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Figure 14. Hornfels zone below Palisade Sill, STOP 1. 

A. Sketch of excavation on River Road showing 3 Lockatong 
chemical cycles and overlying Stockton arkose. Looking 
northwestward. 

B. Composite section from River Road to base of sill above 
Gorge Road. Tongue of Stockton arkose in succession of 
Lockatong cycles. 

C. Model of hornfelsed Lockatong chemical cycle in River 
Road excavation. 
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The following additional accessory minerals have been found in 
this hornfels facies (Lewis, 1908, p. 136-147): pale green 
augite, apatite, cordierite, epidote, hornblende, sillimanite, 
scapolite, dark-green spinel, sphere, tourmaline, and 
vesuvianite. 

The variations in mineral assemblages found here and in the Granton 
Quarry (STOP 8) resulted largely from differences in composition and 
amount of water present, and not from major differences in tempera
ture and pressure. 

Continue north on River Road. 

Large xenolith (15 feet by 30 feet) of Lockatong hornfels about 15 to 20 
feet above base of sill, exposed behind Virginia Lee Lace Co. Baking 
produced coarse-grained biotite-plagioclase hornfels with chlorite, pale 
green and colorless pyroxenes, and more coarsely crystalline stringers 
of chlorite, biotite, calcite, diopside, albite and very pale green 
muscovite. 

Railroad overpass. Sill exposed on left (west), hornfels in cut to east 
(right). 

Lockatong hornfels below sill behind Edgewater Welding Co. 

stockton arkose and Lockatong hornfels behind Edgewater sewage 
treatment plant. 

Continue north past traffic light at Russell Avenue. 

Turn left (west) up Dempsey Avenue to Undercliff Avenue at top of 
hill. Turn right (north) 

STOP 2. Palisade Sill and Lockatong Hornfels along abandoned 
trolley route. Time here: 1 hour. Park on east side of Undercliff 
Avenue, opposite small park with 3 benches. 

Traverse through Palisade tholeiitic diabase sill (Figure 15 A, B, C) -
up (southwest) an abandoned trolley route along a brook, behind houses: 

Lockatong Hornfels below sill, as at STOP 1. 

Irregular cross-cutting contact (Figure 16A). 

Xenolith 2 feet thick, 15 feet above base of sill; unusually coarse
grained biotite-plagioclase hornfel s. 

Olivine diabase, generally about 15 feet thick, 50 feet above the 
base at switch-back on trolley route. Dr. S. Bhattacharji will 
discuss its origin. 

Normal diabase throughout the middle of the sill. 
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Upper coarse diabase with pegmatitic schlieren. 

Upper chilled border. 

Hypotheses proposed to explain differentiation of the diabase sill and 
to account for the layer of olivine diabase are: 

1. Gravitational settling of early-formed olivine and later 
pyroxene crystals (F. Walker, 1940). Although widely cited 
as such, the Palisade Sill probably is not a good example of 
gravitational differentiation. -

2. Fractional crystallization (Figure VH 2, C) by ionic 
diffusion and convection circulation of magma, supplemented 
by minor gravitational settling of large olivine crystals (Hess, 
1956, p. 1960). 

3. Fractional crystallization, with late-stage injection of a 
new pulse of magma into the partially crystallized mush. Large 
olivine cry stals concentrated by gravitational settling (K. R. Walker, 
1962; 1967 in press). 

4. Mechanical or hydrodynamic flow differentiation, with central 
concentration of early-formed olivine crystals during intrusion of 
the magma. Crystal mush then settled as a result of fluctuation 
of velocity and pressure (S. Bhattacharji, 1967). 

Proceed north on Undercliff Avenue to next corner. Turn right on 
Hudson Avenue, to bottom of hill (River Rd.). Turn left (north) on 
River Road. 

Bear left on NY 5W which leads to top of sill. 

Olivine zone halfway up cliff on left. 

Olivine zone is at road level. 

