of the ultramafic intrusion of the Cort land Complex at Stony Point , New 
York ( Ratcli ffe , 1967 ) .  The Cort land Complex has been dated by Long and Kulp 
( 1 962 ) at 435 million years by K/A isotopic ratios obtained on biotite from 
the complex, a date close to the acceptag o4govician-Silurian boundary . An 
age of 398+17 m . y .  was obtained from Ar /K ratios on the amphibole 
( kaersutite) phenocrysts in one of these dikes ( Ja ffe and Jaffe, 1973 ) . This 
age may be a bit low because of argon loss during a regional Paleozoic 
reu0 atip� . These ages were run some years before development of more refined 
Ar /Arj methods now in use . 

Thus , lamprophyre dikes o f  deep-seated 
restricted to Mesozoic and Tert iary age s .  
Recent ( Zartman, e t  al . ,  1967 ) . 

( mantle-derived ? )  or1g1n are not 
They may range from Precambrian to 

Stops 8 ,  9 ,  10,  11 , and 12 ( Fig. 3)  are located in the granulite facies 
gne isses of the authochthonous block , here called the Monroe crystalline mas
s i f  of Precambrian ( Proterozoic ) age . For reemphasis , we note that the gneis
ses of the authochthon do not show the pervasive retrograde alteration and 
extensive mineral stretching that characterize the rocks of the allochthon . 
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Gne isses of Monroe and Ramapo B locks @ h� -:;B hornblende ( ferrohostingsite ) Qronite gneiss , end pegmatite 

amphibolite , pyribolite � interlayered amphibolite and granod iorite 

� calc - silicate gneiss 

biotite - hypersthene - quartz .. plagioclase gneiss 

sillimanite - cordierite - almandine - biotite - quartz - feldspar gneiss 

biotite gneiss 

biotite - mesoperthite - gneiss and albite - oligoclase - leucogranite 

biOtife - hypersthene - K- feldspar - quartz - plagioclase gneiss 

m agnetite - garnet - andesine gneiss 

microcline olaskite ( leucogranite ) i contacts with on other Proterozoic 
units may be intrusive 
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The prevalence of hypersthene and total absence of muscovite from folded 
gneisses of the Monroe crystalline massif verify that regional metamorphism 
took p lace in the granulite facie s .  The omnipresent coexistence of hyper
sthene with augite in mafic rocks ; hypersthene-K-feldspar association in gra
nitic gneisses ( charnocki te ) ;  sil limanite-K-feldspar assemblages in pelitic 
gneisses ; Fe-rich cordierite-sillimanite-K-feldspar-almandine-tourmaline 
assemblages , also in pelitic gneisses ;  and copious exsolution of pigeonite in 
host hypersthene collec tively indicate that metamorphism occurred at T = 700 -
800°C ,  at P = 2 - 4 kbars ( 7 - 1 4  km depth)  ( Jaffe and Jaffe , 1 97 3 ) .  

1 8 . 4  0 . 4  Drive southeast on the Orange Turnpike, stopping 
at the road cut on the west side of the road . 

STOP 8 .  ORANGE TURNPIKE : QUARTZ-OLIGOCLASE GNEISS 

Leaving Stop 7 ,  the Orange Turnpike turns southwest and crosses the con
cealed unconformable Cambrian-Precambrian contact . The quasi-horizontal 
Poughquag and Wappinger beds overlie vertically dipping Precambrian gneisse s ,  
p e rmitting the delineation o f  a major unconformity , unfortunately not exposed 
in the area . Beyond the Lipalian interva l ,  the first rock encountered is a 
fine-grained pink alaskite composed mainly of 1 -3 mm microcline-microperthite 
and quartz,  minor sericitized albite-oligoclase and an occasional flake of 
biotite . Within 1 00 ft to the south, the pink alaskite grades through a nar
row zone of coarse biotite-microperthite-oligoclase granite and granodiorite 
into a medium-grained ( 2  mm) , gray, essentially massive hypersthene quartz 
diorite gneiss which forms the bulk of the outcrop . It is variously called 
quartz oligoclase gneiss or enderbite by other workers . It contains : oligo
clase 7 0 % ,  quartz about 25% and hypersthene , biotite , magnetite and. chlorite 
about 5 % .  In thin section, quartz i s  not uniformly distributed but rather 
forms long tongues which embay adjoining oligoclase grains ; these are well
twinned and antiperthitic. On top o f  the outcrop , observe several lenses of 
biotite-hornblende-hypersthene -labradorite ( An5 5 )  pyribolite infolded in the 
quartz diorite gneiss . Foliation measured on the pyribolite is N35° to 
5 0°E ,  with a dip close to 90° . Slickensided join t  faces strike N24° 

to  65°W .  

About 0 . 3  mi south ( not a scheduled stop ) the quartz diorite gneiss darkens 
in color, the quartz content drops markedly , and the rock grades to an augite 
diorite gneiss· interlayered with hornblende-hypersthene-andesine pyribolite . 
Where quartz becomes locally abundant , it embays and replaces both plagio
clase and the ferromagnesian minerals . 

Hypersthene -quartz-oligoclase gneiss ( quartz diorite gneiss ) is thus formed 
from the metamorphic reconstitution of pyribolite accompanied by the introduc
t ion of silica and small amounts of potas h .  These constituents could logi
cally be derived from anatectic granitic liquids derived from the fractional 
melting of sedimentary precursors . 

1 8 . 9  

1 9 . 3  

0 . 5  

0 . 4  

Continue south on the Orange Turnpike and take the 
first left turn onto Harriman Heights Road . 
Outcrop is on south side of . road . Park on north 
side of road at entrance to Our Lady ' s  Rosary 
Garden Gift Shop . 
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STOP 9 .  HARRIMAN HEIGHTS ROAD : CALC-SILICATE MIGMATITE 

A fresh roadcut exposes a dark gray, green, and pink banded migmatite . The 
gray rock is a calc-silicate paragneiss composed of quartz , microcline, 
bytownite ( An80 ) ,  augit e ,  green epidote ( pistacite ) ,  dark brown sphene ( t itan
ite ) ,  zircon, apatite, and magnetite . The pink bands consist mainly of 
quartz and microcline or microcline microperthit e .  Other samples of this 
migmatite contain almost pure anorthite ( An95 ) .  Epidote , common throughout 
the region in calc-silicate unit s ,  evidently formed by retrograde metamorphic 
alteration or exchange of Ca, Al, Si,  and Fe in anorthite�augite , in a wet 
oxygenated environment . 

22 . 4  3 . 1  Return the 0 . 4  mi to Orange Turnpike and continue 
south to the junction with Bramertown Road 
entering from the west . Park and walk 0 . 1  mi . 
south on Orange Turnpike to the outcrop . 

STOP 1 0 :  ORANGE TURNPIKE : CAMPTONITE DIKE CUTTING HORNBLENDE GRANITE GNEISS 

The outcrop on the west side of the road shows a 20-25 ft dike of lampro
phyre called camptonite forming the low pavement of the outcrop . It strikes 
N38°W and dips 86°NE . The dike contains green hornblende phenocrysts up 
to  1 /4 in lying in a matrix of albite laths , 0 . 2  x 0 . 4  mm, which, in turn 
enclose granular epidot e .  In these rocks , it appears that deuteric alter
ation of an initially more calcic ( intermediate ) p lagioclase has resulted in 
the growth of albite�epidot e .  The camptonite contains : albite - 5 3 . 3% ,  horn
blende - 2 1 . 5% ,  epidote - 1 2 . 6% ,  chlorite - 7 . 3 % ,  and apatite�opaque�calcite� 
quartz�k-feldspar - 5 . 3 % .  

The country rock intruded by the dike is the hornblende granite gneiss that 
makes up about one-quarter of the volume of the Monroe crystalline massif and 
is also widespread in the other areas that constitute the Hudson Highlands .  
In the Monroe block, these granitic gneisses are uncommonly iron-rich and the 
hornblendes are ferrohastingsites with 1 00Fe / ( Fe�Mg ) = 86 that coexist with 
Ti- and Fe-rich biotites in which 1 00Fe/ ( Fe�Mg ) = 90,  ratios found in min
erals at this outcrop . Here , the granite gneiss contains occasional 
schlieren of very biotite-rich rock. 

2 3 . 2  0 . 8  

2 4 . 1  0 . 9  

Turn west onto Bramertown Road , and then turn 
right , north , on first paved road ( East Mombasha 
Road ) .  The road follows the contact of granite 
gneiss (eas t )  and pyribolite ( west ) .  
Outcrop is on the west side of the road at a sharp 
bend to the west . 

STOP 1 1 .  EAST MOMBASHA ROAD: LEUCOPHYRE DIKE INTRUDING AMPHIBOLITE 

Stop 1 1  shows a 1 6  ft thick granodiorite leucophyre dike which strikes 
N48°W,  cross-cutting the foliation of the surrounding amphibolite which 
s t rikes 57°E and dips 20°S .  Note the large wedge of amphibolite in the 
center o f  the dike and the occasional p ink K-feldspar-quartz bands in the 
amphibolite . This dike is unique in the Monroe quadrangle , and perhaps in 
the Highlands . It shows sparse pink phenocrysts o f  oligoclase , quartz, less 
microcline and biotite lying in a dark gray matri x ,  which is again porphy
r i t ic on a microscopic scale . The second generation of microphenocrysts is 
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made up of square to rhombic zoned potash feldspar and laths of albite-oligo
clas e .  These lie in a very fine granophyric groundmass made up of feldspar , 
quart z ,  mica , chlorite,  "limonite" and manganese oxid e .  The extremely fine
grained oxides form megascopic crenulated b lack streaks which give the dike a 
dist inct flow layering in parts of the outcrop . A mode was not obtained 
because of the fine nature of the matrix . X-ray data on a powdered sample 
indicate that oligoclase>quartz>microcline , hence the dike is of grano
dioritic composition.  East of the road , the dike is not found , and may be 
cut off by a north-south fault;  if so , the dike is very old . An outcrop of 
the same rock was found 0 . 25 mi to the west cutting migmatite ; it may be an 
extension of the same dik e .  

2 5 . 1 1 • 0 Continue north on East Mombasha Road stopping at a 
dark, mica-rich gneiss just north of Stop Number 
1 2  on the map (Fig.  3 ) .  

STOP 1 2 .  EAST MOMBASHA ROAD : PELITIC PARAGNEISS 

This is a tightly folded , crenulated pelitic paragneiss in the sillimanite
K-feldspar zone of metamorphism. The outcrop consists of thin bands of gray 
bio t i t e -microcline -labradorite-quartz gneiss intercalated with bands rich in 
orthoclase cryptoperthite ( anorthoclase )  and quartz .  Abundant garnet ( alman
dine-pyrope ) ,  Fe-rich cordierite,  dark blue-green tourmaline and prismatic 
sillimanite are developed along the interfaces of the biotitic and alaskitic 
layers . Biotite is , under the microscope , intensely pleochroic from "pap
rika-red " to almost colorless and is undoubtedly rich in Ti as well as Fe . 
Sillimanite and tourmaline lie in the foliat ion p lanes with their long axes 
parallel to the fold axes . Cordierite , not recognized when the 1 962 NYSGA 
Guidebook was written , is abundant in parts of the outcrop and can be recog
nized in some places by its characteristic blue or purplish blue color 
imparted to hand specimens . Under the microscope , it shows both polysyn
thet i c  twinning and sector-zoning or twinning; alteration to fibrous pinite 
plus the twinning make it difficult to identify and it may be mistaken for 
altered p lagioclas e ;  characteristic yellow, bulls-eye halos are virtually 
absent . Thin sections cut across foliation p lanes show numerous square 
cross -sections of s il limanite needles enclosed in cordierite . The relatively 
Fe-rich nature of this cordierite , 1 00Fe / ( Fe+Mg) = 25 is useful in limiting 
the pressure at which the high-temperature regional metamorphism occurred; it 
is 2 - 4  kbars with water vapor present but not necessarily saturating the pore 
space s .  This ,  plus the hypersthene and sillimanite-K-feldspar parageneses 
fix the parameters of regional metamorphism in this part of the Hudson High
lands at T = 700 - 800°C and P = 2 - 4 kbars . 

2 6 . 4  

27 . 2  
28 . 0  

28 . 6  
2 9 . 0  
30 . 9  

1 . 3 

0 . 8  
0 . 8  

0 . 6  
0 . 4  
1 • 9 

Continue north on East Mombasha Road . Turn left 
onto the Orange Turnpike . 
Orange Turnpike becomes Still Road . 
Continue to  traffic light at NY 17M.  Continuing 
north past intersection Still Road becomes 
Freeland Stree t .  
Freeland Street becomes County Route 1 05 .  
Turn right at intersection with Dunderburg Road . 
Intersection o f  NY 6 ,  1 7 ,  and 32 . End of trip . 
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THE GREEN POND OUTLIER OF NEW YORK AND NEW JERSEY; 

A MESOSTRUCTURAL LABORATORY 

JAMES P .  MITCHELL, 
The Pennington School, Pennington, NJ 0 8 5 3 4  

RANDALL D .  FORSYTHE 

Department of Geography and Earth Science , UNCC, Charlot t e ,  NC 28227 

INTRODUCTION 

Exposures of the folded S ilurian and Devonian strata o f  the Green Pond 
outlier within the Reading Prong of New Jersey and New York ( F i g .  la . )  contain 

abundant small scale deformat ion features . These inc lude : s l ickenfiber 
faults ,  en echelon vein arrays , two sets of dis j unctive cleavage , and small 
scale f olds . This t r ip visits a series of outcrops within the outlier that 

pe rmit a det a i led study of the interrelationships and o r igin of these 
mes o structures . 

S tudent s o f  structural geology are commonly introduced to small scale 

( me s o )  st ructures classed as being either brittle or ductile . In the Earth, 
howeve r ,  brittle deformation is  not necessarily rest ricted to the upper 
" s eismogenic'" layer, and duct ile deformation likewise is not restric':ed to the 
deeper medium to high grade metamorphic leve l s . Folds that form under 
moderate confining pressure and low temperatures , often reveals a confusing 
a rray of both ductile and brittle rnesostructures . The manner in which these 
ductile and brittle features are related is  one of the interesting topics that 
can be examined on this trip . 

The t rip also provides students an opportunity t o  unde r s tand some of the 
dynamic o r  s tress conditions that operate during folding . Published work on 
f olded st rata ( for discussion see Ramsay, 1 9 67 )  has generally . focussed on the 
geometric development of folds and its strain-related cleavages or foliations . 
The array of semi-brittle features that formed along with the c leavage in the 
G reen P ond outlier permi t s  an appreciat ion o f  the f o r c e s  or stre s s e s  
responsible f o r  folding . 

THE GREEN POND OUTLIER 

P a 1 eozqj c f o rmat i ons i p  t- h �  qut l j e r .  Figu r e  lb shows  the princ ipal 
d i s tr ibution o f  the units within the outlier . For s imp licity/ the ten 
S i l ur i an and Devonian formations ( st ratigraphy shown in Fig . 2) are grouped 
into three lithostratigraphic units ( II I ,  IV, and V) . These rest with angular 
dis c o rdance over Middle Proterozoic rocks {unit I )  in some places but over a 
thin veneer of Cambrian and Ordovician rocks (unit I I )  in others (Barnett ,  

1 9 7 6 ;  H e rman and Mitche l l ,  in pres s ) . The 2 ,  4 0 0  met e r s  o f  Silurian and 
Devonian roc k s ,  that makeup the bulk of the outlier ( s ee Fig . 3 )  have strong 
inter-,  and intraformational competency differences . Unit I I I ,  the Green Pond 
F o rmation ( S ilurian ) , is equivalent to the Schawangunk Conglomerate of the 
Val ley and Ridge Province ( Lewis and Kummel, 1 9 15 ) , and is composed of 
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Figure 1 b. 

i n t e rbedded purple-red conglomer a t e ,  c r o s s  bedded sandstone and minor 
s i lt s t one units . The conglomerate and sandstone units are well indurated.  

They have highly sutured clasts and a s i l iceous and hemat itic cement . The 
central portions of the sequence, unit IV, contain some o f  the less competent 
uni t s , such as the Longwood ( S il . )  and Cornwall Shales (Dev . ) .  These units 
have the best development of disjunctive cleavage , but are not as well exposed 

in t he outl ie r .  The Middle Devonian Skunnemunk Format ion (Catskill delta 
equivalent ) ,  is a ridge former ,  and like the basal Green Pond Formation is 
also wel l  indurated, though the former tends to break a round the grains when 
fractured. 
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LITHOSTRATIGRAPHIC UNITS 

!J.nJ!..Y: Primarily conglomerate and sandstone. 

Skunnemunk Conglomerata: reddish-purple 
conglomerate, red sandstone, and red shale; qua�z cement; 
pebbles up lo 15 em, one·haH are milky vein qua�z. 

l.1nJ.t..!Y: PrlmarOy shale, siltstone, and sandstone: some 
conglomerate and carbonate • 

Bellvale Sandstone: black shale and siltstone and gray 
sandstone: shale and siltstone rrore abundant in lower pa� • 

Cornwall Shale (also called Monroe Shale and Marcellus 
Shale): darl< gray slightly silly shale; sill rrore abundant In upper 
part. 
Kanouse Sandstone (previously Newloundland Grit): gray 
sandstone and conglomerate; upper p� rrostly sandstone. 
Esopus Formation: dark gray and black mudstone; also 
light to dark gray siltstone and sandstone. 
Connelly Conglomerate: predominantly light 
colored qua� pebble conglomerate with abundant qua� 
sand. 
Berkshire Valley Formatlorr. rrostly gray calcareous 
siltstone with lenses of gray silly dlolomite; basal olive-gray 
shale. 
Poxono Island Formation: predominantly gray dolomite 
with Interbeds ol green sandstone, green and purple silty 
shale, and green siltstone. 
Longwood Shale (High Falls Formation of Barnetl , t S76a): 
purple-red silty shale; sandstone beds In lower part • 

J.!n1Lill. Primarily conglomerate and sandstone. 

Green Pond Conglomerate (correlative with Shawangunk 
Formation): purple-red C011Qiomerate Interbedded with and 
grading upward Into purple-red sandstone; quartz cement; 
pebbles up to 8 em and alrrost enllrely while qua�. chert, red 
sandstone and shale. 

l.tn.f1..ll: Variety of discontinuous sedimentary rocks . 

Martinsburg Formation: darl< gray shale wilh prominant 
sfatey cleavage and orange-bull weathered siltstone. 
Lellhsvllle Formation: gray massive silly dlolomite. 
Hardyston Quartzite: while to blue-gray conglomeratic 
sandstone grading upwards Into calcareous sandstone. 

w :l:  ··.-.�··· ·· � llnJU: Basement crystalline rocks. 
!O R D O VICIAN tf'? !C A M B R IA N . . 

A variety of gneisses, Igneous Intrusives and foliated !P R E C A M B RIAN ,. \ .... I o m  
, ,.. _ granitoids; some arnphibotnes and marble. 

' ...... / '"\  Figure 2. Green Pond Outlier Stratigraphy 
S t ructure o f  the G reen Pond out l i e r  The outlier is  defined by a series of  
northeast t rending fold structures t hat have been down-faulted within the 
Reading P rong . ( Fig . lb , 4 a ) . The l arge scale folds defined by the more 
competent units ( II I  & V) and perhaps mechanically controlled by the basal 
cont a c t  with the underlying Proterozoic crystalline rocks have relatively 
planar limbs and sharp well defined hinges suggestive o f  a kink fold geometry . 
Within these large scale s t ructures occur smaller amplitude open to t ight 
folds that have curved pa rallel geometries . Most hinges plunge gently to the 
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n o rtheast but others are doubly plunging . In New York State the out lier is 
defined by one large tightly folded asymmetric syncline with a steeply dipping 

to slightly overturned eastern limb . It is fault bounded to the northwest and 

southeast . Southwestwards in New Jersey the outlie r ' s  structural form expands 

to include three smaller amplitude folds . Each of the fold structures is 
fault-bounded, with the exception of the eastern margin of the outlier in our 

study area where the Green Pond Formation is thought to rest in depositional 

contact with both lower Paleozoic and P roterozoic rocks (Kummel and Weller, 

1 9 0 2 ;  Barnett, 1 9 7 6 ) . Faults trend parallel to the axial traces of folds and 

tend to be associated with the eastern limb of anticlines .  Fault attitudes and 
displacement histories have been variably interpreted over the years ( Kummel 
and Weller,  1 9 0 2 , Lewis and Kummel ,  1 9 1 0  & 1915 ; Ratcliffe,  1 9 8 0 ) . However, 
the most recent mapping (Herman and Mitche l l ,  in pre s s )  has identified h igh 
angle rever s e  faulting in the central part of the outlier and conjugate 
reverse faults to the southwest around Dover, New Jersey . 

MESOSTRUCTURES 

Small scale structures , believed to have been developed in addition to the 
l a rge scale folding and faulting of the outlier a re :  two sets of cleavage s ,  
smal l  scale folds , e n  echelon vein arrays ( EVA ' s )  and s l ickenf iber faults 
( SFF ' s )  (Mitchell and Forsythe, 1 9 8 8 ) . 

C leavage s . Within the outlier cleavages a re best developed in the more 
argillaceous format ions such as the Longwood and Cornwall Shales . In most 
localities a s laty to spaced cleavage can be observed in the shaly and silty 
units that is subparallel to the axial surfaces of the local fold structures . 
However, in addition to the axially planar cleavage, several localities reveal 
a c l eavage o f  slaty, pressure solution, or crenulation type , that t rends 
obliquely across the fold structures with attitudes ranging from N 60 E to 
E-W . In a few places (e . g . ,  Stop 3 )  both cleavages are found together and 
document a n  interesting shift or noncoaxial character in the directions of 
' finite ' shortening accompaning their development (discussed below) . 

En ech e J qp  yejp arrays lEVA.' s l . ( terminology of Beach, 1 9 7 5 )  These are also 
known by s ome as en echelon tension gashes ( Shainin,  1 9 5 0 ;  Dalziel and 
S t i rwalt , 1 9 7 5 ) . They are staggered sets of veins that are aligned in one 
common plane . Examples in Figure 3b,  show two of their common geometric and 
dynamic configurations . Unless they occur in conjugat e sets or with other 
brittle features , it is not obvious whether they are of a specific type . The 
production of an EVA in a rock is the distortional equivalent to a dilat ing 
zone o f  shear . It  i s ,  however,  produced by the progress ive cracking and 
infilling o f  the veins during shearing . Thus these ' shear zones ' are regarded 
as a clas s of "brittle-ductile" features (Ramsay, 1 9 8 0 b ) . In the Green Pond 
o u t l i e r ,  t he y  are most commonly developed in the indurated sandstone and 

c o nglomer a t e  layers of units I I I  ( Green J?ond Forma t i o n )  and V ( Skunnemunk 
Conglomerate)  . 

S l j ckenfjber fault ' ( SEE ' s > . (terminology of Wise et al . ,  1 9 8 4 )  These also are 
features t h a t ,  in part , form by crack propagation (Durney and Ramsay, 1 9 7 3 ; 
Ramsay,  1 9 8 0 ) . These are regarded as  a subset o r  special class of faults 
within which fibrous minerals grow and infill the spaces opened up within the 
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Figure 3. A. general relations between shear failure planes and principal stresses 

B. relations between two types of EVA and principal stresses, after Beach, 1 975 
C .  relations between slickenfiber faults and principal stresses. 

fault zone during fault ing . The fibers tend t o  connect formerly adj acent 
point s on the opposite walls of the fault . S licken f iber fault s ,  like the 
EVA 1 s are developed in the more competent uni t s  of  the Green Pond outlie r .  
Relat ions suggest t h a t  they develop instead o f  an EVA due t o  pre-exist ing 
surfaces of  weaknes s  in the rock being appropriately oriented for slip . 
Cross -bedding in the conglomerates and sands t ones is  commonly a plane of 
weakness along which SFF ' s  were developed. 

STRAIN AND PALEOSTRE S S  F IELDS 

There are important distinctions to be made between the indicators of 

s t rain and paleOs t ress in rocks . 

S t ra i n  Ma rke r .  Generally most strain markers are found representat ive of  a 
finite or long ter.m product of distortion . Cleavage, for example, is commonly 
thought t o  be a plane o f  finite flattening disposed normal to the maximum axis 
o f  finite shortening (Ramsay, 1 9 6 7 )  . Viewed as such, it is a physical product 
of a protracted history o f  deformation that can t e l l  u s  little about the 
specific flow or distortions occuring at a given instant . Thus strain markers 

in general provide a restricted or limited view o f  the deformation history . 

pa l e o s t ress ma rkers . Most paleostre s s  indicators on the other hand are more 
like snap shots of  the conditions of  deformation that existed at various times 

during the deformation . In general both EVA 1 s and SFF 1 s contain geometric 
a t t ribu t e s  which can be modeled after britt l e  features observed in the 
laboratory and which by analogy permit the inference of the orientation (but 

not magnitude) of ancient stress fields . 
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Pa  1 eostress determi nat i qns . Asses sments o f  paleostresses are made with 
confidence when EVA or SFF features are present in con jugate sets . Such sets 
have formed the basis of many previous studies ( Roering, 1 9 6 8 ;  Hancock, 1 9 7 2 ;  
Beach, 1 9 7 5 ;  and Rickard and Rixon, 1 9 8 3 ) . In  each case the direction of 
maximum compressive stress and incremental axis o f  greatest shortening bisects 
the acute angle between intersecting shear zones (Fig . 3) . This condition is 
true for both biaxial and triaxial strains (Hancock, 19 8 5 ;  see Fig. 2 ) . Two 
types of conjugate EVA geometry ( Fig . 6b) have been described by Beach, 1 9 7 5  
( also see Roering, 1 9 6 8 ;  and Rickard and Rixon, 1 9 8 3 ) . I n  type 1 geometry, 
not all veins are paralle l ,  rather, the veins of one shear parallel the 
orientation of the complimentary conjugate shear .  Consequently in type 1 
geometry the bisector o f  the conjugate EVA zones also bisects the acute angle 
between each vein and its enveloping shea r . Als o ,  a s ingle large vein 
typically occurs at the intersection of the two shears which parallels the 
conjugate shears ' bisector (Rickard and Rixon, 1 9 8 3 ) . In type 2 geometry (Fig . 
3b) the veins of both shears parallel the conjugate shearS 1 bisector . 

In the field, the easiest case for paleodynamic determinat ions is for 
c o n j ugate shears . For i s o lated arrays o r  SFF features addit ional 
cons iderations a re neces s a ry . In the Green P ond outlier, Mitchel l  and 
Forsythe ( 1 9 8 8 )  made the following simplifying assumptions : 

1 )  For each EVA the maximum principal stress axis bisects the acute angle 
between an individual vein and the plane containing the vein array for which 
the individual is a set member ( Fig . 3b,  type 1 ) . This a ssumpt ion appears 
valid since the bulk of our conjugate EVA ' s  are type 1 of Beach ( 1 9 75 ) . 

2 )  For each SFF an approximation of the maximum principal stress is assumed 
to lie about 3 0  degrees from the shear surface and in a plane containing the 
normal to the plane and the fiber lineation observed on the surface of the 
fault (Fig . 3c)  . S ince two solutions are possible the sense of displacement 
must be determined from the overlap of the incrementa l  fibers (Durney and 
Ramsay, 1 9 7 3 )  for a unique solution . The 30° angle is measured from the fault 
surface in a sense compatible with the sense of displacement ( e . g .  clockwise 
for right latera l ,  and counterclockwise for left lateral displacements )  . 

3 )  For each EVA and SFF the inte rmediate p r incipal stress is as sumed to 
lie in the plane o f  the shear zone and perpendicular to the displacement 
direct ion . For EVA ' s  it also parallels the intersection made by each vein 
with its enclosing array . 

DEFORMATION OF THE GREEN POND OUTLIER 

P a  1 e a s t  res s t rends The results and inte r p retations o f  a regional 
investigation o f  SFF and EVA from the cent ral portion o f  the Green Pond 
outlier were presented by Mitchell and Forsythe ( 1 9 8 8 ) . The study included 
1 3 0  paleostress determinations from SFF ' s  and 2 0 0  from EVA 1 s .  Approximately 
8 0  EVA ' s  were from conjugate set s . Most o f  the observations carne from 
exposures of the Green Pond Formation, but 4 localities were located in the 
Middle Devonian S kunnemunk Formation . The data were grouped into 17 localities 
( Fig . 4 a )  that covered 4 southeast dipping fold limbs , 3 northwest dipping 
fold limbs and 2 hinge zones . The data are reproduced on stereonets in 
Figure 4b and on rose diagrams for each locality in Figure 5 for SFF and EVA 
data . The plots document a number o f  the general findings . First , most 
SFF ' S  and EVA ' S  record vertical Sl - S3 planes with s2 horizontal ( S l , s2 , 
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Figure 4a. Perspective drawing of the outlier with data sites 

Figure 4b. Plots of max. and min. stress determinations for 
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s 3 : principal stresses ) 0 

S F F ' S indicate that the 

Second, 

ma j ority 

cumulative ros e  diagrams for EVA ' S  

o f  S 1 axes t rend t o  the NW o r  

and 

SE,  

es s entially at right angles to the fold hinge s .  Two othe r modes o f  S 1 

o rientations are also present . One trends N-S ,  the other NE-SW . Third, the 
SFF data primarily record the dominant NW-SE directed s1 whereas EVA data have 

all three modes . Trends for SFF ' s  are much more regionally consistent than 
those for EVA ' s ,  and in addit ion they show little variation in s1 trends from 

different s t ructural positions on the f o ld s tructure . However plunges of 

paleo s t r e s s  axes determined from SFF a s  well as EVA, do show systematic 

variations with respect to p o s i t ions on f o ld st ructures . Overa l l  the 

paleostress data indicated that SFF and EVA have recorded a complex pattern of 

changing stress conditions in both space and time . 

The paleos tress data is  highly va riable . After grouping the dat a  by 
s t ructural position in the various folds , as well as by general azimuth (of 
the axis of maximum compression) , it is found that much, if not all, of this 
variability could be accounted for by a combination of  two superimposed 

s tructural phenomena . The first phenomenon ( s t age I of Mitchell and Forsythe, 
1 9 8 8 )  is postulated to be the main phase of folding in the Green Pond outlier 

under a sub-hori zontal NW-SE directed regional maximum compressive s t re s s  
regime . The second, more illusive, phenomenon ( stage II )  i s  thought to have 
resulted from the rotation of the regional stress field from a NW-SE to a N-S 

o rientation . Under this new field, a phase o f  noncoaxial shortening took 

place by the gene ration· of a cross cutting cleavage and numerous addit ional 
EVA ' s  that indicate N-S to hinge-parallel maximum compressive stresses . 

St age I (Progress j ye Bncklinq) . The preponderance of EVA ' s  and SFF 1 s display 
changes in character and orientation (plunge) that compare favorably with the 
theoretical computer models of the stress  history of folding by Dieterich, 
1 9 7 0  (Figure 6) . These models have also compared well to both empirical and 
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Figure 6. Tracings of maximum principal stress trajecto ries 
at three progressive stages of folding based on the computer 
models of Dieterich and Carter, 1 969. 

o t h e r  n a t u r a l  f o l d s  
( D ie t e r i c h  and C a r t e r ,  
1 9 6 9 )  where there exists 
significant contrast in the 
v i s c o s i t i e s  o f  t h e  
interbedded layers . In the 
Green Pond outlier variable 
development of cleavage in 
the different lithologies , 
the strong refract ion o f  
cleavage from one layer t o  
anoth e r ,  and the general 
curved parallel fold forms 
argue for strong inter- and 
intraformational variations 
in competency or viscos ity 
during folding . Bas ically,  
the argillite and siltstone 
l a y e r s  h a ve , t h r o u g h  
c l e a v a ge de v e l o pme n t , 
accommodated the buckling 
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o f  the more competent sandstone and conglomerate layers . In the theoret ical 
and empirical folding of  layers of  variable viscos ities , it is commonly found 
that some layer-parallel shortening occurs before appreciable buckling of the 
higher viscosity layers . As buckling begins there is first a strong guiding of  
the stresses that keeps the maximum principal axis of  compress ion along the 

layering . However,  as the fold tightens up, the steeply inclined limbs can no 
l onge r e ffective ly guide the stresses  and the direct ion of the maximum 

principal axis returns to take on a posit ion more s imilar to the external 

f i e ld . The models would argue for three general stages of mesostructural 
development : an early layer parallel shortening phase,  a main buckling phase 

with the stresses strongly rotated along with bedding, and a late phase with 
the s t re s s e s  re laxed in the incl ined limbs back to a subhorizontal 

orientation . These phases are believed to be reflected in the mesostructures 
of the Green Pond outlier . 

Early layer-parallel sho rtening in the out lier is to be expected t o  a 

limited extent because even the resistant conglomerate beds are likely to have 
had some degree of non�elas.tic or viscous response to the applied stresses . 

Undeformed state 
Cross bedding weak layer 

• .... ......... .... ............ .... ........ .... ............ .... .. . ........ ...... ..... ........ .... ........ .... .. ?.».0: : :0: yt;• . ·0" . . z· : . z· . . : strong la;er  . . . .  · · · · · · · ·  " " /:/: . . . . . . . . . . . . . . . . . · /:· . . . . . . . . . . . . . . . . . .  . .......... , . ... , .. ................ ............ .. .. . .. . .. . . . . . .  · � · ·· "·· ... . . 

Early layer I I  shorte n i n g  
- ":J';'·�;: ::·:'::·::· -:.-:::-:.··

·· ··.··· :  ?J:..r//0··3,0· (./• •  h ././ .  ;/ �/ ...r . : : · . ........... . . ;-. :;.-: : :..r_, : · . � 
- ... -J; . . • ./.-r:_.r . .  / .  /..r . . 'l- .  � 

./. ·r,"� . . .  
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Stlckenffber faulta 
nucleate on crosa 
bedding 

EVA nucleate In 
conjugate geometry 

Figure 7. SFF (on cross bedding) and EVA form 
early conjugate arrays that may have accommodated 
layer parallel shortening . 

In the Green Pond outlier most 
of the s lickenfiber fault s ,  and 
a l a rge percent.age of the en 
echelon vein arrays , indicated 
paleo-5 1 axes lying at very low 

angles to bedding (Forsythe and 
Mit chel l ,  1 9 8 8 ) .  In addition,  
several of  these EVA ' s  are found 
bent or folded around sma l l  
s c a l e  f o lds ( S top 1 ) . The 
general impress ion from these 
relations is that many of the 
pa l e o s t r e s s  m a r k e r s  w e r e  
developed a t  a n  early stage i n  
the deformation . Furtherhmore, 
s i n c e  b u c k l ing reduces t h e  
e l a s t i c  r e s i s t a n c e  t o  t h e  
applied stress field, it would 
i n t u i t i v e l y  f o l l o w  t h a t  
nucleat ion o f  these b r i t t l e  
ruptures initiated during the 

t h reshold stresses that existed in the pre- to early buckling moments . Thus , 

t he first stage o f  EVA and SFF development in the Green Pond Out lier i s  
p o s t ulated to have been represented b y  a n  early phase of  layer paral l e l  
s h o rtening . We suggest as illustrated i n  Fig . 7 ,  that the preponderance of  
SFF ' s  that nucleated on the low angle cross  beds (mo s t ly west dipping) , and 
EVA ' s  that nucleated in the conjugate orientation,  likley accomodated layer 
parallel shortening in these competent units during the early stages of 
deformation . 

As buckling took place , theoretical models o f  folding would argue for a 
number of  temporal and spatial relationships among mesostructures . The changes 
t o  be expected as a function of time ( o r  degree of folding) would bes t  be 
o b s e rved in the l imbs o f  the fo lds where the rotation of bedding has 
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progressively changed the orientation of the bed with respect to the regional 
s t r e s s  f i e l d .  During progres s ive folding the competent or highe!:" vis cos ity 
layer s ,  acting as stress guides ,  rotates the local or intrabed stress axis of 

W..:�;Jmum 
Prln�:Jpal 
Strea� 

Str e s s  
a x e s  

0 .  Mohr Circle 

B. 

c. 

-
·-· 

Anti-rotational 
EVA 

Syn-rotallonal 
EVA 

....._... 
Figure 8. Progressive development of EVA during 
buckling. A. Early formed conjugate EVA's with thin and 
planar veins. 8. Highly evolved EVA's in advanced stages 
of buckling that show asymmetry of character as a 
function of fold limb rotation (with respect to stress 
axes). C. closeup sketches of the two end·member EVA 
forms for evolved EVA on fold limbs. D. Mohr Circle 
illustrating the complex and variable stress histories 
seen by conjugate pairs of EVA's on fold limbs. 

maximum compress ion along with the 
f o l d  l i mb a w a y  f r o m  the 
subhorizontal regional field. With 
respect to an internal reference 
f rame ( f ixed to bedding) t he 
rotation o f  the stres s axis is 
s lightly in the opposite direction . 
T h i s  is b e c a u s e  the beds are 
rotated more than the stress es . 
With progress ive t ightening of the 
f o ld,  the ability of the high 
v i s c o s i t y  beds to guide the 
stresses in the limbs of the folds 
are lost and the local axis of 
maximum comp re s s ion ' relaxes ' back 
to a dire c t ion c l o s e r  to the 
r e g i o n a l  o r  ' f a r '  f i e l d 

o r i e n t a t i o n . T h i s  c omp l e x 
rotational h i s t o ry explains two 
attributes seen in the Green Pond 
stage I paleostress data . First, 
as discu s s e d  by Mitchell and 
Forsythe ( 1 9 8 8 ) , it explains the 
s y s t emat i c  a s ymme t ry i n  the 
variations o f  plunge observed for 
the maximum principal s t r e s s  
determined from EVA data o f  east 
and west dipping limbs . For each 
limb a gap in plunges was observed 
in the direct ion oppos ite to the 
dip of the beds ( see Figure 1 2  of 
Mitchell and Forsythe , 1 9 8 8 ) . The 
dispersion and gap in the data is 

p r e c i s e l y  what would be predicted by the combined external and internal 
rotat ions described above . Secondly, the rotations can help to explain why 
c o n j uga t e  sets of EVA ' s  on a given fold limb appear to have dramatically 
different forms . Once an EVA is nucleated it represents a plane of weakness 
that will have a protracted history of development during which limb rotation 
and f o lding is occuring . As the stresses shift with respect to bedding, the 
r e s olved normal and shear stress  components on the conjugate arrays are 
constantly changing . As illustrated in Figure 8 dextral and sinistral EVA 
s h e a r  z ones have internal rotations which will either be compat ible 
( syn-rotational) or  incompatible ( anti-rotat ional) with the rotation of the 
stress  axes (using an internal reference frame) . Thus , on one limb we predict 
the early dextral EVA to be the syn-rotational array, while on the other limb 
the e arly s inistral EVA is the syn-rotational array . Synrotational EVA ' s  have 
the plane of vein propagation rotating in a sense similar to the stress field, 
and the anti-rotational veins in the oppos ite sense . The anti-rotational 
EVA ' s  should show pronounced s igmoidal shape s ,  with multiple or superimposed 
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veins , while the syn-rotational EVA ' s  would have more plana r for:ns , and small 

a spect ratios . 

S t age I I  {Noncoaxial Shor+- �ning) . This phase is represented by numer:Jus EVA ' s  
that indicate N-S _ t o  hinge parallel compres s ion,  a s  well a s  a second cleavage 

with a rough E-W orientation that trends obliquely acro s s  the fold structures . 
In  a few localities (e . g .  by Terrace Pond) SFF ' s  have also been found that 

have multiple orientations of fibers . The superpos i tion of t!'le fibers 

indicates a similar late stage of N-S oriented regional maximum compress ion . 
Thus EVA, cleavage, and limited SFF dat a,  a l l  support a second phase of 
regional deformation in the out l i e r  under a new N-S regional compres s ive 
s t r e s s  field . Neither the ma i n ,  s t age I ,  fo lds n o r  the axially planar 
cleavage would have been appropriately oriented to accornodate shortening 
a long this N-S axis . The folds , perhaps like the corrugations in a sheet of 

met a l ,  would likely have acted as stress guides within this new N-S field. 
This effect,  may in fact explain why there is a significant scatter of Stage 
I I  orientations from a N-S to a hinge parallel orientation . 

SUMMARY 

The abundant development of EVA ' s  and SFF ' s  in the more resistent layers 
of the Green P ond outlier have provided an opportunity to see how these layers 
have acted as stress guides throughout the deformation in the outlier, and how 
the stress fields have changed during the buckl ing hist o ry . The development 
o f  an axially planar cleavage in the ' softer ' units permits a combined strain 
and paleos t ress visualization of the deformation . 

Cleavages and folds , while representing long term ' finit e '  deformation, 
may not always accomodate· the entire defo rmation . In the Green Pond outlie r,  
as  the regional stresses rotated t o  a new orientation, a second, new cleavage 
h a d  t o  f o rm .  Therefore, neither the early nor the late cleavage could 
s t rictly speaking be said to represent the complete flattening strain in the 
roc k .  Each cleavage sees only the st rain of its defama tion phase . Similarly, 
t h e  f olding has principally accomodated one of two directions of regional 
s ho rtening . Internally within the folds brittle and ductile structures were 
b o t h  neede d  to accomocjate the de f o rmat ion . The c ombination of these 
s t ructures have given us the unique opportunity to see a combined strain and 
p a l e o s t re ss record of buckling as well as for the regional superposition of 
two non-coaxial phases of deformation . 
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ROAD LOG FOR THE GREEN PONO OUTLIER OF NEW JERSEY AND NEW YORK : 
A MESOSTRUCTURAL LABORATORY 

CUMMULATIVE MILES FROM ROUTE DESCRIPTION 

MILEAGE LAST POINT 

0 . 0  0 . 0  Begin at Warwick, NY, Route 94  at Burger King on 
the south end of town . P roceed south on Route 9 4 .  

1 . 5  1 . 5  Left on Warwick ' Turnpike ' at Lloyds Supermarket . 

7 . 2 5 . 7  Right on Clinton Road at southern tip of Upper 
Greenwood Lake, NJ . 

1 6 . 5  9 .  3 Left on Route 23 East . 

1 8 . 1  1 . 6  Pass roadcut at top of hill . 

1 8 . 6  0 . 5 Pass Charlotteburg Reservoir on the right and exit 
right at traffic light for a U-turn . Left on 
Route 2 3  westbound. 

1 8 . 8  0 . 2 Exit right into rest area 
and park at far end . This 
is Stop 1 (two hours ) . 

S'T'Op 1 .  MRSOSTBUCTURES TN THE UPPER 
GREEN PONQ CONGLQ��BATE 

The Green Pond Conglomerate 
f o rms the distant cliffs which 
probably lie unconformably on the 
Middle P roterozoic rocks beneath 
the lake . This is the eastern 
margin of the Green Pond outlier .  
Bedding dips northwest beneath 
t h e  mountain . You are 
a l s o  l o c a t ed at the 
t ra n s it i o n  between the 
n o r t h e rn p o rtion o f  the 
o u t l i e r  defined by one 

STOP 

0 

T MILF O R D  

km 
2 4 6 

l a r ge syncline and the 
central portion defined by 
t h r e e  sma l l e r  wavelength 
anticline / s yncline pairs . 
S u p e r impo s e d  on this NW 
d i p p i ng l imb a r e  two 
sma l l e r  ant icline/ syncline 
p a i r s  that can be seen 
in this roadcut . 

Figure 9. Location and road map with the Green Pond 
outlier shaded. Small number are data localities , and 
stop numbers are for this road log. 
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The purpose of this stop is to examine a s s ociacions of the en echelon vein 

arrays , s lickenfiber fault s ,  and cleavage and to relate them to paleost=ess 
directions and progress ive folding . 

Walk along the west bound lane about 1 0 0  m to the north face o f  the 

exposure . Beginning at  the east end o f  the outc=op, walk about 10  rn until you 
see quartz veins at eye leve l .  

a S o  Echelon Vei n Arravs . Several subhorizontal arrays of quart z veins occur 
in ' en echelon ' arrangement (Fig . 1 1 ) . Each array forms within a tabular shear 
zone and contains veins with a geometry that clearly indicates the sense of 
s he a r .  I n  this case the top block moved westward (to the left ) . These 
features called en echelon vein arrays (EVA) have also been called tension gash 
arrays . 

Figure 1 1 .  I l lustration of how to 
dete r m i n e  t h e  d i rection of 
maximum principal stress from 
a single en echelon vein array. 

EVA P aleostress : The array and vein attitudes indicate ( a ssuming type 1 
geome t ry,  s e e  Figure 3b ) that bedding parallel compre s s ion caused these 
particular EVA ' s  t o  form. The direction of maximum compre s s ion that forms an 
EVA parallel s  the direction of greatest shortening which lies s omewhere in the 
acute angle between the shear zone ( array attitude) and a vein member (Fig . ll ) . 

Walk 3 0- 4 0  m to the small Geode t ic 
Survey 
Mark . 

s ign located above a Bench 
See Figure 1 0  for location . 

b Slickenfiber Fault s .  Examine the 
man y  min o r  faults  ( F i g .  1 2 )  with 
lineations defined by mineral fibe r s ,  
c a l led s l ickenfiber faults ( SFF ' s  
t e rminology o f  Wis e ,  et al . ,  1 9 8 5 ) . 
P ro fi l e s  o f  t h e s e  features s h o w  
overlapping fibers and give a sense 
o f  displac ement c haracte r i s t ic o f  
SFF ' s  . Note that the quartz filled 
pull apart s tructures along some o f  
o f  the SFF ' s  give a reverse sense o f  
d i s p l a c ement . The '' rough-smo o t h "  
method (Durney and Ramsay, 1 9 7 3 )  also 
indicates reverse displacement . The 

f 

Figure 1 2. Field drawing showing SFF that 
nucleated on cross bedding. Pull aparts 
confirm motion inferred from the SFF fibers. 
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exposed footwall surface feels smooth t o  the hand when rubbed upwards along the 
surface,  therefore the hanging wall moved up defining a reverse :notion . The 
rough-smooth technique is reliable for SFF ' s because fibers always lie in 
plates that are overlapped in one direction like the shingles on a roof . 

SSF P aleostress : Most SFF surfaces here developed on crossbedding surfaces 

dipping more steeply to the northwest than the bedding .  Thus bedding parallel 

compression indicated by the EVA ' s ,  may also represent a conjugate shear system 
with SFF ' s  following steep planes of  weakness in the rocks ( c=ossbeds oriented 
suitably for s lip in the given stress field) and EVA ' s  forming subhorizontal 
shears across rock anisotropies and in more massive rocks . 

Wal k  7 m west o f  the Bench Mark . See Figure 10  for location . 

c Conjngate EVA' s and SFl=' ' s .  As s ketched in ?igure 1 3 ,  conjuga;:.e SFF ' s  and 
EVA ' s  occur in concert . A subhorizontal SFF overprint s an EVA with the same 
sense o f  displacement ( t op block westward) . This i s  c on j ugate to a steeply 
dipping bedding plane-SFF with veins whose displacement is top block upward to 
the eas t . These displacements are opposite but complementary such that the 
principal axes o f  shortening and compression bisects the two shears and is at a 
low angle t o  bedding . Lying in the intersect ion of the t•,.;o shears is a quartz 

vein which is subparallel to the compres sion direction . This vein is common in 
conjugate EVA ' s  and is a reliable indicator of paleostress directions . 

P ro g r e s s ive St rain : Note t h e  
subhorizontal EVA veins in Figure 13  
a r e  s igmoida l ly shaped indica t i ng 
progres s ive shear whereas , the steep 
EVA veins are straight , dilated, and 
i n c o mp l e t e l y  f il l e d  w i t h  l a r g e  
qua rt z c ry s t a l s  ( c omb s t ructure ) .  
This c o n j ugate a s s o ciation can be 
s e e n  in o t h e r  places and may 
represent a s l ight rotation o f  the 
p r i n c i p a l  a x i s  of  c ompre s s i o n  
t ow a rds the s igmo idally deformed 
EVA ' s  ( F ig . 1 4 ) . Such a rotation of  
t h e  s t re s s  f ie l d ,  f o l lowing the 
ini t i a l  development of  conjugate 
EVA, would substantially dilate one 
s e t  o f  veins . This set will have 
s t ra ight t ips which propagate a t  
h i g h  a n g l e s  t o  t h e i r  a r r a y  
( synrotational EVA ' s  o f  Fig . 8 ) . The 

other s e t  of veins will have curved 
tips that propagate at low angles t o  
the a rray ( antirotational EVA ' s  o f  
Fig . 8 )  

�Jf/// 
Fig. 1 3. Sketch of conjugate shears (Stop 1 c). 

Fig. 1 4. 2 stage rotation (T1 and T2) 
for forming asymmetric EVA's. 

Walk about 3 4  m t o  a position where purple rocks project slightly closer to 
the curb . See Figure 1 0  for location . 

67 



68 

d EVA, and SFF Links . Again , 
SFF ' s  occur on steep crossbeds , 
but this t ime several SFF ' s  at 
eye leve l l ink up with EVA ' s  

higher in the outcrop to form a 
continuous shear zone with a 
mu t u a l  r e ve r s e  s e n s e  o f  
d i s p l a c em e n t  ( F i g u re 1 5 ) . 
Furthermore, the s ame EVA ' s  are 

paired with subhorizontal EVA ' s  
o f  the c o n j ugate orientation . 
T h i s  i s  a n  o u t s t a nding 
a s s o c i a t i o n t h a t  c l e a r l y  

indi c a t e s  t h e  c ompl imen t a ry 
a s s oc iation o f  SFF ' s  and EVA ' s  
in t h i s  a r e a ,  a n d  t h e  
conclusion that many of  these 
features f o rmed in response to 
maximum c ompres s ion directed 
subparallel to bedding . 

7 

Figure. 1 5 .  

4 

2 

Importance o f  rnic rocracking : What cont rols whether a shear zone will 

develop into a SSF or EVA? Certainly planes of  weakness in the rock favor SFF 
development , but sometimes SFF ' s  cut across rock anisot ropies . We postulate 
that the microcracking dis t ribution prior to rock fa ilure determines the 
thickne s s  of the shear zone and therefore whether SFF ' s  or EVA ' s  will develop 

(Fig . 1 6 ) . For example , the linked SFF and EVA shear z ones at this site may 
reflect an incipient zone of microcracking that was narrow at the base where 
the SFF end developed and wider at the EVA end. 

Fig u re 1 6 . Sketch i l l u st rating a 
possible clo u d  o f  early microcracks 
which may control eventual SFF or EVA 
geometries. 

Walk about 3 0  m to a southeast dipping limb and the core of an anticline . 
See Figure 1 0  for location . 

e Mesos t ructures Reco rd P rogress ive Fold i ng H i  :st ory .  Beginning here two 
anticlines and synclines can be viewed in four sections (the median exposes 
two sect ions ) . Veining here is profuse and complicated . Some EVA ' s  in the 
hinge zone a re bent or curved with pronounced sigmoidal shapes . These veins 
a re interp reted to have been formed ea rly and then incrimentally deformed 
during foldin g .  I n  the median exposure ( facing the west bound lane ) , there is 
a c omplex s e t  o f  crosscutting veins that reflects rotation of the veins with 
respect to s t resses during buckling . A late vein found here is suggestive of  a 
late subhor i z ontal compres s ion subnormal to a s teep cleavage in an adjacent 
bed . Also in the cleaved bed (purple bed at the end o f  the median) , is a 
con j ugate EVA with compression bisect ing the obtuse angle . ·  Dissolution o f  
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veins at cleavage selvages confirms that this conjugate EVA was later shortened 

during c l eavage development . A l s o ,  the veins of the subhorizontal EVA are 
s igmoida l l y  de formed while the veins of the steep EVA are comparat ively 
s t raight and dilated (as  at site c . ) . This suggests that the principal stress 
field rotated away from bedding parallel compression as folding progressed 

(model shown in Fig . 8 )  . This deformed zone may be very near the fault tip of  a 
buried n o rthwest -dipping reverse fault . It also parallels a steep northwest 
dipping reverse fault exposed about 1 0 0  m to the northwes t  in the median . In 
addition to the faul t ,  two anticline-syncline pairs can be seen from both 
traffic lanes when walking northwestward along the median . 

Return t o  vehicle and proceed west on Route 23 . 

2 0 . 6  1 . 8  Right onto Clinton Road . 

2 1 . 8  1 . 2  Left on dirt road just before stream bridge and 
oppos ite old stone furnace . P roceed around the 

curve and up the hill for a short distance . 

2 1 . 9  0 . 1  Park at the hilltop overlooking Clinton Reservoir 
and Dam . This is Stop 2 .  

S'l'OP 2 .  M8 �0S"T'RUCTUR�S TN 'T'HE Bl=iLLyALE S nND S TONS 

The B e l lvale Sands t o n e  
f l o o rs t h e  road shoulde r . 
Bedding dips NNW towards the 
axis o f  the ma j o r  syncl ine 
t h a t  extends northeastward 
into New York State . You 
a r e  at a po s it ion on the 
fold n e a r  the h inge where 
b e d d i n g  b e g i n s  to  wrap 
a ro u n d  t h e  nose of the 
p l u n g i n g  s y n c l i n e . T h e  
purposes o f  t h i s  stop are t o  
examine EVA ' s ,  cleavage and 
their geome t ric relations . 

C l e a v a ge s : A pronounced 
s p a c ed c l e a vage s t r i k e s  
about N 8 0  E subparallel t o  
bedding and a faint cleavage 
s t r i k e s  a b o ut N 6 0  E 
subparallel t o  the fold axis 
( t ime permitting, cleavages 
and bedding a t titudes are 
more c l e a r  a t  the spillway 
b r idge o n  C l i n t o n  Road,  
northern s tream bank) . 

-

Fig. 1 7  Photo rawing of large EVA with 'breakout' 
veins paralleling the acute bisectrix. Pre-existing 
horizon (transverse band) is displaced sinistrally. 
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En Echelon Vein Arrays : A large EVA seen here indicates N-S shortening and 
compres sion (using the vein/array bisectrix rule for type 1 geomet ry) . This 
s t ress field is roughly normal to the spaced cleavages and is postulated to 
represent a second discrete non-coaxial phase of deformation in the Green Pond 
out l ie r .  Als o note the occasional occurrance o f  unusually long vein tips 
extending beyond the EVA shear zone (Fig . 1 7 )  . These veins when propagat ing 
out of the shear zone commonly curve into parallelism with the bisectrix of the 
vein and its array . This is the direction of the inferred maximum compression . 
If microcracks in the shear zone in part control vein attitudes then veins that 
propagate faster than others breakout of the array and may be free of the 
internal c onst raints that control int ra-EVA crack tips . Thus the breakout 
veins are probably reasonably good indicators of the paleostress field. 

Slickenfiber Faults :  SSF offset some veins , most with apparent left lateral 
displacement s . However, some of these have fibers that actually indicate dip 
slip motions on NW dipping surfaces .  

22 . 0  0 . 1  

2 4 . 2  2 . 2  

Return to vehicles , and drive back down the hill 

Left onto Clinton Road, and over the spillway 
bridge , where a water fall and stream cut exposure 
is visible on the right . 

Left into parking area for a boat landing to the 
Clinton Reservoir ( just after the road curves to 
the left) . Walk from the northern entrance of the 
parking area across Clinton Road to small cliff 
exposures near the road . This is Stop 3 .  

STOP 3 .  MESOSTRUC'l'URES IN THE LOWER SKUNNEMUNK CONGLOMERATE 

You are in the same syncline as that present at Stop 2 but on the opposite 
limb . Beds o f  the lower Skunnemunk dip steeply SE towards the syncline axis . 
Rocks vary in color (gray, red, purple) and lithology (conglomerate, sandstone, 
muddy s iltstone ) , typical of the Bellvale-Skunnemunk gradational contact . The 
main purpos e s  of this stop are t o :  1 )  see two cleavage s ,  and 2 )  see unusally 
large EVA ' s  that record hinge parallel compression . 

Cleavage : Two spaced cleavages are vis ible in some o f  these rocks . One 
s t rikes northeastward subparallel to bedding ' and the fold axi s ,  the other 
s t rikes N 8 5  E .  They have the same general strikes as the two cleavages at 
Stop 2 suggesting two distinct periods of shortening . 

En Echelon Vein Arrays : EVA ' s  record a variety of paleostress directions at 
this s ite . Figure 1 0  shows EVA data compiled from Stops 3 and 4 ( SE dipping 
limb only) . Some EVA ' s  on this l imb of the fold record NW trending ( s teeply 
plunging) layer-parallel compre s s ion,  but other indicate compression at high 
angles to bedding . These likely record early and late stages,  respectively, of 
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a progressive folding history . 

S ome EVA 1 s  in this area record more northerly directed co�?ression . 
directions are approximately normal to the N 8 5  E c�eavage . 

These 

Unusually large EVA ' s  record NE-SW t rending compress ion directed subparallel 
to the fold axis . They contain la rge gently dipping veins o=ten dilated and 
incompletely filled. Veins are typically one meter long/ one meter wide, and 
spaced up to two meters apart . They likely formed late in the folding history 
once the fold axis was well defined . They may be an anisotropic response to 
the N-S directed shortening by other EVA and compatible with the N 8 5  E 
cleavage . 

S lickenfiber Faults : Most SFF ' s  are bedding plane and cross bedding slip 
surfaces that record NW trending displacements that are compatible with major 
folding and NE t rending cleavage development . 

2 8 . 5  4 . 3  

Return to vehicles , Proceed north on Clinton Road . 

Pull off along the road where the forest has been 
cleared for the gas pipeline . This is Stop 4 
(strenuous hike to,  and from, Terrace Pond of 1 . 4  

miles round trip) 

: , STOP 4 .  MESOS TRUC'T'URES TN 'T'�E UPPER SKUNN�MUNK i;ONGLOM�� �_'T'l:", 

You a re located on the same SE dipping limb as at Stop 3 ,  but in this case 

we a re hiking up the hill to the e a s t  ( up section) into the axis of the 

syncline . The purposes are to observe numerous SFF ' s , EVA ' s ,  and a distinct N 
SSE cross cleavage . Lock the vehicles , and hike eastward up the mountain along 
the right s ide of the pipe line clea ring . Although the hike is perhaps 
s trenuous to some , the geology and scenery (at Terrace Pond) makes this a 
worthwhile endeavo r .  

As you work your way up the ridge keep an eye out for the t�ai� head o f  the 

Blue Dot Trail that will take us to Terrace Pond ( 0 . 3 miles up the gas line 
clearing) Before heading in, however ,  there are exposures under foot in the 
pipe line clearing near the trail head worth a bit of investigation . 

S lickenfiber fault s : The outcrops under foot in the pipe line clearing 
contain exposures of conjugate SFF ' s .  Als o ,  along the forest edge opposite the 
entrance to the trail is a slip surface worthy of close examination . Here, the 
SFF surface has two directions of fibers . Upon inspection you should be able 
t o  discern their relative timing . A N-S oriented set o f  fibers has been 
superimposed over a NW-SE oriented set , and suggests a clockwise shift in the 
axis of maximum compression . 

E n  echelon vein arrays : The EVA ' s  here largely record NW-SE trending 
shortening compatible with folding and most SFF ' s .  
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Now proceed into the woods on the Blue Dot Trail t o  Terrace Pond ( 0 . 4 

mi les ) . Along the way a re a discontinous series of  exposures within which 
various mesostructures can be examined. 

'l'errace Pond. 

Cleavages : A distinctive spaced cleavage occurs throughout this area that 
t rends obliquely to the fold axis at about N 80  E .  It crosses both limbs and 

can be seen on both sides of the pond ( see Figure 18 for cleavage and bedding) 

The far cliff descending into the pond is the opposite limb of the syncline 
(bedding: N 35 E, 75 NW) . You are standing on the western limb that forms the 
west margin of the pond (bedding : N 22 E ,  30 SE) . The fold axis is submerged. 
Many mesost ructures can be seen along the White Dot Trail that circles the 

pond.  For example , on the west margin an excellent pair of inte:csect ing 
conjugate EVA ' s  record a near N-S trending compression compatible with cleavage 

formation in the same rocks ( see Fig . 1 9 ) . 

Fig u re 1 8 . On the left is a 
stereoplot of poles to cleavage 
(b ig  dots} & bedding (smal l  
dots} from Terrace Pond, and on 
r i g h t  i s  a s te reoplot  of  
pal eostress data from S E ·  
dipping limbs of Stops 3 & 4. 
Symbols are as in Fig. 4b. 

Figure 1 9 . Sketch of field site 
with conjugate EVA's and spaced 
c l e avag e .  Both  record N - S  
shortening. Hammer for scale. 
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F i e l d  Excerc ise for Student s . This location is  an excellent choice for 
conducting a field-base lab in mesostructural analysis . S t ructure students can 
be taught how to recogn i z e ,  measure, and interpret SFF ' s  and EVA ' s  along the 

t r a i l  on the way in to Terrace Pond. Then, working a round the pond on the 
White Dot T rail they can collect their own dat a ,  first on the west limb, and 

then on the east limb . The data can be plotted later on stereonets and used 
f o r  making an interpretation of the paleost ress history in the area . Sample 
dat a  spreadsheets ,  and a c rib sheet for measuring EVA ' s  are shown in Figure 2 0 .  

