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STOP 5: . YARDS CREEK PUMP-STORAGE GENERATING STATION 

Ordovician-Silurian Unconformity; Taconic/Alleghanian Deformation; Origin of Slaty 

Cleavage. 

Leader: Jack B. Epstein. 
 

This site was last visited by the Field 
Conference in 2001 (Epstein, 2001).  The 
present description is from that publication 
because at the time of this writing we were 
not allowed to visit the site because of 
security reasons and nesting of endangered 
bald eagles.  If we do not visit the site, we 
will instead go to the visitors center where 
some of the geology can be seen (Figure 1) 
and descriptive plaques may be seen. 

The Yards Creek Pumped Storage 
Generating Station is owned by Jersey 
Central Power and Light and Public Service 
Electric and Gas Companies.  It is a large 
hydrologic storage battery, taking advantage 
of the height of Kittatinny Mountain and 
utilizing a reversible pump-turbine (http://delawarewatergap.org/TOCKS_ISLAND_DAM_ 

PROJECT.html; accessed 9/22/2012).  There is a 

storage reservoir at the top of the mountain and one 
at the bottom on the south, 737 ft (225 m) below.  
A penstock and tunnel connects the two reservoirs 
(Figure 2). During peak hours, water from the 
upper reservoir flows through a turbine at the 
bottom, generating a maximum 400,000 kW of 
electricity.  At night, when there is less demand 
for power, the generator reverses to become a 
pump that lifts water back to the top of the 
mountain, thus storing energy for the next day.  
The operation is about 70 percent efficient, but the 

Epstein, Jack, 2012, Stop 5:  Yard Creek Pump-Storage Generating Station, in Harper, J. A., ed., Journey along the 
Taconic unconformity, northeastern Pennsylvania, New Jersey, and southeastern New York:  Guidebook, 77th 
Annual Field Conference of Pennsylvania Geologists, Shawnee on Delaware, PA, p. 294-301. 

Figure 1.  Cliff of Shawangunk Formation with the 
contact with the Martinsburg Formation faintly 
visible through the trees above the Penstock, as 
viewed from the visitor’s Center parking lot.. 

Figure 2. Penstock at Yards Creek from where it enters 
Kittatinny Mountain just below the Ss/Om contact, to the 
generating pump plant near the lower reservoir. It is 19 ft 
(6 m) in diameter, 1,861 ft (567 m) long, and with a 20 
percent slope. Three 10-ft (3-m) diameter conduits 
extend into the plant. Hills of the the Martinsburg 
Formation (Om) are separated by fault-bounded 
carbonate rocks of Cambrian and Ordovician age in the 
Paulins Kill Valley. The New Jersey Highlands, 
comprising Precambrian rocks are in the distance.  
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low-cost of the surplus off-peak power makes the process economically feasible.  The 
engineering geology of the project area was summarized by Smith (1969).   

When the project was initiated in 1963, at the time when the Tocks Island Dam was 
planned on the Delaware River immediately to the north, it was anticipated that the 
impoundment behind the dam would serve as a additional storage area necessitating an increase 
in size of the reservoir on top of the mountain.  This project was nullified because the dam was 
never built and was officially deauthorized in 1992.  

 
Geology 

 

Figure 3 shows the geology in the area.  The power plant and lower part of the penstock 
are in the Ramseyburg Member of the Martinsburg Formation.  The penstock continues into a 
tunnel near the top of the exposed Martinsburg and continues through the Minsi and Lizard 
Creek members of the Shawangunk Formation and intersects the upper reservoir and the base 
of the Tammany Member (Figure 3).  The penstock has cut through more than 1,000 
stratigraphic ft (305 m) of the Martinsburg, affording an unparalled  opportunity to study the 
changes in slaty cleavage that takes place as the contact with the more competent overlying 
quartzites and conglomerates of the Shawangunk are approached.  Note that the uppermost 
member of the Martinsburg, the Pen Argyl, is missing, having been removed along the Taconic 
unconformity.  The Pen Argyl-Ramseyburg contact disappears under the Shawangunk about 1 

Figure 3. Geologic map and cross section of the Yards Creek-Tocks Island area, New Jersey. Geology 
modified from Alvord and Drake, 1971, Drake et al., 1969, and Epstein, J.B., unpublished data. 
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mi (1.6 km) west of Delaware Water Gap (Epstein, 1973; Stop 4, Figure 10), 8 mi (13 km) 

southwest of Yards Creek. At the time of my visit in 1964, the interbedded greywacke and 
shale were well exposed in the tunnel entrance near the base of the cliff (Figure  4).   

Erosion of the resistant rocks of the Shawangunk in a syncline-anticline couplet resulted in 
the offset of Kittatinny Mountain here. Some of the beds are overturned, more so than farther 
southwest and less so than to the northeast (compare with Stop 8, Figure 7).  The Martinsburg is 
fairly well exposed and its structural characteristics can be seen in different parts of the folds.  
Of particular interest is the gradual decline and disappearance of cleavage as the unconformable 
contact with the overlying Shawangunk is approached.  That contact lies about 70 ft (21 m) 
above where the penstock enters the tunnel. (Figure 5).  Along with the decrease in cleavage 
development towards the contact is the gradual “arching” of the cleavage as its dip to the 
southeast away from the contact changes to a northwestward dip as the contact is approached 
(Figure 4).  

The lowest beds in the Martinsburg can be seen at the power plant under the transmission 
lines (Figure 6A). Here, cleavage dips slightly to the southeast and is fairly well developed, 
although not as well developed as in slate quarries farther from the Shawangunk contact. 
Higher, just above the picnic area, cleavage is more poorly developed, but is still a noticeable 
parting in many pelites (Figure 6B), although is not readily apparent in some nearby beds 
(Figure 6C).  Finally, within a few tens of feet (meters) of the contact with the Shawangunk, 
cleavage is not visibly present, although there may be indications to be seen in thin section.  
The effects of the dying out of cleavage can be seen under the microscope (Figure 7). Many 
papers have described the petrographic characteristics of slaty cleavage (see Epstein and 
Epstein, 1967, 1969).   

Figure 7D is typical.  Cleavage parting is controlled by dark folia that have resulted from 
the pressure solution of soluble minerals, such as quartz, with a residue of dark carbonaceous 
material and iron oxides.  Interstratal quartz grains between the folia have smooth edges parallel 
to the cleavage direction due to solution and hackly terminations at right angles, partly due to 
solution and re-precipitation ( a in Figure 7D).  Chlorite and muscovite may grow along the 
cleavage direction in the pressure fringes of hard pyrite grains (b in Figure 7D).  Large chlorite-

Figure 4.  Northwest-dipping interbedded 
graywacke and shale exposed near the penstock 
tunnel at the base of the Shawangunk cliff, January 
18, 1964.  No cleavage is developed in the shales. 

Figure 5.  Contact (at arrow) between the dark-
colored shale and greywacke of the Martinsburg 
below the sandstone and conglomerate of the 
Shawangunk. The slight angular discordance is not 
noticeable. 
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muscovite grains, a magnitude larger than the groundmass minerals, with mineral cleavage at 
high angles to the slaty cleavage and commonly cutting across cleavage folia, appear to be 
porphyroblasts (c in Figure 7D).  As the Shawangunk contact is approached and cleavage dies 
out, these features gradually disappear.  Quartz grains have their original shape. Pressure fringe 
growth around pyrite grains is lacking.  Large chlorite-muscovite grains are missing. All this 
occurred after the folding of the Shawangunk, and by inference, after all of the overlying rocks 
which were probably about 20,000 ft (6,096 m) thick.  Clearly, the process of cleavage 
development occurred under conditions of heat and pressure (metamorphism), and based on 
conodont geothermometry, in the neighborhood of 300oC (Epstein, 1974). 

Figure 6. Development of cleavage in the Ranseyburg Member of the Martinsburg Formation at Yards Creek.  
A—Fairly well-developed slaty cleavage, dipping 9oSE, exposed at the power plant at an altitude of 880 ft 
(268 m) and about 1,250 ft (381 m) stratigraphically below the Shawangunk contact.  Bedding dips 28oNW; 
B—Outcrop just above the picnic area, altitude 1,020 ft (311 m), about 650 ft (198 m) stratigraphically below 
the Shawangunk contact.  Cleavage, dipping 6oSE, is not as well developed as below, and the parting planes 
are further apart.  Bedding dips 23oNW; C—Martinsburg outcrop at the same level as B and at the penstock 
to the west.  A pelitic bed with cleavage dipping a few degrees to the northwest, 1 ft (0.3 m) above the 
hammer, is sandwiched between two beds that lack cleavage.  A couple of bedding-plane faults with quartz 
veins in shear zones as much as 1-ft (0.3-m) thick, are present just to the right of this locality.  A second- 
generation crenulation cleavage has developed in these zones.  Elsewhere in the Martinsburg, as well as in 
younger rocks, slickensides on these faults indicate northwest translation of the overlying beds; D—
Exposure a few feet (a meter) below Northwest-dipping bedding is the only parting present.  Slaty cleavage 
is absent.  
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As discussed at Stop 3 and 4, Lehigh and Delaware Water Gaps, the arching of cleavage 
as the trough of a syncline in the competent rocks of the overlying Shawangunk is approached, 
which is accompanied by a dying of the cleavage, can be ascribed to a pressure-shadow 
mechanism.  

Figure 7. Photomicrographs showing development of cleavage (short dashed line) at the expense of 
bedding mineral orientation (long dashed line) in the Martinsburg Formation. Bar scales are all 0.1 mm 
long.  A-C are from outcrops of the Ramseyburg Member of the Martinsburg along the penstock at Yards 
Creek. D is from an abandoned slate quarry in the Pen Argyl Member of the Martinsburg Formation, 1.5 mi 
(2.4 km) south of the Shawangunk contact at Lehigh Gap, in the abandoned David Williams slate quarry 
(Epstein and others., 1974, p. 348); it is typical of all well-developed slate throughout the Martinsburg.  A—
2.5 ft (0.8 m) below the Shawangunk contact.  Muscovite and chlorite grains are parallel to bedding. There 
are no presolved hackly edges on quartz grains.  No cleavage is apparent; B—2.5 ft (0.8 m) below the 
Shawangunk contact.  Bedding is defined by muscovite grains dipping to the left (northwest in the 
outcrop).  Cleavage is incipient and appears as dark carbonaceous folia with minor muscovite parallel to it; 
C—860 ft (262 m) below the Shawangunk contact.  Bedding is horizontal but cleavage development has 
reoriented most grains parallel to it.  Quartz grains (white) have hackly edges due to pressure solution. 
Chlorite-muscovite grains that are much larger than the groundmass minerals and whose mineral cleavage 
is at a high angle to bedding, make an appearance suggesting that they may be prophyroblasts; D—Well-
developed slaty cleavage characteristic of most of the Martinsburg pelites in eastern Pennsylvania and 
northern New Jersey.  Flattening of quartz grains (a), pressure-shadow mineral growth around pyrite grains 
(b), and growth of muscovite-chlorite along cleavage (c) is typical.  Orientation of minerals parallel to 
bedding is not evident.  
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Small-scale outcrop as well as microscopic versions of this phenomenon are numerous.  
The significant point is that it occurs at different levels within the Martinsburg (within the 
middle of the Ramseyburg Member here, at the top of that member at Delaware Water Gap, and 
high in the youngest Pen Argyl Member at Lehigh Gap).  Thus, the controlling factor is the 
overlying Shawangunk, which had to be present at the time the cleavage developed.  Since the 
Shawangunk is post-Taconic in age, the cleavage must be post-Taconic, i.e., Alleghanian (there 
is little evidence for significant Acadian (Devonian) deformation in this part of the 
Appalachians). 

Nowhere in Eastern Pennsylvania and New Jersey is the contact between the Shawangunk 
and Martinsburg in the overturned limb of a syncline exposed to demonstrate the 
complementary arching of the cleavage as shown in Figure 13 at Stop 3.  The contact between 
overturned beds of both formations was temporarily exposed, however, during construction of 
an additional tunnel for the northeast extension of the Pennsylvania Turnpike in 1989, 2 mi (3 
km) southwest of Lehigh Gap and 31 mi (50 
km) southwest of Delaware Water Gap 
(Epstein and Buis, 1991).  At the overturned 
contact the Martinsburg dips 35o SE and the 
Shawangunk is 10o steeper.  Cleavage dips 5o 
less than bedding in the Martinsburg, 
conforming to the model shown in Figure 13 
of Stop 3.  These beds are in the southeast 
overturned limb of the same fold in which, up
-plunge at Lehigh Gap, the contact is at the 
exact trough of the fold and cleavage dies out 
within 200 ft (61 m) of the contact (Epstein 
and Epstein, 1969). 

There are few exposures of the 
Martinsburg-Shawangunk contact in eastern 
Pennsylvania. Yards Creek is the best. The 
contact is about 70 ft (21 m) above the top of 
the penstock as it enters the tunnel (Figures 5, 
8A).  The angle of discordance between the 
two formations is hardly measurable, and 
probably no more than a couple of degrees.  
An attempt to get bedding attitudes readings 
in both units at the contact resulted in 
N20oE/24o NW for the Martinsburg and 
N26oE/25o NW for the Shawangunk.  The 
basal Shawangunk is sandstone and 
conglomerate with pebbles as much as 0.75 
in (1.9 cm) long with slightly irregular 
bedding planes.  A bed in the Martinsburg 
rises to the southwest along the contact and is 
cut out within a few tens of feet (meters) 
under the lowest bed in the Shawangunk 
(Figure 8A). 

Figure 8.  Contact between the Ranseyburg Member 
of the Martinsburg Formation (Omr) and 
Shawangunk Formation (Ss) at Stop 6. A—View 
looking southwest showing the rising of bedding in 
the Martisburg (dotted line) as the contact is 
approached. B—The unconformable contact is 
marked by a 2-in (5-cm) thick clay fault gouge (at 
arrows). Note the lack of slaty cleavage in the 
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        At the contact, between the pelites of 
the Martinsburg and the feldspathic 
sandstone of the Shawangunk, there is a 1- 
to 2-in (2.5- to 5-cm) thick yellowish-gray 
(5Y 8/1) to light-greenish-gray (5GY 7/1) 
clay.  The color is in marked contrast 
between the dark-gray pelite of the 
Martinsburg and the grayish-orange 
weathered color of the basal Shawangunk.  
It is undoubtedly the result of leaching by 
ground water, which is common at this type 
of contact.  However, the clay contains 
sheared, fragmented, contorted and 
disoriented clasts of pelite, showing that it 

is a fault gouge.  The gouge is damp and fragile and difficult to photograph. However, it was 
seen when the penstock tunnel was excavated (Figure 9).  Surfaces carefully cut with a sharp 
razor blade clearly show the brecciated shale fragments.  Movement during folding might be 
normally expected with overriding beds moving up towards the crest of adjacent anticlines.  
However, elsewhere at the contact, such as at Lehigh Gap (Epstein and Epstein,1967, 1969; 

Stop 3), slickensides show that movement has been in an opposite direction, to the northwest, 
conforming to the regional northwest translation of bedding-plane faults and vergence of folds 
in overlying Silurian and Devonian rocks. 

The angular discordance at the unconformity, attributable to Taconic deformation of the 
Martinsburg prior to deposition of the Shawangunk, is only a few degrees here.  Along the 
entire length of Kittatinny Mountain in northern New Jersey and into Shawangunk Mountain in 
southeastern New York (as least to near Ellenville, NY), and in the opposite direction to the 
southwest to Hawk Mountain in Pennsylvania, several miles (kilometers) east of Stop 1, the 
angular discordance does not exceed 15o, showing that this is a zone of low-amplitude Taconic 
folding.  This will be discussed at Stop 10. 
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STOP 6:  BUSHKILL MEMBER OF THE MARTINSBURG FORMATION AT THE 

NEWTON, NJ HOME DEPOT PARKING LOT 

Leaders - Don Monteverde and Greg Herman 
 

Introduction 

 
Stop 6 is at a large excavation of the Bushkill Member of the Martinsburg Formation 

alongside the Home Depot parking lot in Newton, NJ (Figure 1).  The purpose of this stop is to 
examine bedding and cleavage structures in the Martinsburg Formation that are attributed to 
Alleghanian deformation within the Ridge and Valley thrust system in the NJ Kittatinny Valley 
(Figure 2).  The features that we will see in outcrop are a result of combined shear and 
flattening strains in the footwall of a major overthrust fault that places Cambrian dolomite on 
top of Ordovician slate.  Remnants of a large over thrust sheet are now locally preserved at 
various places along the thrust front as dolomite klippen resting atop the Martinsburg 
Formation.  One of these klippen occurs only about 0.5 mi (0.8 km) northeast of this stop 
behind a commercial building (Figure 1)  We will discuss the timing and geometry of slaty and 
crenulation cleavage with respect to bedding in the Martinsburg Formation, and show that these 
features result from progressive strain within a thrust system that cuts and juxtaposes a 
Cambrian-Ordovician foreland-fold sequence resulting from earlier Taconic deformation.  
Various geological interpretations of the sequence of folding and thrusting will be discussed, 
and examples of representative structures will be included from a series of nearby outcrops that 
were recently exposed and/or removed as a result of urbanization.  

The area of focus is in the western part of the Newton East 7.5-minute topographic 
quadrangle near the Newton West quadrangle boundary (Figure 1).  Newton is the capital of 
Sussex County and has experienced siginificant population growth over the past few decades.  
Associated highway and commercial construction during this period has periodically unearthed 
some unique geological features, some of which have been later removed by progressive 
urbanization.  Access to some of these remaining outcrops can be compromised by aggressive 
foliation growth, including poison ivy that makes it impractical to use some of the best outcrops 
for field excursions.  This is especially true for the carbonate klippe that was rapidly 
overgrown. This area was included in the 52nd Annual New York State Geological Association 
field trip (Drake and Lyttle, 1980).  That trip included a stop at a cross-strike excavation 
through one of the carbonate klippe and subjacent thrust fault that was at the time located 
behind a Grand Union supermarket (Figures 1 and 2).  Consequently, the klippe was named the 
“Grand Union klippe”, which has historically led to some discord, with some visiting 
geologists providing comments such as “How can they identify the structure right if they can’t 
even correctly identify the name of the food store?”.  The klippe and thrust fault exposure are 
still there, but the degraded nature of the outcrop from prolonged weathering, robust vegetative 
cover, and cramped access precluded us from visiting this local.  However the fresh excavation 
of the subjacent Martinsburg slate at the Home Depot location provides an excellent 
opportunity to examine structures developed in the footwall of the overthrust that emplaced the 
klippe. 