Palisades Amusement Park on left at top of sill. 

Intersection of NY 5W and 67. Turn right (north) on NY 67 
(Palisades Avenue). 

Outcrop of sill on right. 

Horizon Towers apartment complex on right. 

Cross Main street on Fort Lee. 

Sign to George Washington Bridge. Use lane farthest LEFT. A 
phytosaur, Clepsysaurus (Rutiodon) was found in the stockton arkose 
below the bridge. 
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Figure 15. Vertical section of Palisade Sill. 

A. Composite profile from "trolley route" (STOP 2) to Granton 
Quarry (STOP 8). 

a. Lockatong hornfels and Stockton arkose, as at STOP 1. 
b. Chilled border of sill with white veins and xenoliths. 
See Figure 16A. 
c. Olivine diabase 3 to 20 feet thick. 
d. Normal diabase, coarser and more acidic toward the top. 
e. Coarse diabase with pegmatitic schlieren. 
f. Chilled border with white veins, xenoliths rare. 
g. Lockatong hornfels and Stockton arkose. See Figure 16B. 

B. Percentage by weight of olivine, plagioclase and pyroxene 
(Walker, 1940). 

C. Model of crystallization sequence (Jacobsen, 1949). 
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Figure 16. Lockatong hornfels at STOPS 2 and 8. 

A. Sketch of contact zone at base of Palisade Sill, STOP 2, 
showing irregular contact and tongue of arkose. Uppermost 
Lockatong hornfels: 1. Abundant plagioclase and biotite, 
minor orthoclase, scapolite, muscovite and diopside, trace 
of chlorite. 2. Abundant scapolite and chlorite, minor analcine, 
trace of plagioclase and magnetite. 3. A 2-foot thick xenolith 
15 feet above base of the sill: very coarse-grained plagioclase and 
biotite, minor very pale green and colorless pyroxenes, and trace 
of chlorite. 

B. Sketch of north end of Granton Quarry, North Bergen, New 
Jersey, STOP 8. Five complete hornfelsed detrital cycles and 
xenoliths in wall of upper level and 2 complete cycles along wall 
of lower level lie above the Palisade Sill and below a subsidiary 
s ill. See Figure 15. 
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Turn left onto access road at sign to US 9W. 

Outcrops of sill on both sides of road. 

Turn right onto US 9W North. 

Cross Palisades Interstate Parkway access road. 

. Outcrop of sill. 

Prentice-Hall Book Company on right. 

Outcrop of sill on left. 

Cross NJ 505. 

REST STOP. 15 minutes. 

Outcrop of sill on right. Lipton Company on left. 

Outcrop of sill on left. 

Traffic light, road to Tenafly. Continue north on US 9W. 

Glacially polished diabase on right. 

Cross NJ 502 at Closter. 

Jointed diabase on both sides of road. 

Service road to Palisades Interstate Parkway North. 

Service road to Palisades Interstate Parkway South. 

Glaciated diabase on right. 

Palisades Interstate Parkway access road. 

Underpass 

Entrance to Palisades Interstate Parkway North on left. 

Cross road to Lamont Geological Observatory of Columbia University. 

New Jersey-New York and Bergen CotU1ty-Rockland County boundaries. 

Cross Oak Tree Road. 
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Along Hudson River at Sneden's Landing approximately 45 feet of light 
gray thick-bedded and locally cross-bedded stockton arkose is inter
bedded with reddish-brown to pale lavender baked mudstone. Dispersal 
was to the northwest (Figure 11). Locally dikes of arkose have been 
injected into the mudstone. The arkose contains angular pebbles of 
quartz and pink feldspar as much as an inch in diameter; in contrast 
to sandstone found north of Piermont (and higher in the stratigraphic 
sequence) zircon, rutile and anthigenic anatase are abundant, tourma
line and garnet are rare, and metamorphic rock fragments are absent 
(Savage, 1967). 

Outcrops of diabase at entrance to Tallman's state Park. Olivine zone. 