The s cenery and wilderne s s  setting certainly adds a sense o f  spirit and 
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adventure to what might otherwise be thought o f  as a rather tedious excercis e .  

Hike back t o  the vehicle s ,  retracing our route along the same trails . 

Proceed northward on Clinton Road 

3 0 . 1  1 . 6  Turn left onto Warwick Turnpik e ,  at Upper 
Greenwood Lake, N . J .  

3 5 . 8  5 . 7 Turn right onto Route 9 4  at Llyods Supermarket .  

3 7 . 3  1 . 5  Return to Burger King at Warwick, NY . 

e 

0 

0 

z 
Q .  >- o  <J z  
0 -' 

(Figure 20. Procedures for the measurement of EVA) 
Draw a rough map of trails, power lines, etc., and as you proceed plot your traverse so that you 

can locate your data collection sites. 

Find an array w�h at least lhree en echelon veins. 
Do not measure joints or isolated veins. 
Measure the EVA only if the rock appears to be firmly in place. 

At each. locality measure and record onto the data sheet the following information. 

1 )  Note the location number, the distaJ"lce and direction from the previous locality, & plot the 
location on your field map. 

2) Estimate the average vein length (roughly) for each array to be measured. 

3) Take the strike and dip of a representative vein (if they are highly curved use the outer portion of 

4) 
5) 

6) 
7) 8) 

9) 

a representative vein, but try not to use any vein tips that wander out of the main array). 
Take lhe strike and dip of the array (usually difficult). 
Assign a rough confidence level for each EVA measurement ; usa these symbols: 

good f . 
+ ;'<leo <50 

Note the rock type, color, & bed thickness. 
Take the strike and dip of bedding. 
Take the strike and dip of cleavage 

(when present; and indicate deavage 
type, e.g. slaty, pressure solution, etc.). 

Sketch lhe geometry of lhe EVA & its 
relationships to bedding (if visible) 

poor 

- <600 

1] � 

1 0) Make comments such as: 

:Jii/� • possible or definite conjugate EVA's 
• possibly titted exposure 
• arty association wilh SFF 

• arty cross cutting veins, (EVA or SFF, 
indicate relative ages if apparent). 

w w 
(J (J 

STRIKE 
z STRIKE 

z 
ROCK STRIKE STRIKE AVG. w w 

& DIP 0 & DIP 0 TYPE. & DIP & DIP CLEAVAGE VEIN u: u: DRAWINGS 
LEN. OF z OF z COLOR, OF OF TYPE 

VEIN 0 ARRAY 0 THICKNESS BEDDING CLEAVAGE 
(J (J 

Sample data spread sheet 
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LATE PALEOZOIC DEFOfu�TION IN THE RESERVOIR FAULT ZONE 

AND GREEN POND OUTLIER, NEW JERSEY HIGHLANDS 

L . D .  MALIZZI AND A . E .  GATES 

Department of Geology 
Rutgers University 

Newark,  New Jersey 0 7 1 0 2  

INTRODUCTION 

The New Jersey Highlands are part of the Precambrian Reading Prong which 
extends from Mass achusetts to Pennsylvania ( Fig . 1a) . The field study area 
is in north-central New Jersey and contains the Reservoir Fault zone and Green 

· i Pond outlier . 

' 1 

• J 

The Reservoir Fault zone forms the boundary between the western side of the 
Paleozoic sedimentary rocks of the Green Pond outlier and Grenville gneisses 
of the New Jersey Highlands ( Fig . l b ) . The Paleozoic Green Pond outlier 
locally contains northwest-dipping reverse faults ( Herman , 1 9 8 7 ;  Herman and 
Mitchell , 1 9 8 9 )  and southeast-verging folds . These structures indicate 
southeast directed transport which is enigmatic with respect to the rest of 
the Appalachian foreland fold and thrust belt . 

The maj or structure in the area is the northeast-striking Reservoir Fault 
zone . The fault zone is a high angle 100 m wide cataclasite and semi-brittle 
mylonite zone , which is composed predominantly of Grenville gneisses . 
Numerous theories have been presented for the deformational history of the 
Reservoir Fault zone including Mesozoic normal faulting ( Lewis and Kummel , 
1 9 1 2 ;  Ratcliffe , 1980 ) ,  Proterozoic wrench faulting ( Helenek, 1987 ) , 
Alleghanian sinistral strike-slip faulting (Mitchell and Forsythe , 1988 ) , and 
Alleghanian reverse faulting (Herman and Mitchell , 1989 ) .  Recent work by 
Malizzi and Gates ( 1989)  indicates that the Reservoir Fault zone and Green 
Pond outlier form the east side of a positive flower structure that formed 
through Late Paleozoic dextral transpression with later sinistral strike-slip 
reactivation. 

STRATIGRAPHY 

The bedrock stratigraphy in northern New Jersey includes a sequence of 
Grenville gneisses ( locally known as the Byram and Losee gneiss e s )  and Middle 
Paleozoic clastics and carbonates . The Middle Proterozoic gneisses in the New 
Jersey Highlands are the oldest units in the study area ( Fig . 1 b )  and have 
been dated at 9 1 3  rna by Rb/Sr whole rock analysis of the Canada Hill granite 
in New York ( correlative of the Byram gneiss of New Jersey) (Helenek and Mose ,  
1984) . The Precambrian units consist o f  well foliated , medium-grained 
hornblende , pyroxene , and biotite quartz monzonite gneisses and well foliated , 
medium-grained hornblend e ,  pyroxene , graphit e ,  and biotite granite to alkali
f e ldspar granite gneisses . The gneis s es contain accessory apatite , magnetite , 
garnet , zircon, sphene , and ilmenite with secondary and j oint-filling epidote , 
chlorite , quart z ,  and hematite . The granite gneisses contain zones of locally 
abundant scapolite , apatite , diopside , potassium feldspar , plagioclase , 
t itanite , and tremolite indicating a possible calc-silicate protolith. 
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Localized cataclasite zones occur in the quartz monzoni te gneiss , biotite 
granit e  gneiss , hornblende granite gneiss ,  and pyroxene granite gneiss . Age 
relations between the gneisses are unknown but all are cut by zircon , biotit e ,  
and monazite bearing granitic pegmatites . 

The Paleozoic sedimentary rocks o f  the Green Pond outlier ( Table 1 )  overlie 
the Middle Proterozoic rocks . The Green Pond outlier consists of Ordovician
Devonian sedimentary units , typical of the Valley and Ridge Province to the 
wes t  ( Kummel and Weller , 1902 ) . The Ordovician l1artinsburg Formation is the 
oldest unit in the study area,  The l1artinsburg Formation is overlain by the 
Middle Silurian Green Pond conglomerate ( correlative of the Shawangunk 
Formation) and Longwood shale ( correlative of the Bloomsburg Formation) 
( Wolf e ,  1 9 7 7 ) .  Upper Silurian units include the Poxono Is land Formation and 
Berkshire Valley Formation. The lower Devonian units include the Connelly 
conglomerate ( correlative of the Oriskany Formation) ,  the Esopus For�ation , 
and the Kanouse Formation which are overlain by the Cornwall shale . The 
Bellvale sandstone and Skunnemunk conglomerate ( correlative of the Catskill 
formation) are the l1iddle Devonian units . All of the sedimentary uni ts 
contain en-echelon quartz vein arrays . 

The Precambrian gneisses of the New Jersey Highlands were formed from 
unknown protoliths by a Grenvillian tectonothermal event ( Helenek, 1987 ) . The 
gneisses are overlain by the Ordovician shale which represents sedi�ent that 
filled a west-facing s tarved basin ( Pollack , 1 9 75 ) . Fluvial molasse deposits  
shed from a highlands to  the southeast ,  subsequent to  the Taconic orogeny , 
produced the l1iddle Silurian clastic units . A Late Silurian and Early 
Devonian marine transgression occurred forming a shallow sea (Wolfe ,  1977 ) .  
Marine carbonates and sandstones were deposi ted at the margin of the sea. 
Uplift caused by the Acadian orogeny produced a Middle Devonian marine 
regress ion . During the marine regression deltaic clas tic units were 
deposited , and are the youngest units in the Green Pond outlier .  

PRE-EXISTING STRUCTURE 

A pervasive gneissic foliation and isoclinal folds are the earliest 
recognizeable s tructures in the Grenville gneisse s .  The foliation is nearly 
vertical and north- to northeas t-st riking . The foliation is defined by 
aligned pyroxene , biotite , hornblende , and graphite along with quartz and 
feldspar ribbons depending upon lithology. It has been proposed that the 
gneis s i c  foliation represents a medium to high-grade Proterozoic mylonite zone 
in the granitic unit s  ( Hull et al . ,  1 9 8 6 )  but a thorough investigation of 
Grenville deformation is beyond the scope of this s tudy. The gneisses also 
contain isoclinal folds in the foliation with northeast-striking , vertical 
axial planes . The Grenville gneisses are cut by northeas t-striking , nearly 
vertical granitic pegmati tes along the Reservoir Fault . 

Fig . 1 .  ( A )  Regional map of the Central Appalachians indicating the study 
are a .  ( B )  Geologic map of the Reservoir Fault and Green Pond outlier (modified 
after Herman and Mitchell , 1989 ) .  RF-Reservoir Faul t ,  LF-Longwood Fault , LVF
Long Valley Faul t , BMF-Brown Hountain Fault ,  GPF-Green Pond Fault ,  and UVF
Union Valley Fault .  Fault movement sense indicators as indicated . 
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TABLE l .  Stratigraphy ( Barne t t , 1 9 7 6 ;  Herman and Mitchel l ,  1 9 8 9 ; this s tudy) . 

2 <1: 
-2 0 > w 0 

Skunnemunk Conglomerate- Thin to very thick bedded , �edium
grained quartz pebble conglomerate with a red-purple medium
grained sandstone matrix w i th medium-gra ined red sandstone 
interbeds . Conglomerate is locally crossbedded . 9 1 5  m thic k .  

B e l lvale Sandstone- Thin t o  very thick interbedded gray , 
medium-gra in e d  sandstone and gray sha l e .  Loc a l l y  
f os s i l i ferous and crossbedded . 6 0 0  m thick . 

Cornwall S h a l e - Thin to thick bedded , fine-gra ined f i s s i l e  
b lack s h a l e  interlayered w i th laminated gray s i ltstone . 
Moderately f o s s i l i ferous . 3 0 0  m thic k .  

Kanouse Sandstone- Medium t o  thick bedded , gray t o  tan 
conglomerate and coarse to f ine-grained graded sandston e .  1 5  
m thick . 

Esopus Formation- Thin interlayers o f  gray mudstone and 
medium-gra ined sandstone . Fos s i l i ferous . 6 0  to 1 0 0  m thic k .  

Connel ly Congl omerate- Whi t e , medium-grained quartz pebble 
1------i conglornerate with a tan ,  medium-grained sand stone matrix . 12 

m thick . 

II ::J .J 
-
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-II m 
2 < u w II n. 

Berksh1re V a l l e y  Formation- Th in-bedded l imestone with 
interlayers o f  gray , intra formational dolom i t i c  breccia . 
Thickness unknown . 

Poxono I s l and Formation- Medium-bedded gray d o l om i te 
interlayered with thin bedded medium-gra ined c a l c a reous 
s a ndstone . 80 to 1 3 0  m t h i c k .  

Longwood S h a l e - Medium-bedded purple sha l e  with interlayers o f  
r e d  crossbedded medium-gra ined sandstone . 1 0 0  m thick . 

Green Pond Con9lomerate- Medium-grained quartz pebble 
conglomerate w1th a medium-grained sandy ma trix and s i l ica 
cement . The conglomerate c o n t a i ns thin bedded interl ayers o f  
crossbedded s a ndstone . 3 0 0  m thick. 

Martinsburg Shale- Black, s l aty f i ne-grained shale with thin 
beds of medium-9 rained sandstone . Moderately foss i l i ferous a ncl 
crossbedded . Th1ckness unknown . 

Granite Pegmatites- Very coarse-gra i n ed quart z ,  plagioclase , 
a n d  microcl i n e  pegmatites d ik e s  with minor b i o t ite . Accessory 
z i rcon and a�a t i t e . Secondary epidote , hemat i t e ,  and mona z it e . 
1 to 1 0  m t h 1 c k .  

Quartz M o n z o n i t e  Gne i s s e s - Medium-grained hornblende , 
pyroxen e ,  a n d  biotite , qua r t z  monzonite gne i s s e s  with quart z , 
p l agioclase ( An- 3 7 % ) , and microc l ine . Accessory magnetite , 
apatite , garne t ,  sphene , a n d  z ircon with secondary chlorite . 

Granite Gne i s ses- medium-gr a ined hornb l e nde , pyroxene , 
graphite , a n d  biotite grani t e  to a l ka l i - feldspar granite 
g n e i s s e s  with microcl in e  and p l a g ioclase ( An - 3 8 % ) .  Accessory 
sphene , a p a t i t e , z irco n ,  and magnetite with s e c o ndary epidote ,  
c h l o r it e ,  mon a z ite , and hema t i t e . Local l y  conta i n s  abundant 
scapo l i t e ,  tremo l i t e , and t i t a n i t e . 
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,- 1 LATE PALEOZOIC STRUCTURES 

Late Paleozoic structures in both the Green Pond outlier and Reservoir Fault 

- �  zone cons i s t  of dextral strike-slip shear zones and coeval folds , cleavage ,  
and reverse faults . Northeast-striking dextral strike-slip kinematic 
indicators are present in both the Paleozoic and Precambrian units within the 
Reservoir Fault zone . The Silurian Green Pond conglomerate contains semi
ductile Type II S-C mylonites ( Lister and Snoke , 1984)  within the Reservoir 
fault zone . Exposures exhibit a well defined C-surface and a poorly defined 
S-surface typical of a Type II S-C mylonites ( Fig . 2a) . The Green Pond 
conglomerate also exhibi t s  northwes t-striking dextral shear bands that cut the 
C-planes ( Fig . 2a) . S-planes are defined by the quartz grains of the rock 
matrix and C-planes are defined by quartz ribbons . 

- l 

\ 

The sheared Green Pond conglomerate also contains microstructural 
northeast-striking dextral strike-slip kinematic indicators . Recrys tallized 
(1-Type porphyroclasts ( Simpson and Schimd , 1 9 8 3 ;  Simpson , 1986 ; Passchier and 
Simpso n ,  1 9 8 6 )  in quartz ribbons with rotated tails and dragged deformation 
bands in quartz ribbons ( Fig . 2b) indicate dextral movement . The fabric in 
the quartzite contains a foliation and shear bands aligned subparallel to 
bedding that indicate movement sens e .  Similar structures were described in 
the Moine thrust zone of northwest Scotland by Bowler ( 1 9 8 9 ) . Northwest- and 
northeas t-striking conj ugate deformation bands and deformation lamellae in 
quartz grains ( Heard and Carter , 1 9 6 8 )  occur in the Type II S-C mylonites and 
indicate a dextral shear sense . Deformation bands and lamellae develop when 
the rate of  dynamic recrystallization of  the mineral is low with respect to 
the shear s train rate ( Pass chier and Simpson, 1986 ; Simpson , 1986 ) . The 
maximum compression direction is indicated by the acute angle between the 
deformation bands . A west-northwest to eas t-southeast maximum compression 
direction is indicated by the conj ugate deformation band s .  

Sheared Bellvale sandstone within the Reservoir Fault zone consists o f  a 5 m 
wide zone of  s emi-ductile cataclasite and thin minor faults filled with 
hematite and chlorite. Northeast-striking dextral movement is indicated by 
offset quartz veins and sandy laminations . Fine-grained kinked chlorite 
indicates an east-southeas t to west-northwes t  maximum compression. Drill core 
samples from along the Reservoir Fault in the Cornwall shale contain 
northeas t-striking dextral strike-slip and reverse shear indicators . The 
shear indicators from the drill core samples includ.e dragged and offset quartz 
veins and s li ckenfibers . 

The Grenville gneisses within ' the Reservoir Fault zone also exhibit 
northeast-striking dextral strike-slip indicators . The Reservoir Fault zone 
consi s t s  of cataclasite with epidote , hematite,  and chlorite in the shear 
planes . The cataclasite contains microcline , quartz , and plagioclase grains 
with pull-apart textures ( Fig . 3a) . The cataclasite also contains thin minor 
faults filled with calcite , epidote , and chlorite that offset quartz and 
plagioclase grains . The gneisses also contain coarse-grained chlorite fish 
and fine-grained recrystallized muscovite fish. 

The Grenville gneisses contain horizontal mineral lineations indicating 
northeast-striking s trike-slip movement . Dominant northeast-striking and 
minor northwest-striking conjugate shear j oints ( Fig . 4a) with horizontal 
s lickenfibers indicate dextral and sinistral movement , respectively ( Fig . 3b) . 
The shear j oints were analyzed using a technique developed by Hardcastle 
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Figure 2 .  (A) Northeast-striking C-plane ( CP )  and northwest
striking shear band ( S B )  in a Type II s - c  mylonite from the 
S il urian Green Pond conglomerate from within the Reservoir fault 
z on e ,  both indicating dextral drag . Bar scale 10 mm . ( B )  
Deformation bands in a Type I I  s-c mylonite from the S ilurian 
Green Pond conglomerate in the Reservoir fault zone indicating 
northeast-striking dextral shearing . Bar scale 1 mm . 
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Figure 3 .  (A) Dextral chlorite fish in Grenville granite gneiss from 
within the Reservoir fault zone . Bar scale 1 mm .  (B) Offset quartz 
ribbon indicating northwest-striking s inistral faulting . Bar scale 5 mm .  
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( 1 9 8 9 )  from methods of Reches ( 1 987 ) , where tensor configurations for fault 
populations are derived using a least squares regression solution. Only well 
exposed faults containing slickenfibers with well developed s teps were used . 
A total of 1 9  minor faults were analyzed using this method and yielded N80W as 
the average maximum stress direction . In addition, plagioclase kink geometry 
( Gay and Wei s s , 1 9 7 4 )  indicates an almost eas t-west maximum compressive 
stress . The microstructures and tensor analysis yield very similar stress 
directions . 

The adj acent Green Pond outlier locally contains northwest-dippi�g reverse 
faults (Herman , 1 98 7 ; Herman and Mitchell , 1 98 7 ; Mitchell and Forsythe , 1 9 8 8 )  
and southeast-verging folds ( Fig . 1 b ) .  The reverse faults exhibit top to the 
southeast movement indicated by fibrous , stepped quartz and chlorite 
s lickenfibers . Detailed mapping indicates apparent steepening of reverse 
faults with dep t h .  West-side up near vertical reverse movement also occurred 
on the Reservoir Fault .  Southeast-verging folds are indicated by axial plane 
orientations and bedding-cleavage relations . The mesoscopic folds are 
assymrnetric with northwes t-dipping axial planes ( Bizub and Hull ,  1 986 ; 
Mitchell and Forsythe , 1 9 88 ) .  The sandstones and conglomerates in the outlier 
contain pervasive solution cleavage sub-parallel to bedding , but the shales 
exhibit slaty cleavage . 

Northeast-striking and northwes t-dipping reverse movement indicators are 
evident in drill core samples of Devonian Cornwall shale from along the 
Reservoir Fault zone . Mesoscopic conjugate reverse faults , referred to here 
as small s cale keystone structures , cons i s t  of northeas t-s triking , northeast
and northwes t-dipping reverse faults ( Fig . 4b ) .  The small s cale keystone 
s tructures range from 0 . 2 to 10 m wide but apparently reflect large scale 
s tructures as well . The sedimentary rocks of the Green Pond outlier contai� 
the maj ority of the keystones in the study area . Slickenfibers indicate 
reverse movement sense . In addition , offset quartz veins and quartz pebbles 
indicate reverse movement in the Skunnemunk conglomerate . The Grenville 
gneisses also contain small scale keystone s t ructures . Reverse movement sense 
is indicated by offset gneissic foliation and stepped s li ckenfibers . 

LATEST STRUCTURES 

This latest deformation overprints the earlier structures . The Reservoir 
Fault was reactivated as a sinistral s trike-slip brittle faul t .  Horizontal 
s lickenfibers on northeast-striking faults indicate this latest strike-slip 
movement . Kinked brittle plagioclase grains and northeast-striking sinistral 
offset grains are evident in thin sections of the gneisses . En-echelon vein 
arrays in the Green Pond outlier also indicate northeast-striking sinistral 
s trike-slip movement (Mitchell and Forsythe , 1988 ) .  Minor northeast- and 
northwest-striking conjugate shear j oints with horizontal s li ckenfibers 
indicate sinistral and dextral s trike-slip movement , respectively ( Fig . 4c) . 
The Late Paleozoic shear j oints are offset by the latest shear j oints on the 
meso- and microscopic scale . The latest shear j oints were also analyzed using 
the Hardcas t l e  ( 1 9 8 9 )  method . A maximum compression of NOOE was derived from 
a total of  30 minor faults . Kinked plagioclase geometry ( Gay and Weiss ,  1 9 7 4 )  
and east-west crenulation cleavage also support the late north-south maximum 
compression . 
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c 1 J vesicular basal t ,  presumably Jurassic , and the remainder are sedimentary 
rocks . A large number of the latter are siliciclastic and most probably come 
from the upper part of  the Paleozoic cover (Siluro-Devonian) • The rest are 
Cambro-Ordovician dolomites from the lower part of the cover . You may be the 
j udge . of their relative proportions . A few clasts of Precambrian crystallines 
have also been found here.  

The fault-scarp immediately to the west must have had a cover of  Jurassic 
basalt , beneath which was the Cambrian to Devonian sedimentary sequence , with 
only a bit of  the Precambrian exposed , perhaps at the bottom of the deep 
valley carved by the river that built the fan. 

The second conglomerate lies just beneath the Hook Mountain Basal t ,  and is 
thus younger than the firs t .  One would expect the stream that formed it to 
have tapped deeper levels in the adj acent highland s .  The fault scarp was 
continually renewed by uplift ,  as evidenced by the repeated development of 
alluvial fans . This , accompanied by erosion, progressively stripped-down the 
sedimentary cover . Indeed, the basalts are missing in this younger conglome
rate , and the Cambro-Ordovician dolomites seem more numerous than the 
siliciclastics.. There are , however , no Precambrian. crystallines .  Perhaps the 
stream valley was less deep than the one which produced the earlier fan. It 
should be noted that the two fans are separated by only 2 .  5 miles . Thus 
lithologic differences in the source area are more likely to be related to 
vertical than to horizontal changes .  (A late fanglomerate at Montville,  New 
Jersey ,  above the Hook Mountain Basalt , is rich in Precambrian cobbles . )  

A MODERN STREAM AND THE PRE-JURASSIC BASEMENT 

At Riverdale , New Jersey , not far from the last conglomerat e ,  and adj acent 
to the border faul t ,  is a unique exposure of the pre-Mesozoic basement in the 
bed and banks of the Pequannock River . This site also affords us the 
opportunity of comparing the bed load of a modern stream with those o f  the 
Jurassic streams that drained the same area. 

The pre-Mesozoic rocks here are on the down-dropped side of the border 
fault . Because the Mesozoic basin-fill is some eight miles thick , the 
exposure of this rock implies its presence on a less down-dropped sliver of 
the graben floor . It is a black phyllite identical in lithology and 
structural position to the Ordovician Annsville Phyllite some 40 miles to the 
northeast along the border fault at Peekskill , New York (see Finks , 1968 , 
p .  139  for original identification; the river , however, was misidentified as 
the Wanaque) .  It is appropriately intermediate in metamorphic grade between 
the correlative Manhattan Schist to the east and the Martinsburg Slate to the 
wes t .  If the Green Pond Conglomerate immediately above the Ordovician 
extended this far eas t (and the large boulders of it in the fanglomerate only 
a mile and a half away imply that it was nearby) then this sliver must have 
b een downdropped after the Green Pond Conglomerate had been removed by 
erosion. It seems less likely that such a resistant unit as the Green Pond 
would have b een removed after downdropping. If this line of reasoning is 
correct ,  the time of downdropping would be well after the deposition of the 
s econd fanglomerat e .  Inasmuch a s  this fanglomerate i s  close to the top of 
the Jurassic basin-fill, the faulting could be late Jurassic or even later . 
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The Pequannock River drains the upthrown block even as the Jurassic streams 
did. It does not form an alluvial fan because the scarp is much lower and the 
climate more humid. Its bedload is fairly coarse , but not so coarse as the 
Jurassic fanglomerates . Part of the coarseness of the Pequannock sediments is 
due to reworking of quite nearby glacial tills over which it flows . Most of  
the cobbles are of Precambrian gneisses and granites , in keeping with the wide 
present exposure of these rocks on the upthrown block. Green Pond 
Conglomerate cobbles are also common. The Pequannock flows over the outcrop 
of the Green Pond about ten miles upstream at Stop 5 of this trip , but at 
least some of them must come from much nearer glacial deposits . It would be 
an interesting exercise to determine how many of the cobbles show glacial 
faceting and striae . 

The previous two stops sampled the exposed bedrock of the Jurassic in
directly, whereas the present stop does so directly . All three stops lie 
within a strip only 4 . 0  miles long and 1 . 5  miles into the basin from the main 
border fault (a position comparable to that of  the viewer in Figure 2) . The 
apparent absence (or paucity ? )  of Annsville Phyllite cobbles in the 
fanglomerate needs to be explained .  Unless a maj or structural discontinuity 
existed along the main border fault , such as right-lateral fault transport 
(the nearest presently-exposed equivalent phyllites on the upthrown side of  
the Ramapo Fault are some 50 miles northeast in Dutchess County , New York) the 
Annsville should have been present nearby in the upthrown block, A small 
patch of a shaly equivalent is , indeed ,  present in the Outlier (Barnett , 
1976) , The least radical explanation is the ease with which the rock is 
broken up during transport . In fact , large shaly clasts of any kind are rare 
in the fanglomerates . 

A SILURIAN STREAM VALLEY? 

One of  the intriguing mysteries of the Green Pond - Schunemunk Outlier is 
the fact that the Silurian Green Pond Conglomerate rests directly on the 
Precambrian in an area some 4 miles wide and 10 miles long between Kanouse 
Mountain, east of Newfoundland , and Bowling Green Mountain, west of Milton 
(Figure 1) . At the latter locality the mapped contact is nearly horizontal 
and is unlikely to be .a fault . (A thrust plane seems unlikely to follow 
exactly a conglomerate-gneiss contact over a wide area . )  The original extent 
of the area o f  Precambrian beneath the Silurian is conj ectural , but subj ect to 
fairly close constraints . Within the Outlier, it is constrained on the north 
by the contact of the Green Pond Conglomerate on Cambrian dolomite at the 
north end of Echo Lake (just south of our Stop 4) , and by the Ordovician shale 

Figure 2 .  (Above) The fault-scarp o f  the Golan Heights on the east side of 
the still-active lake Kinneret rift-valley above Kibbutz Ha-On , Israel. The 
plateau is capped by Pleistocene basalt.  This makes a good model for the New 
Jersey Mesozoic Basin and shows the possible kind of source of the basalt 
cobbles at Stop 1 .  Note the Recent f luvial cobbles in the foreground . (Photo 
courtesy of Zvi Erez , Open University, Tel Aviv , Israel . )  

-

(Below) The Golan Heights looking toward the north bank of the 
Yarmuk River near Hamat Gader . Note the former tributary stream valley , at 
mid-height , filled with Pleistocene basalt . Again a model for the source of 
the basalt boulders in the Jurassic fanglomerate at Stop 1. (Photo courtesy 
of Zvi Erez . )  
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valley-filling . The asymmetry of the outcrop bend , with the sharper curvature 
on the right (north) , can be explained by the valley hypothesis , because the 
valley would have a WSW-ENE trend along the axis of the Precambrian subcrop . 
The north side of  the bend would be nearly perpendicular to the valley trend 
while the south side would be more nearly parallel to it . If the bend in the 
unconformity is solely due to a cross-syncline , those curious features which 
have been enumerated would have no obvious explanation other than coincidence .  
One should also note in this connection that the WSW trend o f  the proposed 
valley, when projected westward, intersects the area of greatest thickness o f  
the Shawangunk Formation south o f  Delaware Water Gap (Epstein and Lyttle , 
1987) . This could represent the lower reaches of the valley itself , or a 
delta at its mouth. 

Although it is not necessary for the stream valley hypothesis that the 
Green Pond Conglomerate be fluvial in origin itself (the stream could have 
preceded it) , the lower part of the formation at Stop 5 does , in fact , show 
features compatible with fluvial deposition. This Lower Conglomerate Member 
(Finks , 1968) is characterized by fining-upward cycles of  a few feet in 
thickness each, with coarse pebble conglomerate at the base of a cycle and 
cross-bedded sand at the top . The cross-laminations indicate a westward flow 
direction toward the Silurian epeiric sea. There is considerable argillaceous 
material and hematite in the sediment , more so than in the Shawangunk/ 
Tuscarora Formations to the west , (Tada and Siever , 1 989 , fig . 1 ,  p .  95)  The 
conglomerate pebbles are mostly milky quartz , but black, red , and green chert 
is common ( o ften angular) and some chert pebbles show weathering rinds . 
Quartzite and shale pebbles are also present . 

The higher beds at this locality , and elsewhere , are planar cross-laminated 
quartzites without pebbles (mostly) , characterized by Liesegang rings of 
hematite (Upper Quartzite Member of Finks , 1968) . This unit may or may not b e  
fluvial. 

The river valley hypothesis may also account for the discontinuity of the 
Green Pond Conglomerate along strike. It is missing between the south end o f  
Greenwood Lake in New Jersey and the Monroe/Highland Mills area in New York. 
Although mapped as a fault (Figure 1 ) , the gap may result from deposition in 
two separate valleys . This would also account for the lithologic differences 
between the two areas . The New York Green Pond contains a coarse arkos e  
conglomerate with large feldspar clasts (Middle Arkose Member o f  Finks , 1968)  
which is missing in the New Jersey Green Pond. 

Although the Green Pond/Schunemunk Outlier is sometimes considered to be a 
downdropped Mesozoic rift-block (without preserved Mesozoic sediments) it i s  
possible that the original structural frame of the Outlier was a Silurian 
rift-valley , perhaps formed in a back-arc extensional setting. This would b e  
compatible with the fluvial nature o f  the basal fill , its strong hematite 
content , and its locally arkosic natur e .  The first undoubted marine sediments 
above the Taconian unconformity are red near-shore muds , bearing Lingula, in 
the Upper S ilurian (Upper Shale Member of the Longwood Formation of Finks , 
1 968) . Although the highest S ilurian and Devonian sediments of  marine origin 
are sometimes extensions of facies in the main outcrop belt , such as the 
hematitic crinoidal limestone unit of ·  the Decker Ferry Formation (Skyline 
Member of Finks , 1 968) , many highly siliciclastic units are confined to the 
Outlier , such as the Kanouse Sandstone and Skunnemunk Conglomerate . The 
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postulated stream valley on the Taconian unconformity is also a characteristic 
of rift-basins . A similar incised valley beneath the Mt . Toby Conglomerate at 
Roaring Brook in the Mesozoic basin of Massachusetts was described by Bain and 
Meyerhoff , ( 1 9 7 6 , fig.  8 ,  and pp . 24 and 1 1 9 ) . 

Some 1 2 , 000 feet of  Cambro-Ordovician marine sediments were removed from 
the rather smal l ,  Newfoundland to Bowling Green Mountain , area in order to 
expose the Precambrian gneiss . The sediments are present in this thickness 
ten or twenty miles to the north, west and south of this area, and their 
metamorphic equivalents are a similar distance to the east . The are� of 
removal is broader than the area of Precambrian sub crop , for the Silurian 
rests on Lower Cambrian for several miles north of Stop 4 .  One could imagine 
a persistent maj or river accomplishing this , but either a eustatic fall in 
sea level ,  or an accompanying local upwarp , is necessary , if only to bring 
these marine sediments up out of the sea. The upwarp (or upthrust) idea is 
the source of the senior author ' s  1968 suggestion of a "Taconian island" 
rising out of  the Late Ordovician sea. A sliver of Martinsburg Shale north of 
Bowling Green Mountain (Barnett , 1976) is so closely adjacent to the place 
where the Green Pond Conglomerate rests on Precambrian that a pre-Silurian 
j uxtaposition there of Precambrian and Middle Ordovician is implied. (See 
Figure 1 . )  This has to be a fault . However , if the fault is invoked to 
explain the uplift and exposure by erosion of the Precambrian subcrop , it has 
to be part of a broader upwarp , to account for the extensive Lower Cambrian 
subcrop to the NE of  the Precambrian, in the area of Stop 4 .  

COEYMANS LIMESTONE REEF 

This Lower Devonian reef is exposed as a hill north of Deckertown Turnpike 
about 1 mile east of  Clove Road in Montague Township , New Jersey . The exposed 
reef outline is about 5 20 x 200 feet ( 160 x 70 meters) . On the hill south of 
Deckertown Turnpike similar reef-rock is exposed along strike and may either 
b e  a part of the same reef or else an adj acent patch-reef . We will refer to 
the first hill as "the reef" even though it may be part of a much larger 
reef-tract . 

The beds dip about 20° to the NW. A vertical section through the reef and 
underlying pre-reef calcarenites is exposed on the northwest side of the ree f .  
The top surface i s  a t  present covered with a second-growth mixed hardwood and 
hemlock forest , with numerous outcrops of  bedrock on which observations can be 
mad e .  Many of the corals are silicified , and much of the information 
presented here was derived from study of field-oriented blocks etched with 
hydrochloric acid in the laboratory. 

The reef-building fauna consists of Thamnopora sp . ,  both branching and 
mass ive , slender branching Cladopora sp . , solitary rugose corals (mainly 
Briantelasma americana Olive r ,  1960 , and Tryplasma sp . ) ,  s tromatoporoids 
(probably Parallelostroma sp . )  , and Aulopora sp . Small bryozoan colonies , 
high-spired gastropods , and several species of small brachiopods are also 
present . The Aulopora usually encrusts stromatoporoids , and the Tryplasma is 
often attached to branching Thamnopora . The coral fauna of this Lowar 
Devonian (Gedinnian) reef is different from that of the next youngest reefs in 
this area, namely, those of the Middle Devonian (Eifelian) Edgecliff member of 
the Onondaga Formation. The Onondaga reefs are dominated by very large 
colonial rugosa which are absent from the Coeymans reef s .  (The nearest 
Onondaga reefs are in the Hudson valley , south of Albany , New York . )  
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Figure 4 .  Maps of the Coeymans Limestone reef a t  Montague ,  NJ (Stop 6) 
showing percentages of  the major reef-forming species , and matrix, over 
the top surface o f  the. reef . Relative abundances were determined by 
point-counts with a one-inch grid at  each of the data points shown . 
S e e  text for discuss io n .  
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There are several similar-sized patch reefs , with the same coral fauna, 
along the belt of the Coeymans limestone outcrop in the Delaware River valley 
between here and the Tacks Island/Delaware Water Gap area to the south 
(described in Epstein , Epstein, Spink and Jennings , 1967) . Reefs of the same 
age have also been described from the Knoxboro to Manlius area, south of 
Oneida, New York (Oliver , 1960) Reefs are apparently missing , however , along 
the Coeymans outcrop belt between the present reef and those of the Oneida 
area. Inasmuch as the New York reefs are north-northwes t  of the Delaware 
Valley reefs , there is a possibility that a reef-tract in the Coeymans 
Limestone runs approximately NNW-SSE, and that similar reefs exist in the 
subsurface beneath the Catskill/Pocono Plateau. The present reef was studied 
from a petrologic and paleoecologic point of view by Precht (Precht , 1 9 8 2 ,  
1 9 8 4 ,  1987a,  1987b ) . Our present study i s  an expansion o f  Precht ' s  study in a 
biological direction with special emphasis on species distribution, 
growth-form distribution and growth orientation. 

Coral Distribution 

The reef-building species show different patterns of abundance over the 
exposed surface of the reef (Figure 4)  as determined by point-counts made with 
a one-inch grid over one or more square feet at each of 68 stations . Massive 
Thamnopora (Figure 7) is most abundant at the southern end of the reef along 
the southeast edge of the exposed area . The more delicat e ,  branching 
Cladopora (Figure 9 )  is also most abundant in a similar , but wider, area, 
extending farther north . Much of the Cladopora is broken, rather than in 
growth position. 

Branching Thamnopora (Figures 5 ,  6 ,  and 10)  is most abundant more' northerly, 
in the center and along the northwes t  edge of the preserved reef.  Most 
colonies seem to be in growth position. Solitary rugosa (Figures 5 , 6 ,  and 7) 
are most abundant along the northwest edge of the preserved ree f ,  where they 
are also more frequently in growth position than they are; further south • 

. stromatoporoids (Figure 8 )  are most abundant in the northern and central parts 
·of the exposed area, rather similar in their distribution to that of branching 
Thamnopora. They are especially well displayed in the vertical cliff along 
the northern edge of the reef and on the top surface just behind this clif f .  

The relative abundance o f  matrix is an inverse measure o f  total fossil 
abundance . As can be seen from Figure 4 ,  the matrix is least abundant (less 
than 60%) in the central and southern parts of the preserved ree f ,  and also in 
a small patch in the middle of the NW side . Most of the matrix is micrite, 
rather than the calcarenite of the pre-reef and interreef facies , and 
presumably results from the baffling effect of the coral colonies . This is 
strong support for the in-place nature of  the corals . There are, however, 
channels filled with calcarenite ,  best seen on the vertical NW face. 

Coral Orientation 

One of  the most interesting feature of  this reef is 
orientation of both in-place corals and loose fragments .  
orientations are shown along the entire northwest margin of 
branches of Thamnopora and Cladopora colonies and by attached 

the consistent 
The strongest 

the reef by the 
solitary rugosa.  
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The branches predominantly grow to the north at a low angle, and attached 
rugosa open to the north. It is clear that whatever determines the growth 
direction of the Thamnopora branches also determines the direction . in which 
rugose corals open, for Tryplasma attached to Thamnopora uniformly open in the 
direction of the branch tips (Figure 6 ) . As one crosses the reef to the 
southeast side, orientation gradually b ecomes less pronounced (see Figures 1 2 ,  
1 3 ,  14 , and compare Figures 6 ,  7 and 1 0 ) . Loos e ,  cylindrical fragments of 
Cladopora and Thamnopora branches are oriented roughly E-W over most of the 
reef (open bars on Figures 1 2 , 1 3 ) . Unattached solitary rugosa have their 
apexes pointing north (open bars on Figure 1 4 )  as do high-spired gastropod 
shells on one etched laboratory sample . One can easily demonstrate with paper 
models of cones and cylinders that in a unidirectional current , cylinders will 
roll to orient across the current and cones will orient with apexes pointing 
into the current (see Figure 1 1 ,  upper) . Thus the data from loose fragments 
ar;- consistent with a prevailing current from the north . (This would have 
been paleo-northeast because the Laurentian Plate has rotated counterclockwise 
by about 45' since the Devonian; see Seyfert and Sirkin, 1979 , page 3 14) . 

Evidence from modern reefs concerning growth directions of living 
branching corals has been conflicting.  Graus , Chamberlain and Boker ( 1977)  
presented theoretical grounds for branching colonies adopting an up-current 
growth in order to reduce mechanical stress on the skeleton of the branch. 
They also documented such an upcurrent growth in living Acropora palmata on a 
Caribbean fringing reef ( ib id . , p .  145)  in the zone of  strongest unidirection
al currents ,  j us t  lagoonward of the reef-crest .  (However , in the "Strong Wave 
Zone" in front of  the reef-crest , the orientation was b imodal , with the 
greater frequency down-current . )  Wallace and Schafersman ( 1977  ,. p .  45) 
documented the same species oriented into the current on the front of a 
Carribbean patch-reef . On the other hand , Shinn ( 1963)  observed that Acropora 
palmata grew dominantly down-current in front of the reef-crest at Key Largo 
Dry Rocks on the Florida Reef Tract . Likewise ,  Bottjer ( 19 8 0 )  found that A.  
cervicornis showed the same down-current branch growth in front of the reef= 
crest on a small barrier-type-rBef in the Bahamas .  It i s  not clear how these 
conflicting orientations are to be reconciled. One may note that the down 

Figure 5 .  
southwest 
vertical. 

Branching Thamnopora sp . Briantelasma americana Oliver , from the 
end of the reef. The corals are in life position and more or less 

They are silicified and were etched free with hydrochloric acid . 

cf . Figure 6 .  Branching Thamnopora sp . with attached Tryplasma sp . ,  
fascicularium Oliver , and Briantelasma americana Oliver at the lef t .  
that all are facing in the same direction. The silicified specimen is 
from the top of the reef and was partly etched with hydrochloric acid. 

T .  
Note 

float 

Figure 7 .  Hassive Thamnopora sp . ,  with three specimens of Briantelasma 
americana Oliver in life-position, oriented toward the north. Note the 
cylindrical fragments of Tryplasma sp . ( ? )  oriented E-W by the same current . 
Elsewhere on this block are two . high-spired gastropods with apexes pointing 
north (not visible in this photograph) . The silicified specimens were etched 
out with hydrochloric acid. The sample is from the center of the northwest 
side o.f the reef . 
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current orientations are on the wave-dominated front side of elongate reefs,  
and the �-current orientations on the current-dominated lagoonward sid e .  The 
cited patch-reef of  Wallace and Schafersman ( 1 9 7 7 )  was in an atoll lagoon near 
a channel through the atoll-reef . This suggests that where there are uni
directional currents , rather than back-and-forth wave-surge (even where one 
component dominates) , the growth of branches will be dominantly into the 
current . If so , this has implications for the reconstruction of our reef . 

A Reef Model 

The zone of strongly oriented , nearly-horizontal branches along the 
northwest side of  our reef suggest that this is on the lagoonward side of a 
reef-crest , close to the crest itself . This would correspond to the "Current 
Zone" of  Graus , Chamberlain and Boker ( 19 7 7 ) . The direction of wave-approach 
( i . e . , the open sea) would be from the north, and would generate a strong flow 
to the south over the crest and into the lagoon. S ev-eral other lines of 
evidence favor the reef-crest being on the northward side.  One is the 
presence of shallow calcarenite-filled channels on this side which may 
represent grooves of  a spur-and groove system or , more likely , the less-deep 
channels through the reef-crest ridge itself (compare RUtzler and Macintyre , 
1 982 , p .  24 figure 13c and p .  26 figure 1 5 ) . The abundance of domal 
stromatoporoids here also suggests a reef-crest ridge, for they are noted by 
many authors to be characteristic of the roughest-water environments on 
Devonian reefs (Hoffman and Narkiewicz , 1 977 ; Copper , ( 1974) . Likewise domal 
to massive shape is assigned by James ( 1 9 8 3 ,  p .  3 7 4 ,  figure 5 9 )  to moderate to 
high wave-energy and low sedimentation environment s .  

Further south the current would gradually diminish, as described by Graus , 
Chamberlain and Boker ( 19 7 7 , p .  1 45 ) . It was still sufficiently strong to 
orient Cladopora branch fragments across it (Figure 13) , but by the time one 
reaches the southern end of the preserved reef the orientations become random. 
That this area is a back-reef lagoon is also supported by t_he dominance of 
the delicate-branching Cladopora and the relatively high proportion of matrix 
(Figure 4) . There are patches of stromatoporoid and branching Thamnopora 
dominance (Figure 4) which may represent micro-patch-ree f s ,  so to speak, 
within the lagoon. 

Figure 8 .  Domal stromatoporoids (Parallelostroma sp . ?) from the center of 
the northwest side of  the reef. 

Figure 9 .  A silicified colony of Cladopora sp . 
acid. The colony is upside-down. The specimen 
o f  the reef and its original orientation is not 

etched free with hydrochloric 
is float from the central area 
known. 

Figure 1 0 .  A silicified colony of branching Thamnopora sp . freed with 
hydrochloric acid. The branches are horizontal and strongly oriented toward 
the north (shown by the arrow on the scale) . The oriented specimen is from 
an outcrop at the northeast end of the ree f .  
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At the southernmos t  edge of the reef there is an area dominated by massive 
Thamnopora . This growth-form suggests higher wave-energy (James , 1983 , p .  
374) and we may b e  at the back-slope edge o f  our reef . The general pattern 
corresponds to that shown by Copper ( 197 4 ,  figure 9 ,  top diagram) as the 
climax stage of a Devonian reef . We have modeled our reconstruction (Figure 1 1 ,  
bottom) on Copper ' s  diagram. Our reef may well be in a mature successional 
stage, for there is 3-4 m of reef-rock exposed in the NW cliff-face (at the SW 
end) above the bedded pre-reef crinoidal calcarenites . A similar recent 
model, almost identical to the scale of our reef , is the Montastrea-assemblage 
patch-reef illustrated by Wallace and Schafersman ( 1977 , p .  44, figure 9) . 
This is one of  a number of small patch-reefs within the lagoon of an atoll, 
seaward of the barrier-reef off the coast of Belize.  Our lagoon corresponds 
to their "patch backreef region dominated by Thalassia and low coral growths" 
(Wallace and Schafersman, 1 9 7 7 ,  p .  45 figure 1 1 ) ; A small patch-reef model 
supports the idea of Precht ( 1987b) that the hill is more or less coterminous 
with the original outline of the ree f .  
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F i g u r e  l l ; ( A b o v e )  D i a g r a� s h o w i n g  a l i g n m e n �  o f  d i f f e r e n t  c o r a l  

s h a p e s  i n  r e s p o n s e  t o  t h e  s a m e  c u r r e n t .  S u c h  a l i g nme n t s  w e r e  u s e d  
t o  c o n s t r u c t  t h e  o r i e n t a t i o n  m a p s  ( F i g u r e s  1 2 ,  1 3 ,  1 4 ) . 

( B e l o w )  A p r o p o s e d  mo d e l  o f  t h e  r e e f _ a l o n g  a N - S  
t r a n s e c t ,  n o r t h  a t  r i g h t .  
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s e e  F i g u r e  

O r i e n t a t i o n s  o f  b r a n c h i n g  C l aj��� · 
l 2 . ) 

( F o r  e x p l a n a t i o n  

f i g u r e  1 4 .  O r i e n t a t i o n s  o f  s G l i t a r y  r u g o s e  c o r a l s .  B a r s 1 � o t n  
s o l i d a n d o p e n ,  e x p a n d  t o Y a r d  c p e  o p e n  e n d  o f  t h e  c o r a l l i t e .  T h e i r  
a p p e a r a n c e i n  f a c t  m i m i c s  t h e  p o s i t i o n a n d  s h a p e  o f  t h e  f o s s i l s .  
S o l i d  b a r s  a r e a t t a c h e d  i n -� i t u  c o r a l s ,  o p e n  b a r s  a r e  l o o s e  o n e s . 
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ROAD LOG FOR ANCIENT LAND SURFACES IN AND AROL� THE GREEN POND OUTLIER, 
A DEVONIAN CORAL REEF , AND "TACONIAN ISLANDS" REVISITED . 

CULMULATIVE MILES FROM ROUTE DESCRIPTION 
MILEAGE LAST POINT 

0 . 0  0 . 0  Juncture of ramp from I-84 (North) East with NY 

1 . 6  

6 . 4  
9 . 2  

1 0 . 1 
l2  . s  
1 2 . 7  

BONUS STOP . 

1 . 6  

4 . 8  
2 . 8  
0 . 9  
2 . 4  
0 . 2  

1 7  ( South)East ,  Near Middletown, NY .  START OF TRIP . 
Proceed east on NY 17 . 
Anticline in Martinsburg Formation (Ordovician) on 
left . Zone 1 3  (possibly Zone 14)  graptolites were 
collected here by Alej andro Vargas and identified by 
W . B . N .  Berry (Vargas , 1 9 7 6 ,  p .  32 and fig . SA) . 
Distal turbidites can b e  seen her e .  
Martinsburg Slate on both sides o f  the road. 
Martinsburg Slate on both sides of the road again. 
Klippe of Precambrian gneiss on right , forming hill. 
Exit 129 . Museum Village Road. 
Klippe of Precambrian gneiss on lef t ,  in thrust 
contact with underlying Cambro-Ordovician dolomite . 
The thrust p lane and accompanying fault breccias can 
b e  seen. 

This exposure may be visited by exiting her e ,  
turning left (north) o n  Museum Village Road t o  cross 
over NY 1 7 ,  then taking the first left (Old Mansion 
Road) for 0 .  2 mile and parking just before first 
house on right . Walk into woods on left (south) side 
of  road downhill toward NY 1 7 ,  cross ing the old , low 
stone wall left of  the barbed wire . At highway level 
the thrust plane is exposed , dipping about 30° S E ,  
with garnet-gneiss above and white-weathering 
dolomite below. Immediately above the fault 
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1 1 4  

1 3 . 0  

1 3 . 3  

1 3 . 7  

1 4 . 1  
1 7 . 4  

1 9 . 0  
1 9 . 8  
20 . 5  

3 0 . 6  
3 1 . 8  
3 2 . 4  

3 2 . 8  

0 . 3  

0 . 3  

0 . 4  

0 . 4  
3 . 3  

1 . 6  
0 . 8  
0 . 7  

10 . 1  
1 . 2  
0 . 6  

0 . 4  

plane you may collect samples of gneiss mylonite
breccia, and immediately below it , tectonic breccia 
of dolomite .  To resume trip , return to Museum 
Village Road, turn right over NY 1 7 ,  then left onto 
service road, making another sharp left just before 
bus stop area, to enter NY 17  east at mileage 1 3 . 0  of 
log . 

Entrance ramp from Mus eum Village Road . The 
western border fault of the Schunemunk 
crosses approximately here , shown on the 

Outlier 
1 9 7 1  NY 

State Map as a small offset of the main fault at this 
point . (Fisher , Isachsen and Rickard , 197 1 . )  
Bellvale Sandstone on lef t ,  dipping S E .  
(Mid-Devonian) 
Axis of S chunemunk Syncline plunging NE . Horizontal 
pebble beds of Bellvale Sandstone on lef t .  Between 
13 . 7  and 1 4 . 1  is a 2 , 000-foot complete section of the 
Bellvale Sandstone (measured section in Finks , 1 968) 
from submarine prodelta silts at 1 4 . 1  to subaerial 
piedmont conglomerates at 1 3 . 7  It is a part of the 
Catskill Delta . The beds dip NW on the east limb of  
the Schunemunk Syncline . 
Basal beds of Bellvale Sandstone , dipping steeply NW .  
Exit south on 1-87 . Main mass o f  Ramapo Mountains 
(Hudson Highlands) are ahead (Precambrian of Reading 
Prong) and to your left as you swing south. You are 
in a valley on Cambro-Ordovician . dolomitic 
limestone s .  This is also part of the Green Pond -
Schunemunk Outlie r ,  although the NY State Map has a 
structural discontinuity (normal fault) b etween these 
rocks and the Siluro-Devonian just passed through 
(Fisher, Isachsen and Rickard, 1 9 7 1 ) . -

0utcrop of Cambro-Ordovician limestone on lef t .  
Outcrop of  Cambro-Ordovician limestone also on lef t .  
Greenwood Furnace on lef t .  This smelter served the 
small magnetite mines in this vicinity during the 
1 9 th Century . The ore is from the Precambrian 
rocks . 
About three miles further on is another historic 
locality, the town of Tuxedo Park, where the Tuxedo 
j acket was invented.  
Precambrian gneiss outcrop on lef t .  
Exit at Suffern. 
Stay lef t ,  and continue south into New Jersey on 
Rout e  1 7 .  
Crossing Ramapo Fault into Mesozoic Basin, a 
rift-valley formed during the opening of the Atlantic 
Ocean. The Green Pond-Schunemunk Outlier has a 
similar structure and may 
which no Mesozoic rocks 
Siluro-Devonian extensional 

be a Mesozoic basin 
were preserved. (Or 
basin? ) 

in 
a 
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33 . 9  
3 4 . 0  
3 4 . 8  
35 . 1  
3 6 . 5  
3 7 . 0  
4 0 . 1  
40 . 6  

. 4 1 . 8  
42 . 2  

STOP 1 .  

1 . 1  Turn right at exit for US 202 . 
0 . 1  Turn left ( s outh) on US 202 . 
0 . 8  Old stone house on right . Historic marker . 
0 . 3  Good view of Ramapo fault-line scarp on right . 
1 . 4 Cross ing Orange Mountain Basalt (Lower Jurassic) . 
0 , 5  Outcrops of Orange Mountain Basalt on left . 
3 . 1  Another basalt outcrop on lef t .  
0 .5 Junction with US 2 0 8 .  Continue on US 202 . 
1 . 2  Turn right to continue on US 202 . 
0 . 4  Turn left into parking lot of Hillside Diner . 

OAKLAND . JURASSIC FANGLOMERATE BENEATH THE PREAKNESS BASALT . 

The most accessible outcrops are on the south side of the diner parking lot 
on the east side of US 202 .  Look for the boulders of vesicular basalt . 
Search for gneiss boulders . Some Paleozoic formations to look for are: 
white-to-buff-weathering Cambro-Ordovician dolomites , the purple with white 
quartz Green Pond Conglomerate , the red with white quartz and red quartzite 
Skunnemunk Conglomerate , the subgreywacke Bellvale Sandstone . Note their 
proportions . 

42 . 4  
44 . 0  

44 . 1  

0 . 2  
2 . 4  

0 . 1  

Outcrop of Preaknes s  Basalt on lef t .  
This i s  Stop 2 .  D o  not stop here but proceed to 
Moyias Road. 
Moyias Road . Turn right and right again. Park 
off road next to pumping station. Walk back to 
outcrop on east s ide of US 202 . LOOK BOTH WAYS 
WHEN CROSSING ROUTE 202 .  YOU ARE ON A CURVE AND 
A HILL . VISIBILITY IS LIMITED . WALK FACING 
TRAFFIC AND STAY OFF THE ROADWAY . 

STOP 2 .  
BASALT . 

POMPTON LAKES . JURASSIC FANGLOMERATE BENEATH THE HOOK MOUNTAIN 

Note the large boulder of Green Pond Conglomerate near the south end of the 
outcrop , and the many boulders of whitish-weathering Cambro-Ordovician 
dolomi t e .  Note also the interbeds of f iner sand and shale . How do the 
proportions of lithologies among the clasts compare with those of the 
preceding s top? 

44 . 4  0 . 3  

44 . 5  0 . 1  

45 . 2  0 . 7  
45 . 4  0 . 2  
45 . 6  0 . 2  

STOP 3 .  RIVERDALE . 
PEQUANNOCK RIVER. 

Outcrop of Hook Mountain Basalt on lef t .  The outcrop 
crosses the bed of the Ramapo River on the right , on 
top of which is a dam and waterfall . 
Turn right onto Hamburg Turnpike . Cros s  Ramapo 
River . 
Bear left at fork . 
Crossing Wanaque River . 
Park in the professional building parking lot on the 
right . 

ANNSVILLE PHYlLITE (ORDOVICIAN) AND BED-LOAD OF THE 

Descend carefully under the bridge and walk to the south s ide of the east 
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abutment . There is also a path to this point from the south side of Hamburg 
Turnpike . CAREFUL CROSSING ROAD . The outcrop of the Annsville Phyllite is 
expos ed here . PLEASE DO NOT PJU1MER ON THIS RARE OUTCROP ! THERE ARE PLENTY OF 
LOOSE PIECES LYING ABOUT . Another small outcrop lies upstream of the bridge 
in the channel and on the west bank. 

Unless the river is in flood , a large sample of the Pequannock bed-load is 
exposed beneath and downstream of the bridg e .  Look for imbricated cobbles . 
S ee how many different Precambrian lithologies you can find . Green Pond 
Conglomerate cobbles are common. Can you f ind any Cambro-Ordovician 
dolomites?  This river crosses the Green Pond outcrop about ten miles 
upstream, but much closer glacial moraines may b e  the source of most of the 
cobble s .  

46 . 0  

46 . 1  
4 7 . 0  
47 . 3  

5 4 . 1  

5 4 . 6  

5 4 . 7  

5 7 . 0  
5 7 . 8  
5 8 . 4  
5 8 . 8  

58 . 9  

0 . 4  

0 . 1  
0 . 9  
0 . 3  

6 . 8  

0 . 5  

0 . 1  

2 . 3  
0 . 8  
0 . 6  
0 . 4  

0 . 1  

Turn left at light onto County 5 1 1 . (Before you 
turned there was a quarry in Precambrian granite 
visible ahead . )  
Washington' s  Headquarters on left . 
Turn right onto NJ 23 Northwes t .  
Crossing Ramapo Fault . Road climbs hill on Pre
cambrian with extensive cuts exposed in ramps for 
I-28 7 .  A gravel pit was formerly present t o  the left 
(south) in a delta built into Glacial Lake Passaic . 
Moraines on left about a half mile ahead . 
Outcrops of Precambrian on right , Pequannock River 
valley on left . 
Kanouse Mountain ahead , made of Green Pond Con
glomerate on Precambrian. You are on the area 
of the radar mosaic Figure 3 .  
Turn right (north) onto Echo Lake Road (clearly 
visible on Figure 3) . You are paralleling Kanouse 
Mountain. 
Turn left on Macopin Road. 
Turn left on Gould Road . 
Bend in road . Hill of Precambrian ahead. 
This is Stop 4 .  Do not stop here but proceed to 
wider shoulder .  
Park off road on right and walk back to 5 8 . 8 .  WALK 
TO THE LEFT FACING TRAFFIC AND STAY OFF THE ROADWAY . 
SIGHT DISTANCE FOR CARS I S  LIMITED . Enter woods road 
running uphill to west ( on your present right) . 

STOP 4 .  GOULD QUARRY . PRECAMBRIAN GNEISS , HARDYSTON SANDSTONE AND 
GREEN POND CONGLOMERATE LEITHSVILLE DOLOMITE (LOWER CAMBRIAN) , BASAL 

( S ILURIAN) IN KARSTIC POCKETS . 

Outcrops at entrance to the road are Precambrian gneis s .  Continue uphill 
on this road to the SW. Where the road bends t o  the left ( south) continue 
s traight ahead into the woods . You will soon reach a small swal e .  The lower 
Hardyston Sandstone underlies this swale . As you face SW, the hill on your 
left is Precambrian gneiss and the low ridge on the right exposes ledges of  
the upper part of  the Hardyston Sandstone and the base of the Leithsville (or 
Stissing) Dolomite dipping NW .  Walcott ( 18 9 3 )  reported the trilobite 
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Olenellus from the same beds a mile or so north , proving their Lower Cambrian 
age (and for us , their position on the Laurentian Plate) . Follow this ridge a 
short ways to  its southern end , where there is a small depression and 
cross-valley in the ridg e .  In the depression, against the ledges to the lef t ,  
i s  a small pocket o f  conglomerate in the basal Leithsville Dolomit e .  (It  may 
be covered by leaves . )  This is a karstic cavity filled with the Silurian 
Green Pond Conglomerate which has infiltrated from above . A thin red shale 
lines this pocke t .  Walk to the top of the Leithsville ridge at this point 
through the small notch and descend its west side. Immediately to the right 
you will see a small patch of conglomerate on top of the steeply northwes tward 
dipping beds of the Leithsville Dolomite .  I f  you examine the dip-slope below 
it you can see a narrow extension of this patch apparently filling a fissure 
in the Leithsville . This mus t  have been the entrance for the gravel into the 
pocket represented by the patch . PLEASE DO NOT HAMMER ON THIS RARE OUTCROP ! 
IT IS THE ONLY RELIC OF THE KARSTIC INFILLING. PLEASE PRESERVE IT FOR 
POSTERITY . This outcrop was illustrated by Rodgers ( 1 9 7 1 ,  p .  1 1 6 0 ,  fig. 9B) . 
In the valley to the west is a small outcrop of  the Green Pond Conglomerate 
j us t  west of a small brook. The main mass of Kanouse Mountain, composed of 
the conglomerat e ,  lies beyond . If you have time , note the ruins of the old 
lime kiln, north of the quarry , with its partly melted walls of stone blocks . 
The Leithsville was quarried here for lime . This tree-filled hollow was once 
an act ive quarry . The geologic relations here are illustrated in Klimmel and 
Weller ( 1902 , figure 1 ) . 

6 0 . 0  
6 0 . 8  
6 3 . 0  
6 3 . 2  
6 3 . 3  

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

Return on Gould Road . Make the U-turn at the 
driveway of the log house on the left if you wish to 
preserve road-log mileage . THE U-TURN SHOULD BE DONE· 
HITH EXTREME CAUTION BECAUSE OF THE LIMITED SIGHT 
DISTANCE FOR CARS ON GOULD ROAD . A SAFER, BUT 
LONGER, WAY OF GETTING TO STOP 5 IS TO PROCEED ON 
GOULD ROAD (WITHOUT TURNING BACK) AS FAR AS UNION 
VALLEY ROAD AT POSTVILLE , TURNING LEFT (SOUTH) ON 
THAT ROAD TO NJ 2 3 , THEN LEFT ( SOUTHEAST) ON NJ 23 TO 
ECHO VALLEY ROAD , THEN RIGHT ON JUG-HANDLE TO ECHO 
VALLEY ROAD NORTH (LEFT) AND LEFT AGAIN ONTO NJ 23 
NORTH AT TRIP MILEAGE 63 . 0 .  