Monteverde, Don and Herman, Greg, 2012, Stop 6:  Bushkill Member of the Martinsburg Formation at the 
Newton, NJ Home Depot parking lot, in Harper, J. A., ed., Journey along the Taconic unconformity, northeastern 
Pennsylvania, New Jersey, and southeastern New York:  Guidebook, 77th Annual Field Conference of 
Pennsylvania Geologists, Shawnee on Delaware, PA, p. 302-313. 
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Figure 1.  Regional geology of parts of the Newton East and West 7.5’ quadrangles.  Linework is based on 
the 1:100,000 scale map of Drake et al., (1996) and unpublished data from R.A. Volkert, G.C. Herman and D. 

Monteverde.  
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Regional Geology 

 
The Cambrian-Ordovician carbonate bedrock in the Kittatinny Valley record early 

carbonate shelf deposition on a passive margin that later becomes perturbed and mildly strained 
by early phases of tectonic-plate convergence during the Taconic orogeny.  Drake and Lyttle 
(1980) assigned the Cambrian-Ordovician platform-carbonate sequence into the Kittatinny 
Supergroup, that attains an average thickness of about ~3,200 ft? (975 m) in New Jersey.  This 
sequence is predominantly dolomite and includes, from oldest to youngest, the Leithsville 
Formation, Allentown Dolomite, and Beekmantown Group.  The latter is divided into upper 
and lower parts (Drake et al., 1996).  The first evidence of tectonic disruption of the carbonate 
platform is a pronounced, Middle Ordovician unconformity with associated paleokarst facies, 
including localized pockets of alluvium (Monteverde and Herman, 1989).  This 
“Beekmantown” unconformity probably stems from migration of a peripheral bulge toward the 
foreland (Jacobi, 1981; Quinlan and Beaumont, 1984; Flemings and Jordon, 1989; DeCelles 

and Giles, 1996).  As the bulge continued its foreland journey (northwestward in current 
geographic direction), the weathered carbonate rocks on the Laurentian margin were 
resubmerged and carbonate deposition recommenced, resulting in deposition of the 
Jacksonburg Limestone.  This unit contains a basal, shallow-water, fossiliferous facies (cement 
limestone, Figure 3; Miller, 1937), that grades upward into a deep-water limestone facies 
(cement rock, Figure 4; Kummel, 1901).  This progression reflects the early stages of 

Figure 2. Hope Depot parking lot stop.  Stars locate positions where other figures were taken. 
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development of a Taconic foreland basin.  The basin gradually deepened as a result of 
sedimentary loading and tectonic stacking of an accretionary prism on the Laurentian margin in 
front of series of approaching island arcs.  Eventually, the limey argillites in the upper part of 
the Jacksonburg gave way to siliceous turbidites in the lower part of the Martinsburg Formation 
(Bushkill Member; Drake and Epstein, 1967).  Coarser-grained greywacke silt and sandstone in 
the upper parts of the Martinsburg (Ramseyburg Member; Drake and Epstein, 1967) reflect 

progressive foredeep infilling, then eventual inversion from continental suturing during the 
Alleghanian Orogeny.   

In the Appalachian Great Valley of eastern Pennsylvania, New Jersey (Kittatinny Valley), 
and New York (Hudson Valley) the uppermost part of the Martinsburg has variable facies 
along strike.  Thick-bedded slates of the Pen Argyl Member in eastern Pennsylvania (Drake 
and Epstein, 1967) overlie the Ramseyburg graywacke, reflecting renewed basin deepening in 
the area of the Pennsylvaia salient in comparison to areas to the northeast along strike in New 
Jersey and New York (Lash, 1987, 1988).  Near Stop 8 at High Point State Park, NJ, Epstein 
and Lyttle (1987) mapped a coarse-grained facies in the uppermost part of the Martinsburg that 
contains medium-grained, medium- to thick-bedded sandstone with shale and siltstone rip-ups 
clasts within graywacke turbidites.  They informally designated this facies as the Pine Bush that 
locally replaces the Ramseyburg Member.  Drake (1991) later formalized the Pine Bush 
sandstone as the High Point Member.  Thick-bedded sandstone of the High Point is thought to 
reflect a more proximal sedimentary source area than for the Ramseyburg Member.  Epstein 
and Lyttle (1987) also informally described a shale and graywacke sequence lying atop the 
High Point Member that they called the Mamakating.  They proposed the Mamakating as being 
the time equivalent as the Pen Argyl Member of eastern Pennsylvania.  

Further to the southeast within the Ridge and Valley thrust system, the Martinsburg 
Formation does not adhere to the stratigraphic sudivision of the Martinsburg seen in the Great 
Valley. Open and upright folds in the carbonate platform were probably formed prior to 
Martinsburg deposition such that coarser-grained facies were deposited in more proximal 
positions while fine-grained wildflysch was deposited in the foredeep.  Such is the case for the 
Crooked Swamp syncline (Figure 1), that includes both slate and graywacke facies that locally 

Figure 3 Cement lime facies of the Jacksonburg 
Limestone.  Unit is overturned with tops to the 
northwest (left side of photograph).  Location of 
outcrop shown in Figure 2. 

Figure 4.  Cement rock facies of the Jacksonburg 
Limestone.  Unit is overturned with a well 
developed cleavage parallel to pen in photograph.  
Location of outcrop shown in Figure 2. 
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intertongue  in the lower section of the Martinsburg.  More work is needed in the New York 
Hudson Valley integrate facies changes seen there with respect to what is observed further 
southwest. 

 
Tectonic Interpretations 

 
Regional tectonic interpretations of Paleozoic folding and thrusting in the New York 

recess have widely varied.  In the 1960s an alpine-type, fold-and-thrust nappe model was used 
for parts of the Great Valley and Reading prong in Pennsylvania and New Jersey based on the 
common occurrence of pronounced cover-layer strains including apparent, extensive panels of 
overturned Lower Paleozoic beds (Drake et al., 1961; Drake, 1967a, 1967b; Drake et al., 1967).  

Lesser deformed rocks involving mostly upright beds in the New Jersey Kittatinny valley and 
synthetic (southeast-dipping) thrust faults placing younger, hanging-wall rocks over older 
footwall rocks limited the extension of the nappe theory into this part of the region, and led to 
more recent interpretations that portray the composite fold-and-thrust belt as an imbricate thrust
-fault system with an architecture that spatially varies based on the thickness of the Paleozoic 
cover, and the relative location with respect to foreland (NW) and hinterland (SE) areas.  As 
more-detailed, quadrangle-scale mapping was conducted throughout the Valley and Ridge and 
Highlands provinces in New Jersey, popular support for the alpine-type nappe model waned 
and a basement-cored, imbricate thrust fault system gained credence (Lyttle and Epstein, 1987; 
Herman and Monteverde, 1988,1989; Drake, 1992; Drake and Volkert, 1993; Monteverde, 

1992; Ghatge et al, 1992).  The latter deformation style agreed with other early work in the 

region by Merchant and Teet (1954) and Offield (1967), and demonstrated a uniform strain 
gradient based on modern, balanced cross-section analyses that helped impart plausibility to a 
complex structural interpretation.  This model includes Taconic folding of the Kittatinny 
Supergroup cover rocks that predated, or was synchronous with Middle and Upper Ordovician 
sedimentary deposition in the Kittatinny Valley.  It also demonstrated increased tectonic strains 
progressing from the hinterland towards the foreland; emergent thrust faults and overturned 

fault-propagation folding in the southeast and southwest  systematically diminish into blind 
faulting with broad and open cover folding to the northwest. Subsequent tectonic strains 
imparted during the Alleghanian orogeny included foreland-directed thrust faulting that cut and 
juxtaposed earlier cover folds, resulting in apparent, out-of-sequence complexities (Herman et 
al., 1997).  The Jenny Jump-Crooked Swamp fault system (Herman and Monteverde, 
1988;1989; Herman et al., 1997), later referred to as the Jenny Jump fault system (Drake, 1992; 

Drake and Volkert, 1993),  include several major thrust faults of Alleghanian age based on the 
fact that they affect both Lower and Middle Paleozoic rocks.   

Herman et al., (1997) interpreted the Crooked Swamp fault as the major overthrust fault in 
the Newton area that emplaced the thrust sheet from which  three small klippen were derived, 
including the Grand Union klippe.  The Crooked Swamp fault is shown as linking with the 
Jenny Jump thrust fault along strike to the southwest. The Jenny Jump emplaced the thrust 
sheet from which the large Hope klippe is derived that also sits atop Martinsburg slate within 
the Blairstown 7.5-minute quadrangle (Drake and Lyttle, 1985; Drake et al., 1996; Herman et 
al., 1997).  The set of small klippen lying in front of the Crooked Swamp thrust fault were 
unmapped prior to the afformentioned commercial development and excavation of the thrust 
fault. Upon exposure, these structures drew attention from many different workers that invoked 
various explanations for their occurrence.  For example, Pollock (1975) characterized the 
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Grand Union klippe as a block of Allentown dolomite that slid onto the Martinsburg Formation 
prior to regional folding.  Drake and Lyttle's (1980) field trip to the site described Martinsburg 
graywacke beds beneath the klippe as being disrupted and floating within a shale matrix.  They 
suggested that the thrust fault responsible for its emplacment was folded and correlated it with 
the Jenny Jump thrust fault, which Bayley et al. (1914) portrayed long ago as having emplaced 
both Middle Proterozoic gneiss of Jenny Jump Mountain and Lower Paleozoic rocks in the 
Hope klippe on the younger Martinsburg Formation (Drake and Lyttle, 1980, 1985; Herman 

and Monteverde, 1989; Herman et al., 1997).   These means that the slaty and spaced cleavage 

in the Martnsburg Formation predated these thrust faults because bedding and cleavage in the 
Martinsburg was folded as a result of thrusting. There are other smaller klippen near the Hope 
klippe that contain Middle Proterozoic gniess that were part of this vast overthrust sheet. All 
these erosional remnants of the extensive Jenny Jump thrust sheet require a late stage 
deformation to explain the generally southeast dipping thrust warping and developing a small 
fold that results in the klippen’s eventual preservation.  Later Drake and Volkert (1993) 
reinterpreted the lithology of the Martinsburg and suggested the klippe lies within the Bushkill, 
not the Ramseyburg as previously noted.   They also proposed that the klippe represents an 
orphan, an isolated duplex that correlates to a hinterland footwall ramp (Lewis and 
Bartholomew, 1989) and rode to its present location on another unnamed thrust fault (Figure 5).   

 
Field Results 

 
Grand Union Klippe 

 

Initial strip mall construction blasted through a small hill exposing a cross sectional view 
of the Grand Union klippe.  The Grand Union food store is gone and replaced by a series of 
different commercial establishments but the exposure remains behind the establishments slowly 
succumbing to weathering and foliage reclamation (compare Figures 6 and 7).  Northwest-
dipping Cambrian Allentown Dolomite sits on top the Middle Ordovician Bushkill Member of 
the Martinsburg Formation separated by a northwest-dipping fhrust fault (Figure 6).  The 

Figure 5.  Cross section from Drake and Volkert (1993) depicting the “orphan” interpretation of the Grand 
Union klippe. 
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Allentown, a shallow water carbonate 
contains stromatolites and oolites here 
indicating right side up bedding that parallels 
the fault trend.  The klippe is relative small 

(Figure 2) and its western contact is not exposed.  However the westernmost Allentown 
exposure has rotated into a southeasterly dip suggesting the thrust remains bedding parallel.  
This is different than the Hope klippe in the Blairstown quadrangle where the Jenny Jump fault 
initially appears to parallel bedding on the eastern edge of the Hope klippe, and then climbs 
upsection section close to 3,280 ft (1000 m) as the Hope klippe’s western contact is in the 
middle of the Beekmantown Group.  So the fault climbed through the Leithsville, Allentown, 
and half way through the Beekmantown before rotating back to a southeasterly dip again 
overriding the Martinsburg Formation.  

Deformational features in the Allentown are relatively minor.  Only spaced fractures 
orientated approximately normal to the fault surface cut the Allentown (Figure 7).  These 
fractures are well developed, tighter spaced that commonly observed and initially makes one 
question what is bedding.  The black ribbon slate of the Bushkill on the other side of the fault 
has absorbed the contractional stresses from fault propagation.  Bedding is very difficult to 
find. Drake and Lyttle (1980) describe the Martinsburg here as an auto melange where 
detached fold hinges can be observed floating in a clayey matrix.  Proximal to the thrust contact 
hints of bedding occur but cannot be traced any distance before merging with are not well 
developed enough to be definite (Figure 8).  Bedding identification remains allusive in the 
Bushkill even 10 m away from the thrust contact, after one moves the poison ivy out of the 
way. 
 
West of the Klippe 

 
North and west of Home Depot, two large outcrops of the Bushkill ribbon slates sit in a 

footwall position where the Crooked Swamp thrust has returned to a southeast dip.  Both cuts 
trend approximately northeast-southwest.  Their bedding orientation changes from a gentle 

Figure 6. View of Grand Union klippe cut.  Cambrian 
Allentown Dolomite, to the left rests on Bushkill 
Member of the Martinsburg to the right.  The north-
dipping thrust parallels the Allentown bedding.  
Northeast striking, southeast dipping fracture in the 
Allentown form the main deformational pattern in 
the hanging wall rocks. Note box showing postion 
of photograph shown in Figure 8.  Also note the 
degree of foliage growth as compared to the clean 
outcrop in Figure 7 just to the left of this location. 

Figure 7. Photograph of the Allentown Dolomite in 
the Grand Union klippe hangingwall before the 
present foliage invasion.   Bedding dips to the 
northwest (left) and fractures to the southeast 
(right). 
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southeast dip in the east that rolls over into a 
steeply northwest dip outlining a northwest-
verging asymmetrical anticlinal fold with an 
axial planar slaty cleavage. A similar 
northwest-verging asymmetrical anticline is observed at both cuts. These fold patterns suggest 
this is the western limb of a syncline.  Gently southeast-dipping, calcite-coated shear planes 
display dominantly normal but also locally reverse offset of bedding suggesting a reaction to 
the combined shear and flattening strain (Figure 9) . Offset is limited to several centimeters at a 

maximum.  These thin calcite slip planes 
appears restricted to the near vertical to 
steeply-dipping bedded Bushkill.  Slip is not 
obvious where bedding is nearly horizontal. 

        Earlier road construction created an 
outcrop across the street from the previous 
two described above (Figure 2).  
Unfortunately population continued to grow, 
leading to further retail store development 
requiring increased parking space, which 
always scores higher than outcrop 
preservation, and we lost the exposure.  The 
Bushkill here mirrors the other outcrops with 
a nearly horizontal bedding cut by several 
bed-parallel calcite veins that ranged from 8 
mm to 3 cm thick.   The steeply dipping limb 
of the anticlinal fold was never exposed here.  
Slaty cleavage cuts the calcite veins 
displaying a normal sense of rotation (Figure 
10).  Slip is different here than across the 

Figure 9. Photograph of ribbon slates of the 
Bushkill west of the klippe and Home Depot stop 
(Figure 2).  Bedding is nearly vertical with tops to 
the left and forms the steep limb of the 
asymmetrical anticline. Slaty cleavage is axial 
planar to the anticline.  Thin gently southeasterly 
dipping calcite veins/shear planes display both 
normal and reverse sense of offset due to the 
shear and flattening strains from the overthrust 
sheet.  Normal offset dominates.  Shearing 
appears restricted to the steep limb of the 
northwest-verging anticline.  

Figure 10.  Bushkill ribbon slates on opposite side 
of road from previous figure.  This exposure has 
seen be removed to allow for further commerical 
construction.  Bedding is approximately horizontal 
forming the shallow limb of the northwest-verging 
asymmetrical anticlinal fold across the street 
(Figure 9).  Calcite veins rest parallel to bedding but 
have been cut and rotated showing a normal sense 
of offset due to the shear and flattening strains from 
the overthrust sheet. 

 

Figure 8. Photograph of the Bushkill slates 
proximal to the overlying Crooked Swamp thrust.  
One small layer yields a hint of possible bedding in 
the clay rich Bushkill but it cannot be trace any 
distance away from the black line on the 
photograph. 
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road where it occurs on the calcite veins.  Cleavage probably formed early in the compressional 
event and, through the continuum, slowly rotated into a cleavage trough due to the shearing and 
flattening from the overriding Crooked Swamp thrust sheet.  Normal rotation on the calcite 
developed during the flattening.   

 
North of the Klippe 

 
Climbing the hill north of the Grand Union klippe, one rapidly crosses through the 

Bushkill and into the Ramseyburg proper, meaning all the rock for several miles (kilometers) or 
more westward is Ramseyburg.  The Bushkill-Ramseyburg contact trends southwestward, 
climbing the ridge and outlines the Bushkill pinch-out (Herman and Monteverde, 1989; Drake, 
1992; Drake et al., 1996) (Figure 1).  Not far from the klippe the Ramseyburg quickly loses the 

structual signature of the proximal Crooked Swamp thrust fault.  Cleavage in the graywacke 
and slates has returned to regional trends both northeast strike and southeasterly dip.  Several 
small fold pairs can be mapped in the Ramseyburg aligned along regional trends.  The rapid 
loss of the deformation signature of the Crooked Swamp thrust sheet helps to explain why the 
highly skilled mapping geologists of the early 20th century and later failed to identify the Grand 
Union klippe before the creation of the artificial exposure.  Maybe if they discovered it the 
name might be more geological as opposed to being named for a food store.   
 