Continue north on US 9W, across NY 340. 

Sparkill Gap. Sparkill (formerly Overpeck) Creek in the gorge is the 
only stream that flows eastward across the Palisade Sill into the 
Hudson River. Presumably it flows along a cross-fault (such as seen 
at Lincoln Tunnel plaza) that has offset the sill more than 900 feet 
westward on the north side. 

According to Johnson (1931) the Hudson River originally flowed south
westWard on the Schooley erosion surface above the position of the sill, 
was superposed on it and cut a water gap (Figure 17). Later a sub
sequent stream flowing on relatively non-resistant rocks east of the 
sill captured the ancient Hudson drainage by headward erosion. Over
peck Creek then reversed the original drainage direction. This e).'Pla
nation does not account for the coincidence of the gap and a cross-fault 
(see Thornbury, 1954, p. 234-240, for discussion of the problem). 

Between Piermont and Nyack Beach state Park (STOP 3), there are 
many outcrops and abandoned quarries of "brownstone" which was used 
extensively for building-stone more than 50 years ago. Most of the 
rock is a dark brown to reddish brown well-sorted medium to fine
grained arkose, commonly interbedded with reddish brown mudstone. 
Some of the lighter colored arkose is coarser grained, but conglomerate 
is rare. Presumably these deposits are a gradational sequence be
tween the uppermost part of the stockton Formation and the lower part 
of the Brunswick Formation, and differ in heavy mineral content, 
sedimentary-metamorphic rock content and dispersal direction from 
those in the upper part of the stockton Formation to the south (Savage, 
1967, po 34). 

Glacial till overlying diabase on right. 

More till on diabase on right. 

Outcrop of diabase on left. 
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Town of Nyack road sign. Bear right onto Broadway (downhill). 
View of south end of Verdreitege Hook (Hook Mountain) portion 
of Palisade Sill above Nyack Beach State Park. 

Overpass 

Stop sign. Continue on Broadway (middle road). 

Large glacial erratic on right, on lawn of library built of "fieldstone. " 

Upper Nyack School on left. 

South end of Verdreitege Hook with spectacular talus slope. 
5 minute stop for photographs. 

North of Nyack the Palisades are as much as a mile west of the Hudson 
River because the sill intruded a higher part of the west-dipping Newark 
sequence. Then it swings back to the river at Nyack Beach State Park, 
cutting across somewhat lower Newark strata (Figure 3). At its north 
end the intrusion is a dike that intrudes successively higher Brunswick 
beds (Figure 2) and turns sharply to the west almost perpendicular to strike; 
at its western end it completes a sickle-shaped arc. Diamond-drilling in 
a quarry at Little Tor near Haverstraw shows that the intrusion dips 
about 45 0 SW (Lowe, 1959). 

A distinct olivine-rich zone is absent at the northern end of the 
Palisade intrusion as it is at its southwestern end in west-central 
New Jersey. 

Nyack Beach State Park. Take road to right down steep hill. Park 
buildings of typical reddish-brown arkose. Outcrop at base of hill, 
near entrance to Men's comfort station, consists of cross-bedded 
reddish-brown mudstone interbedded with micaceous reddish-brown 
sandstone and greenish-gray arkose. 

STOP 3. Nyack Beach State Park. Lower Brunswick deposits. 
Time here: 1 hr. 45 min. 

LUNCH will be served after a 1 and 1/3 mile walk to outcrops in the 
lower part of the Brunswick Formation. 

The Park authorities have made this convenient stop available to us. 
Do not disturb the foliage or the crops. Please collect specimens 
only in those areas where there has been recent blasting of ledges. 

Watch out for copperhead snakes, yellow-jacket wasps, poison ivy 
and poison sumac. 
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Traverse along footpath leading north from north end of parking area. 
Distances noted below were measured from beginning of the path. 

200': 15 to 20 feet of yellowish-gray arkose crop out 40 inches above 
the path. 