Turn right on Macopin Road. 
Turn right on Echo Lake Road . 
Turn right on NJ 23 northwest . 
Turn right into rest area. 
Park. 

STOP 5 .  NEWFOUNDLAND. GREEN POND CONGLOMERATE (SILURIAN) AND PRECAMBRIAN 
GNEIS S . 

The parking area is a loop of  old Route 23 and is the original width of the 
two-way road. Note the historical marker with original relics of local iron 
smelt ing . To the south of NJ 23 is Charlotteburg Reservoir . Copperas 
Mountain to its right (west) comprises the extension of the Green Pond outcrop 
on the south of the Pequannock water gap . Seen in the distance to the west
southwes t ,  are the ridges of Green Pond Mountain and Browns Mountain, also 
comp o s ed of Green P ond Conglomerate on Precambrian, repeated by folding and 
faulting . 
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The nearest ledges north o f  the parking area show well the steep westward 
dip and the fining-upward cycles in the Lower Conglomerate Member of the Green 
Pond Formation. Look for colored chert clasts (red , green, black) in the 
conglomerate layers . Many show weathering rinds . Follow the base of the 
cliff uphill to the east (right ) .  A short distance up is a good place to see 
the cross-bedding . Note the consistent westward dip of the cross-laminations , 
indicating a westward current . 

Continue upward along the base of the cliff and pick up a trail which heads 
uphill into the woods parallel to the base of the cliff but some distance from 
it . Keep on this trail in a northeas tward direction. After several hundred 
feet you will come upon ledges of Precambrian gneiss .  They are about 50 feet 
from the base of the clif f ,  the intervening area being strewn with large talus 
blocks of the conglomerate . The actual unconformity is not exposed here but 
it is clear that the conglomerate must rest directly on the gneis s .  

When you return via the same trail you will see on the right (west) just 
above the ledges next to the parking area, beds of the higher non
conglomeratic part of  the Green Pond Formation ( "Upper Quartzite Member" of 
Finks , 1968) . You can climb up to them if you have rubber-soled shoes or 
hiking boots (STAY AWAY FROM THE CLIFF EDGE TO THE LEFT) and observe the 
banded tongues (Liesegang rings) of hematite , showing former groundwater flow 
to the left (southwest) when the quartzite still had porosity. 

63 . 5  0 . 2  

63 . 6 0 . 1 

64 . 8  1 . 2  

6 7 . 2 2 . 4  

7 4 . 5 7 . 3  
74 . 6 0 . 1  
74 . 7  0 . 1 
75 . 0  0 . 3  

75 . 1  0 . 1  

75 . 5  0 . 4  

Drag folds in 
Conglomerate.  
Small outcrop 
on right . 

Upper Quartzite Member of  Green Pond 
We are continuing northwest on NJ 23 . 

of  Longwood red shale (Upper Silurian) 

Type locality of  the Kanouse Sandstone (Lower 
Devonian) in the village of Newfoundland to the 
right . 
Outcrops of  Precambrian. We have j us t  crossed the 
normal fault b ounding the Green Pond-Schunemunk 
Outlier on the northwest . Oak Ridge Reservoir on 
left . The fault-line s carp bounds the reservoir on 
the wes t .  This is called the Reservoir Fault (see 
Malizzi and Gates in this guidebook) . 
Turn left on County 63 1 .  Town of Franklin . 
Franklin Lake on left . Source of  the Walkill River. 
Outcrop of  Cambro-Ordovician limestone on right . 
Old Buckwheat Mine dump (zinc mine in Pre-
cambrian Franklin Marble ; type locality for 
Franklinite) and Franklin Mineral Museum on right . 
Bear right on County 6 3 1 . Crossing Walkill River . 
This river flows northeast to j oin the Hudson River 
at Kingston, following the Great Valley on the 
Cambro-Ordovician outcrop belt . Water from Franklin 
Lake flows 75 miles northeas t ,  then another 100 miles 
south before it reaches the sea . 
Wildcat Road on left . 0 . 5  mile down this road is an 
exposure of  the Precambrian-Lower Cambrian 
unconformity (described in Finks , 1968 ) . The first 
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archaeocyathids from New Jersey were found here in 
the basal Leithsville Dolomite by Frank Markiewicz on 
the 1968 NYSGA field trip . 
Turn left following County 6 3 1 .  
Turn left ( southwest)  o n  NJ 9 4 .  
Outcrop o f  Cambro-Ordovician limestone on right . 
Outcrop of Cambro-Ordovician Limestone on left . 
Old Monroe School on right . 
Turn right on NJ 1 5  north. 
Continue north on NJ 1 5 . 
Bear left on NJ 1 5  north. 
Outcrops of Cambro-Ordovician limestone on lef t .  
Outcrops o f  Martinsburg Slate on right . 
Straight ahead on US 206 . 
Continue on US 206 . 
Culver Lake on right . Ahead is Kittatinny Mountain , 
held up by the S ilurian Shawangunk Conglomerate . 
Bear right on US 206 . 
Old log house on left.  
Turn right on Clove Road (County 6 5 3 ) . 
Turn right on D eckertown Turnpike (County 650) . 
Outcrop of New Scotland Limestone (Lower Devonian) on 
right. 
Park off road on right . Mile marker 1 .  Enter 
woods-trail ahead on left , opposite outcrop of 
pre-reef limestone on right. 

STOP 6 .  COEYMANS LIMESTONE REEF LOWER DEVONIAN) . 

Approach the reef by the trail which leads toward the high southeast cliff 
and attain the top by climbing the s lope to the right ( east) of it. Here you 
are at the supposed back-slope area dominated by massive Thamnopora . A good 
outcrop to start with, showing most of the coral species ,  is just west of the 
large glacial erratic boulder of shale . From here one may walk along the edge 
of the high cliff to the west and then north. The reef-ridge area of strong 
orientations , with dominant branching Thamnopora , solitary rugosa,  and domal 
s tromatoporoids , is b e s t  exposed at about halfway along the northwest face. 
(Compare Figures 5 ,  7 ,  and 8 . )  From here one may walk south along a series of 
outcrops toward the highest part of the hill, seeing the back-reef lagoon 
facies and finally reaching the back-slope area at the top of the hill. From 
here one may walk northeast ,  past the old stone wall on the right ( east) to a 
fine outcrop at the northeast tip of  the reef, with s ilicified oriented 
branching Thamnopora well displayed, again part of the reef-ridge . (Compare 
Figure 1 0 . )  A walk back along the base of the northwest-facing cliff 
paralleling the reef-ridge will show some calcarenite channels in cross
s ection ( or grooves of  a spur-and-groove system) near the northeast end, some 
fine stromatoporoid colonies in vertical section about half-way along , and the 
pre-reef calcarenites at the southwes t  end . Note that the matrix of the main 
part of  the reef is mostly micrit e .  Use the maps of Figures 4 ,  1 2 ,  1 3  and 1 4  
as  guides . 
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END OF TRIP . Return to Clove Road by going ahead ( east) for 0 . 2  mile and 
making a sharp left onto Birch Tree Road , which reaches Clove Road at 0 .  85 
mile . This is less dangerous than making a U-turn on Deckertown Turnpike 
because of limited sight distanc e .  Those who wish to return to Middletown , NY 
should turn right (northeast) on Clove Road and proceed for seven miles to NJ 
23 . At NJ 23 turn left (north) and follow signs to 1-84 East which will 
r eturn you to Middletown, where I-84 intersects NY 1 7 .  Those who wish to 
return to the New York City area should turn left ( s outhwes t )  on Clove Road , 
left again at US 206 ( a  right turn takes you to Milford , PA and points west)  
and retrace the trip route as far as NJ 1 5 .  Continue southeast on NJ 1 5  to 
I-80 and take 1-80 eas t .  This is the fastest route to New York City from Stop 
6 .  (Two interesting localities not far from S top 6 are the kimberlite-like 
diatreme at Libertyville , with inclusions of Precambrian and Cambro
Ordovician , and the nepheline-syenite at Beemervill e .  Consult the New Jersey 
S tate Geologic Map . )  

MAPS 

Stops 1 and 2 are on the Wanaque , NJ , ? ! -minute quadrangle , Stop 3 on the 
P ompton Plains , NJ , 7 � -minute quadrangle , Stops 4 and 5 on the Newfoundland , 
NJ , 7 � - minute quadrangle , and · Stop 6 on the Milford , PA-NJ , 7 �-minute 
quadrangle . The Bonus Stop is on the Monroe , NY ,  7 � -minute quadrangle . 

ADDENDUM 

The two expansions in the Outlier , near Newfoundland and Monroe 
respectively, suggest pull-apart basins along a Silurian right-lateral 
transform fault . Both expansions are of the same dimensions (about . 8  miles in 
a NE-SW direction) . I f  it were true , it could supply an alternative to the 
stream-valley hypothesis . The removal of the Cambro-Ordovician in the 
Newfoundland basin could have resulted from the intial anticlinal upwarp which 
is often a precursor of  a pull-apart .  In the Monroe basin the Ordovician 
shales , which constitute most of  the stratigraphic thickness of the 
Cambro-Ordovician sequenc e ,  are in fact apparently missing in the southern 
part of the basin , for the Green Pond is mapped as resting on the 
Cambro-Ordovician carbonates east of Highland Mills (Fisher , Isachsen and 
Rickard , 1 9 7 1 ) . The present folds within the Outlier are the result of 
post-Devonian compression. 
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STRAT I GR A P H Y  AND S E D I M E N T O L O G Y  O F  M I D D L E  AND U P P E R  S I L UR I A N  
R O C K S  A N D  A N  E N I G MAT I C  D I AM I C T I T E , S O UT H EA S T ERN N E W  YORK . 

A N T H O N Y  R .  PRAVE a n d  M O S E S  L .  AL CALA 
D e p t . of E a r t h  and P l a n e t a r y  S c i e n c e s  

T h e  C i t y C o l l e g e  o f  N e w  Y o r k  

N e w  Y o r k , NY 1 0 0 3 1  

J A C K  B .  E P S T E I N  
U . S .  G e o l o g i c a l  S u r ve y  

R e s t o n ,  VA 2 2 0 9 2  

I NT R O D U C T I O N  

D u r i n g  m u c h  o f  t h e  S i l u r i an P e r i o d , s e d i m e n t a t i o n  p a t t e r n s  
t h r o u g h o ut t h e  n o r t h e r n  A p p a l a c h i a n  B a s i n  r e c o r d  w e s t  t o  

n o r t hw e s t  s p r e a d i n g o f  t e r r i ge n o u s  a n d  m a r g i n a l  m a r i n e  c l a s t i c s  

i n t o  a d e e p e r  w a t e r  m u d  a n d  c a r b o n a t e  b a s i n  ( C o t t e r , 1 9 8 8 ; 

M i dd l e t o n , 1 9 8 7 ) . T h e  c l a s t i c s w e r e  d e r i v e d  f r o m  h i gh l a n d s  

u p l i f t e d  d u r i n g t h e  Ta c o n i c o r o g e n y  i n  e a s t e r n  P e n n s y l va n i a  a n d  

s o ut h e a s t e r n  N e w  Y o r k .  B y  t h e  L a t e  S i l u r i a n , a c t i v e  t e c t o n i s m  
h a d  c e a s e d  s o  t h a t  t h e  ( d i s ) e q u i l i b r i u m b e t w e e n  s e d i m e n t  i n f l ux , 

b a s i n  s ub s i d e n c e  a n d  r e l at i v e  c h a n g e s  i n  s e a  l e v e l  w e r e  t h e  

p r o b a b l e  f i r s t - o r d e r  va r i a b l e s  c o n t r o l l i n g  f a c i e s  d i s t r i b u t i o n . 

S TRAT I G RAPHY 

The m i d d l e  to  U p p e r  S i l u r i a n r o c k s  t o  b e  e x a m i n e d  du r i ng t h e  
f i e l d  t r i p  c r o p  o ut a l o n g  a n o r t h e a s t - t r e nd i n g b e l t  o f  e xp o s u r e s  
i n  s o u t h e a s t e r n  N e w  Y o r k  ( F i g .  l) .  T h e  s t r a t i gr a p h i'c s u c c e s s i o n s  

a t  t h e  e x t r e m i t i e s  o f  t h i s  b e l t  a r e  f i rm l y  e s t a b l i s he d  ( F i g s . 2 & 

3 ) . I n  n o r t h e a s t e r n  a r e a s  t h e  s t r a t i gr ap h y  c o n s i s t s o f  t h e  

S h aw a n gunk F o r m a t i o n , H i gh F a l l s  S h a l e ,  B i n n e w a t e r  S a n d s t o n e  o f  
H a r t n a g e l ( 1 9 0 5 ) a n d  R o n d o u t  F o r m a t i o n w h e r e a s  i n  s o u t hw e s t e r n  

a r e a s  i t  i s  t h e  S h awangunk F o r m a t i o n ,  B l o om s b u r g  R e d  B e d s , P o x o n o  
I s l a n d  F o r ma t i o n  a n d  B o s s a r dv i l l e  L i m e s t o n e . R e c e n t  m a p p i n g  b y  

E p s t e i n  a n d  L y t t l e  ( 1 9 8 7 )  i n d i c a t e s  t h a t  t h e  f a c i e s  m o s a i c  

b e tw e e n  t h o s e  t w o  a r e a s  i s  m o r e  c o mp l i c a t e d  t h a n  p r e v i o u s l y  

r e p o r t e d . T h e y  e s t a b l i s h e d  t h e  s t r a t i g r a p h i c  f r am e w o r k  p r e s e n t e d  
o n  t h i s  f i e l d  t r i p  a s  we l l  a s  d e t e r m i ne d  t h e  s t r u c t u r a l  e f f e c t s  

o f  T a c o n i c  a n d  A l l e gh an i an d e f o r m a t i o n s . T h i s  f i e l d  t r i p  i s  
c o n c e r n e d  w i t h f a c i e s  i n t e r p r e t a t i o n .  T h e  l o c a l i t i e s  t o  b e  
v i s i t e d  a r e  s h o wn o n  F i g u r e  1 a n d  g e n e r a l i z e d  d e s c r i p t i o n s  o f  t h e  
s t r a t i gr a p h i c  u n i t s  a r e  g i v e n  i n  T ab l e  1 .  

A s  s h o w n  o n  F i g u r e  2 ,  t h e  S i l u r i a n s u c c e s s i on t h i n s m a r k e d l y  

f r o m  P e n n s y l va n i a  t o w a r d  s o u t h e a s t e r n  N e w  Y o r k .  A q u a r t z  a r e n i t e  
( Tu s c a r o r a  S a n d s t o n e ) a n d  s an ds t o n e - s h a l e  u n i t  ( C l i n t o n  
F o rm a t i o n )  d e v e l o p e d  i n  c e n t r a l  P e n n s y l v a n i a  u n d e r g o  a f a c i e s  
c h a n g e  e a s tw a r d ( e a s t e r n  P e n n s y l v a n i a )  t o  qua r t z i t e - c o n g l o m e r a t e  

u n i t s  ( We i d e r s , M i n s i  a n d  T a m m a n y  M e m b e r s ) a n d  a n  i n t e r v e n i n g  

1 21 
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5 MILES. 
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Om 

F i g u r e  1 .  
o f  p a r t  o f  
f i e l d  t r i p  
q u a d r a n g l e  

G e n e r a l i z e d  g e o l o g i c  m a p  
s o u t h e a s t e r n  NY s h o w i n g  
s t o p  num b e r s  a n d  7 . 5 '  
c o v e r age . 

D - H am i l t o n  G r o up a n d  y o un g e r  s t r a t a . 

D S - R o n d o u t  F m  t h r o u gh O n o n d a g a  
L i m e s t o n e . 

S - H i g h F a l l s  S h a l e , B l o o m s b u r g  R e d  
B e d s , B l o o m s b u r g  a n d  S h a w a n g u n k  
t o n g u e s , S h aw a n g u n k  F m . 

O m - Ma r t i n s b u r g  F o r m a t i o n .  

u n i t  c o n t a i n i n g a p p r e c i ab l e  s h a l e  a n d  s o m e  r e d  b e d s  ( L i z ar d  C r e e k  
� e m b e r ) .  T o g e t h e r  t h e s e  m e m b e r s  c o n s t i t u t e  t h e  S h a w a n g u n k  
F o r m a t i o n  a s  d e s c r i b e d  b y  E p s t e i n  a n d  E p s t e i n  ( 1 9 7 2 ) . T h e  s h a l e s  
o f  t h e  L i z a r d  C r e e k  M e m b e r  b e c o m e  l e s s  a b u n d a n t  i n  n o r t h - c e n t r a l  
N e w  J e r s e y a n d  t h e  m e m b e r  c a n n o t  b e  m ap p e d  t o  t h e  n o r t h e a s t , 
a l t h o u g h  s c a t t e r e d  i n t e r v a l s o f  s ha l e .  s o m e  c o n t a i n i n g r e d  b e d s , 
a t  v a r i o u s l e v e l s  w i t h i n  t h e  S h a w a n gu n k  p e r s i s t  i n t o s o u t h e a s t e r n  
N e w  Y o r k . T h e  " O t i s v i l l e  S ha l e "  ( s e e  F i g .  3 ) , n a m e d  b y  S w a r t z  
a n d  S w a r t z  ( 1 9 3 1 ) f o r  a u n i t  t h o u g h t  t o  c o n t a i n  e no u g h  s h a l e  t o  
b e  a d i s t i n c t  f o r m a t i o n  n e ar O t i s v i l l e ,  N Y  ( S t o p  2 ) , f a i l s  t h e  
t e s t  o f  m a p p a b i l i t y  a n d  E p s t e i n  a n d  L y t t l e  ( 1 9 8 7 ) s u gge s t e d  t h a t  
t h e  t e r m  b e  a b a n d o n e d . 

1 
- j I 
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F i gu r e  2 .  S t r a t i g r ap h i c  s e c t i o n  o f  S i l u r i a n  r o c k s  f r o m  L e h i gh 
G a p , P A ,  t o  H i gh F a l l s , NY . F i e l d  t r i p  a r e a  i s  s ho w n . M o d i f i e d  
f r o m  E p s t e i n  a n d  L y t t l e  ( 1 9 8 7 ) . D a s h e s  i n d i c a t e  p o o r  e xp o s u r e s  
o f  c o n t a c t . 
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F i gu r e  3 .  S t r a t i g r a p h i c s e c t i o n  o f  S i l u r i a n  r o c k s  f r o m  P o r t  
J e r v i s  t o  H i gh F a l l s ,  NY . F i e l d  t r i p  s t o p s  a r e  s h o w n . M o d i f i e d 
f r o m  E p s t e i n  a n d  L y t t l e  ( 1 9 8 7 ) . 
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T A B L E  1 :  G E � E R A L I Z E D  S T R A T I G RA P HY I �  F I E L D  T R I P  A R E A . 

P O X O � O  I S L A N D  F M  ( U .  S i l .  ) - p o o r l y  e xp o s e d  g r a y  a n d  g r e e n  d o l o 
m i t e  and s h a l e , p o s s i b l e  r e d  s h a l e  n e a r  b a s e . 0 - 1 5 0  m t h i c k . 

H I G H  F A L L S  S H A L E  ( U .  S i l . ) - t y p e  l o c a l i t y c o n s i s t s o f  r e d  a n d  
g r e e n  c a l c a r e o u s  s h a l e  a n d  s i l t s t o n e ; s o m e  a r g i l l a c e o u s  
c a r b o na t e ; 0 - 2 5  m t h i c k . I n  f i e l d  t r i p  a r e a  i t  c o n s i s t s  o f  
f i n e  t o  m e d i u m , t r o u gh c r o s s - b e d e d  s a n d s t o n e  w i t h t h i n  r e d  a n d  
g r ay s h a l e  l a y e r s . 

B L O OM S B UR G  R E d  B e d s  ( U .  S i l . ) - r e d  a n d  g r a y  s h a l e ,  
s a n d s t o n e  i n  m e t e r - s c a l e  f i n i n g- u p w a r d  c y c l e s . 

s i l t s t o n e  a n d  
0 - 3 3 5  m t h i c k . 

S HA W A N G U N K  T O N G U E  ( U .  S i l . ) - c r o s s b e d d e d ( l i gh t - d a r k  l am i n a e ) 
f i n e  t o  m e d i u m q u a r t2 i t e w i t h  s o m e  p e b b l y  q u a r t z i t e ; m i n o r  
g r e e n  s h a l e  a n d  s i l t s t o n e ; r a r e  r e d  s h a l e .  0 - 1 0 5 �  m t h i c k .  

B L O O MS B U R G  T O N G U E  ( U .  S i l . ) - r e d d i s h a n d  g r a y i s h  s i l t s t o n e , 
s h a l e  a n d  f i n e  t o  p e b b l y  s a n d s t o n e s  i n  m e t e r s - s c a l e  
f i n i n g- u p w a r d  c y c l e s . 0 - 5 0  m t h i c k . 

S HA \'I A N G U N K  F:1 ( M .  S i l . ) - c r o s s b e d d e d ,  t ab u l a r t o  c h a n n e l e d  
q u a r t z i t e  a n d  c o n g l o m e r a t e ; m i n o r  s i l t s t o n e  a n d  s h a l e ,  i n  
p l ac e s  r e d  a n d  g r e e n ; b a s e  i s  a n  u n c o n f o r m i t y . 0 - 4 2 5  m t h i c k . 

D I A M I C T I T E - C O L L UV I UM ( U .  O r d . - L r . S i l . ) - " e x o t i c "  p e b b l e s  i"n 
c l a s t i c  m a t r i x ;  s h a l e - c h i p  g r a v e l ;  s h e a r e d  c l ay a n d  q u a r t z  
v e i n s  ( f a u l t  g o u ge ) . L o c a l l y  p r e s e r v e d  a n d  < 0 . 3  m t h i c k . 

MART I NS B UR G  F M  ( Md . -U p . O r d .  ) - i n t e r b e d d e d  s l a t e , s h a l e  a n d  
g r a y w a c k e . _ G r e a t e r  t h an 3 0 0 0  m t h i c k . 

T h e  c o n t a c t  b e t w e e n  t h e  B l o o m s b u r g  R e d  B e d s  a n d  S ha w a n g u n k  
F o r m a t i o n  h a s  b e e n  t r a c e d  w i t h o ut c o mp l i c a t i o n  f r o m  e a s t e r n  
P e n n s y l va n i a  t o  P o r t  J e r v i s ,  N Y  ( S t o p s  1 A  & 1 B ) . B e t w e e n  
W u r t s b o r o  a n d  E l l e n v i l l e ,  NY , r e d  b e d s  a n d  g r a y  s an d s t o n e  o v e r l i e  
t h e  S h a w a n g u n k  a n d ,  b e c a u s e  o f  a s i m i l a r  s u c c e s s i o n  o f  r e d  a n d  
g r ay r o c k s  a t  H i gh F a l l s , NY , h a v e  b e e n  i d e nt i f i e d  a s , 
r e s p e c t i v e l y ,  t h e  H i gh F a l l s  S h a l e  a n d  B i n n e wa t e r  S a n d s t o n e  b y  
s o m e  w o r k e r s  ( G r a y , 1 9 6 1 ; S m i t h , 1 9 6 7 ) . D e t a i l e d  m ap p i n g , 
h o w e v e r , i n d i c a t e s  t h a t  t h e s e  r e d - g r a y  r o c k s  ( S t o p s  5 & 6 B )  a r e  
f a c i e s  ( " t o n g u e s " )  o f  t h e  B l o o m s b u r g  R e d  B e ds a n d  S h aw a n g u n k  
F o r m a t i o n  ( F i g .  3 ) , n o t  t h e  H i gh F a l l s  a n d  B i n n e w a t e r .  A t  
W u r t s b o r o  ( S t o p  6 A ) , t h e  H i gh F a l l s  S h a l e c l e a r l y  o c c u r s  a b o v e  
t h e  S h aw a n g u n k  t o n g u e . T h e  B l o o m s b u r g  t o n g u e  g r a d u a l l y  t h i n s  
n o r t h e a s tw a r d  a n d  c h a n g e s  i n  c o l o r  f r o m  r e d  t o  g r ay . T h e  n a m e  
" G u y m a r d  Q u ar t z i t e "  w a s  u s e d  b y  B r y a n t  ( 1 9 2 6 )  f o r  s o m e  o f  t h e  
g r a y  B l o o m s b u r g  t o n gu e  r o c k s . T h i s  u n i t ,  l i k e  t h e  '' O t i s v i l l e  
S h a l e , "  i s  u nrn a p p a b l e  a n d  E p s t e i n  a n d  L yt t l e  ( 1 9 8 7 ) c o n c l u d e  t h a t  
i t  a l s o  s h o u l d  b e  a b an d o n e d .  
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' 1  
T h e  r o c k s  i n  t h e  S h a w a n g u n k  t o n g u e  a r e  u n l i k e  t y p i c a l  

q u a r t z i t e s  o f  t h e  S h a w a n g u n k  F o r m a t i o n  i n  t h a t  t h e y  a r e  f i n e r , 
b e t t e r  s o r t e d  a n d  r o un d e d , a n d  m o r e  d i s t i n c t l y  c r o s s - b e d d e d  
( S t o p s  5 & 6 B ) . S o m e  o f  t h e  c o n g l o m e r a t e  l ay e r s  i n  t h e  
S h a w a n gunk t o n g u e  a r e  s i m i l a r t o  t h o s e  i n  t h e  G r e e n  P o n d  o u t l i e r  
( l o c a t e d  a b o u t  4 0  k m  s o u t h e a s t  o f  t h e  m a i n  o u t c r o p  b e l t ) . T h i s  
l e d  E p s t e i n  a n d  L y t t l e  ( 1 98 7 )  t o  s u gg e s t  t h a t  t h e  S h aw a n gunk 
t o n g u e  t h i c k e n s  i n  t h a t  d i r e c t i o n  to  e n c o m p a s s  m o s t  o f  t h e  
s e c t i o n i n  t h e  o u t l i e r . T o  t h e  s o u t h w e s t ,  t h e  S h a w a n g u n k  t o n g u e  
p i n c h e s  o ut i n t o  t h e  B l o o m s b u r g  R e d  B e d s  ( F i g .  3 ) . 

T h e  H i gh F a l l s  S h a l e  a t  H i g h F a l l s ,  N Y , c o n t a i n s r e d  b e d s  
s i m i l ar t o  t h o s e  o f  t h e  B l o o m s b u r g  t o n g u e  b u t  a l s o  i s  c h a r a c 
t e r i z e d  b y  a d o l o s t o n e , f i n e l i m e s t o n e  a n d  s h a l e  f a c i e s  w i t h  
a b u n d a n t  r i p p l e  m a r k s  a n d  d e s s i c a t i o n  c r a c k s . T h e  s i m i l a r i t y  o f  
t h o s e  r o c k s  t o  r o c k s  i n  t h e  P o x o n o  I s l a n d  F o r m a t i o n  s u gge s t s  t h a t  
t h e y  p r o b a b l y  a r e  f a c i e s  e q u i v a l e n t s . B o t h  f o r m a t i o n s  a r e p o o r l y 
e x p o s e d  and t h e  n a t u r e  o f  t h e  f a c i e s  c h a n g e h a s  n o t  b e e n  
d e f i n e d .  S i m i l a r l y , t h e  c r o s s - b e d d e d  s a n d s t o n e s  o f  t h e  
B i n n e w a t e r  p i n c h o u t t o  t h e  s o u t h w e s t  ( R i c k a r d ,  1 9 6 2 ; W a i n e s , 
1 9 7 6 ) i n t o  t h e  P o x o n o  I s l an d  F o r m a t i o n  ( F i g .  3 ) . T h u s  t h e  
B i n n e wa t e r ,  H i gh F a l l s  a n d  P o x o n o  I s l a n d  a r e  f a c i e s  o f  a c o m p l e x 
m i x e d  c a r b o n a t e - s i l i c i c l a s t i c  m a r g i n a l  m a r i n e s e q u e n c e . A s  a 
c o n s e q u e n c e , t h e  n a m e  '' H i gh F a l l s  S h a l e '' i s  i n c o r r e c t l y  u s e d  o n  
t h e  N e w  J e r s e y S t a t e  g e o l o g i c  m a p  ( L e w i s  a n d  K u m m e l ,  1 9 1 2 1  • . .  

r o c k s  t h a t  s h o u l d  b e  r e f e r r e d  t o  a s  t h e  B l o o m s b u r g  R e d  B e d s . 

E n i gm a t i c  D i am i c t i t e  

I n  s o u t h e a s t e r n  N e w  Y o r k , t h e  T a c o n i c  u n c o n f o r m i t y  ( S t op s  l B ,  
2 & 4 )  b e t w e e n  t h e  M a r t i n s b u r g  F o r m a t i o n  ( l a t e  M i d d l e  t o  e ar l y  
L a t e O r d . ) a n d  t h e  o v e r l y i n g  S h a w a ng u n k  F o r m a t i o n  ( m i d d l e  S i l . )  
r e p r e s e n t s  a b o u t  1 0  t o  3 0  m i l l i o n  y e a r s . n e a r l y  t h e  du r a t i o n  o f  
t h e  e n t i r e  S i l u r i a n  P e r i o d  i t s e l f . T h e  o n l y  a p p a r e n t  r e c o r d s  o f  
t h i s  p e r i o d  o f  t i m e  a r e  a t h i n  d i am i c t i t e  ( S t o p  2 )  a n d  a s h a l e 
c h i p  g r a v e l  ( S t o p  4 ) , b o t h  p a t i c h i l y  p r e s e r ve d  b e n e a t h  t h e  b a s a l  
u n c o n f o r m i t y o f  t h e  S h a w a n g u n k  F o r m a t i o n . T h e  d i am i c t i t e , 
g e n e r a l l y  l e s s  t h a n  3 0  e m  t h i c k , i s  a m i x t u r e  o f  a n gu l a r t o  
r o u n d e d  c l a s t s  i n  a s an d - s i l t  m a t r i x , d a r k  y e l l o w i s h  o r an g e  i n  
c o l o r . T h e  c l a s t s c o n s i s t  o f  f r ag m e n t s  o f  t h e  M ar t i n s b u r g , 
q u a r t z  p e b b l e s  s i m i l ar t o  t h o s e  i n  t h e  b a s a l  S h aw a n g u n k  a n d , m o s t  
i n t e r e s t i n g l y ,  e x o t i c  p e b b l e s  t h a � a r e  d i s s i m i l a r t o  r o ck t y p e s  
i m m e d i at e l y  a b o v e  o r  b e l o w  t h e  u n c o n f o r m i t y . T h e  s o u r c e  o f  t h e s e  
p e b b l e s i s  e n i gm a t i c . T h e  s h a l e - c h i p  g r a v e l h a s  b e e n  o b s e r v e d  
o n l y  a t  S t o p  4 a n d  c o n s i s t s  o f  s e m i - c o n s o l i da t e d ,  m o d e r a t e l y 
s o r t e d  • h a l e  f r a g m e n t s  d e r i v e d  f r o m  t h e  u n d e r l y i n g  M a r t i n s b u r g . 

T h e s e  d e p o s i t s  a d d  a n  i nt e r e s t i n g  f o o t n o t e  t o  L a t e  O r d o v i c i an 
p a l e o g e o gr a p h y  i n  t h a t  t h e y  a r e  e v i d e n c e  f o r  t h e  d e v e l o p m e n t  o f  a 
' c o l l u v i um ' o n  t h e  u p l i f t ed a n d  s u b ae r i a l l y e xp o s e d  M a r t i n s b u r g  
s h a l e s  a n d  g r a y w a c k e s .  S u b s e q u e n t  p r e - S h aw a n g u n k  e r o s i o n  
r e s u l t e d  i n  t h e  d e p o s i t s  b e in g  p r e s e rv e d  o n l y  a s  t h i n  r e m n a n t s .  
T h e  s o u r c e  o f  t h e  e x o t i c  p e b b l e s  i s  n o  l o n g e r  e x p o s e d  n e a r b y . 
P e r h a p s  i t  w a s  i n  T a c o n i c  n a p p e s  a n d  l a t e r  r e m o v e d  b y  e r o s i o n . 
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F A C I E S  D E S C R I P T I O N S  A N D  I NT E R P R E T A T I O NS 

T h i s  f i e l d  t r i p  w i l l  d e a l  p r i m ar i l y  w i t h  t h e  c l a s t i c  r o c k s  
a b o v e  t h e  S h a w a n g u n k  F o r m a t i o n  a n d  w i t h  t h e  p u z z l i n g  d i a m i c t i t e 
c o l l uv i u m  p r e s e r v e d  b e n e a t h  t h e  T a c o n i c  u n c o n f o r m i t y . 

T h e  p a l e o f l o w  d a t a  ( F i g .  4 )  a n d . f a c i e s  c h a r a c t e r i s t i c s  o f  t h e  
B l o o m s b u r g  a n d  S h aw an g u n k  t o n gu e s  a n d  H i gh F a l l s  F o r m a t i o n  ( s e e  
s t o p  d i s c u s s i o n s ) i n d i c a t e  d e p o s i t i o n i n  i n t e r t i d a l  t o  s u b t i d a l  
e n v i r o nm e n t s . T h e  f a c i e s  s u c c e s s i o n  i n d i c a t e s  a n  o v e r a l l  
t r a n s g r e s s i v e e v e n t  f r o m  t h e  S h a w a n gu n k  F o r m a t i o n  ( b r a i d e d  
f l u v i a l ) t h r o u gh t h e  B l o o m s b u r g  ( i n t e r t i d a l  f l a t s  a n d  c h a n n e l s )  
a n d  S h a w a ngunk ( l o w e r  i n t e r t i d a l  t o  s u b t i d a l  s a n d  b o d i e s ) 
t o n g u e s .  A s l i gh t  r e gr e s s i o n  m a r k s  t h e  l o w e r  p a r t  o f  t h e  H i gh 
F a l l s  F o r m a t i o n  ( i n t e r t i d a l  f l a t s  a n d  c h a n n e l s ) w i t h  r e s u m p t i o n  
o f  t h e  t r an s gr e s s i o n i n  t h e  u p p e r  p a r t  o f  t h e  H i g h  F a l l s  
F o r m a t i o n  ( l o w e r  i n t e r t i d a l  a n d  s u b t i d a l  s a nd s ) a n d  s u b s e q u e n t  
d e v e l o p m e n t  o f  t h e  E a r l y  D e v o n i a n  c a r b o n a t e  s h e l f .  

B e c a u s e  ( 1 )  t e c t o n i s m  h a d  c e a s e d  ( t h e r e b y  e l i m i n a t i n g  t e c t o n 
i c a l l y  d r i v e n  r ap i d  u p l i f t o r  b a s i n  s u b s i d e n c e ) a n d  ( 2 )  c l i m a t e  
w a s  f o r  t h e  m o s t  p a r t  c o n s t a n t - - - d r y  a n d  h o t  g i v e n  t h e  l o w 
l a t i t u d e  p a l e o r e c o n s t r u c t i o n s  o f  S c o t e s e  e t  a l . ( 1 9 7 9 ) a n d  
Z i e g l e r  e t  a l . ( 1 9 7 7 ) - - - wh i c h  i n  c o m b i n a t i o n  w i t h  ( 1 )  s u g ge s t s  n o  
s u d d e n  c h a n g e s  i n  s e d i m e n t a t i o n  r a t e , w e  t e n t a i v e l y  i n f e r  t h a t  
s e a  l e v e l  c h a n g e s  w e r e  t h e  d o m i n a n t  c o n t r o l  o n  t h e  t r a n s gr e s s i o n 
r e gr e s s i o n - t r a n s g r e s s i o n c y c l e  d e s c r i b e d  a b o v e . G i v e n  t h e  
w e l l - d o c u m e n t e d  h i e r a r c h y  o f  s e a - l e v e l  c y c l e s a n d  a l l o s t r a t i 
g r a p h i c  c o r r e l a t i o n s  f o r  L o w e r  S i l u r i an s t r at a  i n  t h e  A p p a l a c h i an 
B a s i n  ( B r e t t  a n d  G o o dm a n , 1 9 8 7 ; C o t t e r ,  1 9 8 8 ; D u k e , 1 9 8 7 ) . i t  i s  
t e m p t i n g  t o  s u gg e s t  t ha t  t h e  f i n i n g - u p w a r d  cy c l e s  o f  t h e  
B l o o m s b u r g  ( F i g .  5 )  a r e  i n  p a r t  a l s o  r e l a t e d  t o  h i gh f r e qu e n c y  
c h a n g e s  i n  s e a  l e v e l . H o w e v e r .  o u r  d e s i r e  i s  t e m p e r• d  b e c a u s e  
( 1 )  t h e  s an d s t o n e  b o d i e s  i n  t h e  B l o o m s b u r g  a r e  l a t e r a l l y  
d i s c o n t i nu o u s  a n d  ( 2 )  a c c u r a t e  c o r r e l a t i o n s  t o  m o r e  b a s i na l  
e q u i v a l e n t s  h a v e  y e t  t o  b e  e s t ab l i s h e d .  

N o n e t h e l e s s , w e  o f f e r  t w o  ' e n d - m e m b e r ' hyp o t h e s e s  a s  p o s s i b l e  
e x p l a n a t i o n s  o f  t h e  s t r a t i g r a p h i c  s u c c e s s i o n .  ( 1 )  A s t a t e  o f  
e qu i l i b r i u m  e x i s t e d  a m o n g  s u b s i d e n c e , s e a - l ev e l  c ha n g e  a n d  
s e d i m e n t a t i o n  s o  t h a t  ' s t a t i c , ' v e r t i c a l  a ggr a d a t i o n  o c c u r r e d . 
T h e  f i n i n g - u p w a r d  c y c l e s  s i m p l y  �e c o r d  t h e  l a t e r a l  m i gr at i o n  o f  
t i d a l  c h a n n e l s  t h r o u gh i n t e r t i d a l  f l a t s  ( t h e  C l i n t o n  G r o u p  i n  
e a s t e r n  P e n n s y l va n i a  w a s  i n t e r p r e t e d  t hu s l y  by S m i t h ,  1 9 6 8 ) . 
( 2 )  T h e  m o s t l y  1 - 3  m t h i ck c y c l e s  ( F i g .  5 )  a r e  d u e  t o  h i gh 
f r e qu e n c y  s e a  l e v e l  c h a n g e s  a n d  r e c o r d  t h e  d i s p l a c e m e n t  d u r i n g  
r a p i d  s e a  l e v e l  r i s e  o f  m i d - i n t e r t i d a l  f l a t  a r e a s  o v e r  f i n e r , 
u p p e r  i n t e r t i d a l  f l a t s . I n  b o t h  s c e n a r i o s ,  t h e  S ha w a n g u n k  t o n gu e  
r e p r e s e n t s  a t r a n s gr e s s i v e  a p e x  ( s u b t i d a l  s a n d s  o v e r  i n t e r t i d a l  
f l a t s  a n d  c h a n n e l s )  p r i o r  t o  t h e  s l i gh t  s e a l e v e l  d r o p  d u r i n g  
l o w e r  H i gh F a l l s  t i m e  ( r e t u r n  o f  i n t e r t i d a l  f l a t s  a n d  s a n d s ) 
f o l l o w e d  b y  a c o n t i n u o u s  r i s e  o f  s e a  l ev e l . We  w e l c o m e  a n y  
s u gg e s t i o n s  o r  i n s i g h t s  y o u  m a y  h a v e . 
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F i g u r e  4 .  E q u a l  a r e a  r o s e t t e s . A .  B l o o m s b u r g  t o n gu e  d a t a .  S o l i d  
p a t t e r n - t r o u g h  a x e s a n d  e d g e s  a n d  l a t e r a l  a c c r e t i o n  s u r f a c e s ; 
s t i p p l e d  p a t t e r n- s m a l l - s c a l e  t r o u g h  c r o s s - s t r a t a . B .  S h a� a n g u n k  
t o n g u e  d a t a . S o l i d  p a t t e r n - t r o u g h  a x e s  a n d  e r o s i v e e d ge s .  

F i gu r e  
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5 .  I de a l i z e d  f i n i ng - u p w a r d  c y c l e  i n  
B - 1 - t i d a l  c h a n n e l . B - 2 - 3 - i n t e r t i d a l  

t h e  B l o o m s b u r g  R e d  
f l a t s  a n d  p a l e o s o l s  
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R i c k a r d , L . V . , 1 9 6 2 , L a t e  C ay u g a n  ( Up p e r  S i l u r i a n )  a n d  H e l d e b e r 
g i a n ( L o w e r  D e v o n i a n ) S t r a t i gr a p h y o f  N e w  Yo r k :  N e w  Yo r k  S t a t e  
M u s e u m  B u l l .  3 8 6 , 1 5 7  p .  

S c o t e s e , C .  R . , e t  a l . ,  1 9 7 9 , P a l e o z o i c  b a s e  m a p s : J .  G e o l . ,  
v .  8 7 , p .  2 1 7 - 2 7 7 . 

S m i t h , N . D . , 1 9 6 7 , A s t r a t i g r a p h i c  a n d  s e d i m e n t o l o g i c  a n a l y s i s  
o f  s o m e  L o w e r  a n d  M i d d l e  S i l u r i a n c l a s t i c  r o c k s  o f  t h e  n o r t h 
c e n t r a l  A p p a l a c h i a n s : u n p u b . P h . D . , B r o w n  U n i v . , P r o v i d e n c e , 
R I ,  1 9 5  p .  

- - - - - , 1 9 6 8 ,  C y c l i c s e d i m e n t a t i o n  i n  S i l u r i a n  i n t e r t i d a l  s e q u e n c e  
i n  e a s t e r n P e n n s y l v a n i a : J .  S e d .  P e t . , v .  3 8 , p .  1 3 0 1 - 1 3 0 4 . 
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S w a r t z . C . K .  a n d  S w a r t z . F . M  . .  1 9 3 1 . E a r l y  S i l u r i a n  f o r m a t i o n s  o f  
s o u t h e a s t e r n  P e n n s y l v a n i a :  G . S . A .  B u l l . , v .  4 2 , p .  6 2 1 - 6 6 1  . 

W a i n e s , R . H  . .  1 9 7 6 , S t r a t i gr a p h y  a n d  p a l e o n t o l o gy o f  t h e  B i n n e 
wa t e r  S a n d s t o n e  f r o m  A c c o r d  t o  \V i l b u r , � e w  Y o r k , i n ,  J o h n s o n . 
J . H . , e d . , :!YS G A  4 9 t h  A n n . M e e t i ng , P o u g h k e e p s i e . �Y :  F i e l d  
T r i p  G u i d e b o o k , p .  B 3 - 1  t o  B 3 - 1 5 .  

Y e ak e l , L . S . ,  J r . ,  1 9 6 2 , T u s c a r o r a , J u n i a t a  a n d  B a l d  E a g l e  
p a l e o c u r r e n t s  a n d  p a l e o g e o g r a p h y  i n  t h e  c e n t r a l  A p p a l a c h i a n s : 
G . S , A .  B u l l . , v .  7 3 , p .  1 5 1 5 - 1 5 3 9 . 

Z i e g l a r ,  A . M . , e t  a l . ,  1 9 7 7 , S i l u r i a n c o n t i n e n t a l  d i s t r i b u t i o n s ,  
p a l e o g e o g r a p h y , c l i m a t o l o gy a n d  b i o g e o g r a p hy : T e c t o no p h y s i c s , 
v .  4 0 , p .  1 3 - 5 1 . 

R O A D  L O G  F O R  S T R A T I G R A P H Y  A:!D S E D I ME :! T O L O GY O F  M I D D L E  A:!D U P P E R  
S I L U R I AN R O C K S  A N D  A N  E N I G MAT I C  D I AM I C T I T E , S O U T H E A S T E R N  N E W  YORK 

C u mu l . 
M i l a g e  

0 

0 . 4  
1 . 6  

1 3 . 2  
1 4 . 0  

1 6 . 3  

1 9 . 3  

)f i l e s f r o m 
L a s t  P o i n t  R O UT E  D E S C R I P T I O N 

0 

0 . 4  
1 . 2  

1 1 . 6  
0 . 3  

2 . 3  

3 . 0  

P r o c e e d  S E  a l o n g  B e d f o r d  Ave . f r o m  S o u t h  S t . 
i n t e r s e c t i o n  a t  O . C . C . C .  C a m p u s , M i d d l e t o n , :!Y . 
T r a f f i c  l i gh t , t u r n  r i gh t  o n t o  NY 1 7M .  
T u r n  r i gh t  o n t o  I 8 4  W e s t . F o r  t h e  n e x t  1 2  m i l e s 
t h e r e  a r e  s c a t t e r e d - o u t c r o p s  o f  M a r t i n s b u r g  F m . 
M a r t i n s b u r g- S h aw a n gu n k  c o n t a c t  t o  l e f t . 
P a r k i n g  a r e a  t o  r i gh t  a f f o r d s  a n  e x c e l l e n t  v i e w 
o f  t h e  P o c o n o  P l a t e a u ; i n t e r m e d i a t e  r i d g e s  a r e  
i n  t h e  M d . D e v . H a m i l t o n  G p ; N e v e r s i nk V a l l e y  
i s  f l o o r e d  b y  U p , S i l - L ow . D e v . r o c k s . 
T a k e  E x i t  1 ,  U S 6  W e s t .  T u r n  l e f t  o n t o  U S 6  W e s t ;  
a t  t r a f f i c  l i g h t  t u r n  l e f t  t o w a r d s  I 8 4  E a s t ;  
M i d .  D e v . E s o p u s  F m  o n  r i gh t . G o  u n d e r  o v e r p a s s  
a n d  t u r n  l e f t  o n  I 8 4  E a s t . A s c e n t  i s  o n  W i s c o n 
s i n i a n t i l l  c o v e r i n g U p . S i l . - L o w . D e v . r o c k s . 
D e p ar t  v e h i c l e s  a t  b e g i n n i n g  o f  o u t c r o p  o n  r i gh t  
a n d  h a v e  d r i v e r s  c o n t i n u e  o n  ( 0 . 6  m i l e s ) t o  r e s t  
a r e a  o n  r i g h t  ( o r d r i v e  y o u r  v e h i c l e  t o  r e s t  a r e a  
a n d  w a l k  b a c k  d o wn t h e  e x p o s u r e ) .  

S T O P  l A  ( P O R T  J E RV I S  A R EA ) . B L O O MS B UR G  R E D  B E D S . 

E p s t e i n  a n d  L y t t l e  ( 1 9 8 7 )  e s t i m a t e  t h a t  t h e  B l o o m s b u r g  R e d  B e d s  
i s  a b o u t 3 3 5  m t h i c k  n e a r  P o r t  J e r v i s , :!Y . T h e s e  s t r a t a  c a n  b e  
t r a c e d  c o n t i n u o u s l y  a c r o s s  N e w  J e r s e y  f r o m  P e n n s y l v a n i a  w i t h  
l i t t l e  f a c i e s  c h a n g e . T h e  S h aw a n g u n k  t o n g u e , whi c h  s e p a r a t e s  t he 
m a i n  b o dy o f  t h e  B l o o m s b u r g  f r o m  t h e  B l o o m s b u r g  t o n g u e  t o  t h e  
n o r t h e a s t , t h i n s  t o  a f e a t h e r  e d g e  a t  t h i s  l o c a l i ty a n d  i s  
u n m a p p a b l e  a t  a s c a l e  o f  1 : 2 4 0 0 0 .  F o r  t h e  s ak e  o f  b r e v i t y , t h e  
d e s c r i p t i o n  a n d  i nt e r p r e t a t i o n  o f  t h e  B l o o m s b u r g  t o ng u e  w i l l  b e  
g i v e n  a t  t h i s  s t o p  a n d  a t  S t o p  5 f o r  t h e  S h awa n g u n k  t o n gu e . 

1 29 
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A l c a l a  m e a s u r e d  t h e  s e c t i o n  f r o m  t h e  t o p  o f  t h e  S h a w a n g u n k  
F o r m a t i o n  t o  t h e  t o p  o f  t h e  S h a w a n gu n k  t o n gue ( F i g .  6 ) . T h e  
S h a w a n g u n k  t o n g u e  i s  o n l y  5 m t h i c k . I t  i s  d e s c r i b e d  i n  d e t a i l  
a t  S t o p s  5 a n d  6 B .  T h e  B l o o m s b u r g  b e t w e e n  t h o s e  t w o  u n i t s  i s  6 5  
m t h i c k  a n d  c o n s i s t s  o f  4 5  f i n i n g  u p w a r d  c y c l e s . D i s c o n t i n u o u s  
p e b b l y  l a gs o c c u r  a b o v e  a f l a t  t o  s c o u r e d  e r o s i v e b a s e  wh i c h  i s  
o v e r l a i n  by f i n e  t o  c o a r s e  q u a r t z o s e  s a n d s t o n e s  a n d  l i t h i c  
w a c k e s .  T h e s e  i n  t u r n  g r a d e  u p wa r d  i n t o  r e d d i s h  o r  g r a y i s h  f i n e  
s an d s t o n e s  a n d  s i l t s t o n e s  g e n e r a l l y  o v e r l a i n  b y  b l o c ky r e d  
m u d s t o n e s . T h i n . d i s c o n t i n u o u s  s t r i n g e r s  o f  c o a r s e r  s a n d s t o n e s  
a r e  c o m m o n  i n  t h e s e  f i n e r  c l a s t i c s . 

T h e  f i n e  t o  c o a r s e  s a n d s t o n e s  a b o v e  t h e  e r o s i v e b a s e  c o n s i s t  
o f  s e v e r a l  c e n t i m e t e r s - t o  d e c i m e t e r s - t h i c k c o s e t s  o f  t r o u g h  
c r o s s - b e d s  a r r an g e d  i n  s i gm o i d a l - a n d  w e d g e - s h a p e d  b un d l e s  
b o u n d e d  b y  l it e r a l  a c c r e t i o n s u r f a c e s . T h e  c o s e t s  g e n e r a l l y  t h i n  
u p w a r d . P l a n a r  c r o s s - b e d d i n g a n d  r e a c t i v a t i o n  s u r f a c e s  a r e  
o r e s e n t  l o c a l l y .  I nt e r f e r e n c e  r i p p l e s a r e  c o m m o n  o n  b e d  t o p s . 
T h e  l a t e r a l l y  c o n t i n u o u s  a p p e a r a n c e  o f  t h e s e  s a n d s t o n e  b e d s  i s  
d e c e i v i n g . T h e y  a c t u a l l y  a r e  b r o a d , s h a l l o w  c h a n n e l s  t h a t  t h i n  
a n d  p i n c h o u t  i n t o  f i n e r  c l a s t i c s  ( t h i s  w i l l  b e  s e e n  f r o m  t h e  t o p  
o f  t h e  o u t c r o p  f r o m  a n e a r  n o r m a l - t o - p a l e o f l o w  v i e w a c r o s s  I - 8 4 ) . 

T h e  o v e r l y i n g  r e d  a n d  g r a y  f i n e  s a n d s t o n e s  a n d  s i l t s t o n e s  
c o n t a i n  a b u n d a n t  s m a l l - s c a l e  t r o u g h  c r o s s - b e d d i n g  a n d  f l a t 
l am i n a t i o n . F l a s e r  a n d  l e n t i c u l a r  b e d d i n g , r e a c t i va t i o n  
s u r f a c e s , i n t e r f e r e n c e  r i p p l e s  a n d  b u r r o w s  a r e  c o m m o n  l o �a l l y . 
T h e  r e d  m u d s t o n e s  g e n e r a l l y  c o n t a i n  d e s i c c a t i o n  c r a c ks , 
h o r i z o n t a l  a n d  s u b - v e r t i c a l  � u r r o w s  a n d  p o s s i b l e  r o o t  t r a c e s . 
C a l c r e t e  z o n e s  a n d  p e d o g e n i c  s l i c k e n s i d e s  a r e  p r e s e n t  i n  p l a c e s . 

T h e s e  f a c i e s  c h a r a c t e r i s t i c s c o u p l e d w i t h  t h e  p a l e o c u r r e n t  
rl a t a  ( F i g .  4 )  l e a d  u s  t o  c o n c l u d e  t h a t  t h e  B l o o m s b u r g  R e d  B e d s  
r e c o r d  d e p o s i t i o n  i n  a n  i n t e r t i d a l  e n v i r o n m e n t . T h e  b r o a d l y 
c h a n n e l e d , c o a r s e  s a n d s t o n e s  w e r e  t i d a l  c h a n n e l s  t h a t  m i g r a t e d  
t h r o u g h  a f i n e r  d e t r i t a l  i n t e r t i d a l  f l a t . P a l e o s o l s  d e v e l o p e d  
l o c a l l y  i n  a d r y  c l i m a t e  a s  i n d i c a t e d  b y  t h e  c a l c r e t e  z o n e s  a n d  
d e s s i c a t i o n  c r a c k s . T h e  t h i n ,  c o a r s e  s a n d s t o n e  s t r i n g e r s  i n  t h e  
s h a l e s  p r o b a b l y  r e c o r d  e x c e p t i o n a l  t i d a l  o r  s t o r m e v e n t s . 

F r o m  t h e  p a l e o f l o w d a t a  ( F i g .  4 ) , i t  i s  e v i d e n t  t h a t  e b b  f l o w s  
w e r e  d o m i na n t . T h e  l a r ge r - s c a l e  t r o u gh c r o s s - b e d s  a n d  l a t e r a l  
a c c r e t i o n s u r f a c e s  m a k e  u p  t h e  W N W - m o d e  w h e r e a s  t h e  E S E - m o d e  i s  
m o r e  d e p e n d e n t  o n  t h e  p r e s e n c e  o f  s m a l l e r  b e d  f o rm s . T h e  l a t e r a l 
a c c r e t i o n s u r f a c e s  a n d  s i gm o i d a l - s h a p e d  b u n d l e s  i n d i c a t e  t h a t  
t i d a l  c u r r e n t s  c o n t i n u o u s l y  m o b i l i z e d  t h e  s an d y  s u b s t r a t e  i n  a 
g e n e r a l  WNW- E S E  t r e n d .  T h e s e  o b s e r v a t i o n s  c o r r e s p o n d s  n i c e l y  
w i t h  t h e  p a t t e r n  o f  t i d a l  f o r c i n g  o n e  wo u l d  e x p e c t  g i v e n  t h e  
S i l u r i an p a l e o g e o g r a p h i c  r e c o n s t r u c t i o n s  o f  S c o t e s e  e t  a l . ( 1 9 7 9 )  
a n d  Z i e g l e r  e t  a l  ( 1 9 7 7 )  s h o w i n g  t h e  T a c o n i c  h i g h l a n d s  a s  a 
N E - t r e n d i n g  b e l t  t h a t  h a d  a n  e p e i r i c  s e a  t o  t h e  w e s t  ( F i g .  7 ) . 
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W e  i n t e r p r e t  t h e  s t r o n g N N E  m o d e  o n  t h e  r o s e t t e  a s  
r e p r e s e n t i n g  a d o m i n a n t  l a t e r a l  m i g r a t i o n  d i r e c t i o n  o f  t h e  t i d a l  
c h a n n e l s  d u e  t o  t h e  i n f l u e n c e  o f  a N E - f l o w i n g  l o n g s h o r e  c u r r e n t . 
A g a i n  t h i s  f i t s  w e l l  w i t h  t h e  p a l e o c l i m a t i c  i n f e r e n c e s  o f  Z i e g l e r  
e t  a l . ( 1 9 7 7 ) w h i c h  i n d i c a t e  a s o u t h e r n , l o w - l a t i t u d e  h i gh 
p r e s s u r e  s y s t e m  t o  t h e  w e s t  o f  t h e  T a c o n i c  h i gh l a n d s  ( F i g .  7 ) ; 
t h e  c o u n t e r c l o c kw i s e  c i r c u l a t i o n  o f  s u r f a c e  w i n d s  a s s o c i a t e d  w i t h  
t h i s  h i gh w o u l d  f o r c e  a N E - f l o w i n g  l o n g s h o r e  c u r r e n t  a l o n g  t h e  
w e s t e r n  e d g e  o f  t h e  h i gh l an d s . T h u s , t h e  p a l e o f l o w  d a t a  i n d i c a t e  
a d o m i n a n t  W N W  e b b  t i d e  a n d  a w e a k e r  E S E  f l o o d  t i d e  w i t h a 
m o d e r a t e l y  i n f l u e n t i a l  NN E - f l o w i n g  l o n g s h o r e  c u r r e n t . 

U n f o r t u n a t e l y , t h e  e x p o s u r e s  a r e  n o t  q u i t e  g o o d  e n o u g h  t o  
d e t e r m i n e  s p r i n g - n e a p  c y c l e s . H o w e v e r . m a n y  o f  t h e  c o a r s e r  
s a n d s t o n e s  a p p e ar t o  h a v e  b u n d l e s  o f  w e l l - d e v e l o p e d  c o s e t s  a n d  
l e s s e r - d e v e l o p e d  c o s e t s  w h i c h  w e  h a v e  t e n t a t i v e l y  i n t e r p r e t e d  a s  
f u l l - v o r t e x  a n d  s l a c k e n i n g  s t r u c t u r e s , r e s p e c t i v e l y .  

1 9 . 9  
2 0 . 7  

0 . 6  
0 . 8  

R e b o a r d  v e h i c l e s  i n  r e s t  a r e a ;  c o n t i n u e  o n  I 8 4 . 
P a r k  v e h i c l e s  o n  s h o u l de r  t o  r i g h t . 

S T O P  1 B  ( P O R T  J E RV I S  A R E A ) . T A C O N I C  U N C O N F O RM I T Y  AND B A S A L  
S HA W A N G U N K  F O RM A T I O N .  

T h e  S h aw an g u n k  F o r m a t i o n  i s  i n t e r p r e t e d  a s  r e c o r d i n g  a 
N W - f l o w i ng b r a i d e d  f l u v i a l  s y s t e m ' d r a i n i n g  t h e  T a c o n i c h i gh l a n d s  
( Y e ak e l .  1 9 6 2 ; S m i t h , 1 9 6 7 ; E p s t e i n  a n d  E p s t e i n , 1 9 6 7 , 1 9' 7 2 ) .  
T h e  f a c i e s  a n d  p a l e o f l o w d a t a  f r o m  t h i s  e x p o s u r e  ( wh i c h  i s  
r e p r e s e n t a t i v e  o f  t h e  b a s a l  S h a w a n g u n k  t hr o u g h o u t  t h e  a r e a )  
s u p p o r t  t h a t  i n t e r p r e t a t i o n  ( a t l e a s t  f o r  t h e  b a s a l  p a r t  o f  t h e  
f o r m a t i o n ) ; t h i c k - b e d d e d , m a s s i v e  t o  l a r g e - s c a l e  t r o u g h  
c r o s s - b e dd e d , q ua r t z - p e b b l e  c o n g l o m e r a t e  a n d  c o a r s e  q u a r t z i t e  
y i e l d i ng u n i q u a d r a n t  p a l e o c u r r e n t  r o s e t t e s  ( F i g .  8 ) . 

H e r e , t h e  S h a w a n gu n k  r e s t s  u n c o n f o r m a b l y  o n  s h a l e  a n d  
g r a y w a c k e o f  t h e  M a r t i n s b u r g  F o r m a t i o n .  T h e  a n gu l ar d i s c o r d a n c e  
i s  5 ° . A l o n g  t h e  c o n t a c t  i s  a 5 t o  1 5  e m  t h i c k f a u l t  g o u g e  
c o n t a i n i n g  a n gu l a r M a r t i n s b u r g  f r a g m e n t s  i n  a d a r k - y e l l o w i s h  
o r a n g e  c l ay m a t r i x . T h u s , t h i s  c o n t a c t  a l s o  r e p r e s e n t s  a z o n e o f  
t e c t o n i c  d i s p l a c e m e n t . t h e  a m o u n t  o f  w h i c h  i s  n o t  k n o w n . F o r  a 
c o mp l e t e  d i s c u s s i o n  o f  t h e  r e l a t i v e  e f f e c t s  o f  t h e  T a c o n i c  a n d  
A l l e gh a n i an o r o g e n i e s . s e e  E p s t e i n  a n d  L y t t l e  ( 1 9 8 7 ) . 

