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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  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 . 