895-950': Picnic tables; old quarry in reddish-brown mudstone and 
yellowish-gray arkose. 

1450-1570' : Outcrop exhibiting rapid facies changes, especially at 
north and south ends: 

7': Massive reddish-brown mudstone; cross-bedded; marked 
channelling. 

8': Reddish-brown shale. 

13' : Micaceous reddish-brown siltstone and shale; cross-bedded. 
Scattered pebbles of quartzite and quartz, and pieces of shales. 

8': Reddish-brown shale. 

2' 0 Massive reddish-brown mudstone. 

Path level 

1570-2215': Much talus. 

2215-3745': More talus; columnar joints in diabase. Note sinuous 
joint surfaces. Pass fireplaces" 

3745-3925': Tree-clad slope. 

4040-4405': Outcrop near open stone shelter: 

10': Massive light gray arkose, locally cross-bedded. 

2': Reddish-brown mudstone. 

4': Thin-bedded, pale reddish-brown arkose, interbedded brown 
mudstone. 

8': Massive, tough light-gray arkose, rare cross-bedding and 
coarse layers with pebbles of angular quartz as much as 2 1/2 
inches in diameter, pieces of feldspar as much as 1 inch long and 
intraformational mudstone clasts. 

Path level. 

Continue along winding path. Diabase above is conspicuously jointed. 
Sing-Sing prison across ri.ver to east. 
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5571-6039': At south end diabase is at path level. Rises to north to 
reveal contact with arkose which has not been metamorphosed more 
than a few feet from the sill. Beware of yellow jacket nests in brush 
near this contact. 

6039-6080': CoveL Beyond retaining wall 10 feet of cross-bedded 
light-gray arkose overlies reddish-brown mudstone. 

6230-6420': Cover. 

6445-6465 r: Arkose with rare gray limestone and quartz clasts to 
1 inch in diameter; pink feldspar to 2 inches in diameter, and rare 
pebbles of pegmatite. 

6570 1 : Arkose in large block is cross-bedded, contains clasts of 
quartz, red sandstone, pink feldspar, shale, mica schist, and 
relatively abw1dant almandine garnet. 

6575': Excellent outcrop extends northward for about 1000 feet. 
Exhibits rapid facies changes and variety of sedimentary features 
characteristic of fluvial sedimentation (Figure 18A). N62W, 130 W. 

5 r: Yellowish-gray arkose with large scale cham1eling and 
cross-bedding. 

6 r : .Interbedded yellowish-gray arkose and reddish-brown 
mudstone. Unit pinches out to north. 

11': Reddish-brown to lavender mudstone with irregular upper 
contact. Cross-bedding, with scour and fill, burrowing, mud
cracks, and ripplemarks (2 inch crests, N68W), as well as load 
and flute casts. Interbedded with layers of medium to coarse
grained micaceous reddish-brown arkose grading (FiglU'e 18A) 
into lensing buff and lavender arkose with pebbles of limestone 
and feldspar. The lower part of the mudstone also contains 
pebbles of quartzite, quartz and feldspar. About 5 feet above 
the base at the south end of the outcrop a greenish-gray layer 
consists largely of rounded grains of silty mudstone. Some 
may be Paleozoic lithic grains, but many with concentric 
structure, elongate shape and calcite cores apparently are 
intraformational mud pellets. 

6580': Very coarse arkose with angular quartz as much as 1 inch in 
diameter, pieces of shale parallel to bedding, and clasts of limestone 
and feldspar, interfingers with reddish-brown mudstone. 