2 1 . 4  0 . 7  

2 6 . 4  5 . 0  
2 9 . 6  3 . 2  
3 0 .  1 0 . 5  
3 0 . 5  0 . 4  
3 0 . 7  0 . 2  

R e b o a r d  v e h i c l e s  a n d  c o n t i n u e  o n  I 8 4 . 
T a k e  M o un t a i n  R d  ( E x i t  2 ) ; a t  s t o p  s i gn t u r n : 
r i gh t ; y o u  w i l l  t r av e l  a l o n g  s o u t h  s l o p e  o f  
S h a w a n g u n k  M t n ;  n o t e  o c c a s s i o n a l  M a r t i n s b u r g  
o u t c r o p s . 
B e a r  l e f t  o n  M o u n t a i n  R o a d  ( R t e . 7 3 ) .  
O t i s v i l l e :  t u r n  l e f t  o n t o  F i e l d  R o a d . 
T u r n  l e f t  o n t o  W a l k e r  S t r e e t .  
S t o p  s i gn ;  t u r n  l e f t  o n t o  S t a t e  S t r e e t  ( NY 2 1 1 ) . 
P a r k  v e h i c l e s i n  b r o a d o p e n  a r e a  o n  l e f t . 
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F i gu r e  6 .  M e a s u r e d  s e c t i o n  a l o n g  I - 8 4  e a s t  o f  P o r t  J e r v i s ,  NY . 
S F - B l o o m s b u r g  R e d  B e d s ; S F - S h a w a n g u n k  F m ; S t - S h a w a n gu n k  t o n gu e . 
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F i gu r e  7 .  M i d d l e  S i l ur i an p a l e o g e o gr a p h y  a f t e r  Z i e g l a r  e t  a l . 
( 1 9 7 7 ) . A r r o w s  i n d i c a t e  c i r c u l a t i o n  p a t t e r n o f  s u r f a c e  w i n d s . 
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F i g u r e  8 .  E q u a l  a r e a  r o s e t t e  
c o n s t r u c t e d  f r o m  t r o u g h  axe s a n d  
e r o s i v e  e d g e s  m e a s u r e d i n  t h e  b a s a l  p a r t  
o f  t h e  S h a w a n g u n k  F o r m a t i o n  a t  S t o p  1 8 .  

S T O P  2 ( O T I S V I L L E ) .  D I AM I C T I T E A T  T H E  T A C ON I C  U N C O N F O RM I TY . 

T h i s  c l a s s i c  e x p o s u r e  o f  t h e  T a c o n i c  u n c o n f o r m i t y a l o n g  t h e  
r a i l r o a d c u t  w a s  v i s i t e d  o n  t h e  5 9 t h  NYS G A  M e e t i n g ( E p s t e i n  a n d  
L y t t l e , 1 9 8 7 ) . T h i s  d i s c u s s i o n  i s  a s u m m a r y  o f  t h a t  v i s i t .  

T h e  q u a r r y  a c r o s s  t h e  r o a d  i s  i n  t h e  S h a w a n g u n k  F o r m at i o n ;  i t  
i s  a b o u t  2 k m  a l o n g  s t r i k e  f r o m  t h e  t y p e  l o c a l i t y  o f  t h e  
" O t i s v i l l e  S h a l e "  o f  S w a r t z  a n d  S w a r t z  ( 1 9 3 1 ) .  A s  i s  e v i d e n t , 
s h a l e  i s  m e a ge r . T h e  " O t i s v i l l e "  i s  p o o r l y - d e f i n e d  a n d  s h o u l d  b e  
d i s c a r d e d .  

T h e  s h a l e s  a n d  s i l t s t o n e s  o f  t h e  M a r t i n s b u r g  d i p  m o d e r a t e l y  t o  
t h e  n o r t hw e s t , w h e r e a s , a b o v e  t h e  u n c o n f o r m i t y ,  t h e  q u a r t z - p e b b l e  
c o n g l o m e r a t e  o f  t h e  S h aw a n g u n k  d i p s  1 6 ° l e s s . T h e  b a s a l  
s u r f a c e  o f  t h e  S h a w a n g u n k  i s  i r r e gu l a r a n d  d i s p l ay s  d o w n w a r d  
p r o j e c t i n g  m u l l i o n s  h a v i n g  a f e w  c e n t i m e t e r s  o f  r e l i e f  a n d  
s p a c i n gs u p  t o  a f e w  d e c i m e t e r s . B e d - p a r a l l e l  s h e a r i n g  i s  
d e v e l o p e d  i n  p l a c e s  a b o v e  t h e  u n c o n f o r m i t y .  

A l o n g  t h e  c o n t a c t  i s  a d i am i c t i t e  a s  m u c h  a s  3 0  e m  t h i c k  w i t h 
s h ar p , u n c o n f o r m a b l e  u p p e r  a n d  l o w e r  c o n t a c t s . W i t h i n  t h e  m u d  
m a t r i x  a r e  a n g u l a r c l a s t s  o f  t h e  M a r t i n s b u r g  ( i n p l a c e s  l a r ge 
p a r t s  o f  t h e  M a r t i n s b u r g  a p p e a r  t o  h a v e  b e e n  b o d i l y i n c o r p o r a t e d  
i n t o  t h i s  z o n e ) a s  w e l l  a s  a n g u l a r  t o  r o un d e d  " e x o t i c '' p e b b l e s  
n o t  p r e s e n t  i n  t h e  u n d e r l y i n g  b e d r o c k :  c l e a n  a n d  p yr i t i c  q u a r t z  
a r e n i t e ,  f e l d s p a t h i c  a n d  c h l o r i t i c  s a n d s t o n e , c r o s s - l am i n a t e d  
f e l d s p a t h i c  c o n g l o m e r a t i c  q u a r t z i t e , s i l i c e o u s a n d  m i c a c e o u s  
s i l t s t o n e  a n d  r e d  s i l t s t o n e . W e a t h e r i n g  r i n d s  a n d  p i t s  a r e  
p r e s e n t  o n  s o m e  o f  t h e  p e b b l e s  a n d , a l o n g  w i t h  t h e  r o u n d i n g ,  a r e  
e v i d e n c e  f o r  s u b a e r i a l  t r a n s p o r t  a n d  exp o s u r e  p r i o r  t o  
d e p o s i t i o n . T h e  a b o v e  i n d i c a t e s  t h a t  t h e  d i am i c t i t e  i s  a p r o d u c t  
o f  m a s s  w a s t i n g ,  p o s s i b l y  a c o l l u v i a l  g r a v e l .  
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A l s o  i n  t h i s  z o n e  i s  a g r ay i s h  g o u ge w i t h  s l i c k e n s i d e d  q u a r t z  
v e i n s . T h i s  g o u g e  a n d  t h e  m u l l i o n s  a r e  t y p i c a l  o f  m a n y  o f  t h e  
� a r t i n s b u r g - S h a w a n g u n k  c o n t a c t s  i n  s o u t h e a s t e r n  N e w  Y o r k  a n d  
i n d i c a t e  t h a t  t h e  u n c o n f o r m i t y  i s  a p l a n e  o f  m o v e m e n t , t h e  
d i s p l a c e m e n t  a l o n g  w h i c h  i s  n o t  k n o wn . 

3 0 . 8  0 .  1 

3 2 . 9  2 . 1  
3 9 . 7  6 . 8  
4 2 . 0  2 .  3 

4 6 . 9  4 . 9  
5 0 . 8  7 . 2  

5 1  . 8 1 . 0  

5 2 . 7  0 . 9  

5 5 . 7  3 . 0  
5 6 . 8  1 . 1  

5 8 . 2  1 .  4 

5 8 . 5  0 . 3  
5 8 . 7  0 . 2  
5 8 . 9  0 .  2 

R e b o a r d  v e h i c l e s  a n d  t u r n  l e f t  o n t o  NY 2 1 1 . 
A l m o s t  i m m e d i a t e l y  t u r n  r i gh t  o n t o  O r a n g e  
C o u n t y  6 1 . ;  S h a w a n g u n k  F m  t o  r i g ht . 
S t o p  s i gn ;  t u r n  r i g h t  o n t o  U S  2 0 9  N o r t h . 
Wu r t s b o r o ; p r o c e e d  p a s t  t r a f f i c  l i g h t . 
W u r t s b o r o  a i r p o r t ; S h a w a n g u nk m i ne ( P b - Z n ) o n  t o p  
o f  S h a w a n g u n k  M t n  t o  r i g h t  ( G r a y , 1 9 6 1 ) .  
W i s c o n s i n i an m o r r a i n e ; i t  i s  o v e r  3 m i l e s  w i d e . 
M o u n t  M a r i o n  F m  t o  l e f t ; d e p o s i t s o f  g l a c i a l  
L ak e  W a r w a r s i n g  t o  r i gh t . 
T r a f f i c  l i g h t  i n  E l l e n v i l l e ; t u r n  r i g h t  o n  NY 5 2  
E a s t  ( C e n t e r  S t r e e t ) .  
S t o p  s i g n ; b e a r  r i g h t  o n  NY 5 2 . Y o u  w i l l  c r o s s  
N o r t h  G u l l e y ( B l o o m s b u r g  & S h a w a n g u n k  t o ng u e s  
t o  l e f t )  a n d  p r o c e e d  u p  S h a w a n g u n k  M t n ; e x p o 
s u r e s  o f  S h aw a n g u n k  F m  w i l l  b e  o n  y o u r  l e f t . 
" S h a l e  u n i t "  w i t h i n  S h a w a n g u n k  F m  o n  l e f t . 
T u r n  l e f t  t o w a r d s  C r a gs m o o r  a n d  I c e C a v e s  
M o u n t a i n  N a t i o n a l  L a n d m a r k . 
C r a g s m o o r ; t u r n  l e f t  j u s t  b e f o r e  P o s t  O f f i c e 
o n t o  M e a d o w  L a n e . 
T u r n  r i g h t  a t  '' T . "  
T u r n  l e f t  a t  " T . "  
P a r k  v e h i c l e s  i n  p a r k i n g a r e a  a n d  f o l l ow p a t h  t o  
B e a r  H i l l .  A f t e r  l un c h  r e t u r n  t o  v e h i c l e s . 

S T OP 3 ( B E A R  H I L L ) . L U N C H  A N D  S HA W A N G U N K  F ORMAT I O N C R O S S - B E D S . 

T h e� e  n e a r l y  f l a t - l y i n g b e d s  o f  t h e  l o w e r  p a r t  o f  t h e  
S h aw a n gu n k  F o r m a t i o n  a r e n e a r  t h e  c r e s t  o f  t h e  E l l e nv i l l e  a r c h , a 
b r o a d , o p e n  f o l d  o f  A l l e g h a n i a n a g e  ( E p s t e i n  a n d  L y t t l e ,  1 9 8 7 ) . 
T h e  b a s a l  3 0  m o f  t h e  f o r m a t i o n  a r e  e xp o s e d  h e r e  a n d  c o n s i s t  
p r i m a r i l y  o f  q u a r t z - p e b b l e  c o n g l o m e r a te a n d  m e d i u m  t o  p e b b l y  
q u a r t z i t e  c o m p o s e d  o f  d e c i m e t e r - s c a l e c o s e t s  o f  t r o u g h  
c r o s s - b e d d i n g . A w e l l - d e v e l o p e d  j o i n t p a t t e r n  a n d  n um e r o u s  
e xp o s u r e s  o f  b e d d i n g  s u r f a c e s  a f f o r d  a n  e x c e l l e n t  o p p o r t u n i t y  t o  
e x a m i n e  t h e  r e l a t i o n s h i p  b e t w e e n  q u a s i - 3 - D  v i ew s  a n d  p l a n  v i e w s  
o f  t r o u g h  c r o s s - b e d d i n g . T h e s e  e x p o s u r e s  c an b e  u s e d  t o  d i s c u s s  
t h e  ' p r o p e r ' m e t h o d s  o f  o b t a i n i n g  p a l e o f l o w  d a t a  f r o m  t r o u gh s . 

R e b o a r d  v e h i c l e s  a n d  c o n t i nu e  p a s t  p a r k i n g  a r e a . 
5 9 . 1  0 . 2  B e a r  r i gh t  a t  i n t e r s e c t i o n .  
5 9 . 2  0 .  1 T u r n  r i gh t  o n t o  M e a d o w  L a n e  
5 9 . 3  0 .  1 S t o p  s i g n ; t u r n  r i gh t  ( d o w n h i l l ) . 
6 0 . 7  1 . 4 S t o p  s i gn ;  t u r n  r i g h t  o n t o  NY 5 2 . 
6 4 . 5  3 . 8  T u r n  r i g h t  o n t o  S o u t h G u l l e y  r o a d . 
6 5 . 3  0 . 8  T u r n  l e f t  o n t o  M t . M e e n h a g a  R o a d ; M a r t i n s b u r g  F m  

e x p o s u r e  t o  l e f t . 
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6 5 . 7  0 . 4 P a r k  v e h i c l e s  i n  o p e n  a r e a  a t  b e n d  i n  r o ad a n d  
w a l k  1 0 0  m b a c k  d o w n  r o a d  t o  S t o p  4 .  

S T O P  4 ( E L L E NV I L L E ) .  S HA L E - C H I P  G R A V E L  AT T A C O N I C  UN C O N F O RM I TY .  

T h i s  e x p o s u r e  a l s o  w a s  v i s i t e d  o n  t h e  5 9 t h  N Y S G A  M e e t i n g  
( E p s t e i n  a n d  L y t t l e , 1 9 8 7 )  b u t  i t  i s  a p r o b l e m a t i c  e x p o s u r e  
w o r t h y  o f  f u r t h e r  p u z z l e m e n t . Y o u r  o p i n i o n s  a r e  e n c o u r a ge d . 

T h e  b a s a l  S h a w a n g u n k  f o r m s  a s l i gh t  o v e r h a n g  w h i c h  a f f o r d s a 
v i e w  o f  a n  i n - p l a c e , s h a l e - c h i p  g r a v e l  d e v e l o p e d  b e n e a t h  t h e  
u n c o n f o r m i t y . T h e  s h a l e - c h i p  g r a v e l  i s  at  l e a s t  6 0  e m  t h i c k  a n d  
c o n s i s t s  o f  v e r y  we l l  s o r t e d  s h a l e c h i p s  a b o u t  3 e m  i n  l e n g t h  
d e r i v e d  f r o m  t h e  u n d e r l y i n g Ma r t i n s b u r g  ( e xp o s e d  a b o u t  6 m b e l o w 
t h i s  o u t c r o p ) .  I t  i s  c r u d e l y  f o l i a t e d  p a r a l l e l  t o  b e d d i n g i n  t h e  
S h a w a n g u n k . T h i s  s h a l e - c h i p  g r a v e l  i s  s i m i l a r t o  t h o s e  o f  
P l e i s t o c e n e  a g e  d e r i v e d  f r o m  P a l e o z o i c  s h a l e s  i n  m a n y  a r e a s  i n  
P e n n s y l v a n i a  a n d  N e w  J e r s e y . 

T h e  e x c e l l e n t  s o r t i n g  s ug ge s t s  w i n n o w i n g  o f  t h e  g r a v e l  d u r i n g  
t r a n s p o r t . T h i s  g r av e l  a n d  t h e  d i am i c t i t e  o b s e r v e d  a t  S t o p  2 ,  
i n d i c a t e  t h a t  t h e  M a r t i n s b u r g  s u r f a c e , u p l i f t e d  d u r i n g  t h e  
T a c o n i c  o r o g e ny , w a s  s u b a e r i a l l y  e xp o s e d  a n d  c o v e r e d  b y  c o l l uv i um 
a n d  g r a v e l s . M u c h  o f  t h i s  m a t e r i a l  w a s  s u b s e qu e n t l y  r e m o v e d  b y  
e r o s i o n  a n d  t h e  r e m n a n t s  w e r e  b u r i e d  b y  t h e  S h a w a n g u n k  
c o n g l o m e r a t e s . T h e r e  a r e  n o  k n o wn n e a r b y  s o u r c e s  f o r  t h e  e x o t i c  
p e b b l e s  i n  t h e  d i am i c t i t e . A s  s t a t e d  e a r l i e r , i t  i s  p o s s ib l e  t h a t  
t h e y  w e r e  d e r i v e d  f r o m  n o w - e r o d e d  T a c o n i c  n a p p e s . 

6 6 . 0  
6 6 . 8  

. 6 7 . 2  

0 . 4  
0 . 8  
0 . 3  

R e b o a r d  v e h i c l e s  a n d  g o  b a c k  d o wn M t . M e e n h a g a  R d  
T u r n  r i gh t  o n t o  S o u t h  G u l l e y R o a d . 
S t o p  s i gn ;  t u r n  r i g h t  o n t o  NY 5 2 . 
T u r n  l e f t  a n d  i m m e d i a t e l y  r i g h t  i n t o  p a r k i ng 
a r e a .  

S T O P  5 ( E L L E NV I L L E ) .  B L O M M S B U R G  A N D  S HAWANGUNK T O N G UE S . 

T h i s  s e c t i o n w a s  m e a s u r e d  b y  A l c a l a .  T h e  B l o o m s b u r g  t o ng u e  i s  
4 8  m t h i c k  a n d  c o n s i s t s  o f  3 7  f i n i n g upwa r d  c y c l e s  ( F i g .  9 ) . 
S e v e n  m e t e r s  o f  t h e  S h a w a n g u n k  t o n gu e  a r e  exp o s e d . T h e  c o nt a c t  
b e t w e e n  t h e  S h a w a n g u n k  F m  a n d  B l o o m s b u r g  t o ng u e  i s  g r a d a t i o n a l  a s  
i s  t h e  c o n t a c t  b e t w e e n  t h e  t w o  t o n gu es . 

T h e  f i n i n g - up w a r d  c y c l e s  i n  t h e  B l o o m s b u r g  t o n gu e  a r e  s i m i l a r 
t o  b u t  c o n t a i n  m o r e  s h a l e  a n d  m u d s t o n e  t h an t h e  B l o o m s b u r g  s t r a t a  
s e e n  a t  S t o p  1 A .  T h e  s a n d s t o n e s  f o r m i n g  t h e  b a s a l  p a r t s  o f  
c y c l e s  a r e  t he s a m e . Q u a r t z  a n d  l i t h i c  w a c k e s  t ha t  c o n s i s t  o f  
s e t s  a n d  c o s e t s  o f  t r o u g h  c r o s s - s t r a t a  a r e  a r r an g e d  i n  s i gm o i d a l 
s h a p e d  b u n d l e s  c o m m o n l y  b o u n d e d  b y  l a t e r a l  a c c r e t i o n  s u r f a c e s . 
G i v e n  t h e  s am e  f a c i e s  c h a r a c t e r i s t i c s a n d  p a l e o f l o w t r e n d s  ( F i g .  
4 ) , w e  i n t e r p r e t  t h i s  s e c t i o n  s i m i l ar l y .  T h e  d o m i n a n t  WNW - E S E  
b i p o l a r  r o s e t t e s  i n d i c a t e  t i d a l  f l o w .  T h e  d a t a  o b t a i n e d  f r o m  t h e  
l ar g e r  b e d  f o r m s  a g a i n  s ug g e s t  a s t o n g e r  e b b  t i de r e l a t i v e  t o  t h e  
f l o o d  t i d e . T h e  N N E  m o d e  i n d i c a t e s  t h e  c o n t i n u i n g i n f l u e n c e  o f  
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n o r t h e a s t  f l o w i ng l o n g s h o r e  c u r r e n t s  i n  f o r c i n g a p r e f e r r e d  N N E  
m i g r a t i o n  d i r e c t i o n  o f  t i d a l  c h a n n e l s . T h e  f i n e r  c l a s t i c s  
r e p r e s e n t  t h e  i n t e r t i d a l  f l a t s . W e  i n t e r p r e t t h e i r  g r e a t e r  
p r o p o r t i o n  h e r e  a s  i n d i c a t i n g d e p o s i t i o n p r i m a r i l y  i n  u p p e r  
i n t e r t i d a l  f l at a r e a s . 

T h e  f i r s t  t a b u l a r - a p p e a r i n g  q u a r t z  a r e n i t e  b e d  m a r k s  t h e  b a s e  
o f  t h e  S h a w a n g u n k  t o n g u e  wh i c h  c o n s i s t s  p r e d o m i n a n t l y  o f  
t h i c k - b e d d e d , f i n e  t o  m e d i um qu a r t z  a r e n i t e s  w i t h m i n o r  g r e e n i s h  
s h a l e  a n d  r a r e  r e d  s h a l e . S h a l e s  o c c u r  a s  t h i n  p a r t i n g s  o r  
l ay e r s  u p  t o  2 0  e m  i n  t h i c k n e s s . P e b b l y  q u a r t z i t e o c c u r s  i n  
p l a c e s  ( s u c h  a b e d  o c c u r s  a b o u t  4 m a b o v e  t h e  b a s e  h e r e  a n d  at 
t h e  s e c t i o n n e a r  W u r t s b o r o ) .  B a s e s  o f  b e d s  a r e  e r o s i v e  a n d  f l a t 
t o  s h a l l o w l y  s c o u r e d  a n d  p e b b l y  l a g s  o c c u r l o c a l l y .  T r o ugh 
c r o s s - b e d d i n g  i s  c o m m o n  and o c c u r s  i n  s e t s  and c o s e t s  0 . 1  to 1 m 
t h i c k .  P l an a r  c r o s s - b e d d i n g  a n d  f l a t  l a m i n a t i o n  o c c u r  l o c a l l y ;  
s o m e  o f  t h e  f i n e r  s a n d s t o n e s  c o n t a i n  s m a l l - s c a l e  c r o s s 
s t r a t i f i c a t i o n .  I n  a l l  c a s e s , l a m i n a t i o n s  c o n s i s t  o f  a l t e r n at i n g 
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F i g u r e  9 .  M e a s u r e d  s e c t i o n  o·f 
B l o o m s b u r g  ( B t )  a n d  S h a w a n gunk 
( S t )  t o n gu e s  i n  N o r t h  G u l l e y n e ar 
E l l e n v i l l e , NY . S F - S h a w a n gunk 
F m . S e e  F i g u r e  6 f o r  e x p l a n a t i o n  
o f  s ym b o l s . 
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l i g h t - d a r k  c o u p l e t s .  S o m e  o f  t h e  f o r e s e t s  a r e  
nl u d  c l a s t s . I n t e r f e r e n c e  r i p p l e s  a n d . r a r e l y ,  
c a n  b e  o b s e r v e d  o n  s o m e  b e d  s u r f a c e s . 

d e f i n e d  b y  f l a t 
t r a i l s  a n d  b u r r o w s  

O n  t h e  b a s i s  o f  t h e  f a c i e s  c h a r a c t e r i s t i c s  a n d  p a l e o c u r r e n t  
d a t a  ( F i g .  4 ) . w e  i n t e r p r e t  t h e  S h a w a n g u n k  t o n g u e  a s  a s u b t i d a l  
( a n d  p o s s i b l e  l o w e r  i n t e r t i d a l )  s a n d  b o d y . T h e  c l u s t e r i n g  o f  
f l o w d a t a  i n  t h e  w e s t e r �  h e m i s o h e r e  o f  t h e  r o s e t t e s  ( i . e .  f r o m  
1 8 0 ° t o  3 6 0

°
) i n d i c a t e s  p r i m a r l l y  o f f s h o r e - d i r e c t e d  

t r a n s p o r t , p r o b a b l y  b y  s t r o n g  e b b  t i d e s  a n d  p o s s i b l y  b y  r i p  a n d  
s t o r m c u r r e n t s  ( n o t e , h o w e v e r , t h a t  n o  h u m m o c k y  o r  s w a l e y  
c r o s s - s t r a t i f i c a t i o n  h a s  b e e n  o b s e r v e d  t o  s u p p o r t  a s t o r m  
i n f l u e n c e ) .  T h e  N N E  m o d e  i n d i c a t e s  s e d i m e n t  t r a n s p o r t  b y  
l o n g s h o r e  c u r r e n t s .  W e  i n t e r p r e t  t h e  ' c l e a n ' q u a r t z  a r e n i t i c  
c h a r a c t e r  o f  t h e s e  s a n d s t o n e s  a s  r e s u l t i n g  f r o m  s e l e c t i v e  s o r t i n g 
b y  m a r i n e  c u r r e n t s ( t h e  c o a r s e r , 1 d i r t i e r 1 s a n d s  N e r e  ! l o c k e d - u p ! 
i n  t h e  t i d a l  c h a n n e l s  o f  t h e  B l o o m s b u r g )  T h e  p r e s e n c e  o f  
i n t e r f e r e n c e  r i p p l e s  a n d  r a r e  t r a c e  f o s s i l s  f u r t h e r  s u p p o r t s  t h i s  
i n t e r p r e t a t i o n . 

� o d e r n  t i d a l  f l a t s  d i s p l a y  a p r o g r e s s i v e  f a c i e s  c h a n g e . U p p e r  
i n t e r t i d a l  a r e a s  a r e  f i n e r - g r a i n e d , l e s s  a n d  s m a l l e r  c h a n n e l e d  
r e l a t i v e t o  t h e  w e l l - c h a n n e l e d ,  m i d  i n t e r t i d a l  a r e a s  w h e r e a s  
l o w e r i n t e r t i d a l  a r e a s  a r e  m o s t l y  s a n d y  w i t h  l e s s  f i n e s : a d j a c e n t  
s u b t i d a l  z o n e s  a r e  s a n d y  ( K l e i n , 1 9 8 5 ) . E x a m i n a t i o n  o f  t h e  
m e a s u r e d  s e c t i o n s ( F i g s .  6 ,  9 & 1 1 )  i n d i c a t e s  s u c h  a t r e n d . T h e  
l o w e r  p a r t  o f  t h e  B l o o m s b u r g  t o n g u e  c o n t a i n s  m o r e  f i n e s  t·h a n  d o e s  
t h e  u p p e r m o s t  p a r t ,  i . e . , d e p o s i t i o n i n i t i a l l y  o c c u r r e d  i n  m i d d l e  
a n d  u p p e r  a r e a s  o f  a n  i n t e r t i d a l  e n v i r o n m e n t  w i t h s u b s e q u e n t  
d e p o s i t i o n  i n  l o w e r  i n t e r t i d a l  e n v i r o n m e n t s . A s  t h e  
t r a n s g r e s s i v e  e v e n t  p r o g r e s s e d , t h o s e  d e p o s i t s  w e r e  c o v e r e d  b y  
s a n d y  s u b t i d a l  d e p o s i t s o f  t h e  S h a w a n g u n k  t o n g u e . 

6 7 . 3  0 .  1 
6 8 . 2  0 .  9 
3 0 . 3  1 2 . 1  

8 1 . 7  1 .  4 
8 3 . 0  1 .  3 

R e b o a r d  v e h i c l e s  a n d  t u r n  l e f t  o n t o  NY 5 2 . 
T u r n  l e f t  o n t o  C e n t e r  S t r e e t . 
T r a f f i c  l i g h t :  t u r n  l e f t  o n t o  U S  2 0 9  S o u t h . 
W u r t s b o r o ; c o n t i n u e  p a s t  t r a f f i c  l i g h t  u n l e s s  y o u 
w o u l d  l i k e  a c o l d  b e e r  a n d  a p a s t r a m i  s a n d w i c h  a t  
D a n n y 1 s .  
T u r n  l e f t  o n t o  NY 1 7  S o u t h  t o w a r d s  N e w  Y o r k  C i t y . 
P a r k  v e h i c l e s  o n  s h o u l d e r  o n  r i g h t . 

S T O P  6 A  ( WU R T S B O R O ) .  H I G H  F A L L S  S HA L E . 

T h e  H i g h F a l l s  S h a l e  a n d  c o r r e l a t i v e  P o x o n o  I s l a n d  F o r m a t i o n  
a r e  p o o r l y e xp o s e d  i n  t h i s  a r e a . T h e  n e a r e s t  e x p o s u r e s  t o  t h i s  
l o c a l i t y a r e  3 4  k m  t o  t h e  n o r t h e a s t  n e a r  A c c o r d , NY a n d  a b o u t  a 
s i m i l a r  d i s t a n c e  t o  t h e  s o u t hw e s t  i n  N e w  J e r s e y . T h e  s e c t i o n s  a t  
S t o p  6 ( A  & B )  w e r e  m e a s u r e d  b y  A l c a l a .  

T h e  s e c t i o n  o f  t h e  H i gh F a l l s  S h a l e  i s  1 0  m t h i c k ( F i g .  
b u t  i t  i s  i n c o m p l e t e  ( b o t h  c o n t a c t s  a r e  c o v e r e d ) . T h e  H i g h 
c o n s i s t s  o f  f i n e t o  m e d i u m q u a r t z o s e  s a n d s t o n e s  w i t h  m i n o r , 
l a t e r a l l y  d i s c o n t i n u o u s  g r e e n i s h  a n d  r e d d i s h  s h a l e  l a y e r s . 

1 0 ) ' 
F a l l s  

B e d s  
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a r e  c o m p o s e d  o f  l a r g e - s c a l e  t r o u g h  c r o s s - b e d d e d  s e t s  a n d  c o s e t s  
a s  m u c h  a s  8 0  e m  t lt i c k . L a t e r a l  a c c r e t i o n s u r f a c e s  a n d . l e s s  

c o m m o n l y . r e a c t i v a t i o n  s u r f a c e s  b o u n d  m a n y  o f  t h e  s e t s . P l a n a r  
c r o s s - b e d d i n g ,  f l a t  l a m i n a t i o n .  d e s i c c a t i o n  c r a c k s . s y m m e t r i c a l  
r i p p l e s . a n d  b u r r o w s  a n d  t r a i l s  a r e m o d e r a t e l y  c o m m o n . B a s e s  o f  
b e d s  a r e  f l a t  b u t  e r o s i v e a n d  h a v e  l o c a l  l a g s  B e d  t o p s  
g e n e r a l l y a r e  m a n t l e d  w i t h  i n t e r f e r e n c e  r i p p l e s . 
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F i g u r e  1 0 .  M e a s u r e d  s e c t i o n  o f  t h e  H i g h F a l l s  F o r m a t i o n  a l o n g 
R t e .  1 7  n e a r  W u r t s b o r o , �Y . E q u a l  a r e a  p a l e o c u r r e n t r o s e t t e s : 
s o l i d  p a t t e r n - t r o u g h  a x e s a n d  e d g e s : s t i p p l e d p a t t e r n - s m a l l - s c a l e  
t r o u g h  c r o s s - s t r a t a :  v e r t i c a l  l i n e s - p l a n a r  c r o s s - b e d d i n g .  D o u b l e  
a r r o w r e p r e s e n t s  a v e r a g e  t r e n d o f  t h r e e  w a v e  r i p p l e  c r e s t s .  
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E x a m i n a t i o n  o f  t h e  p a l e o c il r r e n t  r o s e t t e s ( F i g .  1 0 )  c l e a r l y  
i n d i c a t e s  t h a t  t h e s e  a r e  t i d a l  d e p o s i t s . T h e  s e d i m e n t a r y  
s t r u c t u r e s  a n d  c o m p o s i t i o n  s u g g e s t  l o w e r  i n t e r t i d a l  t o  s u b t i d a l  
s e t t i n g s . T h e  W N W - d i r e c t e d  e b b  t i d e  w a s  d o m i n a n t . A l e s s 
d e v e l o p e d  � E  m o d e  i s  o n c e  a g a i n  i n t e r p r e t e d  a s  r e c o r d i n g t h e  
i n f l u e n c e  o f  l o n g s h o r e  c u r r e n t s .  C u r i o u s l y , t h e s e  f l o w s  a r e  
r o t a t e d  s l i g h t l y  c l o c k w i s e  r e l a t i v e  t o  t h o s e  o f  t h e  B l o o m s b u r g  
a n d  S h a w a n g u n k  t o n g u e s . W e  t e n t a t i v e l y  c o n c l u d e  t h a t  t h i s  
p r o b a b l y  i n d i c a t e s  a s l i g h t  r e o r i e n t a t i o n o f  t h e  p a l e o s t r a n d l i n e 
t o  a m o r e  n o r t h e a s t e r l y  d i r e c t i o n . T h e  � £ - t r e n d  o f  w a v e  r i p p l e  
c r e s t s  ( F i g .  1 0 ) a d d s  s o m e  c r e d e n c e  t o  t h i s s p e c u l a t i o n . 

8 4 . 0  1 . () 
R e b o a r d  v e h i c l e s  a n d  c o n t i n u e  a l o n g  N Y  1 7  S o u t h .  
P r o c e e d  p a s t  c u r v e  i n  r o a d  a n d  p a r k  a l o n g  
s h o u l d e r  o n  r i g h t . 

S T O P  8 B  ( WVR T S B O R O ) .  B L O O � S B GR G  A X D  S HAWA� G G � K  T O N G U E S  . 

T h e  B l o o m s b u r g  a n d  S h a w a n g u n k  t o n g u e s a r e  b e s t  e x p o s e d  a t  t h i s  
l o c a l i t y w h i c h  i s  a n o r m a l - t o - p a l e o f l o w v i e w . C o n t a c t s  b e t w e e n  
t h e  '' t o n g u e s '' a n d  t h e u n d e r l y i n g  S l1 a w a n g u n k  F m  a r e  g r a d a t i o n a l .  
T h e  B l o o m s b u r g  t o n g u e  i s  5 8  m t h i c k a n d  c o n s i s t s  o f  4 1  f i n i n g 
u p w a r d  c y c l e s  ( F i g .  1 1 ) . T h e  S h a w a n g u n k  t o n g u e  i s  n e a r l y  
c o m p l e t e  ( t o p  c o n t a c t  i s  c o v e r e d )  a n d  i s  3 4  m i n t h i c k n e s s .  T h e  
f a c i e s  h·e r e  a r e  s i m i l a r  t o  t h o s e  o b s e r v e d  a t  S t o p s  l A  a n d  5 
e x c e p t  t h a t  t h e y  a r e  t h i c k e r  a n d  h a v e  m o r e  p a l e o s o l  a n d  c a l i c h e  
l a y e r s . T h u s , g i v e n  t h e  s a m e  f a c i e s  a n d  p a l e o f l o w t r.e n d s ( F i g .  
4 ) , t h e  s a m e  i n t e r p r e t a t i o n  i s  p r o p o s e d : t h e  B l o o m s b u r g  t o n g u e  
i s  a n  i n t e r t i d a l  d e p o s i t  r e c o r d i n g  W N W - E S E  e b b - f l o o d  t i d e s  a n d  
t h e  S h a w a n g u n k  t o n g u e  i s  a s u b t i d a l  d e p o s i t . B o t h  '' t o n g u e s '' w e r e  
i n f l u e n c e d  b y  a N N E - f l o w i n g  l o n g s h o r e  c u r r e n t . 

8 4 . 2  0 . 2  

9 4 . 9  1 0 .  7 

R e b o a r d  v e h i c l e s  a n d  c o n t i n u e  a l o n g �y , -
W e  w i l l  p a s s  t h e  T a c o n i c  u n c o n f o r m i � y a � �  � � : � � 
e x p o s u r e  o f  M a r t i n s b u r g  F m  d e s c r i b e d  b y  E p s t e i n  
a n d  L y t t l e  ( 1 9 8 7 , p .  C - 7 1 - 7 .3 ) : u n d e r  o v e r p a s s  
i s  a s l u m p  s t r u c t u r e  t o  t h e r i g h t . 
B e a r  r i g h t  o n t o  I 8 4 W e s t  a n d  r e t u r n  h o m e  o r  t o  
t h e  O . C . C . C a m p u s . 

E N D  O F  T R I P .  H A V E  A S A F E  J O U R N E Y  H O M E . 
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F i g u r e 1 1 . � e a s u r e d  s e c t i o n  o f  t h e  

B l o o m s b u r g  ( B t )  a n d  S h a w a n g u n l<  ( S t )  

t o n g u e s  a l o n g  R t e . 1 7  n e a r  W u r t s b o r o , 

NY . S F - S h a w a n g u n l<  F o r m a t i o n . S e e  
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A GEOLOGI C,;L CLIMB OF SCHUNEMUNK flOliNTAI N  

WI L L I AM J .  TUCCI 
Sc i ence Depar tment 

Va l l ey Cen t r a l  H i gh School  
Montgomery , New York 1 2550 

ROBERT KALIN 
E . S . S .  Depar tment 

Suf f o l k  Cou n t y  Commu n i t y  Col l ege 
Se l den , New York 1 1 784 

GENERAL I NTRODUCT I ON 

Th i s  tr i p  focuses on the area known as the Hudson Lowl ands . To the 
east are found the Hudson H i gh l ands , an area of Precambr i an terrane of 
h i gh re l i ef  wh i ch s t r i kes northeast-southwest . The Catsk i l l  Moun t a i ns 
o f  Devon i an age , w i th S i l ur i an and Lower Devon ian outcrops a l ong the i r  
eastern front are f ound t o  the west . The Hudson Lowl ands are an area of 
re l a t i ve l y  l ow e l evat i on wh i ch are under l a i n  by Cambro-Ordov i c i an 
ca l caren i tes and argi ! l i te s .  I t  i s  par t of  a physi ograph i c  trough that 
extends from the St . Lawrence Val l ey south i n t o  Pennsy l van i a .  Th i s  
reg i on has a maJ or down-fo l d  referred to as the Schunemunk Out l i er .  
Schunemunk Mount a i n  wh i ch i s  a port i on of  the central  ax i a l  regi on has a 
he i gh t  of 507 me ters ( 1 664 feet ) .  The sync l i n a l  f o l d  that makes up the 
ax i a l  regi on of the l ow l ands has f l anks upon wh i ch o l der rocks are 
exposed I n  topograph i c  h i gh s .  The central  part is under l a i n  by the 
youngest rocks wh i ch ,  be i n g  res i stant  sandstones and congl omerate s ,  f orm 
r i dge- l i ke masses of nor theast-southwest trend al ong the ax i s .  ( Kothe , 
1 960 ) .  

The wor d  Schunemunk ,  pronounced Skun-uh-munk , i s  the 'A l gonqu i n  Nat i ve 
Ame r i can na�e g i ven t o  the moun t a i n  by i ts ear l y  i nhab i tants.  The name 
means " exce l l en t  f i re-p l ace" i n  the A l gonqu i n  l anguage and may be the 
resu l t  of the f ac t  that th·i s group at  one t i me occup i ed a fort i f i ed s i te 
somewhere near the nor thern end of  the mount a i n .  

Schunemunk I s  a f o l ded and fau l t ed moun t a i n ,  u n l i ke the Catsk i l l s  to  
the north and west wh i ch are eros i on a l  remnan t s  of  a p l ateau . Schunemunk 
i s  a comp l ex l y  f o l ded and f au l t e d  remnant of the Devon i an .  Desp i te the 
ravages of g l ac i er s ,  eros i on ,  mass wast i n g ,  and the frost act i on of  the 
Hudson Val l e y ,  i t  stands out as one of  the h i ghest peaks i n  Orange 
Cou n t y  and one of the h i ghest west of the Hudson R i ver . 
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Topograph i ca l l y  the moun ta i n  I s  a l most l nd l st l ngu l shab l e  from the 
Precambr i an Hudson H i gh l ands to the east and Woodcock H i l l  to  the west . 
Howeve r ,  I t  i s  composed of  much younger Devon i an sedimen ts depos i ted 
after  the Tacon i c  Orogeny ended the Ordov i c i an Per i od .  

h l though severa l  i n t erpretat i ons o f  the geo l og i c a l  ev i dence may be 
made , the f o l l ow i n g  ones seem i n te l l ectua l l y  sat i sf y i ng .  Rodgers < 1 987) 
makes the p o i n t  that the h l l eghan l an event certai n l y  deformed the en t i re 
Val l ey and R i dge prov i nce and transported the B l ue R i dge and I nner 
P i edmon t  and " probab l y  a l so those of  the H i gh l ands from New York 
southwest i n t o  the Read i ng Prong . "  

The equ i va l ence of the Green Pond format i on and the Shawangunk 
cong l omerate < Koth e ,  1 960 ) and the Shawangunk ' s  occurrence around the 
f l anks of the Schunemunk Out l i er  r e l ate the Green Pond, Shawangunk and 
Schunemunk congl omerates strat i graph i ca l l y .  Frai l !  < 1 985l further 
I nd i cates that the f o l d i ng and f au l t i ng of the Green Pond was 
A l l eghan i an ,  w i th perhaps some further fau l t i ng dur i ng the Jurass i c .  I t  
wou l d  seem l og i ca l  t o  conc l ude that the fol d i ng o f  the Schunemunk was 
a l so assoc i ated w i th th i s  event . The A l l eghan i an orogeny , approximate l y  
260 m . y . a . , marked the l ast crust a l  co l l i s i on of the cont i nents and 
f o l ded these Devon i an beach depos i ts to form the sync l i ne that was to 
become Schunemunk Mount a i n .  

Schunemunk may be descr i bed as an i s l and of Devon i an sediments i n  a 
sea of  Ordov i c i an and Precambr i an metasediments < See F i g .  1 .  Geo l og i c  
Map o f  Schunemunk , af ter ; Jaf f e  and Jaf f e ,  1 967 and F i she r ,  1 970 ) The 
strat i graph i c  co l umn < F i g .  2 . ) shows the re l a t i onsh i ps among the var i ous 
rock un i ts wh i ch under l i e  Schunemunk Mount a i n .  Not i ce that the uppermost 
l ayer i n  the sec t i on ,  the gl ac i a l  depos i ts ,  have been eroded a l ong the 
r i dge of the moun t a i n  expos i n g  the Schunemunk Congl omerate . 

The cross-sect i on < F i g .  3 . )  shows the structural re l at l onsh l p  between 
the rock un i ts of the strat i graph i c  co l umn and the i r  I n f l uence on the 
topography of the reg i o n .  < " Ge o l ogy i s  the mother of topography . " )  The 
ver t i ca l  exaggerat i on of the cross-sect i on serves to i l l ustrate the 
res i s t ance to eros i on of  the Schunemunk congl omerate and the gne i sses of 
the Hudson H i gh l ands .  
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Esopus Fo�ma t l on 
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Fol d i ng and Fau l t i ng 

The rock un i ts shown i n  the strat i graph i c  co l umn were subsequent l y  
f o l ded dur i ng the A l l eghan i an event wh i ch marked the l ast c l os i ng and 
ope n i n g  of the proto-At l ant i c  Ocean , between 220 and 280 m i l l i on  years 
ago . The fau l t i n g  of the rock u n i ts on Schunemunk , accordi ng t o  Kothe 
< 1 960 ) ,  occurred as a resu l t  of  the stresses produced dur i ng th i s  
f o l d i ng even t .  Jaffe and Jaf f e  ( 1 967 ) and Fa l l  1 ( 1 985 ) further specu l ate 
that  some of these fau l ts may have been produced or en l arged as a resu l t  
of  t h e  Tr i assi c/Jurass i c  deformat i on .  

G l ac i ation 

One of  the str i k i ng features of  Schunemunk Moun t a i n  I s  the e f f ect  of  
g l ac i a l  scour i ng and pol i sh i ng a l ong the r i dge . The faceted quartz 
pebb l es ,  the roche-mou tonnee , and the g l ac i a l  str i ae on the outcrops 
bear w i tness to the power of  the g l a c i a l  l ee as i t  moved southward 
dur i n g  the l ee advance 20 , 000 p l us years ago . The mounta i n  may we i 1 have 
been 90 to 1 20 me ters < 300 to 400 feet ) h i gh e r  p r i or to the g l a c i a l  
eros I o n  ( Kothe , 1 960 ) . 

TOPOGRAPHY 

Schunemunk Mounta i n  stretches from the i nt ersect i on of Otterk i l  I Road 
and Tay l or Road south to New York Rou te 1 7 .  I t s  total  re l i ef  I s  a l most 
420 meters < 1 380 fee t )  from 91m < 298 fee t )  at Tay l or Road to i t s  summ i t 
507 meters ( 1 664 fee t )  above sea l eve l . The actua l structure extends 
beyond Monroe where i t  i s  broken by a ser i e s  of  fau l ts and con t i nues 
I n t o  New Jerse y .  

The Schunemunk Congl omerate occurs i n  an a l most con t i nuous outcrop 
a l on g  Schunemunk Mount a i n  i t  I s  a coarse redd i sh brown congl omerate w i th 
l enses of i n terbedded deep reddi sh-brown sandstone . The sandst one has 
the same compos i t i on as the mat r i x  of the con g l omerate.  The con g l omerate 
con t a i ns rounded pebb l es of  m i l ky quartz and quartz i te .  Some of  these 
e l ongated pebb l es are 15 em a l ong the A-A ax i s .  I n  addi t i on , sandstone 
l enses show crossbeddi ng i n  many I ns tances . The sandstone and mat r i x  

mat e r i a l s  are composed o f  60% angu l ar quartz gra i ns from 0 . 3 mm t o  0 . 5  
mm I n  d i ameter and about 30% f i n e r  quartz gra i ns .  The rema i nder i s  
arg i l l aceous mater i a l  w i th hemat i t e .  These pebb l es are remnants of  an 
anc i en t  Tacon i c  beach , depos i ted 350 m . y . a .  The re l a t i ve age of the 
Schunemunk Congl omerate has not been determ i n e d  s i nce no foss i l ev i dence 
has yet been found. < Kothe , 1 960 ) 
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The mount a i n  over l aps the f o l l ow i n g  U . S . G . S .  7 . 5  m i nute topograph i c  
map s :  Maybrook , Monroe , Pop o l open Lake , and Cornwa l I .  A h i ke a l ong the 
Jessup Tra i l  l eads to the summ i t  of  Schunemun k  and one of the mounta i n ' s  
most spectacu l ar features : the Mega l i th s .  These huge bl ocks have been 
sp l i t f r om the bedrock by fau l t i n g  and frost heav i n g ,  and have moved 
down s l ope . S l l ckensl des can be observed on f au l t  surfaces her e .  Even 
l n  summer some of the deeper cre v i ces w i l l  be  coo l and somet imes 
con t i nue to  reta i n  wi nter l ee .  c�ut l on shou l d  be exerc i sed at th i s  
p o i n t  l n  the t r i p  s i nce sur f aces t end to be s l  l ppery . The v i ews < See 
F l g . 4 )  of  the Hudson H i gh l ands ,  Catsk i l  I s ,  and the Hudson Va l l ey are 
spe c t acu l ar from the r i dge . 

Schunemunk I s  c r i ss-crossed by a network of  seven trai l s :  the Jessup , 
West e r n  R i dge , Barton Swamp , Sweet C l over , Long Path , Forest , and Dark 
Ho i l ow Tra i l s -- a l l marked and mai nt a i ned by the New York-New Jersey 
Tra i l Conference . 

The t r a i l used for th i s  f i e l d  t r i p  l s  the l ongest , the Jessup Trai l .  
I t  i s  a l most 7 m i l es l ong and runs the ent i re l ength of the r i dge from 
Tay l or Road to Seven Spr i ngs Road < Z im�erman , 1 987 ) . The Jessup Tra i l 
was se l ected si nce i t  l eads gu i ck l y  to  the summ i t , prov i des access to 
the greatest number of features , and prov i de s  c l ear v i ews of the 
surround i ng topography . A secondary reason f or the se l ect i on of  the 
Jessup Tra i l is that l t  i s  one of  the eas i es t  wa l ks to the summi t .  Th i s  
i s  an  important cons i derat i on s i nce there i s  a w i de d i vers i ty i n  the 
phys i ca l  condi t i on i ng of the part i c i pants who make the tri p .  Peop l e  
whose med i ca l  con d i t i on wou l d  p rec l ude a strenuous wa l k  shou l d  nQl take 
th i s  tr i p .  

CAUTIONS 

There are no ser i ous phys i cal threats on the mountain from veaetat l on 
(no observat i ons of pol son lyy have been made > .  However, there Is the 

threat of venomous snakes. Copperheads and Ratt l e  Snakes are known to 

I nh ab i t  rocky ledges and r i dges .  I t  js best to rema i n  on wel l used 
t ra i l s .  The Deer T i ck Is a l so known to be found i n  the rea i on .  
Precaut i ons fol l owed shou l d  be t o :  a) wear l ong pants . b )  tuck pants 
l egs i n t o socks. c )  w��r a l ong s l eeved sh i rt and keep the col l ar turned 
down . 

The t r i p  i s  best made dur i ng ear l y  spr i n g  before the n i ghts become 
warm and the snakes emerge or l at e  i n  the fa  I I after  the trees have l ost 
the i r  l eaves and the rept i l es have h i bernated for the wi nter . 
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ROAD LOG FOR A GEOLOGICAL CLIMB O F  SCHUNEMUNK MOUNTA I N  

CUMULATIVE 
M I LAGE 

0 . 0  

0 . 8  

2 . 2  

2 . 6  

M I LES FROM 
LAST PO I NT 

0 . 0  

0 . 8  

1 . 4  

0 . 4  

STOP 1 :  DEVONIAN FOSSI LS 

ROUTE DESCRIPTION 

S t a r t  from Woodbury Co��ons 
Shopp i ng M a l  I ,  Cent r a l  V a l l ey ,  N .Y .  
a t  the j unc t i on o f  N . Y .  R t e . 32, 
R t e .  1 7  and the N . Y .  Thruway at 
Ex i t  1 6 .  Proceed north on 
N . Y .  R t e . 3 2 .  

Br i gh t  S t ar D i ner o n  the 
r i gh t . Th i s  i s  a good p i t  
s t op . 

R i gh t  turn o n  Par k Ave . ,  
H i gh l and M i l I s ,  N . Y .  
No t i ce the use o f  the 
Schunemunk Cong l ome rate 
as a bu i l d i n g ma t er i a l . 

S top 1 .  Pu l I o f f  on the 
l e ft i n t o  the o l d  Ra i l 
road Stat i on .  

USE CAUT I ON HERE . TH I S  I S  AN A CT I VE RAI L  L I N E .  Park veh i c l es west o f  
t h e  t r acks and proceed a l ong t h e  t racks about 1 1 0  meters ( 363 feet ) t o  a 
worked outcrop of the Lower Devon i an Esopus Format i on < Lowe , 1 958 ) . Th i s  
ou t crop con t a i ns a w i de var i e t y  o f  brach i opod and p e l ecypod foss i l s  and 
< rare l t r i l ob i te foss i l s ,  as we i I as r i pp l e  marks In the t i l t ed bedd i n g  
p l anes . Note that Schunemunk Mou n t a i n  i s  v i s i b l e  a t  N 15  E from th i s  
p o i n t .  

2 . 9  0 . 3  

3 . 2  0 . 3  

3 . 6  0 . 4  

Return t o  N . Y .  Rte . 32 a l ong Park Ave . 
t ur n  r i gh t  and cont i nue n or t h .  

Note g l ac i a l  errat l cs and 
s t rat i f i e d  sand and grave l 
depos i t s o f  g l ac i a l  or i g i n  
o n  the l e f t  o f  N . Y .  Rt e .  32 . 

Ceme tery o f  the H i gh l ands . 
Note the use of Schunemunk 
Congl ome r a t e  to bu i l d 
ceme tery wa l l s . 
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5 . 3  1 . 7 

5 . 5  0 . 2  

STOP 2 : _KbME TERRACE 

N . Y . S .  Thruway underpass . 

STOP 2 .  Pu l l  of f on the 
l e f t  to a sma l I unsurfaced 
road and wa l k  north to the 
abandoned sand and grav e l  
qu arry . 

Proceed north a l ong the unsu r f ac e d  quarry road to a l arge outcrop o f  
Precambr i an sch i st and gne i ss exposed b y  a quarry i ng operat i on .  G l ac i a l  
s t r i ae ,  grooves and chat ter marks are common on the g l ac i a l l y  pol i shed 
bedroc k .  A f i ne v i ew of Schunemu n k  Moun t a i n  can be observed to the 
sou theast from the top of the exposure . Th i s  s i t e  i s  an abandoned sand 
and grave l quarry . The g l ac i a l  depos i t s appear to have been formed as 
me l t  waters f l owed from the edge o f  the i ce and depos i ted the i r  
sedimen tary l oad at the base o f  t h e  Precambr i an outcrop < Sorren t i n o ,  
1 9 79 ) . Much of the or i gi na l  forma t i on has b e e n  removed b y  t h e  quarry i ng 
operat i on .  A var i e ty of cobb l es ,  pebb l es and sand has been depos i t ed 
aga i nst the bedrock of the Hudson H i gh l ands . Re turn to the veh i c l es and 
con t i nue north on N .Y .  Rte . 32 . 

6 . 0  

7 . 7  

8 . 0  

8 . 1  

8 . 3  

8 . 4  

8 . 8  

0 . 5  

1 . 7  

0 . 3  

0 . 1  

0 . 2  

0 . 1  

0 . 4 

Not i ce the v i ew o f  
�khunemunk o n  t h e  I e f t . 

S t a r  Expans i on Co . on 
t h e  1 e f t .  

Turn l ef t  a t  B l ack Rock 
F i sh and Game C l ub .  

L e f t turn past C l ub House . 

H . Y . S .  Thruway overpass. 

Par k i ng l ot on the r i gh t  
o f  Tay l or Road. 

Wa l k  north on Tay l or Road 
t o  the beg i n n i ng of Jessup 
Tr a i  1 .  

From t h i s  p o i n t : Fol l ow the we i ! -marked < ye l l ow markers) Jessup Tra i l  
t o  the Mega l i ths . 
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STOP 3 :  GROUND W�TER 

Fo l l ow the f a i n t  foot path t h r ough the cornf i e l d . Observe the 
h i !  ! s i de to the south < l e f t )  of t h e  d i r t  road for traces of surface 
wat e r . Proceed about 1 60 to 1 70 meters ( approx . 500 f t . l  a l ong the t r a i l 
t o  a l arge oak tree borde r i ng t h e  wood l and on the north . � t  th i s  po i n t  
t h e  l and t o  the south s l opes upward and a sma l l  spr i n g ,  wh i ch f l ows 
throughout the year wi l I be observed emerg i ng f rom ·the p l owed f i e l d .  
Abou t 1 0 0  meters < 300 f ee t )  further a l on g  t h e  t r a i l note a 
concen trat i on o f  err a t i c  bou l de r s  a l ong the n or t h  s i de of the path . Th e 
bou l ders are part of a ground mora i n e ,  a deposi t l e f t  by g l ac i ers 
me l t i n g  i n  p l ace . Take note of t h e  s i z e  and shape of the bou l ders . 

STOP 4 :  RAPIDS OF BABY BROOK 

Baby Brook i s  a you t h f u l  s t r eam and I s  ac t i v e l y  downcu t t ! ng i t s b e d .  
Severa l impor t a n t  obser va t i ons a n d  def i n i t i ons can b e  made at th i s  s t op : 
ear t h  f l ows , grav i ty f a l l s ,  so i l i f i ca t l on ,  ' V '  shaped val l eys ,  mass 
was t i ng ,  and h i l l s i de creep . Observe the l arge bou l ders i n  the stream 
bed and the curved bo l es of the t rees a l ong the s i des of the stream . 

STOP 5 :  W�TERF�LL OF B�BY BROOK 

Cross the r a i l road track and c on t i nue a l on g  the tra i l f o l l ow i ng t h e  
y e l l ow mar kers . Wa l k i ng ' t ime expended about 40 t o  45 m i nu t e s .  You wi l l  
hear Baby Brook f ar be l ow i n  a s t e e p  v a l l e y i t  has cu t i n t o  the so f t e r  
sandstone <Be l l va l e l  be l ow the r e s i s t an t  Schunemunk Congl omerate 
capstone . 

Note the nature of the bedrock t h a t  i s  v i s i b l e  on the tra i l surface . 
Th i s  i s  part o f  the Hami l ton Group wh i ch con s i s t s  of Devon i an 
sandstones . A t  about 50 mi nutes w a l k i n g t i me a smal I s i de tra i l to t h e  
w e s t  w i l l  appear . Th i s  tr a i l l eads t o  the Baby Brook Fal l s .  Here one c a n  
observe t h e  Schunemunk Congl ome r a t e  a s  bedrock f o r  t h e  f i rst t i me . The 
cong l omerate acts as a res i stant cap-rock wh i ch produ ced Baby Brook 
Fa ! I s .  Beyond th i s  po i n t  note t h e  preponderance of Schunemunk 
Cong l omerate < w i th i t s dark redd i sh brown ma t r i x  and m i l k y quartz 
pebb l es ) . Con t i nu e  a l ong the Jessup Tr a i l < ye l l ow markers ) .  

STOP 6 :  �PPROACHING THE SUMMIT OF SCHUNEMUNK 

Th i s  s i te I s  sa i d  to be the s i t e o f  an A l gonqu i n  I ndi an encampmen t .  
The connec t i on between geo l ogy , t opography , eco l ogy , and the A l gonqu i n ' s  
adap t a t i on t o  these natural features can be exp l ored.  The part i c i p a n t s  
shou l d  be encouraged to f i nd t h e  connect i on between these factors b y  
p l ac i n g  themse l ves i n  the i r  pos i t i on and exp l or i ng the i r  needs for f ooa , 

1 51 



1 52 

she l t e r ,  wood, game , wat e r ,  and p r o t ec t i on from th e i r  enem i e s .  Return 
to the Jessup Tr a i l ( y e l l ow mar kers ) and con t i nue toward the sum" l t .  
A l on g  the way the many g l ac i a l  features o f  the mou n t a i n  shou l d  be not e d :  
g l ac i a l p o l i sh ,  f ac e t ed pebb l es o f  t h e  Schunemunk cong l ome rate , chatter 
mar k s ,  p l uck i ng ,  and " wh i t e "  carbona t e  errat l cs wh i ch have been 
t r anspor ted from the north . 

STOP 7 :  THE SUMMIT 

From th i s  e l evat i on much of the topography of the reg i on can be 
observed:  the Catsk i l l s ,  the Shawangu n k s ,  and the Hudson H i gh l ands. A 
quest i on poses i t se l f  at t h i s  p o i n t :  Why have Schunemunk and Woodcock 
Mou n t a i n ,  part of a nappe , < a  remnan t of a she e t  l i ke , a i l ocht onous rock 
u n i t that has moved in a hor i z on t a l  sur face ) rema i ned? Con t i nue a l ong 
t h e  t ra i l  to the Mega l i th s .  

F i g .  4 .  V I ew t o  t h e  north f r om t h e  summ i t o f  Schunemu n k . 

STOP 8 :  THE MEGALITHS 

The Mega l i ths are the resu l t  of f au l t i ng .  These l arge b l ocks , 
or i g i na l l y  fractured by fau l t i ng ,  have tumb l ed together to form " caves" 
as a resu l t  of g l ac i a l  p l uck i ng and/or mass was t i n g .  Snow can somet imes 
be f ound we l l  i n t o spr i n g i n  these " caves" . At th i s  l ocat i on many 
f e a t u r e s  of fau l t i n g  and j o i n t i ng can be f ou n d .  Jo i n t s ,  j o i n t  p a i r s ,  
f au l t s ,  s l i ckensi des < show d i rect i on o f  moveme n t ) ,  frost heav i n g ,  and 
we a t h e r i n g can be i den t i f i ed .  

The re turn t o  t h e  cars can be made b y  sever a l  d i f f erent rou t e s .  The 
most d i rect return I s  a l ong the Jessup Trai l .  However , i f  arrangements 
have been made i n  advance , a return can be made to Rou t e  32 v i a  Long 
P a t h  < turqu o i se markers ) , Dark H o l l ow Tra i l < wh i te on b l ack markers ) ,  or 
Swee t  C l over Tra i l < wh i t e  marker s ) . The return t r i p  can be dangereous 
because the temp t a t i on to trave l qu i ck l y  ( grav i t y i s  on our s i de )  can 
c

_
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THE WATCHUNG BASALTS OF NORTHERN NEW JERSEY 

JOHN H .  PUFFER 
Geology Department 
Rutgers Univers ity 

Newark, New Jers ey 0 7 1 0 2  

Introduction 

This field trip through the northern end of the Watchung 
Mountains of New Jersey will include six good exposures of quartz 
tholeiitic basalt . The Watchung basalt flows of the Mesozoic 
Newark Bas in are exposed as three northeast / s outhwest trending 
ridge s . The three basalt units dip to the west at about 1 5  
degrees and are known a s  the Orange Mountain ,  Preaknes s ,  and Hook 
Mountain Basalts ( Fig . 1 ) . 

The lower contact of the first f low unit of the Orange 
Mountain Basalt with the underlying Pas s aic Formation wil l  be 
s e e n  at Stop 2 .  The three f low units of the Orange Mountain 
Bas alt are locally separated from each other by thin layers of 
s ediment and compri s e  an aggregate thicknes s  averaging 183 m 
( Faus t ,  1 9 7 5 ) . The upper flow i s  characteristically pillowed and 
arnygdaloidal , whereas the lower two flows typically display wel l 
devel oped columnar j oints ( lower c o lonnade and entablatur e ) . 

Each of the three f low units o f  the Preaknes s Basalt are 
geochemically distinct , and each wil l  b,e vis ited during the 
f i eldtrip . The mas s iv e ,  very coar s e  grained lower f low of the 
Preakn e s s  wil l  be seen at Stop 3 ,  the s econd f l ow together with a 
thin layer of s ediment separating it from the first flow wil l  be 
s ee n  at Stop 4 ,  and the second and third flows s eparated by 
another thin layer of sediment w i l l  be s een at Stop 5 .  The 
aggregate thicknes s  of the three Preakness f l ows averages 2 1 5  m 
( Ol s e n ,  1 9 8 0 ) . 