East of the Klippe 

 
Lower Paleozoic carbonates crop out just across NJ 206/94 behind the commercial 

buildings.  A uniform succession into the Jacksonburg has been mapped by various field 
studies (Herman and Monteverde, 1989; Drake and Volkert, 1993; Drake et al., 1996) (Figure 

2).  All show the carbonate bedding rotated over to overturned (Figures 3 and 4) in their 
approach to the thrust-deformed Martinsburg.  Currently commercial development has 
eradicated most Martinsburg exposures east of the klippe.  One remaining exposure north and 
east displays a much stronger degree of chemical weathering that hides the trend of bedding.  
Where exposures are slightly more evident cleavage has rotated into a southwestward dip and 
northwest strike.  This reading completes the other limb of the cleavage trough with the klippe 
resident in the axial hinge of the trough. 
 
Home Depot 

 

Two faces of the Bushkill are exposed here.  Along the far southern wall, the Bushkill 
dips gently, ~15o northwestward.  Bedding strike is regional ranging from 45 o to 65 o east.  
Slaty cleavage has been deflected due to Crooked Swamp thrust loading and averages ~140o 
strike and dips ~ 5-18 o northeastward toward the Grand Union klippe.  The cleavage further 
defines the cleavage trough that developed from the shear and flattening strain imposed from 
the overriding thrust sheet.  Bedding-cleavage intersection lineations trend northeasterly with 
an average of less than 10 o plunge.  Sedimentary structures indicate bedding is right side up.  
Widely separated thin (~2-3 mm thick) calcite veins cut across cleavage and trend with a north-
northeast strike and moderate southeasterly dipping between 35-65o.   

The second face running approximately parallel to the Home Depot building presents 
similar bedding and cleavage trends within the Bushkill.  Bedding dips steepen slightly to a 
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maximum recorded of 25o northwest.  
Again cleavage has a southeast strike and 
northeasterly dip toward the klippe.  A 
widely spaced (3 to 7 ft [1 to 2 m]) joint 
system developed that has a northwest 
strike and southwest dip.  Calcite veins 
and tension gash arrays are visible locally 
on the face.  A weakly developed 
crenulation cleavage can be seen locally 
but is difficult to measure.  Where best 
exposed the intersection lineation of the 
two cleavage trends subparallel to the 
bedding-cleavage intersections.  Local 
small-scale slip surfaces occur that 
parallel the northeast dipping cleavage 
trend.  Cleavage orientation here and 
around the klippe outline a cleavage 
trough common to klippen locations  

Around the next bend the face 
parallels the entrance road and has poorly 
exposed Bushkill that is almost completely covered by colluvium. It is best not to climb this 
face due to the amount of loose slate fragments.  A case of one step up and two slides down.  
No data were taken on this face due to the poor exposure.   

Continuing along the face there is a gate in the fence that opens to an approximately 12 ft 
(4 m) high exposure of Ramseyburg.  Across western New Jersey the Ramseyburg sits atop the 
Bushkill.  Here several Ramseyburg beds are interbedded with the Bushkill and intertongue 
with the Bushkill (Figure 2).  A similar architecture exists to the west, except there the Bushkill 
intertongues with the Ramseyburg. This is an example of a Ramseyburg facies pinches out into 
the shopping center (Herman and Monteverde, 1989; Drake and Volkert, 1993; Drake et al., 

1996).  The thicker graywacke beds of the Ramseyburg supply an excellent example of 
cleavage refraction (Figure 11). 
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STOP 7:  LUSSCROFT FARM AND THE BEEMERVILLE SYENITE 

Leaders:  Don Monteverde and Ron Witte 
 
We have arrived at the Lusscroft Farm, administered by the New Jersey Department of 

Environmental Protection Division of Parks and Forestry.  James Turner, a stockbroker from 
Montclair originally purchased the 575-acre (233-hectare) farm in 1914.  He desired to create a 
scientifically advanced dairy farm (H&AA, 2012).  Turner invested a large sum of money to 
establish and upgrade the farm.  In 1931 the farm was donated to the State of New Jersey where 
it became one of the state’s first research dairy farms, which was named theNorth Jersey Dairy 
Branch of the State Agricultural Experiment Station until 1970. 

As you ascend the Explorer trail the slope 
becomes gentle and a unique building, Outlook 
Lodge can be seen to the east (left side of trail).  
Information from H&AA (2012)  The lodge was 
built from antique timbers recouped from 
approximately 25 old barns and houses, including a 
large oak panel that arrived from Kent, England, in 
particular Lord Jerry Amherst’s castle (Figure 1).  
James Turner’s desire for the Amherst Castle oak 
panel relates to his college education at Amherst 
College.Various renovations and additions such as 
bathrooms and a kitchen have been built into the 
Lodge since its donation to the State of New Jersey. 
The building has some interesting cement sculptures 
along its outside walls, such as an owl resting in a 
tree (Figure 2), that that adds to the structure’s 
uniqueness.  

An article in the online 
journal Dirt Magazine (2012) 
noted that church groups, Boy 
Scouts, 4-H members, and 
Future Farmers of America 
have also used the Lodge over 
the years.This eventually led 
to Cook College, recently 
renamed Rutgers School of 
Environmental and Biological 
Sciences, establishing a 
program in Forestry that has 
lasted until 1975. The Lodge 
has greatly deteriorated over 
the years and needs some 

Figure 1.  A look at the interior of the Outlook 
Lodge displaying its unique woodwork.  Photo by 
Dan Balogh (H&AA, 2012) . 

Figure 2.  The Outlook Lodge, part of Lusscroft Farm, has some 
unusual cement artwork along its exterior walls.  

Monteverde, Don and Witte, Ron, 2012, STOP 7:  Lusscroft Farm and the Beemerville syenite, in Harper, J. A., 
ed., Journey along the Taconic unconformity, northeastern Pennsylvania, New Jersey, and southeastern New York.  
Guidebook, 77th Annual Field Conference of Pennsylvania Geologists, Shawnee on Delaware, PA, p. 314-334. 
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rehabilitation that is being planned by a joint committee of the New Jersey State Park Service 
and the State Agricultural Development Committee, and the Heritage and Agriculture 
Association.     

One note on location, this igneous assemblage is always referred to as Beemerville 
complex or intrusive suite or whatever.  The small town of Beemerville is several miles to the 
south southeast of where we stand.  There is a dike or two in Beemerville itself but the 
dominant outcrops are located in the region of this stop (Figure 3). 

 
Regional Geology 

 
This stop serves as an entry into several interesting geological topics, including: 
 

1. Beemerville complex, its mineralogy and chemistry described by Nelson Eby later in this 
stop discussion.  Unfortunately Nelson was not able to attend this trip to offer his expertise 

Figure 3.  Regional map showing stop location and town of Beemerville.   Two bodies of nepheline 
syenite and several diatreme exposures occur amongst the field stop.  The Rutan Hill diatreme lies 
just northeast of the northern syenite body.  A second accumulation of diatremes occur south of 
Beemerville.   Modified from Drake et al. (1996)  
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in alkalic intrusions due to previous engagement.  So I recommend reading his description 
of the rocks before the field trip (see p. 85 of this guidebook).  Ratcliffe (1981, 2006) and 
Ratcliffe et al. (2012) discussed the tectonic significance of the Beemerville complex and 
how it relates to other intrusions of similar age to the east.  The Beemerville’s lateral extent 
is quite a bit larger than its small outcrop pattern. 

2. Regional age of cleavage development – this is a much more interesting question.  Data 
from nearby diatremes and their xenoliths have played a role in attempting to answer this 
question, but the information from the syenite’s associated hornfels zone has not yet been 
fully investigated to either support or question previous interpretations.   

3. Nepheline syenite erratics and the pattern of Late Wisconsinan ice flow will be discussed by 
Ron Witte, again later in this stop discussion.  Because nepheline syenite only crops out at 
this location it forms an unique point source from which erratics may be traced. 

 
Beemerville Complex 

 
The Lusscroft farm lies on the Martinsburg Formation stratigraphically below and just east 

of the Taconic unconformity.   Two nepheline syenite bodies crop out in the tree-covered upper 
reaches of the farm and farther to the southwest along regional strike both within the 
Martinsburg Formation (Figure 3). Maxey (1976) mapped a small body of syenite, southwest of 
the main syenite exposures as possibly intruding the Shawangunk. More recent investigations 
did not depict these suggestive syenite intrusions in the Shawangunk (Ratcliffe 1981; Drake and 

Monteverde, 1992).  In accordance with new high resolution age date indicating the 
Beemerville intrusive age predates Shawangunk deposition (Ratcliffe, 2012), the syenite bodies 
described by Maxey (1976) are considered to be glacial erratics.  

The Beemerville complex’s subsurface extent is much greater than that assumed on the 
basis of outcrop coverage.  Ghatge et al. (1992) analyzed Bouguer and residual gravity 
anomalies and illustrated a large subsurface extension of the Beemerville.  They modeled a sill 
up to 2,000 ft (610 m) thick that continues 5 mi (8 km) to the southwest along regional strike of 
Kittatinny Mountain (Figure 4).  A second syenite body was modeled farther to the south within 
Ordovician and Cambrian carbonate units. It appears as a southwest-trending sill that thickens 
dramatically towards the northwest (Figure 4).No evidence of these modeled syenite bodies 
were discovered during field mapping (Drake and Monteverde, 1992; Monteverde, 1992; 

Spinks, 1967).  Ghatge et al. (1992) further suggested that the main intrusive body thickened 
dramatically with depth and also separated into two distinct bodies (Figure 4).  Herman et al. 
(1996) characterized this separation as due to southeast dipping Alleghanian thrust movement 
(Figure 5).  

Previous workers have outlined several other igneous bodies related to the Beemerville 
complex, which is also called Beemerville Intrusive Suite (Drake and Monteverde, 1992).  
These include several diatremes near the syenite bodies and others in a small cluster farther to 
the southeast (Spinks, 1967;Maxey, 1976; Drake and Monteverde, 1992).  The most well 

known location is Rutan Hill approximately 0.6 mi (1 km) to the northeast.  See description by 
Eby (p. 85 of this guidebook).  The variety of xenoliths shows that the diatreme transected into 
the Mesoproterozoic Grenville metamorphics, through the lower Paleozoic dolomites and into 
the Martinsburg (Figure 6).  We will not visit Rutan Hill, but will see some diatreme material at 
this stop.  
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Figure 4.  Cross sectional interpretation of the subsurface extent of the Beemerville complex based on 
Bouguer and residual gravity anomalies (modified from Ghatge et al., 1992) 

Figure 5.  Regional cross sectional interpretation through the Beemerville complex constructed by Herman 
et al. (1996) at a scale of 1:100,000.  Note the foreland translation interpretation of the upper section of the 
Beemerville complex by Alleghanian thrust faults to explain the gravity model of Ghatge et al., (1992). 
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Ratcliffe et al. (2012) recorded a U-Pb TIMS age of 447±2 Ma on titanite from the 
Beemerville complex.  It agrees with some K-Ar and Rb-Sr age dates on biotites from the 
nepheline syenite and Rutan Hill diatreme of 435±20 Ma (Zartman et al., 1967) that Ratcliffe 
(1981) reinterprets to 444 Ma using “modern decay constants”. Drake et al. (1996) listed a K-
Ar date of 422-+14 Ma on a lamprophyre with biotite phenocrysts, considered part of the 
Beemerville complex.  Eby (this trip) suggests the TIMS age represents the intrusive age while 
a 420 ± 6 Ma mean fission-track age on titanite (Eby, 2004) dates the cooling to a ~275 oC .  
Further cooling to ~100 oC was dated at 156 ± 4 Ma, a mean fission-track age onapatite (Eby, 
2004; p. 85 this guidebook).  Age and regional contact relationships of the Beemerville 
complex and several other igneous bodies to the east across New York and Connecticut have 
been used to mark the closure of the Iapetus ocean and determine the minimum age of Taconic 
Barrovian metamorphism (Ratcliffe et al., 2012).  

 
Beemerville and Cleavage Development 

 
Debate on the timing of cleavage development, either from Taconian or Alleghanian 

deformation, continues.  Epstein and Epstein (1969) outlined the early conclusions on 
Martinsburg cleavage formation in eastern Pennsylvania. On this trip you will visit two 
important locales, Lehigh Gap (Stop 3) and here at Beemerville, in defining different 
conclusions on the timing of cleavage.  Epstein and Epstein (1969) noted how the proximity to 
the Shawangunk impacts cleavage formation within the Martinsburg.  As one moves from the 
Shawangunk contact into the Martinsburg over approximately 165 ft (50 m) the rocks change 
from an initial mudstone lacking any cleavage though a pencil cleavage and into a slaty 
cleavage.  This change from mudstone into slate across Lehigh Gap led Epstein and Epstein 
(1969) to propose a “strain shadow” effect where proximity to the Shawangunk inhibited 
cleavage development in the Martinsburg and indicates a post-Taconic age.  In addition, the 

Figure 6.  Examples of xenoliths including 
gneissic basement, Paleozoic passive margin 
platform carbonates, and foreland basin turbidites 
of the Martinsburg Formation within slabbed 
diatreme samples.  Additional autoliths of earlier 
Beemerville intrusive material occur as blocks 
within the diatreme. 
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similarity of Martinsburg cleavage with younger Silurian and Devonian cleavage-bearing units 
led Epstein and Epstein (1969) to conclude cleavage formation in all these units results from 
Alleghanian deformation.  The Lehigh Gap “strain shadow” intrigued many researchers who 
documented the phyllosilicate recrystallization and magnetic anisotropic fabric across the 
mudstone to slate transition at Lehigh Gap (Holeywell and Tullis, 1975; Wintsch, 1978; 

Woodland, 1982; Lee et al., 1986; Housen and van der Pluijm, 1991; Wintsch et al., 1991; 

Housen et al., 1993; Ho et al., 1995; Wintsch et al., 1996; Hirt et al., 2004).   

Wintsch et al. (1996) used 40Ar/39Ar whole rock age spectra to further investigate the time 
of cleavage formation.  They sampled the least deformed mudstones and graywackes with 
abundant new muscovite defining cleavage planes.  Mudstone samples defined three plateau 
ages that Kunk and Wintsch (1996) and Wintsch et al. (1996) interpreted as first a Late 
Proterozoic plateau (maximum age 644.75 +1.28 Ma) defining detrital mica formation, second 
a medial Late Silurian to Earliest Devonian (average apparent age 413 Ma) characterizing 
phyllosilicate diagenesis and lastly a 50 Ma minimum age (Kunk and Wintsch, 1996; Wintsch 

et al., 1996).  Graywacke slate samples contain muscovite in three orientations, detrital mica 
parallel to bedding, authigenic muscovite randomly orientated that the authors suggest formed 
during diagenesis, and lastly a late muscovite aligned at an angle to bedding that defined 
regional slaty cleavage.  Two slate samples recorded a maximum age of 710.05 +1.88 Ma to 
636,15 +5 Ma that correlate to mudstone detrital micas (Kunk and Wintsch, 1996; Wintsch et 

al., 1996).  Other slate samples define a maximum average 462 Ma associated with diagenesis 
that slowly descends to a 360 Ma plateau.  This age plateau marks cleavage formation and 
correlates to the Alleghanian deformational event (Wintsch et al., 1996).  

To date cleavage studies from Beemerville reside in the camp suggesting the presence of a 
Taconic age cleavage.  Two main types of data interpretation, Martinsburg xenoliths displaying 
apparent cleavage traces within a diatreme south of Beemerville and structural arrangement of 
dike emplacement within the Martinsburg, support the older cleavage age conclusion.  
Rowlands (1980) first described evidence of cleaved Martinsburg xenoliths within the 
Beemerville complex that required a Taconic age of cleavage development.  Ratcliffe (1981) 
followed with further examples of cleavage bearing xenoliths in a diatreme outcrop.  His 
examination also outlined another cleavage with the diatreme and along the hornfels rim of the 
xenolith indicating a second cleavage ascribed possibly to the Alleghanian.  Ratcliffe (1981) 
further described an example of Martinsburg hornfels against a dike to the east of Beemerville 
that showed contact metamorphic actinolite growing across and parallel to an older southeast 
dipping slaty cleavage. However Ratcliffe (1981) went as far to suggest the dominant cleavage 
in the Beemerville region may be Alleghanian in age.  Offield (1967) suggested that Taconic 
deformation left a regional structural landscape marked by broad open folds just across the New 
York border.  Offield (1967) described a weak cleavage suspected of Taconic age associated 
with the open folds.  Later, Drake and Monteverde (1992) described finding cleavage planes 
within a xenolith from a visual inspection of a Martinsburg hand specimen taken from a Rutan 
Hill diatreme exposure.  They did not conclude that all regional cleavage in northern New 
Jersey was caused by Taconic deformation, but there could have been a continuum in cleavage 
development to account for older cleavage in more hinterland regions and younger cleavage in 
more foreland areas.  Ratcliffe et al. (2012) also stated that Martinsburg xenoliths within 
Beemerville complex diatremes displayed a chlorite grade, foliated fabric deemed of Taconic 
age, suggesting the Beemerville is post tectonic and marked the closure of the Iapetan ocean.  
Drake and Lyttle (1980) presented evidence of an initial Taconic cleavage age for the 
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Martinsburg based on the Martinsburg 
xenoliths of Rowlands (1980) and Ratcliffe 
(1981) and preliminary mapping data.  They 
also discussed the concept of progressive 
cleavage development wherein Taconic aged 

cleavage could develop in basal and more hinterland exposures of Martinsburg and Alleghanian 
aged cleavage form in upper beds of the Martinsburg in more foreland locations. 