6665': WeB-developed tabular cross-bedding, rare in Newark rocks 
in Rockland County. 
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B. DETAIL OF ARKOBRCHANNELED ON BOTH SIDES. REDDISH-BROWN MUDSTONE AT NORTH 
END OF ARKOSE WAS PROBABLY INJECTED DURING BURIAL. (STOP 3) 



Figure 19 

A. YELLOWISH GRAY ARKOSE OVERLYING REDDISH BROWN SnALY SILTY MUDSTONE. NOTE 
RARE UUlGE SCALE CROSS-BEDS IN ARKOSE WITH CURVED BASAL CONTACTS. SKETCHED 
FROM A PHOTOGRAPH. (NYACK BEACH STATE PARK STOP 3) 

B. TRANSITIONAL ARKOSE-SHALY, SILTY MUDSTONE UNIT OVERLYING REDDISH BROWN 
MUDSTONE INTERBEDDED WITH REDDISH BROWN SILTY SANDSTONE WITH MARKED CROSS
BEDDING AND SCOUR AND FILL. LOOKING WEST. SKETCHED FROM A PHOTOGRAPH. 
(NYACK BEACH STATE PARK STOP 3) 
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6755': Upper contact of lower reddish-brown mudstone unit is about 
5 feet above the path. 

6755-6770': Arkose scoured by channels. Reddish-brown mudstone 
dikes at north end probably was injected during burial (Figure 18B). 

6775': 5': Massive yellowish-gray arkose. 
5': Interbedded reddish-brown mudstone and tan arkose. 

11': Reddish-brown mudstone. 

Path level. 

Northward the top of the extensively burrowed lower unit is 8 feet 
above the path and is overlain by mottled arkose 11 feet thick which 
in turn is overlain by 4 feet of yellowish-gray arkose with large scale 
cross-bedding (Figure 19A). 

6930': Slumped mudstone 3 feet above path. 

6980-7015': Six inch layers of reddish-brown mudstone interbedded 
with reddish-brown silty sandstone a few inches thick with marked 
cross-bedding and scour and fill (Figure 19B). 

7185': Well-developed cross-bedding in yellowish-gray arkose. 
Return to Park. LUNCH will be served at tables south of the parking 
area. Time here: 30 minutes. 

Leave Nyack Park, onto Broadway. 

Turn right onto Birchwood Avenue; offset to left at 30.3. 

Turn north (right) onto US 9W North at Rockland Lumber Mart. 

Thermally metamorphosed yellowish-gray arkose and reddish-brown 
mudstone (as seen at STOP 3) in excavation on left. 

Beginning of roadcut through Verdreitege Hook to inner side of the 
"sickle" (Figure 1). 

Rockland Lake Landing Road. Gaps to east (right) and northeast 
(ahead) across Palisades may be controlled by faults (Thompson, 
1959) or are former superposed stream valleys (Kummel, 1898, 
p.24). 

Continue on US 9W North. Erratics on shore of Rockland Lake. 

Cross road to Congers at traffic light. 

Gneiss and diabase erratics in till on right. Some are more than 
6 feet long. 

Excavation in till. 
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Cross NY 303. 

JlUlction with NY 304. 

C'(' o .J 

Unusually well-developed polygonal jointing in diabase at right, and in 
New York Trap Rock Quarry at Little Tor above road to left. North 
side of "sickle. " 

Talus slope up hill on left. 

Arkose above tough reddish-brown mudstone on left, on northern and 
outer side of the "sickle. " 

Talus with very steep angle of repose. 

Scarp has receded to the west. 

Continue on US 9W North across New Main street (to Haverstraw}o 

Turn left onto US 202 West. Road follows the north rim of High Tor 
and progressively crosses younger strata to the west. 

West Haverstraw road sign. Ramapo MOlUltains visible to the west. 

Glacial erratics common. 

Deposit of meltwater delta (?) on right; in lowland between sill (left) 
and Ramapo MOlUltains (right). 

Cross NY 45 South. 

Cross NJ and NY Railroad tracks. 

Cross Palisades Interstate Parkway access road. Mt. Ivy Sand and 
Gravel Company quarry in Mt. Ivy meltwater delta dispersed to the 
south or southwesL About 5 feet of steeply dipping, light tan fore set 
beds above 8 to 10 feet of horizontal dark brown and reddish-brown to 
dark gray beds, and overlain by very poorly-sorted glacial (?) deposits. 