The lower contact of the Hook Mountain Basalt with the 
underlying Towaco Formation wil l  b e  seen at Stop 6 .  The Hook 
Mountain Basalt extruded about 5 5 0 , 0 0 0  years after the extrus ion 
of the Orange Mountain Basalt ( Ol s en and Fedo s h ,  1 9 8 8 ) and 
c o n s i s t s  of at least two flows with an aggregate thicknes s of 9 1  
m ( Faust , 1 9 7 5 ) .  

The hydrous mineral as s emblages that accumulated in the 
v e s i c l es and vugs between pil lows of Watchung Basalt , presumably 
mixtures of carbonates , c lays and alteration products , have 
responded to low temperature burial metamorphic effects . The 
resulting zeolite facies a s s emblage includes some very wel l  
dev e l oped crystal aggregates o f  s t i lbite , heulandite , chabazite , 
and datolite typically precipitated with calcite , quart z ,  
prehnite , and sulfides ( princ ip a l ly chalcopyrite and chalcocite ) .  
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Figure 1 .  Map of Watchung Basalts with locations 
stop s , samp l e s  chosen for chemical analysis ( s ee 
Fig . 2 ) ,  and approximate contacts ( das hed l ines ) 
Preaknes s  Basalt flows . 
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The distribution of these secondary minerals has been described 
by Laskowich and Puffer ( 1 9 8 6 ) but unfortunately the best zeo l ite 
and copper collecting localities are found in the active trap
rock quarries of New Jers ey, and entry permi s s ion for NYSGA was 
denied at each quarry . Copper sul fides are particularly abundant 
in the amygdules and sediments at the base of and between the 
f l ow units of the Orange Mountain Basalt . 

Dis cus s ions held during the field trip wil l  be directed toward 
reinterpretations of the petrogene s i s  of the Watchung Basalts 
that are currently being developed as new data is made availab l e . 

Petrography 

Orange Mountain Basalt . The Orange Mountain Basalt is a quartz 
normative tholeiite composed of plagioclase and augite with minor 
orthopyroxene and altered olivine in a glas sy mes ostas is 
containing quench dendrites of F e-Ti oxides . Augite phenocrysts , 
glomeroporphyritic aggregates of augite ,  orthopyroxen e ,  altered 
olivine , and a few plagioclase phenocrysts are characteristic of 
the basalt . Typical modes average 3 5  percent plagioc lase ( An 6 5 ) ,  
3 5  percent pyroxene ( augite ( Wo 3 4En5 5F s l O ) ,  pigeonit e ,  and minor 
hypersthene ) ,  2 8  percent glassy mesostas i s ,  and 3 percent opaque 
Fe-Ti oxides . Accessory and trace minerals include apatite , 
biotite , alkali feldspar , and pyrite .  

Preakn e s s  Basalt . The very coar s e - grained appearance of the 
interior of the first or lowermos t  of the Preaknes s ,  resembling a 
diabas e ,  may be related to the unusual f low thickness that may 
have included intrusive pu l s es s imilar to thos e  proposed by 
Philpotts and Burkett ( 1 9 8 8 ) . Typical samples from the base of 
the first f low cons ist of about 5 0  percent pyroxene and 43 
percent plagioclase as an intergranular mixture with about 3 
percent plagioclase phenocrysts and 5 percent dark, fine-grained 
glassy mesostasis enriched in quench oxides . Typical unaltered 
coar s e  grained samples £rom the interior consist of an 
intergranular mixture of about 4 5  percent pyroxene , 5 0  percent 
plagioc las e ,  3 percent opaque oxide s ,  with only about 2 percent 
brown glas s .  The plagioclase compos ition of the l east altered 
samp l e s  averages about An5 7  on the bas i s  of 4 0  microprobe 
analys es , with a range from AnS O to An6 0 ,  excluding s econdary 
albite determinations . On the bas i s  of 1 3  microprobe analyses 
the augite averages ( Wo 3 5En4 5 F s 2 0 ) .  On the basis of 2 0  
microprobe analys es , the magnetite composition averages Usp6 0 ,  
and on the bas is of 1 2  microprobe analys e s ,  the ilmenite is HemS . 

Mos t  samples from the middle f l ow are medium-grained, 
intergranular mixtures of 35 perc ent pyroxene ( both pigeonite and 
augite ) ,  5 9  percent plagioclas e ,  4 percent opaque oxides , and 2 
percent brown glas s .  Some samp l e s  are aphyric , but large 
plagioclase phenocrysts make up a s  much as 1 0  percent of other 
middle f l ow samples . 
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Tab l e  I 
Chem i c a l  Compo s i t ion o f  Hatchung Bas a l t s  

( t y p i c a l  samp l e s )  

0 1 2  06 0 9  P 5 b  P l 8  

Orange Nt . Orange ti t .  Orange Ht . P r e a k n e s s  Prealo1ess 

f i rs t  f l ow sccmul f l o w  t h i rd f l ow f i r s t  f l ow s e c o n d '  f l ow 

S I 02 
5 1 . " "  5 1 . 8 8  5 1  • 3 I 5 1 . 65 5 1 . 2 0 

T I 02 
I .  1 9  I .  09 1 . 1 2 1 . 05 ( .  2 1  

A t /(3 
1 4 .  7 5  1 4 , 70 1 4 . 3  I I t.  . 1 9  1 5 . 30 

Fe 1 0 . 5 4 1 0 . 4 0  1 0 . 60 I I .  1,1 1 2 . 4  5 

UnO 0 . 1 6  0 .  I S  0 .  1 7  o .  1 9  0 . 2 1  

HgO 7 .  7 7  7 .  32 7 . 6 1 6 . t.8 5 .  t. I 

CaO 1 0 . 6 1  9 . 7 5 1 0 .  I S  9 . t. 8  9 . 5 5  

�afiO 2 . 3 5 2 . 4 0 2 . 98 3 . 05 3 .  2 1  

0 . 32 o. 4 7 0 . 5 2 0 . 6 3  o .  5 9  

P20 0. I I  o .  1 2  o .  1 2  0 . 1 2  o .  1 2  

u;o� 0 . 4 2  0 . 69 0 . 9 1  0 .  7 6  o . t. o  

T o t a l  9 9 . 66 90 . 9 7 9 9 . 60 9 9 . 0 1  9 9 . ] )  

Da 1 6 2  1 6 5  1 5 3  1 4 2  1 3 5  

Co 3 7  39 3 9  3 8  39 

Cr 3 7 4  3)0 "3 5 7 6  5 3  

Cu 1 20 205 1 3 7 7 8  8 0  

Ill 8 4  7 7  6 9  )8 2 5  

S r  206 1 9 1  1 9 1,  1 36 1 5 1  

v 2 5 0  2 5 0  2 5 7  3 1 5 3 t. O  

Zu 7 2  8 2  8 2  8 4  9 5  

Z r  70 ( ()() 9 7  8 8  9 1  

La I o. I 1 0 . 0  - 9 I I  

Ce 2 2 . 5  2 2 . 0  - 1 9  2 6  

lltl I J .  5 I J .  0 - ' "  1 6  

Sm 3 . 11 '• .- 0  - 2 . 0 3 . 0  

En I .  I I  I . Oil - I . 02 I . 2 5 

Gtl ) . 6  3 . 5  - 3 . 2 5  3 . 0  

lly 3 . 0  3 . 9  - 5 . 0  5 .  0 
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Yb 2 . 3  2 . ) 5 - 3 .  I 3 . 2 
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The uppermost f l ow of the Preaknes s  is exposed best along 
Interstate 78 ( Fig . 1 ) ;  e l s ewhere exposures typically are 
altered . The somewhat vuggy nature o f  the flow s eems to have 
accel erated alteration . The f low i s  medium grained and s lightly 
porphyritic , consisting of glomerorphyritic clots of pyroxene 
( largely augite ) and plagioc l a s e  in a dark mesostasis enriched in 
quench oxides .  The pyroxene ( Wo 2 4En5 6F s 2 0 ) and plagioclase 
( An7 3 )  content of the rock is approximately equal . Large 
phenocrysts o f  plagioclase and pyroxene are not uncommon . 

Hook Mountain Basalt . The Hook Mountain Basalt consists of at 
least two amygdaloidal and deeply altered f lows . The basalt is 
compos ed of plagioc las e ,  c linopyroxene , and Fe-Ti oxides in a 
f ine-grained to glas sy and typically ves icular mesostasis . 
Phenocrysts of plagioclase and pyroxene are common . The 
p lagioclase compos ition of samp l e s  taken at the bas e of the lower 
Hook Mountain f low averages An6 8  and the augite composition from 
the same samples averages Wo3 1En5 1 Fs l 8 . 

Geochemistry 

Orange Mountain Basalt . The Orange Mountain Basalt fits into the 
HTQ type of ENA tholeiites as propos ed by Weigand and Ragland 
( 1 9 7 0 ) .  The chemistry of the bas alt is rather uniform throughout 
( Tabl e  1 )  and virtual ly is equival ent in all respects to samples 
o f  Palisades chi l l  analysed by Walker ( 1 9 6 9 ) ,  Shirley ( 1 9 8 7 ) ,  and 
Husch ( 1 9 8 8 ) . The REE content o f  the Orange Mountain Basalt 
plots close to and paral l e l  with the REE distribution pattern of 
the lower chi l l  margin of the Palisades s il l . 

The chemistry, mineralogy, and texture of the Orange Mountain 
Basalt is equivalent to the first Early Jurassic basalts in the 
other basins of the Newark Supergroup , such as the Talcott Basalt 
o f  the Hartford Bas i n ,  Connecticut , and the Mount Z ion Church 
Basalt of the Culpeper Basin , Virginia ( Puffer and others , 1 9 8 1 ;  
Puf f e r ,  1 9 84 ) . 

Preaknes s  Basalt . The chemical composition of the f irst flow o f  
t h e  Preakness Basalt ( Table 1 )  i s  distinctly enriched in most 
incompatable elements compaired to the Orange Mountain Basalt and 
is virtually identical to the Ho lyoke Basalt of Connecticut . The 
middle f low is even more highly enriched with a Ti02 content 
averaging 1 . 2 1  ( Tabl e  1 ) . Accumul ation of plagioclase 
phenocrysts in some s amples o f  the middle f low is responsible for 
a s li ghtly positive Eu anomaly . These p lagioclase-rich samples 
plot at the most chemically evolved end of the Preakness field on 
a Ti02 versus MgO diagram ( Fi g .  2 ) . 

The chemical compos ition o f  the uppermost of the three 
Preakn e s s  f lows ( Tabl e  1 )  is characteriz ed by a consistently low 
Ti02 content ranging from 0 . 7  to 0 . 9  and averages 0 . 8  percent . 
The basalt qualifies in all respects a s  a typical ENA-LTQ basalt 
as defined by Ragland and Whittington ( 1 9 8 3 ) . The occurrence o f  
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Figure 2 .  Ti02 versus MgO diagram showing distribution of 
Watchung Basalt samples located on Figure 1 .  High-Ti ( HTQ ) and 
Low-Ti ( LTQ ) values after Weigand and Ragland ( 1 9 7 0 ) . 
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LTQ basalt within the Newark Basin is not surprising in light of 
its occurrence in the Gettysburg Basin to the south ( Smith and 
others , 1 9 7 5 ) and in the Hartford Basin to the north ( Philpotts 
and Martel l o ,  1 9 8 6 ) .  

The overlapping compos itions o f  the three Preakness Basalt 
f lows in Fig . 2 supports interpretations that all three Preakness 
f lows are genetically related to each other 

The REE content of the third f l ow of the Preaknes s Basalt i s  
within the " low-TI " o r  LTQ range o f  Ragland and others ( 1 9 7 1 ) ,  
but the first and s econd flows contain distinctly higher REE 
concentrations . The distribution patterns ( F ig . 3 ) ,  
however , are c l o s e  to each other and reasonably parall el furthur 
supporting a genetic relationship perhaps controlled by 
f ractionation . The s l ightly pos itive Eu anomaly displayed by the 
s econd flow ( Fi g .  3 )  is cons istent with plagioclase enrichment 
that approximately is balanced by the relatively low plagioc l a s e  
content of the first Preakness f low . 

Hook Mountain Basal t .  The Si02 , Na2o ,  Cr , N i  Rb ,  and S r  contents 
of the Hook Mountain Basalt ( Tabl e  1 )  are intermediate between 
those of the Orange Mountain and Preakn e s s  Basalts . The REE 
distribution pattern of the Hook Mountain Basalt ( Fig . 3 )  plots 
c lo s e  to that of the Orange Mountain Basalt and is within the 
" high-Ti " or HTQ range of Ragland and others ( 1 9 7 1 ) . The Hook 

Mountain Basal t ,  however ,  contains l e s s  l ight REEs than the 
Orange Mountain Basalt despite its more highly evolved major 
e l ement concentrations ( including iron and titanium) . There i s  
a l s o  a distinct cross over i n  the distribution pattern resulting 
in a higher heavy REE content for the Hook Mountain Basalt than 
the Orange Mountain samples . 

The composition of the Hook Mountain Basalt particularly the 
REE content resembles that of the first f low of the Preaknes s 
more c los ely than any of the other Watchung Basalts although a 
genetic relationship is not c l ear . 

Petrogenesis 

Orange Mountain Basalt . Despite the fact that the Orange 
Mountain Basalt is a quartz normative tho leiite , an interesting 
although s omewhat radical cas e can be made in support of its 
a s s ignment as a primary magma . The chief obstacle to a primary 
magma a s signment is the low Mg ' value of the Orange Mountain 
Basalt ( 0 . 5 1 )  which is considerably lower than the 0 . 6 8 to 0 . 7 5  
range for primary magmas propos ed by O ' Hara and others ( 1 9 7 5 ) and 
Frey and others ( 1 9 7 8 ) . As they noted , if a magma is primary the 
forsterite content of its liquidus o l ivine should be the same as 
that of o l ivine in the magma ' s  res idual s ource . Only melts with 
an Mg' range of 0 . 6 8 to 0 . 75 wou l d  be in equi librium with the 
F o 9 0  o l ivine typically found in harzburgite and lherzolite 
inclus ions interpreted as mantl e  xenolith s . The currently 
popular view that only picritic basalts or komatiites qualify as 
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primary basaltic magmas supports the interpretation that the ENA 
quartz tholeiites are derived from the more primative ENA olivine 
normative magmas ( perhaps through fractionation of HLO magma ; 
F i g .  4 after Whittington , 1 9 8 8 ) . 

Mounting evidence , however , suggests that fractionation 
mechanisms are not useful in genetically relating the various ENA 
magma types to each other . I t  now appears that on geochemical 
grounds none of the Watchung Basalts , for examp l e ,  can be derived 
from any other Watchung Basalt or Newark Basin intrus ive rocks 
through fractionation . There is typically some geochemical 
difference beyond the range of plausab l e  fractionation 
mechanisms . It might be argued , therefore , that if fractionation 
has failed as a mechanism capabl e  of genetically relating some 
c l o s ely spaced quartz tho leiit e s  it is even l e s s  likely that it 
will be succes s ful in genetically relating highly diverse magma 
type s  such as quartz tholeiite and picrite . 

Although a primary magma proposal i s  clearly highly 
speculative it is safe to say that not enough is known about all 
the factors that effect upper mantle partial melting proc esses to 
totally rej ect it . Particularly litt l e  is known about the 
volatile content of upper mant l e ,  subcontinental rocks that may 
have been the source of the Watchung Basalt s . There is also the 
p o s s ibility that the iron content of the source may have been 
much higher than typically suspected .  

Evidence supporting the interpretation of the Orange Mountain 
Basalt as a primary magma include : 

1 )  Great Magma Volume . Carmichael and others ( 1 9 7 4 ) suggest that 
great magma volume is one of two principal characteristics of 
primary magmas . They have obs erved that " Continental tholeiitic 
f lood basalts and related diabas e s  more than any other class of 
volcanic rocks satisfy the two criteria postulated for magmas 
generated directly by fusion - great vo lume of and compos itional 
homogeneity within each magma province . . .  To derive the magma 
from picritic basalt of deep-seated origin by low pres sure 
fractionation . . .  requires that again and again each successive 
draught of magma must rid itself c l eanly , while still largely 
l iqui d ,  of the same fraction of crysta l l ine olivine along some 
identical source of ascent . This s eems highly improbable . " The 
same logic also argues against derivatiuon through mantle or 
crustal a s s imilation or through f ilter pre s s in g .  

T h e  volume o f  magma represented by t h e  Orange Mountain Basalt 
is very greatly extended if each of the ENA high-Ti tholeiites 
are included together .  It was s hown that the chemical 
compos ition of the Talcott Basalt of the Hartford Basin of 
Connecticut , and the Mount Z ion Church Basalt of the Culpeper 
Basin , Virginia ( Puffer, 1 9 8 4 ) are both chemically equilivent to 
the Orange Mountain Basalt and in each case represent the first 
o f  s everal Mesozoic ENA extrusive event s . 
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2 )  Chemical Homogeneity .  The s econd charact eristic o f  primary 
magmas suggested by Carmichel and others ( 1 9 7 4 ) ,  " compos itional 
homogeneity" is also a characteristic of Orange Mountain Basalt 
and HTQ basaltic rock in general . Despite the huge volume of 
magma represented the the entire HTQ population , occurrences o f  
ENA basaltic rock of a compos ition intermediate between the 
Orange Mountain and picritic rocks are rare if they exist at all . 
The entire HTQ population is instead tightly c lustered around the 
original average determined by Weigand and Ragland ( 1 9 7 0 ) . 

3 )  Close Resemblance to Other Early Jurassic Basalts of Possible 
Primary Nature . When the chemistry of the Orange Mountain Basalt 
is compared with other basalts on a world-wide basis a remarkable 
coincidence becomes apparent . O f  a l l  the known world-wide 
basalts located beyond the Newark Supergroup the basalts that 
most c l o s ely resembl e  the Orange Mountain are also Early 
Juras s ic . The close resemblance with the High-Atlas Basalts of 
Morocco was first reported by Manspeizer and Puffer ( 1 9 7 4 ) and an 
equ a l ly close resemblance with the Lesotho Basalt of South Africa 
has been recognized ( Fi g .  5 ) . If the early Juras sic basin 
containing the High Atlas Basalt was contiguous with the Newark 
Basin the " great volume and compos itional homogeneity" arguments 
are strengthened and together constitute a kind of igneous super 
province implying that magma was generated by an early Jura s s i c  
t ectonic event of maj or proportions . Melting of the Lesotho may 
have been triggered by the same event or perhaps by a highly 
s imilar event . It has been propos ed by Marsh ( 1 9 8 7 ) that the 
Les otho magma was a primary type derived from old and enriched 
subcontinental lithosphere . Sr and Nd isotopic data have been 
interpreted by Bristow and others ( 1 9 8 1 ) as indicating 
subcontinental enrichment events beneath southern Africa between 
approximately 1 and 2 b . y .  

4 )  Extended Insulation of an Old Enriched Subcontinental 
Lithospheric Source . The isotop i c  data of Pegram ( 19 8 3 ) indicate 
that the ENA quartz tho leiites are enriched to a degree 
approximately equivalent to that of the Lesotho . His initial 
8 7 Sr / 8 6 Sr value of the ENA quartz tho leiites range from 0 . 7 0 5 4  to 
0 . 7 0 7 2  and overlap the 0 . 7 0 5 9  average of Lesotho data reported by 
Compston and others ( 19 6 8 ) . Pegram ( 19 8 3 ) suggests that the ENA 
quartz tholeiites were derived from a source isotopically 
distinct from the MORB and refl e c t  a subcontinental mantle with a 
complex history involving the long term ( approximately 1 b . y . ) 
enrichment in Rb/ S r ,  Nd/Sm,  and U / Pb . Pegram ( 1 9 8 3 ) also 
concludes that his data are inconsistent with crustal 
contamination . 

E levated temperatures within the upper mantle caused by the 
pro longed insulation effects of a thick continental cover may 
have resulted in melting in a shallow ,  low pres sure regime . 
E lthon and Scarfe ( 1 9 8 4 ) have s hown that advanced melting of the 
mantl e  at pressures l e s s  than 1 0  kbar would result in primary 
melts that become increas ingly enriched in s il ica as the pres sure 
decrease s . Widespread melting under an attenuated Pangea 

1 63 



0 
.<:: +-0 U1 
QJ 

__J 
QJ > 
0 

'-. 
+-

0 
lll 
0 

.ll 

1 . 0  

o H o o k  M t . 

* P r e a k n e s s , t h i r d  f l o w  

• O r a n g e  M t . 

� _., . �I '\ � "*��"" � > 'V"'" "'>:!T \ = -----.=- • �� - -:;.=-�� /�:;.:or _ 
. ....---------- * • · · ·  • \// � 

I 

o. 1 1  1 1 I I I I I I I I I J_ _ _L_ l___j 

R b  Ba Th I( N b  L a  C e  S r  Nd P H f  Z r  S m  T l  T b  y 

Figure 5 .  Lesotho normal ized diagram comparing average ( Karoo ) 
Lesotho basalt ( data of Duncan ,  1 9 8 7 ) with Watchung Basa l t s , 
samples 0 1 2 ,  P 6 ,  and H 1  ( Tabl e 1 )  

� 

v N l  C r  

-�--' 

(J) " 



l 

' 1 j 

l 
I 

' 1 

1 
I 

triggered by Mes o zoic rifting, therefore , may have oc curred in an 
enriched , low-pres sure environment unlike the environment of 
o c eanic or other basaltic sourc e s . 

5 )  Monovalent Cation Enrichment . Kushiro ( 1 9 7 5 ) and Mys en ( 1 9 7 7 )  
have s hown that if lherzolite or harzburgite is enriched in 
monovalent cations such as H2 o ,  Na2 o ,  and K2 o ,  the liquidus 
boundary shifts towards s i l ic a ,  but if the source rocks are rich 
in 4 or 5 valent cations such as Tio2 , 
COz , or P2 o5 , the liquidus boundary shifts away from silica ( Fig . 
6 ) . Compa�red with most basalts on a world-wide basis the Orange 
Mountain contains a distinct high ratio of KzO + Na20/Ti02 + 
P z 0 5 , c learly much higher than typical ocean�c basalt altfiough it 
i s  difficult to speculate about water content s . Kushiro ( 1 9 7 5 ) 
s uggests that partial melting o f  peridotite enriched in water and 
other monovalent elements would form s i l ica rich magmas such as 
quartz tholeiite and suggests that such elements may be contained 
in minerals such as phlogopite with stability fields that extend 
into the high pres sure conditions of the upper mantle . 
Kaersutitic amphibole ( Basu and Murthy, 1 9 7 7 ) and beta-Mg2 sio4 
( Smyt h ,  1 9 8 7 ) have also been proposed a s  potential sources of 

water and monovalent cations in the mant l e . 

Preakness Basalt . The Preakn e s s  Basalt is a somewhat less viable 
candidate for a primary magma des ignation although it contains 
even l e s s  Tio2 and P2o5 than t h e  Orange Mountain Basalt . 
Preakne s s  Basalt compos itions , unlike Orange Mountain, are spread 
out over a wide range ( Fi g .  2 )  generating a trend that may be 
derived from a more primative s ource ( F i g .  4 ) . The compositional 
range , however , overlaps or c l o s e ly resemb l e s  the Sander Basalt 
of the Culpeper Basin , Virginia ( Puffer , 1 9 8 4 ) ,  and the Holyoke 
Basalt of the Hartford Basin ( Puffer and others 1 9 8 1 ) .  The 
c omposition of the first and s econd of the three Preakness flows 
i s  generally more chemically evolved than the Orange Mountain 
Basalt to an extent approximate ly equilivent to the degree the 
interior of the Palisades S i l l  differs from the chill-margin of 
the Palisades S il l .  Thes e  relationahips were interpreted by 
P u f f er and Lechler ( 1 9 8 0 ) and Walker ( 1 9 6 9 )  as due to 
fractionation proc e s s es . The uppermost of the three Preakness 
f lows , however , has been determined to b e  a Low-Ti ENA type 
( Pu f f e r ,  1 9 8 9 ) unrelated to the underlying high-Ti Orange 
Mountain Basalt . Analyses of samples from each of the three 
Preakness flows combine to generate a chemically diverse range 
that when plotted on MgO variation diagrams ( such as Fig .  2 )  is 
d i s tinctly depleted in s everal incompatabl e  elements ( Ti ,  Z r ,  
and l i ght REE ) compared t o  the Orange Mountain Basalt ( Table 1 ) . 

Although the three Preakn e s s  f lows are apparently not related 
to the Orange Mountain Basalt they may be related to each other 
through fractionation proces s e s  that took place in a shal low 
s il l .  Philpotts and Asher ( 1 9 8 9 ) present convincing evidence 
that decompress ion melting during ascent through the lithosphere 
has prevented fractionation from effecting s ome of the igneous 
rocks of the Hartford Bas in , Connecticut . The effects of 
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decompress ion melting, however , are pres�mably limi�ed to as sent . 
Once s hal low sills such as the Palisades are reached , shal low, 
in- s itu pyroxene contro l led fractionation may have occurred . 

Hook Mountai n Bas alt . Fractionation processes are also incaPable 
of relating the Hook Mountain Basalt to any oi the unde:::-lying · 
Watchung Basalts . Puffe:::- and Lechle:::- ( � 9  80 ) have shown the:: the 
Hook Mountain Basalt could not have frac�iona�ed out of P:::-eakness 
magma largely because of highe:::- Cr/Mg and Ni/Mg ratios �han the 
Preaknes s .  More recently it has been s hown by Gottfried and 
T e l l o  ( 1 9 8 9 ) that the Hook Mountain Basalt could not have 
fractionated out of Orange Mountain Basalt largely because of a 
lack of expec�ed enrichment in Z r  and Nb . 

The Hook Mountain Bas alt is a relatively minor magma type 
compaired to the HTQ or LTQ magmas . The Hook Mountain is 
chemic a l ly equivalent to the Hampden Basalt of Connecticut 
( Puffer and others , 1 9 8 1 ) ,  but in both cases the relatively minor 

magma volume and the upper stratigraphic pos ition makes it more 
vul ernab l e  to a wide range of proc e s s es , particularly 
as s imilation , that are capab l e  of affec�ing magma compositions . 
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Mesozoic dolerite dikes from eastern North America : 
Contributions to Mineralogy and Petrology , v .  2 9 ,  p .  1 9 5 -
2 1 4 . 
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ROAD LOG FOR EXPOSURES OF WATCHUNG BASALT , NOTHERN NEW JERSEY 

CUMULATIVE 
MILEAGE 

0 

MILES F ROM 
LAST POINT 

0 

ROUTE DESCRIPTION 

From the intersection 
of Interstate 84 and Rt . 
1 7  near the Orange 
County College Campus 
proc eed southeast on Rt . 
17 which becomes Rt . 6 
near Goshen . Continue 
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1 8 . 0  

2 5 . 0  

3 4 . 0  

3 6 . 5  

STOP 1 .  LADENTOWN BASALT 

1 8 . 0  

7 . 0  

9 .  0 

2 . 5  

on Rt . 6 to Exit 1 3 1 .  
Proceed south on Rt . 1 7 /  
3 2  one traffic light . 
Make left turn onto Rt 6 
and continue toward Bear 
Mountain . 
Make second right on 
c ircle onto the 
Palisades Interstate 
Parkway ( south) . 
Continue on parkway to 
Exit 13 . 
Turn right (wes t )  onto 
us 2 0 2 . 
Park along us 2 0 2  
opposite the basalt 
outcrop on the left . 

The closely-spaced curved cooling columns displayed by the 
Ladentown basalt along us 2 0 2  contrast with the thick mas sive 
co lumns typical of the P a l i s ades s i l l  that underlied the basalt 
and was probably its source of magma . The basalt exposed at this 
l o c a lity is fine grained , contains large plagioclase phenocrysts , 
and i s  s lightly ves icular . Chemical analysis of the Ladentown 
Basalt ( Puffer and others , 1 9 8 2 ) compare clos ely with the 
fractionated interior ( Walker ' s  ( 1 9 6 9 )  s econd magma pu lse of the 
P a li s ades s il l .  The Ladentown Basalt , appears to have extruded 
onto s ediments of the Passaic Formation , perhaps forced to the 
surface by the inj ection of a s e cond magma pul s e  within the 
Palisades s i l l . This occurred before the Feltvil l e  Formation was 
depos ited , and before the Preakn e s s  Basalt was extruded. A 
physical connection between the Ladentown f low and the western 
end of the Palisades s il l  at Mount Ivy is indicated by magnetic 
and gravity data ( Kostsomit i s , 1 9 8 0 ;  Kodama, 1 9 8 3 ) . However , 
this connection is not seen at the surf ace . 

Good exposures of coarse boulder conglomerate are located another 
0 . 4  mi . south along US 2 0 2 . The coar s e  clast s i z e  of the 
s ediment coincides with their c l o s e  proximity to the western 
border fault in the val ley running paral l e l  to US 2 0 2 . Note the 
distinct change in topography on the opposite s ide of the border 
f ault where Precambrian gne i s s e s  are the dominant lithology . 

3 6 . 8  0 . 3  Continue south on US 
2 0 2 , observe the coarse
rained fanglomerate 
exposed on the left and 
the Precambrian 
Highlands of the Reading 
Prong expos ed wes t  of 
the Ramapo fault valley 
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5 1 . 0  1 4 . 2  

5 3 . 8  2 . 8  

5 5 . 8  2 . 0  

5 7 . 0  0 . 2  

on the right . 

Turn left ( southeast 
onto Rt . 2 0 8 . 
Turn right ( s outh ) onto 
Rt . 5 0 2  ( Ewing Ave . ) .  
Turn left onto High 
Mountain Rd . 
Bear right at the fork 
onto Belmont Ave . 
Park at the base of the 
j eep trail to the summit 
of High Mountain . 

STOP 2 .  PREAKNE SS BASALT AT H I GH MOUNTAIN,  NORTH HALEDON 

High Mountain is the highest point ( 9 7 0 ft ; 2 9 6 m . ) in the 
Preakeness Mountain chain . The upper portion of the hiking or 
j eep trail to the top of High Mountaom cuts through closely
spaced columnar-j ointed basalt typical of the entablature of the 
Preaknes s Basalt . At the top of the mountain is a beautiful 
alpine meadow that on a c lear day affords a spectacular view of 
mos t  of northern New Jersey . The basalt expos ed in the meadow is 
very coars e-grained; it is typical of the interior of the first 
flow of the Preakness Basalt and resembl e s  diabas e .  

The view to the southeast includes the New York City skyline 
in the background behind the ridge formed by the Palisades s i l l . 
( A  copy of 1 9 8 1  Paterson 7 1 / 2 -minute Quadrangle is recommended ) .  
The city of Paterson is in the foreground where the Passaic River 
cuts through the First Watchung Mountain ridge formed by the 
westward dipping Orange Mountain Basalt . The New Street trap
rock quarries and Garret Mountain are c l early visible just north 
of Paterson . The view directly to the south includes the city of 
Newark in the distant background on the far s ide of the First 
Watchung Mountain, Montclair State Coll ege southeast of Paterson , 
and Paterson State College in the foreground . The view to the 
southwest includes the Precambrian New Jersey Highlands province 
west of the Ramapo Fault s carp in the background and the curved 
" inverted S "  shaped Hook Mountain ridge formed by the Hook 

Mountain Basalt in the foreground . 

5 7 . 2  0 . 2  Return to Belmont Ave . , 
turn right . 

6 0 . 3  3 . 1  Turn left onto West 
Broadway . 

6 0 . 4  0 . 1  Turn right ( west ) onto 
Totowa Ave .  

6 0 . 7  0 . 3  Turn left at stadium and 
park at Pas saic Fal l s . 

STOP 3 .  ORANGE MOUNTAIN BASALT AT PAS SAIC FALLS 
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An excellent exposure of Orange Mountain Basalt is located 
here in the park above Passai c  Fal l s . Observe the columnar 
j o inting in the basalt and some large convex upward , or half-moon 
ves i c l e s  that typically occur near f low-tops . Carefully climb 
into the narrow notch in the basalt eroded along the strike-s lip 
fau l t  for a closer inspection of the basalt . Most of the 
s l ickens ides have been eroded away but a few still remain .  

Cro s s  the footbridge , or i f  blocked , walk down Spruce Street 
to the statue of Alexander Hami l to n .  At the exposure along the 
north edge of the parking lot near the statue of Al exander 
Hamilton , the lower contact of the Orange Mountain Basalt with 
the underlying Passaic Formation is seen . Southwest plunging 
pipe-amygdules and vesicles are expos ed in the basalt near the 
contact . These vesicles oc cur entirely within the basalt above 
the basal contact . 

From the statue of Alexander Hamilton obs erve the vertical 
strike-s lip fault planes through the lower flow unit of the 
Orange Mountain Basalt and the contact between the lower 
colonnade and the overlying entablature . The " S . U . M . " over the 
door of the historic building near the river at the base of the 
view area stands for " Society of Us eful Manufactures , "  an 
organization founded in 1 7 8 9  to promote local trade . 

From the fal l s , walk south along Spruce Street , cross 
McBride Avenue and continue one-half block to the Paterson 
Mus eum . ··. Some of the best examp l e s  of the s econdary minerals 
found in the Paterson area trap-rock quarries are on display at 
the mus eum . 

6 3 . 0  

6 3 . 0  
6 3 . 2  

2 . 3  

0 . 0  
0 . 2  

Continue west on Totowa Ave . , 
turn right onto Green Ave .  
Turn left onto Claremont Ave . 
Proceed northwest to a sharp 
right curve in the road , and 
park along outcrop . 

STOP 4 .  PREAKNES S  P I LLOW BASAL T ,  TOTOWA 

The lower portion o f  a Preakn e s s  Mountain Basalt flow unit , 
the s econd of three , is exposed a l ong the west s ide of Claremont 
Avenue .  The bas e of the f low i s  a subaqueous flow lobe 
containing ellipsoidal pillows and pahoehoe toes . S econdary 
minerali z ation includes calcite , quartz , and minor heulandite in 
sma l l  stretched amygdules . The pillowed base of the flow rests 
on a thin layer of red s ilstone expos ed ( depending on the amount 
of refuse present ) at road leve l .  The f low grades upward into 
mas s ive columnar basalt . Further north on Claremont Avenue the 
upper part of the flow, in contrast to the bottom is not pillowed 
and contains large spherical amygdul e s  mineralized with prehnite 
and p ectolite . 

1 73 



1 74 

6 3 . 4  

6 3 . 5  
6 3 . 7  

6 5 . 5  
6 5 . 6  
6 5 . 9  

6 6 . 0  
6 7 . 2  

6 7 . 7  

0 . 2  

0 . 1  
0 . 2  

1 . 8  
0 . 1  
0 . 4  

0 . 1  
1 . 2  

0 . 5  

Return southeast on Claremont 
Ave . to Green Ave . , and turn 
right . 
Turn left on Totowa Road . 
Turn right ( south ) onto Union 
B lvd .  
Turn right into Walnut St . 
Turn left onto Montclair Rd. 
Turn left onto Rt . 2 3  
( Pompton Tpk . ) .  
Turn right onto Rt . 5 2 7 . 
Turn right onto Greenbrook 
Rd . 
Park at intersection of 
Greenbrook Road with Central 
Ave . just north of the bridge 
over Green Brook . 

STOP 5 .  UPPER I LOW-Ti l FLOW OF PREAKNE S S  BASALT, NORTH CALDWELL 

The middle and upper f l ows of the Preakness Basalt are 
expos ed here together with a layer of red siltstone that was 
deposited between the two f lows . The middle f l ow is well expos ed 
along the banks of Green Pond ( sample s ite P 3 9 , Fig . 1 )  and can 
be examined by careful ly walking down the s lope near the bridge . 
B e  careful of the poison ivy . The middle f low is greatly 
enriched in incompatable elements compaired to the upper high-Ti 
or HTO flow of the Preakness ( Table 1 ) . 

The upper flow can be examined along the road-cut just south 
of the bridge ( Sampl e  s ite P4 0 ,  F ig 1 ) . It is exposed above the 
thin red stilstone layer along the road . Good dinosaur 
footprints were found in this s i ltstone by Chris Laskovich . 
Columnar j ointing is reasonably wel l  displayed at this stop but 
both f l ows are other-wise quite mas s ive with little evidence of 
s e condary mineralization . 

6 9 . 7  2 . 0  Proc eed south on Central Ave . 
turn left on Bloomfield Ave . 

7 0 . 2  0 . 5  Turn left onto Rt . 5 2 7 . 

7 2 . 7  2 . 5  Turn right ( west ) onto 
I nterstate 2 8 0 . 

7 3 . 9  1 . 2  Turn left ( south ) onto 
E i senhower Parkway at exit 
4A . 

7 4 . 8  0 . 9  Turn right into parking lot . 

STOP 6 .  HOOK MOUNTAIN BASALT , ROSELAND 
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This Hook Mountain exposure displays columnar j oints , but a 
well-defined Tomkeieff ( 1 9 4 0 ) s equence is not apparent . An 
extens ively altered volcano-clastic layer is expos ed near the 
bas e o f  the Hook Mountain Basalt . I n  addition , some bleaching 
and evidence of low-grade thermal metamorphism is s een at the 
lower contact . 

I n  contrast to the Orange Mountain ( Stop 2 )  and Preakness 
( Stop 3 )  Basalt s , the Hook Mountain Basalt is relatively enriched 
in arnygdu les and vesicles . Prehnite is abundant at this locality 
and i s  easily collected , particularly near the north end of the 
exposure . 

7 5 . 7  0 . 9  

7 8 . 7  3 . D 

8 0 . 2  1 . 5  

8 3 . 6  3 . 4  

Proc eed north on Eis enhower 
Parkway and turn right onto 
I - 2 8 0  east . 
Type section o f  Preaknes s 
Basalt on both sides of 
highway . 
Type s ection o f  Orange 
Mountain Basalt on both 
s ides of highway . 
Exit onto Garden State 
Parkway north or south . 

1 75 



1 76 

. 1 

J 
NOTES 



] 1 

l 

EARTHQUAKE ACTIVITY IN THE G REATER NEW YORK CITY AREA: 
A FAULTFINDER'S GUIDE 

ALAN L. KAFKA 
Weston Observatory 

Department of Geology and Geophysics 
Boston College 

Weston, MA 02193 

MARGARET A. WINSLOW 
Department of  Earth and Planetary Sciences 

City College of CUNY 
New York, NY 1003 1 
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Stone Ridge, NY 12484 

INTRODUCTION: EARTHQUAKES IN 
THE NORTHEASTERN UNITED STATES 

Although the area within a 100 km radius of New York City is clearly not as 
seismically active as most areas near plate boundaries, this area has had its share of 
moderate earthquake activity. For most earthquakes in the interior of the North 
American plate--unlike the situation along plate boundaries--it is not clear whether 
geologic faults mapped at the surface are the faults along which the earthquakes are 
occurring. The purpose of this field trip is to examine several geologic features in 
the greater New York City (NYC) area that might be related to earthquake activity. As 
we proceed, the following question will be addressed: 

Are seismically active faults in the NYC area delineated by geological features that 
are observable at the earth 's surface? 

To understand earthquake phenomena in the NYC area, it is helpful to picture this 
area in the context of earthquake activity throughout the northeastern United States 
(NEUS) .  The NEUS has one of the longest records of reported earthquake activity in 
North America (Fig. 1) .  Earthquake activity was noticed in this region by early 
European settlers, and as the population density grew, an increasing number of 
earthquakes were reported. These earthquakes were usually minor, but sometimes 
not-so-minor, and occasionally even caused damage. Instrumental seismic 
monitoring in the NEUS began in the early 1 900's ,  and routine reporting of 
instrumentally recorded earthquakes began in 1 9 3 8  with the initiation of the 
Northeastern S eismic Association (Linehan and Leet, 1942). The first telemetered 
regional seismic network was operated in northern New England by Weston 
Observatory from 1962 to 1 968, but it was not until the early 1970's that the present 
regional networks were established. The number of seismic stations in the NEUS 
steadily increased between 1970 and 1 974. By 1 975, a number of institutions 
operating seismic networks in the region formed a cooperative group known as the 
Northeastern United States Seismic Network (NEUSSN; Fig. 2). The data recorded by 
the NEUSS N  has enhanced our ability to study the regional seismic activity. Analysis 
of these data provides insight into the possible causes of the earthquakes. 
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Figure 1 .  

S eismicity i n  the north· 
eastern United States and 
adjacent areas. 
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F i g u r e  2 .  Stations o f  the Northeastern United States Seismic Network (NEUSSN). 
These stations are operated by Weston Observatory of Boston College, Lamont-Doherty 
G e o lo gical Observatory of Columbia University , Massachusetts Institute o f  
Technology, Woodward-Clyde Consultants, State University of  New York at Stony 
Brook, Pennsylvania State University, and Delaware Geological Survey. 
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Since at present the NEUS is not located on or near an active plate boundary, there 
is no obvious plate tectonic interpretation of why earthquakes occur here. The 
present-day tectonic setting of the region is a passive continental margin. The 
nearest p l ate  boundaries are the m i d-Atl antic ridge to the east ,  the 
subduction/transform system along the western margin of North America to the 
west, and the northern boundary of the Caribbean plate to the south. All of these 
plate boundaries are located several thousand kilometers from the NEUS. The last 
major tectonic activity in this region postdates the Triassic separation of North 
America from Africa and occurred in the latter part of the Mesozoic. This activity is 
delineated by igneous rocks found in the Connecticut and Newark Mesozoic basins, in 
the White Mountain magma series of  New England, in the Montregian Hills of 
southern Quebec, and along the New England seamount chain. In the more distant 
geologic past, the area experienced at least two continental collision and rifting 
episodes, of which the Appalachian mountain system is a remnant expression (Bird 
and Dewey, 1970; Skehan, 1988 ;  Skehan and Rast, 198 3) .  While the present-day 
seismicity is quite low comp ared to that of most plate boundaries, its persistence and 
its potential for producing damaging earthquakes make it the subject of both 
scientific inquiry and public concern. 

The following three fundamental, and as yet unanswered, questions provide the 
underlying framework for our analysis of NEUS earthquakes: 

What are the forces that cause earthquakes in this area? 
Which geologic or tectonic features are seismically active? 

• What is the potential for future large earthquakes? 

With these questions in mind, we will summarize the current understanding of 
earthquake phenomena in the NEUS , with p articular emphasis on the NYC area. 

THE PROBLEM WITH MAGNITUDES 

B efore we summarize the seismic activity in the NEUS, it is important to mention 
that there are some unresolved issues regarding magnitudes of earthquakes in the 
NEUS. Magnitudes reported in the Bulletins of the NEUSSN are reported as mN, where 
"N" refers to the Nuttli (1973) mbLg magnitude scale. The Nuttli magnitude formulas 
were developed for estimating body wave m agnitude (mb) from I Hz Lg waves (a 
superposition of Love waves and higher-mode Rayleigh waves), which are recorded 
from more distant earthquakes.· However, the seismograms of small earthquakes (mb 
< about 4.0) recorded at shorter distances by stations of the NEUSSN are generally 
dominated by higher-frequency ( -5-10 Hz) Lg waves. It is the amplitudes of these 
higher-frequency waves that are used along with the Nuttli ( 1973) formul as to 
estimate magnitudes for reporting earthquakes in the NEUSSN bulletins. The 
relationship between these reported mN magnitudes and mb is not well known. 

For earthquakes that are large enough that the recorded seismograms are clipped 
(i.e. off-scale), but not large enough to be recorded globally, magnitude formulas 
were developed that use signal duration (sometimes called "coda-length") instead of 
anaplitude as an estimate of the size of the event. The me magnitude scale was 
developed for the NEUS from a study of the relationship between coda-length and mN 
(Rosario, 1979; Chaplin et a!., 1980). The purpose of using me is to provide an estimate 
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of mN when amplitude measurements are not available, and me is reponed as the 
magnitude for some of the events in the NEUSSN bulletins. 

The magnitudes shown for events in Fig. ! (c) are those listed in the NEUSSN 
computer files, and most are listed as mN or me . To compare the seismicity shown in 
Fig. l (c)  with that in other pans of the world, it is necessary to estimate the 
relationship between "mN or me " and some more generally used magnitude scale. 
Fig. 3(a) shows the relationship between "mN or me " (as reported in the NEUSSN 
Bulletins) and mbLg for 19  events in the NEUS and adjacent Canada. The slope of the 
regression line in Fig. 3(a) is 1 . 14, and the average difference between "mN or me " 
and mbL g is 0.4 magnitude units (with "mN or me " overestimating mbL g ) .  Thus, 
although the problem with NEUS magnitudes is not yet resolved, the magnitudes 
shown in Fig. l(c) should be considered to be approximately correct in a relative 
sense, but they appear to overestimate mb by about 0.4 magnitude units. 

SPATIAL DISTRIBUTION QF EARTHQUAKE ACTIVITY 
IN THE NORTHEASTERN UNITED STATES 

In the next three sections, we summarize the current understanding of earthquake 
activity in the NEUS to provide a framework for our discussion of earthquake activity 
in the NYC area. Locations of the older epicenters in Fig. l(a) are based upon felt 
reports, while the locations of  earthquakes since the 1930's have been determined 
primarily from instrumental data. The earthquakes shown in Fig. 1 indicate that 
much of the area is seismically active but that the distribution of earthquake activity 

-- '  i s  not spatially uniform. All of the zones that have been seismically active 
throughout the historical record (including the NYC area) are also seen to be active 
in the instrumental records. The largest e arthquakes in the NEUS have all occurred 
in one or another of these active areas. There is a general correlation between the 
spatial distribution of epicenters determined from the network data and that of the 
historical seismicity. The general features of the pattern of seismicity have been 
fairly stable since about the mid-1500's. Thus, it appears that whatever the process is 
that causes earthquakes in this region, that process has been spatially stable for the 
past several hundred years. 

The l argest earthquakes recorded in the NEUS are: the 1727 and 1 755 earthquakes 
located near Cape Ann, Massachusetts; the 1904 : earthquake in eastern Maine; the 
1 929 earthquake in western New York; the 1 940 earthquakes in central New 
Hampshire; the 1944 earthquake at the northern New York/Canadian border; the 
1 983 earthquake in north central New York, and (most relevant to this field trip) the 
1 884 earthquake near NYC. All of these earthquakes caused at least minor damage, 
and all of them (except perhaps the 1884 NYC event) probably exceeded mb 5.0 (Street 
and Turcotte, 1977; Street and Lacroix, 1979). The largest earthquake known to have 
occurred in the NEUS is  the 1755 Cape Ann earthquake. The maximum intensity for 
that event has been estimated to be VIII on the Modified Mercalli (MM) scale (Weston 
Geophysical, Inc., 1977). The Cape Ann earthquake caused damage in Massachusetts, 
New Hampshire and Maine and was felt as far away as Washington, DC. Street and 
Lacroix ( 1 979) estimated the magnitude o f  the Cape Ann earthquake to be 
approximately mb 6.0. 

Rockwood ( 1 8 85) investigated the 1 884 NYC earthquake, and he reported fallen 
bricks and cracked plaster from eastern Pennsylvania to central Connecticut. The 
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F i g u r e  3 .  (a) Relationship between "mN or me " and mb Lg (from Kafka, 1988). The 
value o f  "mN or me " is the magnitude that was sorted from the NEUSSN data (as 
described in the text). The dashed line is the locus of points for which "mN or me " 
equals mb Lg ·  (b) Histogram of depths of earthquakes recorded by the NEUSSN in the 
northeastern United States from1 975 to 1 9 8 3 .  Bar labelled E indicates the range of 
depths that Ebel et al. ( 1986) found from teleseismic waveform modelling of some of 
the largest earthquakes in North America. 
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maximum intensity reported by Rockwood was at two sites on western Long Island 
(Jamaica, New York and Amityville, NY). The felt area of the 1 884 earthquake, 
measured from the map published by Rockwood, was about 270,000 km2 . Smith (1966) 
reported a maximum MM intensity of VII for the 1884 NYC earthquake, which 
suggests a magnitude on the order of mb 5.0 for that event. 

The occurrence of the 1755 Cape Ann earthquake and the 1 884 NYC earthquake 
provides minimum values for the size of earthquakes that can be expected to occur in 
the NEUS in general (mb of about 6.0) and in the NYC area in particular (mb of about 
5 .0).  In order to make more specific predictions of the maximum magnitude 
earthquakes that can occur at a particular location in the NEUS, it is necessary to 
know which faults (or other features) are active, as well as the record of seismic 
activity for those features. Unfortunately, however, there are few (if any) surface
mapped faults in the NEUS that have been confirmed to be active. Thus, at the 
present time, we must be satisfied with only general conclusions regarding where 
and when future large earthquakes will occur in the NEUS. 

DEPTH OF EARTHQUAKE ACTIVITY 

Although the relatively low density of regional seismic stations limits the 
resolution of focal depth for many of the events, the station density is sufficient to 
conclude that earthquakes in the area generally occur in the upper half of the crust. 
The deepest hypocenters located by the NEUSS N  stations generally occur at about 20 
km, and the shallowest earthquakes are about 1 km deep (Pomeroy et a!., 1976; Ebel et 
a!., 1 9 82;  Mrotek et a!. ,  1988) .  Events deeper than 20 km tend to occur more 
frequently in adjacent Canada rather in the NEUS. Earthquakes as deep as 3.3 km 
have been reported in the Charlevoix seismic zone--a cluster of activity centered at 
about 47.5° N, 70.3° W (Fig. 1) .  

To summarize the depth distribution of earthquakes recorded in the NEUS, Ebel and 
Kafka ( 1989) analyzed the depths reported for a sample of earthquakes from the 
NEUSSN bulletins. This sample consisted of all events recorded between 1975 and 
1 9 8 3 .  From those events they extracted all earthquakes for which there was (a) at 
least one station located within a distance of twice the depth; and (b) a total of at least 
four stations recording the event. A histogram of those data is shown in Fig. 3(b). 
For that set of data, the mean depth is 9 km and the standard deviation is 5 km. 
B ecause of the requirement of at least one nearby station, the depths shown in the 
histogram are probably biased toward deeper events (which would be more likely to 
be recorded by a station within twice the depth). From Fig. 3(b) it appears that the 
earthquake activity tends to cluster in a zone between about 5 and 15 km beneath the 
earth's surface (although events shallower than 5 km could be more numerous than 
Fig. 3 (b)  implies since they were systematically excluded from these statistics). 

An independent measure of the depth range where the larger earthquakes tend to 
occur in this region can be obtained from the results of waveform modelling of 
larger earthquakes that were recorded teleseismically. Also shown in Fig. 3(b) is the 
range of depths that Ebel et a!. ( 1986) found from teleseismic waveform modelling of 
the largest earthquakes of this century in northeastern North America. Those 
events were found to occur at depths ranging from 8 to 1 0  km. In addition, Nabelek 
( 1 984) and B asham and Kind ( 1986) modelled teleseismic waveforms from the January 
9, 1 9 82 earthquake in New Brunswick, Canada (mb=5.7). They concluded that the 
depth o f  that event was 6 km. S imilar depth ranges were observed from aftershock 
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surveys of l arger earthquakes. For example, Seeber et a!. ( 1 984) found that 
aftershocks of the 1983 Goodnow, NY earthquake (mb=5, 1 )  were confined to a depth 
range of 7 to 8.5 km. 

All of these depth estimates suggest that NEUS earthquakes occur in the upper 20 
km of the crust. This depth range for NEUS earthquakes is consistent with the idea 
that only the upper half of the crust behaves in a brittle fashion (Kirby, 1 980). 

STRESS FIELD AND MAPPED FAULTS 

The most commonly accepted explanation for the cause of earthquakes in the NEUS 
is that ancient zones of weakness are being reactivated in the present-day stress field 
(Sykes, 1 978) .  In this model, preexisting faults and zones of  weakness from earlier 
orogenic episodes persist in the intraplate crust, and, by way of analogy with plate 
boundary seismicity, earthquakes occur when the present-day stress is released 
along these zones of weakness. Much of the recent research on the cause of NEUS 
earthquakes has, therefore, involved attempts to identify preexisting faults and 
determine whether they are favorably oriented so as to be reactivated by the 
present-day stress field. While this concept of reactivation of old zones of weakness 
is commonly assumed, the identification of individual active geologic features has 
proven to be quite difficult. It is  not at all clear whether faults mapped at the earth's 
surface in the NEUS are the same faults along which the earthquakes are occurring. 

State of Stress 
The intraplate stress field in the NEUS is generally assumed to be the result of a 

combination of forces generated by plate tectonic processes. Two large-scale sources 
of stress that have been considered in a number of studies are asthenospheric drag 
and ridge push (Richardson et a!., 1 979). Another source of stress that could be 
significant in plate interiors is asthenospheric counterflow (Chase, 1979; Hager and 
O'Connell, 1979). Within the context of the ancient zones of weakness hypothesis, it is 
important to characterize accurately the observed modem stress field to determine 
whether preexisting faults are favorably oriented to be reactivated. 

In an effort to summarize the present state of knowledge regarding the stress field 
in the NEUS, Ebel and Kafka (1989) reviewed data from focal mechanism studies in the 
NEUS and adjacent parts of Canada (Figs. 4 and 5).  Focal mechanisms can be described 
by specifying the directions of the so-called pressure axis (or P-axis) located in the 
center of the dilatational quadrant and tension axis (or T-axis) located in the center 
of the compressional quadrant. Fig. 4 shows the azimuths of the horizontal 
component of P-axes from numerous studies superimposed on a map of the region. 
Fig. 5 shows equal area stereographic plots of the P-axes and the T-axes from the 
various studies analyzed by Ebel and Kafka ( 1989). The average P-axis and T-axis for 
this data set was determined by vectorially averaging all of the axes which intercept 
a given focal hemisphere. The P-axes tend to cluster toward the east and west 
directions. The average P-axis was found to have an azimuth of 266° and a plunge of 
1° .  The average T-axis was found to have an azimuth of 105° and a plunge of 88°. 

These focal mechanism results are consistent with a regional stress field for the 
entire NEUS and adj acent Canada in which the maximum compressive stress is 
essentially horizontal and trends approximately east. The minimium stress, as 
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F i g u r e  4 .  Map showing azimuths of P-axes from focal mechanisms of earthquakes 
in the northeastern United States. The data shown here were taken from references 
listed in caption of Figure 5. 
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F i g u r e  5 .  Lower hemisphere stereo graphic plots of P-axes and T-axes of 
earthquakes in the northeastern United States. The data shown here were taken 
from the following studies: Sbar et al. ( 1 970, 1972, 1975), Herrmann (1979). Horner et 
al. ( 1978) ,  Graham and Chiburis ( 1 980), Yang and Aggarwal ( 19 8 1 ), Pulli and Toksoz 
( 1 9 8 1 ) ,  K afka ( 1 982), Kafka et al. ( 1 982), Schlesinger-Miller et al. (1983),  Wetmiller et 
al. ( 1 9 84), Wahlstrom (1985), Quittmeyer et al. (1985), and Filipkowski ( 1986). The P
axes tend to cluster in the east and west directions, and the T-axes tend to cluster in 
the vertical direction. The average P-axis for this data set has an azimuth of 266° and 
a plunge of 1°.  The average T-axis for this data set has an azimuth of 105° and a 
plunge of 8 8° .  
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inferred from the average T-axis, is nearly vertical. There is, however, no reason to 
assume that the stress field doesn't vary (temporally and/or spatially) across the 
region studied. 

Seismicity and Mapped Faults 
If the stress field in the upper crust can be accurately characterized, and if 

reactivation of ancient faults is the cause of NEUS earthquakes, then seismically 
active features could be delineated by identifying the faults and determining their 
orientation relative to the stress field. The situation is apparently more complex, 
however, since for most areas in the NEUS, the seismicity does not reveal any obvious 
alignments of epicenters along mapped faults or other known structural boundaries. 
It is thus quite difficult to prove the existence of any seismically active faults on a 
regional basis. Detailed studies of seismicity on a more local scale, especially results 
of aftershock monitoring of larger events, . also yield ambiguous results with regard 
to the identification of active features. In this section, we discuss several examples of 
such detailed studies, and we conclude that an unequivocal correlation between 
mapped faults and earthquake activity is, at best, the exception rather than the rule. 

Two relatively large earthquakes that occurred since the installation of the 
NEUSS N  stations were the mb 4.4 Gaza, NH earthquake of 1982 and the mb 4. 1 Dixfield, 
ME earthquake of 1983 .  In the case of these two earthquakes, as well as other 
relatively large earthquakes discussed in this section, mb is given here rather than 
m N because the events were large enough that mb magnitudes were reported in the 
Regional Catalogue of Earthquakes (published by the International Seismological 
Centre) .  B oth the Gaza, NH earthquake and the Dixfield, ME earthquake occurred in 
locations where field mapping has failed to show surface faults in the vicinity of the 
epicenters (Ebel and McCaffrey, 1984; Brown and Ebel, 1985). 

Microearthquake swarms near Moodus, CT have occurred near a locality where a 
fault has been inferred but never confirmed (Ebel, 1985).  Aftershocks of the mb 3 .8  
earthquake near B ath, ME in  1 979 occurred on or  very near the Cape Elizabeth fault 
(Ebel, 1 9 83) .  This may be evidence that, at least in some cases, earthquakes in the 
NEUS are associated with mapped faults. The mere spatial association of earthquakes 
with faults that are mapped near the surface, however, does not necessarily imply 
that the earthquakes are occurring on those faults. The faults could, for example, be 
the nucleation points for the earthquakes, yet the earthquake movements themselves 
may not have actually occurred on the preexisting fault surfaces. Furthermore, the 
l arger earthquakes appear to be occurring at depths exceeding 5 km, and the 
orientation of faults mapped at the surface may be quite different from the 
orienation of faults at depth. 

Another event of interest is the mb 5. 1 Goodnow, NY earthquake that occurred in 
the central Adirondack Mountains in 1983 .  That event was large enough to be felt 
throughout the NEUS and in southeastern Canada. Aftershock surveys provided a 
well constrained location for the source region. Seeber et al. ( 19 84) argued that the 
aftershocks of the Goodnow earthquake occurred on a steeply-dipping fault striking 
N 15±.10°W beneath a NNW -striking surface lineament. The focal mechanism for this 
earthquake supports the trend seen in the aftershocks, but no surface fault breakage 
was found from the event. The aftershocks were confined to a depth range of 7 to 8.5 
km, and there is no detailed information regarding the orientation of faults at that 
depth beneath the epicenter. 
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In the case of an earthquake near Lancaster, PA (mbLg 4 . 1 ,  April 23 , 1984), the 
locations of the main event, aftershocks, and previous events in that region correlate 
well  with mapped geologic lineaments. The mapped geologic lineaments also 
correlate with one fault plane of the focal mechanisms found for the 1984 events 
(Stockar and Alexander, 1986; Armbruster and Seeber, 1987). While such studies have 
indic ated the p o s s i b l e  orientations and positions of active faults, there are few, if 
any, cases in the NEUS where surface-mapped faults have been confirmed to be 
act ive .  

EARTHQUAKE ACTIVITY I N  THE NEW YORK CITY AREA 

One of the proposed candidates for present-day seismic activity resulting from 
reactivation of ancient zones of weakness is found in the NYC area: the Ramapo Fault 
system in northern New Jersey and southeastern New York [Fig. 6(b) ] .  The Ramapo 
Fault system forms the northwestern margin of the Triassic-Jurassic Newark Basin. 
This fault system is about 120 km long, and it appears to have been active at various 
times throughout geologic history including the Precambrian, Paleozoic, Triassic ,  
and Jurassic (Ratcliffe, 197 1) .  Thus, the Ramapo Fault system could possibly be an 
example of a major throughgoing fault system that is being reactivated by the 
present-day stress field in the NEUS. 

Aggarwal and Sykes ( 1978) concluded from analyzing locations, depths and focal 
mechanisms of earthquakes in the greater NYC area that seismic activity in that 
region is concentrated along several NE trending faults of which the Ramapo Fault 
appears to be the most active. More recent studies of earthquakes in the NYC area, 
h o wever,  suggest a more complicated relationship between earthquakes and 
geological features in this region. For example, Seborowski et a!. ( 1982) argued that 
focal mechanisms of three earthquakes that occurred on or very near the Ramapo 
Fault have fault planes that are transverse to the mapped trace of the fault. 
Moreover, they argued that the microearthquake seismicity near the northern end 
of the Ramapo Fault trends NW, transverse to the trend of major geologic structures 
mapped at the surface. Also, Kafka et a!. ( 1 985) argued that earthquakes at least as 
large as those recorded near the Ramapo Fault have occurred as far as 50 km from 
that fault in a variety of geologic structures that surround the Newark Basin. 

B ased on the distribution of earthquakes recorded by the NEUSSN between 1975 and 
1 9 8 6 ,  the Ramapo Fault does not appear to be any more active than numerous other 
locations in the NYC area [Fig. 6(b)]. There appear to be a number of locations in the 
NYC area that are at least as active as the area surrounding the Ramapo Fault. Indeed, 
the largest earthquake recorded by the NEUSSN stations in the NYC area occurred 
about 25 km from the mapped trace of the Ramapo Fault, near Ardsley, NY (October 
19, 1 985; fib 3.6). 