In the northern Appalachians radiometric cleavage dating is sparse and results portray 
Taconic and Acadian players.  Chan et al. (2000) investigated three cleavage domains, S2, S3, 
and S4, within rocks of the Taconic Allochthons along the New York Vermont border. 
Cleavage selvages were targeted as opposed to whole rock samples that would record ages from 
different events including detrital and all cleavage phyllosilicates.  S2 slaty cleavage dates were 
inconclusive due to reduced thickness of the cleavage selvages.  Ages range from 650+24 to 
196.0 +7.4 Ma with most ages younger than 434 Ma.  Chan et al. (2000) offer two 
interpretations:  S2 is between 370-434 Ma, which would require a reinvestigation of the 
Taconic duration; or S2 is pre-434 Ma and requires further analysis.  S3 occurs as a crenulation 
cleavage with a weighted mean of 370.7+1.0 Ma and correlates to main phase of Acadian 
deformation.  The S4 spaced phyllitic cleavage that becomes the dominant cleavage to the east 
resulted in a weighted mean of 345.5 +1.7 Ma interpreted as “localized late Acadian cleavage-
forming event” (Chan et al., 2000).   So data from the north within the Taconic allochthons 
present an initial suspected Taconic cleavage followed by two possible Acadian cleavages 
without any indication of Alleghanian influenced cleavage planes. 

The metamorphic aureole surrounding the Beemerville complex nepheline syenite 
outlined by Martinsburg hornfels offers another location to investigate a possible older cleavage 
with the Martinsburg.  Xenoliths have been rotated during the initial magma wall rock 
interaction and later ascent within the diatreme.  So any structural data from a xenolith cannot 
be compared to regional structural relations.  The hornfels zone offers the opportunity to look 
for cleavage knowing the orientation of regional trends.  Various sample of contact 
metamorphic Martinsburg were sampled for thin section analysis.   

Cleavage occurs regionally within the Martinsburg and varies from slaty in the Bushkill 
and finer grained beds of the Ramseyburg to a tightly spaced in graywacke beds (Figure 7). 
Proximal to the Shawangunk contact cleavage becomes weakly developed.  The hornfels zone 

Figure 7.  Examples of well-developed cleavage 
within slate and graywacke of the Martinsburg.         
A – Slate sample of the Bushkill Member, 
Martinsburg Fm., from the region of the previous 
stop just west northwest of the Home Depot 
exposure.  The actual outcrop was removed for 
further commercial construction; B – Cleavage in 
graywacke of the Ramseyburg Member, Martinsburg 
Fm., from the Branchville quadrangle.  Both 
photomicrographs were taken under crossed Nicols. 

A B 
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crosses the boundary from weakly to well 
developed cleavage.  If a Taconic cleavage 
existed in this region of the Martinsburg it 
should be evident in the hornfels rocks.  Hornfels 
samples show no evidence of cleavage (Figure 
8).  Cleavage selvages are generally parallel to 
bedding and are interpreted to be detrital.  
Martinsburg xenoliths present a high degree of 
recrystallization and present a poorly developed 
grossly planar habit.  The problem is what these 
fabrics represent.  Could they be a recrystallized 
bedding trend?  The reconnaissance data have 
not discovered xenoliths that display a secondary 
planar fabric that cross cuts bedding and is 
suggestive of regional cleavage.  Hornfels 
samples that have undergone a lower degree of 
thermal metamorphism, display bed parallel 
phyllosilicates that are suggestive of a detrital 
component.  So these data add another piece of 
information that is not definitive, but seem to 
indicate the absence of a pre-intrusion cleavage 
within hornfels samples.  A more detailed 
sampling program is needed to verify or negate 
our initial results and compare data with 
previous studies that characterized cleaved 
Martinsburg xenoliths. 

 
Nepheline Syenite Erratics                                

in Northwestern New Jersey 

 

“The peculiar igneous rock (elæoite 

syenite) near Beemerville, Sussex County, affords 

another illustration of the determination of the 

direction of movement by the distribution of 

material.”  R. D. Salisbury, 1902 

 
Distribution of Nepheline Syenite Erratics 

 

During the late 1800s boulders of nepheline 
syenite (Obs) were found in the fields and forests 
of Kittatinny Valley, in an area of Wisconsin 
glacial drift.  Discussed in Salisbury (1902), the erratics defined a dispersal fan (Figure 9) that 
extended 20 mi (32 km) south from the intrusive body at Beemerville.  Salisbury observed that 
the Obs erratics in Kittatinny Valley are not distributed equally, there existing a slight 
aggregation in belts that are oriented transverse to glacial flow.  A belt near Middleville and one 
near Myrtle Grove and a third area of concentrated Obs erratics on the northern end of Culvers 

Figure 8.  Hornfels samples from three different 
locations all show phyllosilicates that align 
parallel to bedding, suggesting a detrital origin.  
A – Ramseyburg member hornfels.  Slide is 
oriented so bedding appears horizontal on the 
photomicrograph.  Mica accumulations follow the 
trend of bedding and are suggested to be detrital; 
B – Ramseyburg hornfels.  Slide is oriented so 
bedding is depicted as inclined; C – Ramseyburg 
hornfels.  Slide is oriented so bedding appears 
horizontal on the photomicrograph.  Sample 
location is on the road heading east from 
Lusscroft main building between the bar 
structures.  No definitive cleavage was noted 
within any of the Martinsburg hornfels samples.  
All photomicrographs were taken under crossed 
Nicols. 

 

B 

A 

C 
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Figure 9.  Location of nepheline syenite (Obs) erratics and source in northwestern, New Jersey.  The 
original limits of the boulder fan were delineated by Salisbury (1902).  Later glacial investigations by Ridge 
(1983) extended the erratic dispersal farther south in Kittatinny Valley and Witte (1997) found several 
syenite erratics on the west side of Kittatinny Mountain.  The northern-most occurrence of Obs erratics 
defines an ice flow of S74˚W measured from the northern tip of the Obs outcrop. 
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Figure 10.  Late Wisconsinan ice margins of the Kittatinny and Minisink Valley ice lobes, and location of 
large glacial lakes in northwestern New Jersey.  Modified from Witte (1997). 
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Pond (Culvers Lake) were pointed out as the 
most conspicuous.  All of these areas lie 
along mapped ice-recessional positions 
(Figure 10) of the Kittatinny Valley ice lobe, 
where heads-of-outwash (mostly ice-contact 
deltas) and recessional moraines were 
deposited.  These marginal positions 
represent a period where an ice lobe's margin 
remained in a relatively stable position, 
neither advancing nor retreating except 
within a narrow zone marked by ice-
marginal deposits.  These periods may have 
lasted several hundred years, more than 
enough time for the glacial conveyor belt to 
aggregate Obs erratics along the glacial 
margin.   

Salisbury also noted that Obs erratics 
were found west of the outcrop on Kittatinny 
Mountain, and several hundred feet higher.  
Ridge (1983), Witte (1997), and Witte and 
Epstein (2004, 2012) further expanded the 
fan south and westward (Figure 9).  With 
one notable exception (I'll get to this 
shortly), Obs erratics on Kittatinny Mountain 
and westward to the Delaware River have 
only been found as far south as the Culvers Gap area.  Most of them occur northward in a 
narrow area that extends along the mountain's western slopes.  A concentration of erratics has 
been noted on the Ogdensburg-Culvers Gap (Figure 11) and Augusta moraines similar to that 
observed by Salisbury along belts in Kittatinny Valley. 

Although they are not as definitive as glacial striations in determining ice flow, erratics are 
still very useful determining ice flow history.  Quartzites and quart-pebble conglomerates of the 
Shawangunk Formation are found throughout western New Jersey and eastern Pennsylvania in 
all ages of glacial drift.  They are great indicators of glaciation, but given their extensive source 
area and propensity to weather very slowly they are not that useful defining a detailed ice flow 
chronology.  Obs erratics on the other hand are very useful in defining an ice flow chronology 
because:  1) they were glacially transported from a known, small area; and 2) their rapid 

weathering negates the recycling of material over multiple glaciations, restricting their erosion 
and transport to the Late Wisconsinan glaciation. 

 

Direction of Ice Flow as Indicated by Obs Erratics 

 
For this discussion, the Obs dispersal fan (Figure 9) is divided into two fans. The large fan 

in Kittatinny Valley shows that ice flow ranged from S 12° W to S 46° W with the farthest 
erratics found 23 mi (37 km) south of the Obs outcrop.  The S 46º W direction is nearly 
identical to the valley's topographic grain, a westward position that is bounded by the steep 
southeast facing escarpment of Kittatinny Mountain.  The smaller fan on Kittatinny Mountain 

Figure 11.  Nepheline syenite erratics, Glacial 
Geology Trail, Stokes State Forest, New Jersey (New 

Jersey’s iconic glacial erratic).  The rebar-encaged 
syenite boulders were derived from a small outcrop 
area located two miles to the northeast on the 
southeast-facing flank of Kittatinny Mountain and 300 
ft (91 m) below its ridgeline.  Their position indicates 
ice flowed in a direction between south 50º and 70º 
west, a flow direction that cuts across the more 
southwesterly trend of the mountain and one that 
shows divergent flow at the margin of the Kittatinny 
Valley lobe.  Many people have speculated about the 
erratics’ peculiar method of preservation, perhaps 
there will be time for discussion at the Beemerville 
stop. 
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shows that ice flow ranged from S 46° W to S 72° W with the farthest erratic found at the 
southern end of Kittatinny Lake, 8 mi (13 km) southwest from the Obs outcrop.  Erratics along 
the most westerly flow direction were found about one mi (1.6 km) from the outcrop.  Salisbury 
(1902) attributed the dispersal of Obs erratics to the “spreading of ice” related to divergent ice 
flow associated with a large ice lobe in a valley.  Salisbury also noted ice flow may change 
during glaciation, especially as it thins and becomes more controlled by topography.  Obs 
erratics indicate a range in ice flow from S 12° W to S 72° W, a large change in the direction of 
ice motion.  How is this large range defined within the context of a single glaciation?  The Obs 
fans define both regional and local ice flow patterns.  The larger fan in Kittatinny Valley shows 
that ice flow at one time was directed southward across this area’s southwesterly topographic 
grain.  This flow direction is assumed to have occurred when ice was thickest, the time around 
the Late Wisconsinan glacial maximum (21 ka).  During deglaciation ice thinned and ice flow 
turned to the southwest, paralleling the areas topographic grain.  The Obs fan on Kittatinny 
Mountain also shows southwest ice flow, but also indicates a local westerly flow occurring near 
the Obs outcrop.  This latter flow direction occurred along the margin of the Kittatinny Valley 
lobe during deglaciation and it represents a spreading or divergence of ice flow along the 
glacier’s lobate margin.   

 

The Big Picture 
 
The initial late Wisconsinan advance of ice into the upper part of Kittatinny Valley is 

unclear because striae and glacial drift that record this history have been eroded or were buried 
by younger Late Wisconsinan deposits.  If the ice sheet advanced in lobes as suggested by the 
lobate course of its terminal moraine (Figure 10), then its initial advance was marked by lobes 
of ice moving down the Kittatinny and Minisink Valleys.  Sevon et al. (1975) speculated that 
ice from the Ontario basin first advanced southward into northeastern Pennsylvania and 
northwestern New Jersey.  Later, ice from the Hudson-Wallkill lowland, which initially had 
lagged behind, overrode Ontario ice, and ice flow turned to the southwest.  In this scenario, the 
course of the terminal moraine in Kittatinny Valley (Figure 10) was controlled by ice flowing 
from the Hudson-Wallkill lowland.  Connally and Sirkin (1986) suggested that the Ogdensburg-
Culvers Gap moraine represents or nearly represents the terminal Late Wisconsinan position of 
the Hudson-Champlain lobe based on changes in ice flow noted by Salisbury (1902) in the 
vicinity of the moraine.  Ridge (1983) proposed that a sublobe of ice from the Ontario basin 
overrode Kittatinny Mountain and flowed southward into Kittatinny Valley.  Southwestward 
flow occurred only near the glacier margin where ice was thinner, and its flow was constrained 
by the southwesterly trend of the valley. Analyses of striae, drumlins, and the distribution of 
erratics in the upper part of Kittatinny Valley (Witte, 1997) and on Kittatinny Mountain (Witte, 
2008; Witte and Epstein, 2004) support Ridge’s view (Figure 12).  These data further show that 

by the time the Ogdensburg-Culvers Gap moraine was formed, ice flow in Kittatinny Valley 
had turned completely to the southwest with extensive lobation at the glacier’s margin.  These 
changes in ice flow are summarized in Figure 13.  Ice flow determined from the distribution of 
Obs erratics is consistent with the above ice flow chronology.  Not only do the erratics 
document changes in ice flow, they also define a timeline whereby the more westerly locations 
on Kittatinny Mountain represent the final stage of deglaciation. 
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Sambo Island Slide 

 
Several small boulders and cobbles of nepheline syenite found in the Delaware Valley 

downstream from Wallpack Bend near Sambo Island (Figure 14) were a fortuitous discovery 
that provided a “what the @*#!” moment.  The erratics were first observed in the toe deposit of 
a small landslide that was described by Epstein (2001).  The Obs clasts, located 18 mi (29 km) 
from their source, appeared to be from till that mantles the lower part of the valley slope.  

Figure 12.  Orientation of striae, and drumlins in the upper part of Kittatinny Valley and surrounding area in 
Sussex and Warren Counties, New Jersey.  Figure modified from Witte (1997). 
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Samples have been identified as nepheline syenite, the same rock as the large intrusion west of 
Beemerville.   

Excluding the slide area, Obs erratics on Kittatinny Mountain have been found only as far 
south as Kittatinny Lake near Culvers Gap.  They have not been observed elsewhere south on 

the mountain or westward in the Delaware and 
Wallpack Valleys.  Over a dozen syenite clasts have 
been recognized at the Sambo Island slide ranging 
from subangular to subrounded large cobbles to 
pebbles.  They lie on the lower part of the steep slope 
above the Delaware, either in slide debris that lies as 
much as 40 ft (12 m) above the river or nearby along 
an old trail that runs along the base of the slope about 
20 ft (6 m) above the river. 

        There are three explanations for the Sambo 
Island Obs erratics (SI Obs).  Firstly, the syenite 
clasts are from till that mantles the lower part of the 
slope above the Delaware.  Some of these clasts were 
uncovered by the slide and others were weathered out 
of the thin soil largely by frost heave.  Their location 
suggests they were carried here by the initial advance 
of Late Wisconsinan ice into this area and that ice 
from the Hudson-Wallkill lowland may have been the 
first to reach the area.  Based on the erratics’ location 
at the slide, ice would have had to flow S 55º W 
across Kittatinny Mountain, from the small area of 
nepheline syenite outcrop near Beemerville.  Later as 
the ice thickened and the Kittatinny and Minisink 
Valleys lobes coalesced, ice flowed turned southward.  
Secondly, SI Obs may have been derived from glacial Figure 13. Generalized direction of ice 

movement in northern New Jersey during 
the late Wisconsinan.  Lines represent 
regional ice-flow movement at the base of 
the ice sheet.  Flow directions are based on 
striae, drumlins, dispersal of erratics, and 
till provenance.  Shaded areas represent 
major uplands.  A – Direction of ice flow 
when the glacier margin was at the Terminal 
Moraine.  Field data in the Kittatinny Valley 
area indicates ice flowed southward across 
the valley’s southwest-trending regional 
topographic grain; B – Direction of ice flow 
during deglaciation.  Flow lines in Kittatinny 
and Minisink Valleys and surrounding 
uplands are oriented in a southwest 
direction with well-developed lobate ice flow 
at the glaciers margin.  The change in 
regional ice flow to a southwest direction 
appears to be related to thinning of the ice 
sheet at its margin, and reorganization of 
ice flow around the Catskill Mountains, and 
in the Hudson-Wallkill Valley.  Figure 
modified from Witte (1997). 

 

Figure 14.  Lower section of the Sambo Island slide, Dela-
ware Water Gap National Recreation Area, Warren County, 
New Jersey.  Obs cobbles (inset photo) were found among 
the slide’s debris and nearby along an old trail that trav-
ersed the lower part of the slope above the Delaware River.  
The slide scar is a dip slope on the Bloomsburg red beds. 
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outwash that forms a thin mantle on the lower part of the slope.  In many places the outwash is 
covered by thin colluvium consisting of reworked till and Bloomsburg Red Bed regolith.  Many 
of the syenite clasts are subrounded suggesting fluvial wear.  Because they are only found at 
heights up to 40 ft (12 m) above the Delaware River, the level of outwash in this area, it is 
plausible that they were transported by meltwater.  However, their occurrence in outwash is still 
significant because it also suggests an earlier ice flow across Kittatinny Mountain.  Thirdly, 
nepheline syenite was used by Munsee Lenape as a tempering agent in pottery of Late 
Woodland age (Kraft, 1975).  Three lumps of syenite and a ball of unfired clay were uncovered 
at the Harry’s Farm site (Lattanzi, 2009) located about 6 mi (10 km) downstream from the 
Sambo Island slide (Figure 9). 

It seems that the SI Obs 
found at the Sambo Island 
slide may have an 
anthropogenic context given 
the large number of erratics 
found there and their 
absence north to Culvers 
Gap.  The SI Obs may have 
been carried from their 
source near Beemerville to 
the Delaware Valley.  
Whether the syenite was 
actively quarried or picked 
up loose near the outcrop has 
not been established.  Other, 
rounded SI Obs may have 
been collected from glacial 
outwash or river gravel in 
Kittatinny Valley.  The 
number of SI Obs at Sambo 
Island slide is quite puzzling 
even if we assume they were 
carried there by the Munsee Lenapi.  The steep slope and rough ground is not favorable for 
encampments.  However, a trail may have existed here along the lower part of the slope near the 
Delaware River. Did they fall out of someone’s travelling pack, or were they placed here as a 
stockpile to support a burgeoning pottery industry?  We may never know the truth, but 
apparently the Munsee Lenape recognized the value of nepheline syenite and there may have 
been an organized effort to collect and distribute the material. 

 
Explorer Trail 

 
The stop starts at the base of the Explorer Trail (Figure 15).  We will walk up the trail 

mostly within Ramseyburg hornfels deposits.  Degree of metamorphism will increase as we 
approach one of the two nepheline syenite bodies of the Beemerville complex.  First unit 
encountered will be a phonolite at location 1 on the trail (Figures 15 and 16).  See the write up 
by Eby concerning this unit (p. 85 of this guidebook), as the trip leaders will not be very helpful 

Figure 15.  Explorer trail map marked with locations to                
observe/argue/call opposing side names the geology at this site. 
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with the different igneous units of the Beemerville.  We only use them as a heat source or an 
erratic.  Just past the phonolite (location 2) there will be an exposure of the hornfels in the 
roadbed (Figures 15 and 17).  Take a look at this outcrop, as there will be more hornfels of a 
higher grade of metamorphism farther up the hill. Continue up the old road, as it turns left.   