Intersection with east end of old NY 202. 

Cross Camp Hill Road. 

Ramapo MOlUltains rise to west. 

Cross NY 3060 

Cross west end of old NY 202. 

Outcrop of Ladentown diabase. 
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The Ladentown diabase extends for about 2 miles along the road, forming 
a series of low hills. It is crossed by several streams and is locally 
covered by glacial drift. The rock varies from fine-grained diabase 
to medium-grained vesicular basalt with intersertal texture, and struc
tures like pahoehoe have been reported. 

This igneous mass may connect with the Palisade diabase across the 
2-mile drift-covered stretch to Mt. Ivy (Kvmmel, 1898, p. 41). The 
flow-like features of the Ladentown sheet and its position high in the 
stratigraphic sequence suggest that here the northwest end of the 
Palisade intrusion may have reached the surface. 

steep hill of diabase on left (east). 

Jointed diabase on left. 

Closely-spaced, curved joints in diabase on lift differ markedly from 
the large-scale vertical jointing in the sill along the Hudson River. 

Crossing north end of Wilder Road. 

East-dipping poorly-sorted conglomerate with clasts of Paleozoic 
rocks. In lower part some clasts are 1 to 2 feet in diameter. 

Limestone conglomerate underlying hill. 

Hill steepens on left. Ladentown diabase. 

Turn east (left) onto Limekiln Road. 

HiH of Ladentown diabase and outcrop at road level on left (north). Fine
grained vesicular diabase with intersertal texture, but without flow 
texture in specimen examined. Interstices filled with very dark 
devitrified glass; scattered patches of iddingsite, amygdules of 
wordenite with a slender vein of quartz in some. 

Intersection of Wilder Road and Limekiln Road. One of several 
abandoned quarries in linestone conglomerate on farm on southeast 
corner of intersection. Exposure of conglomerate on glaciated surface 
between old barn and house, just west of the private driveway. 

STOP 4. Limekiln Road. Border Conglomerate in Upper Brunswick 
Formation. Time here: 20 minutes. This spectacular border conglom
erate consists of rounded clasts as much as 4 feet in diameter in 
gravelly reddish-brown sandstone. Most of the clasts are gray cherty 
limestone, formerly quarried for burnt lime. Clasts of quartzite and 
sandstone are also present. The conglomerate is remarkably closely 
packed with little matrix. Conglomerate in this area east of the Ladentown 
diabase dips about 50 west (Klimmel, 1898, p. 40). See Figure 20 A, B. 
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Sections showing the supposed relations of the Ladentowll trap to the adjoining 

conglomerate. 

FIGURE 20 (FRaN KUMr'!EL 189b) 
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This fanglomerate facies occurs at several places along the western 
boundary of the Triassic basin and is well-known as the "Potomac 
Marble" from Point of Rocks, Maryland. 

Return to US 202 on Limekiln Road (travel west). 

Turn left onto US 202. Proceed southward. Ramapo Mountains to 
the west. The road parallels the Mahwah River which flows along 
the fault zone at the western border of the Triassic basin. 

Intersection with old US 202. Outcrops of limestone conglomerate on 
both sides of the road. 

STOP 5. Old US 202. Border Conglomerate in 'uppermost Brunswick 
Formation. Time here: 30 minutes. 

The section exposed along the west side consists of about 10 feet of 
boulder conglomerate interbedded with, and overlain by reddish-brown 
gravelly sandstone. The clasts consist largely of a variety of Paleozoic 
limestones, together with red sandstone and Green Pond (Silurian) 
conglomerate and quartzite. 

On the east side of US 202 the deposits are less coarse, and exhibit 
well-developed cross-bedding with dispersal direction to the south. 
The regional dip of the sequence is to the southeast, toward the Ladentown 
diabase (Figure 20 A, B). 