Fault plane solutions have been determined for the main shock, a foreshock and an 
aftershock of the Ardsley, NY earthquake (Filipkowski, 1986;  Ebel and Kafka, 1989).  
These fault plane solutions suggest strike-slip faulting, with one possible fault plane 
trending NE (i.e. parallel to the trend of the Ramapo Fault) and the other plane 
trending NW (i.e. transverse to the Ramapo fault). Seeber and Dawers ( 1987) showed 
that there is a spatial correlation between a NW-striking mapped fault (the Dobbs 
Ferry Fault) and the earthquake activity near Ardsley, NY. The Ardsley earthquake 
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occurred at a depth of about 5 km, however, so that geological features mapped at the 
surface may be quite different from those that are in the vicinity of the hypocenter. 

In the NYC area, it appears that the earthquake act1v1ty is broadly distributed 
throughout the geological features that surround the Newark Basin [Fig. 6(b) ] .  As in 
other parts of the NEUS, there are few, if any, cases in the NYC area where surface
mapped faults have been confirmed to be seismically active. 

In this field trip we examine evidence for faulting (throughout geologic time) in 
the vicinity of the Ramapo Fault. As we have discussed above, the area surrounding 
the Ramapo Fault does not appear to be any more active than numerous other parts of 
the NYC area (Fig. 6). We have chosen this fault as a focus for this trip, however, not 
because it is has been confirmed to be seismically active, but rather because it is a 
prominent feature that exhibits many of the characteristics of geologic faults. This 
fault has been studied extensively, and it appears to have been active at various 
times throughout geologic history (Ratcliffe, 1971) .  In addition, this fault zone has 
been the focus of controversy related to issues of earthquake hazards at the Indian 
Point nuclear power plant (Aggarwal and Sykes, 1978),  making it of some interest 
politically as well as scientifically. 

GEOLOGY OF THE RAMAPO FAULT SYSTEM 

The Ramapo Fault system marks the NE-trending boundary between the Newark 
Basin and the Hudson Highlands (Figs. 6b and 7). The Ramapo Fault proper extends 
from Peapack, NJ to the Hudson River near Stony Point, NY (Ratcliffe, 1971) .  The 
overall trend of the fault seems controlled by Grenville structures, i .e.  by planes of 
weakness developed during late Precambrian. Outcrops along the Ramapo Fault west 
of the Hudson River place Precambrian metamorphic and i gneous rocks of the 
Hudson Highlands against Triassic and Jurassic sedimentary rocks of the Newark 
Basin. Conglomerates near the border fault contain abundant clasts of Precambrian 
gneiss and Paleozoic cover rocks eroded from the uplifted Hudson Highlands (Carlson, 
1946; Savage, 1968). Near Stony Point, outcrops of Paleozoic as well as Triassic rocks 
lie adjacent to the fault (Savage, 1 96 8 ) .  Late Precambrian through Mesozoic 
displ acements along the Ramapo Fault system include right-lateral, normal and 
reverse slip (Ratcliffe, 198 1 ). 

The Ramapo Fault can be followed as a clear, northeast-trending topographic 
lineament until north of Ladentown, NY (Fig. 7), where it splits into a N20°E
trending segment and one at N60°E connecting with the Thiells fault (Ratcliffe, 
1980).  The Mott Farm Road Fault extends northeastward and rejoins the main fault 
north of Tompkins Cove, NY (Ratcliffe, 1 9 80). Alternatively, the main fault may be 
rotated westward and offset by the Willow Grove fault. If so, a NE-trending fault picks 
up again along Thiells Road. This second alternative would suggest that the Ramapo 
Fault is offset 4 km right-laterally. The age of this offset, however, is unknown. 

Continuation of the Ramapo Fault across the Hudson River is problematic. It 
appears to follow either or  both the Canopus Creek and Peekskill River valleys. In 
Peekskill Hollow, Paleozoic rocks lie next to Precambrian gneisses, marking the 
boundary o f  the Manhattan Prong. It is mainly a Paleozoic fault, although some 
Triassic and Jurassic reactivation may have occurred, each time resulting in the 
southeast side moving down (Ratcliffe, 1980). A complex, semi-ductile shear zone and 
a fracture zone extend along Canopus Creek, cutting across the structural grain of  
the Precambrian rocks. This fault zone locally places Paleozoic rocks next to  
Precambrian rocks (Ratcliffe, 1971) .  There is no direct evidence to support post-

I 
l 



l J 
1 
j 

�l l 

0 

0 

"\. \ \ 

Figure 7. Road map and stops for field trip.  Major faults shown as heavy lines may 
have Quaternary motion. WG = Willow Grove Fault; CFMF = Cedar Flats-Matt Farm Fault. 
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Paleozoic motion east of the Hudson River along these faults (Ratcliffe, 1 9 7 1 ;  
Ratcliffe, 1980) . Structural and seismic evidence, however, support both valleys as 
possibly active faults (Seborowski et al . ,  1 982).  

Small-scale brittle structures within 100-200 m of the Ramapo Fault in several 
localities include conjugate oblique-normal faults (Ratcliffe, 1980).  Both sets strike 
NE. S lickensides measured on the fault surfaces suggest that the SW-dipping set has 
right-oblique slip, while the NW-dipping set has predominantly left-oblique slip 
(Ratcliffe, 1 980). 

The dip of  the fault, measured from drilling, is 45-70° SE, steepening toward the NE 
from Bernardsville, NJ to Stony Point, NY (Ratcliffe, 1980).  Unhealed, unconsolidated 
rock gouge is found at each drilled locality. The fracture patterns, micro-offsets, and 
slickensides indicate that the northwest side has moved up. The dominant sense is 
right-oblique faulting. The maximum vertical offset is about 500 m (Ratcliffe, 1980). 

GEOLOGIC EVIDENCE OF MOVEMENT ON THE RAMAPO FAULT SYSTEM 
DURING THE QUATERNARY 

The Ramapo Fault stands out as a major structural feature in the NYC area. We 
examined evidence of Quaternary fault movements at some localities along the 
Ramapo Fault. The best geomorphic evidence of Quaternary fault movements consists 
of terrace development on one side of a valley, valley tilting, and systematic 
tributary offsets. These all indicate moderate slip of the Ramapo fault during the 
Quaternary .  

To date, there is no clear evidence, however, of offset post-glacial material across 
faults in the NYC area (B. Stone, pers. comm., 1989). Pollen stratigraphy in wetlands 
along the Ramapo Fault near Ladentown, NY (Nelson, 1 9 8 0 )  reveals no sudden 
changes in the post-glacial record. Unconsolidated cataclasites and gouge along the 
Ramapo Fault, however, may suggest post-Jurassic (Ratcliffe and Burton, 1 984; 1985),  
or even younger, fault motion. Cores from glacial lake Passaic reveal slump folding, 
brecciation, and microfaulting (Forsythe and Chisholm, 1 989). The features suggest 
antipodal reverse and normal components. Cumulative vertical displacements may 
be 1 -2  meters. 
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RAMAPO FAULT FIELD TRIP 

In this field trip, we will examine geologic features that might be related to 
earthquakes, and we will look for characteristics that might identify active and non
active faults. Of several geomorphological features possibly associated with 
Quaternary age faulting in the NEUS, a few well-defined examples stand out in the 
NYC area (Figs. 6b and 7). These features appear to concentrate along the Ramapo 
Fault zone and the Hudson River valley. This field trip will visit several localities 
along the distinctive topographic lineament of the Ramapo fault system where 
geomorphic features suggest Quaternary displacements. These features include the 
fo l l o w i n g :  

( 1 )  Fault scarps (primary and secondary) along the length o f  the Ramapo Fault 
syste m .  

(2) Different heights, numbers, and ages o f  river terraces across the Ramapo and 
Mahwah Rivers. 

(3) Asymmetric valleys with river running against the faulted side of the valley. 
This suggests continued tilting of fault blocks (e.g. Ramapo and Mahwah Rivers). 

(4) Narrow zones of unconsolidated fault gouge in soil along the Ramapo Fault. 
(5) Repeated offset tributaries to the Ramapo river suggesting dextral shear. 
(6) Migrated meander loops of the Ramapo River suggesting dextral shear. 

S om e  features, such as offset tributaries, valleys, and asymmetric meanders are 
better observed on maps and aerial photos than on a field trip. Other tectonically
controlled landforms, such as reversal of river drainage direction, changes in tilt of 
the Palisades sill, offsets in the sill, and abrupt changes in height of its basal contact, 
post-date the early Mesozoic, but cannot be proven to be Quaternary in age. 

The field trip follows the trace of the Ramapo fault along the Ramapo River in NJ 
and the Mahwah River in NY. South of Suffern, the Ramapo fault system forms a 
well-defined linear feature. At Suffern, however, it appears to split into two or more 
splays beneath a floodplain. The lineament following the Mahwah River marks the 
boundary between the Hudson Highlands and the Newark B asin. The field trip will 
follow the Mahwah River to its headwaters, where the Ramapo fault appears to split 
or be truncated by the Willow Grove Fault. North of Willow Grove, a NE-trending 
fault can be followed to the Hudson River. 

The presence of greater numbers and heights of river terraces on the west side of 
the Ramapo and Mahwah River valleys along the boundary between the Hudson 
Highlands and Newark B asin support uplift of the NW side of the valley, the Hudson 
Highlands, along the Ramapo fault. The regular spacing of the terraces down to the 
present river edge suggests episodic uplift during the Quaternary. The absence of 
terraces o n  the SE side of the river valleys appears to be independent of lithology. In 
other words, the river terraces on the NW side appear to be tectonic. 
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S everal right-slip offsets of cross-strike (SE-flowing) tributaries occur where they 
empty into the Ramapo River. Two meanders of the Ramapo also appear to be 
structurally controlled. They also support Quaternary age right-slip motion. 

ROAD LOG FOR FIELD TRIP: 
EARTHQUAKE ACTIVITY IN THE GREATER NEW YORK CITY AREA 

To begin this field trip: from the North, take Routes 6 and 17  east to the NY State 
Thruway I-87 (Exit 16). Take the Thruway south 16 miles to Exit 1 5  (Route 17  South to 
NJ). From the South, follow the Thruway north (I-87 and I-287) from the Tappan Zee 
Bridge or intersect the Thruway northbound from Exit 9 of the Palisades Interstate 
Parkway. Take Exit 15 of the Thruway, the second Suffern exit. Follow signs to Route 
17  south toward NJ. Mileage begins once exit ramp merges with Route 17 South. 

CUMULATIVE 
MILEAGE 

0 .0  
1 . 0  

3 . 0  
4.6 

MILES FROM 
LAST POINT 

0 . 0  
1 . 0  

2 .0  
1 . 6  

STOP 1. DEERHA VEN. 

ROUTE DESCRIPTION 

Route 17  southbound lane. 
Exit to Route 202 on right. At the stop sign 
tum left onto Route 202 South. The Ramapo 
fault lies to the west between the Ramapo 
Mountains and the Ramapo River. 
Pass Ramapo Reservation sign on right. 
Turn right at small bridge with historical 
sign and horse crossing marker. Cross the 
Ramapo River. 

The topo graphy rises toward the west in discrete steps forming several 
discontinuous terraces on the NW side of the Ramapo River valley. They are not 
matched on the SE side. The terraces have formed on both unconsolidated sediment 
and bedrock. Notice how the river flows to the NW side of the valley along most of its 
length, regardless of the topographic and bedrock changes on the SE side of the 
river. This suggests westward tilting of the valley toward the fault. Bear Swamp 
Brook cuts perpendicular to the structure (SE). Upstream its b anks are inequal in 
height. The NE side appears to be higher, as is the case for several other cross-strike 
streams that cross the Ramapo fault trace. 

4.7 

5.2 

5 .5  

6 .4  
8 . 0  

0 . 1  

0 .5 

0 .3  

0 .9  
1 . 6  

Tum left and cross small creek. The houses 
are built on a higher level. Follow the road 
south then west up to a higher level. Take a 
left at Deerhaven Road which follows a 
higher level. 
At T -intersection make a right to go up hill. 
At fork make right and go up hill to 
discontinuous outcrops of crystalline rocks. 
End of road. Return by same route. Notice the 
asymmetry of the cross-sectional view of the 
Ramapo River valley. 
Return to Route 202 and proceed north. 
Tum left at Ramapo Reservation sign, park at 
the south end of the p arking lot. 
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STOP 2. RAMAPO RESERVATION. 

This stop involves a 30 minute round-trip hike. Follow a trail directly west to a 
bridge over the Ramapo River. Cross abandoned meander loops and marshy areas. 
Across the river is a large lake in a wide, flat flood plain. Begin to climb upward. 
Return to parking area. Exit to south only. 

8 . 2  
9 . 0  

1 0 . 3  
1 1 .3  

1 2 . 0  

STOP 3. PAVILION ROAD. 

0 . 2  
0 . 8  
1 .3 
1 . 0  

0 .7  

Proceed north on  Route 202. 
Pass entrance to Ramapo College on right. 
Pass under Route 17. Stay on Route 202. 
Pass under railroad bridge to stop. LOW 
CLEARANCE! Tum left to remain on Route 202. 
Take a sharp left immediately after Thruway 
overpass onto Pavilion Road. Proceed uphill 
and park halfway up the hill in the Knights 
of Columbus parking area. 

Near the bottom of the hill are exposures of slickensided crystalline rock, one of 
the few outcrops of the Ramapo fault. These well-developed slickensides of unknown 
age suggest dip-slip movement with a minor right-slip component. Sl ickensided 
fault surface averages N 55-65°E. and dips 60-65°SE. Slickenlines pitch N 15°E, 55°SE. 

1 2 .7 0 .2  

1 6 . 3  3 . 6  

STOP 4. SKY MEADOW ROAD. 

Return to the intersection with Route 202 and 
proceed north. Route 202 runs along one 
terrace level above the Mahwah River that is 
not present on the eastern side. Some 
discontinuous, higher terrace levels can be 
seen on the west side of the road. 
Turn left onto Sky Meadow Road. 

Proceed southwest and west down across the Mahwah River, driving toward the 
fault. The road climbs four well-developed levels between the river and the fault. 
Power lines on the mountain follow a natural bench for several kilometers. The 
river v alley is terraced on the NW side, and is hummocky and irregular on the SE 
side. Drilling data near here suggest that a Triassic age vesicular lava flow, over 450 
ft thick, accumulated near the border fault (Ratcliffe, 1980). Local relief at the edge 
of the basin at the time was approximately 450 feet (Ratcliffe, 1980) .  

1 6 . 6  

1 6 . 9  

1 9 .4  

1 9 .5 
1 9 . 8  

0 .3  

0 .3  

2.5 

0 . 1  
0 .3  

Intersection. Turn around. Return to Route 
202. 
Intersection of Sky Meadow Road and Route 
202. Tum left onto Route 202. 
At traffic light turn left. Maps say 
L ad e n  t o w n .  
Tum right at intersection onto O l d  Route 306. 
Turn left at sign for Call Hollow Road. This 
road runs parallel to the Ramapo fault. The 
river valley narrows toward the north. The 

1 99 



200 

2 1 .5 0 . 7  

STOP 5, CALL HOLLOW ROAD. 

fault lies on the west side of the river valley. 
The topography rises on both sides of the 
road. However, on the east side, the 
landforms are hummocky and irregular, 
whereas on the west side of the river, there 
are distinct levels. The power lines follow 
one wide terrace. 
Park on the right side where the power lines 
cross the road. 

North of Ladentown and just south of Willow Grove on Call Hollow Road the ridge 
defining the eastern edge of the Hudson Highlands begins to turn north as you 
approach the Willow Grove Valley. The Mahwah River valley pinches out. The 
terrace along which the power lines have run also ends here. The lines cross the 
road to j oin a buried gas line that follows the NW -trending steep ridges and narrow 
valley. These features also truncate in Willow Grove valley. The gas line is buried in 
intensely fractured material. Triassic basalts on the W side of the road tilt SE. 

2 1 .5 

22.4 

STOP 6. WILLOW GROVE. 

0 .0  

0 .9 

Proceed north on Call Hollow Road. The 
Ramapo fault no longer fonns a clear 
topographic lineament toward the north. 
Park directly under the power lines. 

The Ramapo fault cannot be easily followed north of Willow Grove valley. The fault 
appears to trend more toward the north and to be offset about 4 km right laterally by 
an E-SE-trending fault that follows Minisceongo Creek through Willow Grove valley. 
The creek experiences several 90° bends near Willow Grove. The terrain to the north 
and west of Willow Grove consists of massive, rounded hills with short, non-linear 
valleys as is typical of the topography west of the Ramapo fault. An alternative 
suggestion is that Willow Grove valley could be a pull-apart developed between the 
diverging splays of the Ramapo and Theills faults. The saddle to the south consists of 
highly brecciated rock fragments. 

22.6 

23 . 1  
24.2 
24.4 

STOP 7 THE!LLS ROAD. 

0 .6  

0 .5  
1 . 1  
0.2 

At the stop sign at the bottom of the hill, turn 
right onto Willow Grove Road. Proceed east 
along Minisceongo Creek. 
Pass under Palisades Parkway. 
At Hammond Road (unmarked), bear left. 
Tum left onto Theills Road; park on the right. 

Here the best candidate for a continuation of the Ramapo fault is seen to follow the 
NE-trending section of Cedar Pond Brook. Terraces are seen only on the NW side of 
the stream valley. Once again it represents hilly Hudson Highlands juxtaposed next 
to Quaternary sediments. Notice here, too, that there are river terraces only on the 
NW side of the valley, and that the SE side is lower. Between Call Hollow Road and 
Theills Road is a possible horst block of Proterozoic gneiss (Ratcliffe, 1980). NE
striking features in the area do not seem to offset lava flows, but discontinuous 
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exposures do not 
tilting of basaltic 

25.2 

26 .5  

28 .2  

29.2 
29.5 

allow confirmation of any post-Mesozoic movements, except for 
layers. 

0 . 8  

1 . 3  

1 . 7  

1 . 0  
,0.3 

Turn left (west) onto Cedar Pond Road (Route 
2 1 0) 
Turn right onto Cedar Flats Road. Old 
schoolhouse on the right. Cedar Flats Road 
and Matt Farm Road parallel the fault. 
Past Queensboro Road turn left toward the 
sign for "Camp Addisone-Boyce". This is Matt 
Farm Road (unmarked). The road detours 
around Lake Bullowc. The fault continues on 
NW side of the lake. The road then resumes its 
trend parallel to the possible fault. 
Pass sign for Camp Addisone-Boyce. 
Park on right after 20 ft high outcrop on left. 

STOP 8 MQITFARM ROAD. 

- ' S lickensided surfaces, vertical to steeply dipping. Some slickensided surfaces dip 

-- ' 

steeply S W  with slickenlines plunging 65-75°SW. Other surfaces dip steeply NW with 
slickenlines plunging 75-80°NE. Several fracture patterns are also evident. 

29 . 8  

3 0 . 1  
30 .5  

3 0 . 8  

STOP 9 TOMPKiNS LAKE. 

0.3 

0 .3  
0 .4  

0 .3  

Pass outcrop of  brecciated rock with complex 
fracture patterns. 
Birdhil! Road. Left on Fairview. 
At Tompkins Lake, follow road around toward 
north on natural terrace 2-3 meters high 
which is not present on the other side. Steep 
talus slope rises to west. 
Stop 9. 

View of terrace and former lake level. Return to main road via Birdhill Road. 

3 1 .7 

32 .4 
32.65 

33 .25 

3 3 . 8  

0 .9  

0 .7  
0.25 

0 .6  

0.55 

STOP 10. TOMPKINS COVE QUARRY 

Birdhill Road intersection with Matt Farm 
Road. Turn left (east). 
Pass intersection with Gays Hill Road. 
Matt Farm Road and Route 9W intersection. 
Turn right and proceed south. 
Turn left onto Elm Street. It is a sharp turn. 
Take the first left. Follow the road down the 
hill. At the power station, turn right. 
Park at the large limestone outcrop at the 
entrance to the Tompkins Cove quarry next to 
the Lovett power plant. 

Cambro-Ordovician limestone beds with black chert interbeds and bedding-parallel 
stylolites trend N 10-20°E and dip 55-65°SE. Calcite-filled fractures cut the outcrop at 
N 20-30°E and dip 40-42°SW. The brittle features could be related to the Ramapo fault 
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system. See Ratcliffe ( 1980) for further information. The quarry reveals eight fault 
zones that disrupt the structural continuity (Ratcliffe, 1 980) .  The faults are 
identifiable as red or green zones of clay gouge and phyllonite, best seen on the 
south face of the quarry on all levels. These faults are SE-dipping reverse faults with 
left· or right-lateral offsets. Despite a youthful appearance, they are associated with 
folds (Ratcliffe, 1980) although they appear to have been reactivated to produce the 
clay gouge and slickensides. Ratcliffe suggests that the faults are pre-Mesozoic 
thrusts that were reactivated during the Triassic as normal and strike-slip faults. 

34.2 

34 .8  
3 5 . 8  

3 6 . 8  

3 7 . 5  

STOP 1 1 .  JONES POINT. 

0 .4  

0 .6  
1 . 0  

1 . 0  

0 .7  

At intersection of  Elm Street and Route 9W, 
turn right (north). 
Pass intersection with Matt Farm Road. 
Intersection of Gays Hill Road and Route 9W. 
Tum right (north) onto Route 9W. 
Slickensided surfaces on a new outcrop 
exposed on left at mile point 36.0. No stop 
here. As you proceed north on Route 9W, the 
Ramapo fault or Matt Farm Road fault runs 
close to the river. Route 9W is adjacent to or 
on the fault. Recent construction on Route 
9W has revealed rich zones of slickensides, 
intensely fractured rock, and brecciated 
zones along this stretch of road. 
Bear right leaving Route 9W for Jones Point 
Road. The road follows along a river terrace. 
There is also a lower level, and the remnant 
of a higher one. Tum right at the "T", then 
left to continue north along the lower 
terrace. These terraces are not present on 
the east side of the Hudson River valley in 
this vicinity. 
Park along the railroad right-of-way at the 
end of the road. 

Jones Point is built on a series of low terraces. Walk along the railroad bed toward 
the north. STAY OFF THE TRACKS ! The fault also outcrops immediately behind the 
house. At the intersection of the road and the railroad tracks is a polished and 
grooved outcrop that marks the end of the crystalline rocks in this area. The steep, 
SE-facing fault surface i s  polished and has sub-horizontal glacial grooves. Small 
normal faults are seem on the exposure. Note that where the fault crosses the Hudson 
River, the river abruptly changes direction. The Indian Point power plant is located 
directly across the Hudson River to the east. The Canopus and Peekskill River valleys 
are visible  from here. 

37 .8  0 .3  Return by the same route, take right fork to 
view a possible older terrace and till remnant 
near a former chapel. 

38 .. 1 0 .3  Cross Route 9W and pull immediately into a wide pull-over and park. 
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STOP 12. ABANPONDED QUARRY. 

The Ramapo fault cuts the south side of the hill. B etween this site and the river are 
several low terraces. Note truncated (over-steepened) spurs here. Walking west over 
a wide flat area, there is a possible scarp and sag pond in the area not exploited by the 
former quarry. The small scarp is 1 -1 .5  meters high. The terrace is developed on 
stream cobbles of a former river level. 

3 8 . 1  
40 . 8  

4 1 .5 

4 1 . 9  

0 .0  
2 .7  

0.7 

0.4 

STOP 13. BEAR MOUNTAIN INN. 

Proceed north on Route 9W. 
Take left fork in road for Bear Mountain State 
Park and Inn (Route 6). 
At traffic circle, take first right for Bear 
Mountain Inn. 
Tum left into parking lot. 

Refreshments, etc. The only scheduled rest stop. 

42.0 

44.0 

0 . 1  

2 . 1  

Leave Bear Mountain Inn. Tum right onto 
Route 6. At 42.3 mile point, Bear Mt. Circle, 
take first right; continue on Route 6 west. 
Tum right at sign to Perkins Memorial Drive. 
Proceed to top of mountain to lookout. No 
m i l eage .  

STOP 14. PERKINS MEMORIAL DRIVE LOOKOUT 

The Ramapo fault crosses the Hudson River to enter the Peekskill Hollow or 
Canopus River valleys. Sharp bends in the Hudson River appear to be structurally 
controlled.  Each linear river bend, when projected onshore in Westchester or 
Rockland County, is associated with an anomalously linear river valley that follows 
the same strike. S om e  examples include the Ramapo, Mahwah, Cedar Pond, 
Minisceongo, Canopus, Leeds Cove, and Peekskill Hollow valleys. The terrace on the 
NW side of  the Peekskill river appears to be higher than on the east side. 

On a regional scale, the Hudson River is linear and trends N-S,  except where 
crystalline rocks cross it. At least one of the NE-trending segments occurs where the 
Ramapo fault crosses the Hudson. Another SE jog occurs where the Willow Grove 
fault  crosses the river. The trend of another sharp bend in the Hudson River toward 
the S E  follows a lineament onshore into Westchester County along the linear Leeds 
Cove valley. This latter example suggests that the Ramapo fault offsets one kilometer 
right-laterally a possible fault beneath the Hudson River. 

Tum right onto Route 6 and proceed west. 
After a forced merge with the Palisades 
Interstate Parkway either proceed south 
toward New York City or take Exit 1 8  to remain 
on Route 6 West. At traffic circle, take first 
right onto Route 6 West and continue to 
Routes 6,  17, or the New York Thruway. 
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DEGLACIAL H I STORY AND ENV I RONMENTS O F  THE UPPER WALLKILL VALLE Y 
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12 Uni vers i ty Avenue 

Bu ffa� o ,  NY  14214 

LES S I RKIN  
Department o f  Earth Sc iences 

Adel phi  Uni vers i ty 
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Room 3 140 
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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 . 

2 1 3  
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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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4 1  . 7 

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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PLEISTOCENE GEOLOGY OF THE EASTERN , 
LOWER HUDSON VALLEY, NEW YORK 

Le s S i rkin 
Department o f  Earth S ciences 

Adelphi University 
Garden City, NY 1 1 5 3 0  

Donald H .  Cadwell 
New York State Geological Survey 

Room 3 1 4 0  
Albany , NY 1 2 2 3 0  

G .  Gordon Connally 
1 2  Unive r sity Avenue 

Buf fal o ,  NY 1 4 2 1 4  

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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THE STRAT I GRAPHIC RELEVANCE AND ARCHAEOLOG I C AL POTENTIAL OF THE CHERT
BEARI NG CARB ONATES WITH I N  THE KI T TATI NNY SUPERGROUP 

P H I L IP C. LA PORTA 
Q ueens C o l l ege and Depa rtment of Earth and Env i r onmental S ci ences 

C . U . N . Y .  

I NT ROD UCT I O N  

A l l o f  the fo rmati o ns to b e  vi s i ted o n  th i s  fi el d trip are 
Cambro-Ordov i c i an in age and were depos i ted i n  very shal l ow waters ( s hel f 
setti n g s )  ( F i gure 1 ) .  A few of the fo rmations conta i n  s ha l ey members but 
are a l most ent i rel y composed of do l om i tes and l es ser amounts of l i mesto n e .  
T h e  Camb r i a n  formatio ns are remarkab ly pers i stent both l a teral ly and 
vert i ca l l y  and th i s  l e ad s  to extens i v e  fac i es cont i nu i t i es ,  coveri ng 
di s tances as great at 5 0  to 100  m i l e s  ( Read , 1985 ) .  The Lower O rdov i c i an 
formations ( capped by the K n ox U nc onfo rm i ty ;  Sl os s , 1963 ) have a more 
heterogeneous character ,  sti l l wi th the same l a teral pers i s tence, but wi th 
c o ns i derab l y  greater vari ati o ns in faci es compos i ti o n .  

The Camb ri a n  cherts appear to b e  fac i es-control l ed ( po rous oo l i tic 
l ayers , sandy l ayers , etc . )  except for the top of the Al l e ntown Forma t i o n .  
T h e  upper A l l e ntown ap pears to b e  a surface of un c o nfo rm i ty ,  but i s  not 
marked by deep i nci s i o ns , j u s t  shal l ow ch annel cut s .  The zone . of 
chert i f i ca t i o n  fo l l ows th i s  surface and occurs as a seri es of com p l ex 
rubb l e  zones , and si l i c i fi ca t i o n  al o ng j o i nts. 

The cherts wi t h i n the R i ckenbach Forma t i o n  ( L ower O rdov i c i an)  are faci es
contro l l ed and are wi de l y  pe rs i s tent fo rm i ng a di sti nct mark er hori zon . 
The l ower membe r  ex h i b i ts an i ntrastratal brecci a ,  but there . i s  no evi dence 
of an as soci ated unconfo rm i ty .  The E p l e r Formation contai ns chert wh ich i s  
faci es-contro l l e d ,  b ut the mo s t  obv i ou s  vari eti es of che rt are associ ated 
w i th pal eokarst fe atu res . Some of the pa l e ok arst fe atures were fi l led by 
argi l l i te which has al so su ffered l a ter si l i c i f i c a t i o n .  The Epl e r  
Formati o n  i s  ov erl a i n  by the - O ntel aunee,  a · fo s s i l i fe rou s carbonate, a good 
port i o n  of wh i ch has been strong l y  do l om i ti zed . Chert i s  ub i q ui tou s to 
both members of the O ntel aunee Forma t i o n  and the Harmony va l e  ( uppermos t 
membe r )  i s  strong l y  cut by eros i o n  featu r es . Th i s  eroi s i o n  surface i s  very 
vari ab l e  and i n  some p l aces has i nci sed al l the way down i nto the 
R i c k enbach Formati o n .  

The great vari ety and vo l ume of chert extant wi th i n  the ch ert-beari ng 
carbonates of the K i ttati n ny Supergroup has been kn own for some time 
( Markew i c z ,  1967 ) . The use of chert beds as stratigrap h i c  marker hor-i z ons 
or key beds was f i r s t  i mp l emented i n  th i s  reg i on by Markew i c z  ( 1967 )  and 
Markew i c z  and D a l ton ( 1973 ) .  The i r  fo rmation and member l ev e l  subdi v i s i o n  
( F i g .  1 )  w i l l  b e  u sed for the fi el d tri p .  The chert appears to be 
restr i cted to spec i f i c  uni ts wi th i n  members of the formations of the 
K i ttati n ny Supergrou p .  The chert- beari ng fac i es ar� � a teral ly persi � tent 
fo r sub stant i al di s tances . ( The hos t rock for the s 1 l 1 ca are often h l g h l y  
porous beds , unconfo rm i ti es and pal.eokarst fractures . )  A n  extens i o n  o f  the 
chert strati grap hy has been the d1 scovery ,  over the 1 as t two decades , of 

241 



242 

more tha n 200 smal l and large si tes of preh i s to ric m1 n 1 ng operations s i tes . 
The chert stratigraphy is the focus of th i s  fi el d tr i p  and has been 
s pe c i f i c a l ly des i g n ed to al so aid the archaeo l og i s t  conducting prove nance 
s tu d i es in the fi el d. 

PREV I OUS WORK 

Markewi c z  ( 1967)  a nd Markewi c z  and Da 1 to n ( 19 73 ) were the fi rs t  to use 
the l ower chert-be ari ng un i t  of the Hope Membe r  of the R i ckenbach Forma tio n 
a s  a stratigrap h i c  marker hori zon .The presence of the Hope Member has s i nce 
b ecome a strati grap h i c  a i d ,  as a key bed ,  for fi el d workers i n  the c om p l ex 
fo l d  and thru s t  be l t . The refi ned member- l evel  stratigraphy for the 
K i ttati n ny Supergroup ( F i g .  1 )  was prese nted by Markew i c z  and Dal ton ( 1973 ,  
1974,  1978 ) .  The member l evel sub di v i s i ons and stratigrap hic sect i o n  
desc r i p ti o ns of Markewicz and D a l to n  ( 1977 ) ,  rep rese nted the next l og i c a l  
step towards unde rstand i ng the depo s i tio nal env i ronments i n  a reg i o n  wh ere 
b oth detai l ed l i thostrati graphy and i nvertebrate fos s i l s  are rare. More 
recent l y ,  further refi nement of the memb ers i nto di sti nct stratigrap h i c  
u n i ts has been campi 1 e d  duri ng the map pi ng of the Hamburg Q uadrang l e  by 
C anace ( 1988 ) .  To date, mos t  deposi tio nal and pal eoecol ogi c a l  
i nterpretations are drawn from de tai l ed studi es i n  contiguous state s .  
P resent l y ,  the tecto nic map for the Great V a l ley Sequence i s  be i ng 
a ssemb l ed by Herman and Monteve rde ( p e rs . comm. 1989 ) .  

Structural and stratigrap h i c  stu di es pub l i shed i n  recent years ( O ffi el d, 
196 7 ,  Baker and B u ddi ngto n ,  1970)  mention but do not di sc u s s  the che rt 
wi thi n the Beekmantown Grou p .  Fortunatel y ,  structural and str atigrap hic 
s tu di es conducted in  contiguous states have he l ped to estab l i sh the chert 
stratigraphy .  The stu di es of Wherry ( 1909 ) and Wel l e r  ( 1900)  W i l son ( 19 62 ) 
both document the stratigrap h i c  pos i ti o n  of ch e rt as beds and nodu l es .  The 
h i gh l y  ref i ned str a tigrap h ic work of Zadn ik and Carozzi ( 1963 ) w i thin the 
C a rp e nters v i l l e ,  N . J . sect i o n  i s  al so direct l y appl i cab l e to studi es 
further nort h .  

T h e  stratigr ap h i c  work of Hobs o n  ( 1963 ) h as ai ded the present research . 
Hobson noted the pos i tions of ch e rt-beari ng un i ts wi thin the Camb r i an 
System, wi thi n  the base of the R i c k e nbach Formati o n ,  at the base as wel l as 
h i g h e r  i n  the E p l e r  Formati o n ,  and mo s t  particu l a rl y  wi thin the Ontel aunee 
F o rma t i o n .  

P rofes s i onal  archaeol ogy wi t h i n  the Wal l k i l l R i ver V a l ley i n  New J e rs ey ,  
i s  al most non-exi stent. At the tu r n  of the ce ntury , Schrab i sch ( 1909 ) 
conducted a s i te survey i n  S u s sex , N . J . wh ich noted the l ocations of two 
potenti al prehi sto ri c  chert q ua rri es . The fi rs t was at W i l dcat Rock, 
between Hamburg and Frank l i n ,  N . J . where it was said that b l ue fl i nt was 
a b u n dant i n  the fi el ds . The second was at the base of the Wal l ki l l Pond , 
i n  the town of Frank 1 i n ,  N . J . There was al so a smal l excav ation at the 
Hamburg Rockshel t e r  by P h i l  hewer ( pe rso nal col l ected notes and l e tters of 
L ou i s  M .  Hagge rty 1930- 19 7 9 ) . Dur i ng the WPA ( Wo rk s  Prog r es s  
Adm i n i stratio n )  day s ,  Cros s ( 1940 )  excavated a rock shelter at the Todd 
E s tate wh ich produced a trai t l i s t of preh i s to ric impl ements. Ri tch i e  
( 1965 ) noted the great concentr a ti o n  of fl uted proj ec t i l e poi nts i n  the 
v i c i n i ty of P i n e  I s l a nd ,  N . Y . ,  and made menti o n  of the arch a eo l ogi cal 
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potenti al of the val l ey .  The current study efforts of the Orange County 
Chapter of the New York State Arch aeo l ogi cal S oci ety have stil l not been 
synthes i zed i nto any specific  rese arch des ign . To date, there is no 
cu l tural  stratigraphy for the Wal l ki l l R iver Val l ey in  New Jersey ,  but 
there are countl ess  sto ne tool  col l ect i o ns i n  ci gar boxes and ti n cans , 
tucked away i n  garages and stored on work shel ves awa i ti ng analys i s, and 
mute testimony to the potenti al weal th of i nformation that awa i ts the 
researcher. 

THE FIELD TRIP AREA 

The fi el d tri p  area l i es wi thi n  the rocks of the Great Val l ey Seq ue nce . 
The focus of the present trip  i s  the carbonates wi thin  the Beekmantown 
Group and the strati graph ical ly l ower C ambri an Age formations . The l a s t  
f i el d stop occurs al ong the southwest fl owi ng Pau l i ns K i l l .  The area i s  
bounded on the east by P recambri an i g n eou s and meta- sedi mentary rocks ,  and 
to the west by the Marti nsburg Forma t i o n .  A bel t of Grenv i l le-Age marb l e  
underl i es the eastern portion  of the val l ey bottom . The carbonates to be 
di scus sed and observed occupy the NE-SW trendi ng axi s of the Wal l k i l l River 
V al l ey .  

THE ARCHAEOLOGICAL APPL ICAT I ON OF THE CHERT STRATIGRAPHY 

A m ajor  outcome from thi s  wri ter' s che rt stratigraphy studi es i n  the area 
has been the creatio n  of a wel l  structured framework for l i thic provenance 
studi e s  i n  archaeol ogy . The decades of the sixt i es and seventi es produced 
o n l y  a handful of preh i storic quarry si tes in the fi el d tri p  area. As the 
chert strati graphy was refi ned the nunber of preh i sto ri c quarry di scoveri es 
grew. The per iod  between 1979 a nd 1984 wi tnessed the di scovery of a few 
dozen smal l quarri es . The l as t  five years of work have had the cooperati o n  
o f  Frank t�arkewicz  and mo s t  recently several membe rs of the New Jersey 
Geol og i cal Survey .  The member- l evel subdi v i s i o n  of the Ki ttatiny 
Superg roup ccrnbi ned w i th the more recent chert stratigrap hy has led  to the 
d i scovery of nearl y 1 5 0  new quarri es of vari ous types .  A ful l spectrum of 
new problems now confronts us.  The qua rri es are currently bei ng 
c atego ri zed i nto l arge  open cut quar ri es , such as the l ocation al ong the 
P au l i ns K i l l ,  smal l er outcrop qua rr i es ,  screes , workshops,  exp l oratio n  
p i ts ,  conical shafts,  and fa i l ed exp l orations . Furthermore, the quarri es 
c l u ster i nto di str i cts  each of wh ich  i s  associ ated wi th a ccrnp l ex of ope n
a i r  s i tes . Most recently, a nunber of outcrop quarri es have bee n  
d i scovered, which  occur i n  the centers of l a rge open a i r  s ites . Many of 
these quarri es ap pear i n  woodl ots  between furrowed fi el ds . The che rt 
s tr ati graphy has al l owed the wri ter to move qui ckly  over the l a ndscap e ,  
mark i ng membe r  and fo rmation contacts,  then proceedi ng al ong strike to 
d i scover new quarri es . The method al l ows one to gather both geo l ogical  and 
archaeol ogi cal data  or focus more specifical ly on one particu l ar task, fo r 
exampl e  attitude measurements us i ng the che rt beds where beddi ng i s  
d i ffi cul t to di scern. 

The knowledge of the exact l ocat i o n  of preh i sto ric l i thic resources 
shoul d al l ow the arch aeo l ogi st to l ocate the pl ace of ori g i n of chert. The 
outc rop to outcrop s tudy has l ed to the creati o n  of a chert c lass ification  
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wh i c h  was des i gn ed wi th the archaeo l og i s t  i n  m ind .  The use of the 
strati graphy requi res no speci al tra i n i ng or anal ytical  procedure. The 
fol l ow i ng is  meant to be purely desc riptive wh ich a l so enfo rces the bel i ef s  
o f  the wri ter ,  that wh at i s  needed fi rs t i n  archaeol ogi cal geol ogy i s  not 
analytical  technique s ,  but so l i d  fi el d da ta. The research documents the 
i nter-outcrop vari ation of the chert wi t h i n  a s i ng l e  membe r.  Th i s  a ids i n  
focu s i ng the provenance study to a speci fic outcrop . Many of the chert
beari ng membe rs are l a teral ly  pers i stent fo r mi l es .  To describe a chert as 
ori g i nating i n  the Lei thsvil l e  Formation  is use l es s  as the Lei thsvi l l e 
Formati o n  occurs i n  New York ,  Pennsy l va n i a and New J ersey . Th i s  has been 
the downfal l  of mos t  provenance studi es , al ong wi th the l ack of fi el d data 
and the heavy rel i ance on analytical  methods . An exampl e of the ref i nenent 
of the study i s  as fo l l ows : an ope n  a i r  si te i n  the V ernon Val l ey ,  near 
DeKay ' s  Haml et  produces an as semb lage of Early Arch a ic  sto ne to ol s .  The 
di agnostic arti facts appear to have been manufactured from the di stinctive 
b 1 ue-gray brecci a  ted and l ami nated chert of the Upper Al l e ntown membe r  
w h i c h  occurs as a n  outcrop quarry a t  the si te .  Al ong wi th the di agnos tic  
arti facts are two large cores of wh ich  one has  been  heat treated . Both 
cores are manufactured from the che rt pods wi thin  the Wal l ki l l Membe r  of 
the L e i thsvi l l e Formati o n .  T h i s  port ion  of the V ernon V al l ey l acks 
outcrops of the Wal lki 1 1  member .  The mi c rofos s i l  res i due , c l osely spaced 
unseal ed fractures , and the l arge s ize  of the core aids i n  fi ngerpri nti ng 
the core as havi ng ori gi nated at the outc rop qua rry at the Rudi nski Farm , 
some 3 mi l es to the west .  The smal l e r  heat-tr eated core shows conce ntri c  
b andi ng , g l assy to waxy l uster after heat treatment, and i s  roughly fi s t  
s i ze . Pods of thi s  size,  wi th concentric al gal bandi ng are comrnJ n at a 
smal l outcrop qua rry al ong L ake Road i n  H amburg, 5 m i l es to the soutt7.vest. 
The gl a ssy texture i s  the res u l t  of heat-treatment. Both specimens are 
pods , but that i s  the commo n characteri s tic of the Wal l ki l l membe r  chert at 
a l l l ocations . The other characteri stics a id  i n  di stingui s h i ng quarri es 
wi t h i n  the same member. Each chert zype pos ses ses characteri s tics wh ich  
are common to al l speci mens wi th in  that memb e r .  The  other characteri s tics 
vary and aid to di s t i ngui s h  expl i c i t qua rri es . 

O ftentimes , a number of quarri es wi l l  occur i n  a smal l geographic area. 
In addi tion,  some strati graph ic  members such as the Branch v i l l e Member of 
the Ep l er Formati o n  offer a wide asso rtment of potenti al l i th ic  resources . 
Because of thi s cl ose association ,  ent i re as semb l ages can be accurately 
traced back to a sma l l ravi ne or a compl ex of smal l outcrop quarri es . Such 
i s  the case at Haven ' s  Estate , where quarri es occur in the Upper Al l entown 
member,  the Lower Ri ckenbach and the Branchvi  1 1  e Member of the Ep 1 er 
Formati o n .  On fi rst  i nspection  the di vers i ty of l i th i c  types occurri ng on 
a s i te may l ead to some confusi o n .  On c l ose i ns pecti o n  i t  i s  reveal ed that 
a l l the diverse l i th i c  types cou l d  be acqui red wi th l i ttl e effort , i n  one 
sma l l rav i n e .  

Occasi onal l y ,  a chert bed i s  so di s ti nctive  that arti facts can be traced 
for many mi l es and  rel ated to a part i cu l ar bed wi thi n  a member.  Such i s  
the case for a group of stage 2 b i faces found i n  H i g h l and Lakes , N . J . and 
fi ngerpri nted to a di sti nct mottl ed b l ue bed of chert i n  Rock I s l �nd� N .J .  
ten or so mi l es away . The same can be done for the green chert w1 th1 n the 
B i g  Spri ngs membe r  of the Epl er Formati on and much of the wh i te and 
l avender chert w i th i n  the Branchv i l l e  Member. 
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The potenti al for th i s  type of study i s  obvious  to the arch aeo l ogi st.  
Thus  the chert strati graphy has bec ane a research too l . The present study 
empl oys a l arge arch i ved surface-gathe red art i fact col lect i o n  wh ich has 
accumul ated for 6 0  years . Prel imi n ary ex ami n ation has al r eady reveal ed a 
cu l tural preference for di sti nct l i thic types ,  and l i thic preference for 
certain  functional types .  An exampl e of the fanner wou l d  be the great 
number of Lamoka-1 i k e  proj ect i 1 e poi nts fashioned fran the wh i te and 
l avender chert from the Branch v i l le  Membe r .  An examp l e  of the l a tter wou l d 
be  the great number of unprepared cores fas hio ned fran the wel ded 
b recci ated chert of the Lower Rickenbach Member.  The wri ter wou l d  l i k e  to 
approach questions concern i ng the rol e of human cogn i ti o n  i n  resource 
sel ect i o n ,  preh i stori c l a nd uti l i zation ,  and the vari ation  of the 
fundamental strength wi thi n  each che rt type . These are a few of the many 
probl ems to be cons i dered on this tri p .  

DESCRIPTION OF CH ERT TY PES 

L e i thsvi l l e Fonnation ( C l ) 

Cal i fon  Member ( C l l l · The chert wi thin  the Cal i fo n  Member occurs as 
rounded pods and col l ofonn masses . Some pods are ci rcu l a r  i n  c rosssect i o n ,  
wh i l e  others are el o ngate .  The pods may be as l a rge as 3 feet to l e s s  than 
6 i nches i n  di ameter. They are usua l ly l i mo n i te enc ru s ted and produce a 
rank , feti d  odor when  struck by a hamme r .  The bottom po rt i o ns of the pods 
posse s s  an unusual coxcanb structure,  wh ich i s  vuggy and may contain dru ses 
of qua rtz . The centers and bottoms have a fib rous texture,  wh i l e the outer 
port i o ns of the pods are homoge neou s, waxy and never fib rou s .  Unl i ke  the 
c ore , the outer po rt i o ns are usua l l y  da rke r  i n  col or, and pos se s s  a pi tchy 
to waxy l uster.  The col ors range fran b l ack,  to gray , to b l ue gray ,  but 
o range and b lack  mottl ed vari eti es are not rare .  The che rt wi thi n the 
Cal i fo n  Member usual l y  occurs i n  the l ower un i t  associ ated wi th sul f ides . 

A uni que aspect of the Cal i fon Membe r  chert i s  i ts vari atio n i n  strength 
or cons i s tency from the core to the outer port i o ns of the nodu les .  The 
centers of the pods  are fi brous and impossib l e  to work i nto stone tool s .  
When found on si tes , they are general ly mi stak e n  for early stage cores, 
when actu a l ly they shou l d be treated as exhau sted and di scarded cores . The 
outer darker port i o ns be ar a subconchoi da l  to conchoi da l  fracture, and eve n  
the thi nnest fl akes are opaque al ong the edge s .  The outer areas al so 
conta i n  concentr i c  ope n  fractures, wh ich often control i n i ti al reducti o n . 
The unseal ed fractures cause the chert to break away fran the fib rous core 
a s  concentric shel l s .  Artifacts of Cal i fo n  chert are mo re canmon al ong the 
southwest fl owi ng dra i nages wi thi n  the Great Val l ey Seque nce i n  New J ersey . 
D i scarded arti facts are canmon at si tes al ong the P i edmont and Coastal 
P l ai n  as thi s  chert occurs in qua nti ty wi thi n  the gl aci al  dri ft.  Outcrops 
are uncommon because the Cal i fon Membe r  i s  eas i l y  eroded and usua l ly 
underl i es val l eys occupied by ponds . Therefore quarri es  i n  this  member are 
rare . Most Cal i fo n  chert was gathered from gl aci al dri ft or from res idual  
so i l  wi thi n these same so l ution  val l ey s .  Chert mas ses occurri ng as a 
resi dual can be seen near Ca 1 i fon ,  New Jersey .  Becau se Ca 1 i fan chert i s  
extremely tough, reducti on  si tes often produce as many hammerstone spa� l s  
as chert fl akes . Arti facts of Cal i fo n  chert are uncommon i n  the Wal l k1 l l  
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R i ver Va l l ey .  Recovered art i facts are usua l ly  di agn os tic prepared and 
unprepared cores , and l a rge bi faces . Arti facts exami ned in arch ived 
col l ections bear a waxy pa tinati o n ,  and the surface col ors ca n approach 
o l i ve green .  The art i facts are al ways l i mo n i te encrusted from the 
oxi dat ion  of mi nute evenly di spe rsed sul fi des wi thi n  the che rt,  and the 
arti fact may i l l ustrate any number  of the physi c al ch aracteri stics 
descr i b ed above .  

Hamburg Member ( C l 2 l .  The Hamburg M embe r  of the L e i thsv i l l e  Formation i s  
best  exposed al o ng Wil dcat Rd.  i n  Frank l i n  N .J . ,  on a seri es of h i l l s i des 
south of Rt. 23 i n  Hamburg , N . J . ,  and north of Rt . 23 a l ong Scenic L ake 
R d . , in Hamburg , N .J .  

The chert occurs as a se ri es of conti nuous and di scont i nuous,  c lose ly
spaced beds,  from 1 i nch to 6 i nches i n  th icknes s ,  occurri ng between 
a l ternating dark green,  pi nk , and gr ay argi l l i c ,  fi nely- lami nated do l omi tes 
and i nfrequent sha l e beds .  The chert i s  ch aracteri stical ly black , but 
weathers to l i ght  b l ue and b lue-bl ack on the surface .  Un ique to the 
H amburg Membe r  chert are ve i nl ets of wh i te qua rtz , as wel l as open vugs 
l i ned wi th microcrys tal l i ne quartz . When the wh i te quartz ve i nl e ts are 
w i de l y  di spersed,  the chert appears to bear phe nocrysts.  When the qua rtz 
venati o n  i s  c l os e l y  spaced , the chert ap pears ba nded or dendri tic . Sul fi de 
i nc l u s i o ns are ubi qui tous i n  thi s  che rt .  Hamburg che rt has a vi treou s to 
waxy l us ter and i s  trans l ucent only when the wh i te quartz ve i nl ets are 
c oncentrated . Associ ated wi th thi s  member i s  a l ower un i t  of si l i c i fi ed 
dol omi te ,  wh ich  i s  homogeneous ,  spark l y ,  and occurs as thin  fl aggy beds . 

Smal l outcrop quarri es and screes are commonly devel oped wi thin th i s  
member and good exposure above ri ver val l eys i s  part of the reaso n .  Beds 
of the Hamburg Member ca n be steep l y  i n c l i ned , c reati ng easy access by 
s i mp l e  pry i ng techn i q ues . Hamb urg chert i s  very dense as i s  a ttes ted to by 
the great numbers of chert hammerstones fashio ned from thi s  materi al , wh i c h  
appear i n  arch i ved col l ecti ons . Where thick beds of th i s  chert occur ,  they 
a re usual l y  i ntersected by sets of ope n  and se al ed fractures . Open 
fractures appear to aid in  the quarryi ng process, but create some of the 
l imi tati ons wi thi n  the reducti o n  seque nce .  Often breakage in bi faces 
occurs al ong quartz l i ned vugs or unseal ed fractures . Di scarded arti facts 
i n  the early stages of reducti o n ,  the res u l t  of fa i l ure al ong fractures , 
are very common .  

T h e  Wal l ki l l Member ( C l 3 ) .  The base of the Wal l ki l l Membe r  i s  marked by a 
rather di sti nctive chert zo ne.  The chert occurs as beds up to 2 feet i n  
thickness ,  and cont a i ns che rtized al gal beds , pi soi d s ,  and si l i c i fi ed 
dol omi te . Broken pi eces commo nly exh ib i t a shardy appe arance , wh ich may 
represent a fos si  1 coqui na concentrateor a rub b  ly, brecci a ted chert zone .  
The nature of  the shardy c lasts i s  yet undeci de d .  Fres h surfaces are l i g h t  
gray and b l ack where the chert i s  concentrated , but weathered surfaces are 
b rown . 

A second chert zone occurs i n  the uppe r uni t  wh ich  i s  a sparkly coarse 
grai ned dol omite .  Here, thi n  stri ngers and wi spy beds of an opaque b l ack 
chert, sometimes as soci ated wi th sul f i des,  are commo n .  Above this occurs a 
zone of uni que pods of chert. The chert pods occur as concreti onary mas ses ,  
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from 1 to 20 i nches i n  di ameter,  and may be el ongate, el l i p so i dal , or  tube
l i k e  in form .  The texture ranges from g l a s sy to saccharoi dal , and the 
textural �ypes are di stinctly  zoned wi th in each mass .  Waxy, h igh ly  
l u s trous p1 eces are very commo n .  The  col ors range from dark b l ue-gray to 
l i ght  gray wi th pa tches of wh i te ,  and th i n  pi eces are often h igh ly  
trans 1 ucent. Concentr i c  col or  bandi ng and c lay s to ne cores are comma n ,  as 
wel l as ankeri te skel etal casts,  wh ich  confo rm to the concentric layeri ng 
of the chert . These pods are bes t  devel oped on the Rudi nski Farm,  south of 
P i n e I s l a nd ,  New York . Pol i s hed sections be ar ev i de nce of burrowi ng , and 
the outer surfaces of the pods have a h ide- l i k e  l e athery ap pe arance. Fairly 
d i s sem i nated rod-l i k e  and sphe rical mi c rofos s i l  materi al i s  occas io nal ly 
found in these pods . Conj ugate she ar fractures , unseal ed i n  most case s ,  
penetrate each pod . 

Quarries wi thin the Wal l ki l l Member occur on the the wes t  faci ng s l opes 
a l ong  the eastern marg i n  of the Wal l k i l l R i ver Val ley .  Qua rri es occur as 
outc rop work i n g s ,  sc rees , and conical shafts sunk into swampy so i l  at the 
base  of outcrops .  The Wal l ki l l Member usual ly occurs as a terrace above 
swamp areas , therefore acces s i s  l i mi ted . There i s  strong evi dence at 
a rchaeol ogical  si tes suggesting that Wal l ki l l chert is  he at-treated duri ng 
the cri ti cal reduc t i o n  proces s .  

Al l e ntown Formation  ( Ca l  

L imeport Member ( C al ) .  The chert wi thin the L imepo rt Member i s  most 
conspi cuous as chert i zed ool i te sequences . B ed s  are usual ly thin,  l ess  
than  3 or  4 i nches , but i nfreque nt concentrations of 8 or  9 i nches do 
occur.  S i l i c i fi ca tion  appears to fo l l ow the h igh ly  po rou s ool i te 
s equences , and when t h i s  faci es i s  l a te ral ly pe rs i stent, the chert beds can 
be traced for some di s tance . The contac t s  between chert-rich  sequences a nd 
the  adjacent dol omi te i s  often gradatio nal , and i n  many i ns tances the 
s i l i ca content dec reases outwards from a central zone of concentrati o n .  
The  a 1 g a  1 -ri ch sequences o f  the 1 ower and mi ddle  un i ts are often 
s i l i c i fi ed ,  and the si l i c i fication  appears to be determi ned once aga i n ,  by 
the amount of ava i l ab l e  poros i ty  or  ope n spaces wi th i n  the al gal structure 
( Bathurs t  1981 ) .  The mi ddle and uppe r  un i ts often contain  t h i n  stri ngers 
o f  chert as soci ated wi th sul fi des . The chert i s  usual ly b lack ,  becomi ng 
gray to b l ue-gray northward near Warwick,  N . Y .  Broken outc rop sampl es 
g l i sten from c l e aved ool i tes ,  but the matr i x  chert is  usual ly waxy or 
resi nous ,  depend i ng upon the concentration of o ol i tes . Th i n  sl i vers are 
u sua l ly  hi gh ly  trans  1 ucent to transparent, rev e al i ng the rounded form of 
the ool i tes,  but whe n  the ool i tes are concentrated, the chert may appear 
nearly opaque . Chert i zed oncoi d and pel l etal fac i es are ve ry common i n  the 
l ower two uni ts of the L imeport !�embe r .  

C hert-rich seq ue nces wi thin the L imeport Member are commo n ,  but chert 
i nfrequently occurs i n  the concentratio n  to be qua rri ed . Al so , much of 
L imeport Membe r  occupi es val l ey fl oors wi thi n the Wal l ki l l R iver  Val l ey .  
Quarri es i n  thi s membe r  are mo re common al o ng the souttwes t fl owi ng 
dra i nages of the P au l i ns K i l l ,  Mu sc onetc ong and P equest R ivers . A seri es 
o f  smal l quarri es occur i n  Wantage Towns h ip ,  near Hamburg , New J e rs ey .  
Great qua nti ti es of L i meport chert occur at s i tes i n  the Wal l ki l l  R iver 
V a l l ey,  indicating that l arger  quarri es or gr eat numbers of  smal l e r  outcrop 
work i ng s  do exi s t .  
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Upper A l l entown !�embe r  ( C a2 l .  The l ower un i t  wi th i n  the U ppe r Al l entown 
Memb e r ,  a mi cri tic do l om i te wh ich weathers l i ght b l ue , often conta i ns b l ack 
chert as thi n  beds and c l ots. The contacts between the ch ert beds and 
surroundi ng dol omi te are sharp bounda ri es ,  and beds are very thi n ,  concave 
upward s ,  and may occur as a se ri es of a l ternati ng ri b b ons and c l ots .  The 
chert i s  homogeneous vi treou s ,  and b l ack . Oftentimes se al ed fr actures 
cri s s-cross the chert, and these fr acture surfaces are sometimes coated 
w i th whi te mic ro-crystal l i ne qua rtz . 

The upper un i t  contai ns th i n  beds and seams of ool i tic chert. Th i s  chert 
i s  often b l ue-gray ,  and pos sesses a sugary to res i n ou s  l u s ter.  Fres h 
outcrop samp l es i l l u strate an unusual step- l ike  outer surface al ong beddi ng 
s urfaces . W i th i n  200-250 feet of the uppe r  contact of the U p pe r  A l lentown 
Member,  there i s  a zone of si l i ci fi ed al gal structures ( A i tk e n ,  1967 ) . 
These domal al gal  forms are banded wh i te and gray chert, and serve as 
excel l ent faci ng i nd icato rs . The al gal -rich beds are vi sib l e  at the 
Havens ' Estate as wel l as other l ocal i t ies not schedu l ed for thi s  fi el d 
t ri p .  W i th in  5 0  feet of the uppe r contact wi th the overlyi ng R ickenbach 
F o rmation  there occurs a seri es of t h i n  di sc ont i nuou s beds and rubb l e  zones 
c ompri sed of ribbon  che rt and che rt occurri ng as i r regu l a r  mas ses and 
c l ots . The rubb 1 e zones mark the begi n n i ng of an unconfo rmi ty wh ich can be 
traced from north of Warwick,  N . Y .  south to P h i l l i p sburg , N.J . These 
rubb l e  chert zones are rather extens i v e ,  the chert rang i ng i n  col or fran 
du l l  b l ack to l i ght b lue and wh i te convo l uted mas se s .  The c lasts are 
a l ways angu l ar ,  vuggy , and i nters tices in the surroundi ng dol omi te are 
f i l l ed wi th a dru ses  of wh i te qua rtz crys tal s ,  and fi ne gr ai ned wh i te 
quartz coats many of the chert c lasts.  Above the rub b l e  zo ne are  a seri es 
of thi n  to thick quartzi te beds . Where the qua rtz i te i s  abse nt, there i s  
occa s i o na l ly an ash-gray porcel a i n- l i k e  chert, wh ich  occurs as irregul a r  
mas ses .  

I n  the Vernon Va l l ey ,  there occurs a rather unusua l  chert wi thi n  the 
U pper Al l entown Memb e r .  The chert i s  l i ght b l ue ,  b l ue-gray ,  or ash gr ay 
and  occurs as fi ne ly  l aminated mas ses .  The l ami natio ns may repres ent 
rel i ct beddi ng features . The textur e  vari es from gl assy to sacch aroi dal 
w i th i n  a si ng l e  hand samp l e .  The g l a s sy l ayers conta in vacuo les  where 
euhedral  dol om i te rhombs have been di s l odged by weatheri ng .  The chert 
masses are al ways brecci ated and the dol omi te wh ich fi l l s i nters tices 
b etween chert masses is very coarse grai ned . I ndi v i dual beds may be 
greater than 12 i nches in thicknes s ,  and a myr i ad of di ffe rent col ors and 
textures can be obta i n ed fran a si ng l e  outc rop . These brecci as may be 
i ntrastratal and ge netica l l y  rel a ted to do l i ne fo rmation duri ng the 
deve l opment of the Knox-Beekmantown U nconformi ty ,  or rel ated to the 
unconfo rm i ty at the top of the Uppe r  A l l e ntown Member  (Kerens , 1988 ) . A 
s i mi l ar chert, fi ne ly  l ami n ated , brecci ated , ox b l ood red i n  col or occurs 
near the upper surface of the U p pe r  A l l e ntown Formatio n  at the Del aware 
Ri ver  bri dge on I-78  south of Easto n ,  Pennsy l va n i a .  