As the trail gentles, the Outlook Lodge is on the left (east) and a ridge of hornfels is on the 
right (west).  Hold off on the hornfels as you might miss the diatreme float.  Continue on the 
trail and, where it bends to the right, look at both sides for diatreme float at location 3 (Figures 
15 and 18).  Please don’t take any samples, as there aren’t many here.  Mapping has outlined 
several diatremes north northeast of the present location several hundred ft (m) away (Spinks, 
1967; Maxey, 1978; Drake and Monteverde, 1992).  Rutan Hill is also close by.  Any one of 

these locations could have supplied the material to a passing glacier. Now this material at 
location 3 is not very rounded, but it also probably hasn’t traveled far.  So the question 
becomes, is this truly glacial material or residuum suggesting another diatreme located beneath 
your feet?  Now mosey up the ridge to the right and look at the hornfels, a bit different than 

Figure 16.  Location 1 on Explorer trail map 
(Figure 15).  Phonolite on left side (southwest) of 
trail. 

Figure 17.  Location 2 on Explorer trail map (Figure 15).  
Ramseyburg Member of the Martinsburg Formation 
hornfels on path.  More examples of hornfels are on a 
northeast trending ridge across from the Outlook 
Lodge. 

Figure 18.  Location 3 on Explorer trail map (Figure 
15).  Float of diatreme containing various types of 
xenoliths near small out building. 

Figure 19.  Location 4 on Explorer trail map (Figure 
15).  Exposure of nepheline syenite. 
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exposed in the roadbed, which you can investigate again on our return trip. 

Continue on the trail and large pieces of the syenite will become visible on your right.  
Continue on where the Explorer trail meets another trail.  Just ahead lies the smaller of the two 
main syenite bodies at location 4 (Figure 15 and 19). 

Now retrace your steps back to the bus as lunch is our next stop. 
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STOP 8 AND LUNCH:  GEOLOGY OF HIGH POINT STATE PARK, SUSSEX  

             COUNTY, NEW JERSEY 
Leaders – Don Monteverde, Ron Witte, and Jack Espstein 

 

Park History 

 

In 1890 Charles Saint John, Jr. purchased a 1,700-acre (688-hectare) tract of land from the 
Rutherford family that encompassed the summit of Kittatinny Mountain around the future site 
of High Point Monument.  St. John built the High Point Inn on a ridge overlooking Lake 
Marcia.  The Inn opened for business 
in 1890 as a summer resort.  For a 
time it was a popular place, but in 
1908 it was closed because it was not 
profitable.  Colonel Anthony Kuser 
and his twin brother John purchased 
the property in 1910.  In 1911, 
Anthony Kuser’s father-in-law, John 
Fairfield Dryden, purchased an 
additional 7,000 acres (2,833 
hectares) from the Rutherford family 
giving the Kuser’s a combined estate 
of about 10,400 acres (4,208 
hectares).  In 1923, the Kuser’s 
decided to donate their land for the 
creation of High Point State Park in 
memory of John Dryden (Figure 1).  
The park was originally administered 
by High Point Park Commission 
until their responsibilities were 
centralized in the State Park Service 
in 1945.  During the 1930s, the 
Civilian Conservation Corps (CCC) 
operated two camps at High Point.  
CCC workers improved roads, 
constructed trails, picnic pavilions, 
and camping sites.  They built the 
old Iris Inn, which is now the park 
office, and created Steeny Kill Lake 
by constructing a dam across Clove Brook.  In 1965, Cedar Swamp was set aside as The John 
Dryden Kuser Memorial Natural Area.   

The High Point Monument (Figure 2) was built on the highest point in New Jersey (1,803 
ft [550 m] above sea level) and was dedicated in memory of New Jersey’s wartime heroes.   

Monteverde, Don, Witte, Ron, and  Epstein, Jack, 2012, Stop 8 and lunch:  Geology of High Point State Park, 
Sussex County, New Jersey, in Harper, J. A., ed., Journey along the Taconic unconformity, northeastern 
Pennsylvania, New Jersey, and southeastern New York:  Guidebook, 77th Annual Field Conference of 
Pennsylvania Geologists, Shawnee on Delaware, PA, p. 334-353. 

Figure 1. High Point State Park and vicinity, in northern New 
Jersey. STOP 8 of the field trip is located near the High Point 
Monument. 
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The monument’s construction, which was funded by Colonel and 
Mrs. Kuser, began in 1928 and was completed in 1930.  On June 
21, 1930, several months after the Colonel's death, a dedication 
ceremony was held at the monument's base.  The 220-ft (67-m) 
high monolith is faced with New Hampshire granite and local 
quartzite.  For those used to the rigors of climbing, steps lead from 
the monument’s base to the top of the structure.  Unfortunately, the 
monument is closed for repairs.  (Information about the History of 
High Point State Park is from New Jersey Department of 
Environmental Protection, Division of Parks and Forestry, office of 
Natural Lands Management  publication, Dryden Kuser Natural 
Area, Management Plan, adopted in 1994, 53 p.). 
 

Comments on Bedrock Geology 

 
The route from Beemerville to the High Point lunch stop 

traversed only through the Martinsburg.  Starting in the 
Ramseyburg (Figure 3) and traveling northeastward along strike, 
the route intersected Route 23 and headed northwestward across the High Point Member of the 
Martinsburg (Figure 4).  Several small folds that warp a general northwest dip marks the 
Ordovician turbidites at the foot of Kittatinny Mountain.  

At the crest of Kittatinny Mountain the route 
turns north, entering High Point State Park (Figure 
5).  From the park entrance to Lake Marcia the 
road follows a narrow belt of the High Point 
Member forming an anticlinal crest exposed by 
Shawangunk erosion (Figures 5 and 6).  The 
Martinsburg projects into Lake Marcia without 
reaching the Shawangunk-covered western, 
northern, and eastern shores.  The anticline pairs 
with a Shawangunk-cored syncline to the east and 
both continue northward on either side of the High 
Point monument.  Both limbs of the syncline have 
moderate dips while the western limb of the 
anticline is locally overturned.  Though the route 
traversed the Taconic unconformity it remains 
elusive in the park being covered by colluvium, or glacial material.   Lunch awaits on the 
glacially scoured Shawangunk, part of the southeast-dipping interlimb of the fold pair (Figure 
5).  This location offers vistas in all directions across New York, New Jersey and Pennsylvania. 
For the long-term Field Conference attendees, this will be your second lunch here (Epstein et 
al., 2001).   

Bedrock structures through the Silurian and Devonian sediments across the Milford and 
Port Jervis South quadrangles and into Pike County, PA portray a generally shallow westward 
dip (Sevon et al., 1989) (Figure 7).  Several dip-trending seismic lines amounting to 75 mi (120 
km) collected by Exxon Co. USA imaged this gentle westward dip (Herman et al., 1997).  
Seismic data collection, processing and correlation to regional sedimentary units through 

Figure 2. High Point 
Monument, High Point State 
Park, NJ.   

Figure 3. Example of Ramseyburg Member, 
Martinsburg Formation with graywacke 
interbedded with ribbon slate.  Note hammer 
for scale. 
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construction of a synthetic at 
the Texaco State Forest C-1 
well in Pike County, PA were 
all characterized in Herman et 
al. (1997).  Three dip lines 
cut across Kittatinny 
Mountain, one line lies south 
of High Point State Park and 
the other two, lie to the north 
(Figure 8).  Line SD-10 starts 
in Lower Paleozoic platform 
carbonates to the east and 
traverses through the 
Ordovician foreland basin 
and a northeast plunging belt 
of more carbonates.  It 

continues through Culvers Gap entering the Silurian and Devonian strata ending in 
Pennsylvania (Figures 8 and 9). Composite seismic lines SD-11 and 12 collected along I-84 
image the closest geology to the High Point lunch stop (Figures 8 and 10).   The following 
description of seismic interpretations was taken from Herman et al. (1997) unless otherwise 
noted.  Strata are combined into six seismic packages on the basis of seismic characteristics and 
prominence of major bounding reflectors which aids in ease of interpretation.  Proterozoic 
basement (PZ on seismic Figures 9, 10 and 11) comprises the basal seismic group that is 
overlain in sequence by Cambrian and Ordovician carbonates (CO on seismic Figures 9, 10 and 
11), and the Ordovician foreland basin flysch of the Martinsburg (O on seismic Figures 9, 10 
and 11).  Silurian and Devonian units form the upper three seismic units beginning with the 
Shawangunk through Bloomsburg and correlative units (Tuscarora through Bloomsburg) 
encountered in the C-1 well.   This clastic unit (S on seismic Figures 9, 10 and 11) is overlain 

Figure 4. Examples of High Point Member, Martinsburg Formation 
originally defined as Sandstone at Pine Bush by Epstein and Lyttle 
(1987)  and later formalized as a member of the Martinsburg by Drake 
(1991). A— Thick bedded graded sandstone with shale rip ups. Hammer 
for scale. Exposure is on Route 23 along the Field Trip route; B— 
Exposure of thick bedded sandstones interbedded with thin bedded 
slate and graywacke. Exposure along Route 23 

A B 

Figure 5.  Entrance road to High Point State Park. A— glacial erratic of Shawangunk Formation.  Outcrop of 
Martinsburg in 6b lies to the right (east) and below the road; B—Exposure of High Point Member, 
Martinsburg Formation. T hick bedded sandstones are absent here as unit resembles Ramseyburg 
Member.  

A B 
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Figure 6.  Geological map of Port Jervis quad (unpublished data from Monteverde, D.H. and 
Epstein, J.B.) 
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by Silurian and Devonian carbonate, siltstone and shale of all post-Bloomsburg through 
Buttermilk Falls/Onondaga Limestone (SB on seismic Figures 9, 10 and 11). The Marcellus 
defines the lower boundary of the youngest seismic unit that continues into the Catskill 
Formation (D on seismic Figures 9, 10 and 11).  A uniformly west-dipping post Martinsburg 
section (seismic units S, SB, and D) is evident on lines SD-10 and SD-11+12.  Fault 
displacement imaged on these seismic lines is primarily in pre-Shawangunk units (units PZ, CO 
and O on Figure 9, 10 and 11) and comprises a series of blind, gently easterly-dipping thrust 
faults in the east and younger moderately west-dipping antithetic faults in the western section of 
the two seismic lines.  These faults propagate through the basement and into the Cambrian and 
Ordovician sections previously described as seismic units CO and O.  Some of the blind faults 
end in broad and open cover folds in younger units and faulting just cuts the base of the Silurian 
on profile SD-10 suggesting post Taconic movement.  Seismic line SD-13 is the farthest north, 
lying completely within New York (Figure 11).  It images a marked increase in foreland 
directed faulting in the Silurian through Devonian seismic units (Figure 11).  Herman et al. 
(1997) suggested this change marks a gradation into the increased foreland deformation of the 
Silurian and Devonian units (Marshak and Tabor, 1989; Burmeister and Marshak, 2006) 

 

Figure 8. Location map of Exxon seismic lines (Figures 9, 10, and 11) and geological 
cross section based on 1:24,000 scale field mapping (Figure 7) 
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Figure 9. Exxon seismic-reflection profile SD-10.  Geologic interpretations are shown for both the migrated, 
full display (top) and the conventional line drawing (bottom). PZ – Proterozoic, B – upper boundary of  PZ 
unit,  CO – Cambrian and Ordovician carbonates, T – upper boundary of CO unit,  O – Ordovician 
Martinsburg flysch, OS – upper boundary of O unit, S – Silurian molasse, SB – upper boundary of S unit, SD 
– Silurian and Devonian, undivided, H – upper boundary of SD unit, D – Devonian undivided,   r – rollover, ol 
– onlap, po – pinch out.  SO on map is location of the Taconic unconformity.  Heavy red lines are faults. 
(modified from Herman et al., 1997). 
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Local Surficial Geologic History 

 

High Point State Park lies entirely within the limit of the last glaciation and only glacial 
deposits (Figure 12) and erosional features associated with the Late Wisconsinan ice sheet are 
preserved here.  Older glacial deposits and features were buried beneath younger glacial 
sediment or were eroded during the last glaciation. The Late Wisconsinan advance of ice into 
northwestern New Jersey consisted of ice lobes initially moving southwestward down Minisink 
and Kittatinny Valleys.  In time, the ice became thick enough to flow over Kittatinny Mountain, 
cutting across the region’s southwesterly topographic grain.  The terminal moraine, which lies 
30 mi (48 km) south of the park (Figure 12), generally marks the farthest advance of the ice 
sheet.  However, in a few valleys, sublobes of the glacier extended as much as 1 mi (1.6 km) 
south of the moraine.  Thickness of ice above High Point during the Late Wisconsinan 
Maximum (LGM) is estimated at 500 to 2,500 ft (152 to 762 m) depending on one’s advocacy 

Figure 11. Exxon seismic-reflection profile SD-13.  Geologic interpretations are shown for both the 
migrated, full display (top) and the conventional line drawing (bottom). PZ – Proterozoic, B – upper 
boundary of  PZ unit,  CO – Cambrian and Ordovician carbonates, T – upper boundary of CO unit,  O – 
Ordovician Martinsburg flysch, OS – upper boundary of O unit, S – Silurian molasse, SB – upper boundary 
of S unit, SD – Silurian and Devonian, undivided, H – upper boundary of SD unit, D – Devonian undivided,   
r – rollover, ol – onlap, po – pinch out.  SO on map is location of the Taconic unconformity.  Heavy red 
lines are faults. (modified from Herman et al., 1997). 
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of “thin ice” or “thick ice” models near 
the terminus of the Laurentide ice sheet.  
A thick-ice model for this part of the 
Laurentide ice sheet seems a better fit for 
the following reasons: 1) tracing 
moraines indicates an average terminal 
ice sheet profile of 225 ft/mi (43 m/km); 

2) regional ice flow during the LWM 
was directed southward across Kittatinny 
Mountain’s strongly-developed 
southwesterly topographic grain; and 3) 

ice was thick enough to mold drumlins 
on the western flank of Kittatinny 
Mountain. 

During deglaciation, the edge of the 
ice sheet thinned and its flow became 
more controlled by the southwesterly 
trend of the larger valleys.  The 
Kittatinny and Minisink Valley ice lobes 
retreated gradually to the northeast.  
However, at times the edge of the ice 
lobes remained stationary, and in a few 
instances readvanced southward a few 
miles (kilometers).  During periods when 
the glacier margin remained stationary, 

sand and gravel laid down by 
meltwater streams built up at and 
beyond the glacier margin in stream 
valleys and glacial lakes in 
Minisink, Wallpack, and Kittatinny 
Valleys (Figure 13).  Additionally, 
end moraines were deposited at the 
glacier’s terminus.   

        Both the ice-marginal parts of 
meltwater deposits and end 
moraines mark the former edge of 
the ice sheet.  These ice-recessional 
features were used to reconstruct 
the geometry and retreat history of 
the ice sheet. The Augusta margin, 
which runs through High Point 
(Figure 13), is delineated by the 
Augusta and Montague moraines.  
The continuity of the moraines, and 

Figure 12.  Surficial geologic map of High Point State 
Park and location of features named in text. 

 

Figure 13.  Ice margins of Late Wisconsinan age showing 
successive positions of the Kittatinny and Minisink Valley ice 
lobes as they retreated northeastward, and location of large 
glacial lakes in northwestern New Jersey (modified from Witte, 
1997). 
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the size and extent of contemporaneous meltwater deposits in valleys south of the Augusta 
margin show that the glacier’s terminus maintained a nearly constant position for probably 
more than a hundred years. 
 

Erosion by Ice 

 

Features carved in bedrock by moving glacial ice are numerous in the park.  They include 
striations, crescentic marks, polished bedrock, and plucked outcrops.   Striations and crescentic 
marks in the park show that the glacier 
flowed S70oW to due west.  These features 
were made near the edge of the Kittatinny 
Valley ice lobe during the late stages of 
deglaciation and they indicate strongly-
developed lobation and dispersal flow at 
the ice lobe’s terminus.  The more 
southerly-oriented striations, made earlier 
when the ice was much thicker and its 
margin far south of High Point, were 
subsequently removed by glacial erosion. 
In a few places on Kittatinny Mountain, 
cross-cutting striae (Figure 14) record these 
changes in ice flow. 

Other forms of glacial erosion include polishing and plucking.  Many outcrops show 
evidence of glacial scour, which is reflected by their polished surfaces and streamlined forms.  
Elsewhere, weathering has roughened the rock surface, removing evidence of glacial scour.   
Plucking occurred where rock fragments, fractured and loosened from pressure exerted by the 
weight of the overriding glacier, were broken off.  Generally, the fragments, many boulder-
sized, were removed from the lee side of the outcrop.  In extreme cases, the processes of 
abrasion and plucking formed roche moutonnées. 
 

Glacial Deposits 

 

Till covers the bedrock surface in most places, except the rocky crest of Kittatinny 
Mountain and a few steep hillslopes.  Where it is thin, the underlying bedrock topography 
shows through.  Thicker till subdues and buries this irregular surface, and in many places 
completely hides it.  Till in the park is typically a compact, yellowish-brown to light olive 
brown, or reddish-brown silty sand consisting of a mixture of quartz sand, rock fragments, 
feldspar, silt, and clay.  Subangular to subrounded clasts of quartz-pebble conglomerate, 
quartzite, red sandstone, gray sandstone, and red shale may make up as much as 20 percent of 
the deposit by volume. Many of these are striated.  This material is probably lodgement till and 
color and clast provenance is dependent on direction of ice flow over the local bedrock.  Ice 
flow over the Bloomsburg Red Beds produced reddish till and flow over the Shawangunk 
Conglomerate produced brown till.  The two-till exposure along Clove Brook, 1.5 mi (2.4 km) 
northwest of High Point (see Day 2 Road Log, mileage 71.4 and fig. 11) represents multiple 
directions of ice flow. 