A 12-foot limestone boulder has been reported just south of here. 

Continue south on US 202. 

Gneiss of Ramapo Mountains exposed on right 

Turn right onto Pavillion Road. Exposure of slickensides in the Rarnapo 
Fault zone. Present relief between Precambrian crystalline rocks and 
Triassic sedimentary rocks is due to differential erosion. Top of hill 
on gneiss; quarry in diabase of Union Hill seen to the southeast. 

At Union Hill, the trap is associated with dark purplish-red cobble 
conglomerate which contains clasts of quartzite, reddish-brown, 
greenish-gray and gray limestone, and amygduloidal basalt. The 
largest clasts present are as much as 1 foot in diameter and one 3 feet 
in diameter has been reported. About 30 percent of the clasts here are 
limestone. 

Return to US 202. 

Turn left from US 202 onto NY 59 East. 

At light, NY 59 bears left at Lafayette Avenue through Suffern. 

Glacial erratics on right. 
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Glacial drift on right. 

Spring Valley. 

Howard Johnson Restaurant. REST STOP. 15 minutes. 

Cross entrance to service road to Palisades Interstate Parkway, South. 

Cross entrance to service road to Palisades Interstate Parkway, North. 

STOP 6. East end of Cherry Hill - NY 59. Brtmswick Formation. 
Time here: 30 minutes. 

The Clarkstown Police will conduct our group across the highway to 
the best outcrops on the north side of the road. 

This section in the lower part of the Brtmswick Formation is about 0.2 
miles long and consists of about 125 feet of strata (N30E, 6oW) com
posed of interbedded buff to reddish-brown feldspar-rich sandstone and 
reddish-brown mudstone. Many of the layers have well-developed cross
bedding (Figure 21) commonly in the 1 to 2-foot sets; one cross-bedded 
unit is 11 feet thick. Dispersal direction generally is to the southeast, 
although some cross-beds dip westward (Figure 11). Unbedded mudstone 
and fine-grained sandstone apparently were mottled by burrowers. 

The feldspar-rich sandstones here, as in much of the stockton Forma
tion, contain relatively abundant sodic plagioclase. 

The traverse proceeds from east to west along the outcrop: 

Top of Sequence (west end). 

50'+: Reddish-brown mudstone, variably silty and fissile, with 
local sandy layers. On south side of road, at about this level, a 
I-foot pebbly layer contains quartz clasts as much as 1/2 inch in 
diameter. 

20': Reddish-brown sandstone interbedded with mudstone that is 
variably fissile. Base is marked by scour and fill, or flutes, and 
the basal bed contains intraformational mud chips. Lowest sand
stone unit is conspicuously parallel-bedded, with convolutions 
overturned to the east. Local ripple-marks have crests trending 
N27oE. Scour and fill is common throughout the sequence. 

Mudstone in the lower part of the tmit contains a thin layer of drab 
mudstone with calcareous pellets. An 11-foot silty mudstone with 
thin layers of sandstone in the middle unit is conspicuously cross
bedded. 
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15': Reddish-brown, cross-bedded mudstone, commonly weathers 
into slivers and chips. Drab calcareous nodules in upper part. 

4': Reddish-brown sandstone with very thin mudstone interbeds, 
and a 3-inch layer of mudstone in the middle. Round mudstone clasts 
on some bedding planes; scattered quartz pebbles, locally in small 
lenses. 

2.5': Reddish-brown fissile mudstone, with interbedded sandstone 

10.5': Reddish-brown feldspathic sandstone. Commonly medium
grained with rare pebbles and locally cross-bedded. 

5': Reddish-brown fissile mudstone. 

East end of Outcrop. 

Continue east on NY 59. 

The following stop is optional: 

At east end of Cherry Hill outcrop turn right onto Cherry Hill Lane. 

Turn left onto Foxwood Road. 

Turn right onto Sickletown Road. 

Backslope of Palisade Sill to east (left). 