The uni que chert occurri ng wi th i n  the U p pe r  A l l e ntown Membe r  i n  Vernon 
V a l l ey appears to have supported a great number  of smal l outc rop quarri es . 
The presence of fi ne l ami nations w i l l a i d  i n  di s ti ng u i sh ing thi s  chert fran 
that of the Harmonyval e Member of the O ntel aunee Formation ,  which can al so 
appear l i ght powder b l u e .  There al so appears to be a cul tural preference 
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for the th i n  beds of b l ack chert occurri ng i n  the l ower un i t, as great 
numbers of proj ect i l e  poi nts ,  wh ich represent the Brewe rto n manifes tations 
a re fas h i o ned from th i s  chert . V i rtual ly al l of the rubble  zones are 
worked as outcrop qua rri es . Hamme rs tones and chert debi tage l i tter these 
outcrop surfaces . I t  i s  di fficu l t  to del i m i t  the bounda ri es of a qua rry 
wi th i n  the rubb le  zone because the chert i s  di scontinuous and wo rk i ngs may 
occur over a great di stance al ong str i k e . 

The Ri ckenbach Formation ( O r )  

L ower Member (Or1 ) .  The chert wi thin  the 1 ower membe r  al ways occurs as 
t i ghtly wel ded brecci a ted masses of ang u l a r  to sub-ang u l a r  c lasts .  The 
chert beds are di scont i nuous masses up to 100 feet in l e ngth and may atta i n  
th icknesses of  up  to 3 feet. The chert i tse l f  occurs as  transparent to 
opaque b l ack c l a s ts wel ded into a matri x  of trans l ucent to opaque l i ght 
b l ue to dark b l ue gray chert matr ix . Occa s i o nal ly, enti re chert beds are 
l odged w i th i n  the brecci ated mas ses , and broken beds and c l a s ts can often 
be re- fi tted . I n  some ins tances , the wel ded fragme nts,  appear to b lend 
i nto each other cau s i ng a col or grada t i o n  wi thout gr a i n  boundari es .  A 
s impl e hand samp l e  of th i s  l a tter vari ety may exh ib i t  co l or  vari ation  from 
1 i gh t  gray to b l a c k .  More often, the matrix  che rt i s  dul l opaq ue gray and 
the chert cl asts  are vi treous opaque b l ack mas ses .  The phy s i cal attributes 
of the chert brecci a vari es from outc rop to outc rop , and the mo s t  
s pectac u l a r  exampl es occur i n  D eKay ' s  Haml et, V ernon Val ley ,  New Jersey .  
A t  this  l oca tion  the chert c lasts are usua l ly embedded i n  a coarse 
dol omi te .  

A t  D eKay ' s  Haml et ,  s i n g l e  chert c l a s ts were ap pa rentl y separated from the 
dol omi te matr ix  before manufacturi ng i nto stone too l s .  At other l oca tio ns , 
t h i s  i n i t ial sort i ng process i s  not neces sary .  The chert from the l ower 
membe r  makes i ts prese nce i n  the arch aeol ogi cal records as great quant i t i es 
of  unprepared cores . When bi faci al ly  prepared pi eces are found , they 
u sua l ly  i l l u strate the brecci ated fo rm ,  and the wel ded c lasts ap pe ar to 
o ffer l i ttl e probl em to the manufacturer.  Mos t art i fact s exh ib i t a mottl ed 
appearance. 

The H ope Membe r  ( O rz ) . The chert wi thin  the H ope Member  occurs in two 
d i s t i nct zones . The l ower chert zo ne or 7 i nch che rt s  i s  a seri es of 
d i sconti nuous beds 3 to 6 feet i n  di ameter and up to 6 i nches i n  thicknes s .  
A t  some l ocati ons , between 3 to 5 o r  a s  many a s  7 chert zones are present. 
The beds are usual l y  convex upwards and are b l ac k  to dark b lue i n  col or.  
H an d  samp l es are h i ghly vi treou s ,  trans l ucent and may contai n  fi ne 
l ami nations or ooi ds . An al gal ori gi n fo r th i s  chert has been suggested 
( pers . comm. N . J . Geol ogical  Survey ,  1988 ) . Above th i s  i s  yet another 
chert zone compri sed of th i n  wi spy convex upward beds,  as 'llel l as c l ots ,  of 
chert.  T h i s  chert i s  dark bl ue-gray ,  trans l ucent to trans parent i n  th i n  
s l i vers and wi l l  exh i b i t very fi ne dark col o red l ami nations . S i l i ci fi ed 
domal al gal structures are al so associ ated wi th t h i s  memb e r .  

Actual  quarri es i n  the Hope Membe r  are uncommo n ,  a s  thi s  member i s  eas i l y  
e roded and often occurs i n  l ow s11ampy areas . The th i n nes s of the beds and 
1 ow rel i ef l ead to the occurrence of smal l outcrop qua rri es devel oped al ong 
s tr i k e .  

1 
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The C rooked Swamp D o l omi te Faci es ( O r3 ) .  The sugary l i gh t  b l ue dol omi te of 
the Crooked Swamp Do ! om1 te Faci es contains chert i n  several di fferent 
fonns . At some l ocations great mas ses of s i l i c i fi ed do l om i te occur.  The 
chert appears to di srupt beddi ng and is often cros s-h atched wi th 
m i c rocrystal l i ne quartz occurri ng in  the fracture spaces . These che rt 
mas ses can be several feet  in  di ameter and thickness, and ca n be eas i l y  
traced al ong str i k e .  The chert i s  1 i ght gray to b 1 ue gray ,  i ts texture i s  
v i treous , and i ndi v i dual seams are rarely greater than 1 o r  2 i nches i n  
th ickness .  The who l e  mas s  has a gn arled ap pe arance. 

A seco nd vari ety occurs as thi n  wi spy beds , c l ots and al gal rep l acements .  
Occasi onal ly thi c k  beds contai n i ng chert i f i ed ool i tes wi l l  occur. Thi n 
sp l i nters of the bedded chert often wi l l be h igh ly  transl ucent to 
trans parent and exh ib i t  fi n ely  layered dark lami n ations . 

Chert wi thin  the C rooked Swamp Faci es rarely 
as to warrant the devel opment of quarri es . 
sc rees can be traced al ong str i k e .  

occurs i n  such concentration  
Sma 1 1  outc rop qua rri es and 

The Epl e r  Fonnation ( O e )  

B ranchv i l l e  Membe r  ( O e1 ) .  A thick che rt seque nce occurs at the base of the 
B ranchv i l l e Member .  At the Lake  I l l i ff secti o n  (Markewi cz  and Da lto n ,  
1977 ) the lowes t chert beds are dark b l ue to b l ue-b lack and conta in  a fi n e  
venation  of l i ghter b l ue che rt .  The beds atta i n  a thicknes s of up to 1 
foot and may be l a teral ly conti nuous ove r  sub s tant i al di s tances . At the 
n ea rby Harmonyval e section ,  the l owes t chert beds are opaque b lack wi th a 
b rown venati o n ,  up to 1 foot thick , and l a teral ly di sconti nuous .  Above 
thi s  zone, there are sporadi c occurences of a seri es of ash gray porcel a i n
l i k e  chert beds, wh ich  are fi nely laminated , opaque , may contain  sul fi des , 
and  are present as di sconti nuou s beds up to 6 i nches th ick .  Thi s  chert 
a l so occurs as convol uted masses and i nfi l l i ng s  wi th i n  so l u t i o n  features,  
where i t  attains  a g leam i ng wh i te porcel a i n- l i k e  l us ter and col or.  Above 
thi s  zone occur beds and l e nses of a di s ti nctive orch i d  to lavender col ored 
chert , wh ich  may cont a i n  ool i tes ,  and i s  often associ ated wi th al gal -rich 
b eds . The chert i s  h igh ly  transl ucent and · brecc iated mas ses are commonly 
encou ntered. I n  some i ns tances bou di ns of l avender chert occur ,  and 
beddi ng  pl ane sl ab s  i l l u strate soft-sedi ment boudi nage  structures . 
Common l y ,  the l avender chert wi l l  grade l a teral l y  i nto a whi te trans l ucent, 
waxy chert, which  conta i ns vacuo l es whe re do l omi te euhedra have weathered 
out.  Thi s  vari ety can atta i n  extreme wh i tenes s ,  and near transparency, or 
occur as brecci ated masses al ong wi th l avender fragments. Occas io nal ly 
l avender and wh i te b recci a ted masses are found l i gh tl y  wel ded ,  wi th coarse 
dol omi te and sphal eri te i nfi l l i ngs between c l a s ts .  Above th i s  zone occur 
i ntenni ttent dark maroon l aminated shal e beds , wh ich  appe ar to mark the 
transi ti o n  i nto the B i g  Spri ng s  Member.  The maroon shal es  and much of the 
l ower u n i t  of the B ranchv i l l e Member can be h igh ly  s i l i ceous and break wi th 
a conch o i da l  fracture. 

A l l the vari eti es of chert described above are quarri ed i n  the Wal l ki l l 
Ri v er Va l l ey .  At some archaeo l ogi cal  s i tes i n  Sus sex , N .J . ,  enti re 
assemb l ages of art i facts can be prec i sely provenanced to a seri es of 
outcrop quarri es i n  a s i n g l e  ravi ne or h i l  ! s i de .  At the Haven ' s Estate 
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a l ong the Beaver Run Creek , al l the l i thic  resources mentio ned above are 
mi ned in one smal l rav i n e .  Countl ess sca ttered smal l outcrop quarri es 
occur al ong str i k e ,  each mark i ng the l ocati o n  of a concentration of wh i te 
or  1 a vender chert . Arch ived col l ect ions have shown that a cul tural 
preference has been toward the wh i te and lavende r chert. These c ol l ecti o ns 
exh ib i t  a Lamoka- l i ke  proj ect i l e  po i nt fo rm which i s  characteri stical ly  
fash i o ned from the wh i te chert .  At  the Harmo nyval e sect i o n ,  a one-hal f 
mi l e  traverse al ong str i k e  in  the Branchvi l l e Member has al l owed the 
di scovery of more than 20 smal l outcrop quarri es . Al ong qua rry wal l s ,  i n  
the po rce l a i n- l i k e  chert beds , there i s  i ndication  of heat treatment of the 
chert, wh i ch turns the chert a dark brown , tan,  carmel to nearly maroon. 

B i g  Spri ngs Membe r  (Oez ) . The prev i ous ly  desc ribed l avende r and wh i te 
chert beds can al so be found i n  the B i g  Spri ng s  t4ember ,  where they usua l ly 
o ccur as brecci a ted mas ses .  At the Harmonyval e sect i o n ,  an al ternati ng 
maroon and wh i te chert occurs . Th i s  chert i s  v i treou s ,  sl abby ,  and may 
represe nt the si l i c i fi ed equi val ent of the uppe r  maroon shal e i n  the 
B ranchv i l l e  Member.  The beds are nearly 1 foot thick i n  p l aces . Above the 
maroon chert i s  a un ique j ade green chert wh ich  occurs as th ick and thi n  
b eds , up to 8 o r  9 i nches thick and i t  contai ns numerous vacu o l es where 
dol  ami te euhedra have been di s l odged . Much of the Big S pri ng s Member i s  
h i g h l y  si l i c i f i ed .  

A s  prev i ously described,  wherever the wh i te and lavender chert occurs i t  
i s  mi n ed out, and the B i g  Spri ngs Member c ontains  many sma l l quarri es . The 
maroon chert can be eas i l y  confused wi th heat-treated P ennsy l va n i a  jaspe r  
from the Hardysto n  Formati o n .  Proj ect i l e poi nts o f  the Broads pe ar 
Tradi t i o ns , fashioned from the green chert beds have been l ocated i n  
arch i ved col l ections .  Once this  chert i s  seen i n  hand sam p l e ,  i t  shou l d  
not be confused wi th the N ormanski l l  chert . 

Lafayette Member ( Oe3 ) .  Di scontinuous beds of a steel b l ue-gray chert 
occur at the top of the L afayette Membe r .  The chert i s  fi nel y l am i n ated , 
h igh ly  l us trous and occurs i n  beds up to 8 to 10  i nches thick.  Th in  
s p l i nters are trans l ucent on  the edge . Occas i o nal ly, vacuo les  are present 
i n  thi s  chert, where dol omi te rhombs have weathered out .  On Skul l I s l and,  
south of P i ne I s l and,  New York ,  a l i ght  b l ue and gray mottl ed chert occurs 
i n  the L afayette Member .  The col ors ap pe ar convo l uted and may represent 
o ri gi n al bi oturbat i o n  structures . 

Quarri es wi thin  the L afayette Member are rare. D i sl odged beds are 
noti ceab l e  when one work s al ong strik e .  Outcrop work i ngs are u sual ly smal l 
and  arti facts fas h i oned from the gray chert wi l l  exhibi t f i n e  l ami nations . 
The b l ue-gray chert bed on Sku l l I s l and i s  so di sti nctive that Stage I I  
b i faces have been provenanced from 10-15 mi l es away back to thi s  one 
parti c u l ar  bed of chert. 

O ntel aunee Formati on  ( O o )  

B eaver R u n  Member ( Dol l ·  The greatest concentration of chert i n  the reg i o n  
occurs 1 n  the Ontel aunee Formati on and parti cu l arly i n  the Beaver Run 
membe r .  At the Harmonyval e secti o n  the fi rst vari ety of chert occurs 
approxi mately 75 feet above the base of the formati on .  Th i s  chert occurs 
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as great mas ses up to 3 or 4 feet i n  thicknes s,  wh ich appe ar to di sru pt 
b eddi ng . The chert beds are di scont i nuo u s ,  and can be traced al ong strike  
a s  a ser i es of  hummocky l edges . The chert i s  du l l  opaque bl ack to 
tran s l ucent gray, highly po rous and rugose , appe ari ng much l i ke the l ower 
c hert uni t  of the Crooked Swamp Do l omi te Fac i es .  Occasional 
m !c rocry s ta l l i ne quartz i s  vi s ib l e  in vugs and pockets, and brecci ated , 
1 1  ghtly wel ded masses are common.  The texture of the chert i s  further 
modi f i ed  by penetrative c l e avage wh ich cr iss-cros ses the chert, and creates 
quartz - l i ned fractures . Th i s  chert i n  general i s  desc ribed as gnarl ed . 

A sec ond zone of chert occurs in  the mi d d l e  un i t  as a seri es of di sti nct 
b eds wh ich  can be 50 feet i n  thicknes s at the Harmo ny val e sect i o n .  At the 
P arl i n s '  K i l l L ake section  these beds are up to 2 feet thick and 150  feet 
1 ong and at Beaver Run ,  they are up to 6-8 feet thick . The beds appear to 
p i nch and swel l ,  occasio nal ly occur as convex upwards pods , are al ways dul l 
gray to b l ack ,  posses s a pi tchy , dul l to l u strous texture,  and may occur 
as mottl ed and res i nous vari eti es . Thi s chert bears a pecu l i ar petrol eum
l ik e  or sul phurous odor whe n  struck,  as does the surroundi ng do l om i te .  
O rgan i c  ha l os and dark spl otches are commo nl y  present i n  the chert of the 
mi dd l e  un i t .  The uppe r un i t  i s  usual ly devoid of chert beds , but when they 
do occur ,  they are usua l l y  l i ghter i n  col or,  and pos se s s  mo re of the 
phy s i c a l  attributes of the Hanno nyval e Membe r  chert .  

The archaeo l og i st shoul d  pay pa rticu l a rl y  c l ose  attention  to the prese nce 
of the O ntel aunee Formation .  By far ,  the l arges t  qua rri es i n  the Wal l ki l l  
R iv e r " V a l l ey are devel oped in  the Beaver Run Membe r  of the Ontel aunee 
F o rma t i o n .  Quarri es al o ng the P au l i ns '  K i l l ,  Beaver Run C reek , and the 
Wal l ki l l River may be 300  feet i n  l e ngth .  The qua rri es a t  the Harmonyva l e  
secti o n  are a str i ng of smal l e r  work i ng s ,  a s  many a s  50  i n  the Beaver Run 
Memb e r ,  which  stretch fo r 2 , 000 feet al ong str i k e ,  wherever the ch.ert 
c oncentrates . The quarri es themsel ves  are characterized by countl e s s  
c o n i c a l  pi ts and excavations paral le l  to beds .  Oftentimes ,  l a rge beds are 
enti rely di s l odged, and tree fal l s in the quarri es i ndi cate that the 
deb i tage occurs to a cons i de rab l e  depth. The ground i s  general ly l i ttered 
wi th quartzi te hammerstones and anv i l s ,  some of wh ich wei gh u p  to 75 to 100  
pounds . Chert debi tage , evi de nce of ve ry earl y stage reduction i s  
everywhere.  Very i nfreque ntly, l a te stage bi faces and fa i l ed obj ects occur 
a l ong the quarry face , al o ng wi th pot te ry .  

Hannonyva l e Member ( Oo2 ) .  The trans i tion  i nto the Harmony val e Member i s  
marked by the appearance of l i ghter-col o red vari et i es of chert; firs t  dark 
b l ue gradi ng upwards to a se ri es of rhyt hmic  beds of l i ght  b l ue che rt . 
Occa s i o nal l y ,  dark and l i ght  gray wi th red mottl ed vari ties are present but 
the l i gh t  b l ue predomi nates over al l .  The chert is  usual ly homogeneou s ,  
l ac k i n g  vacuo l e s ,  l ami natio ns o r  any type of i nc l us i o ns .  The b l ue color i s  
consi stent throughout and beds are up to 8-10 i nches thick . When 
b recci a ted masses occur ,  the c l a sts are general ly very l i gh t  col ored and 
n early the co lor  of the matrix  chert . Orga n i c  hal os and spl otches may be 
present and c l eavage may penetrate the chert beds, renderi ng them fractured 
a l ong di sti nct f l at p l anes . Sometime s ,  the i nfi l l i ng al ong c l e avage pl a nes 
i s  l i ghter col ored. At the Sarepta Quarry ,  near Hope , New Jersey, the 
Harmonyva l e  chert occurs as convex upward pods, of b l ac k  chert, 5-8 feet 
i n  di ameter, 6 i nches thic k ,  and conta i n  fl oati ng qua rtz gra i n s .  
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Mottl ed dark and l i ght b l ue vari eti es are common i n  the l ower po rtion  of 
the member .  

The  Hannonyval e Membe r  was apparent ly  h igh ly  sought after, pos sib ly 
because of i ts general cons i stency . In  l oca tions where both the B eaver Run 
and Hannonyval e Membe rs are present, the Beaver Run Membe r  i s  often 
negl ected in favor of the Hannonyval e Member.  Because the chert of the 
Hannonyva l e  Membe r  i s  restricted to fewer and th i n ner beds , the quarri es i n  
the B eaver Run Member appear to be more extens i v e .  In  l oca tions where both 
members exi st ,  such as at Beaver Run Creek and Hannonyval e ,  the primary 
focus of quarry acti vi ty appears to be the Hanno nyva l e Member.  The bolo 
members are adj acent to each other and therefore the quarri es general l y  
i nc l u de both members . Chert of the Hanno nyval e Membe r  i s  apparentl y 
preferred for the Laurent i an Tradi tion  of stone to o l  mak i ng .  At the 
P h i l l i ps Estate , a smal l quarry, approxima tely 75 feet by 3 0  feet, was 
devel oped in the Harmonyval e Member.  The si te i nc l udes mounds of tail i ng s  
a n d  a rock-cut shaft fol l owi ng a s i x  i nch thick chert bed , wh ich di ps al ong 
wi th beddi ng approxi mately 47 ° NW . The Hannonyvale  section  al so i ncl udes 
some extensi ve worki ngs in the Hanno ny val  e Member.  The Ontel au n ee 
F onnati o n  wi th i ts numerous chert beds often occurs i n  areas of higher 
rel i ef .  Because the Hanno nyval e Membe r  occurs stratigrap h ical ly further up 
secti o n ,  i t  usual ly has recei ved more eros i o n ,  and h i l l s i des  are often 
l i ttered wi th tai l i ng s ,  rende ri ng th is  member very noticeab l e  i n  the fi el d.  
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ROAD LOG FOR THE STRATIGRAPH I C  RELEVANCE AND ARCHAEOLOG ICAL POTENTIAL OF 
THE CHERT-BEARING CARBONATES WITHIN THE KI TTATI NNY SU PERGROUP 

C UMULAT IVE  
M I LEAGE 

0 . 0  

1 9 . 4  
2 0 . 3  
2 1 . 1  

M ILE S FROM 
LAST PO I NT 

0 . 0  

19 . 4  
0 . 9  
0 . 8  

ROUTE DESCRIPT I ON 

From C hester, New York ,  take Route 94 south 
to DeKay Road , in Vernon Val l ey ,  New J ersey 
Make a r ight  turn onto D eKay Rd .  
Make a l ef t  turn onto P ri c e  Rd .  
STOP 1 i s  the P al eokars t  fe ature on right. 
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F i g .  2 Map of the General S tu dy Area dep icting fi el d tri p  l ocal i ti es i n  
open ci rcl es . 
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STOP 1 .  PALEOKARST FEATURES AT DeKAY ' S  HA��LET ( F i g .  3 ) .  

The pal eokarst features at D eKay ' s  Haml et are un ique fo r several reaso ns . 
They are c learly v i s i b l e  on the Wawayanda topogr ap hic  atl as she et, and are 
outl i ned in F i g  ( 3 ) .  The si ng l e  ho l e- l i k e  depres sions are of great areal 
extent, and the l i kel i hood of di scoveri ng mo re in the vi c i n i zy  is ve ry 
good . The infi l l i ng wi thin the i nverted depres sions contains much more 
chert than is  seen at other 1 oca tio ns . The fe ature res ts on the U p pe r  
�!ember of the Al l entown Formati o n .  To the wri ter ' s knowledge ,  thi s  
represents the deepest penetration of the Knox-Beekma ntown eros i o nal event 
i n  th i s  area. 

A l ong P ri ce Road ,  the Al l e ntown Formation is poorly exposed and i s  
v i si b l e  as th ick ly  bedded coarse gr a i n ed blue dol omi te wi th thin  beds and 
wi sps of b l ac k  ool i te chert . C ap pi ng the U p pe r  Al l e ntown i s  a che rt 
sequence of vari ab l e  thicknes s .  Sawed sl abs of chert from the Price  Road 
outc rops have yi el ded both al gal rich beds and sl abs wi th a structur el ess  
form. The chert sequence cap pi ng the Al l e ntown at  D eKay ' s Haml et may 
r ep resent al gal beds i n  some l oca tions ,  wh i l e  i n  others the chert may 
represent a si l crete (Khal af,  1988 ) .  Above thi s  zone i s  the extens ive 
rubb l e  of the pa l eokarst fe ature.  Chert c lasts can be very l a rge and the 
r efi tti ng of chert c l asts,  b l ocks , and beds wi th i n  a s i ng l e  b l ock of kars t 
i nf i l l i ng dol omi te i s  eas i l y  ac compl i s hed . The infi l l i ng be tween chert 
c l asts and i nd iv i dual do l omi te b l ocks is a very coarse grained bu ff 
dol omi te . 
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F i g . 3  Outl i n e  of P al eokarst Feature,  DeKay ' s Haml et, Wawayanda Qua ndrang l e  
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The chert c l asts appear to be representative of the Hope Member and the 
Crooked Swamp D o l omi te Fac i es of the R ickenbach Formatio n .  At a ne arby 
l ocati o n  al ong Owen ' s  Statio n Rd .  i n  Wantage Towns h i p ,  a simi l a r  che rt 
b recci a conta i ns the prese rved remai ns of cys to i d - l i k e  orga n i sm s .  

I n  the surroundi ng val l ey ,  the outc rop s of the U ppe r Member  i nc l u de a 
di st inc t  i ntrastratal brecci a zone wi th si l i ceous i nf i l l i ng .  The chert 
horizons  may represent the rema i ns of a vast dol i ne sys tem wh ich pe netrates 
the A l l e ntown Formation  and creates a pl exus of brecci a zones wh ich may be 
geneti c a l ly  rel a ted to the vast subaeri al feature be i ng vi ewed at the f i rs t  
s to p .  T h i s  un i q ue chert brecci a and s i l i c i f i ed infi l l i ng has not been 
e nc ountered el sewhere in the val l ey,  and recent fi el d ev i de nce suggests  
that  in  the Vernon Val l ey ,  the karstification  may proceed down as  fa r as 
the L i meport Membe r  of the Al l e ntown Formati o n .  Vi rtual ly al l of the fa rm 
f i el ds i n  DeKay ' s Haml et  show exposed beds of the brec ci a  and the l am i n ated 
i nf i l l i ng described under the U pper A l l e ntown Memb e r .  S imi l a r l ami n ated 
chert beds and brecci ated zones are vi s i b l e  i n  the B i g  S pri ngs Member  of 
the Ep 1 e r  Formati o n  but these do not bear the co 1 or ch aracteri s ties of the 
Upper A l l entown t�embe r  chert .  The refore i t  i s  l og i c al to as sume that the 
proce s s  of s i l i c i fication  and brecci ation i s  s imil ar i n  bot h  case s .  

T he pal eokarst feature appears to have prov i ded qua nt i ti es of che rt to 
Arch a i c  as wel l as Wood l a nd Age grou ps of hunter-gatherers . The work s hops  
and  screes have a di fferent character about them becau se the qua rryi ng 
proce s s  is  un l i ke  other l ocations . Here, large ang u l a r  ch e rt c l a s ts are 
worked free from the surround i ng dol omi te ,  i ns tead of mi n i ng a si ng l e  
c onti nuous bed of chert as at other l ocatio ns . In  addi tion,  the arch ived 
c oll ecti o ns from the area exh ib i t di agnos tic proj ecti l e poi nts whose 
overal l mo rp ho l og i es are stati stical ly di ffe rent from cul tural ly simi l a r  
s tone  tool i nvento ri es from neig hbori ng areas . Th i s  me asurab l e  di ffe rence 
i n  phy s i ca l  attr i b utes may be l i nked to the i nd i v i dual art i sa n  or to the 
p hy s i c a l  propert i es and l i m i tations of the chert .  The wri ter fe el s the 
l atter reason may be mo re important at t h i s  l oca tio n .  

The  brecci a zones desc ribed above crop out on nearby fa rm fi el ds and al l 
h av e  been quarri ed for the i ntrastratal brecci as and s i l i ci ou s  i nf i l l i ng s .  

2 2 . 8  

3 2 . 8  
3 3 . 6  

1 . 7  

1 0 . 0  
0 .8 

Retrace route back to Rt.  94 , make r ight  and 
cont i nue sout h  to Beaver  Run Rd .  
Make r ight  turn o nto Beaver  Run Rd. 
Travel  wes t  to the P a i ge Farm on the right.  
STOP 2 i s  the  pal eokars t  feature al ong Beave r  
Run R d .  and a chert quarry i n  the Ontel aun ee 
Formation i nvo l vi ng a trave rs e  endi ng 0 . 2  mi . 
wes t of the wel l house at t he bend i n  Beaver  
Run Rd .  

STOP 2 .  THE PALEOKARST AT THE BEAVER RUN .  

The traverse at Beaver Run beg i ns i n  the Hope Member  of the Ri ckenbach 
Format i o n ,  wi t h  the Lei thsvi l l e and A l l e ntown Formati o ns beh i nd you 
to the east ( F i g .  4 ) . Promi n ent wi thin  the Hope Member i s  a s i l i c i fi ed 
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i ntrafo rmational congl omerate , i n  wh ich  both rounded c lasts as wel l as 
matr i x  have been si l i c i fi ed .  Th is  i ntrafo rmatio nal cong l omerate i s  al so 
v i s i b l e  al ong the eastern edge of the Haven ' s  Estate, and i n  the R ichter 
Estate ( se e  F i g .  4 ) .  The beds are i nc l i ned to the northwes t and the 
i ntraformatio nal congl omerate has been i nterpreted by some to represent the 
b ase of an extens i v e  pa l eokars t sys tem . The pa l eokars t i s  fi rs t vi sib le 
wi t h i n  the B ranchv i l le  Member of the E p l e r  Forma tion,  whe re the do l omi te i s  
b recci ate d  and re-cemented i n-si tu .  When this  occurs wi thin the B i g  
Spri ngs and Lafayette Members of the E p l e r  Forma tio n,  the  so l ution  crevi ces 
c ontai n  a laminated green argi l l i c  i nf i l l i ng ,  wh ich  occasi onal ly bears 
euhedral pyrite .  Farther up-sect i o n  the topograp h ica l ly i nverted ka rs t 
i nfi l l i ng i s  vi s i b l e  to your ri ght.  The feature stands 180 feet i n  
e l evation  above the roads ide ,  and i s  prom i n ent a t  the 700  f t .  contour 
i nterval in F i g .  4 .  The eastern hal f of the feature i s  devel oped wi thin  
the  E p l e r  Formatio n .  The di sl odged and overturned mas ses of dol omi te i n  
the eastern port i o n  of the fe ature are de rived from the B i g  Spri ng s and 
Lafayette Members . 

F i g .  4 The P al eokarst Feature and 
Preh i sto ri c  Chert Quarry al eng the 
B eaver Run  Road Traverse 

Mi dway throu gh the pal eokars t  
feature, l arge  b l ocks of che rt
b e ari ng do l omi te , derived from the 
B eave r  Run Memb e r  are vi s ib le  as a 
s tack of di sari entated re-ceme nted 
b l ocks . The s l abs may represent 
t he col l ap sed roof structure of the 
kars t sys tem . ' The pal eokars t  i s  
best devel oped wi thin  the Lafayette 
Membe r .  The ev i dence for kars tif i
ca tion wi thin  the Ep ler  Forma tion 
is  vi s i b l e  al o ng strike to the 
north i nto the B l a i r  Estate 
Traverse and the Haven' s I sl a nd #1 
traverse , fo r greater than 6 ,000  
ft. The  fe ature cont inues to the 
south across Beaver Run Road more 
than 4 , 000 f t .  to the Richter
P h i l l i p s  Traverse  ( see F i g .  7 ) .  

The thi ckened Ontel aunee Formation  sect ion  may be the resul t of fau l t i ng 
( see F i g .  4 ) , and as you conti nue up-section ,  you encou n ter the J ackso nburg 
Formati o n  ( Ojb ) . From thi s  poi nt ,  proceed north al ong s trike  i n  the Beaver 
Run member .  Here, al ong the western edge of the traverse are a spl ay of 
i ntru s i v e  di kes ,  thought to be upper-Lower Ordov i c i a n .  Approximately 1 , 000 
feet north , al ong strike  and southeast of the Dagmar D a l e  Estate, i s  a 
preh i stori c chert quarry devel oped wi thi n the Beav e r  Run Member. Th i s  
quarry and associ ated scree i s  typica l  of those devel oped wi thi n the Beaver 
Run Member .  There is  an enormou s qua nti ty of broken chert, al l 
representi ng the earl i est stages of the l i thic  reducti o n  proces s .  

I f  time and i nterest exi st, traverse downsecti o n  o n  the B l a i r  Estate, ,of 
w h i c h  you are presently on the western edge . V i s ib l e  wi l l  be pal eokars t 
wi thi n the Epl er formati on,  chert qua rri es wi t h i n  the chert brecci a zones 
of the Lower member of the Ri ckenbach Formation ,  and a seri es of convex 
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upwards si l i c i fi ed al gal beds pr esent in  the Uppe r A l lentown Formation . 
The al gal  structures are present on th e Have n ' s  Estate a nd el sewhere wi thin  
the  Hamburg Quadrang l e  and may represent a di sti nct ma rk e r  ho rizo n .  

3 3 . 8  
3 5 . 6  

3 7 . 5  

0 . 2  
1 .8 

1 . 9 

Cont. south o n  B eaver Run R d .  tc D e  Kart Rd. 
Make right on D eKort Rd.  and proceed north to 
Pond School R d .  
STOP o n  right  acros s from K i mb l e  Farm . STCP 3 
i s  the Che rt quarry at the B eave r  Run Creek . 

STOP 3 .  THE PREHISTORI C QUARRIES AT BEAVER RUN CREEK . 

The traverse beg i ns on the south s i de of P ond Scho o l  Road , 700 ft. eas t 
of the roa d ,  i n  the L ower member of the Rickenbach Formatio n .  The rub b l e  
zone marki ng the unconfo rmi ty i s  a t  the tcp of the U p p e r  Al l e ntown i4embe r .  
The chert brecci a of the Lower Ricke nbach i s  present here ( F i g .  5 ) .  Above 
the chert brec ci a  i s  the l ower chert ho ri zon of the H ope  Member .  Proceed 
u p  secti o n  i nto the B ranchvi l e  membe r  of the Epl er Forma tion .  Vi sib le  from 
t h i s  poi nt i s  yet another type of pal eokars t i nfi l l i ng .  Here are l a rge 
c emented mas ses of a very coarse gra i ned dol omi te .  Throughout the 
dol omi te are c l asts of l avender and b l ue chert . The c l a s ts represent the 
b roken and di srupted che rt beari ng beds of al l thr ee members of the Epl e r  
Formati o n .  Two hundred feet to the south i s  a se ri es of mound- l i k e  
s tructures which represent a preh i stc ric qua rry ope ratio n wi thin the 
B ranchvi l l e Member .  The chert present i s  trans l ucent wh i te ·wi th l avende r 
b recci a ted masses . Th i s  brecci a 
i s  tightly  wel de d ,  and the quarry 
i s  represented by bur i ed tail i ng s .  

' 
�mi 0 

Haven ' s  Estate Traverse 

F i g .  5 Prehi s toric C he rt Quarri es i n  the Ontel aunee Formation,  Beaver Run 
Quarry Traverse and Al ternate Stop the Haven' s Estate , Hamburg Quadrang l e .  
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Across School P o nd Road to the wes t  300 feet i s  the preh i sto ri c  qua rry a t  
B e aver Run . Th i s  i s  an exc el l e nt l o cation because the qua rr; h a s  be e n  
acted u p o n  by eros i o n  and the preh i s to ri c work i ng s  a r e  vi s i b l e .  

The traverse beg i ns 200 feet upsect i o n  i n  the Beav e r  Run membe r  of the 
Ontel aunee Formatio n .  A mas sive b l ack ch e rt zone i s  prese nt i n  the Beaver 
Run memb e r .  Evi dence of the redu c t i o n  proces s i s  to be fou n d  a t  the q ua r ry 
fac e .  Many of the qua rtz i te bou l ders and cobbles lyi ng i n  the ru b b l e  
represent the broken rema i ns o f  di scarded hamme r and anv i l s to n es . 
Approximately 7 5  feet above the thick ch e rt sequence i s  the base of the 
H a rmony va l e  Memb e r .  There are a gr eat nu mb e r  of co n i c a l  dep res sions al ong 
str i k e  in the many ch e rt beds of the H armonyval e Memb e r .  Thi s pattern may 
repres e nt the di f fe rent i al weathe ri ng of the so l ut i o n  c l e avage wi thin the 
H armonyva 1 e i�embe r .  

Both members of the Ontel aunee F o rmatio n are i nc l u de d  i n  t h i s  qua r ry ,  and 
the work i ngs and prospects extend an a rea of 450 feet by 300 fe et. I n  t h i s  
qua r ry ,  the H a rmony va l e Member appears to b e  the prefe rred o r e ,  a s  mos t of 
the deeper pro s pects are devel oped wi t h i n  th i s  memb e r .  There is mo re 
a rchaeol o g i c a l  vi s i b i l i ty wi thin the l ower B eave r  Run memb e r ,  than i n  the 
H armony va l e  Memb e r .  The Beaver Run chert is usual ly cons pi cuous on the 
l a ndscap e ,  fo rm i ng benches and to pograp hic h i g h  areas . The preh isto ri c  
w o rk i ngs are u s ua l ly extens i v e  and the qua rri es c a n  be devel oped 
conti n u o u s l y  al o ng str i k e . The tou gh as h- gray do l om i te of the H armo ny va l e  
Memb e r ,  oftentimes cap s the cres ts of h i l l i sdes a nd i s  covered by 
vegetati o n .  P r eh i s toric worki ng s wi t h i n  the H armo ny va l e memb e r  are much 
1 e s s  v i s i b l e  to the observ e r .  Usua l l y ,  a si ng l e  l i gh t  b l ue ch e rt bed wi l l  
b e  worked conti nuou s l y  al ong str i k e  fo r several  hun d r ed fe et as at th i s  
l ocati o n .  Because Harmony val e chert occurs as thinner beds , the coni c a l  
p i ts a n d  work i ngs al ong str i k e  exh ib i t  l e s s  vi s i bi l i ty .  Chert beds wi t h i n  
t h e  Beaver Run membe r  can atta i n  thicknes ses o f  8 o r  10  feet, wh ich rende r 
the qua rri es cons p i cuou s .  The wri te r feel s that wh e n  b ot h  members are 
present i n  one qua rry comp l ex ,  the B eaver Run !�ember may be a second cho i c e  
o f  l es se r  grade ore.  The mo r e  h i g h l y sought after o re i s  the l i g h t  b l ue 
c h e rt of the H a rmonyva l e �1embe r .  T h i s seems to be substanti a ted through 
the exami n ati o n  of arch i ved col l ec t i o ns . 

Great qua nti ti es of quartz i te hamme rstones a r e  present a t  this  s i te .  One 
l arge pou ndi ng sto n e  or a nv i l  near the B eave r  Run memb e r  we ighs mo re than 
100 poun d s . A c o l l ect i o n  of very di agnos tic hammers to n es was made at t h i s  
q u a rry. These a r e  al ways fa s h i o ned from qua rtz i te ,  pe rfectl y round and 
f l a t  a l o ng the i r  top sides , much l i k e  a wheel . Many i n s truments of th i s  
k i nd have been col l ected as wel l as hammers tones wh i c h  ap pe a r  to approach 
thi s di agnostic fo rm .  The hamme rs to nes i n  the qua rry represent the 
c onti n u um of mi n i ng i n s truments, from expedi ent to ol s to i ns truments wh ich 
a r e  mi dway or at some stage of ref i n ement towards be i ng di agn os tic . The 
f i n a l  stage of processi ng appears to be represe nted by the s pherical fo rm 
w i th the fl a ttened edge s ,  o r  ach i ev i ng the i d e a l  pre-determ i n ed fo rm .  

Most of the qua rry work i ng s  rep r ese nt the i n i t i al reduct i o n  proces s .  
C hert from the qua rry i s  found as unprepared cores , prep a red cores , and 
di agnosti c too l s  throughout the v a l l ey .  I t  app.e ars that much of the 
reducti o n  proc e s s  took pl ace away from the qua r ry s1 te .  
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Return south al ong DeKort Rd .  to i ntersect i on 
wi th Beaver Run and Fox H i l l R d .  
Conti nue south on B eav er Run R d .  to pr ivate 
drive on ri ght.  
Fol l ow dri ve to Perry F ann and Pond at 
Harmonyva l e .  STOP 4 i s  the stratigr ap h ic sect ion  
and preh i s to ri c qua rri es at Harmony val e . 

. 1 STOP 4 .  THE HARMONYVALE TRAVERSE. . ' 

The H armonyval e traverse beg i ns at the ba se of the Branchvi l l e member of 
c__:; the E p l e r  Formation  ( F i g .  6 ) .  The rav i n e  to your eas t i s  occu pi ed by the 

H ope member of the Rickenbach Formation ,  and the eastern edge of the summi t 
i s  occupi ed by the Crooked Swamp Faci es .  P resent i s  the sugary b l ue 
dol om i te ,  which  has a sul furou s  odo r on fres h l y  broken surfaces , c lots of 
vari e d-co lored b l ack and b l ue mottl ed che rt ,  and s i l i c i fi ed al gal 
s tructures • 

. ' 
i up- section ,  the base of the B ranchvi l l e Membe r exhib i ts 

F i g .  6 The Harmony va l e Sect i o n  in  the 
B ranchv i l l e  Quadrang l e  cl early depicts  
the conti nuati o n  of  the Beekmantown 
Group to the south and wes t of the 
Hamburg Quadrang l e .  The areas marked X 
i ndi cate the l ocations of prehi sto ri c  
quarri es . The quarri es mark the traces 
of contacts between members . 

Sma l l chert 

The 
smal l 

The Big Spri ngs member crop s 
out wi th in  the woodl ot near the 
eastern sho re of the po nd . The 
l ower un i t  cont a i ns a un ique 
vari ety of chert wh ich i s  maroon 
and wh i te ,  and sl ab by.  I t  
represents a si l i ci fi ed shal e 
un i t  wh ich i s  str a ti graphical ly 
s imi l a r  to the maroon shal es 
wi thin  the Uppe r  B ranchvi l l e 
membe r ,  a t  Have n ' s I sl and #4 
Traverse . Above th i s  un i t  are a 
se ri es of jade gr een and wh i te 
chert beds . The green chert 
beds may represent the 
si l i ci fi ed equi va l e nt of the 
argi l l aceous kars t i nfi l l i ng 
ubeq ui tous to the B i g  Spring s  
t�embe r .  The wh i te chert 
ach i eves an acme i n  form al ong 
th i s  se ri es of outc rops ,  where 
it is  h igh ly  trans l ucent, mi l ky 
to waxy wh i te to gray ,  high l y 
l u s trous,  and occurs as both 
beds and cl ot s .  The lami nated 
procel a i n- l i k e  gray che rt i s  
a l so present at these outcrops.  
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Cl ose inspecti o n  wi l l  reveal preh i sto ri c  outcrop qua rri es , and a l a rge 
qua rry is  buri ed under ta il i ngs  at thi s  locati o n .  The dol omi te and ch ert 
b l ocks and ru bble  are part of the qua rry ta i l i ng s .  Qua rtz i te hammers tones, 
and chert debi tage are abundant near the surface .  Proceed al o ng strike to 
the southeastern edge of the pond and back downsect ion 300 feet to the base 
of the Branchvi l l e Member, and the l ocation  of yet another preh i sto ric 
quarry .  The pri ncipal  ore here i s  the wh i te chert and the po rcel a i n- l ike  
chert . A smal l surface c leari ng has yi el ded hundreds of  hammers to nes and 
countl e s s  chert fl akes . Thi s  seri es of qua rri es c learly i l l ustrates the 
di ffi c u l ty encountered when attempt i ng to l o ca te preh i s to ri c  chert mi nes . 
The anci ent mi n i ng operations are usua l ly buri ed i n  ol d tai l i ngs and fal len  
vegetati o n .  Th is  fact has al so served to preserve the ir  potenti al weal th 
of knowl edge . 

Now traverse up- section  throu gh the B ig  S pri ngs and L afayette members 
a cros s the southe rn  edge of the po nd , and i nto the ba se of the Beaver Run 
memb e r .  Approxima tely 100 feet upsecti o n  occur the fi rs t se ri es of 
do l omi te and as soci a ted chert beds .  The chert i s  vuggy, ru gose and occurs 
i n  concentratio n  as di scontinuous swel l s  wh ich create topograp hy to the 
south al ong str i k e .  Each of these swel l s  marks the l ocation of very smal l 
chert outcrop quarri es . Up- secti o n  i s  a second zone of che rt wh ich occurs 
as a seri es of beds which pi nch and swel l .  The chert is homogeneou s 
v i treou s ,  and b l ac k ,  whereas the as soci ated do l omi te beds are thick and 
b i l l owy . These chert beds are extens i ve ly  quarried al o ng the southwes tern 
port i o n  of the po nd .  The base of the steep l ed ge created by the res i stant 
chert beds i s  covered wi th broken do l om i te and chert bed s ,  wh ich have been 
pri ed from the i r  l edges . 

Transi ti onal into the Harmonyval e Member i s  a da rk and l i gh t  b l ue mottl ed 
chert bed wh ich i s  l a teral ly cont i nuous and eventual ly grades into a 
dol omi te bed . The do l omite here i s  res i stant, c ros shatched , weathers to a 
whi te col or  and marks the l ower Harmo nyval e Member .  Preh i sto ri c  mi n ing 
acti v i ty i s  extens i v e  he re, but the pr ecipi tous  c l i mb and l u s h  vegetation 
h i nder c l ose i ns pecti o n .  

Traverse al ong stri ke  in  the Beaver Run Membe r, pas si ng the swel l s  of 
rugose chert, and c onti nue 1 , 500 feet to the 700  feet c ontour i nterval and 
a large sc ree devel oped al ong one bed of Harmo nyvale che rt .  The worki ng s 
i n  th i s  l i ght b l ue bed are cont i nuous fo r 90 feet Bel ow t h i s  sc ree i s  a 
l arge qua rry face devel oped in the upper un i t  of the Beaver Run Member.  
I ns pect the prol i fe ratio n of che rt . To the immedi ate wes t  l i es the 
J acksonburg Forma t i o n .  Turn south,  and trave rs e  to the po nd al o ng  strike 
i n  the E p l e r  Forma t i o n .  End of the Travers e .  

40 . 2  

40 . 7  

0 . 4  

0 . 5  

Take Beaver Run Rd .  n o rt h  to Ros s Rd .  Make right 
on  Ross  Rd.  
Travel to the Ph i l l i p s  Estate .  Park in  drive on 
l eft by duck pond . STOP 5 i s  the R i c h ter
Richter-Phi l l i p s  Trav e rs e . 

STOP 5 .  THE RI CHTER AND PH ILLIPS ESTATES TRAVERSE.  

The traverse beg i ns in  the rub b l e  zone of the Uppe r  Al l e ntown member.  

l 
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P roceed up sect i o n  through a th ick chert brecci a zone of the L ower t�emb e r  
of the R i ckenbach Fonna tion ( F i g .  7 ) .  The rav i n e to your wes t  i s  underl a i n  
by the Hope Member of the R i ckenbach Fonna t i o n  and a di s ti nct chert ho r i z o n  
i s  v i s � b l e  to the south al ong str i k e .  T h e  beddi ng di p s  to the n o rt twes t 
( se e  F 1 g .  7 ) .  Traverse through the open fi el d wh ich i s  unde r l a i n  by the 
Crooked Swamp Fac i es ,  further sou t h  al ong str i k e . The step c l i f f  
o v er l o ok i ng the ice po nd i s  composed of the Hope Membe r  and C rooked Swamp 
Fac i es .  The di sti nct ch e rt ho rizon i s  vi s i b l e  i n  t h i s  rav i n e .  The wal l of 
the c l i ff face conta i ns a part i al ly s i l i c i f i ed i ntrafo rmatio nal 
c o ng l omerate. Above th i s  i s  a zone of sugary coarse gr a i ned b l ue do l om i te 
conta i n i ng wi s p s ,  beds and c l ot s  of a b l ue- gray trans l ucent chert .  Th i s  
outcrop bears great resemb l a nce to the Crooked Swamp Fac i es .  The c res t of 
t h i s h i l l  cont a i n s  the Branchvi l l e memb e r  of the E p l e r  Formatio n .  The 
c ha racte ri stic l av e nder and •11h i te brecci ated ch e rt zone i s  at the base of 
the mem b e r .  Sma l l prehi storic outcrop qua rri es are ab unda nt al ong str i k e  
t o  the north . The rav i n e i s  occupi ed by the L a fayette i�emb e r  and i s  much 
s i m i l a r to the L afayette Membe r  rav i n e  at Harmony val e .  You wi l l  c ros s t h i s  
rav i n e  to a h i l l s i de unde rl a i n  by the Beaver Run t4ember of the Ontel aunee 
F o nna t i o n .  Th i s  is the R i c h ter E s tate . 

F i g .  7 The R i chter
P h i l l i p s  Travers e ,  
Hamb u r g  Quadrang l e  

The Beav e r  Run Membe r  i s  cove red by vegetatio n  
at this l ocati o n .  I f  you traverse north 
towards Beaver Run Road , you wi l l cros s over 
i nto the Harmo ny v a l e  Memb e r ,  when the 
strati grap h i c  sect i o n  thicke ns . Here are a 
number of smal l outcrop qua r ri es and screes 
devel oped i n  the Harmony va l e Memb e r .  Th i s  
l i ght b l ue ch e rt i s  very s i m i l a r to the chert 
exposed i n  the qua r ry at the P h i l l i p s  Estate, 
j u st to your wes t, and ve ry simi l a r  to the 
che rt at the Hanno nyva l e and the Beaver Run 
Quarri es . The we s t  fac i ng s l ope i s  underl a i n  
by very fos s i l i fe rou s J ac k s o nb u rg l i mesto ne .  
As you cros s the J ackso nb u rg , you pass the 
l ocati o n  of a propo?ed fau l t , ( see Fi g .  7 )  and 
thereby re-enter the Beav e r  Run Member.  Here 
the Beav e r  Run conta i ns the upper chert-beari ng 
u n i t , and a smal l preh i s to r i c  outc rop qua r ry 
and scree i s  present al ong the summi t of the 
hi 1 1 .  

P a s s i n g  westward, down the steep west-faci ng s l ope and i nto the 
Hannony va l e  t4embe r ,  you encounter a u n i que preh i sto r i c  quarry i n  the 
H a rmony v al e Membe r .  Vegetation-covered mou nds of qua rry tai l i ng s  are 
present,  a l ong w i th the characteri s t i c  quartz i te hammerstones . The uni que 
featu r e  of th i s  qua rry is what appears to be a rock-cut shaft which i s  
about 1 0 '  x 10 ' and fi l l ed wi th tai l i ng s .  A 6 i nch thick l i gh t  b l ue chert 
b e d  i s  i ncl i ned i nto the shaft at a n  i nc l i nati o n  of 47" NW . The wri ter 
does not know how deep the shaft i s  or how exten s i ve are the work i ng s .  . As 
i n  the i n s tance of the other qua rri es , al l the work i ngs are deeply bun ed 
a n d  o n l y  a th i n  veneer of cu l tu r a l  debi tage marks the l ocations.  of the 
a nc i en t  p rosp ec t s .  E ros i on al ong steep s l opes has exposed the work1 ngs and 
c reated a w i ndow i n to the past. S i m i l ar work i ngs are present throughout 

265 



266 

th i s  rav i n e which i s  to the north o n  the Ph i l l i p s  Estate. Just  to your 
west i s  the J acksonburg Formation repeated after the fau l t ,  and the 
Bushk i l l Member of the r1arti nsburg Formati o n  ( Omb ) wh ich  canpri ses the 
western h i l l si de and the termi nation of the traverse . 

4 1 . 6  0 . 9  
42 . 3  0 . 7  

5 0 . 8  8 . 5  
5 3 . 1 2 . 3  
5 3 . 7  0 . 6  
5 6 . 0  2 . 3  
5 6 . 7  0 . 7  

5 7 . 5  0 . 8  

Fol l ow Ros s Rd .  east ( 0 . 9  mi l to Bun n Rd .  
f�ake right o n  Bunn  Rd.  and proceed to Rt. 94 . 
Make ri ght o n  Rt .94 a nd travel south to jun ct i o n  
wi th Rt .206 .  
Fol l ow Rt .  206 south to M i l l S t .  
t�ake ri ght o n  M i l l S t .  Travel wes t  
and make ri ght  o nto O l d Swartzwood Rd .  
Proceed SW to Newton-Swartzwood Rd .  
Merge to the ri ght a nd proceed SW  unt i 1 you 
reach the T i n  the roa d .  Make s harp left o nto 
D ove I s l a nd R d .  and fo l l ow fo r 0 .8 mi . 
Park al ong roads ide .  STOP 6 i s  the chert qua rry 
i n  the Ontel awnee Formatio n .  

STOP 6 .  THE CHERT QUARRY ALONG THE PAU L I NS KI L L . 

The traverse al o ng the Paul i ns K i l l  was sugges ted by D o n  r�o nteve rde and 
Greg Herman of the New J ersey Geol ogical  S urvey .  They have noted large 
c oncentrations of chert wi th in  the Ontel aunee Formati o n .  The . preh i s to ric 
chert quarry on thi s  traverse was l ocated wi th i n  the fi rs t day of rese arch 
i n  the area. 

F i g .  8 Paul i n ' s K i l l  Traverse,  
Newton East  Quadrang l e  
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Retrace route eas t bac k  to 1'1 i l l S t .  i n  N e'llto n .  
F o l l ow Mi l l  S t .  eas t .  
Make l e f t  o nto R t .  206 . 
T o  get back to s tart i ng po i nt i n  N ew Y o rk S tate, 
F o l l ow Rt. 206 n orth to Rt. 94 n o rt h .  
P r oceed o n  R t .  94 n o rt h  to C he s te r ,  N . Y .  to 
exi t from rese arch area to the south fa r New 
Y o rk C i ty  v i c i n i ty .  
Make ri g h t  o n  M i l  1 S t .  south,  r i g h t  o nto H i gh S t .  
l ef t  o nto S p r i ng S t .  r i g h t  tur n o nto M a i n  S t .  
p r oceed to R t .  2065.  
F o l l ow Rt.  206S to I nt e rs tate 8 0 .  
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THE NYACK SECTION OF THE PALISADES : 
FACIES , CONTACTS AND LAVA DOMES 

Jeffrey c .  Steiner 
Dept . of Earth and Planetary sc iences 

The City College of New York 
New York , NY 1 0 0 3 1 

INTRODUCTION 

The Pal isades is a large , internally layered tho l e i ite intrusion 
which is exposed for approximately f i fty miles along the west side 
of the Hudson River ( figure 1 ) . This trip examines p igeonite and 
augite dol erite s ites on an Upper Nyack to Val l ey Cottage , New York 
traverse ( figure 2 ) . 

The data previously coll ected at these sites will be used to 
address the issue o f  identifying the numbe r  o f  magma pulses which 
produced these and related facies . Periphera l ly , the relationship 
of the internal layering to the pul ses will also be explored . 

The Pal isades has widely been considered to have arisen from at 
least ti<O magma pulses (Walker, 1 9 6 9 ) . These pulses were defined 
petrographically by Walker ( 19 6 9 )  and may be synchronous with the 
F irst Watchung and Ladentown-Union H i l l  Basalts , respectively 
( Pu f fer , et al . ,  1 9 8 2 ,  and th is volume ) . Recently , Shirley ( 19 8 7 )  
ident i f i ed three to four poorly defined pulses , none o f  which were 
characteri z ed petrographically . The pigeonite and augite dolerites 
of present interest document a pulse distinct from those identified 
by Shirley ( 19 8 7 ) , but petrographically s imilar to Walker ' s  Pulse 
1 at Haverstraw Quarry . 

INTERNAL STRUCTURE 

Walker ( 1 9 6 9 )  de fines Pulse 1 as comprised o f  the chill ed 
dolerite at Kings Bluff , N'. J . , the early dolerite at Englewood 
C l i f f ,  N .  J . , and. an early pigeonite dolerite stage at Haverstraw , 
N . Y .  This suite is overlain by the early , middle and late 
fractionation stages of his Pulse 2 .  The j uncture between these 
pulses is marked in the southern Palisades by the ol ivine layer 
( fract ionation stage 2 ,  hyalosideri te) which was cons idered by 

Walker ( 19 6 9 )  and Walker , F ( 1 9 4 0 )  not to be a separate p icritic 
intrus ion , though Husch ( 19 8 9 )  provides recent comment to the 
contrary . Walker ( 1 9 6 9 )  proposed that the hyalos iderite facies is 
not a cumulus z one ( Walke r ,  F . , 1 9 4 0 ) , but rather an unusual facies 
produced as a contact e ffect during a quiescent period j ust 
subsequent to the second pulse . 

The o l ivine l ayer occurs 2 0  to 6 0  feet above the base of the 
intrus ion in the southern Palisades . It extends to a suggested 
terminus in Nyack Beach State Park (Walker , 1 9 6 9 ) . The northern 
continuat ion o f  the inter-pulse boundary was considered to be 
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F igure 1 .  Genera l i zed geologic map after F isher , et al . ( 19 7 0 )  
showing the outl ine o f  the Pal isades . 

represented by the ( early) pigeonite dolerite of Haverstraw Quarry 
by v irtue o f  ( 1 ) an apparent reversal in pyroxene crystal l ization , 
( 2 )  the presence o f  interstitial glassy mesostas i s  thought to be 
otherwise absent in the intrusion and ( 3 )  its appropriate location 
at 1 0 5  feet above the base of the intru s i o n .  The early bronz ite 
dolerite encountered by Walker ( 19 6 9 )  at the 1 5 0  foot level was 
cons idered to mark the partially comming l ed base o f  the second 
pul se . 

Recent investigations by Ste iner , et a l . ( 1 9 8 9 a ,  b )  describe 
occurrences o f  p igeonite dolerite south o f  Nyack Beach State Park 
and in areas overlooking the Park which are remarkably s imilar to 
the early p igeonite facies ( Pulse 1 ,  Walker , 1 9 6 9 ) at Haverstraw . 
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F igure 2 .  Enlargement showing f ield trip stop numbers ; the 
Pa l isades ( Trp , stipled) invades mudstone , s iltstone and arkose o f  
the Brunswick Formation ( Trb a ,  Fisher , e t  al . ,  1 9 7 0 ) . 

PIGEONITE DOLERITE 

According to Walker ( 19 69 ) , the early p igeonite dolerite and 
overlying bronz ite dolerite are characteri z ed by ( 1 ) the absence 
o f  reaction rims ( presumably on bronzi te) , ( 2 )  scattered 
o s c i l latory z oning in minerals of the bronz ite dolerite , ( 3 )  the 
presence o f  augite and a few pigeonite grains on s omewhat corroded 
bronz it e  microphenocrysts of the bron z ite doler it e ,  ( 4 )  numerous 
patches o f  glassy mesostasis , ( 5 )  independent primary pigeoni te 
crysta l s , and ( 6 )  serpentine after ol ivine in both dolerites ( ibid , 
p . l4 4 ) . O f  thes e , 4 through 6 apply spec ifically to the pigeonite 
dolerit e ,  and the presence of independent pigeonite and "glassy 
mesostas i s "  are particularly distinctive and unamb iguous . 

Walker ' s  ( 1 9 6 9 ) chilled dol erite and early dolerite possess 
p rimary p igeonite throughout . In the northern Palisades the 
texture tends to be intersertal , with pools of dark basaltic glass 
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F i gu r e  3 .  Photomi c rogr aph o f  coar s e  p i geon i te dol e r i t e  ( s top 3 ) ;  
a�g i t e  ( A )  l a�h s  w i th p i geoni te ( P )  cores s uboph i t i ca l l y  i nter grown 
w � th l abrador � t e  ( L ) ; acces sory t i t anomagn e � i t e  ( M ) ; 0 . 2 5 mm scal e .  

F i gu r e  4 .  Photom i c r ogr aph o f  aug i t e  dol e r i t e  ( s t op 4 ) ; aug i t e  
phenocryst b r a c k e t e d  b y  dendr i t i c  t i tanomagne t i t e  ext ending into 
de v i t r i f i ed m e s o s t a s i s  ( MS ) ; 0 . 2 5 mm s c al e .  
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separating patches o f  subophitically intergrown pyroxenes and 
labradorite ( Stop 2 ,  f igure 7 and 8 ) . Primary pigeonite in the 
bronz ite dolerite ( Walker ' s  stage 3 i )  is absent in bronzite 
dolerite ( Walker ' s  stage 3 i i ,  above 1 1 0  feet) . Early pigeonite 
dolerite of the Middl e Stages (Walker ' s  stage 5 i )  contains free 
pigeonite at the 3 6 5 foot level . Pigeonite occurs with augite as 
principle phases exclusive of orthopyroxene only in Middle Stage 
5 i  and in the f irst pulse at Haverstraw . 

Though there is considerable textural and chemical variation 
throughout ( Steiner , et al . ,  1989b ) , the present prel iminary survey 
found that p igeonite occurs as free grains or coarse intergrowths 
( not restricted to exsolution bands ) over the entire traverse 
exclus ive o f  the augite dolerite ( described below) . S ince these 
pigeonite facies retain patches o f  various ly recrystalli zed glassy 
mesostas i s  ( h ighly vis ible in figures 7 ,  8 and 9 ) , and since 
intervening orthopyroxene fac ies have yet to be defined , the 
pigeonite f acies is tentatively ass igned petrographically to 
Walker ' s  Pul se 1 o f  Haverstraw. This necess itates , at the minimum, 
a westward revis ion o f  the interslab boundary in the northern 
section . 

AUGITE DOLERITE 

In the Upper Nyack Section, distinctive iron- and REE-enriched , 
chromium-poor augite facies with l ittle or no p igeonite is 
env eloped by p igeonite-bearing facies on the east and a chromium
richer ( 10 0  to 2 5 0  ppm) pigeonite-poor facies on the west ( Stop 6 ) . 
The facies can be subdivided texturally into pegmatitic and other 
varieties but i s  distinctive in ( 1 ) in be ing a facies containing 
l ittle or no low calcium pyroxene , and ( 2 )  retaining the glassy 
meso stasis patches of the pigeoni te dolerite . The texture is 
locally porphyritic ( figure 4 ) , but appears to refl ect an increased 
amount of interstitial mesostasis relative to subophiticly 
intergrown augite-plagioclase clusters . This gives a mottled 
appearance to some samples . The tendency for mesostasis to become 
concentrated away from clusters may produce gabbroic-aphanitic 
phase s eparat ions , as noted by Clay ( 1 9 8 8 ) for a horizon in 
Haverstraw Quarry . 