Figure 14. Cross-cutting striations on the 
Bloomsburg Red Beds near Blue Mountain Lake 
parking area, Kittatinny Mountain.   
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Overlying this lower compact till is a thin, discontinuous, loose, poorly sorted silty sand 
and sand containing as much as 35 percent pebbles, cobbles, boulders, and lenses of sorted 
sand, gravel, and silt.  Overall, stones are typically more angular than those in the underlying 
till.  This material is ablation till, flow till, and basal-meltout till, debris that was released from 
the glacier by melting.  Frost heaving, burrowing animals and insects, and root growth have also 
altered the upper few feet (about 1 meter) of till making it less compact, and reorienting its 
stones. 

Glacial erratics are ubiquitous in the park and most are locally derived.    Boulders of 
Martinsburg (Om) sandstone were glacially-transported out of Kittatinny Valley to Kittatinny 
Mountain, where they rest as much as 900 ft (274 m) above their source area.  They along with 
local striae provide a clear indication that there existed a dispersal pattern of ice flow along the 
margin of the Kittatinny Valley lobe. 
 

Glacial Landforms 

 

Landforms in the park include drumlins, end moraines, and kettles.  Most drumlins are in 
the western part of the park in places where till is thick.  They trend due south to south 13o west, 
a more southerly direction than shown by nearby striations.  This suggests that the drumlins 
formed when ice was much thicker, and its flow not as controlled by topography as it was when 
the striations were made.   

The Augusta, Montague, and 
Steeny Kill Lake moraines (Figure 
12) are bouldery, segmented to 
nearly-continuous ridges that mark 
the former lobate edge of the ice 
sheet.  They consist of stony till 
with lenses of silt, sand, and 
gravel.  Ridge-and-kettle and knob
-and-kettle topography is generally 
well developed (Figure 15).  Their 
lobate course, morphology, a few 
outcrops, and evidence of glacial 
readvance suggest they were 
formed by, 1) the pushing or 
transport of debris and debris(rich 
ice by the glacier at its margin, and 
2) penecontemporaneous and 
postdepositional sorting and 
mixing of material by mass movement, chiefly resulting from slope failure caused by melting 
ice, and collapse of saturated sediment.  The source and mechanism of sediment transport are 
unclear.  Most of the morainal material appears to be of local origin, but it is not known whether 
the glacier was simply reworking drift at its margin or was transporting sediment to the margin 
along shear planes (Koteff and Pessl, 1981).  Inwash is not a viable mechanism because the 
larger more continuous morainal segements lie on mountains and ridges and adjacent to thick 
till. 

 

Figure 15.  Morphologic features of the Augusta moraine 
(modified from Witte, 2008). 
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Postglacial History 

 
Ice retreated from New Jersey about 17,000 yrs. BP.  During the few thousand years 

following deglaciation, the harsh climate and sparse vegetation enhanced erosion of the land.  
Unconsolidated, water-saturated surficial materials were easily moved downhill by the constant 
pull of gravity.  Disintegration of rock outcrops by frost shattering formed extensive 
accumulations of talus at the base of cliffs on Kittatinny Mountain.  Boulder fields formed at 
the base of slopes where rocks, transported by soil creep, came to rest.   Other fields were 
formed where meltwater winnowed the finer-grained material from till leaving behind the 
heavier stones.  A few others may have been deposited directly by the glacier.  In places 
boulders stand upright appearing as tombstones, while others form crude stone circles.  These 
features were probably made by frost heave, and possibly tree growth.  Stream deposits consist 
of channel sand and gravel and boulder lags, with finer sediment forming very on narrow flood 
plains.  Many streams in High Point State Park flow in deep ravines cut by glacial meltwater.    

Swamps and bogs are numerous, forming over glacially-made shallow lakes and ponds.  
Several nearby studies (Neiring, 1953; Sirkin and Minard, 1972; Cotter, 1983) have established 

a dated pollen stratigraphy that nearly goes back to the onset of deglaciation.  Changes in pollen 
taxa record the transition from tundra with sparse vegetation, to open parkland of sedge and 
grass with scattered stands of spruce and fir.   From about 14,000 to 11,000 yrs. BP, a dense 
closed boreal forest developed that consisted largely of spruce and fir blanketing the uplands. 
This was followed by a period (11, 000 to 9,700 yrs. BP) when pine became dominant.    About 
9,400 yrs. BP, oak became dominant and displaced the conifers, signaling the change from 
boreal to temperate climate.  Figure 16, derived from a pollen study of nearby Cedar Swamp 
(Figure 12) by Nering (1953), illustrates forest succession in the High Point area over the last 
10,000 years. 

Mastodon remains, excavated from Shotwell Pond in Stokes State Forest (~ 11 mi [18 km] 
southwest of High Point) show the presence of these large mammals on Kittatinny Mountain 
during the close of the Ice Age.  They disappeared from this area about 12,000 yrs. BP, 
presumably because of a rapid change in climate and food source rather than overhunting by 
Paleo-Indians. 

 
Selected Surfical Geologic Features near High Point 

 

The following descriptions of locations A to D (Figure 12) are modified from Witte and 
Monteverde (2005). 

 
A.  Location - Port Jervis South quadrangle, main ridge of Kittatinny Mountain, 1,500 ft (457 
m) north of Route 23, east side of Scenic Drive (Figure 1).  Glacially eroded and weathered 
Shawangunk Formation (Figure 17). 

Explanation - The overall streamlined and smoothed rock surface, faint striations, and 
crescentic marks are products of glacial erosion. The scratches and crescent-shaped marks on 
the outcrop east of Scenic Drive show that the ice sheet (Kittatinny Valley lobe) flowed S70oW.  
Several angular to subangular boulders of conglomerate, glacially transported from nearby 
locations, lie on the scoured rock surface.  The polygonal pattern outlined by vegetation on the 
rock surface follows joints and fractures in the bedrock.  These features gradually widen over 
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Figure 16.  Forest succession around Cedar Swamp, High Point State Park, during the 
last 10,000 years.  Dominant trees and percentages are based on a percent-pollen 
diagram constructed by Neiring (1953).  Relative temperature change is based on the 
percentage of cold- vs. temperate-tolerant species. 
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time by the action of freezing 
water, and root growth, 
eventually filling in with rock 
fragments that form a thin soil.  
The expansion of ice also 
breaks the rock apart along 
bedding surfaces as shown by 
the elevated position some 
joint blocks. 
 
B.  Location - Port Jervis South 
quadrangle, main ridge of 
Kittatinny Mountain, 4,000 ft 
(1,219 m) north of Route 23, 

east side of Scenic Drive (Figure 12).  Small oval-shaped boulder field (Figure 18).   

Explanation -   Most of the boulders 
were dislodged from adjacent outcrops of 
the Shawangunk Formation.  Over time 
they accumulated at the base of the slope 
and a small boulder field formed.  Parts of 
the boulder field are collapsed.  This shows 
that some of the boulders may have fallen 
onto a small block of remnant glacial ice or 
postglacial ground ice.  The effects of frost 
heave and root growth have fractured 
numerous boulders, moved some into crude 
stone circles, and reoriented many to 
tombstone positions. 

Boulder fields are found throughout 
the park in three settings.  These are: 1) in 
hollows, swales, and saddles along the 
main outcrop belt of the Shawangunk 
Formation.  Here they typically lie below large outcrops or above bedrock that lies very close to 
the surface.  Boulders in this setting are generally angular in shape, and may be as much as 25 ft 
(8 m) long; 2) in areas of thick till, boulders form massive, oval-shaped accumulations that lie 
near the base of hillslopes, and more rarely they occur on broad uplands where they may have 
been deposited by the glacier.  Boulders in this setting generally have a subrounded shape, their 
corners worn down during glacial transport.  Sorting is common and many boulders form crude 
stone circles; and 3) bouldery accumulations in small upland valleys and elongated fields along 

hillslopes formed in places where meltwater winnowed the fines from till, leaving a bouldery 
lag. 
 
C.  Location - Port Jervis South quadrangle, Kittatinny Mountain, High Point Monument 
(Figure 12). 

Geology - Panoramic view of New Jersey Highlands, Kittatinny Valley, Kittatinny 
Mountain, Shawangunk Mountains, Catskill Mountains, Minisink Valley, Pocono Plateau. 

Figure 17.  Glacially scoured and weathered Shawangunk Formation 
showing joint blocks formed by frost heave.  Scale at photo’s center 
is in 1-ft (0.3-m) gradations. 

 

Figure 18.  Accumulation of Shawangunk joint blocks 
forming a small boulder field.  Scale near photo’s center 
is in 1-ft (0.3-m) gradations. 
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View to the southeast across Kittatinny Valley (Figure 19):  Kittatinny Valley forms the broad 
lowland between the New Jersey Highlands and Kittatinny Mountain.  Its upper part is drained 
by the Wallkill River, which flows northward and empties into the Hudson River just south of 
Kingston, NY.  Papakating Creek is a tributary of the Wallkill River.  Kittatinny Valley is 
underlain by northeast-trending belts of slate and sandstone of the Martinsburg Formation and 
limestone and dolomite of the Kittatinny Supergroup and Jacksonburg Formation; all of Lower 

Paleozoic age.  The higher ridges and hills in the valley are typically underlain by slate and 
sandstone, whereas most of the larger river valleys are underlain by carbonate rock.  In most 
places, these valley floors are covered by thick glaciodeltaic and glaciolacustrine sediment laid 
down in the many glacial lakes that formed during Late Wisconsinan deglaciation.  The 
extensive, rich, black, agricultural soil found in the Wallkill Valley consists of peat and humus 
that filled in the shallow parts of a large postglacial lake, the successor to glacial Lake Wallkill. 

The uplands visible across Kittatinny Valley include the far distant ridges and hills of the 
New Jersey Highlands, and the Pochuck Mountain, Mount Adam, and Mount Eve outliers.  
These areas are all chiefly underlain by Pre-Cambrian granite and gneiss.   
 
View to the southwest along the curving ridge line of Kittatinny Mountain (Figure 20):  The 
large, high ridge that forms the spine of Kittatinny Mountain is underlain by tough quartzite and 
conglomerate of the Shawangunk Formation. The lower area west of the ridge is underlain by 
less resistant red shale and sandstone of the Bloomsburg Red Beds, and several of the smaller 
hills in this area are drumlins.  Because the Shawangunk Formation is highly resistant to 
weathering and erosion, it stands out in greater relief than the area on its flanks.  The small 
notch near the ridge’s midpoint is Culvers Gap, which was cut by an ancestral stream of the 
Raritan or Delaware Rivers. 
 
View northwest across Minisink Valley to the Pocono Plateau (Figure 21):  The uneven upland 
in the distance is the Pocono Plateau, an area underlain by gently-northwest-dipping, Middle-
Paleozoic sandstone and shale.  Extensive erosion of these rocks over millions of years has 
created a rugged landscape that remains largely uncultivated.  The Delaware River drains 
southeastward from the Pocono Plateau to the towns of Matamoras, PA, and Port Jervis, NY.  
Here the river enters Minisink Valley, makes a right-angle turn and continues its course 
southwest to Wallpack Bend following the Onondaga Limestone and Marcellus Shale. 
 

Figure 19.  Vista from High Point Monument looking southeastward across Kittatinny Valley to the 
New Jersey Highlands. 
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Figure 20.  Vista from High Point Monument looking southwestward along the curving ridgeline of 
Kittatinny Mountain.  The small notch along the ridge's midline is Culvers Gap, a wind gap cut by 
the ancestral Raritan or Delaware Rivers millions of years ago and prior to the onset of glaciation in 
North America. 

Figure 21.  Vista from High Point Monument looking northwest across Minisink Valley to the 
Pocono Plateau. 
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View to the northeast along the ridge line of Kittatinny Mountain (Figure 22):  The broad 
upland at northeast end of ridge is the Shawangunk Mountains.  The Catskill Mountains, which 
can be seen only on a very clear day, form a high, jagged upland west of the Gunks.  The Dalai 
Epstein has much to say about the geology along this view.  We submit to his far greater 
knowledge and await his rambling oratory. 
 
D.  Location - Port Jervis South quadrangle, Kittatinny Mountain, northeast side of High Point 
Monument (Figure 12). 

Excellent examples of striations can be seen on the glacially polished rock surface (Figure 
23) northeast of the monument.  They consist of straight scratches and larger grooves that show 
the glacier flowed south 85o west to due west.  Crescentic marks (Figure 24) are also well 
developed and they show a similar direction of ice flow.       

In places weathering has removed the striations and roughened the glacially-polished rock 
surface.  This suggests that these features were once covered by thin soil, which greatly 
lessened the effects of weathering.  When viewed from a distance the rock outcrops have a 
streamlined and asymmetrical, smoothed shape.   On the downstream side (west and southwest), 
rock has been removed by glacial plucking and quarrying.  On the upstream side (east and 
northeast), rock has been removed by abrasion.  This gives the outcrop a characteristic shape 
called a roche montonnée. 

 

References 

 
Burmeister, K.C. and Marshak, S., 2006, Along-strike changes in fold-thrust belt architecture: 

Examples from the Hudson Valley, New York, in Pazzaglia, F.J., ed., Excursions in 
Geology and History: Field Trips in the Middle Atlantic States.  Geological Society of 
America Field Guide 8, p. 199–216, doi: 10.1130/2006.fld008(10). 

Cotter, J.F.P., 1983, The timing of the deglaciation of northeastern Pennsylvania and 
northwestern New Jersey.  Unpublished PhD dissertation, Lehigh University, 
Bethlehem, PA, 159 p. 

Drake, Jr., A.A., 1991, The High Point Member (Upper Ordovician) of the Martinsburg 
Formation in northern New Jersey and southeastern New York, in Drake, Jr., A.A., ed., 
Contributions to New Jersey geology.  U.S. Geological Survey Bulletin 1952, p. B1-B9. 

Figure 22.  Vista from High Point Monument looking northeast along the ridgeline of Kittatinny 
Mountain.  If you see this man, pay him no attention; especially if he wants to tell you a tale about an 
Indian princess.  



352 

Figure 23. Striations on the Shawangunk Formation just north of the monument.  
They indicate, with supporting evidence (erratic dispersal, ice-margin geometry, 
retreat history) that ice of the Kittainny Valley lobe flowed west across Kittainny 
Mountain. 

Figure 24. Cresentic marks (a few highlighted on photo) on the Shawangunk 
Formation just north of the monument.  They show a similar direction of ice flow 
as nearby striations. 



353 

Epstein, J.B. and Lyttle, P.T., 1987, Structure and stratigraphy above, below, and within the 
Taconic unconformity, southeastern New York, in Waines, R.H., ed., Field trip 
guidebook.  59th Annual Meeting, New York State Geological Association, Kingston, 
NY, p. C1-C78. 

Epstein, J.B., Monteverde, D.H., and Witte, R.W., 2001, Stop 6 High Point:  Overview of 
bedrock geology, geomorphology, and the Culvers Gap River, in Inners, J.D. and 
Fleeger, G.M., eds., 2001—A Delaware River odyssey.  Guidebook, 66th Annual Field 
Conference of Pennsylvania Geologists, Shawnee-on-Delaware, PA, p. 1-13. 

Herman, G.C., Monteverde, D.H., Schlische, R.W., and Pitcher, D.M., 1997, Foreland crustal 
structure of the New York recess, northeastern United States.  Geological Society of 
America Bulletin;, v. 109,  p. 955–977. 

Koteff, Carl and Pessl, Jr., Fred, 1981, Systematic ice retreat in New England.  U.S. Geological 
Survey Professional Paper 1179, 20 p. 

Marshak, S. and Tabor, J.R., 1989, Structure of the Kingston orocline in the Appalachian fold-
thrust belt, New York.  Geological Society of America Bulletin, v. 101, p. 683-701. 

Neiring, W.A., 1953, The past and present vegetation of High Point State Park, New Jersey.  
Ecological Monographs, v. 23, p. 127-148. 

Sevon, W.D., Berg, T.M., Schultz, L.D., and Crowl, G.H., 1989, Geology and mineral resources 
of Pike County, Pennsylvania.  Pennsylvania Geological Survey, 4th ser., County Report 
52, 141 p., scale 1:50,000. 

Sirkin, L.A. and Minard, J.P., 1972, Late Pleistocene glaciation and pollen stratigraphy in 
northwestern New Jersey.  U.S. Geological Survey Professional Paper 800 D, p. D51 
D56. 

Witte, R.W., 1997, Late Wisconsinan glacial history of the upper part of Kittatinny Valley, 
Sussex and Warren Counties, New Jersey.  Northeastern Geology and Environmental 
Sciences, v. 19, p.155 - 169. 

Witte, R.W., 2008, Surficial Geologic map of the Branchville quadrangle, Sussex County, New 
Jersey.  New Jersey Geological Survey Map Series, GMS 08-2., scale: 1 to 24,000. 

Witte, R.W. and Monteverde, D.H., 2005, Geology of High Point State Park, Sussex County, 
New Jersey and Field Trip Guide.  N.J. Geological Survey, 44 p. 



354 

STOP 9:  OTISVILLE RAILROAD CUT 

An Enigmatic Diamictite; A Tale of Two Unconformities 

Leader: Jack Epstein 
 
Note:  This mysterious exposure is 

hiding deep underneath a Shawangunk 

bedding plane.  A camera with a good flash 

and possibly a strong flashlight would help 

at this stop.  The ground could be soggy 

after a heavy rain—wear footwear 

accordingly.  

 
The contact exposed between the 

Martinsburg formation of Ordovician age and 
the Shawangunk Formation of Silurian age 
along the abandoned Erie Railroad at Otisville, 
NY, is one of the classic angular 
unconformities  in the Appalachian Mountains 
(Figure 1).  This is a classic exposure, 
discussed by many geologists in the past 
(Clarke, 1907, Schuchert, 1916, and others) 
(Figure 2) and visited by the 34th Meeting of 
the New York Geological Association (Fink et 
al., 1962).  All have recognized the angular discordance in bedding between the Martinsburg 
(N16oE, 44oNW) and Shawangunk (N36oE, 28oNW).  In this area we are in the broad  open-fold 

Epstein, Jack, 2012, Stop 9:  Otisville railroad cut, in Harper, J. A., ed., Journey along the Taconic unconformity, 
northeastern Pennsylvania, New Jersey, and southeastern New York:  Guidebook, 77th Annual Field Conference 
of Pennsylvania Geologists, Shawnee on Delaware, PA, p. 354-361. 