Optional STOP 7. Conglomerate in lower Brunswick Formation 
Time here: 10 minutes. 

Low ridge on lawn 157 Sickletown Road (Wright's property) consists of 
reddish-brown quartz pebble conglomerate and sandstone, locally cross
bedded. Clasts are principally rounded quartz as much as 1 inch in 
diameter, a few pebbles are as much as 4 inches in diameter. This 
conglomerate, about 1/2 mile from STOP 6, emphasizes the lateral 
variation in Triassic deposits in Rockland County. 

Return north on Sickletown Road. Turn east on NY 59. 

Turn south on NY 303. 

Outcrop of Palisade Sill on left. 

Access road to Palisades Interstate Parkway. 



FIG. 21 

CROSS-STRATIFICATION IN THE RED-BROWN AND BUFF FINELY BANDED FELDSPATHIC SANDSTONE 
ON THE NORTH SIDE OF CHERRY HILL, ROUTE 59 NEW YORK (STOP 6) ILLUSTRATING AVERAGE 
SIZE AND TYPICAL STRUCTURE OF THE CROSS-BEDS. (SKETCHED FROM A PHOTOGRAPH). 
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Figure 22. Lockatong hornfels above Palisade Sill, STOP 8. 

A. Succession of five complete detrital cycles, north end of 
upper level of Granton Quarry. See Figure 16B. 

B. Model of hornfelsed Lockatong detrital cycle. 
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Turn left onto Oak Tree Road at traffic light (J. J. Crowley Real Estate 
and State Line Restaurant). 

Turn right (south) on NY 340. 

Continue on NJ 501 south (Carter, Piermont, County, Huyter, Engle, 
Dean and Van Nostrand roads). 

NJ 501 turns to left. 

Turn right onto NJ 93 &mth (Grand Avenue). 

Cross NJ 46. Continue south on NJ 935. 

At traffic light (Connor Insurance Company) and traffic circle bear 
left then right to US 1 and 9 &mth (Bergen Turnpike and Tonnelle 
Avenue). 

Hill of cross-bedded calcareous arkose on right (west). This sand
stone with an interbedded 2-3 inch limestone unit (Kindle, 1944, p.4) 
overlies the Lockatong strata exposed in the Granton Quarry 1/2 mile 
to the south (see Figure 15A). 

Diana Stores and knob of sill at Granton Quarry, North Bergen, on 
right. 

STOP 8. Lockatong Hornfels and subsidiary sill. 
Time here: 30 minutes. 

Enter driveway at south end of Diana Stores property. Drive to rear, 
turn right and drive to north end of property and south face of escarp
ment (see Colbert, 1966, Figures 1,2). 

About 60 feet of Lockatong hornfels lies between the top of the Palisade 
Sill to the east and a subsidiary sill at Granton Quarry, North Bergen 
(Figures 15A, 16B, 22). The excellent exposure at the north end of 
the Diana Stores parking area consists of five complete hornfelsed 
"detrital" cycles (Van Houten, 1964), two of which are exposed along 
the east wall of the lower quarry. In contrast to the "chemical" cycles 
in the River Road excavation (STOP 1) each of these is thicker, shows 
extensive evidence of burrowing as well as shrinkage cracking, and 
contains cross-bedded siltstone and very fine-grained arkose pervaded 
by diopside in the upper part. The presence of prehnite and recrys
tallized feldspathized arkose in the middle and upper part of each cycle 
suggest metamorphism in presence of water vapor. 

The overlying subsidiary sill, more than 20 feet thick, has been 
reported to contain an arkose xenolith a maximum of 10 feet thick and 
100 feet long (Lewis, 1908, p. 135)0 
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In spite of the extensive hornfelsing of the Lockatong rocks they still 
yield fossils of reptiles, fish, estheriids and plants (Colbert, 1965, 
1966). 

Return to US1 and 9. Turn right (south) for Lincoln Tunnel; turn left 
(north) for George Washington Bridge. 
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