Even though certain facies o f  the Palisades become as coarse as 
plutonic varieties ( grain size exceeding 1 mm) , the tendency has 
been to retai n  the dolerite des ignation , as in the h i storical usage 
o f  the term pegmatite dolerite . 

REE CHEMISTRY 

The incompatible el ements , inclusive o f  the rare earth elements , 
constitute a useful base line comparison technique for magma 
series . F igure 5 shows that the upper and lower contact facies 
appear to be derived from essentially identical basaltic magma . 

This magma i s  REE enriched relative to the lower 1 2 5  meters o f  
the Pal i sades a t  George Washington Bridge ( figure 6 ;  GWB data from 
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F i gu r e  5 .  I ncompa t i b l e  el ement map o f  quench do l e r i t e  fac i e s  
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F i gu r e  6 .  T r ends o f  Nyack quench ba s a l t  ( shaded ) against local 
dol e r i t e s  and George Wa shington B r i dge samp l e s  at 1 and 1 2 5  meter s .  
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Shirley . 1 9 8 7 ) . Thus , the REE chemistry of the Nyack magna is 
clearly inconsistent with quench magma of Walker ' s  Pulse 1 or Pulse 
2 in the southern Palisades . 

The REE patterns of individual rocks in a fractionated suite 
are systemat ically o f fset from one another and comprise an array 
o f  non- intersecting curves . The inferred magma is in this sense 
a p o s s ible lateral derivative of magmas at GWB , or a more evolved 
representative of fractionation processes which gave rise to both 
varieties . S ince both series possess es sentially parallel trends , 
crustal processes are l ikely to have exerted the dominant control 
in the latter case ( garnet fract ionation in the mantle , for 
examp l e , would generate crossing trend l ines) 

The Nyack quench basalts also lack the sl ight pos itive Eu 
anomaly o f  GWB contact lithologies which is suggestive of 
plagioclase settl ing a t  higher levels ( Shirley ,  1 9 8 7 ) , or a feature 
suggestive o f  pre-emplacement fractionat ion . The apparent lack o f  
enhancement o f  the Europium anomaly and the consistency of the 
pattern over 1 2 5  meters indicates that Pulses 1 and 2 of Walker 
( 1 9 6 9 )  are indeed very similar chemically at the Bridge , and that 
additional plagioclase accumulation is not pronounced in the lower 
l evels o f  Pulse 2 ( Shirley,  1 9 8 7 ) . 
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ROAD LOG FOR FACIES AND CONTACTS OF THE UPPER NYACK SECTION 

cumul . 
M i l age 

0 . 0  

0 . 4  

2 . 1  

2 . 4  

2 . 7  
3 . 6  

Miles from 
Last Point ROUTE DESCRIPTION 

0 . 0  

0 . 4  

1 . 7  

0 . 3  

0 . 3  
0 . 9  

Exit left onto Route 5 9  West from Exit l l  o f  
New York State Thruway ( I - 2 8 7 ) . 
Turn l e ft at traffic light onto Route 9W 
North . 
Turn right at traffic l ight onto Christian 
Herald Road ( East ) . 
Turn left at bottom o f  hill ( no l ight) onto 
Old Mountain Road ( Ea s t )  . 
Turn left on Broadway . 
Enter Nyack Beach State Park , curve around 
the toll booth and follow the paved incline 
up the hill to the left . Turn left at the 
top o f  the hi l l  approximately 1 0 0  yards to 
the circular turn around and park cars . 

STOP l NYACK BEACH STATE PARK - OLIVINE LAYER 

The escarpment at the eastern edge o f  Nyack Beach State Park 
represents the western wall o f  an infil led stone quarry . On this 
rock face , at approximately 4 0  feet above the presently obscured 
basal contact , a subhorizontal 11 rotten 11 zone ( first hori zontal 
depression above tree l ine) can be observed . This z one presumably 
rep resents the last vestige o f  the olivine layer referred to by 
Walker ( 1 9 6 9 ) . It appears to fade northward o f  the present 
location . 

A closeup view o f  this structure , which involves a certain risk 
due to the fractured nature of the rock infrastructure , reveals 
that the basal part of this horiz on i s  undulose and uneven . It is 
marked by nodules of basalt enclosed in a weathered granular 
matrix . Samples o f  both material show that the composition of the 
matrix i s  nearly identical to the composition o f  early dolerite at 
thirty feet above the lower contact at Englewood C l i f f  ( Steiner , 
in preparation ) . An analysis o f  one o f  the o l ivine bronzite 
nodules yield 10 percent MgO . This percentage is high for most 
faci es of the Palisades , but substantially less than the 19 percent 
reported by Walker ( 19 6 9 ) for the hyalosiderite facies . 

Here , as elsewhere , it appears that cooling cracks are reasonably 
continuous through the rotten z one . This indicates that the rotten 
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zone belongs to the same cooling unit as the overlying dolerite . 

5 . 1  

5 . 3  

1 . 5  

0 . 2  

Retrace path to intersection o f  Christian 
Herald and Route 9 W ;  turn right on Route 9W 
North . 
Park in Piccolo Foreign Car Repair lot . Walk 
about 50 yards North to sma l l  escarpment 
behind trailers . 

STOP 2 UPPER NYACK - LOWER CONTACT OF UPPER NYACK SECTION 

The basal contact is well exposed along a small escarpment . 
Here , smal l ,  infilled cavities can be observed in the Triassic 
baked shales indicating that the sediments were not ful.ly lithified 
at the t ime of intrusion , and the intrus ion was relatively shallow . 

A scramble up the escarpment for forty feet reveals small ( 3  
em) nodul e-l ike protrusions in an otherwise uni form dolerite . 
These analyze to normal basalt ( Steine r ,  in preparation) . An 
o l ivine l ayer has yet to be discovered at this local ity . 

Backscatter electron imaging o f  the quench rock ( figures 7 and 
8 )  shows subophitic pyroxene and labradorite clusters surrounded 
part i a l l y  by pools of interstitial glas s .  Titanomagnetite and 
minor p l agioclase , sanidine,  quart z , and residual glass populate 
the interstitial spaces ( figures 7 . and 8 ) . 

6 . 0  0 . 7  Continue North to top of hill and pull off 
the road . Be careful o f  the traffic . 
Interest and time permitting , drivers will 
proceed North to Rockland Lake South Lot . 

STOP 3 UPPER NYACK - COARSE PIGEONITE DOLERITE 

This coarse pigeonite facies is characterized by elongate ( 1  
em) augite laths with pigeonite cores or attached plates which run 
paral l e l  to the augite prisms ( figure 3 ) . This facies i s  
substantially enriched i n  REE relative t o  the contact facies , and 
shows a s l ight positive. Europ ium anomaly suggestive of plagioclase 
accumulation ( figure 6 ) . 

Time permitting , proceed 2 5  yards south on Route 9W to intersect 
a well marked service trail which drops sharply down the east bank . 
Samples have been taken from approximately 3 0  yards down the trail 
.to the summit o f  Hook Mountain . From Hook Mountain , the tabular 
form o f  the Pa lisades is visible against the southern skyl ine . At 
Piermont , the topography changes dramatically in apparent response 
to a stepwise increase in the angle o f  westerly dip of the 
Pal isade s . Haverstraw Quarry is visibl e to the north . The 
rol l ing hills o f  the Triass ic basin are framed by the Hudson 
Highlands to the east . 

6 . 2  0 . 2  Proceed north to tra f f ic light at entrance to 
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F i gure 7 .  Back s catter e l e c t ron image o f  quench dol e r i t e , s top 2 .  
I n t e r s e r tal t e x t ur e : suboph i t i c  i nt ergrowths o f  pyroxene ( l i ght ) 
and plagioc l a s e  ( dark ) ; inte r s t i t i a l  pools o f  basal t i c  qla s s ;  

F i gure 8 .  Enl arg ement showing int ers t i t i al a r e a  popu lated w i th 
t i t anomagne t i t e ( wh i t e  globular ) ,  p lagioc l a s e ,  quartz and gla s s . 
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8 . 0  

8 . 4  

1 . 8  

0 . 4  

Rockland Lake Park , turn left onto Lake Road . 
Turn sharply left and uphill onto Christian 
Herald Road j us t  prior to the traffic l ight 
at the intersection with Route 3 0 3 . Five 
streets meet at this intersection . 
Turn left onto Herald court and pull over to 
the curb at the f irst house on the right . 

STOP 4 VALLEY COTTAGE - COARSE AUGITE DOLERITE 

The best developed porphyritic texture ( figure 3 )  in coarse 
augite dol erite occurs in the landscaped outcrop at the corner o f  
Christian Herald and Herald Court . S labs o f  samp l es taken prior 
to l andscap ing will be shown . PLEASE DO NOT DEFACE THE PROPERTY . 
DO NOT VISIT WITHOUT THE PERMISS ION OF THE OWNE R .  

The iron-enrichment o f  the Pal isades a t  this stop i s  due to 
abundant t itanomagnetite in the groundmass . Titanomagnetite is 
o ften dendriti c ,  and is considered to occur as both a primary and 
a quench feature . There is l ittle indication that the magnetite 
was emplaced secondarily via an aqueous vapor or solution . 
Chemical l y ,  and to a certain extent petrographically (mesostas i s  
repl aces micropegmatite) this facies appears t o  b e  equivalent to 
the l ate stage ferrodolerite , faya l ite granophyre and other facies 
of Walker ( 19 6 9 ) , except that the iron enrichment is not 
accompanied by iron rich ferromagnesian minera l s , such as 
ferroaugite or fayal ite . Ferroaugite rims may occu r ,  but the bulk 
clinopyroxene is clearly augite . 

The REE patterns ( figure 5 and 6 )  are consistent with the 
derivation o f  this facies from the p igeonite facies through crystal 
l iqui d  fractionat ion . 

9 . 1  

9 . 6  

0 . 7  

0 . 5  

Turn left from Herald Court on Christian 
Herald and turn right onto Mountainview Road . 
Turn right into asphalt turn around for 
houses set back from road . Leave cars and 
walk back to rocks exposed at last curve . 

STOP 5 VALLEY COTTAGE - WEATHERED COARSE AUGITE DOLERITE 

Thi s  i s  one of the few local ities not 
shows weathered coarse augite dolerite . 
sporadically along Mountainview Road . 

in someone ' s  yard which 
Other local ities occur 

1 0 . 2  1 . 6  Return to intersection of Lake Road and Route 
3 0 3 . Probably best to park behind the 
Chemical Bank . Walk across Lake Road to the 
convenience Market on the Southeast corner . 

STOP 6 VALLEY COTTAGE - UPPER CONTACT RELATIONS 
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F i gure 9 .  Dol e r i t e  at s top 6 show i ng suboph i t i c  tex ture 
c enter grading into g l a s sy mesos t a s i s  on the far l e f t ;  
s c al e .  

0 . 2 5 
mm 

right o f  
0 .  2 5  mm 

0 e m 1 
F i gu r e  1 0 . Photogr aph o f  pol i shed slab show i ng quench texture 
comp r i s e d  of plagioclase and aug i t e growing normal to the i nt e r f ace 
wi th p i ge on i t e  do l e r i t e  ( l ower qua r t e r ) ;  1 em s c a l e . 



' 1 
' l 
. j 

1 j 
r l ' 

From the intersection o f  Route 3 0 3  and Lake Roa d ,  walk 2 0  yards 
north a long the eastern s ide of Route 3 0 3  to examine the contact 
between diabase and sedimentary rock which dips northerly at about 
4 5  degrees . The contact is very sharp at about 10 feet up from the 
s idewalk alongside the telephone pol e .  It is otherwise somewhat 
hard to observe the trend do to the tendency for the dolerite to 
reduce the iron in the sedimentary rock producing a black baked 
sandy shal e .  

A s  observed at Stop 2 ,  the intrusive dolerite has vesiculated 
the s edimentary rock. At this stop the cavities are somewhat 
sharper and lack infi l l ing . The baked zone buttresses the east
west trending slope which marks the pos ition of the Palisades 
contact as it extends toward Rockland Lake . 

The texture o f  the contact rocks is microporphyritic with augite 
microphenocrysts . Within five feet of the contact the texture is 
ophi t i c ,  and beginning perhaps fifteen feet south , occasional 
recrysta l l i z ed patches of interstitial mesostasis appear ( figure 
9 )  • 

Proceeding South , the diabase appears to plunge beneath the 
sedimentary cover . About 0 . 5  miles north o f  Lake Road , the contact 
is redi scovered on the upper potions of the exposed slope which is 

• 1  inset 6 0  yards east o f  route 3 0 3 . The dolerite dips roughly west 
at about 4 5  degrees underneath a veneer of backed shales . The 
intru s ive contact is therefore complex , wending in a curvilinear 
fashion along its margin in the general form o f  poorly exposed 
coalesced domes or loca l ized arches . 

To see quarried rock o f  hori z on 1 ( Steiner , et al . 1 9 8 9 a ,  b )  
drive west on Lake Road 0 . 3  mi to the Vall ey Cottage Fire Station 
and park along the West edge of the lot . The large blocks along 
the stream bank contain pegmatite dolerite clusters with sprays o f  
augite locally reaching 6 em . 

1 0 . 6  

1 1 . 2  
1 1 . 7  

0 . 4  

0 . 6  
0 . 5  

Proceed west on Lake Road to traffic l ight on 
Kings Highway and turn left . 
Turn right at stop s ign on Crusher Road . 
Park at company office at base o f  hill . 

STOP 7 WEST NYACK - COARSE PIGEONITE DOLERITE , INTRUSIVE 
RELATIONS AND LAVA DOME 

The suggestion o f  a domal configuration at many points along 
the western contact is strongly supported by the lava dome s ituated 
southwest o f  the main quarry buildings . This dome was well exposed 
in the Fall of 1 9 8 8 , but has s ince been partially buried by crushed 
quarry rock . 

S everal facies are transected when walking or driving to Stop 
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8 .  In particula r ,  trondhj emitic and granophyric varieties of the 
coarse dolerites , ultramafic segregation veins ( Steiner, in 
preparation) and secondary " flowers" of chalcocite against 
malachite ovals along fracture systems may be visible . 
Unfortunately , many of these features have been completely removed 
by the quarrying operation . 

STOP 8 WEST NYACK QUARRY - COARSE PIGEONITE DOLERITE WITH 
PEGMATITIC DOLERITE (COARSE AUGITE DOLERITE) PODS 

Along the south end of the westernmost wall at the second level 
from the top , a coarse intrusive facies ( H l ,  Steiner, et al . , 
1 9 8 9 a , b )  invades diabases comparab le to those exposed at stop 6 
along a narrow 12 " dike . The dike shows an approximately 1 "  gap 
through which the magma welled up into adj acent rocks creating a 
balloon-like profile . This dike apparently represents an o ffshoot 
of the maj or contact which runs subparallel to the intersecting 
north wall . Pegmatite dol erite , comparable in many respects to the 
coarse augite dolerite of Stops 4 and 5 characterizes the general 
zone separating the two l ithologies . 

OPTIONAL STOP 9 WEST NYACK - S ECOND UPPER CONTACT AND REDUCED 
Z ONE 

0 . 0  
0 . 4  

0 . 0  
0 . 4  

Intersection o f  Routes 3 0 3  and 5 9 . 
Turn left onto dirt road j ust past Fesco 
Fence , over find Greenbush Ave . o f f  Route 59 . 
Park and walk up slope to prominent outcrop . 

Here , a dip s lope o f  the Triassic arkose ( fossil f ish local ity) 
which is visible below abuts the Pal isades . Portions of the 
metamorphosed sedimentary rock form a veneer over and are partially 
cross cut by o ff shoots of the dol erite . The tendency for the 
reduction o f  iron is again visible in the sedimentary rock . 

Return to Route 3 0 3  and proceed north to 
intersection with N . Y . S .  Thruway . 
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ROCK SLOPE STAB I LITY : DES IGN , CONSTRUCTION At'lD RENEDIAL TREATMENT 

CL�YTON L .  BOLTON JR . 
Engineering Geo logy Section 

Soil Mechanics Bureau 
New York S tate Department o f  Transportation 

INTRODUCTION 

The des ign and cons truc tion o f  rock s lopes with emphas i s  
on s tability began wi th the abi l i ty t o  dri l l  and blast on 
an a l i gnment whereby the final s lope produc t was sound and 
durab l e  and free o f  potential rock fall hazards . The first  
a t t emp t at  cons truc ting a p l anar surface in rock was not for a 
h i ghway but for construc t i on o f  the s ides o f  an intake channel 
for the "Niagara Power Proj e c t "  in Niagara Falls , New York . The 
ext r a  e ffort to develop a vert i c al p lanar surface for the intake 
c hannel was not to prevent poten t i al rock falls but to estab l i sh 
a surface whereby the concrete channel wall liners could be bui l t  
w i th a minimum overrun i n  c oncre te quanti ties . ( lvhen one 
considers that the maj ority 6f the l i sted 38 , 846 , 0 00 cubic yards 
o f  exc avation was in rock , and that several mil lion square feet 
o f  rock face had to be prepared wi thin a tolerance o f  six ( 6 )  
inche s , i t  i s  easy to see that qui te a problem was presented to 
the various contractors to  keep from overbreaking beyond the 
payl ine , or  " B "  line , as it was c a l l ed , with conventional methods 
o f  dri l l ing and b l asting ) . The method for constructing the 
p l anar face was named "presp l i tting" . 

The resu l t s  o f  "presp l i  t ting" in c ons tructing the vertical 
p l anar rock wal l  were so good that i t  s oon was considered to be 
w o r thy of  u t i l iz a t ion in e s t ab l i shing minimum maintenance , hazard 
free rock faces for highways , tunnel s , building foundation 
exc av a t ions and o ther },oc a tions where rock s tabi l i ty is  a maj or 
concern . New York S tate Department of  Transportation incorp o 
rated " p respli t t ing" in i t s  EXCAVATION SPECIFICATIONS on Augus t  
2 7 , 1 9 7 0  by inc lus ion in Addenda 49 to the January 2 ,  1962  PUBLIC 
WORKS S PECIFICATIONS . Once the "prespli t ting" tool was in place 
for cons true t ing a stable rock s lope , the Engineering Geologi s t  
could then put hi s knowledge t o  work t o  e s t ab l i sh a suitable rock 
s lope des ign . Thi s  method of constru c t ion l e ading to proper 
des i gn is  another example o f  empirical knowledge ' s  ab ility t o  
make theory , fac t .  

ROCK S LOPE DESIGN 

Engineering geologi sts  mus t  consider two maj or i tems in 
des i gning s l opes for a propo s ed rock cut , stabi l i ty and cos t .  
The engineering geologi s t  mus t  also use every method avai l ab l e  
t o  o b t a in the s t ru c tural dis continui ties present in the bedroc k  
b e fore designing the s lope . The mos t  rel iable information may b e  
ob ta ined from outcroppings present in the area o f  the de sign . 
O ften however , the outcrops are one dimensional and without a 
c r o s s  section view o f  subs t antial extent , the struc tural 
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information obtained may b e  misl eading . Oriented rock cores from 
s t rategi cally loc ated dri ll ho les , video taped information from 
t e l evis ion borehole c ameras , refrac tion seismic dat a ,  remo te 
s e n s ing equipment and electrical res i s  ti  vi ty are methods whi c h  
c an be employed i n  confirming surfi c i al s t ruc tural detail and/or 
portraying a t t i tudinal changes which must b e  known by the 
des igner to es tablish a struc turally sound slope des ign . 

Plot t ing 
p l anes on a 
s table s lope 

the j o int , b edding , shear 
s tereo -net wi l l  enab le the 

for any particular rock cut . 

zones and 
des igner to 

cleavage 
detai l a 

The cos t o f  excavation for the a l i gnment o f  any highway 
p ro j e c t  in rock i s  usually more expensive than for any other type 
o f  material . The present b i d  prices rec eived in New York S tate 
for rock exc avation average $ 3 0/cub i c  yard whereas soil 
exc avation averages $ 6 . 50/cub i c  yard . Many other i terns such as 
righ t - o f-way c o s t s , environmentally p rotec ted area ( swamp ) 
rep lacement and spec ial cases ( i . e .  slum evasion ) take precedence 
in corridor s e l e c tion over avo idance o f  rock exc avation . Exca
vati on and embankment balanc e i s  not as important a fac tor in 
highway corridor selections as i t  once was . The material balance 
i s  however a prime consideration in Wes tchester County since no 
s o i l  borrow areas are avai l abl e .  

Rock s lope designs in New York S tate range from vert i c al 
( rarely ) to a one vertical on one and one quarter horizontal 
( 3 8 ° -40 1 )  whi c h  approaches the s table angle o f  repo se of talus 
( 3 7 ° - 3 0 1 ) .  Common slope angl es of three verti c al on one 
horizontal ( 7 1 ° - 3 4  1 )  , two vert i c al on one horizontal ( 60 ° - 15  1 ) , 
three vertical on two horizontal ( 5 6 ° - 1 9  1 ) and one vertical on 
one horizontal ( 45 ° )  are uti l i z ed to enable cons truction o f  
ac curate templates  for the control o f  prespli t drill alignment .  

Vertical dri l l  hole9 are rarely used and never in slopes 
greater than 15  feet in heigh t  s ince they create an illus i on 
o f  topp l ing c ausing drivers to inadvertently dri ft away from the 
roc k  face and into oncoming traffi c .  Ver t ical design in shallow 
limes tone cuts i s  sometimes used to avo id inters e c t ion o f  the 
s t andard verti c al j o inting by presp l i t  drill  holes . Explosively 
generated gas s e s  intersec ting the vertical j o ints provides 
pres sures whi ch cause s l i ding of l ime s tone b locks along i t s  
b edding p l anes toward the open rock c u t  fac e .  The resulting 
produc t is an uns t able slope roc k .  

The one verti c al on one horizontal s l ope i s  used for s table 
roc k  cuts in competent shales , s i l t s tones or bedrock containing 
s t ru c tures whic h  dip toward the free fac e on a 45 ° incl ination . 

Rock s lope s are cons truc ted on the f l a tter talus slope i f  the 
material to b e  e..v::cavated i s  deep ly weathered and/or fractured . 
Poor qual i t y  horizontally b edded shales will maintain stab i l i ty 
on the talus s lope . B o th the deeply weathered rock and the poor 
qua l i ty shales will achieve total s tab i l i ty on the talus slope 
angl e  provided seeding i s  inc luded fol lowing completion o f  
cons tru c tion . Pre-splitting i s  not requ ired for the one verti c al 

l 

' 
J 



l 
j 

' _J 

, I 
' 

on one and one quarter horizontal s lope since 1 )  i t  is extremely 
di f fi c u l t  to dri l l  on such a f l a t  an angle ; 2 )  the ro ck can 
usually be broken by mechanic a l  ripp ing or l i ght explosive loads 
in ver t ical dri l l  holes before final grading with a dozer on the 
s l i ght incl ine and 3 )  seeding covers any dis continuities whi le 
greatly increas ing the s tab i l i ty and enhanc ing the e s theti cs . 

The intermediate slope inc l inations ( 3V on lH , 2V on lH , 
3V on 2H ) are used based upon their s tab i l i ty relationship with 
the inherent s t ruc tures present in the b edrock to be excavated . 

ROCK S LOPE CONSTRUCTION 

Two maj or types of rock s lope cons truc tion 
on h ighway proj e c t s , new l o c a tions and t rim cuts . 
i s  for s tabi liz ing previously cons truc ted slopes . 

are performed 
Trim cutting 

The s lopes for rock cuts on new locat ions are more di fficult 
to  d e s i gn s ince it involves programming a field evaluation of the 
s i t e ; es tab l i shment of a dri l l ing program to de lineate the 
p e r tinent s truc tures present in the bedrock ; plotting the 
s t ru c tural features on a stereo -net and finally , establi shing the 
final s lope incl ination . The des ign o f  trim cuts usually is 
qui te s traight forward since v i r tually al l of the structural 
fea ture s are avai lable for d i r e c t  measurement .  Trim cuts are 
made to remove uns table blocks o f  frac tured rock from the s lope . 
Thi s  un s t ab l e  cond i t ion was created during the original rock cut 
b l a s ting cons t ruc tion by exc e s s ive exp l o s ive gas ses  generated by 
s t andard fragmentation b l as ting methods employed prior to the 
advent o f  "presp l i tting" . 

The s econd mo s t  important cons ideration to b e  inc luded in trim 
s lope des ign ( s l ope inclina t i on is firs t )  i s  to insure that the 
s lab o f  rock to be removed from the face o f  the exi s ting slope be 
a minimum o f  five ( 5 ' )  feet in width . The control point for the 
s lo p e  face s l ab o ffset location i s  a point a minimum of five feet 
in back o f  a point on the s lope which i s  the furthes t  di s t ance 
from the centerline o f  the roadway along the rock slope cut . 
Thi s  p oint becomes the continuous paral l e l  s lope o ffset through
out the l ength o f  the rock cut . 

The five foo t  thi ckness i s  required to  as sure that the pre
s p l i t t ing charges break between the three foot spac ing o f  the 
paral l e l  prespl i t  dri l l  holes rather than towards a closer free 
f a c e  on the s l op e . Thi s  wil l  p rovide a uni form planar final 
s lope . It also greatly reduces the poten t i a l  for fly rock . 

Cons truc t ion b egins once the c ontrac t o r  i s  s e l e c ted . Usually 
exc ava ti on i s  one of the f i r s t  s tages of the contrac t work to be 
p e r formed fo l l owing the removal o f  vege t ation and topsoil .  Rock 
exc avation opera tions are no t s easonal since the work i s  no t 
l im i t e d  by temperature restri c t ions . 
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Prior to the commenc ement o f  

contrac t ,  a preb l as ting mee ting 
o f  the meeting is to : 

dri l l ing operations 
is e s s ential . The 

1 Learn the date o f  dri l ling equipment mobilizat ion . 

on any 
purpose 

2 - E s tablish the proc edure for contro l l ing the dri l l  steel  
al ignment in dril l ing the presp l i t  holes on the des ign s lope 
inclination . Dri l l  alignment is  the mos t  important cons id
eration since the s tab i l i ty of the s lope is totally dependent 
on achievement of the proper s l ope inc lination . 

3 - D e t ermine the type and weight per l inear foot o f  the pre
spli tting explosive . 

4 - Loc ate the types o f  uti l i ti e s  and s t ruc tures nearest to the 
b l a s t  site . 

5 - Spec i fy the maximum pounds o f  exp losives to b e  de tonated per 
2 5  m i l l i s e c ond delay period to  insure that blas ting induced 
ground vibrat ions do not damage any of the u t i l i ties and/or 
s t ru c tures in the vicinity o f  the b las t s i t e . ( Explosive 
loading l imi ts guide - line fol lows NYSDOT S t andard Spec i f i 
c at ions for Rock Exc avation . )  

6 - D e termine i f  a potential for fly rock is is  present and i f  
b l a s ting mats are required to  pro t e c t  personne l and property 
in the b l as t area . 

7 - Insure that the b l aster i s  in comp l iance with all Local , 
S tate and Federal permi ts , codes , l aws and l i c enses required . 

8 - Revi ew the proj ec t spe c i fi c a t ions to enable the bl as ter and 
contractor be aware o f  what they are required to do to  
cons truct minimum maintenan c e , hazard free rock slope s .  
( Current NYSDOT S t andard S p e c i f i c a ti ons fol low preblasting 
meeting subj ect  des cription . )  

9 - Agree upon the location and limi ts  o f  the rock slope tes t 
s e c tion area . 

1 0  - E s t ab l i sh the 
the prebl a s t  
personnel for 

location and types o f  
warning signal s  and 

traffic contro l .  

b l as t ing warning signs , 
the placement of flag 
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NYS DOT - ST&�DARD SPECIF ICATIONS o f  January 2 ,  1981 

as amended by ADDENDUM NO . 1 of December 9 ,  1 9 82 

S e c tion 2 0 0  

EARTHWORK 

§ 2 03 - 3 . 0 5 Rock Excavation 

Attention is directed to § 10 7 - 0 5 , SAFETY fu\ID HEALTH 
REQUIREMENTS , c oncerning rock dril l ing and b l as ting work . 

Prespli t ting is  required where the des ign rock s lope is  
one vertical on one horizontal or s teeper and the verti cal 
height of the exposed rock slope exceeds five fee t .  
Ripping w i l l  not b e  al lowed within ten feet o f  a s lope that 
requir e s  prespl i tting . T e s t  sec tions wi l l  be required at 
the outset o f  presp lit drill ing and b las ting operations for 
the evaluation o f  the presp l i t  rock slopes by a Depart
mental Engineering Geologi s t .  The Contrac tor will be 
required to comp l etely exp o s e  the presplit rock face in the 
t e s t  s e c tion for evaluation prior to any further presp l i t  
dri l l ing . 

Al l rock s l opes shall b e  thoroughly scaled to the 
s a t i s faction o f  the Engineer . For rock excavations 
involving mul tiple lifts , scaling o f  upper li fts shall be 
comp l e t e d  prior to dri l l ing and fragmenting of l ower l i ft s . 
S c al e d  rock s lopes shal l b e  stable and free from possible 
hazards o f  falling rocks or rock s l ides that endanger 
pub l i c  s a f e ty .  I f ,  after proper s ca l ing , such conditions 
s t i l l  exi s t , a determination o f  the c au s e  will be made by a 
Departmental Engineering Geo logi s t  and i f  it  i s  determined 
that the c ondi tions are the result o f  poor workmanship or 
imp roper methods emp loyed by the Contrac tor , the Contrac tor 
shall p rovide approved remedi a l  treatm ent , at no expense to 
the S tate . S uch treatment may inc lude , but is not 
necess arily l imited to , laying back the s lope , rock bolting , 
or  shotcreting . In no case sha l l  the sub grade be trimmed 
prior to the completion o f  the s c a l ing operation at any 
location . 

A .  Pre spli tting . Prior to dri l l ing presplitting holes , the 
overburden shall be comp l e t e ly removed to expose the 
rock surface along the presplitting l ine . The methods 
o f  c o l l aring the hol e s  to achieve proper incl ination and 
a l i gnment shall b e  approved by the Engineer . 

The prespli t ting ho les  shall be a maximum four inches in 
diamet e r , spaced not more than three fee t  center to center along 
the s lope , and drilled at  the designed s lope incl ination for a 
maximum s lope distance o f  60  fee t .  When excavation operations 
are c onduc ted in mul tiple l i fts , the prespl i tting holes for 
suc c e s s ive l i ft s  may be o ff s e t  a dis tan c e  o f  not more than three 
feet for a design s lope o f  one vertical on one horizontal and not 
more than one foot for s lopes o f  s t e eper des ign ; however , a 
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prespl i t ting ho le shall not be s tarted ins ide the payment line . 
I f  presp l i t ting is conduc ted in l i fts , each l i f t  shall be app rox
imately o f  equal depth .  Al l presplit ting holes shall be chec ked 
and c l eared o f  obstructions immediately prior to loading any 
holes in a round . Al l prespl i t ting ho l e s  shall be loaded wi th a 
continuous co lumn charge manufac tured especially for presp l i t t ing 
which contains not more than 0 . 35 pounds o f  exp losive per foo t . 
The top o f  the charge shall be located no t more than three feet 
b e low the top of roc k .  A b o ttom charge of not more than three 
pounds o f  packaged explos ive may be used ; however , no port ion o f  
any b o t tom charge shall b e  p l a c ed agai n s t  a proposed fini shed 
s lope . Each prespli tting ho l e  shall be f i l l ed with No . lA 
C rushed S tone S temming mee ting the gradation requirements o f  
§ 7 0 3 - 02 , Coarse Aggregates . The presp l i tting charges shall be 
f ired wi th detonating cord extending the full depth of  each ho le 
and a tt ached to a trunk line at the surf ac e .  De tonation of  the 
trunk line shall be wi th blas t ing cap ( s )  and shall prec ede the 
de tonation o f  fragmentation charges wi thin the s e c t ion by a 
minimum o f  25 milli seconds . P r e - spli t t ing shall extend for a 
minimum dis tance equal to the burden plus three feet beyond the 
limits o f  fragmentation blas t ing wi thin the section .  

B .  Fra1men tation Blas ting . Fragmentation holes , or port ions 
the reo ; shall not be dri l l ed c l oser than four feet to the 
proposed fini shed slope . Where presp l i t t ing is requi red , frag
mentation hol e s  adj acent to the pre - sp l i tting holes shal l b e  
dril l ed paral l el t o  the presp l i t ting hol e s  for the ful l depth o f  
the p roduct ion l i ft at a spacing not exc e eding the spac ing o f  the 
produ c t i on pattern . Only packaged exp l o s ives shall be used ten 
feet or l e s s  from a design s lope whi ch requires presp l i tting 
regardless o f  the cons truction sequence .  

F ragmen tation charges shall b e  detonated by properly sequenced 
m i l l i s e c ond delay blas ting c ap s .  
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EXP LOS IVE LOADING LIMITS 

In the ab sence of more s t ringent requirements , the maximum 
quan t i ty o f  exp losives al lowed per blast shall be based on a 
maximum parti c l e  veloc ity o f  1 . 9 2 inches per second at the 
near e s t  s t ructure to be pro tec ted . In the abs ence of seismic 
mon i t oring equipment , the fol lowing exp l o s ive loading l imits 
shall apply : 

1 .  

2 . 

When the distance from 
neare s t  s tructure to be 
o r  l es s , no blasting wil l 

and Twelve 

the p roposed b l as ting 
protec ted is s ix ( 6 )  

b e  a l l owed . 

area to 
linear 

the 
feet 

When the distance between the blas ting area and the neares t  
s tructure to be protected is  greater than s ix ( 6 )  and equal to 
or l e s s  than fi fteen ( 1 5 ) l inear feet , a maximum of one 
quart e r  pound o f  explosive per delay period* blas ting cap 
shall be al lowed . 

3 .  When the distance between the blast area and the neares t  
s truc ture to b e  protected i s  greater than fi fteen ( 15 ) and 
equal to or less than two hundred and twelve ( 21 2 )  linear 
feet , a Sc aled Dis tance o f  thirty ( 3 0 )  shall be utilized to 
determine the ma."'{imum pounds o f  exp losive al lowed per del ay 
p e r i od* blasting cap . The S c aled Dis t ance Formula is  as 
described b el ow : 

D 
S D  

v;-

OR 

E 
MAX 

Max 

\mere : SD 
D 

E · MAX= 

= Scaled Dis tance 
= Dis tance from blast 

area to nearest 
s tructure to  be 
p rotected in linear 
feet 

Maximum pounds of 
expl o s ive per delay 
period* blasting cap 

D i s tan c e  Greater than Two Hundred and Twelve ( 21 2 )  Feet from the 
Near e s t  S truc ture 

4 .  When the blaster elects to utilize more than fi fty ( 5 0 )  pounds 
o f  exp l o s ive per delay period* blas ting cap , a seismograph 
shall b e  employed to monitor the blas ting vibrations generated . 
The ini tial loading shall be computed us ing a S c aled Distance 
of thirty ( 3 0 )  . The resul ting particle veloc i ty measured by 
the s e ismograph shall be evaluated by a Department Engineering 
Geologis t .  His evaluation shall be the basis  for adj usting the 
S c aled D i s tanc e .  

N o  s eparate payment will b e  made for this work . The c o s t  
shall be inc luded in the appropriate excavation i tem . The above 
requi rement s  shall in no way r e l i eve the Contractor of liabi l i ty 
for any damage incurred as a result o f  his b las ting operations . 
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PRESPLIT DRILLING , BLASTING AND TEST SECTION REVIEI¥ 

A .  Prespl i t  Dril ling : The Engineering Geo logist mus t b e  
present at the rock slope t e s t  s e c t ion area o n  the date o f  
mob i l iz a tion . I t  is  very important that the Contrac tor ' s  
dril l er and the proj ect inspec tor l earn from the s tart exactly 
what is expec ted o f  them to insure that drill ing alignment 
control agreed upon at the preb l as t ing meeting i s  performed . 

The fol lowing dri ll ing check l i s t  i s  provided to assist the 
dri l l er and inspec tor in achieving the final s lope as des igned . 
E s tabl i s h  tha t : 

1 - Overburden is  s tripped from b edrock along the top o f  
the prespli t line . Insure that the bedrock surface i s  
no t overexcavated as in the c a s e  o f  weak shales . 

2 - The drill steel is  s traight and in satis fac tory 
c ondi tion . 

3 - The plumb line for orienting the dril l  st eel alignment 
is correc tly locat ed on a line parallel to the presp l i t  
line . ( Prebl a s t  meeting agreemen t . ) 

4 - The slope inclination t emp l a te is  the proper dimension 
and that a minimum two foot long carpenters level is 
a t t ached to the template . ( Preblast meeting agree 
ment . )  

5 - The dril lers a s s i s tant has achieved the proper drill 
s t eel al ignment as the dri l l  b i t  is collared by the 
b edrock surfac e .  ( Th e  alignment can only b e  assured at 
this time since once the dri l l  progre s s es into the rock 
i t  is literally on i t s  own . ) 

6 - The dri l l  hol e  is  o f  the p roper depth ( including sub 
dril l ing) for each hole . 

7 - The prespli t drill holes are located on three foot 
c en ters . 

8 -

9 -

The driller i s  using a carbide insert cro s s  b i t  rather 
than button b i t s  and a s o l i d  drill s teel rather than 
spiral drill s teel . The button bits and spiral drill 
s teel are not specifically b anned from use but are 
s trongly suspec t  to cau s e  wander in deep ( 3 0  feet plus ) 
dril l  holes . Drill s teel wander is  checked for on 
exposure of the test  s e c t ion fac e .  

The closest  row o f  production ( fragmentation ) holes to 
the presplit l ine is  drilled no closer than four feet 
to  and on the s ame angle as  the presp li t s lope holes . 

B .  B la s ting : The following check l i s t  i s  presented to enab l e  
the b l as ting inspector t o  determine that the initial t e s t  
s e c tion b l as t and a l l  future presp l i t  blasting operations are 
conduc t ed in a manner whereby the b e s t  possible rock slope 
alignment may be achieved . 
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The inspec tor shall check : 

1 -

2 -

3 -

The depth of each presplit ho l e  to insure thac no 
b lockages are pres ent prior to exp losive loading . I f  
expl o s ives are loaded fol lowing ho le check and the 
adj acent hole is b locked , you would be unable to bring 
in a dri l l  to clear the hol e . 

The presplit exp l o s ive weight to insure that it is not 
heavier than the speci fied maximum weight o f  0 . 35 
pounds per linear foo t .  I t  is  recommended that the 
inspec tor count the number s t icks o f  explosive , mul t i 
p ly by the standard l ength o f  each cartridge to ob tain 
the total cartridge l ength o f  the box and divide the 
box weight by the cartridge l ength . This  is a good 
way to check the manufacturers qual i ty control and to 
prevent manufacturers errors from the disrupting the 
proper construction o f  the presplit s lope . The explo
s ives is also very important for determining the 
maximum pounds o f  expl o s ives per delay period blasting 
c ap when blas ting vibration contro l i s  a cons ideration . 

To insure that the presp l i t  l ine is  loaded a minimum 
dis tance o f  nine feet in advance o f  the closest loaded 
p roduc tion ho le in the section . Thi s  insures that the 
greater quan tity or gas generated by the larger 
production exp l o s ives does no t fo llow an open j oint , 
f rac ture or bedding plane to a point behind the 
intended prespl i t  s lope and thereby disrupt the s l ope 
continuity . 

4 - To s e e  that the ear l i e s t  s equenced delay detonator 
i s  a f fixed to the prespl i t  trunk line detonating card . 
This w i l l  insure that the presp l i t  s lope is blas ted 
prior to any produc tion hole by a minimum of 25 mi l l i 
s ec onds . 

5 - For u s e  o f  free flowing expl o s ives (ANFO , Prills or 
Water gels ) in the produc tion blas ting operations and 
ins i s t  that none be used in any production holes 
l o cated within 20 feet o f  the presp l i t  s lope . 

6 - That the stemming material to b e  used is  a 1flA crushed 
s tone rather than c rushed gravel . Crushed gravel has 
rounded edges and shotguns out of the hole rather than 
l o c king together to keep the presp l i t  explo sive gas s e s  
i n  the hole t o  s p l i t  the b edro c k .  

C .  T e s t  S ec tion : The e s t ab l ishment o f  the t e s t  section is o f  
enormous value to the Engineering Geologi s t . 

1 - The t e s t  section exp o s e s  a l l  dis continui ties presen t  
i n  the bedrock .  S ince even the mo s t  advanced design 
exp loration me thods canno t reveal every feature 
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presen t ,  the test s e c t ion will enab le the Engineering 
Geo logi s t  to determine if the slope will  be stable as 
des i gned . I f  it is determined upon evaluation of test  
section that the slope is  uns t able , the Engineering 
Geologi s t  can change the s lope design to one which will 
be s tab l e . The contractor will  not be detained for 
more than a day and c an than proceed with the rock 
slope cons truc tion on the new slope inclination . 

2 - The t e s t  section examination will also reveal i f  the 
pres p l i t t ing explos ive is too heavy or too light as 
evidenced by the prespl i t  hole dri l l  butt trace which 
remains . 

3 - The dri l l  butt trac e also provides direct evidence 
if dri l l  attitude at the time o f  ini tial dri l l  s e t  up 
and any drill wander a s  i t  occurs from the top o f  the 
slope to the bo ttom . 

Direct measure at the top indicates i f  the ini t ial alignment 
was correc t .  D r i l l  butt traces which curve in parallel paths can 
be a ttributed to spiral dri ll s teel . Diverging or crossing drill 
butt traces c an b e  blamed on use of button b i t s  or initial 
improper dril l  alignment . D iving dri l l  steel which causes an 
over s teepened uns table rock s l op e  c an b e  related to alternat ing 
horizontal hard - s o ft: beds ( i . e .  Sandstone - Shale ) ; exces s ive 
down pres sure on the dri lls by the dri l l  head c auses dri ll s teel 
to knuckle downward in a hard b edrock medium and finally gravity 
c an b e  found to b e  the culprit in s o ft shales and s i l t s tones . A 
diving dri ll s t e e l  can be corrected by the dri l l e r  commencing the 
dri l l  at a flatter angle at the surface to ach i eve the proper 
s lope at the toe . 

Rarely does a drill kick out to cau s e  a flatter slope . I f  
thi s does occur , i t  i s  usually due t o  improper driller s e tup . 
Occasi onally a drill b i t  will intersect an open void whereby the 
dri l l  s trikes the bottom surfac e o f  the void on an acute angle 
which dip s toward the roadway . 

ROCK S LOPE STAB I L I ZATION 

We have a l l  s een signs along h ighways throughout the country 
which s tate " Caution Fal l ing Rock Zone " . Fall ing rock is 
b a s i c ally a s e a s onal phenomena . Rock which i s  cyclically moved 
toward a free f a c e  by fro s t  wedging , ice  buildup , heavy rain fall 
and snow mel t  o c curs usually in late autumn and early spring when 
i t s  center o f  grav i ty moves over the edge o f  its  adj acent prec i 
p i c e . This i s  only one smal l  inc ident which undoub tedly will 
m± s s  any auto on the roadway and i f  it does hit a vehicle , the 
operator treats i t  as an "Act o f  God" and complains to no one but 
h i s  insurance company . The fac t that there is a minimum o f  
compl aints regis t ered wi th highway agencies i s  why little i s  
done to  correct them . 
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A recent ( J anuary , 1 9 8 8 )  rock s l ide on the New York S ta t e  
Thruway a t  Elms ford resulted i n  the death o f  one woman and inj ury 
to ano ther . This event and the pub l i c i ty generated by the news 
medi a  p rompted p o l i tical pressure to be heaped on the New Yo rk 
S tate Thruway Au thority and the New York S ta t e  Department o f  
Transportation t o  delineate uns table rock slope p roblem areas and 
s tabi l i z e  them . 

The New York S tate Thruway Au tho rity budge ted $ 3 0  mil l ion 
for rock slope s t ab i lization operations to be conduc ted over the 
next s everal years . A great amount o f  this type o f  work has b e en 
comp l eted in the 20 month period s ince the acciden t .  

There are s ix maj or types o f  rock s lope failures and each has  
o c curred in New York S tate to  various degrees . The remainder o f  
this text wi l l  describe the failure typ e s , the occurrence 
location( s )  and the recommended remedial treatment which wi l l  
correct the s i tuat ion . 
1 - P l ane Failure : 

P lane failure o c curs when a geological dis cont inuity , such as 
a b edding or fol i a t ion plane s t rikes parallel to  the slope face 
and dip s into the excavation a t  an angle greater than the angle 
of  friction . 

A p lane failure on a bedding p l ane is  found along Route 5 2  
w e s t  o f  Ellenvi l l e  on Shawangunk Mountain i n  the Shawangunk 
quartz pebble conglomerates and metamorphic quartzite grit s .  
( S top 7 )  A pl ane fai lure on a foli ation p l ane in gneiss along 
Route 4 ,  between Fort Ann and Coms tock in Washington County . 

The mo s t  economi cal remedial treatment for s tabilization 
of this condition is  rock bolting . The mo st recent innovation in 
the rock bolting arena is  the introduction o f  a resin rock b o l t  
anchor system .  A ho le c apable o f  receiving a three quarter inch 
to one and one h a l f  inch diamet e r  grade 150 rein forcing s t e e l  
b o l t  threaded on one end is  dri l led to a depth three feet beyond 
the fai lure p l ane . 

Cartridges o f  a fas t s e t  ( three to "five minute set time ) 
are loaded in the bot tom o f  the hole followed by slower setting 
c ar tridge of resin ( 1 5  to 20 minute s e t  t ime ) . The bo l t  i s  
inserted and spun with an imp a c t  hammer t o  mix the two component 
res in c artridges for a ful l  minu t e  mix t ime . The pull tes ter i s  
then a t t ached t o  the rock bolt and after the fast  s e t  resin i s  
hardened , the b o l t  is  pretensioned to  the specified strain 
p r e s sure and maintained until comp l e tion of the s low set time o f  
hardening . The pull tes ter i s  then released and removed and 
appropr i a te p l ate , b eveled washer and nut are a t tached and snug 
tightened . The s train resis tance o f  the resin has not been 
determined to date . They have b een on the market for approx
imately ten years and no failures to  date have b een reported . I t  
i s  however the bes t anchorage in rock devised t o  date . An epoxy 
r e s in was tes ted previously but was found to be unable to main 
tain anchorage in wet holes . 
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The purpose o f  the rock bolt is  to increase the coeffic ient o f  

fri c tion along the shear plane thus preventing initial movement 
o f  the block to be retained . Should the block move , the b o l t s  
could n o t  hold i t  and would ei ther pull out or snap like too th
pi cks . 
2 - Wedge Failure : 

When two dis cont inui ties s t rike ob l i quely acro s s  the s l op e  
face and their line o f  inters e c t i on daylights in the slope face , 
the wedge o f  rock re s ting on these discontinuities will s l ide 
down the line of intersec tion , provided that the l ine of inter 
s e c tion o f  this l ine i s  sign i f i c an tly greater than the angle o f  
friction . 

A maj o r  wedge failure on Inters t a te Route 84 near the top o f  
Hosner Mountain in southeastern Dutche s s  County on April 15 , 1 9 8 2  
c l osed the three eas tbound lanes o f  the highway . An es timated 
2 , 5 0 0  cub i c  yards of rock was subs equent ly removed . The cleanup 
was comp l e ted by the S tate and two contractors in a three week 
t ime period . I t  was determined that the sl ide was caused by 
heavy rain fall during the week prior to the s l ide . The rain 
decreased the coe fficient of fric tion on the s l ide plane and 
c reated excessively high hydro s t a t i c  pres sures which triggered 
the fai lure . ( S top 6 )  
3 - Circular Fai lure : 

When the material is  very weak , a s  in a soil s lope , or  where 
the rock mas s is very heavily j o inted or b roken as in a rock 
f i l l , the failure will no t be de fined by a single discontinu i ty 
surface but wil l  tend to follow a c i rcular failure p ath . 

Ci rcular failures are found in the c l ays o f  Troy and Central 
Albany County ; in the talus slopes in the high peaks region o f  
the Adirondack Mountains and in the diorite talus along the we s t  
s ide o f  Route 9W in Haverstraw , Roc kl and County . 

Circular s o i l  failures are o ften b a l anced with a counter 
weight berm and s o i l  anchors and weep drains to move the water 
away from the fai lure plane . Talus fai lures are counterac ted 
with retaining wal ls . 

Circular failure in a deeply weathered gneis s  wi ll be seen a t  
We s t  Point at  the intersec tion o f  Route 9 W  and 218 . ( S top 2 )  At 
the We s t  Point fai lure are a ,  a gab ion c atch wal l  constructed 
along the front edge o f  a bench i s  used to catch rather than 
correct the probl em .  
4 - Critical S l ope Height versus S lo�e Angle Rel ationship : 
A high s t eep s lope i s  certainly muc more uns t able than a low 
f l a t  s lope . The factor of hydro s t a t i c  pres sure and frost  wedging 
created when rain fall lands on the high s teep slopes cau s e s  
maj o r  rock fall s  and s l ides t o  b e  ini t i a ted.  The deep tens ion 
j oints created by s tress release following Pleis tocene gl acial 
retreat left maj o r  rep o s i tories for water bui ldup and resulting 
hydrostatic and fro s t  wedging to  move enormous b locks of rock 
from the top of the high s teep rock fac e s . 
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A maj or examp l e  of  this  condition may b e  found along Rouce 2 1 8  
- O l d  S torm King Highway i n  eastern Orange County between \ves t  
Point and Cornwal l  along the wes t  bank o f  the Hudson Rive r .  Trim 
b l as ting at the top o f  s lope and rock b o l ts have been used in an 
a t t empt to reduce the maj or falls but small spalls o f  rock from 
the face nearly covered the hi ghway when it was c losed for the 
l imi ted rock s lope remedial treatment .  Roc k  falls of such 
enormous magni tude loca ted as far as 1 0 0 0  l inear feet wes t  of  
Route 218 fall  from the top s o f  cli f f s  over five hundred feet in 
he ight into a huge talus pile . Desk s i z ed talus spl ash material 
has reached Route 218 . No treatment or c atch scheme is avai lab le 
to deal with thi s  s i tuation . 
5 - Toppling Failure : 

A toppl ing failure occurs when a b l o c k  of  rock which is  higher 
than it is wide is posi tioned on a slope which is intersec ted by 
one or more j oint p l anes which dip s teeply into the slope of the 
rock face . The coeffic ient of  fri c t ion i s  approaching zero along 
i t s  b a s e . lvater penetrating the s teeply dipping j o int plane will 
e a s ily dis lodge the block and c ause i t  to topple . Normally the 
j oint p l ane i s  located in a rel atively parallel plane with a 
whole family o f  j oints . Once the initial block topples , a domino 
e ffec t i s  e s t ab l i shed . 

A toppling fai lure condition is  to b e  found along Route 97 a t  
Sparrow Bush i n  southwes tern Orange County . 

Rock bolting o f  subs tantial l ength i s  recommended to increase 
the width of the base of  the block to exc eed the toppl ing moment .  
B o l t  l engths would increase proportionately with the block 
height . 
6 - Ravelling S l opes : 

Smal l  spalls  o f  rock which are found a t  the base of  all rock 
s lopes are c aused by two prime factors , cyc l i c a l  wetting and 
drying and/or freezing and thawing and deterioration of the 
c ement matrix due to weathering proces s e s . 

Thi s  i s  no t a maj or problem for highway slopes as it  rarely 
c au s e s  more damage than a sma l l  dent or scratches in vehi c l e s . 
Vehicles grind them to powder and snow plows sweep them off the 
h ighway into the ditch . Larger sized spall s  o f  the size o f  
b aseballs to b as ke tbal ls  may b e  restrained and prevented from 
reaching the h ighway by a wire mesh s creen draped over the s lope . 
The screen i s  s t rung from cables attached to rock bolts . This 
method of corre c t ion has b een app lied by the New York State 
Thruway Authority at several s i tes located between Newburgh and 
Albany . The firs t applic ation o f  the wire mesh draped over the 
s lope was used on Route 52 east o f  E l lenville in Uls ter County in 
1 9 7 5 . ( S top 8 )  

S everal type s  o f  rock c atch methods have been utilized to 
contain or deflect  problem rock falls  wi thout correcting i t .  The 
mos t  common me thods are a collec tion di tch at the toe of s lope , 
rock c atch fences and doubl e  corrugated b e am guide rail ing . 
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ROAD LOG FOR ROCK- S LOPE STAB ILITY :  
DES I GN , CONSTRUCTION , AND REMED IAL TREATMENT 

TRIP A-7  

Left onto Benn e t t  S treet from 
OCCC parking l o t . 
Right at  s top s ign onto Route 
1 7 M  eas t .  
Right onto ramp for Route 
I - 84 eas t .  
T ake Exi t  4 E  t o  Route 1 7  eas t .  
Take Exi t  1 3 1  to Routes 6 ,  1 7  
and 3 2 .  
Turn right at  l igh t at  end 
o f  ramp . 
Turn l e ft a t  f i r s t  l igh t onto 
Rout e  6 eas t . 
Enter first p arking area on l e f t . 

Cumu l a t ive 
Hileage 

0 . 0  

0 . 2  

1 . 9  
5 . 5  

22 . 8  

23 . 1  

23 . 3  
25 . 2  

Miles From 
Las t Point 

0 . 2  

1 . 7  
3 . 6  

17 . 5  

0 . 3  

0 . 2  
1 . 9  

1 
j 



_I - ' 

_L ���· ��}M- , .· .; L-, ·, . .  

: . - :=;;;;,, 

i i I 'jl _ 1Mc;:u; 1!1.: �:.\.�·� o !  ( l�f).7f:7:1"··11/"·il�.._"··� I ! 

"" 
<D 
--J 



Location Marker 
STOP 1 :  S lope has two ( 2 )  

lifts . A few bolts 6 
are in the top lift 8301 
across from the wes t 2 3 6 2  
end of the parking 
area . There are more 
bolts near the location 
marker .  

Leave parking area and cont inue 
eas t on Route 6 .  
Bear left on Route 2 9 2  north . 
Bear right onto Route 9W south . 
Park on shoulder j u s t  past exit 
for for Route 218 . 
Walk back to the exi t  ramp . 

2 5 . 3  
2 6 . 4  
33 . 3  

34 . 5  

Location Marker 
STOP 2 :  S lope has two ( 2 )  

lift s . A gab ion 
wal l  is ins talled 
on the bench . There 
are numerous bolts 
in the upper face . 
A large dike cuts 
through the center 
of the fac e .  

Continue south on Route 9W to 
traffic circle . 
Take third exi t  off circle to 
Route 6 east ( Bear M t . Bridge ) .  
Pay Bridge Tol l . 
Turn right at eas t end of Bridge 
to s tay on Route 6 east 
Pull into parking area on right . 
Walk back toward Bridge . 

9W 
8302 
1 047 

3 8 . 9  

3 9 . 0  
3 9 . 1  

3 9 . 6  
40 . 4  

Location Marker 
STOP 3 :  There are several 

areas b e tween the 
the parking area 
and the Bridge 
which have roc k  
catchment fenc es , 
rock bolts and/or 
buttre s s e s . 

Continue eas t on Route 6 to 
traffic c ircl e .  
Take first exi t  off circle 
towards Routes 6 eas t ,  9 south 
& 202 south . 

6 
8703 
1 0 0 9  

43 . 2  

0 . 1  
1 . 1  
6 . 9  

1 . 2  

4 . 4  

0 . 1  
0 . 1  

0 . 5  
0 . 8  

2 . 8  

. l j 
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Turn right at end o f  b ridge onto 
Route 9 south toward Peekski l l . 43 . 4  
Continue south on Route 9 to exi t  
for Routes 9A & 129 to Croton-on-
Hudson . 51 . 0  
Turn l e f t  at bot tom of  ramp onto 
Route 9A south . 51 . 2  
Turn l e f t  at second ( 2nd ) light 
onto Route 129 eas t . 51 . 4  
Intersec tion of  Route 129 and 
Old Pos t Road . 51 . 8  
Downtown Croton-on-Hudson on l e f t . 
( P i t  S top ? )  
Continue e a s t  on Route 129  and 
p ark a t  entrance to Croton Gorge 
P ark . 5 3 . 5  
Wal k  e a s t  on Route 129  to work 
zone on wes tbound s ide o f  road . 

Loca tion Marker 
STOP 4 :  Rock S lope 

S tabi l i z a tion 
Proj ec t . S lope is 
being trimmed to an 
inclina t i on of 1 
vertical on 1 
horizon ta l . 

Continue east on Route 129 . 
Cro s s  new b ridge over New Cro ton 
Reservo i r .  
Turn l e f t  a t  s ign for Taconic 
S ta t e  P arkway ( T . S . P . ) ( Underh i l l  
Ave . ) .  
Go under T . S . P .  and turn l e ft 
onto ramp for T . S . P .  Northbound . 
Turn right onto Bryant Pond Road . 
Take firs t l e ft onto Wood S treet . 
Bear l e f t  a t  Bul l e thol e  Road 
s i gn .  
S top a t  road work s ign j u s t  
b e fore T . S . P .  
Walk north on T . S . P .  b ehind 
j er s ey b arriers to work zone . 

129 
8701 
1022 

5 5 . 2  

5 6 . 8  

57 . 7  
6 6 . 8  
67 . 0  

6 8 . 3  

6 8 . 5  

Loca tion Marker 
STOP 5 :  Shoulder i s  b e ing 

widened and rock 
s lope i s  b e ing 
trimmed to an 
inclination o f  
2 verti c a l  on 
1 horizon t a l . 

TSP 
8402 
1045 

0 . 2  

7 . 6  

0 . 2  

0 . 2  

0 . 4  

1 . 7  

1 . 7  

1 . 6  

0 . 9  
9 . 1  
0 . 2  

1 . 3  

0 . 2  
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Continue north on T . S . P .  Turn 
right onto ramp for Route 
I - 84 eas t .  
Go east on Route l - 84 to Exit 17 
( Ludingtonvil le ) . 
Turn l e f t  at end o f  exi t  ramp . 
Go under I - 84 and turn left onto 
ramp for I - 84 we s t . 
Go wes t  on l - 84 to first rest 
area . 
Walk east on I - 84 to rock cut . 

81 . 1  

87 . 2  
87 . 5  

87 . 6  

9 0 . 9  

Location Marker 
STOP 6 :  Vertical s lopes on 

both s ides o f  
highway and in 
median . Mas s ive 
wedge failure scar 
on south s lope . ( Fig . 

Leave res t  area and continue 
wes t  on I - 84 .  
Cross Hudson River and continue 
we s t  on I - 84 to Exi t  8 
( Route 5 2 ) .  
Turn right at end o f  exit ramp 
onto Route 5 2  wes t .  
Turn l e ft at l ight in Walden to 
s tay on 5 2  wes t . 
Park on wide shoulder on east
bound s i de of 52 . 
Walk down hill  along Route 52 . 

2 )  . 

841 
8202 
1154 

9 1 . 3  

1 0 9 . 2  

109 . 3  

1 1 8 . 1  

Loc at ion Marker 

STOP 7 :  Several areas 
showing thick 
mylonite zones , 
rock bol ts & 
wedge failures . 
Catchment mesh 
at mile 134 . 9  

Continue wes t  on Route 52 
Turn l e ft onto Route 209 south 
in E l l envil l e . 
Turn l e f t  onto ramp to Route 1 7  
eas t .  
P ark on shoulder a t  top of  
moun tain . 

52 
8 60 2  
1127 

134 . 9  

137 . 3  

1 5 0 . 8  

1 52 . 8  

12 . 6  

6 . 1  
0 . 3  

0 . 1  

3 . 3  

0 . 4  

17 . 9  

0 . 1  

8 . 8  

1 6 . 8  

2 . 4  

13 . 5  

2 . 0  
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STOP 8 :  Rock slopes on both sides of  

highway . There is  a wide 
bench on the south s ide with 
a guard rail ins talled at the 
edge to act as a c a t chment . 

Continue east  on Route 17 to Exi t  
l l 8A ( Route . l7M - Fair Oaks ) .  
Turn l e f t  a t  end o f  ramp onto 
Route 17M E as t .  
Turn right on Wickham Ave . in 
Middle town to s tay on 17M Eas t 
( Route 211 Wes t ) . 
Turn l e f t  on Monhagen Ave .  to 
s t ay on 1 7M E a s t  ( 21 1  Wes t  turns 
right ) .  
Turn right on Academy S t .  to 
s t ay on 1 7M E as t .  
Route 17M E a s t  bears right onto 
Dol son Ave .  
Turn right on Benne t t  S t .  
Turn right into O . C . C . C .  
parking l o t . TOTAL 

159 . 5  

159 . 6  

1 63 . 6  

1 64 . 4  

165 . 2  

165 . 4  
1 65 . 6  

1 65 . 8  

6 . 7  

0 . 1  

4 . 0  

0 . 8  

0 . 8  

0 . 2  
0 . 2  

0 . 2  
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