Figure 1. The angular unconformity between Silurian 
and Ordovician rocks exposed near Otisville, New 
York.  Conglomerate and sandstone of the 
Shawangunk Formation overlies shales of the 
Martinsburg with an angular discordance of eight 
degrees.   Photo taken in 1986.   

Figure 2.  Photographs of the angular Unconformity at Otisville, NY, showing stages of erosion at the 
contact (compare with Figure 1).  Left photo from Schuchert (1916, pl. 21; Contact between the Hudson 

River Sandy Shales and the Shawangunk…).  Willard (1938, fig. 4) and friends are wondering about the 
contact in the right photograph, although no comments about what they may seen appear in print.  That 
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zone of Taconic deformation (discussed at 
Stop 10), although these gentle structures are 
interrupted locally by a faulted overturned 
fold (see Inners et al., this guidebook).   

The uppermost rocks of the Martinsburg 
Formation are near the Middle and Late 
Ordovician boundary in age, and the lowest 
rocks in the Shawangunk Formation are 
probably Middle Silurian in age (The 
Shawangunk pinches out about 35 mi (56 km) 
to the northeast along the unconformity, where 
Upper Silurian rocks appear above the 
Ordovician units (Figure3).  Thus, the Taconic 
hiatus in southeastern New York may be 20 to 
30 million years, nearly as long as the entire 
Silurian Period itself.  An interesting question 
is – what went on during that long period of 

time? 

The Shawangunk is mostly conglomeratic, with quartz pebbles as much as 2 in (5 cm) 
long.  No pebbles from the underlying Martinsburg were seen.  The lowest few inches is 
pyritized.  The Martinsburg comprises shale with minor thin graywacke siltstones  and contains 
no obvious secondary cleavage.  Between the two formations there is an interval, generally less 
than 1 ft (0.3 m) thick, of diamictite (a nongenetic term referring to a poorly sorted sedimentary 
rock with a wide range of particle sizes), clay, and a collection of various rock type, many of 
which are not like those of the overlying and underlying formations.  The clay with its 
slickensided quartz veins is believed to be tectonic (fault gouge).   

Between the solid Martinsburg bedrock and the Shawangunk there is an unusual zone, as 
much as 1 ft (0.3 m) thick (Figure 4A), containing a poorly sorted and vaguely bedded 
diamictite.  The unit contains angular to rounded pebbles of several different lithologies, as well 
as clasts from the Martinsburg, in a clay-silt matrix (Figures 4B to D).  Bedding is generally 
poor, but some samples collected from the northeast side of the cut show reasonably decent 
bedding.  There is a sharp contact with the Shawangunk above and also a sharp contact with the 
Martinsburg below; both are unconformable.   

The diamictite is dark yellowish orange and consists of a variety of clasts in a sand-silt 
matrix.  The clasts consist of fragments of the underlying Martinsburg, quartz pebbles (similar 
to those found in the overlying Shawangunk), and exotic rounded to subangular pebbles 
(dissimilar to rock types immediately above or below the unconformity).  Sorting is poor.  In 
some places  it appears that parts of the Martinsburg have been bodily lifted from the 
underlying bedrock and incorporated in this diamictite.   

The pebbles include types foreign to the immediately underlying bedrock.  They are 
composed of fairly clean quartzite, some of which are pyritic, fine-grained protoquartzite and 
subgraywacke, red siltstone, medium-gray siliceous siltstone, laminated micaceous siltstone, 
medium dark-gray shale, graywacke, and vein quartz.  Many are rounded, some have a thin 
weathering rind, and others have surfaces that are weathered in relief. The rounded cobbles may 
have been exposed to the air at one time, weathered, transported, and incorporated in the 

 

Figure 3.  Angular unconformity between the south-
dipping Rondout Formation (Upper Silurian) and the 
near-vertical Austin Glen Formation (Ordovician), 
located on the on-ramp to NY 23 in the northwest 
corner of Catskill, NY.  The angular difference is 
about 48o.   
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Figure 4.  A—Diamictite between the overhanging conglomerate of the Shawangunk Formation and shales 
of the Martinsburg Formation; B, C, and D—Chuncks excavated for the diamictite showing light-colored 
sandstones, red beds, and dark shales; E—Variety of shapes of the pebbles; F—Some pebbles are 
rounded, others are angular, such as the slickensided white quartz vein material on the left; G— 
Sandstones, siltstone, and slickensided vein quartz in a variety of shapes. 
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diamictite.  As a working hypothesis, the origin of the diamictite is a zone of tectonic 
movement, and/or a poorly sorted sedimentary deposit, i.e., colluviums. 

The source for the pebbles are a bit enigmatic.  The graywacke pebbles could have been 
derived from the Martinsburg.  The pebbles of quartzite are similar to quartzites fairly high up 
in the Shawangunk, but obviously the Shawangunk could not have been the source of the 
pebbles.  The dirtier sandstones, red sandstone and siltstone, as well as the quartzite pebbles, 
may have come from the Quassaic Formation of Waines (1986) of the Marlboro Mountains, 
presently 5 to 15 mi (8 to 24 km) east of the Taconic unconformity.  The age of the Quassaic is 
somewhat speculative, but it probably ranges from lower Martinsburg through the Upper 
Ordovician (Waines, 1986), so some of it, at least, could have supplied the pebbles and cobbles 
to the deposit.  Similar rocks are found in Little Mountain in the Friedensburg quadrangle of 
eastern Pennsylvania, between the Susquehanna and Lehigh Rivers, as well as possibly at the 
Spitzenberg a bit farther northeast.  Some possible problems remain:  (1) the shape of the 
pebbles suggests short transport, but similar rocks are not presently found in the Martinsburg 
immediately below; (2) the possible source terrane for these pebbles was probably not similar 

to the one which supplied the graywacke sandstone presently in the Martinsburg; and (3) few (if 

any) of the pebbles like those described are found in the conglomerates of the immediately 
overlying Shawangunk Formation. 

Evidence for shearing in the diamictite, suggesting some fault movement is plentiful 
(Figure 5).  The occurrence of angular slickensided vein quartz fragments that are oriented in 
all directions within the diamictite presents a problem in interpretation.  The fact that the gouge 
and quartz veins are found uniquely between the Martinsburg-Shawangunk contact suggests 
that the movement is post-Taconic, probably Alleghanian, in age.  The exotic rounded pebbles 
unconformably overlie the Martinsburg and unconformably underlie the Shawangunk.  It is 
therefore post-Martinsburg and pre-Shawangunk in age, a product of Taconic uplift.  The 
problem is that angular fragments of vein quartz (Alleghanian?) could be incorporated within 
the diamictite if it were of Taconic age.  The resolution to this dilema may be that there has 
been multiple movement along the fault at the Shawangunk-Martinsburg contact, and that these 
weird rocks are a composite deposit, made up of both Taconic colluvium and fault breccia.  
Therefore, the angular fragments of vein quartz were incorporated in the colluvium during later 
fault movement.  Alternatively, the fragments of vein quartz could have been derived from vein 
quartz produced during Taconic faulting and incorporated in the colluvium as sedimentary 
clasts.   

Another puzzlement is that the colluvium, if that is what it is, contains many disoriented 
clasts of slickensided vein quartz.  This indicates fault movement prior to incorporation in the 
colluvium.  Possibly the Martinsburg nearby was faulted and slickensided during Taconic 
deformation and the slickensided fragments were later incorporated in the colluvium.  Another 
possibility is that the diamictite is a fault gouge and not a colluvium, and there has been several 
periods of movement, the latest one of which fractured earlier slickensided rocks.  The problem 
with this interpretation is that it does not account for the exotic pebbles nor does it explain the 
lack of foliation in the diamictite.  

The area around Otisville in the Late Ordovician was not glaciated as was North Africa 
during the well-known Hirnantian Gondwanaland glaciations.   However, sea level was 
undoubtedly lowered, which somehow may come into the picture of the occurrence of the 
diamictite.  Maybe not.  What do you think? 
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The clay within the zone between the Martinsburg and Shawangunk occurs as 
discontinuous light bluish-gray layers that have been weathered to moderate red and grayish 
orange.  The clay is internally folded and contains both continuous and disrupted quartz veins.  
In places, closely spaced fractures extend down from the clay into the underlying bedrock.  In 
other places the lowest few millimeters of the Shawangunk is sheared (see Figure 6D).  At the 
inconformity exposed along NY 17 south of Wurtsboro, NY, (south of mileage 102.7, Day 2 
Road Log).    the upper few inches (centimeters) of the Martinsburg is rotated.  The clay is 
clearly a fault gouge.  The vein fragments are slickensided, indicating repeated movement along 
the zone. Angular Martinsburg fragments are also found in the gouge, presumably incorporated 
during fault movement. 

One question that needs to be asked is why the clay in the fault gouge has remained a 
sticky clay, whereas surrounding rocks have been lithified?  The answer may be that the contact 
is a zone of alteration.  This area of the Shawangunk Mountains contains several abandoned 
lead-zinc mines and there are many prospects and mineralized localities throughout the area.  
The lower few inches (centimeters) of the Shawangunk here at Otisville is similarly altered. 

I do not believe that this total deposit is a fault breccia, because there does not appear to be 
a foliation in it, although it may have been affected by movement to some degree.  It looks 
more like a product of mass wasting, that is, a colluvium.  Moreover, it contains a large variety 
of pebbles, which could have only been brought in as a sedimentary deposit. 

Figure 5.  Many rocks in the diamictite contain evidence for shearing within the unit.  A—Convoluted clay 
gouge scattered through the unit; B—Slickensided rock fragment; C—Sheared quartz vein and shale 
(Martinsburg-derived?); D—Sheared quartz and shale.  
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These data add an interesting hitherto unrecognized chapter to Late Ordovician 
paleogeography in the central Appalachians.  It seems likely that following the deposition of the 
marine Martinsburg shales and graywackes, the Martinsburg was uplifted during the Taconic 
orogeny.  But later as the Martinsburg surface was subaerially exposed, diamictic colluvium 
was spread out on the exposed surfaces, and exotic pebbles and cobbles were incorporated in 
the diamictite.  Much of this material was subsequently removed during pre-Shawangunk 
erosion and only scattered occurrences remain.  The clasts were derived from a source that is no 
longer exposed nearby.  The only evidence for that source is from the few pebbles that we have 
found.  It might be suggested that thrusts brought these exotic rocks close to the site of 
deposition, and that thrusts sheets were subsequently eroded.  If this is true, these thrusts must 
have been Taconic in age.  These deposits were later covered by conglomerates and sandstones 
of the Shawangunk Formation during Middle Silurian time.  These "weird rocks" indicate a 
fairly complex geologic history that has not been previously considered.  WHAT DO YOU 
THINK? 

 
Mullions at the Base of the Shawangunk 

 

"Mullion" is an architectural term borrowed by structural geologists to describe elongate 
fold-like or prism-like forms developed at the boundary between rocks of different mechanical 
properties. They may be very regular in spacing and geometry and extend for considerable 
distances, or they may be irregular and short. They may originate by differential folding of 
rocks of contrasting properties or by disruption of competent rocks along foliation that is well 
developed in surrounding less competent rocks. They may be either parallel or perpendicular to 
the structural transport direction. These characteristics are discussed in many structural geology 
texts.  

The basal surface of the Shawangunk at Otisville is irregular, with downward-projecting 
mullions with a general wave-like form.  They have a relief of about 2 in (5 cm) and are about 3 
in (8 cm) to 2 ft (0.6 m) apart (Figure 6).  These have a general trend of N32oE, about parallel to 
the strike of the beds and perpendicular to the regional transport direction.  In a few places faint 
slickenlines trend about perpendicular to the trend of the mullions. Note that these mullions are 
found only at the Martinsburg-Shawangunk contact and are not found on any surface higher up 
in the section.  The basal 1 in (2.5 cm) of the Shawangunk is sheared parallel to bedding 
(Figure 6D). 

Alternative interpretations have been made of these features.  Waines and Sanders (1968) 
believed that the clay at the contact is a paleosol.  Lukas et al. (1977) and Waines et al. (1983) 
interpreted the clay as a hydrothermally altered Silurian shale and certain structures at the base 
of the Shawangunk as runnels produced by backflow on a beach.  I do not believe that they 
formed on a beach face because they are found only at the Martinsburg-Shawangunk contact, a 
boundary of extreme mechanical disharmony (they are not seen at the bases of beds elsewhere 
in the Shawangunk) and their trend is not parallel to current directions indicated by trough 
crossbedding . I interpret the Shawangunk as a fluvial (braided stream) deposit, not a beach 
deposit (Epstein, 1993).   In eastern Pennsylvania, Lehigh Gap, Stop 3, a similar clay layer to 
the one here is found between the Ordovician shales and graywackes and the Silurian quartzites 
and conglomerates (Stops 1, 3, and 5).  Liebling and Scherp (1982) believe that this layer in 
Pennsylvania is a separate stratigraphic unit, in contradiction to the fault gouge hypothesis of 
Epstein et al. (1974).  
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Mullions were seen at the base of Shawangunk Formation at seven localities in 
southeastern New York, not only at Otisville.  These are:  I-84 south of Port Jervis; in a 
prospect near Guymard, NY; along NY 17 south of Wurtsboro; in the abandoned railroad 

tunnel just south of NY 17; along the gully just east of the prison at Naponoch; and a few 

hundred feet (meters) south of NY 55/US 46 (the "Trapps" of Waines et al., 1983). They were 
also seen in New Jersey (mileage 54.5, Day 2 Road Log).  Between the solid Martinsburg 
bedrock and the Shawangunk there is an unusual zone, as much as 1 ft (0.3 m) thick, containing 
light-gray to light-bluish gray clay gouge with slickensided quartz veins.  This gouge, and the 
associated mullions in the overlying conglomerates, are typical of most Martinsburg--
Shawangunk contacts exposed in southeastern New York and shows that the unconformity is 
also a plane of movement, the displacement along which is not known.   

 

Figure 6.  Downward-projecting structures at the  base of the Shawangunk at Otisville New York.  A—
Downward “bumps” on the lowest bed of the Shawangunk Formation. These have a relief of a couple of 
inches (centimeters);  B—Faint slickensides at right angles to the trend of the mullions.  Some of the 
shales of the Martinsburg at the bottom appear to have been bodily lifted into the diamictite;  C—The trend 
of the mullions heading to the upper left  is apparent; D—Sawn sample of a mullion (50 mm wide) showing 
fractured and brecciated quartz pebbles in the lower 30 mm.  Clearly, the base of the Shawangunk has 
been faulted. 
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The Holocene Angular Unconformity 

 

What about that other unconformity at this location?  While facing the Shawangunk-
Martinsburg unconformity, look behind you and you will see the Shawangunk (dipping to the 
left)  in an obducted unconformity with a flat-lying, blocky Holocene formation, probably 
deposited about 1846 when the Erie Railroad came to Otisville (Figure 7). 
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STOP 10:  ELLENVILLE ARCH 

Taconic Deformation Zones 

Leader – Jack Epstein 
 
This stop will demonstrate:  (1) zones of Taconic deformation; (2) more severe post-

Taconic deformation than Taconic deformation in Ordovician rocks west of  "Ruedemann's 
Line Ruedemann (1930; see Figure 5 on p. 13 of this guidebook); (3) the age of the later 

deformation is Alleghanian; (4) Alleghanian deformation along the Taconic unconformity 

decreases in intensity from Pennsylvania into southeastern New York; 5) the regional slaty 

cleavage in this area, where present, is Alleghanian in age; (6) the strike of Taconic structures is 

more northerly (by as much as 20o) than Alleghanian structures; and (7) more intense, later, 

Alleghanian deformation overlaps the earlier Alleghanian deformation in the eastern part of the 
area.  The following discussion is from Epstein and Lyttle (1987).  I wish to acknowledge the 
work that Peter Lyttle added to this effort in the understanding of Ordovician structures in 
southeastern New York. 
 

Taconic Tectonic Zones 

 
Compilation of the subsurface geology in 

the Delaware aqueduct tunnel (Figure 1), and 
comparison with surface exposures in 
southeastern New York, allows us to identify 
tectonic deformation zones of Taconic age 
(Figure 2).  These zones strike about N10-20oE 
and progressively emerge to the southwest along 
the contact with the overlying Shawangunk 
Formation.  The structure is more complex to 
the east.  The zones are, from west to east:  (1) 
zone 1 which has broad open folds in slight 
angular unconformity with the overlying 
Shawangunk Formation; (2) zone 2 that is a belt 

of less severe folds and faults with bedding in 

Epstein, Jack, 2012, Stop 10:  Ellenville arch, in Harper, J. A., ed., Journey along the Taconic unconformity, 
northeastern Pennsylvania, New Jersey, and southeastern New York:  Guidebook, 77th Annual Field Conference 
of Pennsylvania Geologists, Shawnee on Delaware, PA, p. 262-372. 

Figure 1.  Map of southeastern New York showing the 
Taconic tectonic zones within the parautochthonous 
flysch, the boundary of overlapping Devonian and 
Silurian rocks, and the approximate western limit of 
allochthonous rocks of the Taconic allochthon.  The 
zone boundaries are dotted beneath the Devonian 
and Silurian rocks.  ZONE 1—Broad open folds; 
ZONE 2—Tight folds and thrust faults; ZONE 3—
Overturned folds, thrust faults, and melanges.  Faults 
and some overturned folds are found in zone 1, and 
some areas of open folds are found in zone 3.  Zones 
in the Albany area are from Vollmer (1981) and 
Bosworth and Vollmer (1981). 
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high angularity with overlying Silurian rocks; and (3) zone 3 with thrusts, steep dips, 

overturned folds, and melange.   

