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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 

i --; l 



i ,�1 

-I 
.. r 

< J 

J ,, 
1 

1 
,, 

l 

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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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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F:i.aure 4. FACIES RELATIONSHIPS WITHIN THE 'NED MOUNTAIN FORMATION" 
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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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The 
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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