Many melanges have been mapped in the Ordovician rocks of the Hudson Valley. These 
structures are definitely Taconic because in places the Silurian rocks truncate the scaly 
cleavage in them.  The Taconic thrust faults that produced these melanges are abundant to the 
southeast of the unconformity and appear to become rarer as the unconformity is approached.  
The contact between zones 1 and 2 may be the extension of Ruedemann's Line which trends 
southerly and is overlapped by Silurian rocks southwest of Albany (Bosworth and Vollmer, 
1981).  This line passes under the Catskill Plateau and emerges from beneath the Shawangunk 
Mountains about 5 mi (8 km) east of Ellenville (Figure 1).  To the east of zone 1 lie the 
complex structural terrane of the Taconic klippen.  To the west of zone 3, such as in central 
Pennsylvania, angular unconformity gives way to a conformable Ordovician-Silurian sequence, 
and orogenic uplift is reflected only by the Taconic clastic wedge. 

Figure 2. Cross section along the Delaware Aqeduct from the Ashokan Reservoir, through Wawarsing, to 
the Wallkill River (see Figure 1 for location), showing location of the Taconic tectonic zones and the 
Ellenville arch.   Dp—Plattekill Formation; Da—Ashokan Formation; Dm—Mount Marion Formation; Dh—
shales and siltstones of the Hamilton Group; DS—Onondaga Limestone through the Binnewater 
Sandstone; Sm—High Falls Shale, Shawangunk Formation, and tongues of the Shawangunk Formation 
and Bloomsburg Red Beds; Om—Martinsburg Formation.  From surface mapping and underground data 
modified from the Delaware Aqueduct (New York City Water Board, unpub. data, 1945).  
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Ignoring for the moment all faults and folds of Taconic age, the structure of the 
Martinsburg belt in eastern Pennsylvania can be characterized as a northwest-dipping sequence.  
The oldest member is always on the south side of the Great Valley and the youngest on the 
north side.  Lyttle and Epstein (1987) show that this monoclinal sequence is actually the north 
limb of a very broad anticline that involves rocks as far south as the Pennsylvania Piedmont 
and that this structure is probably Alleghanian in age.  Going northeastward into New Jersey 
the middle member of the Martinsburg is found in the trough of several smaller scale synclines, 
but still the very broad and general structure is one of a northwestward-dipping monocline.  In 
southern New York State, the Wallkill Valley has long been recognized as a very broad open 
anticline (e.g., Offield, 1967; Kalaka and Waines, 1986).  Many of these faults cut Silurian 

rocks and we interpret them to be Alleghanian in age.   
 

Post-Taconic Structures:  Relative Effects of Alleghanian and Taconic Deformation 

 
The tectonic effects in rocks above and below the Taconic unconformity in the central 

Appalachians has been the subject of considerable discussion and debate ever since the 
unconformity was recognized by H. D. Rogers (1838).  Peter Lyttle and I have been mapping 
selected areas along 120 mi (193 km) of the unconformity from eastern Pennsylvania through 
New Jersey, and into southeastern New York, such as at many of the Stops in this guidebook.  
We have chosen areas where exposures are abundant enough to be able to determine structural 
relations in rocks on both sides of the contact.   

In general, going from Pennsylvania to New York, structures become simpler, from 
highly faulted and folded at Hawk Mountain, just east of Stop 1, where the Tuscarora 
Formation rests on both the Martinsburg Formation and rocks of the Hamburg klippe, to 
overturned and faulted rocks at Lehigh Gap (Stop 3), to oversteepened folds at Delaware Water 
Gap (Stop 4), and upright to slightly overturned folds at High Point, NJ (Stop 8), and finally 
into a fairly simple arch at Ellenville, NY.  Slaty cleavage in both Ordovician and younger 
rocks is common, particularly in the southwestern part of the study area. 

The geology of the area near 
Ellenville, where Alleghanian and 
Taconic structures are relatively simple, is 
an excellent place to distinguish the 
effects of Taconic and later deformations.  
The Ellenville arch is a northeast-
plunging fold with a half wavelength of 
about 4.2 mi (6.8 km).  Folded rocks 
include the Martinsburg in the Great 
Valley, the Shawangunk in the 
Shawangunk Mountains, and rocks of 
Silurian and Devonian age in the Rondout 
Valley and Catskill Plateau (see Appendix 
2 on p. 32 of this guidebook).  The broad 
arch is prominent in exposed cliffs of the 
Shawangunk Formation in the Ellenville 
area (Figure 3).  The shales and 

Figure 3.  Google image showing the fold outlined by 
cliffs in the Shawangunk Formation. The fold plunges to 
the northeast, where in about 30 mi (48 km) the 
formation pinches out.  The conglomerates and the 
sandstone of the Shawangunk form dip slopes so that 
the topographic maps are essentially structure contour 
maps. 
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graywackes of the Martinsburg are fairly well exposed, and they rarely exhibit slaty cleavage in 
this area.  We are therefore able to draw an accurate cross section which shows that the crest of 
the arch differs in position in the Martinsburg and in the Shawangunk (Figure 4).  It is clear that 
this geometry is the result of the folding of an unconformable sequence.  If we unfold the folds 
in the Shawangunk, we can reconstruct the pre-Alleghanian folds in the Martinsburg on the 
bottom of the diagram.  Note that the Ellenville arch has been eliminated and we are left with 
only a broad syncline, Taconic in age. 

A second type of  reconstruction was prepared by rotating bedding in the Shawangunk 
back to horizontal using a stereo net and determining the retrodeformed Taconic attitudes in the 
Martinsburg.  Figure 5 shows the position of the Alleghanian Ellenville arch.  The heavy lines 
are isogons showing angles of dip and dip directions in the Shawangunk.  These isogons were 
used to determine the amount of rotation necessary for the Martinsburg structural readings.  
The dips shown in the Martinsburg are these retrodeformed dips, that is, the Alleghanian 
folding has been eliminated.  Therefore, this is a composite map, showing Alleghanian 
structure in the Shawangunk and Taconic structure in the Martinsburg.  Note that the rotated 
beds in the Martinsburg dip consistently and gently to the southeast in the western part of the 
area and that the Ellenville arch has disappeared.  The fold axes in the Martinsburg are thus 
Taconic in age.  Also note that east of the Lake Awosting deformed zone, beds in the 
Shawangunk, shown by the isogons, strike ENE (average N76oE), but that the Martinsburg 
underneath strikes more northerly by about 16o (averages N60oE).   

Figure 4. Cross section through the Ellenville arch east of Ellenville, showing the angular unconformity 
between the Shawangunk Formation (dotted) and the Martinsburg Formation (shaded), and the different 
position of the fold crest in the two units. By measuring the orthogonal distance between the base of the 
Shawangunk and a marker bed in the Martinsburg (near vertical lines), we can reconstruct the 
configuration of Taconic folds In the Martinsburg, shown on the lower part of diagram. See Figure 5 for 
location of cross section.  
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Figure 5. Geologic map of parts of the Ellenville and Naponoch 7.5-minute quadrangles 
(from Epstein and Lyttle, 1990) showing the unconformable contact between the 
Shawangunk Formation (Ss) and the Martinsburg Formation (Om), and lines of equal dip 
(dip isogons, red) in the Shawangunbk (solid lines on present bedding surfaces and 
dashed lines where the Shawangunk has been removed by erosion).  In the cross section 
A-A' the solid blue line shows dips in the Martinsburg rotated to eliminate the 
Alleghanian folding shown by the dip isogons and the dashed green line shows 
retrodeformed Taconic structures derived from the construction of pre-Silurian folds 
from the exercise in Figure 4. 

Using the data shown in the map, a cross section that is similar to the one shown in Figure 
4 was constructed (section A-A', Figure 5).  The solid line is a cross section showing bedding 
derived from our stereographically rotated Martinsburg.  Note that it agrees almost perfectly 
with the pattern derived from the simple unfolding of the cross section shown in Figure 4, the 
dashed line.  It seems clear that Taconic folds in this area are broad and open, and the Ellenville 
arch is a later structure superimposed on the Taconic folds. 

Figure 6 shows equal area plots of bedding in the Shawangunk, in the Martinsburg, and in 
the stereographically rotated Martinsburg.  The girdle in the Shawangunk defines a fold whose 
axis plunges 5o, N32oE.  The Martinsburg trends, as we see them now, are more northerly, by 
about 10o, than trends in the Shawangunk.  Interestingly, when the retrodeformed Martinsburg 
bedding is plotted, the Taconic folds plunge to the southwest.  Therefore, we conclude that 
Taconic folds trend more northerly than Alleghanian folds in this area, and plunge in the 
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opposite direction.  Thus, in the Ellenville area, we have been able to distinguish Taconic from 
Alleghanian folds, both in amplitude and trend. 

 From the data presented above, and from other considerations (Epstein and Lyttle, 1986, 
1987), we draw the following conclusions for the area from Ellenville to northeastern 
Pennsylvania near the Taconic unconformity: 

 
1) With only a few exceptions, the Shawangunk and equivalent Tuscarora Formation east pof 

the Schuylkill River (Stop 1) overlie the Martinsburg Formation with an angular 
unconformity that ranges between an angle that is barely discernible, to about 15o. 

2) The dominant regional folding in all rocks along the contact is Alleghanian in age. 

3) The regional slaty cleavage is Alleghanian in age. 

4) Taconic folds in the Martinsburg Formation below the unconformity are mostly broad and 
open along the entire 120 mi (193 km) length of the contact that we have studied southwest 
of Ellenville.  To the north in zones 2 and 3 the structures become more intense and the 
angular disparity between beds above and below the unconformity is greater. 

5) The strike of Taconic structures trend a bit more northerly (by about 3o to 20o) than later 
structures. 

 
Age of Post-Taconic Deformation 

 
The following are thoughts that Peter Lyttle (mostly him) and I had about Acadian vs 

Alleghanian deformation in the Shawangunk Mountains where we mapped (Epstein and Lyttle, 
1987).  We  haven’t thought about it since then and the information may be a bit outdated, but 
here it is for whatever it is worth. 

Figure 6.  Equal-area projections (lower hemisphere) of the present attitudes of bedding in the Shawangunk 
and Martinsburg Formations in the area shown in Figure xx, and the bedding in the Martinsburg that has 
been rotated so as to eliminate the effects of the Ellenville arch. 
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Was the entire sequence of rocks exposed in the field trip area affected by Acadian or 
Alleghanian deformation, or both?  Marshak (1986, p. 366) gives a succinct summary of the 
controversy.  An Acadian age was favored by Woodward (1957), Ratcliffe et al. (1975), and 
Murphy et al. (1980), based on the age of the youngest rock that has been deformed.   

Structures in Early Devonian and Upper Silurian rocks were believed to be Acadian in age 
by Chadwick (1908) and Woodward (1957) because these structures were thought to be 
different in style and trend from structures known to be Alleghanian in age in Pennsylvania.  
On the other hand Sanders (1969), and Geiser and Engelder (1983) argued that secondary 
structures could be traced from Pennsylvania into New York, and the structures in the Hudson 
Valley area are Alleghanian in age.  An Acadian age was inferred by Ratcliffe et al. (1975) and 
Sutter et al. (1985) from dating of cleavages east of the Hudson River.  We favor an 
Alleghanian age for the following reasons: 

 
1) The Ellenville arch is a structure at the northeast end of a series of structures that extend 

from tight folds with abundant faults in east-central Pennsylvania, through tight folds with 
less-abundant faults in easternmost Pennsylvania, through upright folds in New Jersey, and 
into simple folds and monoclinal dips in southeastern New York.  Since these folds in 
Pennsylvania involve rocks of Pennsylvanian age, the Ellenville arch is therefore believed 
to be Alleghanian in age.  In New York rocks at least as young as the Plattekill Formation 
of Middle Devonian age are affected by the arch.  Possibly even younger rocks, now eroded 
away, were involved in the folding.  To the east in New England the age of Acadian 
intrusion and deformation is generally believed to be Middle Devonian in age (Naylor, 
1971).  Clearly the Ellenville arch is a post-Acadian structure. 

2) The structures of the Hudson Valley trend in the Silurian and Devonian rocks in the 
Kingston area (Marshak, 1986) may extend southwest into structures that we have mapped 
in the Shawangunk Mountains of the field trip area.  We believe that these structures cross 
cut and post-date the Alleghanian Ellenville arch, and therefore formed during a later 
Alleghanian event.  A possible example of one of these later structures in the field trip area 
is the Bonticou thrust. 

3) Many workers have suggested that the youngest rocks that have been folded or faulted are 
in the Hamilton Group, thus limiting the time of deformation to Middle Devonian (the 
Acadian orogeny).  Two such fault zones are discussed by Epstein and Lytlle (1987, road 
log mileage 0.3).  One is in the Bakoven Shale on NY 28 just northwest of Kingston, NY, 
noted by Pedersen et al. (1976, p. B-4-21).  The fault zone is more than 5 ft (1.5 m) thick 
and consists of crumpled and slickensided black shale with abundant quartz veins.  The 
slickenlines and verging of the folds indicate that the overriding beds moved to the 
northwest.  At 2.1 mi (3.4 km) northeast of that fault is a fault duplex about 5 ft (1.5 m) 
thick, slightly higher in the section in the Mount Marion Formation.  Slickensides in the 
duplex indicate that the overriding beds moved N70oW.  Pedersen et al. (1976, p. B-4-6, 7, 
22, 23) consider these structures to be soft-rock "pull aparts".  However, a 1-ft (0.3-m) thick 
sandstone bed is deformed into mullions and is surrounded by slickensided surfaces and 
sheared shale.  Tectonic shortening is estimated to be 50 to 60 percent, judging from the 
overlapping of the mullions.  

Similar faults have been reported in equivalent rocks in central New York as much as 
100 mi (161 km) west of Albany (Schneider, 1905; Long, 1922, Rickard, 1952, Bosworth, 
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1984a, b).  Thus, there is evidence for detachment within Middle Devonian shales under the 
rocks of the Catskill Plateau.  Bosworth (1984b) suggested that this movement may be 
linked to detachment in Salina salt under the Appalachian Plateau of central New York and 
Pennsylvania, described earlier by Prucha (1968) and Frey (1973).  Bosworth placed no age 
constraints on the age of this movement, except to say that it is post-Middle Devonian, and 
could be Acadian or Alleghanian.  If it is linked to the Salina horizon, and all the rocks of 
the Catskill Plateau have moved on this decollement, then an Alleghanian age would be 
indicated.   

Similar fault horizons are found in rocks even higher than the Middle Devonian shale 
interval.  For example, one such fault was discussed by Pedersen et al. (1976, p. B-4-16).  It 
is in the Plattekill Formation, located in the Woodstock 7.5-minute quadrangle, along NY 
28, 7 mi (11 km) west of Kingston.  The fault zone is a duplex about 2 ft (0.6 m) thick in 
which slickenlines, the verging of folds, and overlapping of structural blocks indicates 
translation of the overlying beds towards N23oW.  Well-developed cleavage is found just 
below the fault.  All these data suggest that there has been movement of rocks of the 
Catskill Plateau above the Hamilton shale horizon as well as within younger rocks.  Perhaps 
many more similar faults zones are waiting to be discovered.  If the structures within the 
Hamilton shales really mark the limit of Acadian deformation, as a number of geologists 
have suggested, then younger rocks should lie on the Hamilton with angular unconformity.  
So far as we know, no evidence for such an unconformity has ever been presented.  If one 
recognizes structures such as small thrust zones or detachment horizons within the 
Hamilton shales, and does not see this sort of structure in any overlying unit, it is 
meaningless to say that the Hamilton is the youngest unit affected by these structures.  
There is plenty of evidence to suggest that these structures formed when the rocks were at 
least partially lithified.  Therefore, some rocks younger than the affected beds must have 
been present and were transported to the west in the overlying block or thrust sheet.  Thn 
important generalizations about the ages of regional deformations are being made. 

4) Lineaments, which have a trend of about N.20oE. are very apparent on radar imagery and 
topographic maps. They extend northward into rocks as young as the Plattekill Formation 
of Middle Devonian age and probably extend into the Oneonta Formation of Late Devonian 
age. They also parallel faults that we have mapped in the Shawangunk Mountains to the 
south. In the Catskill Plateau, they are aligned along valleys, which preliminary 
investigations suggest are controlled by minor faulting and very closely spaced joints. The 
structures that cause these lineaments are post-Acadian in age, since they cut Upper 
Devonian rocks. The parallelism with the faults in the Shawangunk Mountains suggests, but 
does not proves an age equivalence.  

5) Finally, the Acadian orogeny in New England involved deformation, metamorphism, pluton 
emplacement, and uplift.  Dating of the late orogenic plutons places a minimum date of 380 
million years (middle Middle Devonian) for the orogeny (Naylor, 1971).  Therefore, 
Acadian deformation ceased by at least the time that the basal part of the Hamilton Group 
(Bakoven Shale) was being deposited, if not sooner.  Thus, the response in the field trip 
area to Acadian deformation going on to the east was subsidence to form a basin in which 
Hamilton sediments were deposited.  This was followed by shoaling and finally terrestrial 
deposition ("Catskill Formation") as the Acadian mountains to the east were uplifted.  
Acadian folding may never have extended as far west as the field trip area!  Faill (1985) 
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likewise suggested that evidence for Acadian deformation of rocks in the Catskill 
depositional basin are either absent or ambiguous, at best.  Catskill sediments are the result 
of Acadian orogenic uplift, and were not deformed during Acadian tectonism.  Faulting in 
the Plattekill and Hamilton must therefore be the result of later (Alleghanian) deformation.  
This suggests that the flat-lying and gently dipping rocks of the Catskill Plateau may lie 
with fault contact on the highly deformed Upper Silurian and lower Middle Devonian rocks 
of the Hudson Valley.  Alternatively, the severe deformation of these Silurian and 
Devonian rocks may not have extended as far west as the present Catskill front (Marshak, 
1986, p. 366).   
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Y’know, with all the stuff that’s going on in the world, 

including the length and complexity of this guidebook, 

I’m inclined to believe him! 


